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SUBJECT: Review of the Developmental Toxicity Study in-
' Rats; and the One-Year Chronic Study in Dogs
,with the Atrazine Metabolite,
Diaminochlorotriazine.
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ACTIONY The registrant has submitted for review, ~“two

. studies~-a: chronic:feeding: study in: dogs MRID. .

No. 41392401 ‘and a: rat-developmental toxicity '
study in . rats MRID No. 41392402 .- on the:
atrazine metabolite, diaminochlorotriazine
(DACT) . |
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CONCLUSIONS:

1. Both of these studies are of a supplemental nature
because they are only providing nonrequired -
information. However, because of the potential impact on
dietary exposures , the data are being forwarded to the
RFD Peer Review Group of HED for evaluation.

2. Doses of (DACT) were provided in the diets of dogs
at levels of 0, 5, 100 or 1500/750 ppm for 13 weeks or 52
weeks. Severe toxicity occurred at 1500 ppm (HDT) and
females were placed on treatment of 750 ppm after 6
weeks. Males were changed to 750 ppm after 6 weeks and
removed to control diets from weeks 9-13 after which
they were again given the 750 ppm treatment. . :

Results: 750 ppnm (24.1 mg/kg for males and 32.7
mg/kg for females),Several of each sex were sacrificed in
moribund condition. Heart function was effected with
thickened valves, thrombosis, chronic myocarditis,
necrosis, inflammation, hemorrhage and. enlargement.

Fluid accumulation was noted-in the pericardial,
thoracic and abdominal spaces. :

Livers of treated animals showed congestion,
centrilobular fibrosis, atrophy, necrosis, bile stasis,
hemosiderosis, adhesions and mottling. :

Testes were affected by hypospermatogenesis, and
hypospermia. Thymus glands. were atrophied and bone
marrows were hyperplastic. Decreased hody wts and weight
gains occ.rred at 1720 ppm after 35 weeks. Males
continue¢d =o lose we.jht at 750 pp. Hematological
parameters effected w.:re reversible. Tremors at the
highest doses of 156y and 750 ppm occurred in  most
animals.. One female at. 100 ppm.alsowexhibiteddtremnrs«ipﬁ
one. time:.period.ar . o e :

An LEL-threshold for tremors.  in. - females .« is: /7ol
considered.to be 100 ppm .(3.43. mg/Kg/day) with a. frank- .
‘LEL at.750ppm. A NEL can be established in female dogs at . .
5. ppn . (0.195-mg/kg/day) v v L PR

3. ThefToxicoIagyﬁBrancﬁznotes'thatvthe&dosesmchQBEn by u
registrant of 0, 5, 100, or lsoomppm“are:unusualain that. .0
they are extremely far apart at the 5 and 100 ppm levels
(ie. 20 fold diffent) and makes the use of the 5 ppm as
a NEL much more disparate than the ususal 10 fold
normally seen.

4. The.developmental:study 'MRID Na: 4139202.withi.gavaged.. '



doses of o, 2.5,-25,'75, or 150 mg/kg/day is sufficient
to show that the maternal NOEL is 25 mg/kg/day and LEL is
75 mg/kg/day based on reduced body wt. gain and reduced
food consumption at 75 and 150 mg/kg/day. :

weights at 75mg/kg/ day and above.

5. An additional submission, MRID 42165502, was related
by the registrant to show the purity of the test material
to be 98.2 % ai. which was used in the rat developmental
toxicity study. ~ '

6. The DERS are submitted to the files.
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CONCLUSIONS:

Diaminochlorotriazine was fed to male and female dogs at dietary
levels of q,_s, 100, or 1500 ppm for 13 or 52 weeks. Because of
severe toxicity at the highest dose, which was evident after ¢
weeks of treatment, the high-dose dogs were fed a diet containing
750 ppm. 'Females tolerated this dose level and received 750 ppm
until termination at 13 or 52 weeks, or through 13 weeks followed
bg a 39-week recovery period. Since males continued to exhibit
'signs of toxicity at 750 ppn, they were fed untreated diet for
weeks 9 through 13. Four male dogs were then placed again on a
diet containing 750 ppm until termination at 52 weeks.

The mean daily doses for male dogs receiving dietary levels of 5,
100, and 1500/750 ppm for 52 weeks were 0.187, 3.61, and 2¢.7T
mg/kg/day, while the doses were 0.195, 3.43, and 32.7 mg/kg/day for
females receiving the same dietary levels.: Among the high-dose
dogs, five males and two females were sacrificed moribund” during
the treatment period. Moribundity was attributed to impairment of

heart function, the primary treatment-related effect of diamino- -

chlorotriazine, which was accompanied by several clinical and
pathological changes. Pathological cardiac findings included
enlargement, . softness, thickened- valves, lesions, distension,
red/dark color; thrombosis, chronic myocarditis, - necrosis,
inflammation, hemorrhage, and hemosiderosis. Secondary treatment-
related changes in the high-dose animals were seen in the liver

(enlargement, congestion, centrilobular fibrosis/atrophy, bile
stasis, necrosis, hemosiderosis,- red/dark color, lesions, adhe-

sions, mottling, and rough texture); testes (hypospermatogenesis
and hypospermia); thymus (atrophy); bone marrow (hyperplasia); and
pericardium, thoracic, and abdominal cavities (fluid accumulation).
Recovery females did not =xhibit any clinical ophthalmological
signs of cardiac impairmsnt. Other effects at the high dose
included decreased body we:ght and body weight gains in males and
females dosed for 6 weeks; increased mean spleen, liver, and kidney

weights; anemia with accompanying reticulocytosis (a reversible .
effect); decreases: in- albumin,. calcium, and total “cholesterol
levelsy-~nonsignificant:.increases: in-' lactic.*acid dehydrogenase.: .

activityy-andirelkevations:isin platelet levels:. ' High~dose  maYes o

continued to lose weight when the dose was lowered to 750 ppm.
Severe anemia with reticulocytosis: was noted in only one of:the two

recovery females. .. The effects of diaminochlorotriazine on-

cholesterol levels. and erythroid parameters were reversible as

sugqested«bywtheﬁﬁindingsﬁnoted&inttheurecavery'femalesﬁ:uTremors{¢°_
were noted in” almost'all-animalstof”both”sexes:beginning-at“week 6 .'

and extending until week 14. No adv?rse*effects:were observed“at*f?

dieta els .of 5 or 100 m. a4

lthough there was appreciable mortality’at the highest dose of
1500 ppm, a sufficient number of animals were at risk to evaluate
histopathology. Administration of dietary levels of 2750 ppm to

dogs is associatedtwith_symptomatology.ofacardiacﬁimpairmeatuNZThewa:.

NOEL.is 100.ppme..: . .
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Classification: This study satisfies the Guideline
for a chronic dog study (83-1).

requirements

A. MATERIALS:

1.

Test Compound: Diaminochlorotriazine:; description: white
powder; batch No.: FL 871423; purity: 98.7%.

Test Animals: Species: dog; strain: beagle; all dogs
were approximately 8 months of age at initiation of
treatment; weight at initiation of treatment: maleg-=-

6.7-10.3 kg, females =-- 6.3-9.3 kg; source: Marshall
Farms, North Rose, New York. :

B. STUDY DESIGN:

1. Animal Assignment: Dogs were acclimated. to laboratory
conditions for approximately” 6 weeks prior to treatment.
Prior to initiation—of treatment, 36 males and 36 females
were randomly assigned to the following groups using a
computer-generated randomization procedure that stratified
the animals within each sex by body weight:
‘ Dietary Main Study Interim Sacrifice Interval:
Test Level i (52 weeks) (13 weeks) ‘ Dose and Weeks
Group (ppm) Males Females Hales Females (wk)
1 Control. a 4 4 6 8 - -
2 Low. 5 4 A 4 4 SR
3 Mid 100 6 4 4, 4 . s
& High 1500/750*  -- .- 4 -- .. a-
. .s .- 2 - 1500 pom  (1-6 wk)
. TS0 ppm (78 wk)
0 ppm(9-13.wk)
‘. — o e 1500 ‘ppm-(1-6-wk)*
: 750 ppm (7-8 wk)
0 ppm. (9-13 wk) .. - w0,

750 pom (16-52 wk) it P

.- - R N . 1500 ppm (1-6 wk)
. o 750 pom(7-13 wk).'-

- : “ - oo 1500 pom (1-6 Wk) oo e ol
: : 750 ppm (7-52 wk) i o

.- .- - 2 1500 pem (1-6 wk)
750 ppm (7-13 wk)
0 ppm (14-52 wk)




3The high-dose a_m'mals received 1500 ppm for 6 weeks, but because of toxicity, the dose was lowered

to 750 ppm beginning with week 7. Females continued receiving 750 ppm mtil‘ termination at 13 or

52 ugeks, or through 13 weeks followed by a 39-week recovery period. In contrast to femsles, the males
received 7'59 pem through week 8, and because of continued toxicity at this dose they were p(aced on
diets containing 0 ppm for weeks 9 through 13. Two of the high-dose mates uere'sacrificed as scheduled
a:t;; wee: 13, while four other dogs were placed again on a diet £ontaining 750 pom until termination
a weeks . )

b . - .
Two dogs received 1500 ppm until sacrificed moribund during week 6, while two other dogs recei
1500 ppm for the first 6 weeks, then 750 ppm until sacrificed moribund during week 9. ved

“Two control females were designated as recovery controls (13-week and 39-week recovery).

w0 high-dose females designated as recovery females were treated for 13 weeks and were then allowed g
39-week recovery period.

Dose levels were selected on the basis of the results of a.

previous 4-week study, which indicated gross and microscop-
ic hemorrhagic changes in the right atrium in dogs receiv-
ing oral doses greater than or equal to 1500 ppm.  The 4-

week study was not available for review.

In the present study, the animals were housed individually
in cages within rooms with temperature maintained at 69 +
5'F, a relative humidity of 50 * 20%, and a 12-hour
light/dark cycle. Animals were identified by individual

ear tatco numbers.

2. Diet Preparation: An appropriate amount of test substance
was mixed with a: small amount of feed to form a premix.
This premix was then adjusted to the desired concentration

by adding the appropriate amount of feed. Diets containing -

the test substance were prepared weekly. Stability of the
test substance in the feed (stored at room temperature) was

determined prior to initiation of the study and for a
period of 20 days (3000 ppm), 31 days (5 ppm) , and 45 days

(3000 ppm) . At selected weekly intervals during the study,

samples were analyzed for homogeneity and level of test

compound.

Results: Results“ofﬂsambles,analyzed to determineéhomoge-:

neity.of:.the«test substance:inztheidiet ;atslevels.iof .5, . &
The ~
relative . standard..deviations. of . homogeneity ranged from..% %
0.2% to 8.5% for all groups (eight intervals of analysis).” °
The concentrations of'the test material in the diets (16

intervals of analysis) were generally within 5% of nominal:.

100, 750, ‘and" 1500" ppm indicated a homogeneous mix.

T A

concentrations;: ranging: from. 87%:'to--109%{" Results: ofsl
' stability analysis indicated:that:the test substance, at* %

concentrations of 5 ppm and 3000 ppm, was chemically-stable~4w

for at least 31 days at room temperature.

3. Food and Water Consumption: Animals received food.(Certi-

4. . Statistics

aee.

6

fied Purina Lab Canine Diet No. 5007) and water ad libitum.

4

L "r.hei1’9i:low.ingu..s’tatisticalmmethods were used tai. .



5.

analyze body weight, food consumption, clinjcal laboratory,
and organ weight data. The F-test was used to assess the
equality of variances betwéen dosed and control groups.
The Dunnett test was. applied to. determine the level of
significance if the data displayed normal distribution. If
the data did not follow a normal distribution, then
appropriate statistical analyses were performed which
included transformation of data, nonparametric tests, and
multiple comparison procedures with unequal variances.
Nonparametric data were evaluated by the Kruskal-Wallis and
Chi-square tests.

Quality Assurance: A quality assurance statement 'wa;.s-T

signed and dated January 17, 1990.

c. METHODS AND RESULTS:

1.

Observations: All animals were observed daily for appear-

ance, mortality, and clinical status. All animals received
pPhysical/auditory examination prior ..to- imitiation of
treatment (week =3) and at weeks 12, 25, 39, and 52. In
addition, the high~dose animals received these examinations
at weeks 6 and 9. All animals also underwent electrocardi-

' ography recordings prior to initiation of treatment, and at

weeks 5-6, 9-11, 13-14, 26-27, and 51-52. Electrocardio-~
grams were performed approximately 4 to 6 hours after
dosing.

Results: There was no mortality among male and female dogs
receiving 0, 5, or 100 ppm. Dosing of 1500 ppm resulted in
moribundity in 2 out of 10 males during week 6; after

- lowering the dose to 750 ppm, 2 additional males were

moribund.at week 9, and there was another death at week 26.
One female receiving 1500 Ppm was found moribund at week §
and one at week 51. The moribund condition.in these dogs

wasrattrihuted%byﬁtheﬁstudy-authorsntagsevere compound-g'wwj
relatedmckinicab<signsmassagf&ta&gw@thmimpairé&;cardiaa&mn‘?
‘function.. Survival rates‘at termination of the study were .
37.5% for the high-dose males and 60.0% for the high-dose ...

females. ' Treatment-related clinical signs (summarized 'in?: .’

Tablewl)swere&notedﬂoniy»in~therhighbchEﬁanimals. Mucoid, |

bloody diarrhea, few feces, . or' soft: feces, which. became- .
'apparent;'atcxweekxuzyi\occurred“fwitmu&a'»higherhafrequencyi

in high-dose animals. ‘Inappetence, hypothermia, labored:

e



TABLE 1.

Representative Clinical Findings in Dogs Fed Biaminochlorotriazine for 13/52 Weeks®:P

Diétary Level (pem)

Males Famales

Clinical Findings 1] 5 100 1500/750 0 S 100 '1500/?50
().do. Animals Exam- (10) (8). (8). ¢10) (@1:)) (€3] (3) (10)

ined)

Abdominal distention 0 0 9 3 0 -0 2
Aggressive 0 0 1 b}
Appendage/nomweight- 0 0 0 0 0 0. L

bearing :

Cachexia 0 0 0 2 0 0 0 2
Dermatitis 0 Q 1 1 1 0 % 2.
Emaciation 0 0 0 3 "o 0 6 2
Emesis 0 3 1 3 0. 1 2 4
Emesis/bloody 0 ] 1 1 9 o 'y 0
Feces/mucoid 3 s 3 10 3 0 '3 10
Feces/bloody 1 0 1 4 1 0 0 0
Feces/diarrhea 0 1 2 3 1 2 1 S
Feces/few 2 1 3 - 8 0 0 1 8
Feces/soft 1 0 2 -] 0 I 0 5
Foot/sore 0 0 v] 0 9 3 0 0
Gait/abnormal 0. . ] 0 1 0 4] 0 0
Hunched. Posture - 0 0 0 1 0 0 0 0
Hypothermia- 0 0 0 1 0 ) 0 0
Inactive 0 0 0 6 0 0 0 3
tnappetence 100%.~ - 0 0 0 2 0 0 0 1
Laborett brn:mno,w s B i S Qi B S 0 - 0 ' B 1
Lethargy 0 0 0 0 0 0 0 . 1
Pale g 0 0 - 5 R 0 0. 2
Recurbent -~ <= 0 R 0 6 o 0T
Swollen/appendege: 20 ~. 1 N . Q.- e R« 28 0.
Tremors 0 0 g 10 o o T 10
Vocalization i 0 0 0 1 0 1] 0 -0

’The nunber in parentheses indicates the rumber of animals examined.

bThe incidence reported is based on the number of animals d1splaymg the clinical sign on u

least one occasion mrlng the. studv

s

.



breathing, hunched posture, abnormal gqait, lethargy,
recumbency, and vocalization were seen only in dogs
sacrificed motribund. Inactivity, paleness, cachexia,
- abdominal distention, and emaciation were noted in high=-

dose dogs that were sacrificed on schedule and in high-dose
dogs sacrificed moribund. The clinical observations in the
dog§ were not considered by the study authors to represent
a direct effect of the test substance but rather to be of
secondary origin to impaired cardiac function. Clinical
Signs were not detected in the two high-dose recovery
females from week 13 to the termination of the 39-week
recovery period. o

Tremors were noted in almost all high-dose dogs beginning - .
at week 5. The tremors persisted in these dogs even when
the dose of 1500 ppm was lowered to 750 ppm.. In males,
tremors continued to week 11, while in females the tremors
persisted to week 15. Although one female receiving 100
ppm experienced.tremors, this condition was not considered
by the  study authors to be related to treatment:
Treatment-relataﬂphysicalexaminationfindinqslsummarized
in .Table 2) were noted in the. high~dose animals and
included irregular; rapid-heart rate, precordial thrill,
pulse deficit, abdominal ascites, and emaciation. These
findings began at week 6 and were considered by the study
authors to be consistent with impaired cardiac function.
Sporadic findings in four high-dose males included
tachypnea, pale mucous membranes, hunched posture, stiff
gait, and abdominal pain. These findings were also
considered by the study authors to be secondary in origin
to impaired cardiac function and overall body deteriora-
tion.

Pulse deficits were palpated in the two high-dose recovery
females: at week 6, a finding which was not evident at week

12 (one week prior to the termination of the treatment
period for the recovery dogs) or during. the recovery period

of 39 weeks.. The study authors considered these results to .
indicaxmmammintermittentgand/cr:reversibleﬁatrial;fibrillae:;f:“
- tiomr-in-the‘recovery “dogs:’ Results of electrocardiography
indicated a treatment-related atrial fibrillation in high-
- dose dogs. At “week: 5, atrial fibrillation was noted in-i - -
three high-dose~ males' that were eventually sacrificed'~. *
moribund:at week.6 or 9, in one high-dose female sacrificed~ . *
moribund:at week:6, and:in one-high-dose female sacrificed .. -
at week 13. At later times in the study, other high-dose: - -
animals exhibited atrial fibrillation. These included cne: .. -
high-dose male sacrificed moribund at week 26, two high- -
dose males sacrificed at week 53, one high-dose female
sacrificed moribund. at week. 51,. and one high-dose female
sacrificed at week 53. The atrial fibrillation correlated
with pathological cardiac changes. o



TABLE 2. Representative Physical Examination Findings in High-Dose
Dogs Fed Diaminochlorotriazine fqr 13/52 Weeks®

Finding:
Study Irregular Precordial Pulse Abdominal
Week Heartbeat Thrill Deficit Ascites Emaciation
Males
6 6/10 2/10 ' 4/10 0/10 0/10
9 2/7 0/7 277 1/7. o7
12 0/6 0/6 S 0/6 - 0/6 0/6
25 1/6 0/4 /6 is 1
39 1/3 Y 1/3 0/3 0/3
52 1/3 0/3 1/3 1/3 0/3
- Fem :
6 5/10 1/10 4/10 0/10 - 0/10
9 1/9 0/9 1/9 0/9 0/9
12 ' 2/0 09 179 1/9 09
25 0/6 0/6 0/6 0/6 1/6
39 1/6 0/6 1/6 0/6 0/6
52 1/5 0/5 | 1/5 1/5 0/5

. -‘Da;a:presancadaas;numbunswuﬁ:hﬁfindfngxnumb&ﬁiof?dogsgexaminedﬂﬂ#*w“

10



Body Weight: Dogs were weighed prior to treatment (days
-14 and -7), weekly for weeks I-13, monthly thereafter, and
at termination.

Re§ults: ‘Tables "3 -and” 4 summarize data on méan body
welghts and mean body weight gains in dogs treated for 13
weeks (interim sacrifice) and 52 weeks (main study). Mean

first 6 weeks of the study. For the first 6 weeks of the
study, the mean body weight gain was decreased by 8.7% in
the high-dose males and 11.1% in the high-dose females as
compared with pretest values. The high-dose males.
continued to lose weight after the dose level of 1500..ppm -
was lowered to 750 ppm at week 7. Because toxicity was
still evident in males receiving 750 ppm, these dogs were
fed a control diet from weeks 9 through 13; mean body
weights for these males returned to baseline levels by week
12. When these dogs were placed again on diets containing
a dose level of 750 ppm at week 14, the bady-weights were:
maintained at a generally constant level. In contrast to
the males, mean body weights did. not--fluctuate much from
baseline values .in- the "high-dose" females when the dose
level of 1500 ppm was lowered to 750 rpm at week 7. Mean
body weights were significantly (p £0.05) 1lower (by
approximately 17%) than controls in females receiving the
high dose between weeks 7 and 13. At termination, mean
body weight gains (calculated from the difference between
% change at week 51 and week 0) in the high~-dose males and
females (excluding recovery females) were 109% and 9.1%
lower than controls, respectively. The recovery high-dose
females exhibited weight gains through the.end of the
study; at termination, mean body weight and body weight
gain in these females surpassed: those of controls.

Food Consumption and Compound Intake: Food consumption was
determined prior to initiation. of treatment at day 0,
weekly during weeks 1 through 13 of the treatment period,

montnly;thereafterﬁmandaLhweekupniarwto&terminationa.' S

ngglggi Table 5 summarizes data on food consumption at.

selected  intervals... For 'the first 8 weeks of treatment’: .' -

the food. intake. of. the:-high-dosé males was ‘up - to 35%
lower than that.of controls. .When these dogs were placed:.

11
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on untreated diet at weeks 9 through 13, food intake
returned to levels similar to that of controls. From
week 17 (when the diet containing 750 ppnm recommenced) to
the termination of the study, the food intake of the
high-dose males continued- to be lower than that of
controls; the reduction in food consumption was statisti-
cally significant (p £0.05) at weeks 17 (25% lower), 21
(22% lower), and 25 (22% lower). The food intake of the
high-dose females was significantly lower (p £0.05) than
that of controls during weeks 3 through 7 (up to 23%
lower) and 13 (19% lower). The food intake of the high-
dose females from week 18 to termination was similar to
controls. The food intake of the high-dose recavery
females was slightly but nonsignificantly lower than that
of either controls or other high-dose females during. the. .
recovery period. The mean daily doses for male dogs
receiving dietary levels of 5, 100, and 1500/750 ppm for
52 weeks were 0.187, 3.61, and 24.1 mg/kg/day, while the
doses were 0.195, 3.43, and 32.7 mg/kg/day for females .
receiving the same dietary levels. ‘ ’

4. Ophthalmological Examinatjoris: Ophthalmcscopic examina—- -
tions. were.performed at predose and at weeks 13, 26, and
52.

Results: There was no effect of treatment on ophthal-
mology. "

5. Hematology and Clinical Chemistry: Blood samples were -
collected from the jugular vein of each deog prior to
treatment, and at weeks 13, 25, and 52. Samples were
taken prior to feeding. The CHECKED (X) parameters were
examined:

a. Hematology:

- Hematocrit (HCT)+ .
Hemoglobin (HGB)t . R

« Leukocyte:count i (WBC)#is v
Erythrocyte count (RBC)t
Platelet .countt -

- Reticulocyte count (RETIC) -

e

"Red cell morpholégy - P

Leukocyte differential count
Mean:corpuscular HGB (MCH) .
- Mean-corpuscular:HGB.concen=- <" -
tration (MCHC)
Mean corpuscular volume (MCV): . .
Coagulation:thromboplastin.. s
time. (PT) = Ce
- Clotting .time. =~ " 7.
Heinz: body: formation- "~ -

D 3¢ 3 %4 ¢ ¢

X KX KX

Clotting time was determined on‘'days 85 and 362.

TRecommendedLbyﬁSubai§isioﬁ$Fn(NEVemberﬁL984)»Guidelinesgéﬂpiéfff~*ﬂi
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Results: 'Table 6 summarizes data on selected hematology
parameters. Treatment-related anemia with an accompanying
reticulocytosis was noted only in the high-dose animals..
The effects included decreased erythrocyte count, hemato-
crit, and hemoglobin concentration; the decreases were
Statistically significant (p <0.0S for hematocrit concen- -
tration, p <0.01 for hemoglobin concentration and erythro-

- Cyte count) at weeks 13 and 25 in the females. Decreases in
males were not as great as in females, and none reached a
level of significance. Also, alterations -in erythrocyte
size or color and the presence of Howell-Jolly -bodies or
nucleated red blood cells were Seen at weeks 13, 25, and/or
52 in several high-dose animals. Severe anemia with a
pronounced increase in reticulocyte count was observegd in
one of the two high-dose recovery females at week 13. This
particular dog recovered from the anemia by week 25 with
the reticulocyte count returning to normal control level.
Increases in the reticulocyte count were also seen in other
high-dose females (significance of P £0.05:at week~13) and -
in the high-dose males (significance of p <0.05 at week
25). The reticulocyte count returned to control level,
with red blood cell morpholcgy becoming normal, by week 52,
A treatment-related increase- in Platelet levels was noted
in'highhduserfemalesa(excludingvthe recovery females) at
weeks 25 (p <0.01) and. 52 (p £0.05). oOther hematological
alterations" were regarded by the study author, to be
incidental and of normal biological variation.

b.. Clinical Chemistry:

Electrolytes ' Other
X Calciumt X Albumint .
X Chloridet X Albumin/globulin ratio
: Magnesiumt X Blood creatininet
X Phosphorus+ X Blood urea nitrogent
X Potassiumt X Cholesterol (TCHOL)t
X Sodium¢ Globulins. .
X Glucoset -
n s X  Total:-bilirubint .. .
~Xi. Alkaline’phosphatases(ALP) ™ '~ ' Direct bilirubin - -
Cholinesterase N X Total proteint, ., B
- X  Creatine phosphokinaser == ' Triglycerides -~ ‘< i
X = Lactic.acid dehydrogenase- (LDH) - ‘ : ' "
X ~ Serum alanine aminotransferase™ -.
(SGPT)¢.. - . . L ) e
X' Serum aspartate’ aminotransferase = i
(SGOT) + !

Gamma glutamyltransferase (GGT)

tRecommended by. Subdivision F (November 1984):Guidelines. :’.. V.. -~ yi :
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Results: Table 7 summarizes data on selected clinical
chemistry parameters. Several treatment-related changes
were noted. ‘Albumin levels were slightly but non-
significantly decreased in the high-dose males ang
females (excluding recovery females) at weeks 25 and 52.
The hypoalbuminemia was considered by the study authors
to be consistent with the ascites and cardiac cachexia
associated with impaired cardiac function. Significant
(P <0.05) decreases in serum calcium levels, considered
by the study authors to be directly related to the
hypoalbuminemia, were noted in the high-dose males at
week 52 and in high-dose females (excluding recovery
females) at week 13, and 25. Total cholesteral levels.
were significantly decreased in high-dose females
(excluding recovery females) at weeks 13 (p <0.01) and 25
(p <0.01). Total cholesterol levels were near control
values in the recovery females, indicating that this
effect of diaminochlorotriazine may bhe. rewversible. -
Nonsignificant increases in the LDH activity were noted
in the high-dose males (79.4% increase) and high-dose
females (82.8% increase) at weeks::13 and in both.sexes
(53% increase in males: 50% increase in females) receiv-
ing the high dose: at week 25. The increases im LDH
activity were attributed by the study authors to two
high-dose animals (one male and one female) that were
sacrificed moribund with clinical and pathological
symptoms of heart failure. Other statistically signifi-
cant differences from control values were regarded by the
study authors to be of little or no biological impor-
tance. -

6. Urinalysis: Urine was collected from all dogs at pretest
(day -8) and on days 83, 176, and:365. The CHECKED" (X)
parameters were. examined:

X Appearancet X Glucoset ,
Volumer - - _ X Ketones. -
Specificigravitys - .. X. Bilirubing:: - = - S
X pHEe T . X Bleodt - " . onany o
X Sediment (microscopic)t Nitrate Sy
X Proteint - . - '+ X 'Urcbilinogen iiii«:iu

1. No effects.of treatment with diamino-chloro=.: "
triazineaonwurinarymparameters:were&seen@' pantt T '

tRecommended by Subdivision F (Novembér 1984) Guidelines.
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Sacrifice and Pathology:

All animals that died and that

were sacrificed (scheduled or unscheduled) were subjected

to gross pathological examination,
tissues were collected for histological examination.

and the CHECKED

addition, the (XX) organs were weighed: ..

Digestive System

Tongue X
Salivary glandst XX
Esophagust X
Stomacht X
Duodenum¢s XX
Jejunumt XX
Ileum¢t
Cecumt
Colont
Rectun
Livery XX
Gallbladdert X
Pancreast XX
: XX
X
Respiratory XX
Tracheat X
Lungt X
Results:

Cardiovasc./Hemat.
Aortat ‘

Heartst
Bone marrowt
Lymph nodest
Spleen
Thymus

Urogen: 3l
Kidney:

Urinar ;laddert
Testess
Epididymides
Prostate’
Seminal vesicl
Ovaries ’
Uterus

Vagina

XXX X

(X)
In

Neurologic
Brain

Peripheral nerve
{sciatic nerve)+t
Spinal cord
(3 levels)
Pituitaryt
Eyes
(optic nerve)t

Glandularxr
Adrenalst.
Lacrimal gland
Mammary. .glands
Thyroidst
Parathyroidst
Harderian glands

Other

Bone (sternum and
femur)+

Skeletal musclet

Skin

All gross lesions
and masses

A complete gross examination was performed on

each dog sacrificed or found dead. Organ weights were not

measured on any dog that was sacrificed moribund during

treatment.

.m:-,w i

‘ghitg:~ ‘Tables* 8- and 9 present meaniabsolute ﬁg
organ and organ-to-body weight data.

Nonsignificant

increases in mean “absolute spleen ‘weight <(105.9% %

increase-in:males;. 134.3% in:females) and-spleen weight~

29
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relative- to body weight (101.9% increase in males,
195.9% increase in females) were seen in both sexes
administered the high dose for 13 weeks. Nonsignifi-
cant increases in mean absolute (35.4% increase) and
relative spleen weight (30% increase) were also seen in
the high-dose females following 52 weeks of treatment.
Mean absolute and relative spleen weights were also
increased to a similar extent in the high-dose recovery
females at 52 weeks. Mean absolute liver weight was
significantly (p <£0.05) increased (26%) in the high-
dose females (excluding the recovery females) treated
for 52 weeks. Relative liver weights were significant-

ly increaséed in the females (60%) receiving the high

dose for 13 weeks and in males (44%) receiving the high
dose for 52 weeks. Mean absolute liver weights. were
slightly but nonsignificantly increased in the high-
dose males (13%) treated for 52 weeks and in the high-
dose females (34%) treated for 13 weeks. A nonsignifi-

cant increase (24%) in relative liver weight was seen

in females (excluding recovery females) administered
the high dose for 52 weeks.. The .increases in the
aforementicned liver, kidney, and spleemrr weights were
regarded. by the study authors to be treatment related.
Other statistically significant differences from
control values were considered by the study authors to
be unrelated to treatment.

Gross Pathology: Table 10 summarizes the incidence of
frequently observed gross lesions in dogs receiving the
high dose for 13 or 52 weeks. Findings in the heart
included enlargement, softness, thickened. valves,
lesions, distension, red/dark color, and thrombosis.

Secondary: changes. were: noted - in the  liver, thoracic
cavity, and abdominal cavity. Liver alterations
consisted of enlargement, red/dark color, .lesions,
adhesions, mottling, and rough texture. Fluid accumu-

lation’ was. seen:.in.the.pericardium, thoracic cavity,.:.: "

and- -abdominal - cavity.’ - These: gross’ pathological"

findings were absent in dogs receiving 0, 5, or 100 ppm

for"13'or“sz'weeks,‘and?in?the'two*high-dose$recoverY{ff

- females. .

g
L

Microscopjic Pathology: ' Tables:11 and. 12 summarize:the’

incidence of frequently occurring nonneoplastic lesions ... ..

in dogs. Treatment-related alterations were present:in ...\ -

the hearts of male and female dogs treated with
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TABLE 10. Representative Gross Findings in Dogs Fed 1500/750
ppm Diaminochlorotriazine for 13/52 Weeks®:®

Study Weeks:

Males . Females
Organ/Finding 13 52 13 52

Heart

-Soft 2 1 1 1

-Fluid accumulation E s
(Pericardium) 2 2 2 2

Right atrium

-Lesion
-Distended
-Enlarged
-Thrombosis
-Thickened
-Color red/dark

SO0 O

£ O N W
(e NoNole el
cooQroo

" Left atrium
-Enlarged,
thrombosis, color ' 1 0 n 0 0
dark

Papillary‘muscle ' 0 0 4 1 0
-Lesion, color tan '

Valves ’ o 0 0 0
-Thickened

‘Enlarged ' o 1 0 0
Liver '

-Enlarged -

-Color red/dark

-Lesion

-Adhesions;.. .

-Mottled™

-Texture. rough..... . ... ..

O
o000 Or
OO M+ OOO

.

Thorac 1 c: E:l!!i gz v :
Fluid.accumulation:: ... = -~ 1 -~ o Qe 0’ Y-S

Abdominal cavity

Fluid accumulation 3 2 1 ’ 2

O OO N

*Based on six males and four females (including two recovery females) treated for
up to 13 weeks, and four males and six females treated for 52 weeks.

®Includes those;sagri£i¢gdqmoribundﬁanﬂﬁthaa-nsacrifiénd;onéschqdulii\m}@*?fﬁif“7'»‘

'&)? |

26



.
-

TABLE 11. Representative Nonneoplastic Neoplastic Findings in Dogs Fed Diaminochlorotrazine for ,3 Weeks?

Dietary Level {pom)

Males Females
Organ/Finding 0 5 100 1500/750 0 5 100 1500/ 1500/750
750 (Rec)
Heart (8) (6) %) - 8) (4) (4) (&) (&) (2) .
Inflamnmation 1] 1] 9 1 0 0 0 0 1]
Chronic myocarditis 4] 0 g 4* 0 0 1] 2 1}
Necrosis 0 Q 1] 1 g 0 ] 0 g
Thrombosis Q ] 4] 1 0 1} 9 1 [+]
Sone marrow 6) %) (%) () 73 %) %) - (& 2,
Erythropoietic hyperplasia v] 0 1] 0 0 0 Q 2 0
Hyperplasia 2 0 2 .5 ] 0 ) Q 2
Liver ) (&) (4) | (&) (6) (%) (%) %) (%) (2x
Inflammation 1] 0 0 1 9 - 0 0 0 9
Atrophy, centrilobular 0 0 0 2 Q - 4] 1] 1} ]
Bile stasis 0 0 0 2 0 0 a 0 © 0
Fibrosis, centrilobular 0 0 Q 2 v] o 0 o 0
Hemorrhage 0 0 1] 0 a Q 0 1 0
Hemosiderosis 0 0 0 1 [+ g 0 -1 1
Passive congestion 0 o] B § 3= g [ ) 1 0
Testes _ &) “% | (» 6)
. 0 0 -0 e
Kypospermatogenesis
Hypospermia g 0 1] 0 Lre
Thymus a (4) %) (%) (6) €4) (4) (&) - (%) (2)
Atrophy : 1 0 1 4* 0 0 0 1 0

The number - in- parentheses indicates the number of animals with tissues examined. -
bruo recovery high-dose females received treatment for 13 weeks followed by a 39-week recovery period.
*Signmificantly different:from contral: value .(p.<0.05)..-

**Significantly "different from:controt: vetues(p: <001y, =

~3



TABLE 12. Representative Nonmneoplastic Findings in Dogs Fed Siaminochlorotriazine for 52 Weeks?

Dietary Level (pem)

females
organ/Finding ) ' 0 S 100 1500/750 - b 5 - 100 1500/750
Bone marrow (4) (&) (%) (&) (%) (%) (¢) (4)
Erythropoietic Hyperplasia 0 - 0 ] 0 0 0 0 2
Heart (4) %) {4) %) %) %) (@) %)
Chronic myocarditis ] Q 0 1 0 [ 0 1
Edema 0 0 0 1 0 0 0 0
Subacute |ymphocytic
inflammation 9 0 0 1 0 0 0 0
Thrombosis ] [+] g 1 0 Q .0 1
Liver T BN73% %) %) %) %) %y~ )
Atrophy, centrilobular 0 1] g 2 0. 0 9 0
8ile statis 7] o] g 1 [+ 3 0 o g
Fibrosis, centrilobular 0 Q 0 3 (] 1] 0 1
Hemorrhage [+ 0 0 1 1] 0 Q 1
Hemosiderosis 0 9 0 2 1] 0 0 1
Passive congestion 0 0 0 2 0 0 0 2
Testes %) (4} (4) (4)
Hypospermatogenesis ) s} 0 2
Hypospermia 0 0 0 2
Thymus (&) 4) (4) (%) (4) -(6) (%) (4)
Atrophy o2 0 0 3 ) 0 0 1

2The.number. i parentheses: indicates: the-number.of: arvimals. with: tissuessexamined: <. . L.



diaminochlorotr@azine for 13 or 52 weeks. Chronic
myocarditis, particularly of the right atrium, was the
Primary cardiac lesion noted in the high-dose dogs
(observed in four out of six males at 13 weeks, in two
out of four females at 13 weeks, in one out of four
males at 52 weeks and in one out of four females at 52
weeks) ; this effect reached statistical significance (p
£0.05) in males receiving the high dose for 13 weeks.,

Other cardiac lesions included thrombosis, inflamma-
tion, necrosis, hemorrhage, and hemosiderosis; the
right atrium was particularly affected. The heart
lesions corresponded to the gross patheological alter-
ations in this organ. The hearts of the two high-dose "
recovery females were normal. Several lesions second-
ary in origin to the cardiac changes were also noted in
. the livers, testes, bone marrow, and thymus of dogs
following - treatment with 1500/750 ‘ppm diamino-
chlorotriazine for 13 or 52 weeks. Liver changes
included passive congestion, centrilobular fibro-
sis/atrophy, bile stasis, necrosis, hemosiderosis, and
inflammation. Hypospermatogenesis:in the testes with
associated hypospermia in the epididymides was noted in
the high-dose males at 13 and 52 weeks of treatment.
Other changes included thymic atrophy and hyperplasia
of the bone marrow. A variety of other tissue findings
occurred infrequently in the dogs; these were often
without relationship to treatment.

STUDY AUTHORS' CONCLUSIONS:

Diaminochlorotriazine was administered via. the diet to four
groups of-dogs (8 to 10/sex/group) at dose levels of 0, 5, 100,
and' 1500 ppm. The dogs received 0, 5, and 100 ppm for either
13 weeks (interim sacrifice) or 52 weeks (main study). High-
dose . males. received:1500. ppm:for weeks 1 to 6, and then 750 ppm

at: weeks..7,-8, and:14.to. 52 with-an intervening period of O'ppm =
,,at;weeKS@aatnﬁlzugemhe@dose@aﬁulsOObppmmwaSﬁlowe:ed?tu;750'ppmrf‘

because  of toxicity at 1500 ppm. High-dose females received
1500 ppm..(weeks 1 to 6) and.750.ppm. (weeks -7 to 52). At weeki - ..
13, dogs receiving 0 ppm (six males. and. four females), 5.ppm:
(four/sex), 100 ppm (four/sex), and 1500/750 ppm (two males and, °

four temales)'werehsacrificed4;while«twO“controlifemale.and?twof?'g

high-dose females were placed“on untreated diet’ for a '39-week'i .
recovery period.

No treatment-related effects were seen in doés receiving 0, 5,
or 100 ppm. Treatment-related effects were observed in dogs

receiving 2750 ppm.. Effects included moribundity (five males

and two females), clinical signs of inactivity, inappetence,
labored breathing, cachexia,. hunched. posture,.. abnormal..gait,. .
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Areceived&750&ppmmuntrlgterminationfatwlsgprqszuweeks, except .
for a group of twa}thatﬁwereﬂdosed_foralz‘weeks“followed:by a;r
-39-week recovery period. Coe

abdominal distention, hypothermia, paleness, fecal changes,
lethargy, recumbency, vocalization, and emaciation; all of
these clinical findings were attributed to .impaired cardiac
function. Body weight loss and reduced weight gain and reduced
food consumption were noted in dogs receiving 1500 .ppm. The
body weight loss persisted for several weeks when the dose was
lowered to 750 ppm. Reductions in body weight gain and food
consumption were seen throughout the entire treatment period in
the high-dose males and over the first 13 weeks'in females.
other findings in the high-dose animals included tremors;
tachyarrhythmia; atrial fibrillation; anemia with reticulocyto-
sis; decreased mean serum albumin, calcium, and cholesterol
levels; elevated LDH values; increased mean spleen, liver, and
kidney weights:; and gross and microscopic cardiac lesions
primarily in the right atrium. Changes secondary to the

cardiac lesions included fluid accumulation and lesions in the

liver, testes, bone marrow, and thymus. The two high-dose
recovery females did not show any clinical, gross, or micro-

‘scopic pathological signs of heart impairment. -

The results indicated clinical, electrocardiagraphic, gross,
and microscopic evidence of impaired heart  function in dogs
administered diets containing 2750 ppm of diaminochlo-
rotriazine, and a level of 100 ppwm is the no-observed effect
level. : '

REVIEWERS' DISCUSSION AND INTERPRETATION OF RESULTS:

The study design was complete and adequate, and the data were
well reported. Summary data were supported by individual
animal data, and mean values that were validated agreed with
the authors* values. Dose levels were selected on the basis of
the results of a previous 4-week study that was not available
for our review.. : '

" signs of toxicity from diaminochlorotriazine became evident in

dcgs@receiyingul5004ppm“ﬁor;6;weeks4ﬁcon55quentlyﬁAthe@doseswas;
lowered“to*750“ppmﬁﬁ*Tﬁeﬁmaleswwerewmdrevsensitiveﬂthan*fémales

to the dose level of 750 ppm, and as a result, the males were
placed'on~untreated’dtet9”ﬁar weeks 9-to 13:;* Four male dogs' ..
werewthemﬁplacedvagaimfona&mdiebkcontaining 750 : ppm- until.
termination at 52 weeks.. In-contrast:to: the males, females:.:

The primary treatment-related effects of diaminochlorotriazine
were observed in the hearts of dogs receiving the high dose.
Most frequently, the right atrium was affected. Gross patho- -
logical findings in the heart consisted of enlargement,

"soﬁtness,uxthickenedpwvalvesiamlesions,;.distensiop,“ red/dark. . . .
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color, and thrombosis. Correlative histopathological cardiac

effects included,chronic:myocarditiS, thrombosis, inflammation,

necrgsis, hemorrhage, and hemosiderosis. A number of chariges

arising secondarily to cardiac impairment were-. noted in the

higthose animals. THese included clinical changes, physical

examination findings, moribundity, and gross and microscopic

pathological alterations in the liver, testes, thymus, and bone

marrow. Clinical signs included inactivity, inappetence,

labored breathing, cachexia, hunched posture, abnormal gait,

abdeminal distention, hypothermia, paleness, fecal changes,

lethargy, recumbency, vocalization, emaciation,. and tremors.

Physical examination findings revealed the presence of irrequ-

lar, rapid heart rate, precordial thrill, pulse deficit,

abdominal ascites, and emaciation. Fluid accumulation was seen

in the pericardium and the thoracic and abdominal cavities.

Liver alterations consisted of enlargement, red/dark color,

lesions, adhesions, mottling, rough texture, passive conges-
tion, centrilocbular fibrosis/atrophy,. bile stasis, necrosis,

hemosiderosis, and inflammation. ‘Hypospermatogenesis in the.
testes with associated hypospermia in the epididymides was
noted in the high-dose males. Other changes included thymic
atrophy and hyperplasia of the bone marrow.. . -

Administration of the high dose of diaminochlorotriazine to
dogs also affected body weight and food consumption. Mean body
weights and body weight gains were decreased in males and
females receiving 1500 ppm during the first ¢ weeks of the
study; the body weight loss persisted in the high-dose males
even when the dogs were fed a diet containing 750 ppn,
However, body weights in the males attained a generally
constant level when the dogs were given untreated diet. Unlike
the males, females did not exhibit much fluctuation from
baseline values in body weights when the dose level of 1500 ppm
was lowered to 750 ppm at week 7.- Mean body weights in these
females were lower than.controls .between weeks 7 and 13. The
apparent mean body weight gain noted in the high-dose dogs at.
week 25 was considered by the study authors to be the result of
passive. congestion: of. internal organs ‘and edema in body
cayitiesvotqone;dogsthatﬁwas.sacriticedhduringnweekn26. Food. ..”

-~ consumption: in-ther high-dose: males - was- lower than-that of "’ '

controls during the first 8 weeks of treatment. Food consump-
tion"in-these“dOQS'returned“tO”normalfwhen”theyfwere”prbv1dedf

‘untreated.diets.at.weeks.9 to 13. However, food consumption in - R ¢
these dogs was lower than controls when they were given a diet -7
containing.750" ppm. The: food intake-of the high-dose: females: ' . °

(except recovery females) was lower than-that ofAcontrolsionlyg§~ E
during weeks 3 to 7 and at week 13. Increases in the mean ™
spleen, liver, and kidney weights were noted in the high-dose
dogs. .

Assessment of° hematology data indicated ‘treatment-related
anemia with an accompanying reticulocytosis in the hlgh-dose_
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animals. The effects included decreased erythrocyte counts,
hematocrit, and hemoglobin concentration. Alterations in
erythrocyte size ar color and the presence of Howell-Jolly
bodies or nucleated red blood cells were noted in several high-
dose animals. Severe anemia with pronounced increase in
reticulocyte count was noted in one of the two recovery high-
dose females at week 13. However, by week 25, this particular
dog recovered from the anemia and exhibited normal erythroid
levels and reticulocyte count. This finding suggests that this
effect of diaminochlorotriazine is reversible. Increased
reticulocyte count was observed in both high-dose males and
females; the reticulocyte count became normal by week 52, A
treatment-related increase in platelet levels was noted in
high-dose females (excluding the recovery females) at weeks 25
and 52. Treatment-related alterations in clinical chemistry
parameters of high-dose animals (except recovery animals)
consisted of decreases in albumin levels and decreases in serun
calcium levels. Total cholesterol levels were sigmificantly:
decreased in high-dose females (excluding recovery females) at
weeks 13 and 25. The return of total cholesteracl.levels in the
recovery females to levels near control:values  also suggests
that this. effect of diaminachlorotriazine- may be reversible.
Nonsignificant. increases.in lactic-acid dehydrogenase activity
were noted in both sexes receiving the high dose at weeks 13
and 25. However, the elevation in the activity of this enzyme
was attributed to two high-dose animals (one male and one
female) that were sacrificed moribund because of heart failure.

We agree with the study authors' conclusion that administration
of diets containing 2750 ppm to dogs is associated with the
symptomatology of cardiac failure, and the no-observed-effect
level (NOAEL) of diaminochlorotriazine is 100 ppm.
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