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CERTIFIED MAIL
RETURN RECEiPT
UNION REQUESTED

CARBIDE

UNION CARBIDE CORPORATION oLD RIOGE3URY ROAD, DANBURY, CT G8817
Corporate Heelth, Safety and Environrnental Affairs Department

June 28, 1983

JUN 24 1963

U.S. Environmental Protection Agency
TSCA 8D-1
P.0. Box 2060
Rockville, Maryland 20852
Subject: Union Carbide TSCA Sec. 8(d) Report
40 CFR 716.6 & 716.7

Sirs:
With respect to:

Chapter I of Title 40 of the Code of Federal Regulations;
Subpart A, Secs. 716.6 and..716.7;

As amended 716.17(a)(3), Federal Register Vol. 48, p. 13181,
March 30, 1983;

Sec. 8(d), Pub. L. 94-469, Stat. 2029 (15 U.S.C. 2607 (d);

Unicn Carbide Corporation herewith submits the attached copies of studies and lists
of studies in compliance with the above-identified regulation.

There isno information in the enclosed copies of studies or lists of studies
for which Union Carbide asserts claims of confidentiality. The printed words
"BUSINESS CONFIDENTIAL" or "Confidential" at the top of pages for some reports
was for the internal guidance of Union Carbide personnel at the time of report
issuance and does not represent a Union Carbide Corporation claim for confiden-
tial handling of the infcrmation, submitted pursuant to TSCA Sec. 8(d) rules.

Where some lines are deleted from certain reports, especially earlier ones,
it is solely due to the fact that the deleted information pertains to chemicals
or substances other than those for which reporting is required under the above
rule. Union Carbide has included copies and lists of studies for only those
chemical substances that are members of categories which it has manufactured or
processed since 1972. Union Carbide Corpouration believes that the enclosed copies
of studies and lists of studies represent all of the studies which Union Carbide's
file search has idertified to date as reportable under the above-identified rule.

Should any reportable studies b2 discovered subsequently, they will be forwarded
irmediately.

The Environmental Protection Agencv and other appropriate government agencies
are free to use the enclosed information as necessary in the normal discharge of
their mandated responsibilities. However, identified authors, whether employees
of Union Carbide or elsewhere, or their organizations are the rightful owners of
the publication rights to the contained information.
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© U.S. Envirommental Protection Agency
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If you have questions concerning the enclosed reports and lists of
studies or wish to request further basic underlying da*a pertinent to the
studies, please contact me or Dr. Donald L. Heywood (2003-794-5224) of this
Department.

Very truly yours,

{ \
[ Y70 LN
ac gonw /’;F ing, D{::ectorﬂ'S
Health, Safety and Environmental
Affairs (203) 794-5227
JBB/DLH/cr
Enclosure
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Diethylenetriamine

Mm.ntm 1.a. P ‘.27__“/? 78213669
Report 11-61 : Arte e

MELLOR INSTITUTE OF INDUSTRIAL RESEARCH
bembor oopies made____3D

UNIVERSITY OF PITTSBURGH Famber ooptes mailed .g vy 1.
SPECIAL REPORT Date of mailin 0 ... .
JUN 24 1983 on . AdQressed to_______ |} f‘. [0S

of Disthylene Triamine
Zables o1 Protocols Attached

‘{.ﬁ.«

Cerbide and Carbon Chemicals Corporation Industricl Fellowship No. 274-
Yot vy
Surmery V-ov. DoMEdi

This report substaniiates and extends the information given in
Special Report 5-23 of 2-3-42, anc indicates that there is iittle difference in
acute toxicity between past Charleston anc current Texas City production.

Dietkylene tyiamine, LDrn 2.23 (.08 to 2.61) gr./kg., is a
moderately toxic compouwrd as judged by its ecute oral touicity for rats. It is
roughly equivalent in toxicity to the 76% soluticn of ethyiene diamine currently
being teeted and is somevhat more tcxic than triethylene tetramine and tetre-
ethylene pentamine vwhich have LD50 values of 4.34 and 3.9 gu./kg. respectively.

The L., for the undiluted compoundé in the Tabtbit-eiiin pénetrztion tet
is 1.09 (0.95 toSY.ZL) nl./kg. Severe siin damage resulted from the undiluted
compound. As & 10% dilution in water the corrosive action i€ practically
eliminated and 2.0 gn./kg. (20. ml/k¢. of the 10: dilution) is not lethal,
demongtrating that skin dem-ge abets giin penetration.

Because of ite low vepor pressure, saturated vepor et rooz tempersture
does not exceed 300 ppnm., which was not lethal to rets in an 8-hour exposure.

A cooled mist prepared by sereting e sample held at 170° C. killed 4 of 6 rate
in 8 bhours.

The yndiluted compound piroduces necrosis of the rabbit sikin in the
vesicant test but a 10% dilution in acetone is not hammfui.

Severe corneal dsmage is procuced by the undiluted couspound, end 15%
dilutions in propylene glycol, while 5. dilutions produce minor damage.

Senple

The sampie was received 1-5-48 from Texas City bearing identification
550’A‘2952.

Single Cral Doges
The oral LD30 for male albinc rets fed e 10.% dilution of diethylene
.3

trianine in water is 3 (2.02 to 2.61) gn./kg. i untowers syrptons were ncted
following the doses, except sluggishness. Dosages &t cr &bove the LDso cauced

abruG?
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severe lung hemorrhage, mottled livers and kidneys end irritation of the
stomach and intestines. This acute oral toxicity is roughly equivalent to that
of 76% ethylene diamine anc somewhat greater than that of triethylene tetramine
LDgg 4.34 gn./kg., and tetraethylene pentamine LDgg 3.95 gn./kg.

Previous range finding results with a 10 or 5C% aqueous dilution fed
to rute placed the "D,y &t 1.8 gn./kg. It is not unreasonable to presume that
current value of 2.337gn./kg. reflects increased accuracy in the estimation of
the LDcn and is not necessarily indicetive of a decrease in toxicity of the
cuwrrent sample.

Skin Penetration

The application of undiluted diethylene trarine to the clipped skin
of the rabbit trunk resulted in &n LD;4 of 1.09 (0.95 to 1.24) ml./kg. calculated
by the method of Thompson. Immediate erytheme, followed by ne rosis and finally
@ leathery scab resultec from the direct action of the material on the skin. In
aniaals that died, the lungs were often congested and sometimes hemorrhagic;
the kicdneys showed considerebie gross damage including a pitted appearance of
the surface and subcepsuiar herorrhege. The stools of survivors were watery
ani sometimes blood-tinged. VWith a 10% aqueous dilution the corrosive actiaon
on the skin was elininated and none of 6 retbits succumbed to a dosage of 2.0
go./kg. (20 ml./kg. of the 10% dilution). One of 6 rabbits died an unexplained
death at 1.0 gu./kg. All lost weight eave one, which gained only 4 greas. This
demonstrates that the toxicity by skin absorption is enhanced k' the corrosive
nctioz} of the undiluted compound as the LD50 for & 10% dilution would be above
4 gn./kg.

Previous tests with guinea cigse, on the 1940 sample, resultec ir an LD50
of 0.5 ml./xg. for guinea pigs poulticed with undiluted material for 4 days.
Species difference cen account for the variance between guinea pig and rabdit
results, plus the longer c/ntact period used in the guinea pig test.

Inhelation

Suuvstantially saturated vapor produced at room temperature was not
lethal to rats in an 8-hour exposure. Sailiar resuits were obtained with the

1940 sauple.

4 cooled mist produced by heating the compound to 170° C. while air
was bubbled through it caused the death of 4 of 6 rats in an 8-hour exposure.

Exposures to uccurately prepared concentrations were not made because
of the very low concentration, circa 300 ppm., for satureted vapor et room
temperature, which proved not to be iethal to rats in 8 hours.

Irritation

Undiluted diethylene triamine produced necrosis of ihe sicin of the
rabbit belly in the vesicant test. 4 1C% cdiiution in acetone was not irritat-
ing to 3 of 5 rabbits tested and oaly minimum reaction was noted on the others.
This reactivity is comperable to th:it produced by the other memdbers of this
series.

Q670 Go
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Severe corneal damage is caused by a 15% dilution in propylene glycol,
vhereas a 5% dilution causes quite minor effects. This relegates the compound
to the same Grade (8) ir. which 76% ethylene diamine and formeldehyde sre placed

and indicates the hazards of handling the compound as far as ihe eyes are con-
cerned.

These data agree with the results obtained with the 1540 sample.

A

SENIOR INDUSTRIAL FELLOW

Charles P. Carpenter

Typed: April 27, 1348 - met
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Table 1i-10%5
Disthyleve Trisgpine
Single Doses to Male Albinc Retz by Mouth
Fed bty Stomach Tube as a Dilution in Water, 1 =l. = 0.10 gm.

VWeight Dosage; Dose in
1948 Change Grans Dose ml. of Days

Rat Date Grems in 14 per in Dilu- to
Bumber _ _Doged Wt.  Days _ Kilo __Grems  tion Death
68060 2-5 97 - 3.16 0.305 3.1 1
68061 . 90 - 3.16 0.284 2.3 4
67811 b % - 3-16 00284 208 l
6'7811. " % - 3-16 00284 2-8 3
67111 2-1C g2 - 3.16. C.291 2.9 1
67117 . 98 - 3.16 0.310 3.4 3
67124 " 9. - 3.16 00388 2-9 2 )
67125 " 90 - 3.16 0.284 2.8 2
670% " % - 3.16 0.28‘ 2-8 2
€7932 1-29 95 - 2.52 0.239 2.4 3
67% " 91 - 2052 00229 203 2
67620 " a7 - 2.52 0.244 2.4 2
67608 " 1C2 - <.52 C.257 2.6 o
67916 . 102 + 28 2.52 o257 2.6 -
67928 . 92 + 38 2.52 0.232 2.3 -
67927 " % + 39 2-52 0.?1.7 2'5 -
67921 . 95 + 47 2.52 0.239 <4 -
67918 " 98 + 34 - 2.52 0.247 <.5 -
67913 " 102 + 27 2.52 0.257 2.6 -
67188a .1-15 90 - 2.00 0.180 1.8 2
67191 . 90 - «<.00 G.180 1.8 1
67519 . 98 - 2.90 0.186 1.9 €
67192 " 91 + 1 2.00 0.182 1.8 -
67501 n 92 + 10 <.00 0.184 1.8 -
67550 1"” W + 51 20% 00194 109 -~
67549 v 90 + 52 2.00 0.180 i.8 -~
67548 . 90 + 38 2.00 0.180 1.8 -
€7672 " G3 v 49 <.00 0.186 1.0 ~
67929 1-29 91 + 53 2.00 0.182 1.8 -
67557 1-29 91 - 1.58 0.144 1.4 12
67675 » 93 + 53 1.58 0.147 1.5 -
67672 . 90 + 50 1.58 0.142 1.4 -
67526 " 100 + 72 1.58 0.158 1.6 -
67525 " 111 ¢+ 71 1.58 0.175 1.8 -
67530 " 97 + 73 1.58 0.153 1.% -
67531 . 1C2 + 7% 1.58 0.161 1.6 -
67529 " 102 + 82 1.58 0.161 1.6 -
6’1558 " % + 20 1058 OQm 104 -
671570 . 92 « 4 i.58 0.147 i.5 -




Table 11-106

Diethylene Jriagine
Singie Doses to Male Aibino Fabbits by Skin Abscrption

878213669

Administered undiluted under "Vinylite" dax for 24 hours

Veight Dosags; Dose

1948 1948 Change M. in Deys
Rabbit Date Date Grams in 14 per mi. of to
Mumber  Clipped  Applied  Wt. Deys Kilo Meterial  Desth
70839 4-12 4-12 2200 - 1.26 2.8 1l
70840 " " 2178 - 1.26 2.7 8
70847 " " 2266 - 1.2¢6 2.8 4
70848 n " 214 - 1.26 2.7 2
70849 " " 2526 - 1.26 3.2 2
70865 . " 2124 - 1.26 2.7 4
70895 " " 2388 - 1.26 3.0 3
70897 " ) T2 - 1.26 3.5 1l
70898 " « 2922 - 470 1.26 3.7 -
70866 " n 1958 - 24 1.26 2.5 -
70601 3-29 5-29 2406 - .12 2.7 é
70687 a " 2520 - l.12 2.8 4
70753 " n 3040 - 1.12 3.4 6
70805 " " 21%0 - 1.12 2.4 2
70599 n " 2590 - <82 1.12 z.2 -
70618 " " 24,80 - 124 1.12 2.8 -
70620 . n 2340 - 58 l.12 2.6 -
60636 " n 2272 + 468 1.12 3.1 -
70652 " " 2100 - 288 1.12 2.4 -
70752 " " 2630 - 2:€ l.1< 2.9 -
70590 2-27 z-21 2360 - 1.00 2.4 3
70593 . " 2596 - 1.00 z.6 6
70595 " " 2712 - 1.00 2.7 2
70596 " " 2364 - 1.00 .4 8
7C594 ~ " 2132 - 168 1.00 2.1 -
70730 3-18 3-1e 2804 - 874 1.00 2.8 -
0731 " " PIAVA - 210 1.00 .4 -
70735 . " 24,08 - 476 1.00 2.4 -
70738 " . 218 - 154 1.00 2.4 -
70740 n n 2080 - 206 1.0C .1l -
70748 18 3-18 2444, - 0.8¢ 2.2 4
70754 " n 2400 - 0.56¢ 2.1 1
70727 3-22 3-23 2222 - C.89 1.8 10
70732 " " 2560 - C.89 <.0 1l
TOT44 3-18 3-18 236 - 25¢ c.89 <.0 -
70806 3-29 3-29 2200 - a4 .89 1.6 -
70719 3-22 3-23 2555 - 73¢ 0.85 2.0 -
70726 " n . 2304 - 140 C.E9 1.8 -
70728 " " <156 - 270 0.8% 1.7 -
70729 " " 2732 - 460 C.e5 L.2 -

007,06
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878213670
CHEMICAL HYGIENE FELLOWSHIP
Carnegie-Mellon Institute of Research
Carnegie-Mellon University
4400 Fifth Avenue
Pittsburgh, Pa. 15213

JUN 24 1963

Diethylenetriamine
(1974-75 Results)

Range Finding Toxicity ani 7-Day Dietary Inclusion Studies

Sponsor: Union Corbide Corporation

A ERE R
Sumrar
1974-75 Results Previous Results1
Stomach Intubation, rat LD50 1.62 wml/kg; undiluted 1.8 to 2.33 gu/kg;
lml=0.10 gn 1o
water (1941,1948)
Iatraperitoneal Injectfion, - 0.28 to 0.93 ml/kg;
rat LD50 undiluted (1962,
1964)
Subcutaneous Injection, rat LD50 - 1.78 to 3.00 ml/kg;
undiluted (1962,
1964)
Skin Penetration, rabbit LDS50 - 0.707 m1/kg; undiluted 1.09 ml/kg;
undiluted (1948)
Skin Penetration, guinea pig LDS0 - 0.17 ga/kg;
undiluted (1941)
Inhalation, rat
Substantially saturated vapor 8 hr killed G of 6 8 hr killed O of 6
(1948,1955)
Mist from saturation at 170°C - 8 hr killed 4 of 6
(1948)
Uncovered Skin Irritation, rabbit Moderate, Grade 6 Moderate, Grade 6
(1948)
Eye Injury, rabbit Severe, Grade 8 Severe, Grade 8
(1948)
Seven-Day Dietary Inclusion, rat Minimum effect at -

0.61 gm/kg/day; no
significant ill-effect
at V.24 gm/kg/day

Smyth, Henry F., Jr. et al, "Range Finding Toxicity Data List III"

Journal of Industrial Hygiene and Toxicology, Vol. 31, No. 1, 60-62

(January 1949) and Chemical Hygiene Fellowship (CHF) Reports 5~23 (1942), A

11-61 (1948) and 26-6 (1963). JuleG2
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Interpretation

Diethylenetriamine was . oderately toxic following single stomach intubation
and covered dermal application routes of administration. Application of the
undiluted material to uncovered rabbit skin resulted in necrosis in the current
and previously-reported tests. Therefore, it is rated by the Chemical Hygiene
Fellowship as a Department of Transportation (D.0.T.) “corrosive” although the
actual 4~hr D.0.T. covered skin test was not performed. Application of a 10X
dilution in distilled water resulted in trace {irritation to rabbit skin. Severe
corneal injury, with iritis, resulted from instillation of the material in
rabbit eyes. No hazard is anticipated from the infrequent inhalation of sub-
stantially saturated vapor evolved at room temperature under normal hand’ ‘ng
conditions. Rats that received diethylenetriamine in their diets fo- vg
were affected by 0.61 gm/kg/day (average); this is the minimum effe.

(MiE). No significant effect, in the criteria examined, resulted at .
gm/kg/day. The ratto of single peroral LDSO/M{E was 2.66, probably indicating
a low degree of chronicity.

The results of these latest range finding tests were similar to those done
previously. Most of the previous results appear in report 11-61 (1948).

Included in the literature on diethylenetriamine is a study in which rabbits
and guinea pigs received 1.0 and 0.6 mg/kg, respectively, for 6 months without
effect (Trubko, E. 1., Teplyakova, E. V., "Diethylenetriamine Studied in
Connection with Determining its Hygienic Standard Levels in Reservoir Water'.
Gig. Sanit. 1972, 37 (7), 103-4 (Russ). One inhalation study (Brit. J. Iandustr.
Med., 1970, 27, 1-18) consisted of 15 exposures, 6 hr per exposure, to 130 ppm
without toxic effect among rats. During a study in Japan, subcutaneous
injections (10 to 25 mg/kg/day) and daily topical applications (0.4 ml of 10%
aqueous) reduced the life span of rats and affected kidneys, livers, spleens and
adrenals (Fujino, Mitsuo, "Chronic Toxicity of Diethylenetriamine in Rats",
Igaku Kenkyu 1970, 40 (2), 139-6).

Sample
Quantity: 2 quarts Date Received: 7-26~74 CHF Sample No.: 37-417
Submitted By: R. V. Berthold Division: Chemicals and Plastics

South Charleston, WV

Charge No.: 01067

TR PR
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Peroral, Single Dose to Rats
LD50 - 1.62 (1.18 to 2.24) ml/kg; undiluted.
Conditions -~ Standard.
Dosage;| Dead Days to Weight
nl/kg sed | Death Change Signs and/or Symptoams
4.0 5/5 0,0,1,1,1 - Sluggish 2 min; prostrate 3 hr; death
of 2 at 4 hr.
2.0 4/5 2,3,7,8 98 Sluggish 10 min.
g
1.0 0/5 - [96 to 110] Sluggish 10 min.
gn _

Gross Pathology - In victims, petechial hemorrhages of the lungs; stomachs liquid-
filled, hemorrhaged; intestines liquid-filled, opaque, hemorrhaged, slightly
yellow; kidneys and adrenals slightly congested; kidneys speckled; livers and
spleens mottled. Nothing remarkable in survivors.

Conclusions - Moderately toxic following acute peroral intubation.

Skin Penetration, Single Dose to Rabbits
LDSO -~ 0.707 (0.324 to 1.54) ml/kg; undiluted.
Conditione - Standard. Dosed under polyethylene sheeting.

Dosage; Nays to Weight | Skin
ul/kg sed| Death Change | Irritatiom Signs and/or Symptoums
1.0 3/4 2,5,6 =157 gm | necrosis -
0.5 1/4 8 ~181,-15,] necrosis -
212 gn

Gross Pathology - In victims, congestion of lungs, livers, spleens and kidneys.
Nothing remarkable in survivors.

-Lib:v\.*(;‘l
Conclusions - Moderately toxic following acute covered dermal application.



Report 40-435
Page &

Inhalation, Single, by Rats

Conditions - Static exposure at 23°C. Procedure B of standard test procedures.

kroce- Concen- ead Weight
dure Time tration os Death Change Signs and/or Symptoms
B 8 hr |[Substantially| 0/6 - 66 -
saturated to
vapor 81
g

Gross Pathology - Nothing rewarkable.
Conclusions - No hazard is anticipated from the infrequeat inhalation of sub-

stantially saturated vapor evolved at room temperature under
normal handling conditions.

Skin Irrftation, Rabbit, Uncovered

Conditions - Standard. Applied undiluted or in distilled water.
Conclusions - Necrosis on 2 of 2 rabbits from the undiluted material; no

irritation on 2 rabbits, moderate capillary injection on 3
from a 10X df{lutfon in distilled water. Grade 6.

Eye Irritation, Rabbit

Conditions - Standard. 1Instilled undiluted or in distilled water.

Conclusions - Severe corneal injury, with iritis, from 0.005 ml undiiuted per
eye; woderate corneal injury from 0.5 ml per eye of a 152
dilution in distilled water; trace corneal injury on one of 5
eyes from S% in distilled water. Grade 8.

Seven~Day Dietary Inclusion, Rats

Procedure

Diethylenetriamine was added to ground PURINA Chow and fed in the
diet for 7 days. Groups of 5 male and 5 female Harlan-Wistar albino rats,
30 days of age at the start of the study, were randomly assigned to each dosage
level and to each of 2 control levels.

Resgults

The results are summarized in Table 40-1 and a synopsis of pathology
is given in Table 40-2.

dululu
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Inclusion of diethylcnetrismine in the diet for 7 days resulted in
moderate to severe body weight depression st attained dosages of 1.35 gm/kg/
day for the males and 1.58 gm/kg/day for the femsles. These were the highest
dosage levels. Liver weights of the male rats at their highest level were
slightly depressed compared to those of one of the control groups. There
vere no other organ weight effects noted at any of the dosage levels for males
or females. Body weights of female rats at 0.62 gm/kg/day were moderately
depressed vhile the weights of males at the middle level, 0.60 gm/kg/day, were
slightly depressed after 5 days compared to one of the control groups. No
body veight or organ weight effects were observed at the lowest dosage level,
0.24 gm/kg/day.

On micropathological examination, the only remarkable lesions were
ingtances of bile duct proliferation in livers from females at the middle level,
hydronephrosis awong a few males at the higher level and chronic tracheitis
among females at the higher level. These findings were not strictly dosage-
related or present in significantly large numbers. Therefore, our pathologist
considered them as sporadic, common lesions not related to treatment.

Conclusions

The maximum no significant ill-effect level was 0.24 gm/kg/day based on
body weight, liver and kidney weight, and micropathology. The ratio between
the single peroral LD50 and the minimum effect level (MiE) for the 7-day feed-
ing study was 1.62 ml/kg + 0.61 gw/kg (average) or 2.66, probably indicating a
low degree of chronicity. The medium predicted minimum effect level for 90-day
rat feeding is 0.20 gm/kg; that for two years is 0.11 gm/kg (Weil, et al,
“"Toxicology and Applied Pharmacology" 14, 426-431, 1969).

\.'-\J«.- - \.6
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Standard Test Procedures

In all tests, the nonfasted animals are maintained on appropriate Wayne
diets and water ad 1ib except during period of manipulation or confinement. Dosage
levels differ by a factor of 2 in a geometric series. LD50s or LC50s are calculated
by the moving average method based on a l4-~day observation period.

Toxicity Terminology for Peroral and 24-Hr Dermal LD50s (A)/Inhalation &4-Hr LC50 (B)

A, gn/kg B, ppm A, go/kg B, ppm
Extremely low order > 15 > 100M Highly 0.05-0.5 100-1M
Slightly 5-15 10M-100M Seriously 0.01-0.05 10-100
Moderately 0.5-5 1M-10M Dangeroualy < 0.001 < 10

Peroral. Compounds administered by stomach i{ntubation to Wistar derived
male rats, 90-120 grams in weight and 3 to & weeks of age, reared in our own colony.

Skin Penetration. Male albino rabbits, 3 to 5 months of age, are immobil-
ized during the 24-hour contact period with the compound retained under impervious
sheeting on the clipped intact skin of the trunk. Thereafter, excess fluid is re-
moved to prevent jugestion. Maximum dosage that can be retained 1s 16 to 20 ml/kg.

Inhalation. Procedure A. Concentrated vapor is generated in a gas washing
bottle by passing dried air at 2.5 liters/min through a fritted glass disc immersed
to a depth of at least 1-1/2 inches in the chemical which is delivered to rats in a
9-1liter glass exposure chamber. Mean vapor concentration is calculated from the loss
in weight of the liquid or estimated from the vapor pressure at the actual temperature
of the chemical during aeration.

Procedure B. Substantially saturated vapor is prepared by spreading 50 grams of
chenical over 200 cm“ area on shallow tray placed near the top of a 120-1liter glass
chamber which §s then sealed for at least 16 hours while an intermittently operated
fan agitates the internal chamber atmosphere. Rats are then introduced in a gasketed
draver-type cage designed and operated to minimize vapor loss.

Procedure C. Mist, vapor and any oxidation or decomposition products of the chemical
held at 170°C are generated and delivered as in A.

Procedure D. Vapor at metered concentration, not checked analytically, is generated
by feeding the liquid at a constant rate down the inside of a spirally corrugated
surface of a minimally heated one-inch Pyrex tube, through which metered air 1is passed.
Resultant vapor is delivered as in A.

Procedure E. Spray - Solutions or suspensions are atomized in a glass VAPONEFRIN
nebulizer using dried compressed air at 9 liters/min (corrected) and 22 psi. The
resultant aerosol of droplets averaging 2 microns in diameter is conducted directly
into a 60-1liter cubic glass chamber containing rats. Mean aerosol concentration is
calculated from the amount of material atomized.

Procedure F. Dust - Dust clouds are generated by a baffled Wright Dust Feed through
vhich air is passed at 14 liters/min (uncorrected) at S psi. The dust is delivered
directly to a 120-1iter plexiglas chamber containing rats. Airborne dust concen-
trations are measured gravimetrically every half hour.

Skin Irritation. Chemical is applied in 0.0l ml amounts to clipped, un-
covered intact skin of 5 rabbit bellies either undiluted or in progressive dilutions
of 10, 1, 0.1, and 0.01Z in solvent. Ten grades sre recognized based on appearance
of moderate or marked capillary injection, erytherma, edema or necrosis within 24 hours.
No injury from undiluted = Grade 1.

Eye Irritation. Eyes not staining with 5% fluorescein in 20 seconds ccn-
tact are accepted. Single instillation of 0.035, 0.02, 0.10 or 0.5 ml undiluted or
of 0.5 ml of 40, 15, S and 1X dilutions are made into conjunctival sac of 5 rabbits.
Read i{mmediately unstained and after fluoresceirn a: 24 hours, with ten grades recog-
nized. Trace or no injury from 0.5 ml undiluted = Grade 1. OO”UO‘
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Table 40-1

Summary of Results of 7 Days of Inclusion of Diethylenetriamine
in the Diet of Rats

Male Rats
A

Dosage goal, gm/kg 1.65 0.65 0.25 0.0
Concentration in diet, X 1.27 0.53 0.21 0.0
Dosage attained, gm/kg/day 1.35 0.60 0.24 0.0
Diet consumed, gm/rat/day 14,4 16.3 17.6 18.4
Body weight change, gm b. "

1 day of doses —0.4c’b 3.2a 6.4 4.4

5 days of doses 17.0b’a 23,6’ 27.4 30.2

7 days of doses 34.6° 43.6 49.0 53.2
Liver weight, gu 6.78%"" 7.49 8.42 8.62
Liver wt as X of body wt 4,42 4 4,46 4.85 4,66
Kidney weight, gm 1.51 1.56 1.62 1,69
Kidney wt as X of body wt 0.99 0.93 0.93 0.92
Mortality 0 0 0 0

Fecale Rats

Dosage goal, gm/kg 1,65 0.65 0.25 0.0
Concentration in diet, I 1.43 0.57 0.21 0.0
Dosage attained, gm/kg/day 1.58 0.62 0.24 0.0
Diet consumed, gum/rat/day 13.6 14.0 14.3 14.1
Body weight change, gm _

1 day of doses -3.42'2 2,20 4 3.6 6.2

5 days of doses 9.2c’c 15.6_’b .6 21.0 25.2

7 days of doses 21.0’ 28,6 °* .2 35.2 39.2
Liver weight, gm 5.83 6.48 .81 6.70 o
Liver wt as X of body wt 4.39 4.55 .66 4,88 4,60
Kidney weight, gm 1.37 1.35 .39 1,34 1.3
Kidney wt as Z of body wt 0.96 0.95 .96 0.98 0.9.
Mortality 0 0 0 0
%0.05 > P > 0.01 ®0.01 > P > 0.001 °p < 0.001

X1st lecter of superscript denotes degree of significance versus control group A;

2nd letter denotes degree of significance versus control group B.

06CLGY
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Table 40-2
Synopsis of Pathology of Rsts that Received Diethylenstrisaine in their Diets for 7 Days

Total Number Examined Grossly:
LIVER: Number Examined

Bile duct proliferation
Round cell focd
KIDNEY: Number IExsmined
Hydronephrosis
Hydronephrosis
Round cell foci
Tubular regensration
LUNG: Nusber Examined
Petachiase
Inhaled blood dus to kill
Inhaled blood
TRACHEA: Number Examined
Dilated trachesl glands
Purulent tracheitis
Chronic tracheitis
UTERUS: Number Examined
Dilated
COLON: Number Examined
Section parasites
BRAIN: Number Examined
Cranulomas, parssitic

;

Femgles

1.65

©)

gg;%. in Di
63
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G = Gross

The following tissues vere examined microscopically on the 1.65
heart, spleen, adrenal, thyrcids, parathyroids, trachea, ssophaguse,

M = Microscopic

and 0.0 ga/kg levels: lung, ltver, kidoeys,
stomach, duodenum, pancreas, colon, urinary

bladder, pituitary, brain and prostate, testicle, epididymis or uterus and ovary. On the 0.65 and 0.25 gun/kg
levels the lung, liver, kidney, heart, spleen, adrenal, thyroids, parethyrotids, traches, escohagus and brain

were examined microscopicslly.
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SUMMARY

Diethylenetrisaine - High Purity (DETA-HP) wes evaluated for potential
zutagenic activity with a battery of three in vitro tests, vhich were: the =~ 7
Chinese Hamster Ovary (CHO) Mutation test, the Sister Chromatid Exchange (SCE)
test and en assay for induction of Unscheduled DNA Syunthesis (UDS) ${n rat livs.
cells. The pattern of negative respouoses obtained in the l-test battery of
autagenicity assays indicated that DETA-HP did not produce a autagenic effect
typical of identified chemical autagens and appesred to lack significant autagenic
potential in the tL-ee in vitro tests performed.

INTERPRETATION

In the CHO Mutation test, an indicator of asgents which {nduce gene (point) mu—
tations, DETA-HP was not sctive in stimulating a dose-related increase of smutant
cells when tested either with or without the presence of an S9 msetabolic sctiva-
tion system. The tests were aspparently performed at sufficiently high doses of
the test agent, because the highest dose level in the test with and without $9
setabolic activation (40 x 10747) was completely cytotoxic. The results of the
tests vith or without 39 setabolic activation provided no indication of s signi-
ficant mutagenic effect of the test agent. DETA-HP was considered {nactive as a
mutageaic agent for CHO cells in culture. The positive coctrol agents EMS
(ethylmethanesul fonate) and DMN (dimethylnitrosamine) induced mutation values that
were highly statistically significant from the concurrent solvent coantrols and
these values were within the historical range of acceptable variations for
identical trestments in previous tests.

In the SCE test, sn indicator of agents which induce DNA dansge observable at
the chromosome level of organization, DETA-HP was counsistently not active {n sig-
uificantly stimuleting the induction of SCE i{n vitro. The lack of any suggestion
of a dose-effect relationship ir the tests either with or without S9 metabolic
activation indicated thet DETA-HP was insctive in stiamulating SCE ia CHO cells.
Highly statistically sigrnificant values of SCE, in comparisons to the concurrent
solvent coantrol, were obtained for tests of both positive control agents (EMS and
DMN) and these data indicated that the test system had appropriate sensitivity for
sutsgenic detection.

GCTLT2
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Ia the UDS -test, an {ndicator of asgents which cause dasage to the DMA molecy,
and stimulate “unscheduled” incorporation of radiocsctive thymidine detectable 1r
nuclei and DNA of hepatocytes, DETA-HP failed to induce dose-related fncreases {;
the UDS detected with efther nuclei or DNA. In evaluations over a relatively wig
range of coacentrations, DETA-HP produced amarginslly statistically significant
levels of UDS sctivity in seasurements of {ncorporation {nto anuclel at only one
concentrstion and two concentrations in measurements of radios.tive incorporatiog
fato DNA. Although these values were statistically sigaificant, no consisteant
pattern or dose-effect relationship was observed {n the response to DETA-HP.
These {solated respoases at single dose levels were not coasidered to be
blologically significant. Although not all dose levels of the positive control
agents NQO (4é-aitroquinoline oxide) snd DMN produced statistically significant
responses in coaparison to the coancurrent solvent control, all doses produced
oumerical increases in UDS characteristic of a positive test. No evidence for
dose-related activity for DETA-HP was observed and DETA-HP was classified as
iaactive in the {ianduction of UDS in the present test with the hepatocyte test

system.

One litarature reference reported that DETA was positive for inducing

sutations in the Salmouells typhimur

iwm (Ames) test (Hedenstedt, i1978). However,
an alkylating coataminant wvas goma in the DETA sample used i{n that test and no
conclusion on the potential activity of pure DETA was possible.

The interpretatiou of the overall pattern of responses from the present J-tes
battery of sutagenicity assays indicated that DETA-HP wgs not active as a
sutageaic agent ia thé three in vitro tests employed.

Quaatity: & oz
Submittal dy: D. C. Best

Division: Chemicals and Plastics
South Charleston, WV

SAMPLE

CHF Sample No.: 4&2-102
Date Received: 2/23/79
Identification: Diethylenetriaaine
511-01-0868
Clear lquid
Raf.: 99CAG-37B

CAS#: 111-40-0

Q60LCS
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Diethylenetriamine ~ High Puricy
(DETA-HP)

In Vitro Mutsgenesis Studies: 3-Test Battery

Objtctivc

The purpose of this study was to evaluate the potential of DETA-HP to induce
genetic demage {n masmalian cells at the gene, chromosome sand/or DNA (deoxyribo~
nucleic scid) level of molecular organization. A battery of three in vitro,
short-terw tests which detect each of these genmetic end points was employed to
evaluate DETA-HP fcr potential mutayenic activity. The classification of the test
chemical as an active or inactive agent in these tests was evaluated in context
with the overall pattern of responses observed in the complete battery of tests.

Sample Charscteristics

A typical, commercisl ssmple of DETA-HP was received for testing om 2/23/79.
The available information from the Toxicology Data Bank or from "Material Safety
Data Sheets” for this product specify the following chemicsl and physical
characteristics:

Chemiczl Name: _Diethylenetriamine

¥rade Name and/or Syoonyus: Bis-(Zi-Aminoethyl)Amine

Molecular Weighe: 103.17

Yoraula: “HNCH,CH, RBCH7 CHa N8,

Specific Gravity (€ 20°C): 0.9542

ng Point: . aa Hg)

Solubility 4o "Hy0 u by wt): aplete at 20°C

Puricy: 94, ainisun (esee comments in
additional analytical sasctions)

Vapor Pressure (¥ 20°C): <l m

;%E'E'F‘ t avallable

sh Point: 210'F, tag closed cup

Teablicy: Stable

YocompatIbility: Avoid acids

Appearance a or: Water-vhite liquid; wmildly
smmouniacal odor

Bisposal: — Incineration

Protective Measures: Do not get on skin, eyes or clothing. Use rubber

gloves, mechanical ventilation or local exhaust

vhen handling. Avoid prolonged dreathing of vapor
or contact with skin. Safety goggles, organic vapor
mask and rubber aproo are recommended. Saall

spills should bde flushed with large quantities of
wvater.

UGrice
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Health Hazard: Haraful {f fohaled; skin and eye contact cause burans.
DETA-AP is a sensitizer vhich may cause skin rash.
Prolonged and repeated breuthing will be irritating and
®ay causs an ssthma-like condition. In case of contact
flush vith large volumes of water for 15 sinutes
folloved by sosp and wvater. Remove coataminated
clothing and wvash defare wearing again.

Additicnal assalytical data on the sample teceived for testing was obtained
from P. R. Uasberger, UCC, S. Charleston, WV (Appeadix IV -~ pertinent data sttached
to the complete report). Two different analytical sethods were used: wvwith s
derivative method, the percentage by veight of DETA was 96.77%, with 0.49%
ethylenedianine (EDA), 1.782 N-(2~-sminoethyl)piperazine (AEP), 0.702
diethanolamine (DEA) and 0.25% triethanolsmine (TEA); with a column of 102
CARBOWAX 30 ¥ on 750 chromosord §0/80 sssh, the area X of DETA was 99.342% and
0.76X AEP (Data {n Table V, Appendix IV).

Methods

A description of the technical procedures used in the CHO test, the SCZ test
and the UI'S asssy are presented in greater detail in Appendices I, II and III,
respectively (attached to the complete report). Testing was performed ia com=
pliance vith Standard Opersting Procedures used for these tests at the Bushy Run
Research Center and deviations from procedures are noted ia the {ndividual test
tesults. Diethylenetrismine - high purity {s abbreviated DETA-HP in this report
consistent with standard UCC Terminology for this product.

1. CHO Test (Detailed procedures in Appeadix I): SOP #7.2.4A, 7.2.5, 7.2.11

A. chtouci? - DETA-HP was :utgd for cytotoxicity to CHO cells at six councen-
tractions from 0.1X to 0.3 x 10°°% (by volume) both is the presence and adb-
sence of a liver, S9 metabolic activation system. Selection of a asaximum con-
ceuntration for testing depended upon an estimste of dose levels vhich would
pamit survival of at least 10X of the treated cells. Glass—distilled water
wvas used as the solvent and solvent coatrol; glass~distilled dimethylsulfoxide
(DMSO) was used as the negative control.

. To simplify tables and to allow comparisous between different tests, cou~
centrations of DETA-HP in the following sections of the report are given {n
terms of volume percentages x 107 *2 ¢o oliniutc zeros in the lower coancen-
tration values (eg. 0.0001% = 0.01 x 10" X).

B. Muctation ~ CHO cells were cxpou% for 5 hours to five concentratiouns of DETA-
BP from 40 x 1072% to 1.25 x 10X (by volume) vithout the addition of an
$9 metabolic sctivation systes and to an identical range of coucantrations
vith $9 sctivation. Dilutions of DETA-HP for testing were prepared by eithar
direct sddition of the test sgent into the cell culture media or by making se-
quencial one-half dilutions ia sterile, glass—distilled H70. The surviving
fraction wvas determined at 20 to 24 hours after treatmant and the autant frac-
tion was determined after a 7 to 9-=day period to allov “expression” of the zu=~
tant phenotype. Oaly the top five conceatrations which allowed sufficient
cell survival ware assessed for survival aad induction of autants. The per-
centage of cells surviving tlu treatment, the frequencias of sutant colouu
and the number of autants/10% viable cells are presented iu ubuuﬂ 6
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SCX_Test (Detailed procedures in Appendix II): SOP #7.2.12a

Induction of SCE's by exposure to various concentrations of DETA-HP
was studied {n CHO cells both with and without the incorporation of an $9
astabolic sctivation system. Selection of dose levels which would perait
survivel of st least 50X of the treated cells was based on the prescreen—
fag test for cytotoxicity performed ss part of the CHO Mutstion test.
Dilgttonn of DETA-HP for testing, ranging from 20 x 102X to 1.25 x
10742 (by volume), were prepared either by Airect sddition into the cul-
ture sedium or by making sequential one-half dilutions of the maximum dose
level in H20. For deterwinstion of direct mutagenic sction, CHO cells
ware exposed to DETA-HP and sppropriste coutrols for 5 hours without $9
sctivation. Indirect mutagenic action, requiring metabolic sctivation by
liver 39 howogenate, was studied with a 2-hour exposure period. Bromodeoxy-
uridine (3rdU) required to differentiate between the individual “eister”
chromatids by SCE staining, wes present at a concentratios of 3 ug/aml in the
grovth sedium during trestment snd during th: culture period following
exposure. A total of 15 calls/dose level and 5 dose levels, with or without
sstabolic sctivation were examined. The anumber of SCE/cell, mean # of
SCL/chromosone and the level of statistical significance of the {ncreases
above coucurrent solvent coantrol values are presented {n tabular form.

0?8 Test (Detailed procedures in Appendix III): SOP #7.2.6; 7.2.7; 7.2.84A;

Induction of DNA damage in rat liver cells (hepatocytes), resulting in
stiaulation of Unscheduled DNA Syuthesis (UDS), vas studied st g miniaum of
eix dose levels which spanned a 1000-fold range of concentrations. Cells
vere trested with DETA-EP for 2 hours ia culture medium containing 3H-
thyaidine, hydroxyures and sppropriate dilutions of DETA-HP prepared in
DMSO. UDS activity was determined by anaslyses of the amount of radio—-
active {ncorporation into isolated hepatocyte nuclei or imn DNA (precipi~-
tated ftom aliquots of the isolated nuclei) using a Searle Analytic Model 81
or Packard Model 2650 scintillation spectrometer. Data are presented in
tabular foram with an indication of the level of statistical significance
above the councurrent solveat control values.

Controls =~ appropriate dose levels of positive, negative and solvent con~

trols were used for esch test. In the CHO and SCE assays, dimethylnizros-

aaise (DMN) and ethylmethanesulfonate (EMS) were used as positive coatrol
agents with and without metabolic sctivation, respectively. Dailounized,
glass-distilled water, sterilized by sembrane filtration or glass-distilled
dimethylsulfoxide (DMSO) vere used as the solvent and negative controls,
respectively.

In the UDS assay, DMN and é-nitroquinoline oxide (4-NQO) were used as
positive controls for indirect- or direct-acting sutagens, respectively.
Glass=-distilled DMSO was used as the solvent and the solvent control.
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Metabolic Activation ~ $9 liver homogenate, prepared from Arochlor 1254~
Inzuud. §pruu-bcv1¢y male cats, wes purchased from Lictoa Bionetics.
The 39 preparstion used for the CBRO test coutained 27 ag/sml protein snd had
s benzo(a)pyrene hydroxylase sctivity of 9.97 nmol hydroxybenzpyreae/20
uio/wg protein, (sssayed by Litton). A concentratioa of 1500 ug of S9
protein was sdded to 3 ml of culture media.

Por the SCE test, & sec 4 lot of $9 homogenate, containing 40 ag/ml
protein and s benzo(a)pyrene nydroxylase activity of 15.0 omol hydroxy-
bengpyrene/20 uin/ag proteia (sssayed by Litton), was used at a conceatrs=
tion cf 600 ug of $9 protein/S ml culture medis.

Statistical Analyses -~ Data from the SCE and UDS tests were analyzed by
appropriste parametric tests following Standard Operating Procedures for

statistical asnalyses at the Bushy Run Research Ceanter. Dats from the CHO
test do oot follow a normal distribution sccordiang to experience with his—-
torical coatrols, thus, standard parametric tests were applied only after
suitable transformation of the mutatioun frequencies (MF): specifically (MF
+1)0-15 (1rr, J. D. and R. Soee, Proceedings of the Cold Spring
Hardor-Banbury Conference, II (1979), 263-274). Rounding of data to either

‘two decimsl places or to the appropriste sumber of significant figures vas

performed for presentation ou tables. Although statistically significant
decreases in mutation iadices can cccur because of cytotoxic responses,
only statistically significent increases in responses sbove coutrol valuss
sre indf{cated on Tables for simplicity. The degree of stacistical
significance {s deroted dy: a: 0.05 > p > 0.01, db: 0.01 > p > 0.001, or
¢: p <0.00l. Mo superscript (or NS) indicates p > 0.0S.

Rav Data Storage = Copies of the final report, statistical analyses,
mzm data and dats used to prepare the final report are

stored in che BRRC Archives. Slides are stored in the Genetic Toxicology
slide storage ares.

G 'n‘LC'?
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RESULTS:

SECTION I - CHO MUTATION TEST - DIETHYLENETRIAMINE - HIGH PURITY (DETA-HP)

A

c.

1.

Test Dates - Initiated: Jenuary 15, 1980
Completed: Jumne 24, 1980

Selection of Test Coancentration (Data not shown in tables)

CBO Cells were exposed for five hours to six concentrations of DETA-BP
which epanned & concentration range from 10 x 10-2% to 0.03 x 10-22 by
wlume. The percentage of cells which survived the axposure, either in the
presence or absence of an $9 mstabolic activation system, was determined by
counting the number of colonies produced by the survivors efter a S to 7 day
incubation pariod. Because there was oo apparent cytotoxicity at the highest
4oee tested, two higher doses were tested in the mucation induction
experiments and a coucentration of 40 x 10°2% was selected as the maxizua
coucentration for testing with and without $§9 activation.

Deterninstion of Mutation Ianduction

Survival (Cytotoxicity)

Table 1 presents the cytotoxicity data for CHO cells treated with DETA-
HP in the presence or absence of a liver S9 metabolic sctivation systea. A
steep dose-response effect with the test agent was suggested from the complete
cytotoxicity observed for the top concentration 40 x 10'22. with or without
89 activation, {n comparison to the sarkedly lower cytotoxicity obtained at
ouly one~half the top dose-level. The cytotoxicity of DETA-HP wms similar {n
the presence or absence of S9 activation, particularly apparent in the simi-
lar musbers of colonies produced by each respective treatment before expres-
sion of the data as s percentage of the control. The H20 solvent coatrol inm
the test with S9 was atypically lower thsn generally observed in similar
experisentcs.

Mutation

Table 2 presents the data for induction of sutants by DETA-HP and coa-
trol egents. No evidence was obtained to i{ndicate the presence of s dose-
related incresse in the frequency of mutants/106 viable cells over the 32-
fold range of concentrations tested for potential smutagenic action aither with
or without the presence of an S9 setabolic activation systea. No concentra-
tion of DETA-HP produced an increase in the sutation frequency which was sta-
tistically significaat from the concurrent solveat coutrol in the test without
$9 activation. Mutation data from cells treated with DETA-HEP did not indicate
the presence of a dose-response relationship and the test agent was considered
oot sutsgenic to (HO cells in the present test.

06CLC3
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Mutation frequsncies for the solveat coantrols for tests both with and
vithout 39 activstion were in an scceptable and lov range besed upon
experience with historical control valuas.

Highly statistically significant sutation frequencies wete abtained for
the DM and EMS positive controls for both experiments ian comparison to the
concurrent solvent coutrol. The values for the positive control agents were
similar to valuas encountered in previous tests vith these chemicals and
indicated that these dats represented s valid, scceptable test. Three
councentrations of DM ware used in this test to show the effectiveness of the
$9 sctivation system. A dose~rslated effect to incressing DMN coocentra=
tiou is apperent from the results.

Deviations from Standard Procedures

Three concuatrations of DMN ware tested to assure the activity of the
sstabolic activation systea.

Conclusions

DETA~HP was consistently inactive as a sutagenic agent for CHO cells
vhen tested with or without an 39 metabolic activation system over a 32-fold
range of concentratious. Noue of the mutation valuss were stacistically
significant from the coancurrent solveat control snd values were withian the
expected variation in sutant frequeancies observed in historical coatrol
data. :

660409



. 1601
Report 43-90
Pege 9

RESULTS:

SECTION Il - SCE TEST - DIETHYLENETRIAMINE - HIGE PURITY (DETA-HP)

A.

c.

Tast Detes - Initiated: February 20, 1980

Completed: June 16, 1980

Selsction of Test Concentrations

A saxisum concentration of 20 x 1072% by volume of DETA-HP was chosen
as the top dose levels for testing with or without S9 activation based on
cytotoxicity dsta from the CHO mutation test. Higher concentrations were
exzpected to produce delays in the aitotic cycle and to decrease the mumder
of cells with SCE staining. A l16~fold range of concentrations from 20 x
10722 to 1.25 x 10”2 was examined in SCE experiment #1 without §9
activation. A 32-fold range of concentrations of 20 x 1072Z to 0.625 x
1022 was exsmined in SCE experimen #2 with S9 activation. A wider coocen=
tracion range of DETA-HP was employed in the test with §S9, in comparison to
the test without S$9, because & greater degree of cytotoxicity and delays in
cell division ware obsserved in the test with a setabolic activation system.

Deteruinations of SCE Induction

The data for SCE induction in CHO cells treated with various dose
levels of DETA-HP or with appropriate positive, negative or solvent coatrol
agents are susmarized in Tables 3 and 4. A single statistically significant
increase in the SCE frequency was produced by the highest dose-level of 20 x
10~2Z DETA-HP tested for direct action in the absence of a metabolic acti-
vation system (Table 3). A statistically significant result at the highest
dose—~level should be regarded with suspicion. However, wa observed no sug-
gestion of a dose-respouse effect and the dose~level in question vas identi-
cal to that which produced complete cytotoxicity with S9. The test without S9
sctivgtion wvas considered a negative indication of potential direct mutagenic
action of DETA-HP. Although the possibility of a very narrov range of acti-
vity at slightly higher, soderatcly toxic dose~levels csnnot be excluded using
the present dats, this possibility is considered extremely remote. Induction
of SCE by the concurrent EMS positive control wvas highly statistically signi-
ficant from the concurrent solvent coatrol and these data indicated an appro~
priate sensitivity of the test system comparable to our historical positive
control data. . The numbers of SCE obtained with the B0 solvent and DMSO
coutrols were also in an acceptable range of values within or slightly below
values encountered ia our hiastorical control data for this test.

SCE values obtained from treatments with DETA-HP of CHO cells in the
presence of an $9 metabolic activation systes are presented in Table 4. Mo
statistically significant increase in the SCE values was observed vith any
of the tested concentrations of DETA-HP. Also, there wvas a lack of any
suggestion of a dose~tesponse effect of trestment with DETA-RP which indicated
that the test results were negative and consistent with the findings 1ino the
test without addition of S9 (Table 3). DETA-HP was considered ipactive as a
sutagenic sgent in the {nduction of SCE {n wvitro.

GGCLI0
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The negative (DMS0) and solvent controls in the test with S9 asctivation
ware higher than values for thosa agents tested without $9, s finding
cousistent with the obeervation of a weak cytotoxic/sutagenic potential for
some liver hosogenste preparations. A numerical iacresse and highly statisczi.:
cally sigunificant numbers of SCE wvere produced by the two differeat coancen=
trations of the DM positive control. This result again indicated that the
sstabolic activation system wvas functioning in an appropriste manner for an
scceptable test.

Deviations from Standard Procedures

Secause of the cytotoxicity of the liver S9 howmogenate, cells treated
wvith the test agent and S9 vere fincubated for a total of 38 to 42 hours
before harvesting calls and preparstion of chromosomes for SCE slides. This
axtended grovth pariod allowed for the cell division delay induced by the
liver homogenate. .

Due to the ulkslinity of the test chemical, the flasks were equilibrat-
od vith 10X COp; and sealed to help neutralize the pH of the media.
Colcemid® at s concentration of 0.1 ug/ml wvas used rather than colchicine
to arrest cells {n mitosis. Media purchased from K. C. Biological Co.
tather than from Grand lsland Biological Co. was used. A concentration of
0.075% trypein, rather than 0.052 as stated {in tha SOP was used to improve
cell dissociation.

Conclusioans

Trestments of CHO cells with DETA-HP over a 16 to 32-fold range of
concentrations failed to indicate a potential mutagenic asctivity {a tests
either vith or without additicun of an active $9, metabolic activation systea.
No evidence of & dose~related effact of exposure to DETA-HP on the SCE
frequency was evident in tests with or wvithout S9 metabolic activation and the
Cest agent was considered to be {nactive in the present in vitro assay.

a0y
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RESULIS :

SECTION III - UDS TEST - DIETHYLENETRIAMINE - HIGH PURITY (DETA~HP)

A.

c.

1.

Test Dates -~ Initiated: April 4, 1980
Completed: May 12, 1980

Selection of Test Concentrations

Standard procedures were followed and DETA-HP ‘.2 tested over a 3-log
range of concentrations from 10 x 1022 to 0.01 x 107%% by volume. The
ssximum dose~level was selected according to cytotoxicity data obtained in
the CHO Mutation test which indicated that higher values would result in
sxcessive call killing. These dose-levels were considered to be appropriate
for testing becauss uptake and incorporation of 3ﬂ-thylidin¢ into
hepatocytea are generally even more sensitive tr chemical effects than
survival seasurements with CHO cells (in which :ytotoxicity is measured
after a 24 hour recovery period following treatment).

Determination of UDS Induction

Nuclear-Bound Radiocactive Label (Data in Table 5)

Induction of “unscheduled” incorporation of radicactive thymidine iato
nuclei of hepatocytes exposed to DETA-HP or to appropriate positive and negas~
tive coantrols is presented in Table S. Both of the posfitive coutrol agente,
NQO and WM, induced mmserically elevated increases in UDS over values
obtained with the solvent control. With both positive controls a =oderate
incresse in the amount of UDS in relation to the exposure concentration
indicated the responsivenes of the test system vith measurements using nucle!.

Although only the highest dose levels of DMN or NQO produced statisti-
cally significant increases sbove the concurrent solveant comntrol, all concen-
trations produced numerical incresses above the solvent control indicative of
an acceptadle test. In hepatocytes treated with DETA-HP, only the lowest
concentration, 0.01 x 10‘21. tested for potcnt%;i sctivity induced a statis~
tically significant increase in the smount of thyaidine incorporation. A
gradusl decrease in the smounts of radiocactive incorporation, particularly at
the high dose level of 10 x 10‘22, was considered an indication of the
cytotoxicity of the test agent, DETA-HP. The lsck of a clear indication of
statistically significant results or of a possible dose—response relationship
resulting from DETA-HP exposure indicated that the test results were a
negative indicstion of potential activity. DETA-HP was considered inactive in
the present cest.

DMA-Bound Radioactive Label (Data in Table 6)

Analyses of DNA, from aliquots of hepatocyte nuclei used for the UDS
studies presented ou Table S, were performed as a second assessment of
“wnscheduled”™ incorporation of radicactive thyuidine. Values for
radioactivity incorporated into the DRA of these hepatocyte nucleil are
presented in Table 6.
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Two concentrations of URTA-HP, 0.3 x 102% 4nd 0.0l x 102%, f{oduced
lavels of UDS gignificancly above that of the coancurreant coatrol. By com=
paring the ouclear~bound values with the DNA valuss, s similar pattern of
qusatitative response wvas seen. However, the 0.3 x 10°2% dose-lavel was
also statistically significsnt using the DNA sethod. The numerically- .
facressed valuas i{n the DNA experiment for the dose-lavels 0.3, 0.1 and 0.01 -
1023 gre all outside the 95% confidence interval for historical conmtrols
for the DNA-bound label method (2523 to 3816 DPM/10% cells). Although these
dnta may suggest the presence of an extremely weak activity {n the test '
sample, statistical analyses vith respect to the coancurreant control {ndicated
that DETA-HP was wost likely au fnactive agent i{in the preseant test on
induction of UDS. The lack of significant or dose~relited effects at any of
the higher dose~levels (vhich showed no appareat cytotoxicity in the UDS or
the CHO tests) indicated that s negative classification was justified and
correct.

In messuring UDS by either the auclear-bound or DMA-bound label method,
the positive coutrol agents, NQO and DMN, both induced oumerically increased
and statistically siguificant levels of UDS. The lack of significant values
at the two lower concentrations of NQO and DMN msy have been dus to cytotoxic
effects at the lower doses or simply {nsufficient dose for {nduction of UDS.
The test was cousidered valid based ou the distinct positive respouses vwith
the highest dose lavels of the positive coatrol agents.

Deviations from Standard Procedures

None.
Conclusions

DETA~HP s4iled to stimulate counsistently a dose-related incorporation of
radicsctive thymidine i{n cells treated over a 1000-fold range of tect concen~
trations. Although values for the positive coutrols were low, in the assess-
sent of UDS wich nuclei, measurements of radiosctive iocorporation into the
precipitated DRA from those auc’ < verified the activity of the poeitive
coatrol ageats and the inactivity of the DRTA~HP sample. DETA-HP wvas
considered {nactive in the tests with hepatocytes.

s E .
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Table 1
Chinese Hamster Ovary (CHO) Mutation Asasay!
Determination of Toxic Rffects of Chemfical Treatment During 5 Hr Mutation Induction Period

Total f Total # p 4 2 of Solvent
Test Chemicals Colonies Cells Plated Survival Control

Without 89 Actlvation

lbiithiionetrlo-lnc - High Purity] (X, v/v)

40.0 x 10~2 - TOXRIC - -
20.0 x 10~2 363 400 90.8 92.4
10.0 x 10~2 381 400 9.2 9.9
$0.0 x 10~2 393 400 98.2 100.0
2.5 x 10-2 327 400 81.8 83.2
1.25 x 10~2 403 400 101.2 103.1
ntrols
1,0 - Solvent (20 ul/ml) 393 400 98.2 -
S0 - (20 ul/ml) 412 400 103.0 104.8
EMS - (200 ug/ml) 343 ! 400 8s.8 87.3
{
_ Wich 89 Activation
[Diethylenetriamine - High Purity) (X, v/v)
40.0 x 102 - TOXIC - -
20.0 x 10-2 393 400 98.8 134.4
10.0 x 10~2 195 400 98.8 134.4
5.0 x 102 306 400 76.5 104.1
2.5 x 1072 357 400 89.2 121.4
1.25 x 1072 378 400 94.5 128.6
trols
- Solvent (20 ul/ml) 294 . 400 ~73.8 -
-~ (3700 ug/ml) 61 400 - 15.2 20.7
DMN - (3000 ug/ml) 48 400 12.0 16.3
- (2000 ug/ml) 8l 400 20.8 28.2

e ———
Abbreviations: H0 - water; 89 - liver homogenate; DMSO - dimethylsul foxide
EMS - ethylmethanesulfonate; DMN ~ dimethylnitrosamine

ST o¥ug
06-¢y 33o0dwy
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Table 2

Chineee Hamster Ovary (CQHO) Mutation Aseay:
Results on Evaluation of Mutant Induction by Diethylenetriamine - High Purity

Plating kfficiency Mutetion Induction
Total ¢ 1
Test Chemicals Total # Total # Visble Mutant Total ¢ Mutsats
Colonies Cells Plated Fraction | Colonies Cells Plated 105 vViable Ceil
Without 89 Activation
[Diethylenetrismine - High Putttyl X, vlv)
£0.0 x 102 - TOXIC - - -
20.0 x 10~2 293 400 0.732 0 1 x 106 0
10.0 x 1072 277 400 0.692 0 1x1 )
5.0 x 102 257 400 0.642 0 1 x 106 0
2.5 x 1072 325 400 0.812 0 1 x 106 ()
1.25 x 1072 258 400 0.645 0 1 x 106 o
trola:

20 - Solvent (20 ul/ml) 321 400 0.802 3 1 x 106 3.7
0 - (20 ul/wl) 313 400 0.782 0 1 x 106 0
S - (200 ug/ml) 350 4,00 0.875 8 1 x 106 94 .9¢

Wich 89 Actlvation
{Diethylenetrisaine - High Purity] X, v/v)
40.0 x 102 - T0XIC - - -
20.0 x 10-2 2oa 400 0.520 0 1 x 106 0
10.0 x 102 223 400 0.558 ] 1 x 106 0
5.0 x 102 181 400 0.452 o 1 x 106 0
2.5 x 10~2 190 400 0.475 0 1 x 106 0
1.25 x 10-2 187 400 0.468 1 1 x 106 2.1
ntrols: .
20 - Bolvent (20 ul/ml) 165 400 0.412 1 1 x 106 2.4
0 - (20 ul/ml) 274 400 0.685 4 1 x 106 5.8
DN - (3700 ug/al) 98 400 0.245 62 1 x 106 253.1¢
- (3000 ug/ml) 131 400 0.328 o5 1 x 106 106.9b
- (2000 ug/ml) 114 400 0.283 11 1 x 106 38.6»

Data analyzed by Student's

l1otal # mutant colonies per 106 cells plated divided by viable fraction.
Scatistical significance above solvent coutrol: b: 0.01 > p > 0.001; c:

o superscript indicates p > 0.05. t-test.

p € 0.001;

i et fall aalivat hoRasAPALS: DHBO - dimethyleulfoxide; EW

EMS - ethylmethanesulfonate;

Sa9T




Table 3
Stster Chromatid Exchange (SCE) Assay:

Induction of SCE's by Diethylenetrismine High Purity Without 89 Metabolic Activation
5 Hour Treatment

Experiment #1
Total # Total # Mean Number Significance
of of SCB/Chromo~ Above Solwent
Test Chemicals Chromosomes sCk SCE/Cel1l some? + 8.D. Control?
TDlethylenetrianine - Bigh Purlty] (X, v/v)
20.0 x 10~2 295 236 15.73 0.794 + 0.234 .
10.0 x 102 298 195 13.00 0.653 + 0.140 NS
5.0 x 1072 - 286 184 12.27 0.640 ¥ 0.170 s
2.5 x 1072 298 191 12.73 0.643 ¥ 0.192 s
1.25 x 1072 301 198 13.20 0.660 ¥ 0.194 NS
ul/ml) - Solvent 298 177 11.80 0.593 + 0.169 -
0 - (5 ul/ml) 299 : 156 10.27 0.517 ¥ 0.190 s
- (190 ug/ml) 300 427 28.47 1.415 ¥ 0.390 c

lpifteen cells examined per dose lavel.

2Mean vnlue»of SCE/chromosome determined from the values of the individusl cells examined.

IStatistical eignificance above solvent control: a: 0.05 > p > 0.01; c: p < 0.001
NS: p > 0.05. Data snalyzed by Student's t-test.

Abbreviations: Hz0 ~ water; S? - liver homogenate; DMSO - diwethylsulfoxide;
EMS ~ ethylmethanesulfonate; 8.D. - standerd deviation

WPC/1011-4
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Table 4 . s

Sister Chrowmatid Exchange (SCEK) Assay: d <

Induction of SCR's by Diethylenstrismine High Purity With 89 Metabolic Activation 3
2 Hour Treatment

Experiment #2
Total # Total # Mean Nusber Significeace
of of SCE/Chromo— Above Solvent
[fest Cheaticals Chromosomes 8CE 8CE/Cel1l some? + 8.D. Coantrol?
[Dlethylenetriamine - High Purlcty] (X, v/v)
20.0 x 10~2 - - TOXIC - -
10.0 x 1072 285 175 11.67 0.626 + 0.256 s
5.0 x 1072 295 157 10.47 0.535 ¥ 0.161 us
2.5 x 1072 285 129 8.60 0.455 + 0.150 NS
1.25 x 102 293 132 8.80 0.452 ¥ 0.126 ns
0.625 x 10~2 296 153 10.20 0.517 + 0.155 s
ul/ml) - Solvent 292 178 11.87 0.614 + 0.212 -
0 - (5 ul/ml) 293 188 12.53 0.644 + 0.168 NS
- (1000 ug/ml) 296 954 63.60 3.201 + 0.716 c
- (800 ug/al) 304 883 58.87 2.914 + 0.798 c
lpifreen cells examined per dose level.
21uean value of SCE/chromosome determined from the velues of the individual cells examtned.
Istacieticul significance above solvent control: c: p < 0.001;
' NS: p > 0.05. Data analyzed by Student's t-test.
T

Abbreviations: H70 - water; §9 - liver homogenate; DMSO - dimethylsulfoxide;
DMN - Dimethylnitrosamine; §.D. -~ standard deviation

WPC/1011-4
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Table 3
Unecheduled DMA Synthesis in Hepatocytes from Rat Liver

Nuclear-bound label: all DPM values are calculated from wuclei per 106 viadble
hepatocytes. average is cslculated from duplicate samples, except for DMSO which

wae done in quadruplicate.

o Radioactivity X of Solvent Significance
in Nuclei Control Above Solvent
sst Chemical Concentration Avg. DPM + 8.D. 4+ 8.D. Controll
oTvent = DISO —T0Y —I%F 679 YO0 0Y ¥ 22X =
sicive Controls:
4 -~ NQO 3.0 ug/md 7950 + 1662 248.81 4+ s52.02 ¢
1.0 ug/ml 3925 + 1291 122.8X + 40.42 ns
0.3 ug/ml 4369 + 1321 136.7% + 41.42 ns
DMK 1000 ug/ml ! 5341 + 59 167.2 + 1.9% s
300 ug/ml 4066 + 317 127.3% + 9.92 NS
100 wug/ml 3850 + 617 120.5% + 19.3% L
est Chemicsl: : _
flr—'_l."i“'_nu: ylenctrissine - High Purtty) 10 x 10-2% 1970 + 290 61.6X + 9.1 s
Kz, /v 3 x 1072 3588 + 330 112.3% + 10.3% s
1 x 10722 3607 ¥ 299 112.92 F 9.4 s
0.3 x 1022 5057 % 615 _ 158.33 * 19.3% NS
0.1 x 10722 4362 ¥ 952 136.5¢ ¥ 29.82 NS
0.01 x 1022 5260 + 1576 164.6% ¥ 49.3% a
lgcactstical aignificance above solvent control: a: 0.05 > p >0.01; c: p <-0.001;
NS: p > 0.05; Data analyzed by Duncan's Multiple Range Anslysis.
;—d
Abbreviations: DMSO - dimethylsulfoxide; 4-NQO - 4-nitroquinoline oxide; DMN - dimethylnitrosamine;
DPM - disintegrations per minute; S.D. - standard devistion
WPC/ 10114 s 5
2 .
-
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Table 6

Unschedulcd DNA Synthesis in Hepatocytes from Rat Liver

DNA-bound label:
hepatocytes.
was done in quadruplicate.

all DPM values are calculated from DNA precipitacted per 106 viable
Each average 1s calculated from duplicate samples, except ior DMS0 which

2191

P> 0.05; Data analyzed by Duncan’s Multiple

Abbreviacio:s:

WPC/1011-4

(o) Al
UO;V&

DMSO -~ dimethylesulfoxide; 4-NQO - &4-nitroquinoline oxide; DMN - dimethylnitrosamine;

DPM - disintegrations per minute; 8.D. - standard deviation

SRR SR

Range Analysis.

0z o8%g

6=~gy 3a0dvy

Radioactivity X of Solvent Significance
in DNA Control Above Solveat
Test Cheaical Concentration Avg. DPM + 8.D. + 8.D. Control} (
Ls?{»m: ~ DMSO .00 2307 + S8 T00.07 + 18.0% -
Positive Controls:
4 - NQO 3.0 ug/ml 9035 + 1461 310.8% + 50.2% c
1.0 ug/ml 4270 ¥ 1440 146.9% ¥ 49.5X s
0.3 ug/al 4424 ¥ 930 152.2% ¥ 32.0% ns
DMy 1000 ug/ml 5225 + 389 179.7% + 13.42 .
300 ug/ml 4356 + 610 149.8% + 21.0X S
100 ug/ml 3769 ¥ 1047 129.6X ¥ 36.0% s
Ll‘ut Chemical:
[Dlechylenetriantne - High Purity) 10 x 10~2X 1736 + 174 59.7% + 6.0% NS
z, v/v) 3 x 1072 3468 + 304 119.3% + 10.5% s
1 x 1072 3638 T 163 125.12 F 5.6X NS
0.3 x 10~2x 4923 + 185 169.3% + 6.42 a
0.1 x 10722 4349 ¥ 1006 149.6X ¥ 34.62 NS
0.01 x 10722 4800 ¥ 1303 165.1% + 44.82 s
lgcaciacical significance above solvent control: a: 0.05 > p > 0,0); ¢c: p < 0.00];




APPENDIX 1
Chinese Hamster Ovary (CHO) Mutation Assay

Theoretical Baais

Mutation 1is a heritable alteration {n a cell in which s gene spyecifying the
genetic code for a specific protein is modified {in structure snd/or function.
Mutations, induced by chemical or physical sgeats, of the HGPRT (hypoxzanthine-
quanine phosphoribosyltransferase) gene aay be detected by the growth of
colonies of "mutant” calls which are resistant to the purine snalcgs
6-thioguanine (TG) or 8—asaguasnine. Normal cells contaim s functional HGPRT
ensyme vhich phosphorylates IG and allows its incorporations into DNA causing the
calls to die. Mutant cells with s noo~functional EGPRT enzyme are unable to
phosphorylats or incorporate TG, thus survive and grow {n {ts presencs.

The CHO mutacion test i{s an asssy which detects “forvard sutations” from
Te~sensitivity to TG-resistance caused by a direct loss of the asctivicy of the
HGPRT ensyme (HGPRT' ¢ BGCPRT"). an assessment of the ability of several
bundred agents to cause gens mutstions i3 vitro indicatss that the CHO sutation
assay provides a teasonabls estimate of the po:cn:iu. genetic sctivity of the
tast chemical.

Maethods

Cell Culture Procedures: CHO cells used in these studies vere obtained from
Abrasban Hsie at Oak Ridge Natiooal Laboratory with the designation CHO-K1l-BH4-D1
(or simply CHO for report purposes). Calls are saintained in active growth by
subculturing 2 to 3 times/week i{n antibiotic~free, Han's Modified Fi2 Mediua
supplemented with 102 (v/v) hest-inactivated, fetal bovine sera (F12-10), and
lacking in hypozanthine. For trestment of cells without metabolic activation,
712 sediua with 350 vaits/ul of penicillia, 50 ug/el streptomycin and 5% (v/v) of
dialyzed bovine serum (F12-D3) i3 used. For treataents incorporating an $9
aatabdolic activetion system, identical madium, but withouc serum, is employed.
Tor deterainstion of mutant frequancies, Fl2-DS wedium coutainiag 2.0 ug/al 7C
(6~thioguanine) is used as &2 “selective medium.” Cell numbers are deterained
toutinely with s Coulter Modal F electronic call counter vhich is strudardized
periodically with s pre~counted suspeusion of latex beads. Presence of
chhm cell coutaminants is deteruined by s microscopic fluorsscence assay
employing Hoechst 33258 dye. All culture procedurss and treatments with test
chamicals are performed under aseptic conditions {2 a laminsr-flow, diohazard
hood.

Positive and Negative Countrols: Sterile, de—iocnized, glass-distilled water
or ﬁ.—a-n—unm‘d dd.u:hyfaultoxuc (DMSO) are the usual solvents for test
chemicals and the respective solvent {s tested as a control at the saxizua
coucentration used to add the tast sgeant. Disethylnitrosamine (DMN) or
ethylaschgnasulfonate (EMS) are used as positive control mutagens for tests with
or vithout an $9 metabolic activation syscem, rtespectively. Mutatios
frequancies obtained with concurreat positive and negative controls are used as
the basis for monitoring the sensitivicy and stabilicy of the CHO sutation test
system. Comparison of concurrent coatrol values with historical controls is
used to delinsate the range of u:cpublc variations in the test systea. . . . .
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Metsbolic Activacion: BRat liver, $9 homogenate prepared from Arochlor—-12354
{aduced, Spumvhy. asle vats is purchased from Littoa Bionetics,
Keasington, MD. Each lot of liver bhomogenate {s prescreened for setabolic
capsbilicy to activate OMN ia our laboratory before use in the testing program.
The complets 39 metabolic activation system contains tha following: 8§ umoles/al
MgClz, 33 umoles/ul KC1, S umoles/unl glucose-6—phosphate, 4 umoles/al
XADP~oxidized (nicotinamide adenine diasucleotide phosphate), 100 umoles/al
¥alP0,, and between 300 to 4000 ug/ml of $9 procein (depending ou metabolic
sctivity); & volume of 1.0 ul of the complate aixture of the above resgents is
added to esch 4.0 al of culture asdium.

D;;—u Selection: Toxicity of the test chemical {s determined prior to
sssassasnt of sutagenic potantial to select doses vwhich produce & asximum of 80
to 902 cell killing. Cytotoxicity is detarained by either of the following twe
uschods:

(1) Cloual asssy - 200 to 400 CHO cells are exposed to a aiaimm of five dose
avels of the test agent at concentrations frow 0.1% to 3 x 10742 (by
weight or volume, as appropriate) with and without the presence of s
astabolic sctivation systea. The number of cells which survive the
tresataent is detsrained dy counting the cumber of colounies produced aftar s
7= to 8~day incubation period (37°C) {n comparison with the colcnies formed
by :Ilus treated only with appropriste coocentrations of solvent (generall
20 al). *

(2) Growth Inhibition = S z 10° cells in 25 cw® cuiture flasks are t-eated
for S hours with a ainimum of five test coucsatracions boch with and
without $9 satabolic sctivation. Following treatment the cells are rinsed,
fresh F12-0S aadium {s added snd the flasks sre {ncubated for an additional
18 to 24 hours. Cyctotoxicity is dete:xined by comparing the relative
oumber of cells in comtrol (untrestrd cells) and {n cells treated with
various concentrations of the test ..sent.

If oo cytocoxicity is evident at the highest concentrations in the
cytocoxicity tests, the tast is either ripeated st higher coancentrations, or
watation tasting is performad with a grwiter aumber of treataent flasks starting
at higher dose levels. If marked %, .-icity {is evident even at the lowest dose,
the coxicity tast is repeated at i concantration rtaage of 3x10~¢ oo
3zl perceat by voluma.

Doese levels which are aoderatsaly toxzic bdut peraitc survival of at least 10 co
202 of che cells, in compariscn to the solveat concrol, are selected as the
asxizum dose, and st least four additicnal ocae~half dilutiouns are tested for
induction of mcations. If cytocoxicity data are equivocal, & total of $S co 8
oue~half dilacicns of the salected, asximm concentrstion are used to treat
calls; but ounly the highest five coucentrations vhich perait survival of s
sufficient oumber of cells are assessed for mutation iaduceioun.

2
teip)
T3
-
(NS
4



T3 9645

Chenical samples are stsrilised by Lambrane filtration whes sicrobiolegicsl
tasts iadicate this { reqmired to sssure sterility. Liquid test sgents are
tested on g perceatags by volume hasis. Solid chemicals sre dissolved in an
approperiste solvat by saking a 10 to 20X stock solution (by weight) and
subsequuat ¢ lut_ous sre sade from this stock oa a volume/volume basis.

Treatsent with Test Chemicals: Por tests of direct gcting chemicals without
iacotporatioa of an 13 ic activation system, 5x10-° cells sre inoculated
20 to 24 hours prior to trestment into 25 cal culture flasks coataining F12-D$S
sedium end incubsted at 37°C 1a a S to 6X CO2 atmoephere. Appropriate
coucentrations of the tast sgent or control chemicals ere sdded to the cells and
cultures are trested for S hr at 37°C. The medium snd test agents sre removed
by suction, calls sre rinsed once or twice and fresh P12-DS medium {s sdded.

The cells are allowed a pariod of 20 to 24 bours of recovery from treatment
before survival is determined. Treatment of cells for testing of chemicals
shich require satabolic sctivation for mutagenic capecity {s performed
identically with the procedure asbove, with the axcsption that Fl2 sedium without
serum and containing 1.0 ul of S9 activation mixture per 4.0 al of nedium 1s
eaployed .

Deteruination of Cyvotoxicity: The relative survival of treated calls, 12
comparison to solvent countrols, is detearnined one day aftar the exposure o the
test egents. The level of cytotoxicity is often corralated with the sutation
frequencies induced by imown chemical mutagens. Thus, excessive cytotoxicity
uay kill both sormsl cells and mutants and msy depress the actusl mutation
frequenciss; insufficient cytotoxicity may indicate an insufficient
concentration of the test sgent was employed. The colony~foraing potantial cf
100 to 200 treated cealls {s used as the measure of treatment—-induced
cytocoxicity.

Survival values shich fodicate the cytotoxic effects of the tsst agents are
incloded in rveports in tabular form. Statistical enalyses sre not performed ou
these data, since thay ars ouly useful as a frame—of~reference and sre uct used
to calculate sutation frequen fes.

Deterninstion of Mutsut Inductiocn: Ou days 1, 3 snd § (or elternatively 1,
4 and §) after tras nent with the various test sgents, spproximately Sx10°
calls are subcultured in 100 sm tissus culture dishes {n Fl2-DJ sedium and
iacubsted at 37°C ip & 5 to 6% CO; atmosphere. After s total of 7 days o
allow “expression” of the wuctant phenotype, cealls are usmu:d with 0.05 to
0.075X crypsin, cmt? and plated at a concentrationm of 2.5x 105/dish ia four
culture dishes (1x 10° total cells) which each coatain S ul of F12-DS (TG)
selective sedium. At chis time, cells are diluted and 100 cells/dish are added
to four culturs plutes containing F12-DS mediom (without TC) to assess visbilicy
(plating efficiency) of the treated call population and to detarmine the
surviving fraction. All cultures are then incubated for an additional 6 to 8
days to allow growh of cells; sedium {s then discarded snd colonies are fized
and stained for cowmnting. The cumber of colouies in selection plates and in the
viabilicy test are countad by electrouic methods, egocbd by asnual counts and
data are recorded docth as total sutsants, autancs/10° total cells and
sutants/106 viable calls.
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Sﬁigal Aulna: Uniforms scaciscical procedures to evalusts in vitro
wmita ca oot developed. The discribucios of mutatiocn frequencies
from historicsl coutrols {a at least two laboratories indicates that the
frequency distributios and variances encountered do not justify the use of
parasetric snalyses unless data is transformed before applicacioca of standard
peramstric tests. Analysis of sutation frequencies ia the CHO cest follow the
procedurs of Ire and Saee (Rafatence 4) which employs the Box=Cox Traasformation
(Referencs 3) to transform data bdefore paramecric snalyses. The mutacion
frequancy for esch plate is increased by 1.0 (co eliminate seros) and vaised to
the 0.13 pover. Experience with higtorical assgative courrol data {a our
laboratory fadicates that a norsal probabilicty distribution of the data suitable
for parsmatric snalyses Ls achieved by chis Cransformaction. Psrsmetric analysis
of sutation dats following the BRRC Scandard Operacing Procedures for
Statistical Analysis is performed oa the traunsforwed data. The degree of
stactistical significance for the sutatioa values sre {ndicative of a differeance
from the coucurreat solvent control, but these statistical indicators must be
viewed conservatively until additional historical control data are availsble.

Iacerprecation of Data: The criteria for interprecstion of the test results
28 & positive or negative respouse depend upor both the level of staciscical
signi®icance from the concurreat control and the evidencs of a dose-raspouss
followving treatment. Jhem & clear dose-tespoutse relationship is vot evident but
one or more marginally significant valuss are obtained, a careful examinatioa of
the data from the concurrent positive and negative controls and comparisous %o
historical coatrol data sre used to evaluate the possible significance of the
respouses. Historical coactrol data iadicsta cthat s spountanecus sucation
frequency f{a CHO cells of approximataly &4 to § mutants/106 viable calls, wich
a range of 0 to 23 mcancs/10% visble cells, can be obtained {n the abeencs of
autagenic trestment. Scatisticsal comparisons against unusually bigh or low
spoatanecus controls are subjestively scrutinized in respect to the above
varisbilicy.
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1618 APYENOIX IT
Datarminatios of Sister Chromstid Rxchanga (SCR) Frequencies
ia Chiness Ramster Ovary (CHO) Cells In Viere

Iheorecical Basis

Exchanges of genatic materisl between the {ndividual aras of s chrowosome
(1.a. sister chromatids) are thought to arise from breakage and physical
interchanges in the DNA of & cell during cell divisica. An {ncresse ia the
frequency of such iaterchanges Datween sister chromatids can be obeerved in
cells trestad with physical or chemical mutageaic sgents, or {n cells axposed to
sy suspect Or proven humen carcinogens. Thus, asalysis of SCE frequencies {n
cells created with a tast ageat has been suggested as a sensitive screening test
for potential mutagenic/carcinogenic chemicasls.

The mathod used in our study to visualize SCI's 11 CHO cells grown i{a
culture is based on the procedure described by Perry and Wolff (1974). A
standard coucentratiocn of 3.0 ug/ml of bromodeoxyuridine (3rdU) was used {n the
growth sedium to allow a visualizatiou of SCE's after two call divisions in the
prasencs of BrdU. A concentration of 5.0 ug/al of 33238-Hoechst fluorascent dye
and Giemss stain was used to differentiasts chromosomes for SCR's.

Mathods

Call Culture Procedures: Chinese hamster ovary (CHO) cells were obtained
from Abraham Hsie st Oak Ridge National Laboratory with the designation .
CBO-K1-384~D1 (referted to sizply as CHO for report purpoeas). CBO cells are
saincaised in active growth by 2 to 3 weekly subcultures iato frash
antidiotic-free, Ham's F12 (modified) medimm fortifiled with 102 (v/v) of
heat~insccivated fatal bovine serum and lacking hypoxanthine and thywmidiae.
Call concentrations are determined routinaly with a Coulter® Model-F electroaic
call counter calibdrated with a precounted suspansioa of latex besds. All cell
culture procedures prior to final bharvestiag of cells for chromosome ;
preparations are performed under sseptic conditions in s laminsr flow, biochgzard .
bood. Presence of Mycoplasma cell coutamisants is detsrmined using a :
floorescant microscopic assay esploying Hoechst 332358 dye.

fot treatments with Cast chemicals without $9 matabolic sctivacion, modified
712 medium 18 used with SO units/al of penicillin, 30 ug/ml screptomycin and $2 ‘
(v/v) of best~inactivated, dialyzed fetal bovine serwm (F12-03). Ideutical
sedium bduz without serum 1is used £or trestmencs incorporating an 39 metsbolic
activation systes.

Positive sod Yegutive Caoutrols: Sterile, deionized, glass—discilled water
or m&mm« (TMSQ) sre the ususl solveats used for
test chemicals and the raspective solvent {s tasted as s concrol st che saxizum
concantracion used to add the test agent. Oimachylaitrogsazine (DMN) and
ethylasthanasulionsce (IMS) ars used as positive control mutagens for tests with
or without the addition of an 39 setabolic sctivation system, respectively.
Rasulrs from treatasnts vith coacurrent coascrol agents are used ss 3 basis of
comparisou and for demouscrating the sensitivity and scabdility of che SCE cast
systsm. Comparison of coucurrent control values with higcorical controls s
used Co dalinests the range of scceptsdle variscious in the tesC system.
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tabolic Activation: Rat liver $9 homogenate (prensred from Aroeuor 1284
uhes. Ftﬁ‘q. ssle rats) is purchased from Litton Bionetics,
Kensington, ¥D. BRach lot of liver homogenate is prescreened for sctivicy in our
ladoratory before use i{n the testing program. The complete $9 satabolic
sctivation system coutains the following: 8 usoles/al u.cx 33 umoles/sl
KCl, S usoles/sl KC1, 3 umoles/ul glucose~6-~phosphate, & unolulul MADP-oxidized
fora (aicocinsmide uou.u dinucleotide phosphate), 100 umoles/ul NayHPO,
and betwean 300 to 4000 ug/al of $9 protein (depending on matabolic activicy).
A voluma of 1.0 ul of the complete amixturs of the above resgents {s added to
each 4.0 al of culture medium.

Dogse Selection: Toxicity of the tast ctemical {s determined prior to
assesement of sutagenic potential to select doses which produce s saximm of 80

to 902 cell killing. Cycocoxicity is determined by either of the following two
sathods:

(1) Clounal assay =~ 200 to 400 CHO cells are exposed to & uninimm of five dose
levels of the test ageat st coucentrscious from 0.12 to 3 x 10742 (by
waight or volume, as appropriate) with send without the presencs of s
natabolic sctivation system. The mmber of cells which survive the
trestment is determined dy counting che aumber of colonies produced sfter a
7= to 8=dgy fncubation period (37°C) in comparison with the z0lonies formed
:7 a.uil treated ounly with sppropriate councsutratious ¢f solvent (generslly

0 al/ml).

(2) Growth Iahibition = S x 107 cells in 25 ex® culture flasks are trested
hours with s winimum of five test concentrations doth with and
vithout $9 setabolic sctivation. TPTaollowing trestaent the cells are rinsed,
fresh F12-DS nedium is sdded and the flasks are iuncubated for an additiocunal
18 to 24 bhours. Cytotoxicity is determined by comparing the relstive
asumber of calls in countrol (untreated cells) and {n cells trested with
various coucentrations of the Cest asgent.

If oo cyvotoxicity {s evideant at the highest concentracions {n the
cytotoxicity tests, the test is either repeated at higher councentrations, or
sutation Csscing is performed with & grester mumber of Crestment flasks staiting
st u.hc dose levals. 1If marked toxicity is evident aven at the lmc dose,

Ezto:oud:y test is repasted at s concentracion range of 3Ixl0~¢ ¢o
3x10™° percent by volume.

Dose lavels which are soderately taxic but permit survival of et least 40 co
30 of the cells, ia comperison to the solvent control, are selected as the
asximum dose, and st lesast four additional oune~half diflutions are tested for
induction of wutations. If cytotoxicity dats are equivocal, & total of S to 8
one~half di{lutiocuns of the selected, maxrimm councentration are used to treat
cells; but only the highest five conceantrations vhich peruit survival of &

sufficient number of mitotic calls with SCE staining, are evaluated for SCIZ
{aduction.

Chenical samples ate starilized by aembrane filtration when microbiologi
tests indicats this 1y required to assure sterility. Liquid test agents ace
tested on & percantage by volume dasis. Solid cheamicals are dissolved {n an
sppropriate solvent by saking a 10 to 202 stock solutica (by weight) and
subsequent dilutions are made frcm this stock on & volume/volums basis.
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Treatmsnt With Test Chemicals: Testing of chemicals for direct mutagenic
action (without SJ wetabolic activaciom) is pecformed first. For chemicais wigy
clearly poeitive mutagenic capabilities by direct action, testing with metaboly.
sctivacion is generally aot performed.

For testing direct acting chemicals for SCE faduction, 2 x 106 cells are
plated with 73 cultyre flasks {n F12-D3 medium 20 to 24 hrs prior to
trescmant and incubated st 37°C ia a 3 to 62 CO; atmosphere. Appropriate
concentratioas of the test ageat ot control chamicals are added to the cells and
3 ug/al B3tdU {s added to all flasks. Calls are treated with test agents for $
hrs, sedia is then removed by suction, cells ere vinsed vith buffered,
physiological salt solutiocn and fresh sedium coutaining 3 ug/ul B3rdU {s added
for 24 to 30 hrs of sddiciocnsl fancubation at 37°C. Calls are harvested and
chromosomes sre prepared for SCEX staining.

Treatasnt of cells for testing of chemicals which requize metabolic
sctivatioca for mutagenic effectiveness {s performed similarly as for trestaents
without activation, except for three sodifications:

1. Before treatment with che test agencs, ¥12-DS sedium is removed and rl2
wdium vithout serum {s added.

2. 89 sacabolic sctivation aixture {s sdded to each flask (iacludiag
solvent and positive controls) before addition of test sgents.

3. Cells are treated for a total of 2 hrs (rather than $ hrs) and thed
inzubsted for 38 to 42 additicnal bours befors harvest for chromcsome
preparation.

Pre tion of Chromosomes: Caolcemid® (0.1 ug/mi) or Colchicine (0.3 ug/al]
1s sdded to culture flasks 2 to 3 hrs prior to harvestiag to arrest cells i{a
uitosis. Calls are then removed from flasks, after a brief facubation with
0.012 DIZX crypein, suspended in 0.075% KC1 (hypotonic) solution and incubated
for 13 co 20 ain at 37°C. Calls sre .watrifuged, fixad with 3 or 4 changes of
Carnoy's fizative (3:1 mathanol acetic cid) and chromosome spreads are prepare
from cells suspended {n a small volume o' fixative. One slide/dose level i3
prepared, but fixad cells are saved if needed for preparatiocn of additicanal
slides. -

Chromosomes are stained for SCI's by treatuenc with 5.0 ug/al of Hoechst
332358 dve for 20 xin, rinsed in distilled water, izmersed ia Sotenson's duffer
and exposed to & high intensity sunlawp for 13 to 20 min. Irradiated
chromosomes are stained in Gurr's giemsa (diluted 1:23 with water), tinsed (n
vater and dried before application of coverslips.

Examination of SCE's: 4All slides are coded and resad 1in s blind fashion
without indication of the specific trestaact or concentration of the test agenmt.
The aumber of chromosomes and the aunber of SCE's (a a ainimm of 15 cells are
tecorded for esch dose level. The mesn mumber of SC¥/cell and SCZ/~hromosome
are calculated and recorded. 3lides are decoded ouly aftar examinatiocn of all
slides in the «xperiment has been completed.
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Scatistical Anslyses: Data are snalyzed by appropriate persmetric statisci-~
cal ’tocauru which follow BRRC standard operating procedures for snalyses of

data. Significance veluss and the statistical test employed gre shown for data
summarised {a tgbular form.

Interpretation of Dats: The criteria for evaluation of & positive or
asgative response depe th on the level of statistical sigunificance and
subjective gnalyses of coocurrent and historical coutrol data. The key
deteminant {s whether s dose~depandent increase in SCE's is induced by the test
sgent. Whan 8o clear dose-tespounse relationship {s evident and vhen oune or wmora
responses of marginal statistical significance are obdtained, a careful
examinstion of the dsta in comparisocn to the concurrent controls and historicai
data bass is necessary. Testing uasy be repeated to clarify unususl respouses,
41f dats for the concurrent positive or negstive controls suggest a defect in the
original experimant. Overall assassment will also rely on corroborating data
from the other tests in the tasting battery. Clearly positive responses will
include sy of the following: (1) Doubling in the SCEZ frequsncy at s miniaum of
two of the five concentrations tested; ({1) Statistically siguificant respotuses
of p € 0.05 at three concentrations or at 2 concentrations {f p < 0.01;

(441) Ioduction of a statistically significant, dose-related number of SCE.
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APFEIDIX 111
Unscheduled DNA Syuthesis (UDS) ia Hepstocytes from Rac Liver

Theoretical Basis

Chamicsls may intacsct with both the cellular components and the
genatic usterial of s cell (e.g. DNA and RMA) becsuse of their electrophilic
sature or by couversion into reactive electrophiles by the matabolic enzywes of
tha call. Damage to the DMA of a cell can result {n cell desth, mutacion or,
theoretically, carcinogenic transfotastion. Studies of ageats wvhich are capabl,
of rescting and dsmaging the csllular DNA have suggested that such methods may
be useful as & sensitive screening test for detecting pocentisl numtud
-ccuo(cn.tc chemical properties.

Detsction of the ralatively small msounts of DHA dsasge induced by
cheaical trestment requires & cellular system in wvhich nomal, c.i-eoucmtivj
D¥A teplication, which occurs during 2ell division, is {ahibited. The systea
aployed for the present study uses a suspensiocu culturs of primary hepatocyte
cells {solaced from rat liver according to the general methods of Seglem (1973)
and Williams (1976). BHepatocytes do not normally divide {n the ainimal culcturs
sediun employed snd stimulation of “unscheduled” incorporation of radicsctive |
DNA precursors can be detected by scintillation spectrometry. The stimulaticn
of incorporation of critiasted thywidine into doth purified hepatocyte nucled
DNA {s used as the ipndicator of chemically induced DNA dsmage. The smount of
unscheduled DA syuthesis (UDS) following trestment is compated with both
concurrent positive and negative controls as vell as with hiscorical data tor
siailar tests.

Mathods

Praparation of Hepat e Sus fons: Hilltop-Wistar aldbino rats are
anesthatized with s-ufauil). The abdfum cgvity {s surgically exposed and.
1250 units of heparin is injected incrgvencusly. A cacheter is laserted Iiato 3
the portal vein and vara Hanks Balanced Salt Solution (HBSS) {s pumped into t
veis and through the liver. This first solution contains heparin and EGIA,
[ethylene glycol-bis~(bezs~minoethyl-ether)N,¥~tatracatic acid], vhich
preaferentially chelatas caleium; thas solution contains 20 aagnesium or caledusi
After the liver is blanched, a second solution of HBSS contsining 60 unics/al
collagenass {s parfused. This solution is pumped through the liver uactil the
liver is digested. The liver is then remcved sod the calls are freed {n cold
sedimm 199 by cambing through the lobes with a sterile a2etal comd. The call
suspension is passed through two aylon seshes to remove cell clumps and the
calls are vushed once at low centrifugation speed. After ctesuspensios L{n aed
199, equal volumes of cells and 0.4% trypan blus are aixed together and the 4
viabiliry and mumber of viable calls per al is deterained alcroscopically.

Preincubation of Hepat es: Approximately 2 z 106 viadle
hepatocytes are added to 5 al aedium 199 containing 10 aM hydroxyurea and 30
Hepes (N-2-hydroxyethyl piparazine-¥-2 ethane sulfonic acid) buffer. After ¢
calls are dispensed 1nto the cubes, they ars placed on a tocksr platfora and
{acubated at 37°C for 1 hour. Al:hough hepatocyctes do cot sormally divide i
cw “ure, 2edium 199 which lacks serum sad contains hydroxyurea is used o
furcher block semi-conservative [NA synthesis. Thus, any radiosctive thymid
incorporated into the aouclei i{s «xpected to result from repsir or unschedul
DNA synthesis.
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Selection o; Doses of Test Chemical: Initially, the following
concentrations = y volume) are tested: 100, 30, 10, 3, 1, and O.1.

1If these concentrations prove to be cytotoxic, or if sdditional information is

svailable from other in vitro tests as to the proper doss levels, then s lower
seriss of coucentrations 1s used over s 3-log rauge of coacon:uuou.

Trestment of Hepatocytes: After preincubation, 25 microCuries of
tritiated thymidine (20 %Tu;uumxc) 18 edded to each tube. The test
chamical and positive controls are diluted in an sppropriate solvent gnd they
are then added to each labeled tudbe. Generally, at least six concentrations of
the tast chemical over a 3~log range of coucentrations sre tested and each
coucentration is vun in duplicate. The tubes are returned to the rocker
platform for s 2-hour exposure at 37°C.

Positive and Negative Controls: 4&~nitroquinoline oxide (NQ0), s
direct—acting sutagen, vhich induces UV-type DNA repair, is used at dose levels

of 3, 1, snd 0.3 ug/nl, tun in duplicate. Dimethylnitrosamine (DMN), which
tequires setabolic activation by microscmal enzyass for asctivily, is used at
dose levels of 100, 30, and 10 ug/ul, run in duplicata. In recent expariments,
the concentration of IMN asy be tested st 1000, 300 and 100 gg/al to sssure
detection. The solvent control is run in quadruplicata and consists of 100 to
150 microliters (concentration specified in individual reports) of the solvent
used to diluts the ssmple. Dimethylsulfoxide (DMSO) or water are the usual
solvents and negative countrol agents.

HEarvest: At the end of incubstion with the test ageat, the cells are
centrifuged from the medium at 200 x g at S°C. The cells are rinsed osce in $
al of cold medium 199 and sre resuspended {n 0.25% Tritom X-100, ST citric ecid
and 3 ai MgCly, a lysing solution which liberates the suclei. The nuclei are
rinsed once in this solution and resuspended in 0.25 M sucrose, 2.52 cicriec acid
eod 3 aM MgCly. The nuclel are then centrifuged at 600 x g for 10 min ac S°C
and resuspended {n 2 al of the lysiang solutiom.

Determinstion of Nuclear-Bound Label: To measure the smount of
radiocsctive thymidine incorporated int> the nuclei, 0.25 ml of the suclear
suspension {3 sixed with 1.0 sag of NCS tissue solubilizer in & scintillation
vial. Ten ul of Dimilume® scintillation cocktail {s added and the radicactive
disintegrations per minute (DFM) are detemined by counting twvize in a
scintillation coumter for tan minutas. The measured DPM are then used to
calculate the DPM/105 viskle hepatocytss presented ot tablas.

Detearxination of DNA~Bound Label: The smount of radiocective thymidine
incorporated into DHA is quantitated in DNA isolsted and precipitated from 1.00
to 1.25 x 105 viable hepstocytes. To 1.25 ml of the nuclesr suspension, 2.75
al of 12 sodimm dodecyl sulfate (SDS) and 5 e Ethylenedisminetetrascetic icid
(EDTA) 4s added to lyse the nuclei. The CNA is precipitated from this solution
with é al of {ce~cold 102 trichloroacetic scid (TCA) and the ssmple tubes are
i{ncubated et 0°C for at lesst 30 minutas. The solucion {s then poured onto
Vhatasn glass fiber filtars under vacumm and the tubes and filters are wvashed
twice vith cold ST TCA. TFinally, each filter is rinsed once with methanol,
dried and placed 1n & scintillation vial. The filcters are incubatad at S0°C for
1 hour with 1 al of s diluted solution of NCS tissue solubilizer; prepared by
adding 1 part solubiliizer to 2 parts of Dimilume® cocktail. Dimilume® {3 then
added to asch vial and the vials are coumted tvice in s scintillation counter
for ten minutes. orT
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Sctatistical Anslysis: The average DPM {s calculated for each dose
level and the coatrols aod final results ate expressed as DPM/10° vigble

hepatocytes. Dats are aleo axpressed as s percent of the solveant coantrol for
puryoses of comparison. The original dsta are statistically analyzed by the
apprapriate parmmetric test, following the BRRC standard procedures for
statistical snalyses and the test(s) employed is indicated on the respective
tables. Comperison between the mesn for esch dose level with the 95% coafideace
limits of the historical solvent control may also be used in some cases to
sssess tha potential bdilological significance of the data. Testing may be
repasted to clarify unasual responses, {f dats with the coocurrtent controls
suggest a defect in the origina’ «xperimeat.

Iatarpretation of Results: The classification of a chemical as s
positive, active sgent depends uponr the production of a statistically
significant, dose~ralated amount of IS activity. If a clear dose—-respouse
telationship {s oot evident, or vhen a fev increases with mar inal scatistical
siguificsnce are obtained, comparison of the respounses to historical coutrol
data provides & seaningful sssessment of tha possibdility for random variations
which azy be statistically significant ounly in relation to the concurvent
coantral. A kay determinsnt of the rellability of che UDS data {s cthe decection
"af & siatlar respouse with bdoth DNA and {solated oucleil decerained at two or
three consecutive coucentrations. :
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SUMMARY

Diethylenetriamine - Comamercial grade (DETA-Coma.) was evaluated for
potential autagenic activity with a battery of three in vitro tests, which were:
the Chinese Haaster Ovary (CHO) Mutation test, the Sister Chromatid Exchange
(SCE) test and an assay for induction of Unscheduled DNA Synthesis (UDS) in rat
liver cells. The results indicated that DETA-Coam. did not produce a
statistically significant autagenic effect in any of the three in vitro tests
performed.

RESULTS AND INTERPRETATION

Selection of Test Concentrations - Preliminary exveriments were perforaed to
gelect an appropriate range of test concentrations which at the maxisua concen-
tration would allow survival of approximately 10X of the treated cells. A
saxiaum concentration of 40 x 107¢X (by volume) was chosen for the highest
dose-level and a total of six concentrations of DETA-Comm. were tested because
the prescreening data suggested a steep dose-response effect.

CHO Mutation Test - DETA-Coam. did not produce a statistically significant
increagse in the frequencl of autations of CHO cells at any concentration between
40 x 102X to 1.25 x 10™4% (by volume) in tests with and without the
incorporation of a liver §9 aetabolic activation system. The lack of a
dose-related effect on the mutation frequency indicated that DETA~Coam. was not
active in producing gene mutations in CHO cells. A repeat test to assure the
activity of tue S9 metabolic activation system and the repeatability of the
negative results of the first test was negative and these data verified the lack
of mutagenic effect upon CHO cells in vitro.

90CuC2
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SCE Test - DETA-Comm. did not produce a dose-related increase in the
frequency of SCE in CHO cells in tests both with and without the incorporation
of an S9 metabolic activation system. An overall range of concentrations
between 20 x 102X to 0.625 x 10~2Z (by volume) was used. A singls
statistically significant increase 1n the frequency of SCE was obtained at the
highest test concentration (20 x 107 2) in the test without metabolic
activation. The possibility for an extremely narrow range of active
concentrations cannot be excluded with the present data, but this possibility
would be unlikely based on previous experxence with known mutagenic ageuts. The
highest concentration of DETA-Comm. (20 x 10~ Z) wag cytotoxic to CHO cells in
tests with S9 metabolic activation and one additional lower dose was employed
for those studies.

UDS Test - DETA-Comm. did not produce atatistically significant or
dose-related increases in the amount of UDS activity in evalvations of
concentrations between 10 x 10-2% to 0.01 x 10~-2% (by voiume). DETA-Comm.
wvag considered to be inactive in the present test with the hepatocyte test
system.

Comparative Mutagenicity — The pattern of negative responses produced by
DETA-Comm. in the 3-test battery to determine potential mutagenicity indicated
that DETA-Coma. was inactive in comparison to known mutagenic agents, such as
the positive controls tested concurrently with the test cheaical.

One literature reference reported that DETA was positive for inducing
mutations in the Salmonella typhimurium (Ames) test (Hedenstedt, 1978).
However, an alkylating contaminant was found in the DETA sample used in that
test and no conclusion on the potential activity of pure DETA was possible.

SAMPLE

Quantity: 1 quart CdF Sample No.: 42~-103
Subtmitted by: D. C. Best Date Received: February 23, 1979
Division: Specialty Cheaicals and Plastics Identification: 511-01-0875;

Union Carbide Corporation amber liquid

South Charleston, WV

Ref.: 1PRU-50
(aralytical data)

CAS#: 111-40-0

GCoLo
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Diethylenetriaaine - Commercial Grade (DETA-Comm.)

In Vitro Mutagenesis Studies: 3-Test Battery

Sponsor: Union Carbide Corporation
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OBJECTIVE

The purpose of this study was to evaluate the potential of DETA-Crmm. to
induce genetic damage in mammalian cells at the gene, chromosome and/or DNA
(deoxyribonuclefic acid) level of molecular organization. A battery of three in
vitro, short-terma tests which detect each of these genetic end points was em
ployed to evaluate DETA-Coam. for potential mutagenic activity. A general
description of the theoretical basis of these three tests is presented in
Appendices I, IT and III attached to the complete report.

SAMPLE CHARACTERISTYC3

A typical, comaercial sample of DETA was received for testing on February,
23, 1979. The physical and chemical information available froew the Toxicology
Data Bank or from "Material Safety Data Sheets” for this product are attached to
this report as Appendix IV.

Additional gas chromatographic analyses of the sample received for testing
were performed by P. R. Ueterger, UCC, South Charleston, WV. Copies of the
pertinent sections of the analytical study are attached as Appendix V of this
report. Briefly, gas chromatographic analyses on a 101 CARBOWAX 30M-750
Chromosorb 60/50 mesh column indicated a composition of 92.74X DETA and 7.262
N-(2-aainoethyl)piperazine (AEP). With a second derivative method, the
composition was 90.75% DETA, 8.91% AEP and 0.34% ethylenediarine (EDA) (Data in
Table 2, Appendix V).

METHODS

A description of the technical procedures used in the CHO test, the SCE
test and the UDS assay are presented in greater detail in Appeudices I, II and
111, respectively (attached to the complete report). Testing was performed in
compliance with Standard Operating Procedures used for these tests at the Bushy
Run Research Center and deviations from procedures are noted in the inlividual
test results. Diethylenetriamine is abbreviated as DETA-Comm. in this report.

1. CHO Test (Detailed procedures in Appendix I): SOP #7.2.4A; 7.2.5, 7.2.11.

A. Dose Selection - Appropriate concentrations of DETA-Comm. for testing were
determined by measurements of cytotoxicity to CHO cells of six
concentrations tested both in the presence and absence of a liver S§9
metabolic activation system. Selection of a maximum concentration for
testing depended upon an estimate of a dose level which would permit
survival of at least 10X of the treated cells. Sterile water (H;0) was
used as the solvent and solvent control.

D
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To simplify tables and to allow comparisons between different tests,
concentrations of DETA-Comm. in the following sections of the report are
given in terms of volume percentages x 10~2 to elilinate zeros in the
lower concentrstion values (eg. 0.0001% = 0.01 x 10-2 %).

Mutation - CHO cells were exposed for 5 hours to a minimum of five concen-

trations of DETA-Comma. both with and without the addition of an S9 metabolic

activation system. A second 1 2peat experiment of the treatments incorporat-~
inz an S9 metabolic sctivation system was performed to assure the reproduci-
bility of the data froa the first test with S9. Dilutions of DETA-Coen.

for testing were prepared by either direct addition of various aliquots of
the test agent into the cell culture media or by making sequential one-half
dilutions of the stock solution for the maxiuum concentrations using

sterile H20. The surviving fraction was determined at 20 to 24 hours after
treataent and the mutant fraction was determined after a 7-day period to
allow “expression” of the mutant phenotype. Only the data from the top

five concentrations which allowed sufficient cell survival for assessaent

of survival and fnduction of mutants are uscally presented in the tables.
The percentage of cells surviving the treatment, the frequencies of mutant
colonies and the number of mutants/106 viable cells are presented in

tabular form.

SCE Test (Detajled procedures in Appendix II):

Production of SCE's following exposure to various concentrations of
DETA-Comna. was studied in CHO cells both with and without the incorporation
of an S9 metabolic activation systea. Selection of a maximum dose level
vhich would permit survival of at least 50X of the treated cells was based
on the prescreening test for cytotoxicity perfo-~:. as part of the CHO
Mutation test. Dilutions of DETA-Comm. for tesc..ng, were prepared either by
direct addition of various alijuots into the culture medium or by making
sequential one~half dilutions of the stock solution for the maximum dosge
level using sterilc H70. For determination of direct mutagenic action,

CHO cells were exposed to DETA-Comm. and appropriate controls for 5
hours without S9 activation. Indirect mutagenic action, requiring meta-
bolic activarion by liver $9 homogenate, was studied with a 2-hour exposure
period. Bromodeoxyuridine (BrdU) required to differentiate between the
individual “sister” chromatids by SCE staining, was present at & concen-
tration of 3 ug/ml in the growtnh medium during treatment and during the
culture period following exposure. A total of 15 cells/dose level and 5
dose levels, tested efther with or without metabolic activation, were
exanined. The number of SCE/cell, mean number of SCE/chromosome and the
level of statistical significance of the increases above the concurrent
solvent control values are presented in tabular form.

UDS Test (Detailed procedures in Appendix III):
Induction of primary DNA dsmsage in rat liver cells (hepatocytes),

was studied at a minimum of six dose levels which spanned a 1000-fold range
of concentrations. Cells were treated with DETA-Ccam. for 2 hours in

anoues
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culture mediums containing 38-thy-1d1ue, hydroxyurea and appropriate
dilutions of DETA-Coam. prepared in DMSO. Deteraination of UDS activity was
performed by analyses of incorporation of 3H-thymidine into isolated
hepatocyte nuclei or in DNA (precipitated from aliquots of the isolated
nuclei) using a Searle Analytic Model 81 or Packard Model 2650 scintillation
spectrometer. Data are presented in tabular form with an indication of

the level of statistical significance above the concurrent solvent

control values.

Controls - Positive, negative and solvent controls were tested concurrently

vith the test sample to assure the sensitivity of the test system and the

concurrence of the results to previous test performance. For the CHO and
SCE assays, dimethylnitrosamine (DMN) and ethylmethanesulfonate (EMS) were
used as positive control agents to assure the gensitivity of the test system
for detecting indirect and direct-acting mutagens, respectively. Deifonized
water, sterilized by membrane filtration and glass-distilled dimethylsulf-
oxide (DMSO) were used as the solvent and negative controls, respectively.

In the UDS assay, DMN and 4-nitroquinoline oxide (4-NQO) were used as
positive controls representing indirect- or direct-acting mutageans,
respectively. DMSO was used as the solvent and the solvent control.

Metabolic Activation - S9 liver homogenate, prepared from Arochlor 1254-
induced , Sprague-Dawley male rats, was purchased from Litton Bionetics.

The S9 preparation used for the CHO test in experiment #1 contained 27 mg/ml
protein and had a benzo(a)pyrene hydroxylase (BPH) activity of 9.97 mmol
hydroxybenzpvrene/20 min/mg protein, (assayed by Litton). A concentration
of 1200 ug of S9 protein was added tc 5 ml of culture media. In experiment
#2, the S9 preparation contained 40 mg/ml protein and a BPH activity of
13.93 nmol hydroxybenzpyrene/20 min/mg protein; 3600 ug of S9 protein was
added to 5 ml of culture media.

For the SCE test, aunother lot of S9 homogenate, containing 40 ag/ml
protein and a BPH of 15 mmol hydroxybenzpyrene/20 min/mg protein (assayed by
Litton); a concentration of 600 ug of S9 protein was added per 5 al culture
media.

Statistical Analyses - Data from the SCE and UDS tests vere analyzed by

appropriate parametric tests following Standard Operating Procedures for
statistical analyses at the Bushy Run Research Center. Data from :he CHO
test do not follow a normal distribution according to erperience with his-
torical controls. Thus, the Student's t-test was used after transformation
of the mutation frequencies (MF) according to the method of Irr and Snee (MF
4+ 1)0.15 (1rr, J. D. and R. Snee, Proceedings of the Cold Spring
Harbor-Banbury Conference, II (1979), 263-274).

"l/"..’\r -
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Rounding of data to either two decimal places or to the appropriate
number of significant figures was performed for presentation on tables.
Although statistically significant decreases in mutation indices can occur
because of cytotoxic responses, only statistically significant increases in
responses above control values are indicated on Tables for simplicity. The
degree of statistical significance is denoted by: a: 0.05 > p > 0.01, b:

0.01 > p > 0.001, or ¢c: p < 0.001. No superscript (or NS) indicates p >
0.05.

Rav Data Storage - Copies of the final report, statistical analyses,
analytical data and data used to prepare the final report are stored in the
PRRC Archives. Slides are stored in the Genetic Toxicology slide storage
area.

RESULTS

SECTION I - CHO MUTATION TEST - Diethylenetriamine - Commercial Grade
(DETA-COMM. )

Test Dates - Iniciated: January 8, 1980
Completed: August 8, 1980

Selection of Test Concentration (Data not shown in tables)

CHO cells were exposed for five hours to concentrations of DETA-Coam.
vhich spanned a concentration range from 10 x 10~2% to 0.03 x 10727
by volume. The percentage of cells which survived the exposure, both in
the presence and .bsence of an S9 metabolic activation system, was
determined by counting the number of colonies produced by the survivors
after a 5 to 7 day incubation period. A concentration of 40 x 10-22 was
selected as the maximum concentration for testing with and without S9
activation. A total of six concentrations were tested in the later mutation
tests because the prescreening results suggested the existence of a probable
steep dose-response effect.

Determination of Mutation Induction

Survival (Cytotoxicity)

Table 1 presents the cytotoxicity data for CHO cells treated with
DETA-Comm. in the presence and absence of a liver S9 metabolic activation
system. A steep dose-response effect with the test agent was observed from
the > 99% cell killing obtained with the top concentration (40 x 1027) of
DETA-Comm., in tests with or without S9 activation, in comparison to the
markedly lower cytotoxicity obtained at only one-half the top dose-level.
Cytotoxicity with this test agent was inconsistent in the prescreening
test and the survival test; a finding which is probably attributable to the
inconsistent buffering of this alkaline cheaical by the cell culture mediums.
We attempted to moderate this pH effect in these tests by equilibrating the
cell culture medium with 10X CO; in afir.

(N AN AT ~7
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Mutation

Table 2 presents the data for induction of mutants by DETA-Comm. and
control agents. Deta-Comm. did not produce a dose-related increase in the
frequency of autants/106 viable cells over the 32-fold range of
concentrations in tests either with or without the presence of an S9
mctabolic activation systeama. Also, no concentration of DETA-Comm. produced
an increase in the mutation frequency which was statistically significant
from the concurrent solvent control. Small numerical increases in the
uutant frequency obtained at some dose levels were not considered to be
biologically significant because cccasional increases of similar magnitude
have been obtained in previous tests with solvent or negative controls.

To be certain that the negative responses observed with the test
incorporating a metabolic activation system were reproducible, a second
experiment presented on Tables 3 and 4 was performed. The data from the
repeat test were consistent with the first experiment and no dose level of
DETA-Comn. produced a statistically significant increase in the frequency of
mutants. The numerical increase in mutants obtained at the 20 x 10~2%
concentration of DETA is a finding which prompted some suspicion of weak
activity but this finding was not statistically significant from the
concurrent controls and it was not reproducible in experiments #1 and #2.

Mutation frequencies for the solvent controls for tests both with and
without S9 activation in experiments #1 and #2 were in an acceptable and low
range based upon experience with historical control values. Statistically
significant increases in the sutation frequencies were obtained for the DMN
and EMS positive controls for both experiments and these values were within
the expected range of values observed in historical control data.

Deviations from Standard Procedures - A 9-day expression period was used in

experiment #2 because the cells appeared to be growing slowly and a longer
expression period is believed to increase the sensitivity of the assay. A
7- to 10-day expression period is considered appropriaste for a typical
assay (see Ref. #3, Appendix I). Cell cultures vere equilibrated with

a mixture of 10X CO in air to attempt to alleviate the alkaline effects
of the test agent in the mediua (buffered with a carbonate-bicarbonate
buffer system). A 0.075% solution of trypsin was used to remove the cells
from the culture flagsk rather than 0.05%, as stated in the concurrent SOP,
since this results in better cell separation.

Conclusions

DETA-Comm. was consistently inactive as a mutagenic agent for CHO cells
vhen tested with and without the incorporation of an S9 metabolic activation
system over a 32-fold range of concentrations. No statistically significant
increase above the concurrent solvent control was produced at any dose level
tested and DETA-Coan. was considered to be non-mutagenic in the CHO test.

<
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SECTION 1I - SCE TEST - Diethylenetriamine ~ Commercial Grade (DETA-COMM.)

Test Dates - Initiated: March 5, 1980
Completed: June 16, 1980

Selection of Test Concentrations

A maximum concentration of 20 x 10~2% DETA-Comn. was chosen as the
top dose level for testing with and without $9 activation based on cyto-
toxicity data from the CHO mutation test. Higher concentrations were
expected to produce delays in the mitotic cycle and to decrease the number
of cells with SCE staining, based on experience in previous studies. A
16-fold range of DETA-Comm. concentrations from 20 x 10~2% to 1.25 x
10~2% was examined in SCE experiment #1 without $9 activation. A 32-fold
range of concentrations of DETA-Comm. from 20 x 1072% to 0.625 x 10-2%
(by volume) was examined in SCE experiment #2 with S9 activation. A wider
concentration range of IETA-Coma. was eamployed in tests without S9,
in comparison to tests with S9, because a greater degree of cytotoxicity
and delays in cell division were observed at the highest dose level in the
tests without a metabolic activation system.

Determinations of SCE Induction

The data for SCE induction in CHO cells treated with various dose levels
of DETA-Coam. or with positive, negative or solvent control agents in tests
without S§9 metabolic activation are summarized in Table 5. Only a single
statistically gignificant increase in the SCE frequency was produced by the
highest dose level of DETA-Comm. tested for direct action in the absence of
a metavolic activation system. Because we did not observe any dose-related
increase in the number of SCE, this single statistically positive result was
not considered to be biologically significant. The test without S9 activa-
tion 1is considered a negative indication for potential direct mutagenic
action of DETA-Comm.

The number of SCE produced by the concurrent EMS positive control was
highly statistically significant from the concurrent solvent control and
these data indicated an appropriate sensitivity of the test systea compar-
able to our historical positive control data. The numbers of SCE obtained
vith the HyO solvent and DMSO controls were also in an acceptable range of
values included in the variability encountered {n our historical control
values for this test. However, the numbers of SCE in the H20 control are
higher than the values obtained with the DMSO negative control and over
values desirable for maximum sensitivity. Medium purchased froa the K. C.
Biological Co. has tended to increase our spontaneous mutation values over
values obtained in previous studies on other chemicals and using media from
other sources. These differences are not considered to be detrimental to
the present study.
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SCE values obtained following tr:atments of CHO cells with
DETA-Coma. in the presence of an §$9 metabolic activation system are
presented in Table 6. No statistically significant increase in the SCE
values was observed at any of the tested concentrations of DETA~Coanm.
Also, there was no evidence for dose-response effect of DETA-Comn.
trestuents. These negative results were consistent with the findings
in the test without addition of S9 (Table S5S) and DETA-Comm. was
considered inactive as a mutagenic agent in the induction of SCE in

vitro.

The SCE values for the negative (DMSO) and solvent controls in the
test with S9 activation were in an acceptable range of variability as
encountered in previous experiments with this test system. Highly
statistically significant nuabers of SCE were produced by the two
concentrations of the DMN positive control tested indicating that the
metabolic activation system was suitably active.

Deviations from Standard Procedures

Because of the usual cytotoxicity of the liver S9 homogenate, cells
treated with the test agent and S9 were incubated for a total of 36 to 40
hours before harvesting cells and preparation of chromosomes for SCE glides.
This extended growth period allowed for the cell division delay induced by
the liver homogenate. Medium purchased from K. C. Biological was used in
this study rather than from Grand Island Biological as stated in the concur-
rent SOP. Trypsin at 0.075X rather than 0.05% was used to remove cells
from culture dishes since this produced better cell suspensions. Cilture
flasks wvere equilibrated with 102 CO; i{n air to attempt to counteract the
alkalinization of the medium by the test agent.

Conclusions

DETA-Comn. did not produce a significant increase in the frequency
of SCE over the 16- to 32-fold range of concentrations tested with or
without addition of an active S9 metabolic activation system. No
dose-related effect of DETA-Comm. exposure on the SCE frequency was evident
and the test agent was considered to be inactive in the present in vitro
assay.
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SECTION IIl1 - UDS TEST - Diethylenetrismine - Commercial Grade (DETA-COMM.)

A. Test Dates - Initiated: March 18, 1980
Completed: May 12, 1980

B. Selection of Test Concentrations

Standard procedures were followed and DETA-Coam. was tested over a
3-log range of concentrations from 10 x 10~2X to 0.01 x 10722 by volume.
The maximum dose-level was selected with consideration of the cytotoxicity
data obtained in the CHO Mutation test which indicated that higher values
would result in excessive cell killing. These dose-levels were considered
to be appropriate for testing because uptake and incorporation of
3H-thyuid1ne into hepatocytes are generally even wmore sensitive %o
chemical effects than survival measurements with CHO cells (in which cyto-
toxicity i{s measured after a 24 hr recovery period following treatment).

C. Determaination of UDS Induction

1. Nuclear-Bound Radioactive Label (Data in Table 7)

Induction of "unscheduled” incorporation of radioactive thyaidine into
nuclei of hepatocytes exposed to DETA-Coem. or to appropriate positive and
negative controls is presented in Table 7. In hepatocytes treated with
DETA-Coan., no concentration tested for potential activity induced a statis-
tically significant increagse in the amounts of 3H-thymidine incorporation.

A gradual decrease in the amounts of radioactive incorporation, correspond-
ing to increased dose levels, particularly at the 10 x 10722 dose level,

was considered an indication of the cytotoxicity of the test agent a finding
consistent with the usually obgserved higher sensitivity of this assay to
cytotoxic effects in comparison to the CHO or SCE tests. The negative
results in this test indicated that DETA-Coam. did not produce primary DNA
damage in rat hepatocytes. Both of the positive control agents, NQO and
DMN, induced numerically elevated and statistically significant increases in
UDS over values obtained with the solvent control. With both positive
controls the two lowest dose-levels did not induce a statistically signi-
ficant level of UDS. This finding may suggest that the sensitivity of the
test systen with measurements using nuclei was lower than observed in our
historical data.

2. DNA-Bound Radioactive Label (Data in Table 8)

Analyses of DNA, from aliquots of hepatocyte nuclei used for the UDS
studies presented on Table 7, were performed as a second assessment of
“unscheduled” incorporation of radioactive thymidine. Values for
radioactivity incorporated into the DNA of these hepatocyte nuclef are
presented in Table 8.

Ui
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For hepatocytes treated with DETA-Comm. none of the test concentrations
induced levels of UDS which were statistically significant from the solvent
control. More critically, there was no dose-response effect upon JH-
thyaidine incorporation following treatments with DETA-Comm. Negative
results on 3B-thy-1d1ne incorporation into DNA vwere consistent with the
data obtained in the assessaent of nuclei from cells treated with the sanme
range of concentrations. DETA-Coan. was considered to be inactive in the
induction of DNA damage d!scernible by UDS activity in the present study.

The pattern of UDS activity produced by varying concentrations of the
positive control agents NQO and NDMN were similar and consistent with the
data obtained in the assessment of radioactive thymidine incorporated into
nuclei presented in Table 7. Again all doses of the positive control agents
produced a numerical elevation in the amount of UDS but only the top dose
level produced a response which was significantly above the solvent control
level. With the DNA method, however, the response at the highest dose level
was highly statistically significant for both DMN and NQO which suggests
that this second method had greater degree of sensitivity than the method
eaploying nuclei.

Deviations from Standard Procedures - None.

Conclusion

DETA-Coum. failed to stimulate significantly the incorporation of
radicactive thymidine in cells treated over a 1000-fold range of test
concentrations. DETA-Comm. was considered inactive in the tests with
hepatocytes.
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Table 1
Chinese Hemster Ovary (CHO) Mutation Assay:
Determination of Toxic Effects of Chemical Treatment During 5 Hr Mutation Induction Period
Experiment #1

N

Total # Total # 4 X of Solvent
Test Chemicals Colonies Cells Plated Survival Control

Without S9 Activation

(Diethylenetgianine = Coomecrcial] (X, v/V)

40.0 < 10~ - TOXIC - - -
20.0 x 1072 474 800 59.2 144.5
10.0 x 10-2 93 400 23.2 $6.7

5.0 » 10~2 173 400 44.5 108.5
2.5 x 102 130 400 32.5 79.3
1.25 x 102 150 400 37.5 91.5

Controls

Hp0 - Solvent (20 ul/ml) 164 400 41.0 -

DMSO - (20 ul/ml) 166 400 41.5 101.2

EMS - (200 ug/ml) 134 400 33.5 81.7

With S9 Activation

[Diethylenetriaaine - Commercial] (%, v/v)

40.0 x 10-2 - TOXIC - - -
20.0 x 10~2 403 800 50.4 97.3
1.5 = 1072 250 400 62.5 120.8
5.0 x 10~2 162 400 40.5 78.3
2.5 x 1072 168 400 42.0 81.2
1.25 x 102 167 400 41.8 80.7
Controls
Ha0 - Solvent (20 ul/ml) 207 400 51.8 -
DMSO - (20 ul/ml) 145 400 36.2 70.0
DMN = (3700 ug/ml) 135 400 33.8 65.2

Abbreviations: H»0 - water; S9 - liver homogenate; DMSO - dimethylsulfoxide
EMS - ethylmethanesulfonate; DMN - dimethylnitrosamine

WPC/1076-1
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Table 2
Chinese Hamster Ovary (CHO) Mutation Assay:
Results on Evaluation of Mutant Induction by Diethylenetriamine, Commercial Grade
Experiment # 1

Platingigfficiency Mutation Induction -
Total #
Test Chemicals Total # Total # Viable Mutant Total # Mutants!
Colonies Cells Plated Fraction | Colonies Cells Plated T0% Viable Cells
Without S9 Activation
[Dlethylenetriamine - Commercial] (X, v/Vv)
40.0 x 1072 - - TOXIC - - -
20.0 x 10~2 394 400 0.985 g 1 x 106 8.1
10.0 x 102 407 400 1.018 0 1 x 106 )
5.0 x 1072 316 400 0.790 3 1 x 106 3.8
2.5 x 102 478 400 1.195 0 1 x 106 0
1.25 x 10-2 576 400 1.440 6 1 x 106 4.2
Controls:
H0 - Solvent (20 ul/aml) 685 400 1.712 0 1 x 106 0
DMSO - (20 ul/ml) 435 400 1.088 0 1 x 106 0
EMS - (200 ug/ml) 432 400 1.080 119 1 x 106 110.2¢
With S9 Activation
(Diethylenetriamine - Commercial] X, vIv)
40.0 x 10-2 - - TOXIC - - -
20.0 x 10-2 330 400 0.825 3 1 x 106 3.6
10.0 x 10-2 220 400 0.550 0 1 x 106 0
5.0 x 10-2 391 400 0.978 0 1 x 106 0
2.5 x 10-2 IR0 400 0.950 0 1 x 106 0
1.25 x 10-2 275 300 0.917 8 1 x 106 8.7
Controls:
H,0 - Solvent (20 ul/ml) 393 400 0.982 0 1 x 106 0
DMSO - (20 ul/ml) 392 400 0.980 0 1 x 106 0
DMN - (3700 ug/ml) 229 400 0.572 31 1 x 106 S4.18
o
lTotal # mutant colonies per 106 cells plated divided by viable fraction. otg
Statistical significance above solvent control: a: 0.05 > p > 0.01; c: p < 0.001. —
(V]

No superscript indicates p > 0.05. Data analyzed by Student's t-test.

€11-cy 330day

Abbreviations: H20 - water; S$-9 - liver homogenate; DMSO - dimethylsulfoxide; EMS - ethylmethanesulfonate;
DMN - dimethylnitrosaaine.
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Table 3
Chinese Hamster Ovary (CHO) Mutation Assay:
Determination of Toxic Effects of Chemical Treatment During 5 Hr Mutation Induction Period
Experiment #2

Total # Total # y 4 2 of Solvent
Test Chemicals Col.on_ipa Cells Plated Survival Control

) With S9 Activation

[Diethylenetriamine -~ Commercial] (X, v/v)

20.0 x 10—2 177 400 44.2 79.0
10.0 x 10~2 204 400 51.0 91.1
5.0 x 10-2 303 400 75.8 135.3
2.5 x 10~2 243 400 60.8 108.5
1.25 x 12 258 400 64.5 115.2
Controls *
H0 -~ Solvent (20 ul/ml) 224 400 56.0 -
DMSO - (20 ul/al) 172 400 43.0 76.8
DMN - (3700 ug/ml) 105 400 26.2 46.9

Abbreviations: Hy0 - water; S9 - liver homogenate; DMSO -~ dimethylsulfoxide
EMS - ethylmethanesulfonate; DMN - dimethylnitrosamine
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Table 4
Chinese Hamster Ovary (CHO) Mutation Assay:
Results on Evaluation of Mutant Induction by Diethylenetriamine, Commercial Grade
Experiment #2

Plating Efficiency Mutation Induction o
Total # 1
Test Chemicals Total # Total # Viable Mutant Total # Mutants
Cnlonies Cells Plated Fraction | Colonies Cells Plated T0® Viable Cells
With S9 Activation
TDIethylenetriamive - Commercial] (%, v/v)
20.0 x 10-2 307 400 0.768 16 1 x 106 20.8
10.0 x 10-2 368 400 0.920 4 1 x 106 4.3
5.0 x 10~2 348 400 0.870 3 1 x 106 3.4
2.5 x 1072 251 400 0.628 2 1 x 106 3.2
1.25 x 1072 . 382 400 0.955 7 1 x 106 7.3
Controls:
H20 - Solvent (20 ul/al) 338 400 0.845 2 1 x 106 2.4
DMSO - (20 ul/ml) 461 400 1.152 2 1 x 106 1.7
DMN - (3700 ug/al) 279 400 0.698 3N 1 x 106 44.40
l1Total # mutant colonies per 106 cells plated divided by viable fraction.
Statistical significance above solvent control: b: 0.01 > p > 0.001.
No superscript indicates p > 0.05. Data analyzed by Student's t-test.
Abbreviations: H70 - water; S-9 - liver homogenate; DMSO - dimethylsulfoxide; EMS - ethylmethanesulfonate;
DMN - dimethylnitrosamine.
WPC/1076-3
s R
7
o
-
&
< -
o &

s n\J

-~
1

81



Table 5

Sister Chromatid Exchange (SCE) Assay:
Induction of SCE's by Diethylenetriamine, Commercial Without S9 Metabolic Activation
5 Hour Treatment

S SR
Total # Total # Mean Number Significance
of of SCE/Chromo- Above Solvent
Test Chemicals Chromosoaes SCE SCE/Celll some? + S.D. Control3
(Diethylenetriamine - Commercial) (%, v/v)
20.0 x 10-2 297 325 21.67 1.094 + 0.259 b
10.0 x 10-2 301 254 16.93 0.842 + 0.192 NS
5.0 x 1072 297 251 16.73 0.841 + 0.203 NS
2.5 x 1072 296 189 12.60 0.642 + 0.298 NS
1.25 x 1072 297 23 15.40 0.776 + 0.237 NS
Controls
H20 (5 ul/sl) - Solvent 294 234 15.60 0.795 + 0.210 -
DMSO (5 ul/ml) - 299 177 11.80 0.590 + 0.225 NS
EMS (100 ug/ml) - 301 375 25.00 1.245 + 0.336 c

lF{fteen cells exmmined per dose level.
2Mean value of SCE/chromosome determined from the values of the individual cells examined.

Istatistical significance above solvent control: b: 0.01 > p > 0.001; c¢: p < 0.001
NS: p > 0.05. Data analyzed by Duncan's Multiple Range Analysis.

Abbreviations: H20 - water; S9 - liver homogenate; DMSO - dimethylsulfoxide;
EMS - ethylmethanesulfonate; S.D. - standard deviation

g1 98wq
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Table 6
Sister Chromatid Exchange (SCE) Assay:

Induction of SCE's by Diethylenetriamine, Commercial With S9 Metabolic Activation
2 Hour Treatment

— e ——
Total # Total # Mean Number Significruce
of of SCE/Chroao~ Above Solvent
Test Chemicals Chromosomes SCE SCE/Cel1l some? + S.D. Control3

[Diethylenetrismine - Coamercial] X, v/v)

20.0 x 102 - -  TOXIC - - -
10.0 x 10~2 298 170 11.33 0.571 + 0.169 NS
5.0 x 102 281 152 10.13 0.549 * 0.207 NS
2.5 x 1072 299 149 9.93 0.501 ¥ 0.210 NS
1.25 x 1072 295 162 10.80 0.551 + 0.197 NS
0.625 x 1072 293 176 11.73 0.600 ¥ 0.156 NS
Controls
Hz0 (5 ul/ml) - Solvent 292 178 11.87 0.614 + 0.212 -
DMSO (5 ul/ml) - 293 188 12.53 0.644 ¥ 0.168 NS
DMN (1000 ug/ml) = 296 954 63.60 3.201 ¥ 0.716 c
DMN (800 ug/ml) =~ 304 883 58.87 2.914 ¥ 0.798 c

lpifteen cells examined per dose level.

2Mean value of SCE/chromosome determined from the values of the individual cells examined.

Istatistical significance above solvent control: c: p < 0.001;
NS: p > 0.05. Data analyzed by Student's t-test.

SERSSE———
Abbreviations: Hy0 ~ water; S9 - liver homogenate; DMSO - dimethylsulfoxide;
DMN - Dimethylnitrosamine; S.D. - standard deviation
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Table 7

Unscheduled DNA Synthesis in Hepatocytes froa Rat Liver

Nuclear-bound label: all DPM values are calculated from nuclei per 105 viable

hepatocytes. Each average is calculated from duplicate samples, except for DMSO which

was dcne in quadruplicate.

SR
Radioactivity X of Solvent Significance
in Nuclei Control Above Solvent
Test Cheaical Concentration Avg. DPM + S.0. + S.D. Controll
Solvent - DMSO 2.0X 7808 + 198 100.0% + 2.5% -
Positive Controls:
4 - NQO 3.0 ug/ml 16184 + 232 207.3% + 3.0% c
1.0 ug/ml 8836 + 1592 113.27 + 20.42 NS
0.3 ug/ml 8859 + 1111 113.5% + 14.2% NS
DMN 1000 ug/ml 9408 + 852 120.5% + 10.9% a
300 ug/ml 8459 + 893 108.3Z + 11.42 NS
100 ug/ml 8380 + 804 107.3% + 10.3% NS
Test Chemical:
{Diethylenetriamine, Commercial) 10 x 10~ 2780 + 311 35.62 + 4.0« NS
(2, v,v) 3 x 1021 6840 + 1075 87.6% + 13.8% NS
1 x 10721 7609 F 74 97.53 ¥ 0.9% RS
0.3 x 10722 7819 ¥ 65 100.1% + 0.8% NS
0.1 x 107X 7166 + 85 91.82 + 1.1 NS
0.01 x 107<% 6878 + 115 88.1% + 1.52 NS
lstatistical significance above solvent control: 0.05> p > 0.01; c: p < 0.001;

p > 0.05. Data analyzed by Duncan's Multiple Range Analysis.

Abbreviations: DMSO - dimethylsulfoxide; 4-NQO - 4-nitroquinoline oxide; DMN - dimethylnitrosamine;
DPM - disintegrations per minute; S.D. - standard deviation
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Table 8
Unscheduled DNA Synthesis in Hepatocytes from Rat Liver

DNA-bound label: all DPM values are calculated from DNA precipitated per 106 viable

hepatocytes. Each average is calculated from duplicate samples, except for DMSO which
was done in quadruplicate.

Radioactivity X of Solvent Significance
in DNA Control Above Solvent
Test Chemical Concentration Avg. DPM + S.D. + S.D. Controll
Solvent - DMSO 2.0¢ 6345 + 442 100.CX + 7.0% -
Positive Controls:
& - NQO 3.0 ug/al 14302 + 1260 225.4% + 19.9% c
1.0 ug/ml 7004 + 534 110.4% + 8.4% NS
0.3 ug/ml 7062 ¥ 545 111.32 ¥ 8.6 NS
DMN 1000 ug/ml 8934 + 576 140.8% + 9.1% c
300 ug/ml 7250 + 865 116.3% ¥ 13.6% NS
100 ug/ml 7176 ¥ 145 113.13 ¥ 2.3% NS
Test Cheaical:
[Dicthylenetriamine, Commercial] 10 x 10-2% 2373 + 381 37.4% + 6.0% NS
(2, v/v) 3 x 10721 5583 ¥ 1117 88.0%7 ¥ 17.6% NS
1 x 10722 6687 ¥ 271 105.4T + 6.3% NS
0.3 x 10721 6878 ¥ 652 108.4% ¥ 10.3% NS
0.1 x 10723 6261 + 343 98.7% ¥+ 5.4% NS
0.01 x 10722 5750 ¥ 138 90.63 + 2.2% NS

lstatistical significance above solvent control: c: p < 0.001;

NS: p > 0.05. Data analyzed by Duncan's Multiple Range Analysis.

Abbreviations:

Uy
MPC/1076-2
¢
rJ
o

DMSO - dimethylsulfoxide; 4~NQO - 4-nitroquinoline oxide; DMN - dimethylnitrosamine;
DPM - disiniegrations per minute; S.D. - standard deviation
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APPENDIX 1

Chinese Hameter Ovary (CHO) Mutation Assay

Theoretical Basis

Mutation is a heritable alteration 1in a cell in wvhich a gene specifying the
genetic code for a specific protein is modified in structure and/or function.
Mutstions, induced by cheaical or physical agents, of the HGPRT (hypoxanthline-
quanine phosphoribosyltransferase) gene aay dbe detected by the growth of
colonies of "autant” cells which are resistant to the purine analogs
6-taioguanine (TG) or 8-azaguanine. Normal cells contain a functiocal HGPRT
enzyae vhich phosphorylates TG and allows {ts incorporation iato DNA causing *he
calls to die. Muytant cells with a non-functioual HGPRT enzyae are unable to
phosphorylate or incorporate TG, thus survive and grow ian its presence.

The CHO autation test is an assay which detects "“forward autations”™ froa
TC-sensitivity to 1G-resistance caused by a direct loss of the activity of the
HGPRT enzyae (HGPRT* < HGPRT"). An assessaent of the sbility of several
hundred agents to cause gene autations in vitro indicates that the CHO autation
assay provides a reasonable estimate of the potential genetic activity of the
test cheaical.

Methods

Cell Culture Procedures: CHO cells used in these studies were > btained froam
Abrahay Hsie at Oak R2idge National Laboratory with the designation CHO-K1-BH4-Dl
(or siaply CHO for report purposes). Cells are aainzained in active growth by
subculturing 2 to 3 tiaes/week i{n antibiotic~free, Haa's Modified F12 Mediva
supplesented with 10X (v/v) heat-i{nactivated, fetal bovine sera (F12-10), and
lacking in hypoxzanthine. For treatment of cells without aetabolic accivation,
F12 sediua with SO units/al of penicillin, SO ug/al streptoaycin ard 5% (v/v) of
dialyzed bovine serua (F12-DS) is used. For treataents incorporating an S§9
aetabolic aczivation systea, identical sediua, but without serua, {s eamploved.
For deteraiaation of autant frequencies, F12-D5 aediua containing 2.0 ug/al TG
(6-thioguanine) i{s used as a "selective aediua.” Cell nuanbers are deteraiaed
routinely with a Coulter Model F electronic cell counter which is standardized
periodically with a pre-counted suspension of latex beads. Presence of
Mycoplasas cell contaainants is dererained by a aicroscopic fluortescence assay
eaploying Hoechst 33258 dye. All culture procedures and treataents witch test
cheaicals are performed under sseptic conditions in a lasinar-flow, biohazazd
hood .

Positive aad Negative Controls: Sterile water or glass-distilled dizechyl-
sulfo : solvents for test chemicals and the respective
solvent ir tested as a control at the maxiaua conceantration used to add the test
sgent. Dimethylnitrossaine (DMN) or ethylaethanesulfonste (EMS) are used as
positive coantrol autsgens for tests with or without an S9 aetabolic asctivation
systea, respectively. Mutation frequencies obtaired with concurrent positive
and negative controls are used as the basis for acaitoring the sensizivity and
stability of the CHO sutation test systea. Coaparison of concurrent control
values wvith historical controls is used to delineate the range of accepcable
variations i{n the test systea.

‘i_,\ -
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Matabolic Activation: Rat liver, S9 hosogenate prepared frca Arochlor-1254
faduced, Sprague-Daviey, male rats is purchased from Litton Bionetics,
Kensington, MD. Each lot of liver hosogenate is prescreened for metabolic
cspability to activete DMN {in our laboratory Lefore use in the testing program.
The complete S9 metabolic activatiun system contains the following: B8 umoles/ml
MgCly, 33 umoles/sl KCl, 5 umoles/al glucose-6-phosphate, & umoles/al
NADP-oxidized (nicotinasaide adenine dinucleotide phosphate), 100 umoles/al
NajHPO,, and between 500 to 4000 ug/al of S9 protein (depending on aetabolic
activity); a volume of 1.0 ml of the complete mixture of the sbove reagents is
added to each 4.0 ml of culture medium.

Dose Selection: Toxicity of the test cheaical is determined prior to
assesssent of autagenic potential to select doses vhich produce a maximum of 80
to 90X cell killing. Cytotoxicity is determioed by either of the following two

" methods:

(1) Clounal assay - 200 to 400 CHO cells are exposed to a ainimum of five dose
levels of the test agent at concentrations from 0.1%2 to 3 x 10°42 (by
weight or volume, as appropriate) with and without the presence of a
astabolic activation system. The nuaber of cells vhich survive the
trestmeat is determined Yy counting the oumber of colonies produced after a
7- to 8-day incubation period (37°C) {n comparison with the colonies formed
by cells treated only with spprogriate concentrations of sclvent (generally
20 ul/al).

(2) Growth Inhibition - S x 105 cells 1n 25 cal culture flaske are treated
for S hours with a siniaum of five test concentratioas both with and
vithout S9 metabolic activation. Following treatment the cells are rinseaq,
fresh F12-DS medium is added and the flasks are incubated for an additional
18 to 24 hours. Cytotoxicity is determined by coamparing the relative
oumber of cells in coutrol (untresated celis) and {n cells treated with
various coucentrations of the test agent.

If no cytotoxicity is evident at the highest cc=centrations in the
cytotoxicity tests, the test is either repeated at higher concentrations, or
autaction testing is performed with a greater nuaber of treatment flasks startiag
at higher dose levels. If marked toxicity is evident even at the lowvest dose,
the Egtotoxicity test {s repeated at a concentration range of 3x1074 to
3x10°° percent by weight or volume, as sppropriaste.

Dose levels which are moderately *oxic but permit survival of at least 10 to
20% of the cells, in comparison to the solvent countrol, are selected as the
aaxinus dose, and at least four additional one-half dilutions sre tested for
induction of autations. If cytotoxicity dats are equivocal, a total of 5 to 8
one~half dilutions of the selected, maximum concentration are used to trest
cells; but only the highest five concentrations which permit survival of a
sufficient nuamber of cells are sssessed for autation induction.
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Chemicsl samples are sterilized by meabrane filtration when aicrobiological
tests indicate this is required to assure sterility. Liquid test asgents are
tested on a percentage by volume basis. Solid chemicals are dissolved {n an
appropriate solvent by making a 10 to 20% stock solution (by weight) and
subsequent dilutions are made from this stock cn a volume/volume basis.

Treatsent with Test Cheamicals: For tests of cheaicals which may azt
directly without {ncorporation of sn S9 metabolic activation systea, 5x105
cells are inoculated 20 to 24 hours prior to trcatment into 25 ca® cuvlture
flasks containing F12-D5 aediua and incubated at 37°C in a 5 to 6% CO,
atmosphere. Appropriate concentrations of the test agent or control cheaicals
are added to the cells and cultures are treated for S hr at 37°C. The aedium
and test sgents are removed by suction, cells are rinsed once or twice and fresh
F12-DS mediun is added. The cells are allowed s period of 20 to 24 hours of
recovery from treataent before survival {s determined. Treatment of cells fcr
testing of chemicals which require metsbolic activation for mutsgeanic capacity
is performed identically with the procedure above, with the exception that F1l2
msediua without serum snd coutaining 1.0 aml of S9 activation mixture per 4.0 =l
of mediun {s employed.

Deterainstion of Cytotoxicity: The relative survival of treated cells, in
comparison to solvent controls, is determined one day after the exposure to the
test agents. The level of cytotoxicity is often correlated wich the auzation
frequencies induced by known chemical amutagens. Thus, excessive cvtotoxicity
say kill both noraal cells and mutants and may depress the actual autatioan fre-
quencies; insufficient cytotoxicity may indicate an insufficient conceazraticn
of the test ageunt vas employed. The colony~forming potential of 100 to 200
treated cells i{s used as the measure of treataent-induced cytotoxicity.

Survivel values wvhich indicate the cytotoxic effects of the test agents are
included in reports in tabular fora. Statistical analyses are not perforaed on
these data, since they are only useful to assess whether appropriate doses were
enployed a2nd sre not used to calculate autation frequencies.

Deteraination of Mutant 'nduction: On days 1, 3 and 6 (or alternatively 1,
4 and 0) after trestment with the various test ageuts, approxizately 5x109
cells are subcultured {n 100 om tissue culture dishes {n F12-DS ::edium and
fncubated at 37°C f{n & S to 6% COy ataosphere. After a total of 7 days to
allov “expression” of the autant phenotype, cells are dissociated with 0.05 o
0.075% trypsin, counted and plated at a councentration of 2.5x 105/dish ia four
culture dishes (1x 106 total cells) which each contain 5 al of F12-D5 (TG)
selective amedium. At this time, cells are diluted and 100 cells/dish are added
to four culture plates ccntainiag F12-DS medium (without IG) co assess viabilicy
(plating efficiency) of the trested cell population and to determine the
surviving fraction. All cultures are then incubated for an additional 6 to &
days to allcw growth of cells; dedium is then discarded and colonies are fixed
and stained for counting. The number of colonies {n selection plates and in the
viability test are counted by electronic methods, checked by manual counts and
dats are recorded both as tstal autants, mutants/106 total cells and
autants/106 viable cells.
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Statistical Analyses: Uniform statistical procedures to evaluste in vitro
mutation data have not been developed. The distribution of autation frequencizs
from historical controls in st least two laboratories indicates that the fre-
quency distribution and varisnces encountered do not justify the use of para-
setric anaslyses unless data {s transformed before application of standard para-
metric tests. Analysis of mutation frequencies in the CHO test follow the pro-
cedure of Irr and Snee (Reference 4) which employs the Box-Cox Transformation
(Reference 5) to transform data before parametric analyses. The asutation fre-
quency for esch plate is increased by 1.0 (to eliminate zeros) and raised to the
0.15 power. Experience with historical negative control data in our laboratory
indicates that a normal probability disctribution of the data suitable for para-
setric analyses is achieved by this transformation. Parametric snalysis of zu-
tation data by the Student's t-test is performed with the transformed data. The
degree of statistical significance for the amutation values are indicative of a
difference from the concurreu: solvent control, but these statistical indicators
must be viewed conservatively until additional historical control data are
available.

Interpretation of Data: The criteria for i{nterpretation of the test results
as a positive or negative response depend upon both the level of statistical
significance from the concurrent control and the evidence of a dose-response
followving treatment. When a definite dose-response relationship is not evident
but one or more marginally significant values are obtained, a careful examina-~
tion of the data from the concurre:t positive and negative controls ead coapari-
sons to historical coatrol data are used tc evaluate the possidble significance
of the responses. Historical control data indicate that a spontaneous mutation
frequency in CHO cclls of apptoxinatcly 4 co S mutants/106 viable cells, with
a range of 0 to 25 autants/106 viable cells, can be obtained in the absence of
autagenic trestament. Statistical conpcrisous against unusually high or low
spountaneous controls are subjectively scrutinized in respect to the above
variability.
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APPENDIX 11

Deteraination of Sister Chromatid Exchange (SCE) Frequencies
in Chinese Haaster Ovary (CHO) Cells Ia Viero

Thaoreti-al Basis

Exchanges of genetic aaterial between the individusl arus of a chroaosoae
(1.e. sister chromatids) are thought to arise froa breakage and physical inter-
changes in the DNA of a cell during cell division. &An increase in the frequency
of such interchanges between sister chroaatids can be observed in cells treated
vith physical or cheaical sutagenic agents, ov in cells exposed to aany suspect
or proven huasan carcinogens. Thus, analysis of SCE frequencies in cells treated
with a test agent has dbeen suggested as i sensitive screening test for potential
esutagenic/carcinogenic cheaicals.

The aethod usad in our study to visualize SCE's in CHO cells growm in :ul-
ture is based on the procedure described by Perry and Wolff (1974). A standard
concentration of 3.0 ug/al of bdroaodeoxyuridine (BrdU) was used ia the growth
aediuva to allov a visualization of SCE's after two cell divisions {n the pre-
sence of BrdU. Staining of chromosomes with 5.0 uz/al of 33258-Hoechst fluore-
scent dye, exposure to light and Gieass staining was used to differentiate
chrosatids for SCE snalysis. -

Methods

Cell Culture Procedures: Chinese hasster ovary (CHO) cells were obtained
from Abrahaa Hsle at Oak Xidge National Laboratory with the designation CRO-Kl-
BH&-D1 (referred to siaply as CHO for report purposes). CHO cells are asaintain-
ed in active growth by 2 to 3 weekly subcultures i{nto fresh antibiotic-free,
Haa's F12 (aolified) aediua fortified with 10Z (v/v) of heat-inactivated fetal
bovine serua and lacking hypoxanthine and thyaidine. Cell concentrations are
deteramined routinely with & Coulter® Model-F electrounic cell counter calibrated
vith s precounted suspension of latex besds. All cell culture procedures prior
to final harvesting of cells for chromosome preparations are perforszed uander
aseptic conditi'ns in a lsainar flow, biohazard hood. Presence of Mycoplasaa
cell coctaainants is deterained using a fluorescent aicrnscopic assay eaploying
Hoechst 33258 dye.

for treataents with test cheaicals without S9 aetabolic activation, modified
F12 sediua {s used vith 50 units/al of penicillin, 50 ug/al streptoaycin and 52
(v/v) of heat-inactivated, dialyzed tetal bdcvine serua (F12-D5). Identical
aediua but without serua {s used for treataents incorporating an S9 aetabolic
activation aystea.

Positive and Negative Countrols: Sterile vater or glass-distilled diazethyl
sulfoxide (DMSO) are the usual solvents used for test cheaicals and the
respective solvent i{s tested as s control at the aaxiaua concentratioc used to
add the test agent. Diaethylnitrossaine (DMN) and ethylaethanesulfonate (EMS)
are used as positive control sutagens for tests with or without the addition of
an S9 astabolic activation system, respectively. Results froa treataents with
concurren: control agents are used as a basis of coaparison and for
desonstrating the seasitivity and stability of the SCE test systea. Coapsarison _
of concurrent control values with historical coantrols is used to dclinea:aOﬁB{ldc.éﬁ
range of acceptadble variations in the test systea.
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Metabolic Activation: Rat liver $9 homogenate (prepared froa Arochlor 1254
induced, Sprague-Deviey, male rats) is purchesed froa Litton Bionetics,
Kensington, MD. Each lot of liver hosogenate is prescreened for activity in our
laboratory before use in the tesi.’"g progrsa. The coaplete S9 aetabolic
sctivation eystea contains the following: 8 uasoles/al MgCly, 33 uasoles/al
KC1l, 5 umoles/al KCl, S usoles/al glucose-6-phosphete, 4 uaoles/al NADP-oxidized
fora (nicotinasaide adenine dinucleotide phosphate), 100 usoles/al NajyHPO,
and between 500 to 4000 ug/al of S9 protein (depending on aetabolic activity).

A voluae of 1.0 al of the coaplete sixture of the above resgents i3 added to
each 4.0 al of culture aediua.

Dose Selection: Toxicity of the test cheaical is determined prior to
sssessasut of autagenic potential to select doses vhich produce a asxiaua of 80

to 901 cell killing. Cytotoxicity is determined by either of the following two
asthods as part of the CHO autation testing procedure:

(1) Clonal assay - 200 to 400 CHO cells are exposed to a ainiaua 2f five dose
evels of the test agent at coocentrations froa 0.1% to 5 x 104X (by
weight or voiuse, as appropriate) with and without the presence of a
astabolic activation systea. The nuaber of cells which survive the
treataent i{s deterained by counting the ouaber of colonies produced after a
7= to 8-day incubation period (37°C) in coaparison with the colonies foraed
by cells treated only vith sppropriate concentrations of solvent (generally
20 ul/al).

(2) Growth lnhibition - S x 105 cells 1in 25 cal culture flasks are treated
for § hours with s ainiaua of five test concentrations both with aad
without S9 aetabolic activation. Following treataent the cells are rinsed,
fresh F12-DS aediuas is added and the flasks sre incubated for an additional
18 to 24 hours. Cytotoxicity i{s deternined by coaparing the relative
ouaber of cells i{n control (untreated cells) and in cells treated with
various concentrations of the test agent.

If oo cytotoxicity {s evideat at the highest conceutratioans in the
cytotoxicity tests, the test is either repeated at higher concentratioans, or
autation testing is performed with a greater ousber of treataent flasks starting
st higher dose levels. If sarked toxicity is evident even at the lowest dose,
the cztotoxicl:y test {s repeated at a concentration range of 3x10% ¢o
3x107° percent by voluame.

Dose levels which are aoderat~ly toxic but perait survival of at least 40 to
S0Z of the cells, in coaparison to the solvent control, are selected as the
asxizsua dose, and at laast four additional one-half dilutions sre tested for
induction of autations. If cytotoxicity data are equivocal, s total of 5 to 8
one~half dilutions of the selected, aaxiaua conceatration are used to treat
cells; but only the highesr five concentrations vhich perait survival of a
sufficient auaber of aitotic cells with SCE scaining, are evaluated for SCE
induction.

Cheaical saaples sre sterilized by aeabrane filtration when aicrobiological
tests indicsate this i{s required to assure sterility. Liquid test agents avre
tested on a percentage by volumse basis. Solid cheaicals are dissolved in an
appropriate solvent by asking a 10 to 20X stock soiution (by weight) and
subsequent dilutions are aade from this stock on & voluase/voluse basis. 00 .29
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Treataent With Test Cheasicals: Testing of cheaicals for direct autagenic
sction (without SU setabolic aciivietion) is perforaed first. For cheaicals with
clearly positive autagenic capabilities by direct action, testing with aetabolic
activation 1is generally not perforaed.

For testing direct acting cheaicals for SCE {nduction, between 1l to 2 x
106 cells are plated {nto 75 en? culture flasks in F12-D5 aediua at least 20
hrs prior to treataent and incubated at 37°C i{n & 5 to 62 CO; atacsphere.
Appropriate concentrations of the test agent or control cheaicals are sdded to
the cells and 3 ug/al BrdU is added to all flasks. Cells are treated with test
agents for 5 hrs, asdia {s then reaoved by suction, cells are rinsed with
buffered, physiological salt solution and fresh aedium countaining 3 ug/al BrdU
is adied for at least 24 hrs of additionsl incubation at 37°C to allow two
rounds of cell division. Cells are hurvested and chrososoaes are prepared for
SCE staining.

Treataent of cells for testing of cheaicals which require aetabolic
activation for autagenic effectiveness is perforamed siailarly as for treataents
vitiout activation, except for three aodifications:

1. Belore treataent with the test agents, Fl2-DS aediua {s removed and Fl2
" sediua without serua is added.

2. S9 asetabolic activation aixture is added to each flask {including
solvent and positive controls) defore addition of test agents.

3. Calls are treated for a total of 2 hrs (rather than 5 hrs) and then
incubated for 38 to 42 edditional hours before harvest fcr chroaosoae
preparation.

Preparation of Chromosomes: Colceaid® (0.1 ug/al) or Colchicine (0.2 ug/al)
is 53335 to culture flasks | to 2 hrs prior to harvesting to arrest cells in
aitosis. Cells sre then removed froa flasks, after a drief fncubation with
0.01X DIFCO crypsin, suspended in 0.075M KC1 (hypotonic) solution and incubsted
for 15 to 20 ain at 37°C. Cells are centrifuged, fixed with 3 or 4 changes of
Carnoy's fixative (3:1 aethanol acetic acid) and chromosocee spreads are prepared
froa cells suspended in a saasll voluae of fixative. One slide/dose level is
prepared, but fixed cells are saved if needed for preparation of additional
slides. ‘

Chromosoaes are stained for SCE's by treataent with 5.0 ug/al of Hoechst
33258 dye for 20 esin, rinsed in distilled vater, ianersed in Sorenson's buffer
and exposed to a high intersity sunlaap for 15 to 30 ain., as required.
Irvadiated chromosomes are stained in Gurr's gieass (diluted 1:25 with water),
rinsed {n wvater and dr‘ed before application of coverslips.

Exsaination of SCE's: All slides are coded and read in a blind fashion
vithout indication of the specific treataent or concentration of the test agent.
The muaber of chroaosoaes and the ousber of SCE's in a ainiaua of 15 cells are
recorc.ed for each dose level. The aean nuaber of SCE/cell and SCE/chroacsoae
are calculated and recorded. Slides are decoded only after exaaination of all
slides in the experizeant has been coampleted.

GGCU30
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Statistical Analyses: Dats are analyzed by appropriate parametric statisti-
cal procedures which follow BRRC standard operating procedures for analyses of

data. Significance values and the statistical test employed are shown for data
susmarized in tabular form.

Interpretation of Data: The criteria for evaluation of a positive or nega-
tive response depend both on the level of statistical significance and subjec-
tive snslyses of concurrent and historical control data. The key determinant 1is
vhether s dose-dependent increase in SCE's is induced by the test agent. When
0o clear dose-regpouse relationship is evident and whea one or more respouses of
ssrginal statistical significance are obtained, a careful exaaination of the
data in comparisoun to the concurreant controls and hisctorical data base is aeces-
sary. Testing may be repeated to clarify unusual respouses, if data for the
concurrent positive or negative controls suggest a defect in the original ex-
periment. Overall asseasment will also rely on corroborating data froa the
other tests in the testing battery. Clearly positive responses vwill include any
of the following: (1) Doubling in the SCE frequency at a ainiaum of two of the
five concentrations tested; (1i) Statisticslly significant responses of p < 0.05
at three concentrations or at 2 concentrations if p < 0.01; (ii1) Induction of a
statistically significant, dose-related increase {n the number of SCE.

General References

l. Perry, P. and S. Wolff. Nev giemsa method for differential staining of
sister chromatids. Nature, i!l (197%), 156-158.
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vivo analysis of sister chromatid exchange foraation. pp 275291 in
Handbook of Mutagenicity Test Procedures, ed. Kiibev, B. J., et al.

Flsevier Publ. Eg. (1979).
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sister-chromatid exchanges and chromatid breakage. Mutation Res., Eln
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APPENDIX III

Unscheduled DNA Syrthesis (UDS) in Hepatocytas from Rat Liver

Theoretical Basis

Cheaicals say interact with both the cellular components and the genetic
asterial of a cell (e.g. DNA and RNA) because of their electrophilic nature or
by cooversion into reactive electrophiles by the metabolic enzymes of the cell.
Damage to the DNA of a cell can result in cell death, autation or, theoreti-
cally, carcinogenic transformation. Studies of agents which are capable of
reacting sud dasaging the cellular DNA have suggested that such aethods may be
useful as a sensitive screening test for detecting potential sutagenic/
carcinogenic chemical properties.

Detection of the relatively small amounts of DNA damage induced by chemical
treataent requires a cellular system in vhich normal, seai-conservative DNA rep-
lication, which occu.n juring cell division, is inhibited. The system eaployed
for the present stuiy uses a suspension culiure of primary hepatocyte cells {so-
lated from rat liver according to the graersl sethods of Seglen (1973) sud
Williams (1976). Hepatocytes do not normally divide in the minimal culture ae-
diuz ezployed and stimulation of “unscheduled”™ incorporation of radicactive DNA
precursors can be detected by scintillation spectrometry. The stimulaticn of
incorporation of tritiated thyaidine into both purified hepatoc7te nuclei and
DNA is used as the indicator of chemically induced DNA damage. The amount of
unscheduled DNA synthesis (UDS) following treatment is compared with both con-
currsnt positive and negative controls as well as with historical data for
siailar tests.

Methods

Preparation of Hepatocyte Suspensions: Hilltop-Wistar albino rats are
anesthetized with Hcta;ane(n). abdominal cavity is surgically exposed snd
125C unics of heparin is injected intravenously. A catheter is {nserted intou
the portal vein and wara Hanks Balanced Salt Solution (HBSS) {s pumped into the
vein and through the liver. This first solution contains heparin and EGTA,
[ethylene glycol-bis-(beta-aminoethyl-ether)N,N-tetracetic acid], which
preferentially chelates calcium; the solution contains no magnesium or calcium.
Afcter the liver {s blanched, a second solution of HBSS coantaining 6C units/al of
collagensse is perfused. This solution {s pumped through the liver until the
liver is digested. The liver is then removed and the cells are freed in cold
sedium 199 by combing through the lobes with a sterile aetal coab. The cell
suspension is passed through two nylon seshes to remove cell clumps and the
cells are vashed once at low centrifugation speed. After resuspension {n zedium
199, equal volumes of cells and 0.4 trypan blue are aixed together and the cell
viability and oumber of viable cells per al is deterazined microscopically.

Preincubation of Hepatocytes: Approximately 2 x 106 viable hepatocytes
are added to 5 al medium 199 containing 10 aM hydroxyurea and 30 aM Hepes
{N=2-hydroxyethyl piperazine-N-2 ethace sulfoanic acid) buffer. After the cells
are dispensed {nto the tubes, they are placed on a rocker platfora and are
iocubated at 37°C for 1 bour. Although hepatocytes do not normally divide in
culture, aedium 199 wvhich laci's serum and countains hydroxyurea is used to
further block seai-congservetive DNA synthesis. Thus, any radiocactive thymidiae
{ncorporated fato the nuclei {s expected t> result froa repair or unscheduled
DRA synthesis. o0
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Selection of Doses of Test Chesical: Initially, the following concentra-
tions x y voluse) are tested: 100, 30, 10, 3, 1, snd 0.1. 1If these
concentrations prove to be cytotoxic, or if additionsl information is available
from other in vitro tests as to the proper douse levels, then an appropriate
series of concentrations is used over a 3-log range of concentrations.

Treatment of Hepatocytes: After preincudbation, 25 microCuries of trittiated
ITacle) 1s added to each tube. The test chemical and
positive conttolo are diluted in an appropriate solvent and they are then added
to each labeled tube. Generally, at least six concentrations of the test
cheaical over a 3-log range of concentrations are tested and each councentration
is run in duplicate. The tubes are returned to the roc! er platfora for a 2-hour
exposure at 37°C.

Positive and Negative Controls: 4&-nitroquinoline oxide (NQO), a direct-
acting autagen, which induces UV-type DNA repair and dimethylnitrosamine (DMN),
vhich requires setabolic activation by aicrosomal enzymes for activity, are run
in duplicate as positive control chemicals. The solvent control is run in
quadruplicate and consists of 100 to 150 microliters (concentration specified in
individual re¢ports) of the solvent used to dilute the ssaple. Dimethyl-
sulfoxide (DMSO) or water are the usual golvents for test chemicals.

Harvest: AC the end of incubation with the test agent, the cells are
centrifuged froa the medium at 200 x g at 5°C. The cells are rinsed once i{n §
al of cold mediua 199 and are resuspended in 0.252 Tricon X-100, S% citric acid
and 3 sM MgCl;, 2 lysing solution which liberates the nuclei. The auclei are
rinsed once in this solution and resuspended in 0.25 M sucrose, 2.5 citric acid
snd 3 aM MgCly. The nuclei are then centrifuged at 600 x g for 10 atn at 5°C
and tesuspended i 2 3l of the lysirg solution.

Determination ¢f Nuclear-Bound Label: To measure the amount of radiocactive
thyaidine incorporated into the nuclei, 0.25 al of the nuclear suspension {is
aixed with 1.0 ag of NCS tissue solubilizer in a scintillation vial. Ten al of
Dimilume® scintillation cocktail is added and the radiocactive disintegracions
per mioute (DPM) are determined by counting twice in a scintiliation mounter for
ten minutes. The seasured DPM are then used to calculate the DPM/10® viable
hepatocytes presented on tables.

Deteraination of DNA-Bound Label: The amount of radicsctive thymidine {a-
corporated {nto DRA s quantitated in DNA isolated and precipitated from 1.00 to
1.25 x 105 viable hepatocytes. To 1.25 al of the nuclear suspension, 2.75 al
of 12 sodium dodecyl sulfate (SDS) and 5 aM Ethylenedisminetetraacetic Acid
(EDTA) is added to lyse the nuclei. The DNA is precipitated froa cthis solution
wvith 4 al of fce-cold 10X trichloroacetic acid (TCA) and the saaple tubes are
incubated at 0°C for at least 30 minutes. The solution is then poured onto
Whatman glass fiber filters under vacuum and the tubes and filters are washed
tvice vith cold ST TCA. Pinally, each filter is rinsed once vith methanol,
dried and placed it a scintillation vial. The filters are ifacubated at .0°C for
1 hour vith 1 al of a diluted solution of NCS tissue solubilizer; prepared by
adding 1 part solubilizer to 2 perts of Diailume® cocktail. Disilume® i{s then
added to each vial and the vials ate counted twice in & sciatillation counter

for ten sinutes. A T
v, U2
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Statistical Analysis: The average DPM {s calculated for each dose level
and the controls snd final results are expressed as DPM/106 viable
hepstocytes. Deta are also expressed as a percent of the solvent contrsl for
purposes of compsrison. The original data are statiscically analyzed by the
appropriate parametric test, following the BRRC standard procedures for
statistical inalyses and the test(s) employed i{s indicated on the respective
tables. Coapsrison betveen the mean for each dose level with the 951 confidence
limits of the historical solvent control may also be used in socae cases to
assess the potential biological significance of the datsa. Testing may be
repeated to clarify unusual responses, if data vith the concurrent controls
suggest & defect in the original experiment.

Interpretation of Results: The classification of a chemical as & positive,
active agent depends upon the production of a statistically significant,
dose-related incrsase in the amount of UDS activity. If a definite
dose-response relationship is not evident, or wvhen a fev increases with marginal
statistical significance are obtained, coapsrison of the responses to historical
control data provides & aeaningful assessment of the possibility for randeca
variations vhich say be statistically significant oanly in relation to the
concurrent control. A key determinant of the reliability of the UDS data is the
detection of a similar response with both DNA snd isolated nuclei deterained at
two or three consecutive concentratioans.
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Appendix IV

Physical and Chemical Characteristics of Test Material

Chenical Nawme: Dietnylenetriamine

Trade Name and/or Symonyms: Bis-(2-Aminoethyl)Amine
Molecular Weight: 103.17

Formula: H2NCHCH2NHCH)CHoNH,

Specific Gravity (8 20°C): 0.9542

Boiling Point: 206.9C (760 =a Hg)

Solubility in H20 (% by wt): Complete at 20°C

Purity 98.5%, minimum (see ccmments in

additional an.lytical sections)

<1 ms Hg

Vapor Pressure (8 20°C):

Not available

Flash Point:

210°F, tag closed cup

Stability: Stable

Incompatibility: Avoid acids

Appearance and Odor: Water-wvhite 1iquid; mildly ammoniacal
odor

Disposal: Incineration

Protective Measures:

Health Hagzard:

Do not get on skin, eyes or clothing. Use

rutber gloves, mechanical ventilation orx local
exhaust whe: handling. Avoid prolonged breathing
of vapor oc contact with skin. 3afetv goggles,
organic vapor mask and rubber apron are
recommended. Small spills should be flushed with
larga quantities of water.

Rammful 1f inhaled; skin and eye contact cause
burns. Diethylenetriaaine is a sensitizer which
may cause skin rash. Prolonged and repeated
breathing will be irritating and may cause an
esthma-like condition. 1In case of contact flush
with large volumee of water for 15 sinutes
followed by socap six! water. Remove

contaminated clothing and wash be‘(re wearing
again.

007 ¢ 3y
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ETHYLENEAMINES

PRESHIPMENT ANALYSES OF HIGHER ETHYLENEAMINES
SENT TO MELLON INSTITUTE FOR TOXICOLOGY STUDIES

oate: Narch 14, 1980

AUTHORS: P. R. Umberger
PROJECT WO.« 142A40
SUPERVISOR: D. C. Best FiLe wo. 27479
SUMMARY This memorandum documents the preshipmert analyses of

the following ethyleneamines recently sent to Mellon
Institute for toxicology studies.

Diethylenetriamine-high purity (DETA-HP)
~————pDiethylenetriamine-commercial (DETA-Comm) 1 PRU-SO

F‘f*;‘“* Diethylenetriamine-(DETA) - Hearts Cut
Sections Triethylenetetramine (TETA) - Linear

: ok ¢"‘, Tetraethylenepentamine (TEPA) - Hearts Cut
O

The high purity and commercial DETA are Union Carbide
commercial products while the other samples were prepared in the
laboratory from commercial products.

Over the next two years these materials will be used in
either mouse skin painting, pharmacokinetics or mutagenicity tests.
Elemental, gas chromatograph and infrared analyses were run on the
samples as part of a continuing Union Carbide support program in
accordance with the study protocols. The commercial DETA for the
skin-painting studies will be returned to the Technical Center after
6, 12 and 24 months to provide storage stability data.

INTRODUCTION UCC initiated a program to determine the toxi-

cological properties of the ethy.eneamines. While
the studies on ethylenediamine are sponsored by an intra-industry
group - UCC, Dow Jefrerson and Berol Kemi~ the studies on the higher
ethyleneamines are funded solely by UCC.

The preshipment analyses of these ethyleneamines previously
shipped to Mellon have been reported: (1,2)

c.,'\"' ;
S XV

RESEARCH AND OEVELOPMENT DEPARTMENT
CHEMICALS AtD PLASTICY
UNION CARBIOE CORPORATION
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Ethylenediamine (EDA)
Diethylenetriamine-high purity (DETA-HP)
N-Aminoethylethanolamine (AEEA)
N-(2-Aminoethyl) piperazine (AEP)
Triethylenetetramine (TETA)
Tetraethylenepentamine (TEPA)

Polyamine HPA ¢#2

HPA #2 Sludge

Analytical data on the materials shipped to Mellon recently
are supplied in this report.

DISCUSSION A1l of the amines shipped to Mellon were either pre-

pared from materials produced, or produced via the
reaction of aqueous ammonia with ethylenedichloride in UCC's
commercial facilities - either Taft or Texas City. The DETA-HP for
the pharmacokinetics study and the DETA-Comm are commercial
products, while the DETA-hearts cut, TETA-linear and TEPA-hearts cut
were prepared in the laboratory. (See Appendices A, 8 and C for
preparation procedures.)

The elemental analyses of the samples are given in Table I,
together with theoretical C, H, N values for DETA and TETA-linear.
Tables Il and IIl show the results of gas chromatographic analyses;
the scans are in Figures 1-8. Unfortunately, no single method
exists to analyze all the ethyleneamines, so three different methods
were used: two to analyze the DETA samples and a third to
characterize TETA and TEPA.

The first method used to analyze DETA involves derivati-
zation of the amines with N-methyl-bis (trifluoroacetamide) and is a
semi-quantitative method for the major component present. However,
the necessary accuracy and reproducibility data required to define
the method have not been generated yet. (See Appendix D.) The
second method for DETA analysis is a direct method and does not
involve derivatization; it utilizes a thermal conductivity detector
and area percent data are obtained. (See Appendix E.) If the
components of a sample have different response factors, or if the
sample contains components which do not elute from the column, the
analysis will be in error. Although the two methods give different
results, two procedures - with their attendant problems - provide
better characterization of the amines.

The gas chromatographic procedure used to characterize TETA
and TEPA is also a direct method using a thermal conductivity
detector and qives area percent data. The column and instrument
parameters are descrihed in Appendix F.
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Figures 9-13 are the infrared scans of the materials sent
to Mellon showing the typical bands expected for the ethyleneamines.

FUTURE WORX The DETA-Comm for the skin-painting studies is to

be shipped back to the Techrnical Center from Mellon
for re-analysis at the 6, 18 and final (24) month of testing. Addi-
tional auantities of the materials are being stored for 36 months at
the Technical Center.

ACKNOWLEDGEMENT C. A. Gibson and A. H. Larch prepared the TETA-

linear an. TEPA-hearts cut and Jane Montgomery
distilled the CETA-hearts cut. Sample analyses were performed by
A. H. Larch and W. H, Nelson (G. C.), J. T. Hildebrend (Elemental),
L. C. D'Esposito and J. E. Richardson (I.R.)
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2. Umberger, P. R., Memorandum, “Ethyleneamines, Analyses of Higher
Ethyleneamines Sent to Mellon Institute for Toxicology
Studies™, File No. 26894, October &, 1979,
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TABLE !

FLEMENTAL ANALYSES®

Analysis (Wt. %)

L "
46.68 13.25
47.13 13.14
46.12 13.13
49,72 12.61
$3.16 12.20

Theoretical Wt. %

Sample Reference ]
DETA-HP 1 PRU-72 £0.86
DETA-Comm ! PRU-S0 29.84
DETA-Heurts cut 1 PRU-47 40.0%
TETA-Linear 99CAG-84-28 37.97
TEPA-Hearts cut 103CAG-25-5 35.14

N
DETA 0. N
TETA-Linear 38.32

C H

46.53 12.76

49.28 12.40

TEPA is a complex mixture so theoretical L, H, N analyses cannot bde

calculated.

*Performed by J. T. Hildebrand

NOTEBOOK REFERENCE:

1 PRU and
S PRY
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TABLE 11

GAS CHROMATOGRAPH ANALYSES OF DETF SAMPLES (AREA X)

DETA-HP DETA-Comm DETA-Hearts Cut
1 PRU-72 1 PRU-50 1 PRU-47
Method \ 2 1 2 ] 2
Component (X)
EDA 0.21 - 0.34 - Trace
DETA 948. 79 99 1R 90.75 92.74 100 9Q.97
AEP 1.00 0.82 8.9 7.26 Trace 0.03
Y = Derivative Method See Appendix D.
2 = 3(M Column See Appendix E.
NOTEBOOK REFERENCE: S PRU



Rfest T

s
]
H

Ju4

LA

Ry

~

e TR SRR

{
[}
i
1
'
i

d3v

— 8-

RS TR ISR SRR NS NN S

CHROMATOGRAM OF MBTFA DERIVATIVE OF DETA-COMM (12RU-50)

S S

——

T

{

!>

i

— i

i

1

|

'

1

e -

i

|

i

i

1

G¥YANYLS TVYNUILNI

B - - -

@--
~——

;.:.!..tlw-!!- - - “ A:I:.-:mle- , ..w —— S
. _ , ¢

t
|
!

Ll
4,
!

T T W

[PV P I VY [ N P P PN B

—D
—0

b
-




ﬂp’)ulc‘n‘i :_V_

Page 7

FIGURE &

DETA - COMM (1PRU-50) CHROMATOGRAM (30M-COLUMNM)

—

a2

00 ay

c——— ) e

A G
-

! H ! _ T o
m . i M w |
. i \ - b B . N .
i T P : : X M
1 ; ' i i i
. . I . ‘
‘ | ; . et TS B e ——
" . . g u | “ |
‘ ‘ ' i , ' “ ; ; ! .
- X A TSR AN NSNS SUUUUN SR S S NSO SN S RS SRR SIS S
M “ o _ i * |
’ : ' ' | \
. T w ! tw( Lo . ]
P! ! v130 “_ m m ! |
- - _ - PR P SO, — ||.mlo -— — ll“,, - - ;.; —--- nj ! : e !ll'd_
4 L ] M 1 - M i “
S T S N 7 A 7 B S — —— == o em—— ..*
| N | m ,
. | w « : | “ ,
— - - - - - | R —— PR N — v e s e o e S e fe e e = e — - 1
, | I V |
_. : _ J “ “ M
T V T . = : !
_ h " ' : _. ! ; i i
w R i e it T -r-!lq}lliw;llo Y
! ! |
_ I R - _T-.-..".l- R R SR
B Sttt B — _ T T _
” ' _ !




. X- tbor
FRTRMRLS SPECTRA 00 0L TA-COMN (100y.50)

PR
: i
! P
! ‘.
S
X
. ' »
, ' !

- < POAR - i - -"."'
A ’ ' N . -
, AR

e '
L LI .
[t st 0,11" N - o

Mﬂ"”" . : (- PRU-5D SO 1 L LT $EL ow

e a e B R Tl rwy,

LM
. L]

. - -~ N N Ceel e . ’ !
B R S S e '..'"f"".’ty‘”

Srno0n



Quality Assurance Unit Study Inspection Summary

Test Substance: Diethylenetriamine -- Commercial Grade

Study: 1In Vitro Mutagenesis Studies: 3-Test Battery

Study Director: R. S. Slesinsk{i

The Quality Assura.ce Unit conducted the following jaspections and
reported the results to the Study Director and to Managemernt on the dates
indicated.
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Date Type To Study Director To Management
10/31 to Final Ongoing 11/6/80 11/13/80
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SUMMARY

Diethylenetriamine-Hearts Cut (DETA-HC) was evaluated for potential
autagenic activity with a battery of three in vitro tests, which were: the
Chinese Hamster Ovary (CHO) Mutation test, the Sister Chromatid Exchange (SCE)
test and an assay for induction of Unscheduled DNA Synthesis (UDS) in rat liver
cells. The data indicated that DETA-HC did not produce a mutagenic effect

typical of known chemical autagens and it lacked significant mutagenic potential
in the three in vitro tests performed.

RESULTS AND INTERPRETATION

Selection of Test Concentrations — Previous tests on other DETA samples
indicated that a maximum concentration of 40 x 10~2% (by volume) was an
appropriate dose level which would allow survival of approximately 10Z of the

cells. In previous tests, higher concentrations of DETA killed > 99 of the
treated cells.

CHO Mutation Test - DETA-HC did not produce either statistically significant
or dose-related increases in the mutation frequency of CHO cells at any concen-
tration between 40 x 10~2% to 1.25 x 10~2% (by volume). The test in the
presence of an S9 activation system was repeated to assure the reproducibility
of the negative results in the first test and those data were also consistently
negative. DETA-HC was considered non-mutaganic to CHO cells in the present in
vitro test.

Bushy Run Research Center
A Joint Mellon Iinstitute— Union Cardide Corporation Operation
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SCE Test - DETA-HC did not produce dose-related increases in the frequency
of SCE in tests both with and without the incorporation of an S9 metabolic
activation system. Single, statistically significant increases in the SCE
frequency were produced in both tests with and without S9 activation but the
lack of a dose-related effect suggested that these results were nc. biologically
significant. DETA-HC was considered inactive in the present SCE in vitro assay.

UDS Test - DETA-HC did not produce dose-related increases in the amount of
3H-thyn1d1ne incorporation i{n tests over a range of concentrations from 10 x
1022 to 0.01 x 102 (by volume). Production of numerically elevated
levels of UDS in coaparison to the concurreat solvent control were only
marginally statistically significant and the data did not show a relationship to
the treatment dose. DETA-HC was considered inactive in the present test with
the hepatocyte test system.

Comparative Mutagenicity - The pattern of negative results produced by
DETA-HC in the 3-test battery of autagenicity assays indicated that DETA-HC was
non-mutagenic in the in vitro tests performed. The data from each of the three
cell cultcre tests were consistent in demonstrating a lack of mutagenic activity
for the DETA-HC test sample in tests both with and without a metabolic
activation system. The high degree of alkalinity of this chemical limited the
range of doses which could be employed, but the test concentrations for these
studies were considered appropriate because only a 2-fold increase generally
produced excessive cytotoxicity observed as cell death or lack of SCE staining.

One literature reference reported that DETA was positive for inducing
autations in the Salmoneila typhimurium (Ames) test (Hedenstedt, 1978).
Hovever, an active alkylating contaminant was found in the DETA sample used in
that test and no conclusion on the potential activity of pure DETA was possible
from that study.

SAMPLE
Quantity: 4 oz CHF Saaple No.: 42-449
Submitted by: D. C. Best Date Received: November 12, 1979
Division: Specialty Cheaicals Identification: Diethylenetriamine
and Plastics Hearts Cut; liquid

South Charleston, WV

Ref.: L1PRU-47

CAS#: 111-40-0

vieoull
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Diethylen. ‘riamine-Hearts Cut (DETA-HC)

In Vitro Mutagenesis Studies: 3-Test Batte:y

Sponsor: Union Carbide Corporation

* & & A X

OBJECTIVE

The purpose of this study was to evaluate the potential of DETA-HC to induce
genetic damage in mammalian cells at the gene, chromosome and/or DNA (deoxyribo-
nucleic acid) level of molecular organization. A battery of three in vitro,
short-term tests which detect each of these genetic endpoints was employed to
evaluate DETA-HC for potential mutagenic activity. A gencral description of the
theoretical basis for each of these tests is presented in Appendices I, II and
II1I attached to this report.

SAMPLE CHARACTERISTICS

A typical, commercial sample of DETA-HC was received for testing on November
12, 1979. The physical and chemical characteristics of this chemical available
from the Toxicnlogy Data Bank or Material Safety Data Sheet, are attached to
this report in Appendix IV.

Additional analytical data on the sample received for testing was obtained
from P. R. Umberger, UCC, S. Charleston, WV (Appendix V - pertinent data
attached to the coaplete report). Two different analytical methods were used:
with a derivative method, the percentage by weight of DETA was essentially 100%,
vith traces of ethylenedismine (EDA) and N-(2-aminoethyl)piperazine (AEP); with
a second method using a column of 102 CARBOWAX 30 M on 750 Chromosorb 60/80
mesh, the area ¥ of DETA was 99.97X with 0.03Z AEP (Data in Table II, Appendix
Iv).

METHODS

A description of the technical procedures used in the CHO test, the SCE test
and the UDS assay are presented in greater detail in Appendices I, II and III,
respectively (attached to the complete report). Testing was performed in com-
pliance with Standard Operating Procedures used for these tests at the Bushy Run
Research Center and deviations from procedures are noted in the individual test
results. Diethylenetriamine-Hearts Cut is abbreviated DETA-HC in this report.

1. CHO Test (Detailed procedures in Appendix I): SOP #7.2.44; 7.2.5; 7.2.11

A. Dose Selection - Data obtained from testing DETA-High Purity for cytotoxi-
city in an earlier test (BRRC Report #43-90) were used to select the doses
of DETA-HC for testing. The earlier study on DETA-High Purity evaluated
cytotoxicity at six concentrations from 0.1% to 0.3 x 10-2g (by volume),
both in the presence and absence of a liver S9 metabolic activation system.

so0 004
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Snlection of a maximum concentration for testing depended upon an estimate
of dose levels which would permit survival of approximately 10 of the
treated cells. Sterile vater was used as the solvent and solvent control;
glass~distilled dimethylsulfoxide (DMSO) was used as the negative control.

To siaplify tables and to allow comparisons between different tests,
concentrations of DETA-HC in the following sections of the report are given
in teras of volume percentages x 102 to eliminate zeros in the lower
concentiration values (eg., 0.0001X = 0.0l x 1072%).

Mutation ~ CHO cells were exposed for 5 hours to seven concentrations of
DETA-HC both with and without the addition of an S9 metabolic activation
system. Only the top five concentrations which allowed sufficient cell
survival are typically assessed for survival and induction of mutants.
Dilutions of DETA-HC for testing were prepared by either direct addition of
various aliquots of the test agent into the cell culture media or by making
sequential one-half dilutions in sterile H70 from the stock solution for
the highest dose level. The surviving fraction was determined at 20 to 24
hours after treatment and the autant fraction was determined after a 7-to
9-day period to allow "expression” of the amutant phenotype. The percentage
of cells surviving the treatment, the frequencies of autant colonies and the
number of mutants/106 viable cells are presented in tabular form. The

test with an S9 wmetabolic activation system was repeated with five concen-
trations of DETA-HC to assure the reproducibilfity of the DETA-HC data in
consideration of the relatively low values obtained with the DMN positive
coatrol.

SCE Test (Detailed procedures in Appendix II): SOP #7.2.12A

Production of SCE's following exposure to various concentrations of
DETA-HC was studied in CHO cells both with and without the incorporation of
an S9 setabolic activation system. Selection of dose levels which would
perait survival of approximately 50X of the treated cells was based on the
prescreening test for cytotoxicity performed as part of the CHO Mutation
test. Dilutions of DETA-HC for testing, vere prepared either by direct
addition of various aliquots into the culture medium or by making sequential
one-half dilutions in sterile H0 from the stock solution for the
highest dose level. For determination of direct mutagenic action, CHO cells
were exposed to DETA-HC and appropriaste controls for 5 hours without §9
activation. Indirect mutagenic action, requiring metabolic activation by
liver S9 homogenate, was studied with a 2-hour exposure period.
Bromodeoxyuridine (BrdU) required to differentiate between the individual
“sister” chromatids by SCE staining, was present at a concentration of 3
ug/al in the growth medium during treatmeat and during the culture period
following exposure. A total of 20 cells/dose level and 5 dose levels, with
or without metabolic sctivation, were studied. The nuaber of SCE/cell, mean
number of SCE/chromosome and the level of statistical significance of the
increases above concurrent solvent control values are presented in tabular
form.
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UDS Test (Detailed procedures in Appendix III): SOP #7.2.6; 7.2.7; 7.2.8A;

7.2.9A

Induction of primary DNA damage in rat liver cells (hepatocytes),
was studied at a minimum of six dose levels which spanned a 1000-fold range
of concentrations. Cells were treated with DETA-HC for 2 hours in culture
medium containing 3H-thynidine. hydroxyurea and appropriate dilutions of
DETA-HC prepared in DMSO. Determination of UDS activity was performed by
analyses of incorporation of 3ﬂ-thyu1dine into {solated hepatocyte
auclei or in DNA (precipitated from aliquots of the isolated nuclei) using a
Searle Analytic Model 81 or Packard Model 2650 scintillation spectrometer.
Data are presented in tabular form with an indication of the level of
statistical significance above the concurrent solvent control values.

Controls - Positive, negative and solvent controls were tested concurrently

vith the test cheaical to assure the sensitivity of the test system and con-

currence of the results to previous test performance. In the CHO and SCE
assays, dimethylaitrosamine (DMN) and ethylmethanesulfonate (EMS) were used
as positive control agents to assure the sensitivity of the test systea for
detecting indirect- and direct-acting chemicals, respectively. Deionized
wvater, sterilized by membrane filtration and glass-distilled dimethylsulf-
oxide (DMSO) were used as the solvent and negative controls, respectively.

In the UDS assay, DMN and 4-nitroquinoline oxide (4-NQO) were used as
positive controls for indirect- or direct-acting mutagens, respectively.
DMSO was used as the solvent and the solvent control.

Metabolic Activatican - S§9 liver homogenate, prepared from Arochlor 1254-

induced, Sprague-Davley male rats, was purchased from Litton Bionetics. The
S9 preparation used for the CHO test in experiment 1 contained 27.0 mg/ml
protein and had a benzo(a)pyrene hydroxylase activity of 9.97 mmol hydroxy-
benzpyrene/20 ain/ag protein, (assayed by Litton). A concentration of 1200
ug of S9 protein was added to 5 ml of culture media. In the repeat test
(experiment #2), the S9 contained 40 mg/ml protein and had a benzo(a)pyrene
hydroxylase activity of 13.93 nmol hydroxybenzpyrene 20 min/mg protein. A
concentration of 3600 ug of S9 protein was added to 5 ml of culture media.

For the SCE test, a third lot of S9 homogenate, containing 40 mg/ml
protein and a benzo(a)pyrene hydroxylase activity of 15.0 nmol hydroxybenz-
pyrene/20 min/mg protein (assayed by Litton), was used at a concentration
of 600 ug of St protein/S aml culture media.

Statistical Analyses - Data from the SCE and UDS tests were analyzed by

appropriate parametric tests following Standard Operating Procedures for
statistical analyses at the Bushy Run Research Center. Data from the CHO
test do not follow a normal distribution according to experience with
historical controls. Thus, the Student's t-test was eaployed after
transformation of :he mutation frequencies (MF) following the procedure of
Irr and Snee: (MF + 1)0'15 (Irr, J. D. and R. Snee, Proceedings of the
Cold Spring Harbor-Banbury Conference, II (1979), 263-274).

GG e06
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Rounding of data to either two decimal places or to the appropriate
aus® 't of significant figures was performed for presentation on tables.
Al. ough statistically significant decreaser in mutation indices can occur
because of cytotoxic responses, only statiscically significant increases in
responses above control values are indicated on tables for simplicity. The
degree of statistical significance is denoted by: a: 0.05 > p > 0.01, b:
0.01 > p > 0.001, or c: p < 0."1l. No superscript (or NS) indicates p >
0.05.

Raw Data Storage - Copies of the final report, statistical analyses, analy-

tical data and data used to prepare the final report are stored in the BRRC
Archives. Slides are stored in the Geneti: Toxicology slide storage area.

D
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RESULTS

SECTION I - CHO MUTATION TEST - Diethylenetriamine - Hearts Cut (DETA-HC)

A.

Test Dates — Initiated: March 11, 1980

Completed: August 1, 1980

Selection of Test Concentration (Data not shown in tables)

Data from an earlier test of DETA-High Purity (BRRC Report #43-90)
vere used to select concentrations for testing of DETA-HC. Based vpon the
survival and cytotoxicity data of this earlier study, a concentration of 40
x 10-2Y was selected as the maximum concentration for testing with and
without S9 activation.

Determination of Mutation Induction

Survival (Cytotoxicity)

Table 1 presents the cytotoxicity data for CHO cells treated with DETA-
HC i{n the presence and absence of a liver S9 metabolic activation system. A
steep dogse-response effect with the test agent was suggested from the high
degree of cytotoxicity observed for the top concentration (40 x 10‘22)
tested with or without S9 activation, in comparison to the markedly lower
cytotoxicity obtained at only one-half the top dose-level.

Mutation

Table 2 presents the data for induction of mutants by DETA-HC and
control agents. DETA-HC did not produce a dose-related increase in the
frequency of mutants/106 viable cells over the range of concentrations
tested for potential mutagenic action either with or without the presence of
an S9 metabolic activation systen.

Only the lowest concentration tested with S9 activation systea in
experiment 1 produced any autant colonies and this result was not statisti-
cally significant. The experiment with S9 was repeated to assure the nega-
tive response to DETA-HC exposure and because of the low value for the DMN
positive control. The mutation data from experiment #2, shown in Table 4,
again showed no significant response to DETA-HC or any indication of a
dose-related increase in the frequency of mutants. The test agent was
considered to be non-mutagenic to CHO cells in the present tests.

Mutation frequencies for the solvent controls for tests both with and
without S9 activation, in experiments 1 and 2, were in an acceptable and low
range based upon experience with historical control values. Mutation
frequencies obtained for the DMN positive <ontrol for both experiments
were highly statistically significant in comparison to the concurrent
Solvent Control but these values were outside the expected range of
variability observed in historical control data.

66U u(3
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D. Deviations from Standard Procedures - Due to the alkalinity of the test
chemical, the cell culture flasks were equilibrated with 10% CO, and
sealed to help neutralize the alkalinization of the media by the test
cheaical.

E. Conclusions

DETA-HC was consistently inactive as a mutagenic agent for CHO cells
vhen evaluated for mutagenicity with or without sn S9 metabolic activation
system over a l6-fold range of concentrations. The production of mutants by
DETA-HC was not statistically significant from the concurrent solvent con-
trol and all values were within the expected variation in mutant frequencies
observed in historical control data.

SECTION II - SCE TEST - Diethylenetriamine - Hearts Cut (DETA-HC)

A. Test Dates - Initiated: March 31, 1980
Completed: June 16, 1980

B. Selection of Test Concentrations

A maximum concentration of 20 x 1022 of DETA-HC was chosen as the
top dose level for testing with or without $9 activation based on
cytotoxicity data from the CHO autation test. Higher concentrations were
expected to produce delays in the mitotic cycle and to decrease the number
of cells with SCE staining. A 16-fold range of concentrations from 20 x
10-2% to 1.25 x 10-2% vas tested in SCE experiment #1 without S9
sctivation. An identical range of concentrations of DETA-HC was tested in
SCE experiment £#2 with S9 activation.

C. Determinations of SCE Induction

1. The data for SCE induction in CHO cells treated without metabclic acti-
vation using various dose levels of DETA-HC and with positive, negative or
solvent control agents are summarized in Table 5. DETA-HC did not produce &
dose-related effect on the SCE frequency in this test. Only one concentra-
tion groduced a atatistically significant increase in the SCE frequency (10
x 1072%). Because toth the highest dose-level (20 x 1072%) and all
lower concentrations did not produce significant responses, this single sta-
tistically significant value was considered to be a random event, without
probable biological significaunce. The test without S9 activation was con-

sidered a negative indication of potential direct autagenic action of
DETA-HC.

Induction of SCE by the concurrent EMS positive control was highly
statistically significant from the concurrent solvent control and these data
indicated an appropriate sensitivity of the test system comparable to our
historical positive control data. The numbers of SCE obtained with the
H70 solvent and DMSO controls were also in an acceptable range of values
included in the variadbility encountered in our historical control values for
this test.

it aG9
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SCE values obtained from treatments of CHO cells with DETA-HC in the
presence of an S9 metabolic activation system are presented in Table 6.
DETA-HC did not produce a dose~related effect on the SCE frequency in this
test. Only one statistically significant increase in the SCE values was
produced by the 1.25 x 10-2% concentration, the lowest concentration
tested. Because no other concentration produced a significant response the
test results were considered to be negative and consistent with the findings
in the test without addition of S9 (Table S5S). DETA-HC was considered
inactive as a mutagenic agent in the {nductfon of SCE in vitro.

Although the negative control, DMSO, was statistically different from
the concurrent control (Table 6), it was not outside the 95% confidence
interval of the historical control data. The indication of a statistical
difference of the DMSO data in comparison to the concurrent solvent control
wvas cousidered a chance event without biological significance. A highly
statistically significant increase in the numbers of SCE was produced by the
two concentrations of the DMN positive control. This result indicated that
the metabolic activation system was functioning in an appropriate manner.

Deviations from Standard Procedures

Becaure of the cytotoxicity of the liver S9 homogenate, cells treated
with the test agent ana S9 were incubated for a total of 38 to 42 hours
before harvesting cells and preparation of chromosomes for SCE slides. This
extended growth period circumvented the cell division delay induced by
the liver homogenate. Two concentrations of DMN were tested to assure the
activity of the aetabolic activation systea.

Due to the alkalinity of the test cheaical, the flasks were
equilibrated with 102 CO2 and sealed to help neutralize the pH of the
aedia. Colcemid® at a concentration of 0.1 ug/ml was used rather than
colchicine to increase the number of cells in mitosis. Media purchased froa
K. C. Biological Co. rather than from Grand Island Biological Co. was used.
A concentration of 0.075X trypsin, rather than 0.05% as stated in the
current SOP, was used to improve cell dissociation.

Conclusions

DETA~HC did not produce either statistically significant or dose-
related increases in the mutation of CHO cells in tests over a 16-fold range
of concentrations both with and without addition of an active S9, metabolic
activation system. The test agent was considered to be inactive in the
present in vitro assay.

Uuouvi v
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SECTION III - UDS TEST - Diethylenetriamine - Hearts Cut (DETA-HC)

A.

B.

C.

Test Dates -~ Initiated: April 2, 1980

Completed: May 12, 1980

Selection of Test Concentrations

Standard procedures were followed and DETA-HC was tested over a 3-log
range of concentrations from 10 x 10-2% to 0.01 x 10~2% by volume. The
naximus doge-level was selected in consideration of the cytotoxicity data
obtained in the CHO Mutation test, which indicated that higher values would
result in excessive cell killing. These dose-levels were considered to be
appropriate for testing because uptake and incorporation of 3H-thynid1ne
into hepatocytes are generally even more sensitive to chemical effects than
survival measurements with CHO cells (in which cytotoxicity is measured
after a 24-hr recovery period following treatment).

Deteruination of UDS Induction

Nuclear-Bound Radioactive Label (Data in Table 7)

Data for "unscheduled” incorporation of 3H-thymidice into nuclei of
hepatocytes exposed to DETA-HC or to appropriate positive and negative
controls are presented in Table 7. :

In hepatocytes treated with DETA-HC, only one concentration (0.3 x
10‘22) produced a statistically significant increase f{n the amounts
of 3H—thyn1d1ne incorporation. The single statistically significant value
at 0.3 x 10~2% DETA-HC was considered to have limited biological
significance because there was no indication of a dose-related effect of
DETA-HC treatments. DETA-HC was considered to be non-mutagenic in the
present test.

Both of the positive control agents, NQO and DMN, induced numerically
elevated increases in UDS over values obtained with the solvent coatrol.
With both positive controls a moderate increase in the amount of UDS in
relation to the concentration indicated the respousiveness of the test
system with measurements using nuclei. Although only the highest doses of
DMN or NQO produced statistically significant increagses above the concurrent
solvent control, all concentrations produced numerical increases above the
solvent control indicative of a positive response.

DNA-Bound Radioactive Label (Data in Table 8)

Analyses of DMA, from aliquots of hepatocyte nuclei{ used for the UDS
studies presented on Table 7, were performed as a second assessument of
“unscheduled”™ incorporation of radiocactive thymidine. Values for
radiocactivity incorporated into the DNA of these hepatocyte nuclei are
presented in Table 8.
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Two concentrations of DETA-HC, 0.3 x 10~2% and 0.01 x 10-2% pro-
duced statistically significant increases in UDS above the solvent control.
These same two concentrations also produced similar quantitative increases
in UDS in measuresents of 3H-thy-1dine incorporated into nuclei (Table 7).
However, neither method of measurement of UDS indicated that PITA-HC pro-
duced either highly statistically significant or dose-related increases in
UDS. Thus, the responses were considered to be without bisiogical signiffi-

cance and DETA-HC was ccnsidered to be inactive ia the hepatocyte test
systea.

The positive control agents NQO and DMN both induced numerically
elevated levels of UDS at all dose~levels and highly statistically signifi-
cant levels of UDS at the top concentrations tested. The lack of a statisti-
cally significant response at the two lower dose-levels may suggest that the
present test was either insufficiently responsive to detect low levelsg of
activity or that an insufficient dose of each positive control was employed.
The test was considered acceptable based on the highly significant responses
produced by the top dose-levels of each posit ve control agent.

Deviations from Standard Procedures - None

Conclusion

DETA-HC did not stimulate significantly the incorporation of
3H—thyu1d1ne in cells treated over a 1000-fold range of test concentra-
tions. DETA-HC was considered inactive in the present tests with
hepatocytes.
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Table 1
Chinese Hamster Ovary (CHO) Mutation Assay:
Determination of Toxic Effects of Chemical Treatment During 5 Hr Mutation Induction Period
Experiment #1

EETS = o e e

Total # Total # ) 4 X of Solvent
Test Cheaicals Colonies Cells Plated Survival Control

Without S9 Activation

[Diethylenetriamine-Hearts Cut] (X, v/v)

40.0 x 10~2 TOXIC - -
20.0 x 102 393 400 98.2 98.0
10.0 x 10~2 410 400 102.5 102.2
5.0 x 1072 427 400 106.8 106.5
2.5 x 102 398 400 99.5 99.3
1.25 x 10™2 421 400 105.2 105.0
Controls
H20 Solvent (20 ul/ml) 401 400 100.2 -
DMSO (20 ul/ml) 403 400 100.8 100.5
EMS (200 ug/ml) 333 400 83.2 83.0

Wich S9 Activation

[Diethylenetriamine-Hearts Cut] (X, v/v)

40.0 x 102 102 400 25.5 29.0
20.0 x 102 391 400 97.8 111.1
10.0 x 1072 417 400 " 104.2 118.5
5.0 x 10~2 422 400 105.5 119.9
2.5 x 102 443 400 110.8 125.9
Controls
H20 Solvent (20 ul/ml) 352 400 88.0 -
DMSO (20 ul/ml) 484 400 121.0 137.5
DMN (3700 ug/ml) 259 400 64.8 73.6

Abbreviations: Hy0 - water; S9 - liver homogenate; DMSO - dimethylsulfoxide
EMS ~ ethylmethanesulfonate; DMN ~ dimethylnitrosamine

1 @8eg
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Table 2
Chinese Hamster Ovary (CHO) Mutation Assay:
Results on Evaluation of Mutant Induction by Diethylenetriamine - Hearts Cut
Experiment #1

o Plating Efficiency Mutation Induction
Total # 1
Test Chemicals Total # Total # Viable Mutant Total # Mutaats
Colonies Cells Plated Fraction Colonies Cells Plated 10° Viable Cells
Without S9 Activation
[Diethylenetriamine-Hearts Cut] (%, v/v)
40.0 x 102 - - TOXIC - - -
20.0 x 1072 361 400 0.902 0 1 x 106 )
10.0 x 102 378 400 0.945 ] 1 x 106 0
5.0 x 1072 604 400 1.510 ) 1 x 106 )
2.5 x 1072 390 400 0.975 0 1 x 106 0
1.25 x 10~2 479 400 1.198 0 1 x 109 0
Controls:
H20 Solvent (20 ul/ml) 447 400 1.118 0 1 x 106 0
DMSO (20 ul/ml) 504 400 1.260 ) 1 x 10 0
EMS (200 ug/ml) 398 400 0.995 62 1 x 106 62.3®
Wich S9 Activation
(Diethylenetriamine-Hearts Cut] X, v/v)
40.0 x 102 376 400 0.940 0 1 x 106 0
20.0 x 10~2 445 400 1.112 0 1 x 106 )
10.0 x 1072 465 400 1.162 0 1 x 106 0
5.0 x 10~2 543 400 1.358 0 1 x 106 )
2.5 x 10~2 376 400 0.940 1 1 x 106 1.1
Controls:
Hy0 Solvent (20 ul/ml) 508 400 1.270 0 1 x 106 0
DMSO (20 ul/ml) 633 400 1.582 1 1 x 106 0.6
DMN (3700 ug/nml) 294 400 0.735 33 1 x 106 44.9b
1Total # mutant colonies per 106 cells plated divided by viable fraction. E?
Statistical significance above solvent control: b: 0.01 > p > 0.001. o?‘
~. No superscript indicates p > 0.05. Data analyzed by Student's t-test. i
ol ”~
.;‘1 Abbreviations: N0 - water; 5-9 - liver homogeuate; DMSO - dimethylsulfoxide; EMS - ethylmethanesulfonate; z
C DMN - dimethylnitrosamine. 4
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Table 3

Chinese Hamster Ovary (CHO) Mutation Assay:
Determination of Toxic Effects of Chemical Treatment During 5 Hr Mutation Induction Period
. Experiment #2

P
Total # Total # 4 X2 of Solwvent
Test Chemicals Colonies Cells Plated Survival Control
With S9 Activation
(Diethylenetriamine-Hearts Cut) (X, v/v)
40.0 x 1072 - TOXIC - -
20.0 x 10-2 247 400 61.8 110.3
10.0 x 10-2 219 400 54.8 97.8
5.0 x 10-2 220 400 55.0 98.2
2.5 x 10-2 258 400 64.5 115.2
1.25 x 102 228 400 57.0 101.8
Controls
H,0 - Solvent (20 ul/ml) 224 400 56.0 -
DMSO - (20 ul/ml) 172 400 43.0 76.8
DMN - (3700 ug/al) 105 400 26.2 46.9

Abbreviations: Hy0 - water; S9 - liver homogenate; DMSO - dimethylsulfoxide
EMS - ethylmethanesulfonate; DMN - dimethlnitrosamine
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Table 4
Chinese Hamster Ovary (CHO) Mutation Assay:
Results on Evaluation of Mutant Induction by Diethylenetriamine - Hearts Cut
Experiment #2

| Plntlng;ifficiency | Mutation Induction
Total # N
Test Cheaicals Total # Total # Viable Mutant Total # Mutants
Colonies Cells Plated Fraction Colonies Cells Plated 10° viable Cells

With S9 Activation

[Diethylenetriamine-Hearts Cut] (X, v/v)

40.0 x 1072
20.0 x 10~2
10.0 x 10-2
5.0 x 10~2
2.5 x 1072
1.25 x 102

Controls:

H20 Solvent (20 ul/ml)
DMSO (20 ul/ml)

DMN (3700 ug/ml)

- - : TOXI1C - - -
308 400 0.770 2 1 x 106 2.6
488 400 1.220 4 1 x 106 3.3
322 400 0.805 1 1 x 106 1.2
458 400 1.145 4 1 x 106 3.5
333 400 0.832 2 1 x 106 2.4
338 400 0.845 2 1 x 106 2.4
461 400 1.152 2 1 x 106 1.7
279 400 0.698 kY 1 x 106 44 .4b

1Total # mutant colonies per 106 cells plated divided by viable fraction.
Statistical significance from solvent control: b: 0.01 > p > 0.001.
No superscript indicates p > 0.05. Data analyzed by Students t-test.

Abbreviations: H70 - water; S-9 - liver homogenate; DMSO - dimethylsulfoxide; EMS - ethylmethanesulfonate;
DMN - dimethylnitrosamine.
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Sister Chromatid Exchange (SCE) Assay:
Induction of SCE's by Diethylenetriamine-Hearts Cut Without S9 Metabolic Activation

Table 5

S Hour Treatment

A
Total # Total # Mean Number Significance
of of SCE/Chromo- Above Solvent
Test Chemicals Chromosomes SCE SCE/Celll some?2 + S.D. Control3
Tblethylenetrianine-Fearts Cut] (X, v/Vv)
20.0 x 1072 390 304 15.20 0.779 + 0.261 NS
10.0 x 1072 400 340 17.00 0.851 + 0.235 b
5.0 x 1072 392 270 13.50 0.693 ¥ 0.203 NS
2.5 x 1072 391 254 12.70 0.648 ¥ 0.184 NS
1.25 x 10-2 397 257 12.85 0.640 + 0.277 NS
Controls
H20 (5 ul/ml) - Solvent 394 249 12.45 0.633 + 0.203 -
DMSO (S5 ul/ml) 405 187 9.35 0.462 + 0.160 NS
EMS (100 ug/ml) 390 574 28.70 1.472 + 0.487 c
1'l‘\ienty cells examined per dose level.
2Mean value of SCE/chromosome determined from the values of the individual cells examined.
Istacistical significance above solvent control: 0.01 >p> 0.001; c: p < 0.001
NS: p > 0.05.
Abbreviations: Hy0 - water; S9 - liver homogenate; DMSO - dimethylsulfoxide;
EMS - ethylmethanesulfonate; S.D. - standard deviation
EE
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Table 6

Sister Chromatid Exchange (SCE) Assay:
Induction of SCE's by Diethylenetriamine - Hearts Cut With S9 Metabolic Activation

2 Hour Treatament

N¢ron

Total # Total # Mean Number Significance
of of SCE/Chromo- Above Solvent
Test Chemicals Chromosomes SCE SCE/Ce11l someZ + S.D. Control3
TDiethylenetriamine-Hearts Cut] (X, v/ V)
20.0 x 10-2 388 179 8.95 0.462 + 0.139 NS
10.0 x 102 394 183 9.15 0.467 ¥ 0.120 NS
5.0 x 10" 394 170 8.50 0.433 + 0.139 NS
2.5 x 1072 364 156 7.80 0.427 + 0.160 NS
1.25 x 1072 384 192 9.60 0.504 ¥ 0.147 a
Controls
H20 (5 ul/ml) - Solvent 383 147 7.35 0.384 + 0.166 -
DMSO (5 ul/al) 378 191 9.55 0.510 + 0.179 a
DMN (600 ug/ml) 390 830 41.50 2.110 + 0.692 c
DMN (800 ug/ml) 391 1043 52.15 2.661 + 0.725 ¢
lTuenty cells examineu per dose level.
2Mean value of SCE/chromosome determined from the values of the individual cells examined.
3statistical significance above solvent control: 0.05 > p > 0.01; ¢: p < 0.001;
NS: p > 0.05.
Abbreviations: Hp0 - water; S9 - liver howogenate; DMSO - dimethylsulfoxide;
DMN - Dimethylnitrosamine; S.D. - standard deviation
o
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Nuclear-bound label:

hepatocytes.

was done in quadruplicate.

Table 7

Unacheduled DNA Synthesis in Hepatocytes from Rat Liver

all DPM values are calculated from nuclei per 106 viable
Each average is calculated from duplicate samples, except for DMSO which

Padioactivity X of Solvent Significance
in Nuclei Control Above Solvent
Test Chemical Concentration Avg. DPM + S.D. + S.D. Controll
Solvent - DMSO 2.0% 3195 + 679 100.0% + Z1. -
Positive Controls:
4 - NQO ug/ml 7950 + 1662 248.8% + 52.0% c
ug/ml 3925 + 1291 122.8% + 40.4X NS
ug/ml 4369 + 1321 136.7% + 41.42 NS
DMN ug/ml 5341 + 59 167.2% + 1.92 a
ug/ml 4066 + 317 127.3 + 9.9 NS
ug/ml 3850 + 617 120.5% + 19.3% NS
Test Chemical:
[Diethylenetrismine-Hearts Cut]) 10-2x 2855 + 1195 89.4% + 37.4% NS
(X, v/v) 10-22 3787 ¥ 584 118.5% ¥ 18.32 NS
10-22 2877 ¥ 116 90.1% ¥ 3.6X NS
x 10-21 4987 + 69 156.1% ¥ 2.2% s
x 10-2% 3087 + 411 96.6% ¥ 12.9% NS
.01 x 1072% 4608 ¥ 130 144.22 F 4.12 NS
l1Statistical significance above solvent control: a: 0.05 > p > 0.01; c: p < 0.001; NS: p > 0.05.
Data analyzed by Duncan's Multiple Range Analysis.

-- Abbreviations: DMSO - dimethylsulfoxide; 4-NQ0 - 4-nitroquinoline oxide; DMN - dimethylnitrosarine;

2 DPM ~ disintegrations per minute; 3.D. - standard deviation E
@
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Table 8
Unscheduled DNA Synthesis in Hepatocytes from Rat Liver

DNA-bound label: all DPM values are calculated from DNA precipitated per 106 viable
hepatocytes. Each average is calculated from duplicate samples, except for DMSO which
vas done in quadruplicate.

Radioactivity Z of Solvent Significance
in DNA Control Above Solvent
Test Chemical Concentration Avg. DPM + S.D. + 8.D. Controll
Solvent - DMSO 2.0% 2907 + 524 100.0% + 18.0% -
Positive Controls:
4 - NQO 3.0 ug/ml 9035 + 1461 310.8% + 50.22 c
1.0 ug/ml 4270 ¥ 1440 146.9% + 49.5% NS
0.3 ug/al 4424 + 930 152.2% + 32.0X NS
DMN 1000 ug/ml 5225 + 389 179.7% + 13.4% b
300 ug/ml 4356 + 610 149.8 + 21.0 NS
100 ug/ml 3769 ¥ 1047 129.6% + 36.0% NS
Test Chemical:
[Diethylenetriamine-Hearts Cut] 10 x 1072 2433 + 840 83.7 + 28.9% NS
(X, v/v) 3 x 10722 3688 + 769 126.8% + 26.5% NS
1 x 1072 2487 + 206 85.52 + 7.1 NS
0.3 x 10722 4777 ¥ 307 164.3% + 10.5% a
0.1 x 102 3032 + 239 104.3% + 8.2% NS
0.01 x 102X 4554 + 206 156.6% + 7.12 a

lstatistical significance above solvent control: a: 0.05 > p > 0.01; b: 0.01 > p > 0.001; c: p < 0.001;
NS: p > 0.05.

Data analyzed by Duncan's Multiple Range analysis. oF
%3
(]
Abbreviations: DMSO - dimethylsulfoxide; 4-NQO - 4-nitroquinoline oxide; DMN - dimethylnitrosamine; o
DPM - disintegrations per minute; S.D. - standard deviation e
w
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APPENDIX I

Chinese Haaster Ovary (CHO) Mutation Assay

Theoretical Basis

Mutation is a heritable alteration in a cell in which a gene specifying the
genetic code for a specific protein is msodified in structure and/or function.
Mutations, induced by cheaical or physical agents, of the HGPRT (hypoxanthine-
quanine phosphoribosyltransferase) gene aay be detected by the growth of
colonies of "autant”.cells wvhich are resistant to the purine analogs
6-thioguanine (TG) or 8-azaguanine. Normal cells contain a functional HGPRT
enzyae which phosphorylates TG and allows its incorporation into DNA causing the
cells to die. Mutant cells with a noan-functional HGPRT erzyae are unable to
phosphorylate or incorporate TG, thus survive and grow in its presence.

The 'CHO autation test is an assay which detects “forward autations” froa
TG-sensitivity to TG-resistance caused by a direct loss of the activity of the
HGPRT enzyme (HGPRT* + HGPRT"). An assessaent of the ability of several
hundred agents to cause gene autations in vitro indicates that the CGHO autation
assay provides a reasouable estiaate of the potential genetic activity of the
test chezical.

Methods

Cell Culture Procedures: CHO cells used in these studies were obtained froa
Abrahaa Hsie at Osk Ridge National Laboratory with the designation CHO-K1-BH4-D1
(or siaply CBO for report purposes). Cells are maintained in active growth by
subculturing 2 to 3 times/week in antibiotic-free, Haa's Modified F12 Mediua
suppleaented with 10Z (v/v) heat-inactivated, fetal bovine sera (F12-10), and
lacking in hypoxanthine. For treataent of cells without aetabolic activatiom,
F12 sediua with 350 units/al of penicillin, S0 ug/al streptoaycin and 5X (v/v) of
dislyzed bovine serua (F12-DS) i{s used. For treatasnts incorporating aa S9
aatabolic activation systea, identical asediua, but without serua, is eaployed.
For deteraination of sutant frequencies, F12-D5 aediua containing 2.0 ug/al TG
(6-thioguanine) is used as a "selective mediua.” Call nuabars are deterained
routinely with a Coulter Model F electronic cell counter which i{s standardized
periodically with a pre-counted suspension of latex beads. Presence of
Mycoplasaa cell contaainants is deterained by s aicroscopic fluorescence assay
eaploying Hoechst 33258 dye. All culture procedures and treataents with test
cheaicals are performed under aseptic conditions in a laainar-flow, biohazard
hood .

Positive and Kegative Controls: Sterile watar or glass-distilled dimethyl-
sulfoxide (DM30) are the usual solvents for test cheaicals and the respective
solvent is tested as a countrel at the maxiamua concentration used to add the test
agent. Dimsthylnitrosaaine (DMN) or ethylsethanes :l1founate (EMS) are used as
positive contrcl autagens for tests with or without an S9 metabolic activation
systea, raspectively. Mucation frequencies obtained with concurrent positive
and negative controls are used as the basis for aonitoring the sensitivity and
stability of the CHO autation test systea. Coaparison of concurent control
values with historical controls is used to delineate the range of acceptable
variations in the test systea.

”~

vl



Appendix I
Page 2 of S

Metabolic Activation: Rat liver, S9 homogenate prepared from Arochlor-1254
iniced §E.43ue-0auley. male rats i{s purchased from Litton Bionetics,
Kensington, MD. Each lot of liver homogenate is prescreened for metabolic
capability to activate DMN in our laboratory before use {in the tescing program.
The complete S9 metabolic activation systea contains the following: 8 umoles/ml
MgCly, 33 umoles/ml KC1l, 5 umoles/ml glucose-6-phosphate, 4 umoles/ml
NADP-oxidized (nicotinamide adenine dinucleotide phosphate), 100 umoles/ml
NasHPO4, and between 500 to 4000 ug/al of S9 protein (depending on metabolic
activity); a volume of 1.0 ml of the complete mixture of the above reagents is
sdded to each 4.0 al of culture mediua.

Dose Selection: Toxicity of the test chemical i{s determined prior to
assessaent of autagenic potential to select doses which produce a maximum of 80
to 90% cell killing. Cytotoxicity is detera.ned by either of the following two
sethods:

(1) Clonal assay - 200 to 400 CHO cells are exposed to a minimum of five dose
levels of the test agent at concentrations from 0.1Z to 3 x 1042 (by
weight or volume, as appropriate) with and without the presence of a
matabolic activation system. The anumber of cells vhich survive the
treataent is determined by counting the oumber of colonies produced after a
7= to 8-day incubation period (37°C) in comparison with the colonies formed
by cells traated only with appropriste concentrations of solvent (generally
20 uvl/al).

(2) Growth Inhibition - 5 x 105 cells in 25 cm? culture flasks are treated
for 5 hours with a ainigum of five test concentrations both with and
without S9 metabolic activation. Following treatment the cells are rinsed,
fresh F12-DS medium {s added and the flasks are incubated for an additional
18 to 24 hours. Cytotoxicity is deterained by coaparing the relative
ousber of cells in control (untreated cells) and in cells treated with
various concentrati.is of the test agent.

If no cytooxicity {s evident at the highest concentrations in the
cytotoxicity tests, the test is either repeated at higher concentrations, or
autation testing is performed with a greater number of treatment flasks starting
ar higher dose 'evels. If marked toxicity {s evident even at the lowest dose,
the cytotoxicity test is repeated at a concentration range of 3x10°% to
3x10™° percent by weicsht or volume, as appropriate.

Dose levels which are moderately toxic but permit survival of at least 10 to
20Z of the cells, in comparison to the solvent control, are selected as the
saxiaum dose, and at least four additional one-half dilutions are tested for
induction of autatious. If cytotoxicity data are equivocal, a total of 5 to 8
one-half dilutions of the selected, maximum concentration are used to treat
cells; but only the highest five concentrations which perait survival of a
sufficient number of cells are assessed for autation induction.
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Chemical saaples are sterilized by membrane filtration when microbiological
tests indicate this {s required to assure sterility. Liquid test agents are
tested on a percentage by volume basis. Solid chemicals are dissolved in an
appropriate solvent by making a 10 to 20X stock solution (by weight) and
subsequent dilutions are made from this stock on a volume/volume basis.

Treatment with Test Chemicals: For tests of chemicals which may act
directly without incorporatioan of an S9 metabolic activation systeam, 5x109
cells are fnoculated 20 to 24 hours prior to treatment {nto 25 cal culture
flasks containing F12-D5 medium and incubated at 37°C in a S to 6% CO
atmosphere. Appropriate concentrations of the test agent or coantrol cheamicals
are added to the cells and cultures are treated for 5 hr at 37°C. The aedium
and test agents are reacved by suction, cells are rinsed once or twice and fresh
F12-DS cedium {s added. The cells are allowed a period of 20 to 24 hours of
recovery from trestment before survival is determined. Treataent of cells for
testing of chemicals which require metabolic activation for mutagenic capacity
is performed i{dentically with the procedure above, with the exception that Fl2
mediuva withcut serua and containing 1.0 ml of S9 activation mixture per 4.0 ml
of sediua {s eaployed.

Determination of Cytotoxicity: The relative survival of treated cells, in
comparison to solvent coutrols, is determined one day after the exposure to the
test sgents. The level of cytotoxicity is often correlated with the autation °
frequencies induced by known chemical autagens. Thus, excesasive cytotoxicity
may kill both normal cells and mutants and may depress the actusl mutation fre-
quancies; insufficient cytotoxicity way indiceste an insufficient concentration
of the test agent was employed. The colony-forming potential of 100 to 200
treated cells i{s used as the mesasure of treatment-induced cytotoxicity.

Survival values which indicate the cytotoxic effects of the test agents are
{ncluded in reports in tabular form. Statistical analyses are not performed on
these data, since they are only useful to assess vhether appropriate doses were
eaployed and are not used to calculate autation frequencies.

Deternination of Mutant Induction: On days 1, 3 and 6 (or alternatively 1,
4 and 6) after treatment with the various test agents, approximately 5x109
cells are subcultured in 100 mm tissue culture dishes in F12-DS sed{um and
incubated at 37°C in a S to 6% CO; atmosphere. After a total of 7 days to
allow "expression” of the autant phenotype, cells are dissociated with 0.0S5 to
0.0752 trypsin, counted aund plated at a concentration of 2.5x 103/dish 1a four
culture dishes (1x 105 total cells) which each contain 5 al of F12-DS (TG)
selective medium. At this time, cells are diluted and 100 cells/dish are added
to four culture plates coutaining F12-DS mediua (without TG) to assess viability
(plating efficiency) of the treated cell population and to determine the
surviving fraction. All cultures are then incubated for an additional 6 to 8
days to allow growth of cells; medium is then discarded ani colonies are fixed
and stained for counting. The oumber of colonies in selection plates and in the
viability test are counted by electronic methods, checked by manual counts and
data are recorded both as total autants, autants/106 total cells and
sutants/106 viable cells.
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Statistical Analyses: Uniform statistical procedures to evaluate in vitro
autation dats have not been developed. The distribution of mutation frequencies
from historical controls i{n at least two laboratories indicates that the fre-
quency distribution and variances encountered do not justify the use of para-
setric analyses unless data i{s transformed before application of standard para-
setric tests. Analysis of autation frequencies in the CHO test follow the pro-
cedure of Irr and Snee (Reference 4) which employs the Box-Cox Transformation
(Reference 5) to transform data before parametric analyses. The mutation fre-
qusncy for each plate is increased by 1.0 (to eliminate zeros) and raised to the
0.15 power. Experience with historical negative control data {n our laboratory
indicates that a normal probability distribution of the data suitable for para-
oetric analyses is achieved by this transformation. Parametric analysis of mu-
tation data by the Student's t-test is performed with the transformed data. The
degree of statistical significance for the mutation values are indicative of a
difference from the concurrent solvent control, but these statistical indicators
aust be viewed conservatively until additional historical control data are
available.

Interpretation of Data: The criteria for interpretation of the test results
as 8 positive or negative response depend upon both the level of statistical
significance from the concurrent control and the evidence of a dose-respounse
following treatment. When a definite dose-response relationship is not evident
but one or more marginally significant values are obtained, a careful examina~-
tion of the data from the concurrent positive and negative controls and compari-
sons to historical control data are used to evaluate the possible significance
of the responses. Historical :zoatrol data indicate that a spontaneous amutation
frequency in CHO cells of spproximately 4 to S mutants/106 viable cells, with
a range of 0 to 25 mutants/106 viable cells, can be obtained in the absence of
autagenic treatment. Statistical comparisons asgainst unusually high or low
spontaneous coatrols are subjectively scrutinized in respect to the above
variasbility.
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APPENDIX II

Deteraination of Sister Chroaatid Exchange (SCE) Frequencies
in Chinese Haaster Ovary (CHO) Calls In Vitro

Theoretical Basis

Exctanges of genetic aaterial between the individual arms of a chromosoae
(L.e. sister chromatids) are thought to arise froa breakage and physical inter-
changes in the DNA of a cell during cell division. An increase in the frequency
of such interchanges between sister chroaatids can be observed {n cells treated
vith physical or cheaical autagenic agents, or in cells exposed to wany suspect
or proven husan carcinogens. Thus, analysis of SCE frequencies in cells treated
vith a test agent has been suggested as a sensitive screening test for potential
autagenic/carcinogenic cheaicals.

The aethod used in our study to visualize SCE's in CHO cells grown in cul-
ture is based on the procedure descridbed by Perry and WonfX (1974). A standard
councentration of 3.0 ug/al of broaodeoxyuridine (BrdU) was used in the growth
@aediua to allow a visuslization of SCE's after two cell divisions in the pre-
sence of BrdU. Staining of chromosomes with 5.0 ug/al of 33258-Hoechst fluore~-
scent dye, exposure to light and Gieasa staining was used to differentiate
chroastids for SCE analysis.

Methods

Call Culture Procedures: Chinese haamster ovary (CHO) cells ¢ re obtained
from Abraham Hsie at Oak Ridge National Laboratory with the designation CHO-Kl-
BE4~Dl (referred to siaply as CHO for report purposes). CHO cells are aaintain-
ed in active growth by 2 to 3 weekly subcultures into fresh antibiotic-free,
Haa's F12 (modified) aediua fortified with 10Z (v/v) of heat-inactivated fetal
bovine serua and lacking hypoxanthine and thyaidine. Cell concentrstions are
deterained routinely with a Coulter® Model-F electrouic cell counter calibrated
with s precounted suspension of latex beads. All cell culture procedures prior
to final hsrvesting of cells for chroacsome preparations are perforaed under
sseptic conditions in a laaminar flow, biohazard hood. Presence of Mycoplasaa
cell contaminants is determined using a fluorescent aicroscopic assay eaploying
Hoechst 33258 dye.

For treataents with test cheaifcals without S9 astabolic activation, modified
F12 aediua is used with 50 units/al of penicillin, SO ug/al streptoaycin and 5%
(v/v) of heat-inactivated, dialyzed fetal bovine serua (F12-DS). Ildentical
aediua but without serum is used for treatasents incorporating an S9 aetabolic
activation systea.

Pogsitive and Negative Controls: Sterile water or glass-distilled diamethyl
sulfoxide (DMSD) ares the usual solvents used for test cheaicals and the
respective solvent is tested as & coutrol at the aaxiaua concent:'ation used to
add the test agent. Dimethylnitrosaaine (DMN) and ethylaethanesulfonate (EMS)
are used as positive control autagens for tests with or without the additiom of
an $9 astabolic activation system, respectively. Rezults froa treataents with
cogcurrent control sgents are used as & basis of coaparisoun aud for
desonstrating the sensitivity and stability of the SCE test aystea. Coaparison
of concurrent coutrol values with historical countrols {s used to delineate ‘Che
range of acceptable variations iun the test systea.
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Metabolic Activation: Rat liver S9 homogenate (prepared froa Arochlor 1254
induced, Sprague-Dawley, male rats) is purchased froa Litton Bionetics,
Kensington, MD. Each lot of liver homogenate i{s prescreened for activiry in our
laboratory before use in the testing program. The complete S9 metabolic
activation systea contains the following: 8 umoles/al MgCljy, 33 umoies/al
KCl, 5 uaoles/al KCl, S umoles/al glucose-6-phosphate, 4 umoles/ai NADP-oxidized
fora (nicotinaaide adenine dinucleotide phosphate), 1CO umoles/al NaoHPO,
and between 500 to 4000 ug/al of S9 protein (depending on aetabolic activity).

A volume of 1.0 al of the complete mixture of the above reagents is added to
each 4.0 al of culture aediua.

Dose Selection: Toxicity of the test chemical is determined prior to
assessaent of autagenic potential to select doses which produce a aaxiaua of 80

to 90 cell killing. Cytotoxicity is determined by either of the following two
aethods as part of the CHO autation testing procedure:

(1) Clonal assay - 200 to 400 CHO cells are exposed to a ainimua of five dose
levels of the test agent at concentrations froa 0.1% to 3 x 104X (by
wveight or volume, as appropriate) with and without the presence of a
aetabolic activation systea. The nuaber of cells which survive the
treataent is deterained by counting the nuaber of colonies produced after a
7= to 8-~day incubation period (37°C) in coaparison with the colonies foraed
by cells treceted only with appropriate concentrations of solvent (generally
20 ul/al).

(2) Growth Inhibition = S x 107 cells in 25 ca? culture flasks are treated
for 5 hours with a ainiaua of five test conceatrations both with and
wvithout S9 metabolic activation. Followinz treataent the cells are rinsed,
fresh F12-DS aediua is added and the flasks are incubated for an additional
18 to 24 hours. Cytotoxicity is determined by coaparing the relative
nuaber of cells in control (untreated ce.'s) and in cells treated with
various concentracions of the test agent.

If no cytotoxicity is evident at the highest concentratious in the
cytotoxicity tests, the test {s either repeated at higher concentrations, or
autation testlag is performed with & greater nuaber of treatment flasks starting
at higher dos« levels. If sarked toxicity i{s evident even at the lowest dose,
the cgtotoxici:y test i{s repeated at & councentration range of 3x10~% o
3x10°° percent by volune.

Dose levels which are moderately toxic but permit survival of at least 40 to
502 of the cells, in coaparison to the solvent control, ars selected as the
aaximua dose, and it lesast four additional one-half dilutions are tested for
induction of autations. If cytotoxicity data are equivocal, a total of § to 8
one~half dilutions of the selected, aaxizua concentration are used to treat
cells; but only the highest five concentrations which perait survival of a
sufficient nuaber of aitctic cells wicth SCE staining, are evaluated for SCE
{induction.

Cheaical saaples are sterilized by aembrane filtration when aicrobiological
tests indicate this is required to assure sterility. Liquid test agents are
tested on a percentage by volume basis. Solid cheaicals are dissolved {n an
appropriate solvent by 2aking a 10 to 20Z scock solution (by weight) and
subsequen: dilutions are aade froa this stock on a voluse/volume basis. Ui{,. .

I
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Treataent With Test Cheaicals: Testing of cheaicals for direct autagenic
action (without SY setabolic activation) is perforaed first. For cheaicals wich
clearly positive autagenic capabilities by direct action, testing with ametabolic
sctivation {s generally not perforaed.

For testing direct acting cheaicals for SCE induction, between 1l to 2 x
106 cells are plated into 75 ca? culture flasks in F12-D5 aedium at least 20
hrs prior to treataent and incubated at 37°C in a S to 62 CO, atmosphere.
Appropriate concentrations of the test ageant or control cheaicals are added to
the cells and 3 ug/al BrdU i{s added to all flasks. Cells are treated with test
agents for 5 hrs, aedia is then removed by suction, cells are rinsed with
buffered, physiological salt solution and fresh mediua containing 3 ug/ml BrdU
is added for at least 24 hrs of additional {ncubation st 37°C to allow two
rounds of cell division. Cells are harvested and chromosoaes are prepared for
SCE staining.

Treataent of cells for testing of chemicals which require aetabolic
activation for autagenic effectiveness is performed siailarly as for treataments
without activation, except for three amodifications:

1. Before treataent with the test agents, F12-D5 mediua {s reamoved and F12
aediua without serua is added.

2. S9 aetabolic activation aixture is added to each flask (iancluding
solvent and positive controls) bdefore addition of test gzents.

3. Cealls are treated for a total of 2 hrs (rather than S hrs) and then
{incubated for 38 to 42 additional hours before harvest for chroaosoame
preparation.

Preparation of Chromosomes: Colceaid® (0.l ug/al) or Colchicine (0.2 ug/al)
{s 53335 to culture flasks | to 2 hrs prior to harvesting to arrest cells i{n
aitosis. Calls are then removed froa flasks, after a brief incubation with
0.01X DIFCO trypsin, suspended in 0.075M KCl1 (hypotoanic) solution and incubated
for 1S to 20 ain at 37°C. Calls are centrifuged, fixed with 3 or 4 changes of
Carnoy's fixative (3:1 aethsanol acetic acid) and chromosome spreads are prepared
froa cells suspended in s saall volumse of fixative. One slide/dose level is
prepared, but fixed cells are saved if needed for preparation of additional
slides.

Chromosoaes are stained for SCE's by treatment with 5.0 ug/al of Hoechst
33258 dye for 20 ain, rinsed in distilled water, inmersed in Sorenson's buffer
and exposed to a high intensity sunlaap {.r 15 to 30 ain., as required.
Irradiated chroacsomes are stained in Gurr's gieasa (diluted 1:25 with water),
rinsed in water and dried before apolication of coverslips.

Examination of SCE's: All slides are coded and read in a blind fashion
without indication of the specific treataent or concentration of the test agent.
The unuaber of chromosoaes and the number of SCE's in a ainiaum of 15 cells are
recorded for each dose level. The aean nuaber of SCE/cell and SCE/chroacsoae
are calculated and recorded. Slides are decoded only after examination of all
slides in the experiasent has been completed.

o
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Statistical Analyses: Data are analyzed by appropriate parasetric stat.sti-
cal procedures which follow BRRC standard operating procedures for analyses of

data. Significance values and the statistical test employed are shown for data
suanarized in tabular foram.

Interpretation of Data: The criteria for evaluation of a positive or nega-~
tive response depend both on the level of statistical significance and subjec-
tive analyses of concurrent and historical control data. The key determinant is
vhether a dose-dependent increase in SCE's is induced by the test agent. When
no clear dose-response relationship is evident and when one or more responses of
aarginal statistical significance are obtained, a careful examination of the
data in comparison to the concurrent controls and historical data base is neces-
sary. Testing may be repeated to clarify unusual responses, if data for the
concurrent positive or negative controls suggest a defect in the original ex-
perinent. Overall assessuent will also rely on corroborating data froa the
other tests in the testing battery. Clearly positive responses will include any
of the following: (i) Doubling in the SCE frequency at & siniaum of two of the
five concentrations tested; (ii) Statistically significant responses of p < 0.05
at three concentrations or at 2 concentrations if p < 0.01; (1if) Induction of a
statistically significant, dose-related increase in the number of SCE.

General References

1. Perry, P. and S. Wolff. New giemsa method for differential staining of
sister chromatids. Nature, 251 (1974), 156-158.

2. Latt, S. A., J. W. Allen, W. E. Bogers and L. A. Juergens. In vitro and in
vivo analysis of sister chromatid exchange formation. pp 275~ in
Bandbook of Mutagenicity Test Procedures, ed. Kilbey, 3. J., et al
Elsevier Publ. Co. (1979). .

3. Carrano, A. V., L. H. Thompson, P. A. Lindl and J. L. Minkler. 3ister
chromatid exchange as an indicator of autagenesis. Nature, 271, Z[§7§),

4. Galloway, S. M. and S. Wolff. The relation betwhen chemically induced
sister-chromatid exchanges and chromatid breakage. Mutation Res., ﬁ,

S. Snedecor, G. W. and W. G. Cochran. Statistical Methods, 6th Ed., Iowa State
Univ. Press, imes, Iowa (1967).
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APPENCIX III

Unscheduled DNA Synthesis (UDS) in Hepatocytes from Rat Liver

Theoretical Basis

Cheaicals may interact with both the cellular components and the genetic
asterial of a cell (e.g. DNA and RNA) because of their electrophilic nature or
by conversion {into reactive electrophiles by the metabolic enzymes of the cell.
Damsge to the DNA of a cell can result in cell death, autation or, theoreti-
cally, carcinogenic transformation. Studies of agents which are capable of
reacting and damaging the cellular DNA have suggested that such methods wmay be
ugseful ss a sensitive screening test for detecting potential mutagenic/
carcinogenic chemical properties.

Detection of the relatively small amounts of DNA damage induced by chemical
treatment requires a cellular systea in which normal, seai-:onservative DNA rep-
lication, which occurs during cell division, is inhibited. The system eaployed
for the present study uses a suspension culture of primary hepatocyte cells iso-
lated from rat liver according to the general methods cf Seglen (1973) and
Williams (1976). Hepatocytes do not normally divide in the minimal culture me-
dium employed and stimulation of “unscheduled” incorporation of radiocactive DNA
precursors can be detected by scintillation spectrometry. The stimulation of
incorporation of tritiated thymidine into both purified hepatocyte nuclei{ and
DNA is used as the indicator of chemically induced DNA damage. The amount of
unscheduled DNA synthesis (UDS) following treatment is coampared with both con-
current positive and negative controls as well as with historical data for
similar tests.

Methods

Preparation of Hepatocyte Suspensions: Hilltop-Wistar albino rats are
anesthetized with Hnta;tnciks. The abdoainal cavity is surgically exposed and
1250 units of heparin is injected intravenously. A catheter is inserted into
the portal vein snd wera Hanks Balanced Salt Solution (HBSS) is pumped into the
vein and through the liver. This first solution contains heparin and EGTA,
(ethylene glycol-bis-(beta-sminoethyl-ether)N,N-tetracetic acid], which
preferentially chelates calcium; the solution contains no magnesiuam or calciuam.
After the liver is blanched, a second solution of HBSS containing 60 units/ml of
collagenase is perfused. This solutlon is pumped through the liver until the
liver {s digested. The liver i{s then removed and the cells are freed in cold
sediua 199 by combing through the lobes with a sterile metal comb. The cell
suspension {s passed through two aylon meshes to remove cell clumps and the
cells are washed once at low centrifugation speed. After resuspension in medium
199, equal volumes of cells and 0.4% trypan blue are .ixed together and the cell
viability and number of viable cells per al is determined aicroscopically.

Preincubation of Hepatocytes: Approximately 2 x 106 viable hepatocytes
are added to -5 al medium 199 containing 10 aM hydroxyurea sand 30 mM Hepes
(N-2-hydroxyethyl piperazine-N-2 ethane sulfonic acid) buffer. After the cells
are dispeused into the tubes, they are placed on a rocker platform and are
incubacted at 37°C for 1 hour. Although hepatocytes do not normally divide in
culturs, sedium 199 vhich lacks serum and contaias hydroxyurea is used to
further block semi{-coaservative DNA synthesis. Thus, any radinactive thymidine
incorporated into the nuclei is expected to result from repair or unscheduled
DMA synthesis.
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Selection of Doses of Test Chemical: Initially, the following concentra~
tions x 10-3% (Dy volume) are tested: 10¢, 30, 10, 3, 1, and 0.1. 1If these
concentrations prove to be cytotoxic, or {if additional {nformation is available
froa other in vitro tests as to the proper dose levels, then an appropriate
series of concentrations is used over a 3-log range of concentrations.

Treataent of Hepatocytes: After preincubation, 25 microCuries of tritisted
thynidine (20 Euries?niIfinole) is added to each tube. The test chemical and
positive controls are diluted in an appropriate solvent and they are then added
to each labeled tube. Generally, at least six concentrations of the test
cheaical over a 3-log range of concentrations are tested and each concentration
is run in duplicate. The tubes are returned to the rocker platform for a 2-hour
exposure at 37°C.

Positive and Negative Controls: &-nitroquinoline oxide (NQO), a direct-
aczing autagen, which induces UV-type DNA repair and dimethylnitrosaaine (DMN),
vhich requires ametabolic activation by microsomal enzymes for asctivity, are run
in duplicate as positive control chemicals. The solvent coatrol is run in
quadruplicate and consists of 100 to 150 aicroliters (concentration specified in
individual reports) of the solvent used to dilute the saaple. Dimethyl-
sulfoxide (DMSO) or water are the usual solvents for test cheaicals.

Harvest: At the end of incubaticn with the test agentr, the c2lls are
centrifuged froa the medium at 200 x g at 5S°C. The cells are rinsed once in $
al of cold cmedium 199 and are resuspended i{n 0.25% Tritoan X-100, S% citric ascid
and 3 aM MgCly, a lysing solution which liberates the nuclei. The nuclei are
rinsed once in this solution and resuspended in 0.25 M sucrose, 2.5% citric acid
and 3 aM MgCly. The nuclei are then centrifuged at 600 x g for 10 ain at 5°C
and resuspended in 2 al of the lysing solution.

Deteraination of Nuclear-Bound Label: To measure the amount of radiocactive
thym{dine incorporated iato the nuclei, 0.25 ml of the anuclear suspension is
aixed with 1.0 ag of NCS ctissue solubilizer in a scintillation vial. Ten ml of
Dimilume® scintillation cocktail is added and the radiocactive disintegrations
per ainute (DPM) are determined by counting twice in a scintillation counter for
ten minutes. The aessured DPM are then used to calculate the DPM/106 viable
hepatocytes presented on tables.

Deteraination of DNA-Bound Label: The amount of radiocactive thyaidine in-
corporated into DNA {s quantitated in DNA isolac~d and precipitated from 1.00 to
1.25 x 105 viable hepatocytes. To 1.25 ml of the nuclear suspension, 2.75 al
of 1% sodiua dodecyl sulfate (SDS) and S aM Ethylenediaminetetraacetic Acid
(EDTA) i{s added to lyse the muclei. The DNA is precipitated from this solution
with & al of ice-cold 102 trichloroacetic acid (TCA) and the ssmple tubes are
incubated at 0°C for at least 30 ainutes. The solution is then poured onto
Whatman glass fiber filters under vacuum and the tubes and filters are washed
tvice with cold SX TCA. PFinally, each filter {s rinsed once with methanol,
dried and placed in a scintillation vial. The filters are incubated at 50°C for
1 hour with 1 al of & diluted solution of NCS tissue solubilizer; prepared by
adding 1 part solubilizer to 2 parts of Dimilume® cocktail. Dimilume® is then
added to each vial and the vials are counted twice in a scintillation counter
for ten minutes.
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Stacistical Analysis: The average DPM is calculated for each dose level
and the controls and final results are expressed as DPM/106 viable
hepatocytes. Data are also expressed as a percent of the solvent coantrol for
purpores of comparison. The original data are statistically analyzed by the
appropriate parametric test, following the BRRC standard procedures for
statistical analyses acd the test(s) employed is indicated on the respective
tables. Comparison between the mean for each dose level with the 95% confidence
limits of the historical solvent control aay also be used in some cases to
assess the potential biological significance of the data. Testing may be
repeated to clarify unusual respcnses, if data with the concurrent controls
suggest & defect in the original experiment.

Interpretation of Results: The classification of a cheaical as a positive,
active agent depends upon the production of a statistically significant,
dose-related increase in the samount of UDS activity. If a definite
dose-response relationship is not evident, or vhen a few increases with marginal
statistical significance are obtaired, coaparison of the responses to historical
control data provides s meaningful assessment of the possibility for randoa
variations vhich may be statistically significant only {n relation to the
concurrent control. A key determinant of the reliability of the UDS data is the
detection of s similar respcnse with both DNA and isolated nuclei determined at
two cr three consecutive concentrations.
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APPENDIX IV

The available information from the Toxicology Data Bank or from “Material Safety
Data Sheets” for this product specify the following chemical and physical
characteristics:

Chenical Name: Diethylenetriamine
Trade Name and/or Synonyas: Bis-(2-aminoethyl)amine
Molecular Weight: 103.17

Formula: HyNCH CHoNHCH, CHoNH
Specific Gravity (W 20°C): 0.9542

Boiling Point: _

Solubility {n H70 (X by wt):

206.9°C (760 om Hg)
Complete at 20°C

Purity:

99.97%, minimum (see comments in
additional analytical section)

Vapor Pressure (@ 20°C):

<1 am Hg

pB: Not available

Flash Point: 210'Flfggg closed cup
Stability: Stable
Incompatibility: Avoid acids

Appearances and Odor:

Water-white liquid; mild ammoniacal
odor

Disposal:

Incineration

Protective Measures:

Do not get on skin, eyes or clothing. Use rubber

gloves, mechanical ventilation or local exhaust
when handling. Avoid prolounged breathing of vapor
or coantact with skin. Safety goggles, organic
vapor mask and rubber apron are recommended. Small
spills should be flushed with large quantities of

water.
Health Hazard: Harmful if {nhaled; skin and eye contact causges
burns. DETA-HC is a sensitizer which wmay cause
skin rash. Prolonged and repeated breathing of
DETA-HC will be irritating and may cause an
astma-like conditifon. 1In case of contact, flush
with large volumes of water for 15 ainutes followed
by soap and water. Remove contaminated clothing
and wash before wearing again.

a4l e3y
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BUSINESS CONFIDENTIAL MEMORANDUM

ETHYLENEAMINES

PRESHIPMENT ANALYSES OF HIGHER ETHYLENEAMINES
SENT TO MELLON INSTITUTE FOR TOXICOLOGY STUDIES

oaTE& Morch 14, 1980

AUTHORS P. R. Umberger
PROJECT N0 142A40
SUPERVISOR: D. C. Best FILE no. 27479
SUMMARY This memorandum documents the preshipment analyses of

the following ethyleneamines recently sent to Mellon
Institute for toxicology studfies. '

Diethylenetriamine-high purity (DETA-HP)
Diethylenetriamine-commercial (DETA-Comm)
Retiet ——> Diethylenetriamine-(DETA) - Hearts Cut 4&— #)pRU-H7T
SlchbnS*%“k Triethylenetetramine (TETA) - Linear

ﬂcpf*4;‘A“JFU Tetraethylenepentamine (TEPA) - Hearts Cut
o+ .

The high purity and commercial DETA are Union Carbide
commercial products while the other samples were prepared in the
laboratory from commercial products.

Over the next two years these materials will be used in
either mouse skin painting, pharmacokinetics or mutagenicity tests.
Elemental, gas chromatograph and infrared analyses were run on the
samples as part of a continuing Unfon Carbide support program in
accordance with the study protocols. The commercial DETA for the
skin-painting studies will be returned to the Technical Center after
6, 12 and 24 months to provide storage stability data.

INTROODUCTION UCC inftiated a program to determine the toxi-

cological properties of the ethyleneamines. While
the studies on ethylenediamine are sponsored by an intra-industry
group - UCC, Dow Jefferson and Berol Kemi- the studies on the higher
ethyleneamines are funded solely by UCC.

The preshipment analyses of these ethyleneamines previously
shipped to Mellon have been reported: (1,2)

RESEARCH AND DEVELOPMENT DEPARTMENT
CHEMICALS AND PLAITICS
UNION CARSIOE CORPORATION
SOUTH CHARLESTON, WEST VIRGHIA
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Ethylenediamine (EDA)
Diethylenetriamine-high purity (DETA-HP)
N-Aminoethylethanolamine (AEEA)
N-(2-Aminoethyl) piperazine (AEP)
Triethylenetetramine (TETA)
Tetraethylenepentamine (TEPA)

Polyamine HPA ¢2

HPA #2 Sludge

Analytical data on the materials shipped to Mellon recently
are supplied in this report.

ODISCUSSION A1l of the amines shipped to Mellon were either pre-

pared from materials produced, or produced via the
reaction of aqueous ammonia with ethylenedichloride in UCC's
commercifal facilities - efther Taft or Texas City.. The DETA-HP for
the pharmacokinetics study and the DETA-Comm are commercial
products, while the DETA-hearts cut, TETA-linear and TEPA-hearts cut
were prepared in the laboratory. (See Appendices A, B8 and C for
preparation procedures.)

The elemental analyses of the samples are given in Table I,
together with theoretical C, H, N values for DETA and TETA-linear.
Tables Il and IlI show the results of gas chromatographic analyses;
the scans are in Figures 1-8. Unfortunately, no single method
exists to analyze all the ethyleneamines, so three different methods
were used: two to analyze the DETA samples and a third to
characterize TETA and TEPA.

The first method used to analyze DETA fnvolves derivati-
zation of the amines with N-methyl-bis (trifluoroacetamide) and is a
semi-quantitative method for the major component present. However,
the necessary accuracy and reproducibility data required to define
the method have not been generated yet. (See Appendix D.) The
second method for DETA analysis 1s a direct method and does not _
involve derivatization; it utilizes a thermal conductivity detector
and area percent data are obtained. (See Appendix E.) If the
components of a sample have different response factors, or if the
sample contains components which do not elute from the column, the
analysis will be in error. Although the two methods give different
results, two procedures - with their attendant problems - provide
better characterization of the amines.

The gas chromatographic procedure used to characterize TETA
and TEPA s also a direct method using a thermal conductivity
detector and qives avea percent data. The column and instrument
parameters are describhed in Appendix F.

GO o3/
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Figures 9-13 are the infrared scans of the materials sent
to Mellon showing the typical bands expected for the ethylaneamines.

FUTURE WORK The DETA-Comm for the skin-painting studies is to

be shipped back to the Techiical Center from Mellon
for re-analysis at the 6, 18 and final (24) month of testing. Addi-
tional quantities of the materials are being stored for 36 months at
the Technical Center.

ACKNOWLEDGEMENT C. A. Gibson and A. H. Larch prepared the TETA-

linear and TEPA-hearts cut and Jane Montgomery
distilled the DETA-hearts cut. Sample analyses were performed by
A. H. Larch and W. H, Nelson (G. C.), J. T. Hildebrand (Elemental),
L. C. D'Esposito and J. E. Richardson (I1.R.)
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1. Umberger, P, R., Memorandum, "tthyleneamines, Preshipment
Analyses of the Ethylenediamine Sent to Mellon Institute for
Toxicology Studies®, File No. 26942, October 18, 1979,

2. Umberger, P. R., Memorandum, "Ethyleneamines, Analyses of Higher
Ethyleneamines Sent to Mellon Institute for Toxicology
Studies”, File No. 26894, October &, 1979.
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Date Typed: February 15, 1980
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13 Figures
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TABLE I

ELEMENTAL ANALYSES*
Analysis (Wt. %)

Sample Reference N C - H
OETA-HP 1 PRU-72 40.87 46.68 13.25
DETA-Comm R PRU-50 39.84 47.13 13.14
DETA-Hearts cut 1 PRU-47 40.05 46.12 13.13
TETA-Linear 99CAG-84-28 37.97 89.72 12.61
TEPA-Hearts cut 103CAG6-25-5 35.14 §3.16 12.20

Theoretical Wt. %

N C H
DETA 40.71 46,53 12.76
TETA-Linear ’ 38.32 49.28 12.40

TEPA is a complex mixture so theoretical C, H, N analyses cannot be
calculated.

*Performed by J. T. Hildebrand

NOTeBOOK REFERENCE: 1 PRU and
S PRU
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TABLE 11

GAS CHROMATOGRAPH ANALYSES OF DETA SAMPLES (AREA X)

DETA-HP

1 PRU-72
Method 1 2
Component (X)
EDA 0.21 -
OETA 98.79 99.18
AEP 1.00 0.82

1 = Derivative Method

2 = 30M Column

DETA-Comm DETA-tHearts Cut
1 PRU-50 ) PRU-47

1 2 1 2
0.34 - Trace

90.75 92.74 100 99.97
8.9 7.26 Trace 0.03

See Appendix 0.

See Appendix E.

NOTEBOOK REFERENCE: S PRU
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FIGURE 6

DETA-HEARTS CUT (1PRU-~47) CHROMATOGRAM (30M COLUMN)
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APPENDIX A
ETHYLENEAMINES
PREPARATION OF DETA-HEARTS CUT (CONT)

The analyses of the starting material, head and hearts cut
and the kettle residues are given below:

Starting Head Hearts Kettle

Component Material Cut _Cut Residue
Unknown (1) 0.203 - 0.112
MEA 0.849 1.3587 0.393 2.100
Unknown (2) 0.117 - 0.210
Unknown (3) 0.150 0.178 - 0.264
AEP 1.033 2.762 0.167 2.801
DETA a7.468 95 382 99. 441 94.514
% of charge 23.53 40.33 33.80

One hundred gram of the hearts cut was shipped to Or.
R. S. H. Yang, Carnegfie Mellon Institute.

NOTEBOOK REFERENCE: 1 PRU-47



APPENDIX A
FIGURE 1
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Quality Assurance Unit Study Inspection Summary

Test Substance: Diethylenetriamine - Hearts Cut

ftudy: In Vitro Mutagenesis Studies. 3-Test Battery

Study Director: R. S. Slesinski

The Quality Assurance Unit conducted the following inspections and
reported the results to the Study Director and to Management on the dates
indicated.

Inspection Date QAU Report Issued
Date Type To Study Director To Management
12/1 to Final Ongoing 12/4/80 12/10/80

12/4/80 and Final Report

W/ éad t2/11/g80

Quality Assurance Offﬁter Date
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The metabolism and disposition of diethylenetriamine (DETA) in rats was
studied with regard to the route of administration and the dosage level. The
pharmacokinetics of the compound was studied only with respect to the route of
adninistration. Finally, a comparison of the pharmacokinetics and metabolism was
nade between DETA and ethylenedfamine (EDA).

The route of administration, oral or endotracheal, had little effect on the
distribution witnin the body or the elimination of radioactivity from the rat.
Feces and urine were the primary routes of excretion with less than 22 of the
adninistered dose being expired as 14C0,. More than 96X of the recovered
dose was eliminated within 48 hours after dosing. In comparing results from
animals receiving the compound at 500 mg per kg with those receiving it at 50 mg
per kg there vas a significant increase i{n the percentage of radioactivity
excreted in the urine and a significant decrease in that elirinaced as l‘coz
at the higher dosage level. The route of dose administration did not affect the
following pharmacokinetic parameters at the 50 nmg/kg level: bioavailability,
total clearance or terminal half-life.

A oumber of major differences were elucidated in & comparison of the meta-
bolism and pharmacokinetics of DETA and EDA. DETA was excreted through the feces
to a greater extent than EDA and degraded to 14C0; to a lesser extent.

Tissues contained one-fifth to one-twentieth the concentration of radioactivity
from DETA than from EDA when adainistered at comparable levels. These factors
may have important implications in the comparative toxicities of the two
chemicals.

Introduction

Ethylenediamine (EDA) 1is currently being {nvestigated at the Bushy Run
Research Center in a comprehensive toxicity testing program. This program con~
sists of chronic and specialized tests along with extensive metabolism and
pharmacokinetic studies. Diethylenetriamine (DETA) i{s structurally related to
EDA and is used in similar commercial applications. This compound i35 also likeiy
to be subjected to a comprehensive toxicological testing program. Metabolism and
pharmacokinetic studies have been initiated with the DETA to assist in the design
of these tests, particularly with respect to dosages to be used and routes of
adainistration. Information obtainsd in these metabolisa ard pharmacokinetic
studies will also be useful in the interpretation of results froa both the EDA
and the proposed DETA toxicology programs.

ra Y e T -~
Bushy Run Resesrch Center Uy
A Joint Metion Institute —Union Carbide Comoration Operation
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An atteupt was aade to conduct the DETA metabolism and pharmacokinetic
studies in a manner consistent with that of the EDA studies (Yang, 1978; Yang, et

al., 1981). This allowed for a more valid comparison of data obtained froa the
two chemicals.

Methods

Experimental Schedule: This study was initiated on June 17, 1980 and
experimental work was completed by July 17, 1980.

Animals: Male Fischer 344 rats obtained from the Charles R-.ver Breeding
Laboratories, Portage, Michigan facility were used exclusively in these studies.
The animals were 36 days of age upon receipt. They were held {n wire-bottom
and -front stainless steel cages, three animals per cage, for 9 to 14 days prior
to the start of each study. During this time period, the animals were provided
free access to ground feed (NIH-07 diet, Zeigler Brothers, Gardner, PA) and tap
water supplied by the Municipal Authority of Westmoreland County. Each animal
was identified using a toe-clip procedure. A randomization procedure was used to
select animals from the shipment groups prior to the initiation of each study,
i.e., material balance and pharmacokinetic studies. Some of the rats not
selected by this procedure were later used as replacements for animals which died
or were not used because of technical difficulties. The remaining culls were
sacrificed at the termination of the studies.

Test substance: Diethylenetriamine-3HCl [1,2-14C] (DETA-14C) was pre-
pared by the Midwest Research Institute, Kansas City, MO. The material was
prepared in a seven step sequence of synthetic reactions ending with the cata-
lytic decomposition of bis(2-phthalimidoethyl)amine to the final product.
Details of the synthesis can be found in the MRI final report included in
Apfendix I. The overall radioactive yield froa the starting material,

Ba 4CO3. to DETA-14C vas a disappointingly low 0.73% (2.2 millicuries of

final yield); however, this was sufficient to complete the disposition and
pharmacokinetic studies. MRI judged the purity of the final product to be
greater than or equal to 98X using a thin layer chromatography procedure. Cation
exchange chromatography of this material gave a minimum purity of 92Z. The
radiochemical was assigned BRRC sample number 43-121.

High purity DETA was obtained from P. R. Umberger, Union Carbide Corporation
under reference 1PRU-72 and assigned a BRRC sample number of 42-186. This
chemical has been assigned CAS number 111-40-0.

Dose Preparizion: DETA-14C was mixed with unlabeled DETA in physiological
saline sclution at concentrations sufficient to dose animals with the appro-
priate quantity of chemical and amount of radiocactivity. The dosing sclutions
were ad justed to pH 7.4 using hydrochloric acid or ammonium hydroxide, as
required. For the material balance study, two dosing solutions were prepared,
one for dosing animals at the 50 mg per kg level and the other for the 500 mg per
kg group. For the pharmacokinetic study, two solutions were also prepared, one
for dosing rats by the oral and endotracheal routes and the second for dosing
thea intravenously (iv). All solutions were formulated so that each animal would
receive approximately 0.25 ml total volume. Standardization wes accomplished by
weighing samples of the solutions, approximately 10 ul in volume, into 5 ml
volumetric flasks, bringing to voluse with methanol and counting aliquots of
these dilutions for radioactivicy.

~000003
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Dose Administration: All rats were dosed using the weighed syringe proce-
dure. A one ml tuberculin syringe was filled to the 0.25 al mark with the
appropriate dosing solution. The syringe and contents were weighed, the animal
dosed and che syringe reweighed. The administered dose was calculated from the
weight difference. Animals were orally dosed using a stainless steel animal
feeding needle. Endotracheal instillation was accomplished after lightly
anesthetizing the rats with Metofane®. The dose was injected into the trachea
through a small polyethylene tube. Intravenous administration was ~arried out
via tail vein injection.

Study Design: The material balance study was conducted with 16 rats: four
per dosage level and each dosage level administered by two routes of administra-
tion. Immediately after dosing, the animals were placed in all-glass Roth
metabolism cages. Air wvas dravn into the cages through Drierite® (W. A. Hammond
Drierite Co., Xenia, OH) and Ascarite® (Arthur H. Thomas Co., Philadelphia, PA)
traps Lo remove moisture and CO3. Air was drawn from the cages through two
consecutive traps, each trap containing 2-methoxyethanol and ethanolamine (7:3
v/v) to remove expired CO3. The flow rate through the system was approximately
250 ml/ain. The CO2 trapping agent was collected and sampled for radioactivity
determination at 6, 24 and 48 hours after dose administration.

Urine and feces were obtained separately, the urine chilled with dry ice upon
collection. Both were collected at 24 and 48 hours after dose adainistration
with samples of urine taken immediately for radiometric analyses. The feces were
frozen until analyses could be conducted. Also, at these same time intervals, 24
and 48 hours postdose, the cages were washed with a solution of 507 acetoue in
water and samples of the wash solution were also taken for radiometric analyses.

Forty-eight hours after dose administration the rats were anesthetized with
Metotane® and blood samples were obtained froa the abdominal aorta. After
exsanguination, selected tissues (Table 3) were removed, sampled and analyzed for
radioactivity. The remaining carcasses were solubilized in LON NaOH and samples
of this solution were also analyzed for radiosctivity.

For the pharmacokinetic study, at least six animals per dosage route were
surgically implanted with venous cannulae in the right external jugular vein one
day prior to dose administration. The surgery was carried out under Metofane®
snesthesia. Following an overnight resting period, four rats were selected on
the basis of the condition of the cannula and administered DETA. The rats were
placed in stzinless steel wire metabolism cages and blood samples (approximately
0.2 ml) were taken via the cannulae at 5, 15, 30 and 45 @inutes and at 1, 2, 3,
4, 5, 6, 8, 1C, 12, 14, 16 and 24 hours. For each blood sample collected, the
following operations were conducted: The plasma was separated from the blood
cells i{n microhematocrit capillary tubes (usually two or more capillary
tubes/sample) by centrifugation. Part of the plasma was transferred to 2 tared
l1iquid scintillation vial. The weight of the plasma was obtained and 10 ml of
Aquagol II (New Engiand Nuclear) were added to each vial for determination of
radioactivity by standard liquid scintillation counting technique.

OS]
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Analytical Methods: All radioactivity measurements were conducted using a
Searle Analytic Mark III Model 6880 liquid scintillation counter. All aqueous
saaples were counted in liquid scintillation vials containing 10 ml of Aquasole®
(Rew England Nuclear Corp., Boston, MA). One ml sanples of cage washing solu-
tions, column eluates and a 0.1 ul sample of urine were all counted in this
countiag solution. One ml samples of the CO, trapping agent and a ten-fold
dilution of the solubilized carcass solution were counted in a solution
consisting of 2-methoxyethanol, dioxane and xylene (1:1:1, v/v/v) which contaired
187 g of naphthalene, 140 g of PPO (2,5-diphenyloxazole) and 1.17 g of POPOP
(2,2-p~Phenylenebis-(5-phenyloxazole)].

Samples of feces and tissues were analyzed {n a manner similar to that
described by Yang et al., (1978). This procedure consisted of solubilizing
approximately 50 mg of material with one al of Soluene 3500 (Packard Instrumenc
Co., Downers Grove, IL) in a liquid scintillation counting vial. After standing
overnight at 60°C, 0.2 ml of 30% HyOy was added to each vial and they were
again left to stand overnight. The following morning 10 ml of Dimilume 308
(Packard Instrument Co., Downers Grove, IL) were added to each vial prior to
counting.

Chromatographic Methods: A psper chromatography procedure (modification of
Markiw, 1 was employed for the separation of DETA from other radiolabeled
compounds in the plasma. The procedure consisted of banding 10 ul samples of
plasaa on What n #4 paper strips (2 or 4 ca in width by 20 ca in length) and
developing them ascendingly in a solvent systea of n-butanol, acetic acid and
vater (4:1:1, v/v) for two hours. The developed strips were cut into 1 cm
segments starting 0.5 cm below the origin and extending to the solvent fromt.
Generally 15 sections were obtained from each strip. The radioactivity in each
secticn vas determined by liquid scintillation couanting. In this system, DETA
migrated up the strip with an Rf value of approximately 0.8. EDA has an Rf value
in the same system of approximately 0.2. The percentage of total radio-
activity present as DETA wvas lower in plasas obtained at the later times after
dosing. This was expected as metabolite concentrations would presumably be
higher in these samples. It vas also noted that radicactivity in these samplesg
wvas spread over a wider area of the paper strip. In fact, in some strips no DETA
could be detected. These factors led to a greater error in estimating DETA
concentrations in plasma at these later time intervals.

Separation of radiolabeled coapounds excreted ia urine was carried out using
cation exchange chromatography. AG-50-X8 (400 mesh or less) cation exchange
resin (BioRad Laboratories, Richmond, CA) in the ammoniuz form was used to
achieve these separations. Ammonium chloride solutions were used as the eluting
agents. Concentration gradients of these solutions were produced in an apparatus
identical to that described by Knask et al., (1965). This apparatus consisted of
two graduated cylinders connacted at their bases with glass tubing. A stopcock
placed in the tubing served to control flow of fluid between the two cylinders.

4 magnetic stirring bar vas used to aix the resulting gradient solution of
susonium chloride formed by allowing the higl. concentration solution to flow from
the second cylinder into the first (which coantained ammonium chloride at the
lower concentration). This gradient mixture vas pumped onto the resin

- 000008,
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column. The gradients consisted of 300 ml of each solution in the following
pairs: O.01IN to 0.10N and 0.1O0N to 1.0N ammoniuam chloride adjusted to pH 9.0
wvith efther NH4OH or HCl as required. The column was cleared with 500 ml of 2N
ammonium chloride solution to complete the chromatograms. Following the 2N
elution, at least 500 ml of defonized water and 200 al of 0.01N ammonium chloride
were run through the column prior to the next separation. Ten al fractions of
the column eluent were collected and one ml samples of the first 10 fractions and
every other fraction thereafter were analyzed for radioactivity. Results of the
radioactivity determinations were plotted as percentages of applied radiocactivity
against fraction numbers. The column eluent from fractions under the
radioactivity peaks in the chromatogram was collected and samples from the
resulting pools were analyzed for radioactivity. The percentage of radioactivity
in the different chromatogram peaks was determined in this manner.

Anion exchange chromatography was carried out in a manner analogous to that
described above with the exception that AG-1-X4 resin in the acetate form was
used to achieve geparations. Also, in this case, the elution gradients consist-
ed of 0.0LN to O.10N and 0.1N to 1.0N ammonium acetate adjusted to pH 7.0. Only
300 ml of the final 2N ammonium acetate solution was used to clear the columns.

Calculations: Most calculations used in converting original data into
zeaningful information were conducted using Minftab programs (Ryan et al., 1976)
faplemented on Carnegie-Mellon University's DEC 20 Computer. Subtraction of
background radiocactivity from sample radiocactivity and conversion of counts per
minute (cpa) to disintegrations per minute (dpm) is an integral part of the
Searle Mark III liquid scintillation counter's operation. Other values were
determined by the following equations:

1. Total dpa (T).

T = net dpa per unit weight (or volume) x total weight (or volume) of
material analyzed.

2. Percentage of dosed radioactivity (PDR).
PDR = (total dpm {n fraction analyzed +dpm dosed) x 100.

3. Radfoactivity concentration in dosing solutions (dpa/mg dosing solution).
dpa/ag dosing solution = (dpm in aliquot dosing solution std. x dilution
factor) + mg dosing solution in std.

4. Specific activity DETA (dpm/ug DETA).
dpa/ug DETA = dpm/mg dosing solution + ug DETA/mg dosing solution.

5. Radioactivity equivalent to ug's of DETA per g (or ml) sample (ug/g).
ug/g = net dpm per unit weight of sample # specific activity of DETA.

Curve fitting of the pharmacokinetic data was carried out both by hand
feathering 2nd by use of the ESTF I[P curve fitting computer program {Brown and
Manno, 1978). Only data from the ESTRIP analysis were used for final
caiculations. Area under the curve (AUC) was obtained from the program output

',\"(,
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and calculated by the trapezoidal rule. This value was corrected to take into
account that area from the final sample point to infinity by adding the following
correction factor (CF):

6. CF = DETA plasaa concentration of final point ; terminal rate constant

to the AUC value given by the program. Bioavaiiability (BA) was calculated from
the following equation:

7. BA =3| AUC(endotracheal or oral) *:I AUC(gv) -

Mean AUC values for dosage route groups were used in this calculation. Total
clesrance (TC) was calculated for individual animals using the Sollowing
equation:

8. TC = (fraction absorbed x total dose in ug) +:| AUC:
vhere fraction absorbed is equivalent to BA.

Finally, the termminal half-life was calculated by equation 9.
9, Terminal 1/2 life = 0.693 ; terminal rate constant.

Statistical Procedures: Where possible a two way analysis of variance was
used to analyze data using dosage route and dosage level as the two aain effects.
In the case of pharmacokinetics, a one-wvay analysis of variance (dosage routes
being the main effect) was used to analyze the data. The Minicab program was
utilized for the two way analyses while the Statistical Package for Social
Sciences (SPSS) was used for the one-way analysee (Nie et al., 1975). Bartiett's
test for homogeneity of variance was used to determine the validity of these
approaches. If the variances were heterogeneous (using the fiducial limit of
0.01) Cochran's t-test was eaployed to test differences between treatment (dosage
route, dosage level) measns. Multiple regression analysis (Minitab) was used to
analyze radioactivity concentrations over all tissue types. Dosage route, dosage
level and tissve type were used as factors in this analysis.

Storage of Data: All raw data, specimens and final report are stored in
the BRRC archives.

Results

Material Balance Study: Tablec 1l containe a summary of rat weights and mean
dosages of DETA and radioactivity administered to these animals. Details for
individual rats are found in Appendix II. The animal weights ranged from 161 g
to 220 g. The dosage level goals for this study were 50 snd 500 ag per kg body
weight and {t can be seen from Tsble 1 that dosage levels attained were {n close
agreement with these targets. DETA administered at these levels by either the
oral or eadotracheal routes did not produce noticeable signs of toxicity. Ome
animael , rat number 313, did succumb to suffocation as a result of s tlock in the
air supply to the Roth metabolism cage. No data for this animal ir included in
the report. This animal was replaced with rat number 308 which came from the
same shipment as the rest of the animals in the study and was administered DETA
from the same dosing solution and in an identicsal mauner as the other animals {in
this treatment group.

gy,
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A summary of the radioactivity balance is found in Table 2. Appendix III
contains the radioacti{vity balance for individual rats. Fecsl excretion was the
s jor route of excretion followed closely by elimination through the urine. Only
a small percentage of the administered radiocactivity was recovered as l‘coz
or was retained in the tissues and carcass 48 hours post-dose. No significant
differences in the percentages of radioactivity excreted in the urine, feces or
COp were observed between animals dosed by the oral route and those dosed
endotracheally. There was significantly msore radiocactivity retained {n the
carcass of the endotracheally dosed animals. The magnitude of this difference
vas small, 0.6X, and probably has little biological significance. There was a
significantly greater recovery of administered radfoactivity in the animals
receiving the 500 ug per kg dosage level. This higher recovery is more likely
the result of error i{in the standardization of the dosing solution than it is of a
dosage level related effect. The percent recovery ranged from 792 to 104% for
individual animals. : The animals receiving the 500 mg per kg dosage level
excreted a significantly higher percentage of dosed radicactivity in the urine
than did the groups receiving the lower dosage level, 41X and 32X, respectively.
In coutrast, a significantly greater percentage of the dose was eliminated as
1‘002 ia the group receiving 50 mg per kg, 1.2X as compared to 0.5%, and
retained in the tissues and carcass, 2.5% as compared to 2.0%.

The mean concentrations of radioactivity found in various tissues 48 hours
post-dose are listed by dosage level and route of adainistration in Table 3. The
values in this table are expressed as radioactivity equivalent to micrograms of
DETA per gram of wet tisgsue. This method of exprassion is rnot meant to imply
that the values given are actual concentrations of DETA {n these tissues. In
actuality, the radioactivity could be present as metsholites; moieties bound to
proteins, nucleic acids or other macromolecules or even natural body constituents
arisiog from the fixation of 1‘coz. These values do, hovever, give a
relative meaning to the radiocactivity concentrations {in that they represent the
actual mass of DETA from which this radioactivity originated.

Analysis of all tissue data by multiple regression techniques indicated that
concentrations of radifoactivity in tissues of animals receiving the chemical at
500 mg per kg were significantly higher than in animals receiving {t at the lower
level. The acan concentration for all tissues was 7.5 times higher in the
animals receiving DETA at the higher dosage level. This {s slightly lower than
the 10-fold difference in dosage level administered. Multiple regression
analysis gave no indication that route of adainistration had any effect on tissue
concentrations of radiozctivity. Further examination of radioactivity
concentrations in lung and trachea tissues gave no indication of an increcse in
those animals receiving the dose endotracheally. Similarly, examination of
esophagus and stomach tissue gave no indication of fncreased radiocactivity
concentrations in orally dosed animals. This suggests that there is no direct
tissue fixation reaction with this trisaine.

The percentage of urinary radioactivity recovered in fractions obtained by
cation exchange chromatography are found in Table 4. The data are arranged by
route of administration and dosage level. Similar data for individual
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animals are vecorded in Appendix IV. The chromatograms of radiocactivity from the
urine of {ndividual animals are found in Appendix V. The radiocactivity in the
urine was eluted from the columns in three smajor fractions. These fractions have
been designated CVy, CVy, and CV34; the C representing cation exchange, the

V representing the volume of eluting solution given in column volume (subscripted
nuaber) representing the number of column wvolumes of eluting solution in which
the fraction appearad. The percentage of radioactivity recovered in s minor
fraction, CVg, which was observed in most urine samples is also included in
Table 4. Another fraction designated CVyj was observed in a number of urine
samples but had chromatographic characteristics similar to a minor impurity in
the labeled DETA preparation. Data for this fraction does not appear in Table 4
nor are data presented for a number of other minor fractions which did not
demonstrate consistant patterns among the urine samples. The cation exchange
column used in these separations was able to resolve DETA from EDA, the former
eluting with 36 and the latter with 29 column volumes of eluting solution. There
vas no evidence that EDA was present in the urines of the DETA treated animals.

The percentage of radioactivity recovered in fractions CVy and CVy was
significaatly higher in the 50 ag per kg group while, conversely, the percentage
in fraction CVjg was significantly higher in the 500 mg per kg group. The
percentage of radioactivity recovered in fraction CVg was too small tr be
seaningful with regard to group differences in a study of this size. A
comparison between the rats receiving DETA by the oral route and those receiving
it by the endotracheal route revealed no significant differences in the
percentage of radioactivity recovered in the major fractions.

A 24-hour fecal homogenate from one rat in each dosage group was also sub-
jected to cation exchange chromatography. These chromatograms are found in
Appendix VI. In the animals receiving DETA at 50 ag per kg the majority of
radiocactivity was recovered in the neutral fraction, CV;. The remainder of the
chromatogram, which was somevhat nondescript in appearance, did not possess the
characteristic pattern seen in urine. The chromatograms of fecal homogenste from
animals receiving 500 mg per kg, on the other hand, were similar in appearance to
the urinary chromatograms. An attempt was also made %0 obtain the chromstogras
of radiocactivity {in rat plasma (Appendix VII). This was not successful, possibly
because of protein interference in the separation process. Characteristics of
the radioactivity in the neutral fraction from a urinary chromatograas vere
investigated using anion exchange chromatography (Appendix VIII). This
radioactivity was not retained cr. the resin indicating that these metabolites do
not possess acidic properties.

Pharmacokinetic Study: A summary of data pertinent to weights and dosages
received by animals in this study is contained in Table S. Data for {ndividual
animals are found {n Appendix IX. The animals used in this study ranged in
weight from 160 to 196 g and received a mean dosage level of 49 mg per kg (the
dosage level goal was SO mg per kg). Each animal received approximately 50
aicrocuries of radiocactivity. Three of the cats died after dosage administra-
tion, one after receiving an oral dose and the other two after receiving DETA by
the {ntravenous route. The three deaths did not appesar to be related to DETA
sdainistration, two p.obably resulted from surgical coaplications and blood loss,
the third from & broken cannula with resulting blood loss which occurred after
taking the 6th-hour blood sample.

c00
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Mean values for pharmacokinetic parameters are listed in Table 6 by dosage
route groups. Values for individual sanimals are given in Appendix X. The
pharmcokinetic parameters ware obtained from the analyses of the log linear plots
of plasma concentration vs. time after dose administration. These plots, for
individual animals, are found in Appendix XI. Using the ESTRIP program, {t was
found that the data gave results which best fit an equation containing three
exponentjal terms. The soiutions to these equaticas for each set of data points
is represented by the solid line in each figure. The choice of the three
pharmacokinetic parameters listed in Table 6 is based upon the rationale of Yang
et al. (1981). These parameters are independent of a specific pharmacokinetic
model and are therefore independent of the assumptions inherent in the mathemati~-
cal analysis of such models. Because of limitations in the analytical methodo-

logy these data did not lend themselves to more sophisticated pharmacokinetic
analysis.

The bioavailability psrameter is the fraction of perorally or endotracheally
administered dose which enters the animals' general circulation. This {is
deterained from the calculated AUC and the assumption that the entire iv dose
enters the general circulation. In this study, mean AUC's for each dosage group
were used Lo determine apparent bioavailability since paired observations were
not possible. DETA is mostly absorbed into the general circulaticn when
sdministered either orally or endotracheally, 95% and 90X of the dose,
respectively.

Total clearance is an estimate of the efficiency with which an animal can
remove a substance from its central compartment. In the present study, this
parameter vas not affected by route of administrztion. The terminal half-life 1s
an index of the overall rate of removal of the chemical from the animal. -Again,
this parameter was not significantly affected by route of administration.

The urine from one of the pharmacokinetic study rats dosed by the iv route
wvas subjected to cation exchange chromatography to determine if this route of
DETA administration greatly altered the chromatogram of radioactivity. It can be
seen from the chromatogram (Appendix XII) that the pattern is very siamilar to
that seen in the urine of rats dogsed by other routes.

Discussion

The results from this study lend theaselves to s comparison between the
metabolisa and pharmacokinetics of DETA in rats and that of its close congener
EDA. In comparing the two chemicals, with respect to eliaination pathways, a
greater percentage of DETA was eliminated through feces than was EDA. At the 50
ag per kg level 40 to 46 percent of radiocactivity from DETA was eliminated by
this route vwhereas only 12 to 24 percent of EDA radioactivity was eliminated
through feces under similar conditions (Yang, 1978). A similar trend was also
observed at the 500 mg per kg level. In the case of urine, the percentage of
radicactivity eliminated was somewhat less than that for EDA. Urine still
remained a primary pathway of excretion, however. Although radiocactivity
elininated as 14C0, represents a minor pathway (less than 10 of the
adainistered dose), there was a difference between the two chemicals with respect
to this route: -
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A auch smaller percentage was eliminated in the case of DETA, 1X vs. 7% to 8% for
EDA. The radiocactivity remaining in the tissues and carcasses was also much
lover i{n the case of DETA; 22 to 3% of the administered dose as com:ared to 10%
to 20Z for EDA. This latter observation {s further emphasized in an examingtion
of tissue concentrations of the chemicals. 1In general, DETA tissue concentra-
tions were ocae-fifth to one-twentieth those of EDA when administered at siamilar
dosage levels. Furthermore, the target tissues (tissues with the highest con-
centration of radioactivity) were not the same for the two amines. The aajor
target tissues for EDA, in order, were thyroid, liver, bone marrow, adrenal and
kidney, whereas the kidney, liver, bladder, trachea and large intestine contain-
ad the highest concentrations of radioactivity from DETA. The route of adminis-
.ration did not appear to affect the ordering of tissues with respect to
radfoactivity concentration for either compound.

There is some evidence from the results of the disposition study which sug—~
gest that sacuraticn levels of DETA were reached at the 500 mg per kg dosage
level. This saturation phenomena was suggested by the suift in percentages of
radioactivity in the urinary chromatogram fractiocuns. At the S00 mg per kg level,
a significantly higher percentage of radiocactivity was recovered in the CV3q
fraction with correspondingly lower percentages in the CV; and CVj,
fractions. The CV3¢ fraction appears chromatographically ideantical to un-
changed DETA. Thus, this pattern of excretion may represent an overloading of
DETA metabolizing enzymes with a resulting increase in the excretion of un-
changed cheaical. A similar dose-related trend was observed in the case of EDA.

The pharmacokinetic investigation of DETA in rats indicated that the compound
was absorbed into the general circulatory system when administered by either the
oral or endotracheal routes. This has also been shown to be the case with EDA at
the SO and 500 ag rer kg dosage lcvel (Yang et al., 1981). The efficiency with
wvhich rats could remove EDA from their central compartment, as iandicated by the
total clearance, was higher than that with which they could remove DETA. This
suggests that, in the rat, EDA is more rapidly metabolized than DETA. The
radioactive balance studies conclusively demonstrate that 48 hours afrer dosing
less radioactivity from DETA remains in the animal than radiocactivity from EDA.
Coupled with results from the pharmacokinetic studies, this sugg. ts that the
parent amines are more readily eliminated from rats than are aetabolites of these
amines. These observations may have relevance to the chronic toxicity of these
two compounds; particularly since they suggest that metabolisa may be responsible
for the persistent radioactivity which accuaulates in animal tissue. Mechanistic
studies could provide further information regarding this point.

Conclusions

When DETA vas administered to rats either orally or endotracheally, it was
readily absorbed into the general circulatory systea. The primary routes of
elimination of radioactivity from the compound were feces and urine with smaller
amounts leaving by wvay of 1 COy. Forty-eight hours after dosing more than
96Z of the recovered radicactivity had been eliminated from the animals.

Gleog b



Report 44-47
Page 11

The concentration of radioactivity in tissues of rats receiving DETA at the 500
mg per kg level were 4 to 10 times higher than in rats receiving the compound at
50 ag per kg. There vere no significant differences in the concentrations in
tissues of rats receiving the compound by different routes of administration.
The higher level of dose administration did produce a chift in the pattern of
radicactivity in urinary chromatograms with a greater percentage associated with
a fraction having characteristics similar to those of the unchanged amine.

There were no apparent biologically important differences in material balance
parameters (excretion pattern, *issue distribution patterns or urinary
chromatographic profiles) or in the phammacokinetic parameters among animals
receiving DETA by different routes of administration. These observations would
give metabolic support for predicting risks from an inhalation exposure based
upon data fros a chronic feeding toxicity study.

Although DETA and EDA both appear to be readily absorbed, the former is
excreted more readily in the feces, retained to a lesser degree in the carcass
and not as readily degraded as the latter. At similar dosage levels, tissues had
one-fifth co one-twentieth the concentration of DETA than that of EDA. These
faicts say have important ramifications in the toxicities of the two cheaicals.
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Table 1

Experimental Parameters for DETA Material Balance Studies

Report 44~47
Page 14

Oral Endotracheal

Parameter 50 mg/kg 500 mg/kg 50 mg/kg 500 ug/kg
Mean Rat Weight (g) 169 202 171 202
Weight Range (g) 161-175 191-220 163-177 197-206
Mean Quantity DETA

Received (mg) 8.16 103 8.46 97.2
Mean Quantity Radioactivity

Received (uCi) 7.5 10.2 7.8 9.6
Mean Dosage Level Adminis-

trated (mg/kg body weight) 48.2 Sit 49.5 481

WPC/1138-2
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Radioactivity Balance in Animals Dosed with l14C Labeled DETA

Table 2
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Urine

Feces

€O,

Cage Washings

Carcass

Total

Oral

Endotracheal

50 ag/kg 500 =mg/kg 50 mg/kg 500 _mg/kg

Percentage of Dosed Radioactivity

31

46
l.1
5.4

2.0

85

43

44
0.5

10

1.8

100

32

40
1.3
8.0

3.1

84

40

45

0.6

14

2.1

102

WPC/1138-1
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Table 3
Concentrations of Radiosctivity From 14c Labeled DETA in Rat Tissues

Oral Endotracheal
Tissue 50 95723 590 ng/kg 50 ugiig 500 ng/kg

Radioactivity Equivalent to ug DETA per g Tissue

Adrenal 1.2 9.0 1.6 8.9
piadder 1.9 13.6 2.0 14.3
Elood 0.9 5.3 0.9 " 5.9
Blood Cells 1.1 8.1 1.1 8.4
Bone Marrow 1.0 8.6 1.7 8.7
Brain 0.2 1.1 0.2 1.1
Cecun 1.0 11.7 1.5 led
Esophagus 1.5 12.1 1.8 9.6
Fat 0.3 1.3 0.2 1.3
G. 1. Contents 0.4 1.0 1.1 27.4
Heart 0.9 5.4 1.1 5.4
Kidney 2.3 25.2 3.0 26.1
Large Intestine 1.2 12.7 2.1 15.7
Liver 2.6 13.6 3.0 17.4
Lung 1.1 10.5 1.4 8.5
Lywph Nodes 1.3 10.9 1.2 9.8
Muscle 0.6 6.8 0.7 4.6
Pancreas 0.6 3.4 0.7 5.2
Plasma 0.4 2.4 0.5 2.6
Salivary Glands 0.7 5.9 1.0 5.7
Skin 0.7 10.0 1.4 9.1
Spleen 1.1 10.8 1.8 11.0
Suall Intestine 2.1 5.3 0.8 5.9
Stomach 0.8 9.2 1.3 6.8
Testes 0.4 3.7 0.5 3.5
Thymaus 1.2 11.8 1.8 il.1
Thyroid l.1 6.6 1.4 7.3
Trachea 1.4 13.0 2.6 8.5
WPC/1138-2
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Percentage of Recovered Radioactivity Under Peaks of Urinary Chromatograms

Table 4
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Peak Oral Endotracheal
Designation “50 wg/kg 500 ag/kg 50 wg/kg 300 _ag/kg
v, 15 3.8 18 4.8
Cvg 1.8 1.0 2.0 0.8
Va2 20 13 17 14

CVig 48 74 44 71

WPC/1138-1
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Table 5
Experimental Parameters for DETA Pharmacokinetic Study

Parameter Oral Endotracheal Intravenous
Mean Rat Weight (g) 178 183 185
Weight Range (g) 160-196 181-186 178-189
Mean Quantity DETA Received (mg) 8.33 8.41 10.3
Mean Guantity Radioactivity

Received (uCi) 30.3 30.6 48,7
Mean Dosage Level Adainistered

(ng/kg body weight) 46.8 45.8 55.6
WPC/1138-1
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Table 6
DETA Pharmacokinetic Parameters in Rats

Paraseter — _0Oral Endotracheal Iantravenous
B8icavailabilicy 0.95 0.90 l
Total Clearance (al hr~l) 134 138 174
Teruinal Half-Life (hr) 13.9 7.1 5.7

WPC/1138-2
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June 3, 1980

Carnegie-Mellon Institute of Research
Bushy Run Laboratories

4400 Fifth Avenue

Pittsburgh, Pennsylvania 15213

Attn: Dr. Tipton R. Tyler

Subject: Final Report, YRI Project No. 4874-C, "Synthesis of '%C-Labeled
Diethylenetriamine (DETA-1¢C)."

Gentlemen:

This letter report briefly describes the results of the subject
syathesis effort, performed for Carnmegie-Melloa under Purchase Ocrder No.
PR-90318, dated Jacuary 25, 1980. As a result of this effort MRI shipped
to Carnegie-Mellon 2.2 ®Ci of DETA-!%C om Lpril 7, 1980.

Experimencal

The overall reaction sequence used in this syothesis is shown
below. The yields given reflect actual results obtained.

(1) (2) (3) (4)
Ba*C03 ——>  C*,H, » C*Hy > BrC*H;-C*Hy-OH{ ——
83% 84% 76% a2%
—— EN(C*H(OH); s
100% 4%
Q
- (7
i (R 2 ————s  HN(C* HNH,), - 3HCL
82%

Step (1): Ba/fusion; (2): C:Cl?KCl; (3): NBA/HaSO4; (6): N-Benzylethanoi-
asine; (5): Hp/10% Pd/C; (6): ') SOCly; 2) potassium phthalimide/DMF;
(7): HC1/H,0.
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Dr. Tiptoa R. Tyler
Carpegie-Mellon Institute of Research 2 June 3, 1980

Step 1

A total of 5.55 o (300 ®Ci) of BaCO3-14C was fused with Ba metal
filings in argon. To the fusion product (Ba'%C;) water was added and the
acetylene gas was collected in a spiral trap on a vacuum manifold. Drying
over P,0g yielded 2.34 mM (250 ®Ci) of acetylene-(1,2-14C).

Reference: MRI-79-244-25

Step 2

A solution of 32 g of chromous chloride in 122 al of 6N hydrochleric
acid was added slowly to 30 g of mossy zinc under an argon gas atmosphere.
After all of the zinc was dissolved (2 br), acetylene (10 aM, 250 =Ci) was
introduced by vacuum transfer. The reaction mixture was stirred for 42 hr
at ambient temperature. The gas was dried (Ascarite), affording 8.4 &l
(210 ®Ci, 84%) of pure ethylene-1,2-14C (see Figure 1).

Reference: MRI-79-244-26

Step 3

A solution of 3.8 g of N-bromoacetamide in 80 ml of 0.0038 M sul-
furic acid was degassed (in vacuo). The ethylene (8.5 aif, 210 &Ci) was
tragsferred under static vacuum to the reaction vessel containing the N-
bromoacetamide solution, and the reaction mixture was stirred for 66 hr at
ambient temperature. "he ethylene bromohydrin was extracted into chloroform
and dried (MgSO¢). Removal of the solvent at 760 mm afforded 159 aCi (76%)
of product.

Reference: MRI-79-244-27

Step &4

In a typical run 5 s (62 =Ci) of bromoethanol-1,2-14C and 10 mM
of N-benzylethanolamine were heated for 9 hr at 80-90°C. The resulting re-
action mixture was diluted with 3 ml of acetone, and enough ether was added
to obtan am oily precipitate. The cloudy solution was pipstted from the oil,
which was subsequently dissolved in acetone; the product was then reprecipi-
tated with ether. Purification of the combined product was doane by TLC using
eight Whatman PLKF 1,000 p plates (hexzues:acetoae, 12:5; develoved three
times), affording 26 aCi of 98% radiochemically and chemically pure product
(see Figure 2). This reactioa was repeated several times.

Reference: MRI-79-244-7

oued
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Dr. Tiptoa R. Tyler
Carnegie-Mellon Iastitute of Research 3 June 3, 1980

Step S

A 10 aM (67 wCi) portion of N-benzyl diethanolamine-[1,2-14C] was
dissolved in 30 ml of ethanol aad reduced in a Parr shaker using 200 ag of
10X palladium on charcol catalyst aad 45 lb of avdrogen gas pressure. After
2 hr the reduction was complete; the catalyst was filtered and the solvent
was removed (in vacuo), affordiog 67 mCi of 2 96% pure diethanolamine-1,2-
14C (see Figure 3).

Reference: MRI-79-244-29

Steps 6 and 7

A 10 af (67 aCi) portion of N-diethanolamine-1,2-!'%C was dissolved
in 3 ml of chloroform and cooled in an ice bath. A solution of 8 al of
freshly distilled thionyl chloride in 8 ml of chloroform was added ;iowly
at first, then later on such faster (~ 5 3in). The reactioa mixture was ce-
tfluxed for 8 min to dissolve all solids and thea cooled in an ice bath. The
solveat was removed in vacuo, ice chips were added to the oily residue, aad
the aixture was made basic by addition of 20% XOH soluticn. The bis(2-chloro-
ethyl)amine-(1,2-14C;] vas extracted into ether and dried (K2C03/MgS04). To
the ether solution were added 10 al of DMF and 12 mmoles of potassium phthal-
imide. After the ether was removed (ig vacuo), the reaction mixture was
heated for S hr at 150-155°C. The reaction mixture was thea diluted with
80 ml of water and stored in the refrigerator for 60 hr. The resulting crys-
tals vere filtered, washed with water, then ether, then dried (ia vacuo;.
affording 260 mg of product. The crude product was recrystallized from eth-
agol to furnish /8 mg (1.8 aCi, SA: 2 .45 eCi/mM) of white crystals, m.p.
177-179°C (lit. 178-180°C). The mothe: liquor was purified by preparative
TLC (tetrahydrofuran:hexanes:ether, 3:1:1), affording an additional 28 mg
(0.9 oCi) of pure product. The total yield was 116 mg (2.7 aC1) of 2 979
radiochemically pure product as judged by TLC (see Figure 4.

Reference: MRI-79-244-14

Step 8

A mixture of the bis(2-phthalimidoethy!)amine (i16 mg, 2.7 mCi)
and diluce hydrochleric acid (7.5 cc, 1:1 by volume) was heated under reflux
for 6 hr. The product was chilled aad the phthalic acid separated by fiitra-
tiou, yielding 2.2 ®Ci of product solution. The materiai was diluted with a
cold standard to a specific activity of 6 @Ci/mmole. The solution was =vap-
orated (io vacuo), aad the residue was dissolved in water aad filtered through
a Millipore filter, affording 2.2 aCi of product judged o be 2 98% pure by
TLC (silica gel, methamol:coac. NHOH, 1:1). Other TLC systems resuited :in
considerable trailiag; i.e., 0o really suitable solvent system was :deatifield
for the hydrochloride. However, the TLC of the diphthalimidoethylamine-:!, 2~
14C) is considered to be quite representative of the purity of the fiaal
product.
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Dr. Tipton R. Tyler
Carnegie-Mellon [astitute of Research & June 3, 1980

Reference: MRI-T79-244-23

If you have any questions and/or comaments regarding this report,
please do not hesitate to call.

Siacerely,
MIDWEST RESEARCH INSTITUTE
D kd—ﬂ-—%/

J. Richard Heys, Ph.D.
Senior Radiochemist

Approved:
44£7¢£Q¢;n1:2><32>ap'u¢¢_¢f
William P. Duncaa, Ph.D.

Head, Organic and Radiochemical
Syuthesis Sectioa
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Ixperizsental 2aramecers for [adividual Animals
used {n DETA Material Salance Study

Animal Dosage Dosage Acimal Dose DETA ladioacsivicy

Number Route Level (ug/kg) Uci;t,x: (g) Received (ag) Received (uCi)
91 Oral ) 171 7.70 7.1

299 Oral $0.7 161 8.17 7.5

305 Oral 46.9 173 8.21 7.5

311 Oral 50.2 170 8.34 7.9
Mean + 48.2 £ 2.72 169 + 5.91  8.16 + 0.34 7.5 +£ 0.33
sps

292 Endoctrachesl 47.2 176 8.31 7.6

303 Cadotracheal 51.5 163 8.39 7.7

307 Eadotracheal 48.5 177 8.58 7.9

316 Endotrachesl $0.9 168 8.5$ 7.9
Mesn + 49.5 » 2.02 171 + 6.68 8.46 + 0.13 7.8 +£0.15
SD

294 Oral 536 196 10S 10.4

296 Oral $20 200 104 10.3

309 Ocal 468 220 103 10.2

315 Oral S19 191 99.2 9.9
Mean + S11 + 29.5 202 £ 12.7 103 + 2.54 10.2 + 0.22
sD

290 Eadotrachesal 480 202 96.9 9.6

295 Eadotracheal 489 197 96.4 9.6

301 Endocracheal 478 206 98.4% 9.8

308 Eadotracheal 477 203 96.9 9.6
Mean + 481 + 5.5 202 £ 3.76  97.2 +0.87 2.6 + 0.10
SD

4SD = Standard Deviation

WPC/11138=3
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Radioactivity Balance for Individual Animals
used in DETA Mace:ial Balance Study

Dosage Lavel Percentage cf Dosed Radioactivity
Animal and Boute of Cage
Number Adainistration Urine Feces CO2_ Vashings Carcass Total
291 50 mg/kg 32.8 45.8 1.23 2.38 2.31 84.7
299 Oral 28.0 46.2 1.02 2.23 1.81 79.3
305 30.2 42.7 1.13 12.5 2.02 88.6
311 33.3 47.6 0.99 4.51 1.68 88.1
Mean 31.1 45.6 1.09 S.41 2.01 85.2
sp2 2.46 2.08 0.10 4.86 0.37 4.27
292 50 ag/kg 45.9 27.8 1.43 4.39 3.23 82.7
303 Endotracheal 26.8 42.0 1.10 8.58 2.76 81.3
307 28.2 40.5 1.42 8.41 3.82 82.3
316 28.0 48.7 1.158 10.6 2.48 90.9
Mean 32.2 39.7 1.28 8.00 3.08 8.3
SD 9.15 8.74 0.18 2.60 0.59 4.43
294 500 ag/kg 29.1 45.3 0.56 18.4 1.80 95.2
296 Oral 48.1 44 .9 0.54 7.43 1.74 103
309 48.5 64.3 0.51 5.85 1.82 101
315 45.8 42.4 0.48 8.86 1.95 99.4
Mean 42.9 46.2 0.52 10.1 1.84 99.6
sSD 9.26 1.30 0.04 5.63 0.10 3.26
290 S00 ag/kg 43.6 52.1 0.48 5.75 1.84 104
295 Endotracheal 42.4 41.7 0.50 16.2 1.75 103
301 26.6 52.6 0.74 20.5 2.54 .03
3o8 48.5 35.5 0.54 14.0 2.40 101
Mean 40.3 45.5 0.57 14.1 2.12 103
SD 9.50 8.35 0.12 6.21 0.36 1.23

49D = Standard Deviation

WPC/1138-5
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Percentage of Recovered Radfoactiviiv Under Peaks

of Urinary Chromatograms for Individual Antmals

Animal Dosage Fraction
Number Group CV; CVg Vrs AT
291 Oral, SO ag/kg 19 1 16 55
299 Oral, 50 ag/kg 14 2 19 53
305 Oral, 50 ag/kg 20 2 26 33
31! Oral, 50 ag/kg 14 2 21 S0
Mean + SD& 15+3.8 1.8+0.5 20 +4.2 48 + 10.0
292 Endo, 50 mg/kg 18 2 17 37
303 Endo, SO ag/kg 20 2 20 42
307 Endo, 50 mg/kg 23 2 20 35
316 Endo, 50 mg/kg 11 2 11 64
Mean + SD 18 + 5.1 2.0 +0.0 17 + 4.2 44 + 13.3
294 Oral, 500 ag/kg 4 1 13 77
296 Oral, 500 mg/kg 4 L 13 72
309 Oral, 500 ag/kg 4 1 12 74
315 Oral, 500 mg/kg 3 l 13 72
Mean + SD 3.8 #0.5 1.0+ 0.0 13 +0.5 74 + 2.4
290 Endo, 500 ag/kg S 0 14 72
295 Eado, 500 mg/kg 5 1 2 72
3ol Eado, 500 ag/kg 5 l 15 68
308 Endo, 500 mg/kg 4 1 13 72
Mean + SD 4.8 £+3.5 0.8 £0.5 14 +1.0 71 + 2.0

45D = Scandard Deviation

WPC/1138-3
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FERCEMTNGE AFPLIED RRDBICGACTIVITY

gen N

18 DETA RAT 292 URINE ~ CRTION EXCHANGE - ET DOSE S0 MG-KC - 7-11-80 BML

GRADPIENTS: NH4C1l BUFFER pH 9.9
1 9.81IN - 0,166 380 ML OF ERCH

8.I6N -~ 1.0 N 2300 ML OF ERCH
2.0 N 560 ML

!
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PERCENTAGE RPPLIED RKDIORALTIVITY
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BETA RAT 383 URINE ~ CATION EXCHANGCE - ET DOSE 50 MG/KG ~ 7-7-88 IML

GRADICHTS: HU4CL BUFFER pH 9.9
8.81N ~ 8.10N 308 HL OF ERCH

9.10N ~ 1.0 N 300 ML OF ERCH
2.a N §0G ML
L 1
§
H
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3
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PERCENTARGE RPPLIED RARDIORCTIVITY

ofr g0

10 DETR RAT 367 URINE - CATION EXCHANGE - E£7 DOSE €0 MC/KG - 6~9-80 BML

CRADIENTS: NMH4C) RUFFER pH 9.0
{ 3.01N -~ ©.18N 300 ML OF EACH
0.164 -~ 1,8 N 300 FL OF EACH
2.0 N 580 ML
er
er
f
“H
}
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0 20 30 48 c0 60 70 80 90 19006 116 120 138 340
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PERCENTHGE RPPLIED RADIODACTIVITY

10

DETA RAT 316 URINE - CATION EXCHRNGE - ET DOSE SO MG/KG - 7-8-60 BML

10

20

30

GRADIENTS: NH4C) BUFFER pH 9.0
0.81N -~ 9,10N 300 ML OF ERCH
8.16N - 1.0 N 306 ML OF EACH
2.0 N €00 ML
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FRACTION NUMBER (VOLUME 10 ML!
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PERCENTARGE RPPLIED RALIOACTIVITY
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DETA RAT #3908 URINE -~ CATION EXCHRNGE - ET DOSE S00 MG/KG ?7-18-80 BML

GRADIENTSs HNH4Cl BUFFER pH 9.0
0.01N - 0.10N 300 ML OF EACH
8.16N - 1.6 N 308 ML OF EACH
2.0 N 500 ML

ol .:m.-- Lo

.
L v
9 10 26

1)

40 €9 60 (-] -1 29 166 110 120 139 146 150 160 (70

FRACTION NUMBER (VOLUME 10 ML)
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PERCENTAGE HPPLIED RADIORCTIVITY
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DETA RAT #381 URINE - CATION EXCHANGE - ET DOSE 608 MG/KG 7-17-80 BML

29

30

GRADIENTS: NH4C) BUFFER pH 9.0
0.01N ~ B.10N 300 NL OF EACH
0.18N - 1,0 N 300 ML OF ERCH
2.9 N S00 ML
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PERCENWTARGE APPLIED RADIOARCTIVITY
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DETA RAT #295 URINE -~ CATION EXCHANGE - ET DOSE 509 MG/KGC 7-18-80 BML

SO SR oy Y 0

GRADIENTSs NH4Cl BUFFER pH 9.0
8.01N - B,10N 300 NL OF ERCH
0.106N - 1,06 N 300 ML OF ERCH
2.9 N 500 NL

4 o 4
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40 -1~ 60 7o €0 96 160 110 1286 130 146 160 1686 176
FRACTION NUMBER (YOLUME 1€ ML)

L 98wg
A Xypuwddy



FERCENRTAGE AFPLIED RADIOACTIVITY
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DETA RAT 290 URINE - CATION EXCHANGE ~ ET DOSE 500 MG/KG - 6-30-86 BML

GRADIENTS: NH4C) BUFFER pH 9.0
0.81N ~- 8,19N 300 ML 9F EACH
@.10N - 1,06 N 300 ML OF ERCH
2.0 N $60 ML
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10 CETR RAT 291 URINE ~ CATION EXCHANGE- ORAL DOSE 5@ MG/KG - 6~24-80 BML

GPRUIENTSY HH4C)l BUFFER pH 9.8 ‘
6.01N - ©,18N 300 ML OF ERACH
@.16N ~ 1.8 N 300 ML OF EACH
2.6 N €090 ML
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FRRCTION NUMBER (VOLUME 16 ML)
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CENTRGE WPPLIED RADIOANCTIVITY
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DETA

RAT 299 URINE -~ CATION EXCHANGE - ORAL DOSE 68 MG/KG ~ 6-26-80 BML
NH4C1 BUFFER pH 9.0

GRADIENTS

2.01N - O0.18N 3008 ML OF EACH
390 ML OF ERCH

0.18N - 1.8 N
2.0 N
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PEKCERTAGE RFFPLIED RARDINDACTIVITY
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DETA RAY

385 URINE -~ CATION EXCHANGE- ORAL DOSE 50 MG-KG ~ 6-27-80 BML

30

GRADIENTSs NH4C1 BUFFER pH 9.0
@.9IN - 0.184 30Q ML OF EACH
0.16N - 1.6 N 3686 ML OF EACH
2.8 N Sad ML
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PERCENTRGE HPFLIED KRDIORCTIVITY

10

DETA RAT 311 URINE - CATION EXCHANGE - ORAL DOSE 58 MG/KG ~ 6-36-80 BML

GRADIENTS: NH4C! BPUFFER pH 9.9
@.01N ~ 9.10N 300 ML OF EACH
g.éﬂﬁ -~ 1.8 N 306 M. OF EACH

500 ML
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PERCENTRGE AFFLIED FAPINACTIVITY
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DETAR RAT »294 URINE - CATION EXCHRANGE - ORAL DOSE 560 MG/KG 7-28~80 BML

GRRADIENTS: NH4C) BUFFER pH 9.0
3.0iN ~ D.10N 309 ML OF EACH
d.10M -~ 1.0 N 300 ML OF EACH
2.6 N €60 ML
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PERCENTAGE APPLIED RRDIORCTIVITY
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DETA RAT #296 URINE - CATION EXCHANGE - ORAL DOSE S@OMG/KG 7-23-29 BML

GRADIENTS: NH4Cl BUFFER pH 9.0
0.01N - @,10N 300 ML OF ERCH
0.10H - 1,0 N 300 ML OF ERCH
2.0 N 500 ML
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BETA RAT #315 URINE - CATION EXCHANGE - ORAL DOSE 688 MG/KG 7-265-80 BML

2

GRADIENTS: NH4Cl BUFFER pH 9.0
9.0IN - @.10N 309 ML OF ERCH
0.18N - 1.0 N 300 ML OF ERCH
2.0 H SO0 ML
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Chromatograms of Fecal Radioactivity from Selected Animals
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FERCENHTAGE KPPLIED REDIOACTIVITY

‘e

DETR RAT #29! FECES - CATION EXCHANGE - ORAL DOSE 59 MG/KG 8-6-80 BML
GRRDIENTS: NH4Cl BUFFER pH 9.9

1 2.91N ~ 0.10N 300 ML OF EACH

@.186N - 1 .0 N 300 ML OF ERCH

2.0 H 006 ML
H

/\/" \
w, - /

0 90 160 110 120 130 140 150 160

FRACTION NUMBER (VOLUME 10 ML)

170

»
s

1A Xtpusddy



19

PERCENTAGE RAPPLIED RHADIORCTIVITY

DETA RAT »296 FECES - CATIOM EXCHANGE - ORAL DOSE 500 MG/KG 8-7-88 BML

GRADIENTS: NH4C1 BUFFER pH 9.0
0.0IN - 0,.18N 300 ML OF EACH
0.16N - 1.6 H 300 ML OF EACH
2.¢ N ceo ML
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PERCENTARGE APPLIED RADICACTIVITY

10

DETA RAT #2908 FECES - CATION EXCHANGE - ET DOSE 600 MG/KGC 8-8-80 BML

GRADIENTSs NH4Cl BUFFER pH 9.0
3.21N - 2,10N 308 ML OF EACH
0.18N - 1,6 N 300 ML OF EACH
2.6 N cBe ML
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FERCENTAGE RAFPLIELD RADICGACTIVITY
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DETA RAY «292 FECES - CATIOM EXCHAGE - €T DOSE 50 MG/KG 8-6-88 BML
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PERLENTARGE RPPLIED RADIOACTIVITY

DETA RAT ELOODD PLASMA - CRTIDN EXCHANMGE - ORAL DOSE SO MNG/KG 7-31-80 BHML
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GRADIENTS: HH4C) BUFFEK pH 9.6
6.01N - 9.16N 390 ML OF EACH
6.10N - 1.6 § 306 ML OF ERCH
2.0 N 600 ML
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ANION Exchange Chromatogram of "Neutral™ (CV,) Radioactivity
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HPPLIED RADIOACTIVITY

FERCENTRGE

190001

: AN1op)
DETA RAT #292 CATION EXCHANGE FRACTION 1-11 - GATHON EXCHANGE 8-12-80 BML

GRADIENTS: NH4Rc BUFFER pH 7.0
9.01N ~ @6.18N 300 ML OF EACH
0.10N - 1.0 N 300 ML OF EACH

N 308 ML

2.0
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Experimental Parameters for Individual Animals
used in DETA Pharmacokinetic Study

Animal Dosage Dosage Animal Radioactivity
Number Route Level (mg/kg) Weight (g) Received (uCi)

282 Oral 50.6 168 30.9

284 Oral 51.4 160 29.9

285 Oral 42,7 194 30.1

287 Oral 47,5 176 30.4

294 Oral 42.1 196 30.0
Mean + SDa 46.8 + 4.33 178 + 15.8 30.3 + 0.40

281 Endotracheal 46.0 183 30.6

286 Endotracheal 44,2 186 29.9

288 Endotracheal 46.4 184 31.0

290 Endotracheal 46.8 181 30.8
Mean + SD 45.8 + 1.15 183 + 2.1 30.6 + 0.48

273 Intravenous 54.2 188 48.4

277 Intravenous 55.1 187 48.6

283 Intravenous 54.5 189 48.6

292 Intravenous 58.4 178 49,2
Mean + SD 55.6 + 1.94 185 + 5.1 48.7 + 0.34

aSp = Standard Deviation

WPC/1138-2
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Parameters for Individual Rats used in Pharmscokinetic Study

Dosage Area Under Total Terminal

Animal Dosage Received Curve Clearance Half~Life
Number Route (mg) (ug_gl’l ) (al he~l) (hr)
T282  Oral 8.51 60.8 132 18.7

284 Oral 8.22 65.0 120 17.3

285 Oral 8.29 57.8 136 14,7

287 Oral 8,36 53.8 147 7.14

294 Oral 8.25 58.3 134 23.9
Mean + SD® 8.33 + 0.12 29.1 + 4.13 134 + 9.65 16.3 + 6.14

281 Endotracheal 8.41 45,7 166 4,33

296 Endotracheal 8.22 60.8 122 16.1

288 Eandotracheal 8.54 65.9 117 7.45

290 Eandotracheal 8.47 S51.7 147 8.15
Mean + SD 8.41 + 0.14 56.0 + 9,05 138 + 22.8 9.01 + 5.01

273 Intravenous 10.2 84,9 120 12.8

277 Intravenous 10.3 65.5 157 13.9

283 Intravenous 10.3 49,5 208 2.19

293 Intravenous 10.4 49,0 212 9.90
Mean + SD 10.3 + 0.08 62.2 + 16.9 174 + 44.0 9.70 +5.28

4SD = Standard Deviation

WPC/1138-2
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Log-Linear Plots of Plasma Concentration vs. Time for Individual Animals
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Chronatogram of Urinary Radioactivity from IV Dose Rat
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Qualicy Assurance Unit Scudv l[asvection Summary

Test Substance:

Study:

Scudy Direccor:

Diethylenetriamine

pPr. T. R. Tyler

Pharmacokinetics and Metabolism Study in Rats

The Qualicy Assurance Uait has zonducted che following {aspectlons and
reported the results to che Study Director and to llanagemeant on the datas indicaced.

Inspection
Dace Izzc
5-5~80 Protacol
7-25-80 Ongoing
2-12 to Final Data and
2-19-81 Final Report
4PpC

Date CAU Report Issued

To Study Director

5-5-80
7-25-80
2-19-81

‘Quality assurance Otz

10 !lanagement

5-6-80
8-28-80
5-26-81
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Diethylenetriamine

It 878218675

BUSHY RUN RESEARCH CENTER

R. D. 4, Mellon Aoad, Export, Pennsyivania 15832 Telephone (412) 327-1020
CONFIDENTIAL: Not to be released Report 44-47, Amendment 1
outside UCC without the written 19 Pages
consent of the UCC component August 13, 1981
sponsoring the work. Tel: (412) 327-1C20

énend-ent 1 to

Pharmacokinetics and Metabolisa of Diethylenetriamine in

Spongor: Union Carbide Corporation

l. Original Item Changed and Description of the Change:

Replace Table 2 with the accompanying table.

Reason fof the change:

To correct typographical error made in total row for 500 mg/kg
endotracheal column. This change makes Table 2 and Appendix III, Page 1,
consistent,

2. Original Item Changed and Description of the Change:

Replace Table 6 with the accompanying table.
Reason for the change:

The necessity for this change results from a discrepancy in the
terminal half-life values between the original Table 6 and those listed in
Appendix X. The values listed in Appendix X have been verified and were
generated from the ESTRIP program after appropriate selection of plasma
concentration time data. The final selection of plasma concentration time
data was such thait the subsequent pharmacokinetic analysis would result in
considerable improvement in F values aud correlation coefficients,

The source of the values listed in the original Table 6 was attributed
to the preliminary pharmacokinetic analysis by visual and graphical methods.
Those data were subsequently refined using computer analysis (ESTRIP).
Statistical analysis was conducted using values listed {n Appendix X. The
replacemsent of the original Table 6 with the accompanying revised table does
not result in any change in interpretation of this report.

HALY.

Gushy Run Research Center
A Joint Melion Institute — Union Carbide Corporation Operation
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Reviewed and Approved by:

BUSHY RUN RESEARCH CENTER

R. D. 4, Melion Road, Export, Penneyivenis 15832 Telephone (412) 327-1020

Report 44-47, Amendment 1, Page 2
August 13, 1981

Original Item Changed and Description of the Change:

Replace Appeadix XI, page 8 with the accompanying revised Figure.
Reason for the change:

The original Figure in Appendix X1, page 8 was generated by using all
plasaa concentrations time points collected for rat #288. Subsequently time
points 2, 10, 12 and 14 hours vere removed from consideration. The
elimination of these data points overcame the unrealistic anomaly (Terminal
T, /2= 173 hours) which existed in the original pharmacokinetic analysis
when all data points were used. The reason for this was probably larger
analytical errors in the later time points. Replacing this figure allows for

consigtency between Appendix X and Appendix XI. This change in no way
changes the interpretation of the report.

Study Director

ton R, Homan, PH.,
Associate Director, Toxicology

Ad Y Dt

Fred R. Frank, Ph.D.
Director

WPC/esk/1138-4
08-12-81

TVIEHIAS

Bushy Ruh Ressarch Center
A Joint Mellon Institute — Union Carbide Corporation Operation



Report 44-47  Amendment 1
Page 15

Radioacﬁivity Balance in Az;;;iszbosed with 14C Labeled DETA
Oral Endotracheal IR
50 mg/kg 500 mg/kg 50 mg/kg 500 mg/kg
Percentage of Dosed Radioactivity
Urine 31 43 32 40
Feces 46 44 40 45
€O, 1.1 0.5 1.3 0.6
Cage Washings 5.4 10 8.0 14
Carcass , 2.0 1.6 3.1 2.1
Total 85 100 84 103
WPC/1138-2
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Report 44-47, mmendment 1
Page 19

Table 6
DETA Pharmacokinetic Parameters i{in Rats

Parameter Oral Endotracheal Intravenous
Bioavailabilicy 0.95 0.90 1
Total Clearance (ml hr~l) 134 138 174
Terminal Half-Life (hr) 16.3 9.01 9.70
WPC/1138-2
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BUSHY RUN RESEARCH CENTER

R. D. 4, Meilon Roed, Export, Pennsyivania 15632 Telephone (412) 327-1020

Quality Assurance Unit Study Inspection Summary

Test Subgtance: Diethylenetriamine

Study: Pharmacokinetics and Metabolism in the Rat
Study Director: T. R. Tyler

The Quality Assurance Unit of BRRC conducted the i{nspectiors listed below
and reportaed the results to the study director and to management on the dates

indicated. It is the practice of this Quality Assurance Unit to report the results
of each inspection to both the study director and management.

Inspection Date QAU Report Issued
Date Type To Study Director To Managenment

5-5-80 Protocol 5-5-80 5-6-80
7-25-80 Ongoing 7-25-80 8-28-80
2-12 to 2-19-81 5-26-81
7-19-81 Final Data and Report

7-24 to 8-14-81 §-14-81
8-14-81 Report Amendment 1

[ 4 A -,j—
Quality Assurance Officcr % Date

GeCeG7

LIJC:ace

Bushy Run Ressarch Center
A Joint Mellon Institute —Union Carbide Corporation Operation
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l.g.

AUNION BUSHY RUN RESEARCH CENTER

LLALLL TS R 0. ¢, Melion Road, Export, Penneyivania 18832 Telephone (412) 3271020
UCC BUSINESS CONFIDENTIAL: Not to be Project Report 45-82
released outside UCC without the written 7 Pages

- consent of the UCC~sponsoring "ivision Tel: (412) 327-1020
HSEEA Manager. Noveamber 11, 1982

Diethylenetrismice~Commarcial
Dermal Carcinogenesis Study in Male C3H/HeJ Mic

Authors: P. J. Gussie and L. R. DePass

Sponsor: Union Carbide Corporation (UCC)
Ethylene Oxide Derivatives Division

L BR 2K BN BB

Summary

The dermal carcinogenic potential of diethylenetriamine-commearcial (DETA-C)
vas sssessed by applying 25 ul of a 5% (v/v) solution in deionized water to the
backs of 50 male C3H/HeJ mice. A negative control group was dosed with
defonized water. Both applications were performed three times a week until the
death of the snimsls. WNo treatment related skin tumors were observed in the
groups treated with DETA-C or with defonized water. One mouse in the negative
control group had a sebacecus adenoma of the skin of the thorax. A subcutaneous
cavernous hemangioma wvas observed in @ DETA-C-treated animal, but its eppearance
was not coasidered biologically fmportant. No statistically significaat
difference in mortality rates was observed between the trested group and the

deionized water control group. DETA~C wa¢ not locally carcinogenic when applied
to the skin of C3H/HeJ mice.

Objective

The objective of this study vas to determine the dermal neoplasa producing
potentisl of DETA-C.

Samples

Two parent saxples of DETA~C (CAS #111-40-~0) were rece‘ved from UCC, South
Charleston, WV to bde used for testing throughout thie study. The first sample,
reference no. 1-PRU-50 was received on Pedbruary 23, 1979 as a 1 quart ssmple and
was assigned BRRC No. 42-103. On August 21, 1980, en sdditional one pint sample
vas received as reference no. 1 PRU-50 and was designated as BRRC . mple no.

43-257.
G002

Sushy Run Aesserch Conter
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Anslytical dats for the first sample were supplied by P. R. Umberger, Union
"~ Carbide Corp., South Charleston, WW. Preshipment anslyses using s derivative
method of gas chromatography, showed the major coaponents of DETA~C to be 90.8%
DETA, 8.9 N~(2, eminoethyl)piperazine, and 0.341 ethylenedismine.

The reports of analyses performed on the sicond sample prior to shipping and
the subsequent anslyses of the parent samples at 6, 18 and 24 months of dosing,
have not yet been received from UCC, South Charleston, WW. The stability
analyses of diluted DETA~C using HMR epectroscopy and titration analysis showed
that DETA-C in water was stable for at least one month. Montily samples of the
d{luted DETA-C, used for dosing, were sent to UCC, South Charleston, W for
titration and NMR anslyses in order to determine whether concentrations used for
dosing were accurate. Reports indicate slight cuncentration differences in the
ssaples over the dosing period. Titration analysis showed values ranging from
3.82 to 5.55 wt X with a mean valne of 5.15 +0.33 vt 2.

The eolvent for this study was water (CAS #7732-18-5) that was deionized in
a.M1111-Q reagent-grade water systea (#202011574, Millipore Corp., Bedford, MA).

Experimental Methods

The mice used in this study were part of a large shipment to be used in
various derual carcinogenesis studies. C3H mice were used in this study because
of their low incidence of spoutaneous skin tumors. Deionized waiter was selected
for use as the negative countrol substance because no skin tumors have ever been
observed at BRRC in spproxisstely 30 years of skin painting of C3H aice with
wvater. A total of 1797 C3H/HeJ male mice were received (763 were received on
Jenuary 31, 1979, and 1034 were received on February 27, 1979) from Jackeon
Laboratories, Bar Harbor, ME. The mice vere housed individually in stainless
steel wire suspension cages. Zeigler block feed (Zeigler Bros. Inc., Gardners,
PA) and water (Municipal Water Authority of Westmoreland County, Greensburg, PA)
from an sutomatic wvatering systea were provided for the animals ad libitum. All
uice vere identified by s toe-clipping method according to preassigned, unique
identification numbers.

Mice selected for randomization were within two standard deviations from the
sean vith respect to their individual weights. The mice were randosized into
test groups, of which two groups of 50 mice per group were assigned to this
study. The randomization was statistically verified by the Bartlett's test for
bowogeneity of variances snd the analysis of variance (Sokal and Rohlf, 1979).
The two groups were assigned to receive either DETA-C or deionized water, snd
sppropriate cage cards ware prepared. The body weights of the mice assigned to
the DETA~C group weighed from 18.6 to 27.8 grams and the deionized water group
veighed from 17.2 to 27.8 grams on the day of randomization. Ten mice from each
group were randoaly salected and predesignated for interim sacrifice after
eighteen monthe of dosing. The remainins mice not randomized into these test
groups were culled, used as quality control sentinels or assigned to cther skin
carcinogenesis studies.

dGeco
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As s preliainary assessment of toxicity, groups of five CIH/HeJ mice were
dosed daily for 10 days with 25 ul of solutions of 5% or 10X (v/v) of DETA (BRRC
sample no. 41-~259) 1in deionized water. The preliminary test indicated that
DETA~C should be applied as a 5X concentraticn. This dilution of DETA was
relatively non-irritating and noo~toxic to the mice in the preliainary study
and, therefore, was used ian the chroaic study.

Testing was initiated on March 12, 1979 vhen the mice were approximately 46
to 77 days of age. On Tuesday or Thursday of each week, the fur vas clipped
from the back of each mouse. MNice were treated three times weekly, following a
Nonday, Wednesday, and Friday trestment schedule (holidays excepted). A 25 ul
dose wvas applied using an Eppendorf automatic pipstte, by spreading the aliquot
up the back of each mouse with a clesn disposable tip. Mice were obeerved daily
for moztality and were carefully exsmined monthly for lesions of the skin.
Necropsies were performed on all mice shortly after desth o- after secrifice of
culled and moribund animals. Necropsy included the careful examination of the
skin and body cavities, and the recording of observations. All suspect tumors
and the doraal skin of all mice, with or without tusors, were fixed in 10%
aeutral buffered formalin (NBPF). In addition, all livers, kidneys esnd lungs,
unless sutolyzed, were fixed in NBF for possible histopathologic examination.
Sections were prepared from the dorsal skin of all mice and any suspect internal
tumors. Histopathologic examinations were performed and reported (see Pathology
Report, attached as Appendix I, for details).

Mortality incidences were assessed by the product-limit method (Kaplan and

Mefer, 1958). The Mantel-Cox and Breslow statistics vere used for testing the
equality of the survival curves (Maatel, 1966; Breslow, 1970).

Records and Rav Data

All records, vaw data, specismens and final report will be stored in the BRRC
archives upon_colpletion of this report.

Deviation From the Protocol

The Study Director, L. G. Peterson, left this lsboratory on August 13, 1981.
L. R. DePass, Manager of Oral/Derwal Toxicology, assumed his duties as Study
Director.

Results

The results of this study are summarized in Table I and a survival curve {s
presented as Figure I. In the group that received DETA-C as a 5% (v/v) dilution
in defonized water the mean survival time vas not statistically different from
that of the defonired water coatrol group (662 versus 626 days, respectively) by
the Mantel-Cox method or the Breslow ststistical method. No treatment-related
papillomas or carcinomas were observed on the skin of any mice in either the
TEPA-~treated group or the deionized water contiol group.

nu( 04
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A subcutanecus mass was observed in the dorsal cervical region of a
DETA-C~treated mouse from the 18 month iaterim sacrifice snd was diagnosed as a
subcutanecus cavernous hemangioma. However, no biological importance is plsced
on the sppearance of this lesion and it was not considered toxicologically
significant because related tumors have been observed in historical controls.

sebaceous adenome of the skin of the thorax was obeerved u a daionised water
control mouse.

The laat surviving mouse in the DETA-C-trested group died on May 31, 1981,
The last mouse in the deionized water control group died on May 23, 1981.
Conclusion
The rosults of the present study indicated that DETA-C was not carcinogenic

to the skin of male C3H/HeJ mice when applied as & 5X (v/v) solution in
defonized water until the death of the animals.
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Study Director ,
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Table 1
Susmary of Results of
Skin Carcinogenesis Test of DETA~C
. A
DETA-C Deioniged Water

Concentration LY 4 100X
Volume (ul/spplication) 25 25
Mean Survival Time (days) 662 626
Tumor Bearing Animals 1% 18%
. _ e 3

® A subcutaneous cavernous hemangioma of the dorsal cervical region.

*#% A sebaceocus sdesoma of the skin of the thorax

WPC/ 31¢/2040A
06-09-82

00007



beg ¥ IT] NI N rre fog 002 MY 80y
0S¢ ‘859 8Sg Sy ‘#Sg ‘052 05y L 1
e Rbe ‘e Rl R “er e .o...&....‘ "o R XERSd e 98 ‘e-
an * 8y
an
"
‘N
N
‘» MR 1 &
.
q
T
[,
..1 M X
N
q n
‘dn
h "N * o
‘a -
....3
an
“m
q MR | R
"
.
In
A
’ * s
N,
‘a -
dn
ad n
‘q - * e
dn
T w
.
‘q
) ¢
.
aq N
h ‘"
‘a .
'q . N
q ]
‘a ™ s
q N
h -
‘a ] v %
.“ -c-a *
....e ........ .
el fa e "
q e, ‘n .
....................... ......:o ey
‘.- . . . . . .- ‘. . . .- ‘. ‘et . ‘.- .
cu»c:..a



BUSHY RUN RESEARCH CENTER

K. D. 4, Melion Road, Export, Pennsyivenia 18832 Telephone (412) 327-1020

Quality Assursnce Unit Study Inspection Summary
Test Substance: Diethylenetrismine ~ Commercial
Study: Dermal Carcinogenesis in Male C3H/HeJ Mice

Study Director: L. R. DePass, Ph.D.

The Quality Assurance Unit of BRRC conducted the inspections listed below and
reported the results to the study director and to management on the dates indicated. It
is the practice of this Quality Assurance Unit to report the results of each inspection

to both the study director and management.

Inspection Date QAU Report Issued

Date Iype To 8t Director To Management
3-9-79 Protocol 3-9-79 3=9-79
Nd3te,  In Progress 11-16-79 .1-28-79
t££° In Progress 3-3-80 4-22-80
";:i‘:':o In Progress $-14-80 3-21-80
ig:g. ;: In Progress 10-9-80 10-15-86
ya9-6  In Progress 3-27-81 4-1-81
5-14 to Ana
$-25-82 tomic Pathology Data and Report 5-25-82 6-23-82
S7e55  Pioal Date 5-25-82 5-26-82
o e Tinal Report 8-18-82 11-10-82

y . 11f1e/02
Daniel L. c..r’. M.8. Date
Dilsace Manager, Quality Assursiice
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ARATOMIC PATHOLOGY REPORT
DERMAL CARCINOGENESIS LIFETIME SKIN PAINTING IN MICE
or
DIETHYLENE TRIAMINE-COMMERCIAL (DETA-C)
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28267 . Susssry and Conclusions

Male C33/NeJ mice were randomized into groups of 50 and treated three
_ tines weekly (holidays excepted) for 18 months (8 mice) or throughout their
lifetime (42 mice) with a dilution of DETA-C {ia deioniszsed water vhich was
applied to the clipped skin of their becks. A negative control group
consisting of a randomiszed group of 50 mice was treated three times weekly for
1% months (9 mice) or throughout their lifetime (31 mice).

One sabcutaneous nodule subsequently disgnosed as & cavernous hemangioms
was found in a DETA-C~treated mouss sacrificed following 18 months of
treatment. One nodule was aleo found in a negative control mouse at the end
of 18 months wvhich was histologicslly diagnosed as & sebaceous adencma.

In the 1ifetinme study no skim or subcutanecus neoplasas were found in the
DETA-C~trested mice or in the negative control mice .

Other gross and microscopic findings in the 18-month interis sacrifice
mice and the lifetimc Studies for the DETA-C and negative control mice were
consistent with the spontanecus beckgrovad incidence of inflammatory and
neoplastic lesions in this strain used in 1lifetime studies.

Introduction

The purpose of this study was to determine the dermsl necplastic potential
of DETA-C by applying it to the skin of male C3H/He) mice over the period of
their lifetime and determining the gross and microscopic appesrance of the
resulting lesions.

Methods

Male C3B/BeJ mice, 4-6 weeks of sge were obdtained from Jackson
Labtoratories, Bir Harbor, ME. The mice were randomized i{nto groups of &0 or
S0 mice. 7Two groups of SO male mice received either DETA-C or defonized water
thres times weekly, with the exception of holideys, applied with an Eppendorf
pipette to the clipped skin of the back. Of the ten mice per group
predesignated for the 18~month interis sacrifice, eight of the DETA-C-treated
aice and nine of the deionized water—-trested mice were sacrificed folloving 18
aon.hs of treatment. The remaining anisals in these two groups were allowed
to live out their lifespan with continued thrice weekly treatsents. The
predesignated animsls which died prematurely prior to the 18-month sacrifice
were also considered to have lived out their 1lifespan.

Tollowing the sacrifice or death of esch mouse a groszs necropsy was
performed. All body cavities were examined and sll suspect internal tumors
vere fixed {n 10X neutral buffered formalin (NBF) unless the degree of
actolysis precluded saving the tissues for histologic exasination. The dorsal
skin of all mice, with or without skin tumors, was asleo fixed in 10X WNBF for
histologic exanination unless the mouse wes severely autolysed. Im addition,
1iver, kidneys and lurgs of all animals vere fixed fn 10X NIF and those from
aice sacrificed after 18 months were exasined histologicaliy.

SIOAR



REPORT 45-8
APPENDIX ¢
258268 Page 3

Tissuss fixed in 10X NBY were carefully trimmed, embedded, sectioned and
ostained with hemstoxylin end eosin for examination by s pathologist. All
seoplastic and non-neoplastic lesions discovered during the histopsthologic
examination were recorded and tabulated.

Results and Discussion

The frequency of gross lesions found in the 18-month interis sacrificed
uice is included in Tsdle 1. One skin nodule was found in one of the eight
DETA-C-trested mice as well ar 1n one ¢f the nine negative control mice
treated with deionized water. Various other lesions were encountered im both
the DETA-C-treated and the defonized water-treated sice in these sacrifice
groups. These lesions are consistent with gpontaneous lesions found in aging
mice of this strain.

The histologic findings for the 18-month interis sacrifice are included in
Tadble 2. The skin nodule found in the DETA-C-trested mouse was diagnosed as a
cavernous hemangioms. No biological importance is placed on the appearance of
this lesion. The nodule found grossly in the deionized water-treated negative
control group was diagnosed as a sebaceous adenoma. Concomitant with the
sebaceous adencms was epidermal hyperplasia. The histologic lesions found in
the other tissues examined are consistent with the spontaneous background
lesions seen in this strain of mouse.

The frequency of gross findings for the mice included in the lifetime
portion of this study are included in Tadble 3. No skin neoplasms or nodules
were found in the DETA-C-treated aice or in the negative control mice.

The gross lesions encountered in the other organs were all considered part
of the spontansous background lesions frequently seen in mice of this strain
used on lifetise studies.

The frequency of histologic findings for the mice included in the 1lifetime
portion of this study are included in Table 4. No skin or subcutansous
necplasas were found in the DETA-C-treated nice or in the defonized
water-treated negative control aice. lasions diagnosed ir the other organs,
includicng the neoplasas, were considersd part of the spontaneous background
lesions encountered in this strain of mice in 1ifetime studies.

The histologic changes obearved in the adrensls of the DETA-C-treated and
negative control aice reflect the gross observations, but 1t should bde
resenbdared that only adrensls with lesions observed at necropsy were examined
histologically. Cortical hyperplasia/adencma appeared in nearly all adrenals
examined. Dunn (1970) considered the distinction between hyperplasia and
seoplasis in wcuse adrenals to be very difficult and somevhat arbitrary.

Issions seen in the male nrojcu!ul system are primsrily related to the
Proteus miradilis infection vhich is frequently encountered ia this strain
fros this vandor (Maronpot snd Peterson, 1981).

HO0C12
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Liver neoplasas are frequently eacountered in this strais and therefore mo

significance can be attributed to their appesrance fo the trested or comtrol
wice.

Edvard H. Povle » m. "™.D.
Pathologist
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Diethylemtrisnine~Comnarcisl (DETA-C): Dersal Carcinogenssis St

Frequency of Crose Hndigl Among C!l[!.l Male Mice
10-¥onth Iaterim Sacrifice
Ectlvlonc-

triamine- Defonised Water
L e Comeretel . (epative fonerol)
?

SKIN/SUBCUTIS, WCL 1/0% 8/9
/ModulesMass 1/8 1/9
ADRENALS , BGCL 1/8 2/9
/Color charge 7/8 1/9
/Ealarged /Modular 2/8 . 0/9
LONGS, TGL /8 S/9
/Color chasge 1/8 4/9
> , WCL s/s /9
Color change 1/8 1/9
/Enlarged /Modular 1/8 1/9
Nase(es) 2/8 2/9
GALL BLADDER, MCL 7/8 9/9
/{Enlarged 1/8 0/9

WCL = Wo groes lesions.

Nunerator equals aumber of nice with specified finding.
Denomninator equals mmber of aice for vhich specified organ was examined.

kk/0280A-
06-09-82
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TARLE 2

Diethylenstrisnine-Commercis. (DETA-C): Dermal Carcinogenesie Study

Frequency of Ristologic Findings Among csngg_.r Male Mice
18-¥onth Interim Sacrifice
ﬁcthyfcu-

trisnine- Deioniszed Vater
ORGANS /Pindings Commercial ative Control
MRS, W Smmgrgnt  (Jeativepetml)
/Bpidersal hyperplasia/lyperplssia o/e 1/9
/Sabaceous adencas o/s 1/9
/Besargions, cavernous ' 1/8 0/9
ADRENALS, WSL - 0/7 0/
/Brown degensration 0/7 - U7
/Cortical hrperplasis/adencms mm mm
_/Cortical carcinoma . n 0/7
LUNCS, BSL 8/8 2/2
KIDNEYS, NSL 2/8 -
/Tubular cysts 1/8 -
/Tubular kyperplasis S/8 -
LIVER, WSL S/8 1/4
/Congestion/$inusoidal distencion 1/8 0/4
/Vascular throadosis/ectasia 1/8 1/4
/Triaditie 0/8 1/4
/Uspatocelluler byperplesia 0/8 1/4
{Vspatocellular carcinoma 3/8 2/4

BSL = No significant lesions.

*Nuserstor equals aumber of mice with specified finding.
Denominator equals number of mice for wvhich epecified organ wes exanined.

W
06-09-82
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Dietiylenetrisnine—Commercial (DETA-C): reipogenesis St

Freguency of Crogs Findinge Amorg C38/Be) Male Mice
Lifespen Study

- /it les .

trianine- Deionized Uater
Tt T ey  meplel . (fexstive ool
T
SKIN/SUBCUTIS, NCL 35/42¢ 3s/41
[Edema 3/42 J/4
/8urface alteratioa 3/42 o/a1
ADRERALS , NCL 10/42 13/8
/Color charge 33/42 25/41
[Enlarged/Modular surfece 3/42 1/
/Muatolysis 0/42 j/a
EEART, BGL 40/42 34/41
/Color change 1742 o/a1
[Ealarged 1/42 s/41
/Autolysis 0/42 2/41
SPLEEN, RCL 41/42 36/41
/Color change 0/42 /8
[Ealarged/Pira 1/42 2/41
/Autolysis 0/42 ja
MESERTERIC LYMPH NODES, NCL 42/42 37/41
/Color charge 0/42 /41
/Ealarged 0/42 /4
/&utolysis 0/42 j/a
LUNGE, NGL 32/42 3Jo0/41
lhutolysie S V/ Y] 2/41
/lor change 8/42 /41
/ModuleMass . , 1/42 2/41
SENINAL VESICLES, RCL 39/42 38/41
/Color chasge 3/42 o/41
/Ealarged/Mass /82 o/Q
/Autolysie 0/42 s/a
SCROTAL SAC, WGL 41/42 38/41
Nase 1/42 0/41
Jaatolystis 0/42 j/Q
KIDNEYS, FCL 37/42 327841
/Autolysis 1/42 3/Q
/Izregular shepe 1/62 o/&1
/Indentations, surfsce 0/42 /4
/Color change 4/42 s/
Masses 0/42 1/
URINARY ELADDER, WCL 3/42 %/a
/onstriction 0/42 1/
/Distended 3/42 o/a
/®lor charge 1/42 1/4 ,
/Mutolysss 0/42 j/a
(Continued)
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(Continwed)
Diethylenetrianine-Commerclal (DETA~C): Dermal Carcinogenessis 8
Trequency of Cross Findinge Among C3U/HeJ Mal ®
Lifespen Stedy
ﬂctlvlcn-
trisnine~- Defonir.d Weter

OURGANS /Findinge Commervcial ative mntroll
. ] iZ;%! 14741
/imtolyeie 3/42 s/a
/lor charge s/42 2/&2
/[Enlarged /Firu/Thickened 1/42 1/4
Miodule/Masses 21/42 22/41
GALL BLADDER, WGL 39/42 38/41
[/Ealsrged 3/42 o/Q1
/autolysis 0/62 Ja
THORACIC CAVITY, NGL 39/42 37/
/Muid £1lled 3/42 /41
/Aatolyseis 0/42 j3/a
ABDDOMINAL CAVITY, NGL 39/42 38/41
/Muid £111ed 3/42 o/41
/Aatolyeis 0/42 j/a
TAIL, WAL 41/42 41/4
fMacrotic 1/42 o/a

BCL = Jo gross lesions.

*Mumerstor equale mumber of mice with specified finding.

Denocainator equales mmbder of mice for which specified organ was exsmined.
vrc7rtﬂozom-6
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Diethylrastrisnine-Commercisl (DETA-C): Dermsl Carcisogenssis Siudy
of Ristologic Piandings M C Male NMice
Lifaspan Study
) Ddethylene~
trisnine~- Deionised Water
ORGANS /Findings Comnercial (Negative Control)
K1 TiS, A/ 1
fBpidernitis 1/42 0/41
ADRENALS , BSL 1/34 0/25%
/aatolysis 2/34 0/25
/Corgestion 0/34 1/25
/Brown degeneration 7/3%4 9/25
/Cortical cyst 1/34 0/23
/Cortical hyperplasia/adencas 33/34 25/25
HRARY, WSL . 1/2 &4/5
/autolysis , 0/2 1/s
/Thrombosis 1/2 0/S
SPLEEN, NSL 0/1 0/2
/Extramedullary hematopoiesis 1/1 1/2
/Lyaphoid byperplasie on 1/2
MESENTERIC LYMPR NODES, WSL - 0/1
/Congestion - 1/2
LURGCS, WSL 2/9 2/9
/éntolysis 0/9 1/9
/Corgestica 4/9 4/9
/Alveclar histiocytosis 2/9 1/9
/Nlmonary adences 0/9 1/9
/Pulsonary adenocarciscss 1/9 1/%
SEMIRAL VESICLES, NSL 3/3 -
SCROTAL SAC, WSL 0/1 -
/angiocearcoms in -
KIDNEYS, NSL 1/8 1/3
/rgestion 1/5 0/s
/Bydronephrosis . 0/S 1/
/Interstitisl sephritis /s 0/S
/Pyslonephritis 1/3 2/8
Mineralisation . 1/s 0/5
/Tubular proteinosis 0/3 1/5
/Tobtular hyperplasia 0/3 1/5
/Tudular adencms 1/5 0/s
URINARY BLADDER, WSL 2/3 -
/Mtolysis 1/3 -
/Cystitis 1/3 -
LIVER, WSL 2/27 0/25
/Mmtolysis 327 1/25
/Congestion/Sinusoidal distention 2/27 2/25
/ritconis /27 0/25
/Mecrosis/Infarction ' 1/27 1/25
“(Continued)
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(Coatinmed)
Diethylenstrissine-Commercial (DETA-C): Dermal Cared sis St
Pre of Ristologic Pindings CIi/Ne) Yale Mice
Lifespan Stwdy
" Dlethylene-
trisadne- Deionized Vater
ORCANS /Findings Cosmercial glcnun mntrolz
atinued)
/Mepstocellular mnecrosis 0/27 3/25
/Bspatocellular degenerstion 0/27 1/25
/Mepatocellular adencas /27 2/28
/Mepatocellular carcimoms K2/27 21/23
CALL KLADDER, WSL n -
m‘n. m °n -
/Becrosis n -

WL = Wo afignificant lesfiows.

S*Iumerstor equils mumber of mice with specified finding.
Dencainstor equals number of mice for which specified organ was examined.

06~09-82 '
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Patholegy Report page number 28277 through 28376 of this report
contained individual pathology data sheets for each snimal. Those
sheets have not been, included in this report in order to decresse
costs of reproduction and dietribution of reporte. A copy of the
report coataining tl .odividual data sheets was distributed to the
Project In.itistor and the original is on file in the Bushy Rwmm
Research Center Archives.
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Dermal Carcinogenesis Study in Male CIR/HeJ Mice
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Bthylens Oxide Derivatives Di

Summary

The dermal carcinogenic potential of diethylenetrismine~high purity
(DETA-HP) was assessed by applying 25 ul of a 5% (v/v) solution in deiounized
water to the backs of SO male C3H/HeJ mice. A negative control group was dosed
with deionized water. Both applications were performed three times a week until
the death of the animals. MNo tumors were observed {u the group treated with
DETA-HP. A sebaceous sdenoma was diagnosed on the skin of the thorax of an
snimel in the defonized water control group. No significent difference {n
surtality rates was odserved between the treated group and the deionized water
control group. DETA-HP was not carcinogenic to the skin of C3H/HeJ mice under
the conditions of this study.

Objective

The objective of this study was to determine the dermal carcinogenic
potential of DETA-HP.

Samples

Two parent samples of DETA-HP (CAS #111-40-0) were received from UCC, South
Charleston, W to be used :“roughout the study. The firet sample, reference no.
99 CAG-37-~B was received on February 23, 1979 as a 4 ounce quantity and wvas
assigned BRRC Sample No. 42-102. On August 21, 1980, a one pint semple was
received as reference no. SPRU-35 and was designated as BRRC Semple No. 43-258.

o002
Sushy Run Ressarch Center
A Joint Melion institute —-Union Cardide Corparation Operation
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Analytical data for this firet sample wers supplied by P. R. Umberger, Union
Carbide Corporstion, South Charleston, W. Preshipment anslyses using a
derivative method of gas chromatography, showed DETA-EP to be & mixture
consisting prisarily of 96.77% DETA, 1.78% N~(2~sainmoethyl)piperasime, 0.70%
diethanolanine, 0.49% ethylenedismine, snd 0.25% triethanolsmine.

The reports of analyses performed on the second ssmple prior to shipping
and the subsequent anaslyses of the parent samples at 6, 18 and 24 months of
dosing, have oot yet been received from UCC, South Charleston, W. The
stability anslyses of diluted DETA-HP using NMR spectroscopy and titratio-
analysis showed that the sample in water was stable for at lesst one mont:
Monthly samples of diluted DETA-HP used for dosing have deen sent to UCC, .
Charleston, W for titration and WMR anslyses to determine whether the
concentrations used for dosing were sccurste. Reports received for these
snalyses indicate slight dilution differences in the ssmples over the dosing
period. Titration analysis showed values ranging from 4.32 to 5.54 wt I with o
®ean value of 5.07 & 0.26 wt X.

The solveunt for this sfudy was water (CAS #7732~18-5) that was defonized {n
a Ni111-Q reagent-grade water system (#202011574, Millipore Corp., Bedford, MA).

Experimental Methods

The aice used {n this study were part of a large shipment to be used {n
various dermal carcinogenesis studies. C3H aice were used in this study because
of their low fncidence of spontanecus skin tumors. Defonized water was selected
for use as the negative control substance because oo skin tumors have ever been
observed at BRRC {u approximately 30 years of skin painting of C3H mice with
water. A total of 1797 C3BE~/HeJ male mice were received (763 were received on
Jenuary 31, 1979, sud 1034 were received on February 27, 1979) from Jackson
Laboratories, Bar Harbor, ME. The mice were housed individually in stainless
steel wire suspension cages. Zeigler block feed (Zeigler Bros. Inc., Gardners,
PA) snd water (Municipal Water Authority of Westmoreland County, Creensburg, PA)
from an sutomatic vatering system were provided for the snimals ad libitum. All
aice were identified by a toe~clipping method sccording to preassigned, unique
1dentification oumbers. '

Mice selected for randomization were within two standard deviations from
the mssn with respect to their individual weights. The mice were randomized
int7 test groups, of which two groups of 50 mice per group were assigned to this
study. The randomisation vas statietically verified by the Bartlett's test for
homogenaity of varisnces and the analysis of varisnce (Sokal and Rohlf, 1979).
The two groups were assigned to received either DETA~HP or deionised water, and
appropriaste cage cards vere prepared. The body weights of the mice assigned to
the DETA-HP group ranged from 17.6 to 26.8 grams and those of the deioniged
water group ranged from 17.2 to 27.8 grems on the day of randomization. Ten
aice from each group were randomly selected and predesignated for interiam
sacrifice after eighteen months of dosing. The remaining mice not randomized
iato these test groups were culled, used as quality control sentinels or
assigned to other skin carcinogenesis studies.
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In a preliminary study to detevruine the chronic dosing coaceantration,
groupe of S C3H/HeJ) mice were dosed daily for 10 days with 235 ul of eolutions of
SX or 10X DETA (BRRC Sample Wo. 41-259) in deioniged water. The preliainary
test imdicated that 52 DETA-HP was relatively non-irritating and nmon—toxic to
the mice {n the preliminary study and, therefore, it was the conceatration used
in ths chroaic study.

Testing was initieccd on March 12, 1979 when the mice were approiimately 46
to 77 days of age. Ou Tuasday or Thursday of esch week, the fur was clipped
froa the back of each souse. MNice were treated three times weekly, following a
Monday, Wednesday, and Friday treatment schedule (holidays excluded). A 25 ul
dose was spplied using an Eppendorf automatic pipette, by spreading the sliquot
up the back of each mvuse with a clean disposable tip. Mice were observed daily
for mortslity and were carefully examined moanthly for lesious of the skia.
Necropsies vere performed on all mice shortly after death or after sacrifice of
culled and soribund snimale. WNecropsy included the careful examination of the
skin and body cavities, and the recording of observations. All suspect tumors
and the dorsal skin of sll mice, with or without tumors, were fixed in 10X
neutral buffered formaline (NBF). 1In addition, all livers, kidneys, and lungs
were fixed in NBF for possible histopsthologic examinstion. Sections were
prtepared from the dorsal skin of all mice and any suspect ianternal tumors.
Ristopathologic examinations were performed and reported (see Pathology Report,
attsched as Appendix I, for details).

Mortality incidences were sssessed by the product-limit method (Kaplan and
Meier, 1958). The Mantel-Cox and Breslow statistics were used for testing the
equality of the survival curves (Mantel, 1966; Brewlow, 1970).

Records and Rav Data

All records, raw data, specimens and the final report will be stored in the

BRRC archives upon completion of this teport.

Devistion From the Protocol

The Study Director, L. G. Pctctoon; left this laboratory on August 13,
1981. L. R. DePcss, Manager of Oral/Dermal Toxicology, sssumed his duties as
Study Director.

Results

The results of this study are suamsarized in Table I and a survival curve is
presented as Figure I. In the group that received DETA-HP as a SX (v/v)
dilution in defonized vatar the mean survival tise was not statisticslly
different from that of t* eifoniged water control group (587 versus 626 days,
respectively). No papil. ... ' or cercinomss were observed on the skin of any
sice in either the DETA-HP-treated group or the delfonized water control group.

A sebaceous adenoms on the skin of the thorax was observed on a mouse in the
deionized water control group.

The last mouse in the DETA-HP-treated group died on June 26, 1981. The

last souse in the deionized water coantrol group died on May 23, 1981. RTI
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Conclusion

The results of the present study imdicate that DETA-EP was not carcinogenic
to the skin of male C3H/He) mice when applied as & SX (v/v) solution fa

. delounized watar untfl the death of the anisals.
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Table 1

Summary of Results of Skin Carcinogenesis Test of DETA-HP

e e S

DETA-HP Deionized Water
Councentration L} 4 1002
Voluse (ul/application) 25 25
Mean Survival Time (days) 587 626
Tumor Bearing Animals ' 0 1*

'x .CEM azuo-a on t; .Hﬂ 0! tgﬂ tgru.
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28763 ANATOMIC PATBOLOCY REPORT
DERMAL CARCINOGENESIS LIFETIME SKIN PAINTING IN MICK
or
Diethylenstrisaine~-Righ Purity (DETA-EP)

Table of Contents

Summary and Conclusions, Introductioa, Methods, Results and Discussion,
References, Acknovledgements

Tadble of Cross Findings - 18-onth Interis Sacrifice

Table of Ristologic Findings -~ 18-Month Interis Sscrifice
Tadble of Cross Pindings - Lifespan Study

Table of Ristologic Pindings - Lifespan. Study

Individual Animsl Patbology Becords

a. DETA-HP -~ 18-Month Sacrifice |

b DETA-HP - Lifespan Study

c. Dsjonized Nater (negative gmtol) = 18-¥Month ﬁetﬂlu

d. Desionized Water (negative control) - Lifespan Study

WOTE: This Pathology Report begins on page 2 8 7 6 9 and ends on
pege 28879, -=
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28'770 Susnary and Conclusions

Male C3/M) wice were randouized {ato a group of 30 and trested three
timss weokly (holidays excepted) for 18 souths (Y mice) or throughout their
lifetime (43 mice) with a dflution of DETA-HP 1u defonised weter which was
applisd to the clipped skis of the’'r backs. A negative coatrol group of
siailar sise was treated three times weekly for 18 months (9 mice) or
- througbout their lifetise (41 mice).

o skia or sulcutassous tumors were found im the DETA-NP-treated aice
sacrificed following 18 months of trestment. Nowsver, ope nodule was found in
a negative control mouse at the end of 18 months which wes histologically
diagnoeed as a sedececus adencas.

In the 11fetine study mo skin or subcutsneous seoplasms were found in the
DETA-EP~trested mice or ia the negative control amice.

Other gross and microscopic findings 1ia the 13-month interim sacrifice
mice and the iifetime studies for the DETA-EP and ssgative control mice were
consistent with the spontanecus background incidence of fuflemmatory and
seoplastic lesions in this strein wsed iz lifetive studies.

Introduction

The purpose of this study was to deteruine the dermal meoplastic potentisl
of DETA-RP by applying it to the skin of male CIH/Be) mice over the period of
their lifetime and deternining the gross snd microscopic appesrance of the
resulting lesions.

Methods

Male C3/BeJ mice, 4-6 weeks of age were obtained from Jacksom
laboratories, Bar Barbor, ME. The mice were randomized iato groups of 50
aice. Tvwo groups of 50 male mice received either DETA~HP or deionized wster
three tines weekly, with the exception of bolidays, applied with an Eppendorf
pipette to the clipped skin of the back. Of the ten mice per group
predesignated for the 18-month iuterim sacrifice, seven of the DETA-HP-treated
mice and nine of the deionized wmater-treated mice 1ived to tera and were
sacrificed following 18 months of trestasnt. The remsining snissls im these
twvo groups were allowed to live out their lifespen with continued thrice
weekly treatments. The predesignated snimsls which died prematurely prior to
the 18-month sacrifice were also considered to have lived out their lifeepan.

Folloving the sacrifice or death of each mouse a gross necropsy was
performed. All body cavities were exsmined and sll suspect internal tumors
were fixsd in 10X neutral buffered formalin (NBF) unless the degree of
sutolysis precluded savimg the tissues for histologic examinstion. The dorsal
skin of sll nice, with or without skin tumors, was aleo fixed ia 10X WBF lor
histologic examination unless the mouses was severely autolysed. In addition,
1tiver, kidne;e and lungs of sll animals were fixed in 10X WBF and those froe
mice sscrificed after 18 months were exsmined histologically.

001
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Tioswes fized in 10X ND? were carefully trimmed, enbedded, secticaed and
stained with hemstoxylis and ecosin for examination by a peibologist. All

ssoplastic and non-ssoplastic lesicns discovered during the histopathologic
exzsaination were recorded and tabulsted.

Besults and Discussion

The frequency of groes lesions found {a the 18-month interis sacrificed
uice 18 included in Teble 1. One skin ncdule was found among the nine
segative control mice trested with defonised weter. Various otaer lesions
ware encountered in both the DETA-HP-treated and the defonized water-treataed
aice in these sacrifice groups. These lesiocns are cousistent with spoatanecous
lesions found in aging mice of this straia.

The histologic findings for the 18-month interis sacrifice sre included in
Teble 2. The skin module found grossly im the deionized water-treated
segative control group wes diagnosed as a sebacecus adenoma. Concomitant with
the sebacecus adencms wes epidermal Myperplasia. The histologic lesions found
io the other tissuas examined are consistent with the spontansous deckground
lesions seen i1 this ctrain of mouse.

The frequency of gross findings for the mice fincluded in the lifetime
portion of this study is included im Table 3. ¥o skin msoplasss or modules
were found ia the DETA-HP mice or ths segative control mice.

The gross lesions encountered is the other .rgsns were all considered part
of the spoatansous background lesions frequently seen ia mice of this strain
used or 1ifetine studies.

The frequency of histologic findings for the mice inmcluded {2 the lifetime
portion of this study 1s included ia Table 4. Mo skin or subcutansous
neoplasas were found in the DETA-EP-treated mice or in the deionized
water-treated negative control mice. lasions diagnosed ia the other organs
including the necplasms were considered part of the spontaneocus background
lesions encountered in this strain of mice in 1lifetime studies.

The histologic changes obeerved i» the adrensls of the DETA-HP-treated and
negative control mice reflect the gross observations, but it should be
ressembered that only adrensls with lesions observed at secropey were axsained
histologically. Cortical hyperplasis/sdencsa appeared it sll sdrenals
examined. Dunn (1970) considered the distinction bdetween hyperplasia and
neoplasia 1a souse adrensls to be very difficult and somevhat acrbitrary.

Lesions seen in the male urogenital system are primarily relatad to the
Proteus mirabilis infection which 1s frequently encountered iv this strain
Trom this vendor (Maronpot and Peterson, 198l1).

HNUR YA
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Liver ssoplasas are frequently eancewatered in this straim end therefore mo
eigaificance can be sttributed to their appesrance in the treated or cemtrol
adgce.

Beforences
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TARE 1
Diethylenstriamine-Righ Purity (DETA-EP): Dermal Carcinogenssis St

Frequency of Cross uudigl Mmoxg csaga Maile Mice

18-Month Interim Sacrifice

S 1Y 3 (T —

trisnine Deionized Water

ORGANS /Pindings Righ Purity (Negative Control)
TOTAL KUMBER EXAMINED GROSSLY
SKIN/SUBCUTIS, NCL 7/7e 8/9
/%o dule(s) ' 0/7 1/9
ADRERALS , NGL 4/7 2/9
/Color change L Y)) 7/9
/Enlarged 1/? 0/9
LUNGS, NGL 6/7 5/9
/Color ctange : 1/7 4/9
FIDREYS, MCL 6/7 9/9
*/Color change _ 177 0/9
/Enlarged 1/7 0/9
LIVER, NCL 3/7 6/9
/Oolor change 1/7 1/9
/Enlarged 0/7 1/9
Mass(es) 3N 2/9
GALLRLADDER, NGL 6/7 9/9
/Enlarged 1/7 0/9

NCL = No gross lesiouns.

"Ruperator equale number of mice with specified finding.
Denominator equals number of sice for which specified organ was cunud.

WrCTesk/027 342
06-10-82
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TARLE 2

Diethylenetrissine-Righ Purity (DETA-EP): Derssl Carcimogenssis Study
!rOmncz of uatolg‘lc Hadisc Among cﬂ&: Male Mice

18-Month Interis Sacrifice

H. CEIQD.“ .

trianine Defonigzed Water
ORCANS /Findings Bigh Puri (Negative Control)
TRIN/SURCUYIE L WET R 7y LI
/Epidernsl hyperplasia/hyperplasia 0/7 1/9
/Setaceous adencma 0/7 1/9
ADRENALS,, NSL 0/3 0/?
/Brown degeneration 0/3 1/7
/Corticel hyperplasia/adencms 33 177
LUNCS, WSL /2 2/2
KIDNEYS, WSL . s/7 -
/Tubular hyperplssia 277 -
LIVER, NSL 3/7 1/4
/Txiaditie 0/7 1/4
/Vascular throabosis/ectasia 0/7 1/4
/Bepatocellular hyperplasis 0/7 1/4
/Bepatocellular adencma 177 0/4
/Bapatocellular carcinoma 477 2/4
GALLBLADDER, WSL 11 -

NSL = No significant lesions.

*Rumsrator equals aumber of mice with specified finding.
Denocminator equals numder mice for which specified organ was exanined.

esk/02 -
06-10-82
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etiylenst ae~Righ Mu DETA-RP enegis 8
Tre Pindings Among CIH/He) Male
Lifespan Stuwdy
Ectwlcu-

. trisaine Defonised Water
%WWBEW' S Bghpurtey  (Regerive Mool
SKIN/SUBCUTIS, 38/43 s/a

[Edema 1/43 j/Q
[Surface alteration 3/43 0/41
/Oolor change 1/43 0/81
THYROIDS, NGL 42/4) 3s/41
/Ealarged 1/43 o/41
[Aatolysis 0/43 3/a
ADXENALS , WCL 20/43 - 13/41
/Color charge 23/43 25/481
/[Bnlarged 1/43 1/4
/Moduler Mass 1743 0/41
/Autolysis 1/43 3/Q
HEART, WCL A2/43 wW/a
/Color change 1/43 o/Q
/[Enlarged 0/43 LY
[/Autolysis 1/43 2/41
THYMOS, WGL 41/43 s/a
/Color change 1/43 o/
[Ealarged Mass 2/43 o/81
[/Autolysis 0/43 j/a
SPLEEN, NGL 38/43 /81
/Color charge 1/43 1/41
[Enlarged/Pirn S$/43 2/81
/Autolysis 1/43 3/a1
MESENTERIC LYMPE NODES, WCL 41/43 /4
/Color charge 2/43 /741
/Enlarged 2/43 /4
/Autolysis 1/43 3/
LUNGS, NCL 31/43 J0/41
/Color charge 11/43 /41
/ModuleMass 1/43 2/41
/Autolysis 1/43 2/
PROSTATE, NCL 42/43 38/41
/Color change 1/43 0/61
/Aatolysis 0/43 s/Q
SDONAL VESICLES, NGL 42/43 3s/41
/Colot charge /43 o/a1
fEnlarged/Fira/Mass 3743 o/&1
/Aatolysis 0/43 Jja
KIDREYS, NGL 37/43 32/41
/Indentations 0/43 1/4
/Nrforation 1/43 o/a1
/Color charge $/43 s/41
Mass(es) 0/43 1/41
/Autolysis 2/43 3/41
(Continced) ToeC17
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TARLE 3
(Contimned)
Diethy lenestrismine-Righ Purity (DETA-EP): Dermal Carcinogerssis St

Frequency of Crose Modinge Among c:nzw Male Mice

Lifespan Study
Diethylene~-
trismine Deionised Water
ORCANS /Pindings Righ Puri ative Control
URINARY BLADDER, WGL 41743 371741
/Constriction 0/43 1/41
/D1 stended 2/43 0/81
/Color charge ‘ 1/43 /4
/Matolysis 1/43 3/8
STOMACH, NGL 42/43 38/41
/Color change 1/43 o/Q1
/Astolysis 0/43 38
LIVER, NGL : 19/43 14/41
/Astolysis 3/43 /41
/Color change 8/43 2/41
/Eularged /Fizru/Thickened 3/43 /41
/Module/Mass 15/43 22/41
PARCREAS, NCL 43/43 38/41
/Aatolysis 0/43 3/4
THORACIC CAVITY, WGL 41/43 37/741
/Mluid £1lled 2/43 1/41
/Mstolysis 1/43 3/a
ABDOMINAL CAVITY, NGL 40/43 s/a1
/Muid £411ed 3/43 9/41
/Autolysis 0/43 3/

NGL = No gross lesions.

*Nunerator equals sumber of mice with specified finding.
Denominator equals number of afce for which specified organ was exssined.

m7..ﬂoz’m—5
06~10~82
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TARLE 4
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m.:glmnuun-u.h Purity guu-nzs Dermal Carcimogenesis Study

Male Mice

Deionised Vater

Righ Nrig (Negative Oontrolz

0/41
o/41
o/41

0/25
1/25
9/25
25/25
4/3
1/5
0/5
0/2
0/2
1/2
1/2
0/1
0/1
1/1

2/9
1/9
4/9
1/9
1/9
1/9

0/9

Ire of Ristologic Findings
Lifespan Study
Dhtsnu-
trismine
ORGANS /Findings
SKIN/SUBCUTIS, WSL
/Ulcerative dermatitis 3/43
/Ryparkeratosis 2/63
/Karatin pecrosis &/43
THYROIDS, WSL 1/1
ADRERALS , WSL 0/24
{Oongestion 0/24
/Brown degeneration 0/24
/Cortical hyperplasis/ad 24/24
HEART, WSL . 0/1
/aatolysis 0/1
/Calcification 1/1
SPLEEN, NSL 0/S
[Matolysis 1/5
/Extranedullary hesatopoiesis S/S
/lymphoid hyperplasis 0/S
MESENTERIC LYMPH NODES, WMEL on
/Mstolysis 11
/Congestion/Bemorrhage /1
BRONCHIAL LYMPH NODES, NSL 0/1
/8imus histiocytosis 1/1
PANCREATIC LYMPH NODES, NSL 0/1
/Autolysis 1/1
MEDIASTINUM, NSL 0/1
/Abecesses in
LUNCS, NSL 0/10
/amtolysis 0/10
/Congestion 6/10
/Alveolar histiocytosis 1/10
/Pulmonary adencas 2/10
/Pulnonary adenocarcinoms 0/10
/Mepatocellular carcinoms,
setastatic 1/10
PROSTATE, NSL 01
/Baworrhage 11
/Ioflamsation 0/1
/Abecesses on
[Prostatitis 0/1
SEMINAL VESICLES, WSL 11
/Inflasmation 0/1
/Sesinal vesiculitis on

“(Continued)

GG0019
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Diethylenestrissine-Righ Puri
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TARLE & 878218 %59
(Continmed)
DETA-HP): Dermal Carcinogenssis Stud

Frequency of BRistologic Pindings Among csnzw ¥Male Mice

Lifespan Study

m.tglcu-

Deionized VWater

WS[Hﬂlgo

KIDNEYS, RSL
/aatolysis 1/8
/Corgestion 1/5
/Rydronephrosis 0/S
/Pyelonephritis 0/3
/Tubular cyste 1/3
/Tutular sineralisstion 1/s
JTubular proteinosis 1/5
[Tubular hypcrpluu 0/s

URINARY BLADDER, NSL 2/2

STOMACH, NSL on
/Squsmous cell carcinoma 11

LIVER, ESL 3/24
/Mtolysis /24
/Congestion/8iousoidal distention 2/24
/Pelioceis hepatis 2/24
/Mecrosis/Inferction 0/24
/Rapatocellular necrosis 3/24
/Bepatocellular dysplasis 1/24
/Bspatocellular degensration 0/24
/Repatocellular atrophy/fibrosis 1/24
/Bspatocellular adencea 0/24
/Bepatocellular carcinoma 15/24

PANCREAS, NSL 1/1

_H__sx_llhhﬂ M
2/3 1/5

0/35
0/5
1/5
2/5
0/5
0/3
1/5
1/5

0/25
1/25
2/25
0/25
1/25
3/25
0/23
1/23
0/25
2/25
21/25

WSL = No significant lesions.

*Numerator equals number of mice with specified finding.
Dencainator equals mumber of mice for which specified organ was exasined.

Eh.ﬂoz!u-z T —
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Pathology Report page number 28780 through 28879 of this report
contained individual pathology data sheets for each snimsl. Those
sheats have not been included in this report in order to decrease
costs of reproduction and distribution of reports. A copy of the
report containing the individusl data shesets was distributed to the
Project Initiator and the origingl is on file in the Bushy Run
Ressarch Center Archives.
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