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- The registrant, American Cyanamid, - submitted 2 developmental toxicity studies on
triforine. Both of these studies were conducted in the rabbits. One is a preliminary study (dose-
range finding study; MRID 43664902) while the other is a definitive study (MRID 43664901). The
dose-range finding study was conducted much later (1995) than the definitive study (1988). The
‘results of the definitive study indicated that the highest dose (150 mg/kg/day) was not sufficient
in testing the development toxicity of triforine. This was strongly supported by the 1995 dose-
range finding study which employed doses as high as 1000 mg/kg/day which produced no

- significant maternal or developmental toxicities. The author of the study recommended that 1000
mg/kg/day be used as the high dose for a development toxicity study. Unfortunately, the dose-
range finding study did not conduct the skeletal and visceral examinations, otherwise the results

of this could have been more valuable. Both studies cortained deficiencies which prevented them

. from satisfying the guidelines for a developmental toxicity study, and they were classified as

unacceptable under the current evaluation system. The citation and summary of each study are
presented below: ' ‘ : - : ' f :
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1. Muller W (1988) Oral (gavage) teratogemcrty study in the rabblts Unpubhshed Study
o conducted by Hazleton lab. Deutschland GmbH, Germany. Study ‘No. 460/29. .

April 27, 1988. Revised. final report: April 27,.1995. Submltted to US EPA by
Amerlcan Cyanamld Co .MRID No.. 43664901 .

Ina developmental toxxcrty study (MRID No. 43664901) groups of mated New Zealand
. White rabbits (18 females/group) received triforine (98.1% pure) by gavage on gestation
. days 6 through 18 at doses of 6,30, and 150 ‘mg/kg/day. A control group (18 mated
. females) was also included in the study. On gestatlon day 28, all test animals underwent
cesarean section and ‘were exammed The fetuses were removed and exammed for
.developmental effects.

~ The results mdlcated that triforine at doses tested in this study did not produce any
- treatment-related maternal or developmental effects. - The test animals could have tolerated
-higher doses. Therefore, this study is classified as supplementary (unacceptable), and
does not meet the guideline for a developmental toxicity study (83-3).

2. Muller, W. (1988). Trlfonne Prellmmary oral (gavage) embryotoxicity study in the
: - rabbit. Unpublished Study conducted by Hazleton Lab. Deutschland GmbH,
Germany. Study No. 121-003. April 27, 1991. Revised final report: April 27,

1995. Submitted to US EPA by American Cyanamrd Co.; MRID No. 43664902.
: Unpubhshed

In a prehmmary developmental toxicity study (MRID 43664902), groups of mated New
Zealand White female rabbits (8/group) received triforine (99.6% pure) by gavage on
‘gestation days 6 through 18 at doses of 250, 500, and 1000 mg/kg/day. A control group
of 8 mated females was also included in the study. On gestation day 28, all test animals -

. underwent cesarean section. The fetuses were removed and examined for any toxic and
- developmental effects :

- . Under the conditions of this study, tr1f0r1ne at doses tested did not produceany treatment—
related maternal or developmental effects (NOEL > 1000 mg/kg/day). There was a slight
decrease in the mean body weights of the high-dose maternal animals, but the decrease did -

‘not show a statistical significance. The mean body weight gain from gestation days 6-19
was decreased, and the reduction was. statistically significant. Visceral or skeletal
examinations were not conducted in this preliminary study. Based on the results from this

study, the study author suggested that a high dose of 1000 mg/kg/day was sultable for the
deﬁmtne developmental toxicity study.

,Thls study is a dose—range fmdmg study. It used an madequate number of test animals, and
‘it lacks fetal skeletal and visceral examination data. It does not meet the Guidelines for a
developmental tox1c1ty study in rabbits (83-3b). Therefore 1t is unaccep_@l_) as a_
developmental tox1c1ty study and can not be upgraded '
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DATA EVALUATION REPORT

Study Type Prehmmary developmental toxicity study in rabblts : B

. OPPTS 870.3700 [§83-3b]
Tox. Chem No. 890AA ' ,‘ - DP Barcode. D216222
MRID No. . 433664902 - CASENo. 819415

PC Code 107901 = - . Submission - S465983
' Test Material: Triforine ’
‘ ‘Synonyms: 1,4-bis(2,2 2—trichloro-1-formamidoethyl)-piperaime'; SAG 102

Spunsor: Shell Internatlonal Chemical Co. Ltd
London, England :

Testing Faclhty Hazleton Laboratones Deutschland GmbH
Kesselfeld 29
4400 Munster, Germany

Citation: Muller, W. (1988). Tnforme Preliminary oral (gavage) embryotoxicity study in the
rabbit. Unpublished Study conducted by HazletonLab. Deutschland GmbH,
Germany. Study No. 121-003. April 27, 1991. Revised final report: April
27, 1995. Submitted to US EPA by American Cyanamld Co.; MRID No.
43664902 Unpubhshed

Executive Summary: In a preliminary developmental toxicity study (MRID 43664902), groupé
of mated New Zealand White female rabbits (8/group) received triforine (99.6% pure) by

- gavage on gestation days 6 through 18 at doses of 250, 500, and 1000 mg/kg/day. A .

- control group of 8 mated females was also included in the study. On gestation day 28, all
 test animals underwent cesarean section. The. fetuses were removed and examined for any
toxic and developmental effects.

Under the conditions of this study, triforine at doses tested did not produceany treatment-
related maternal or developmental effects (NOEL >1000 mg/kg/day). There was a slight
decrease in the mean body weights of the hlgh-dose maternal animals, but the decrease did

not show a statistical significance. The mean body weight gain from gestation days 6-19 -

~ was decreased, and the reducuon 'was’ statistically significant. Visceral or skeletal

: 'exammatlons were not conducted in thls prehmmary study Based on the results from ths -
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: :. study, the study author suggested thata h1gh dose of 1000 mg/kg/day was suitable for the
' .'defmmve developmental tox1c1ty study.

o Th1s study isa dose-range finding study. It used an inadequate number of test animals, and

- it Iacks fetal skeletal and visceral examination data. It does not meet the Guidelines for a

- developmental toxicity study in rabbits (83-3b). Therefore, it is gacceptat_) as a
developmental tox1c1ty study and can not be upgraded

Comphance Slgned and dated GLP ‘Quality Assurance data conﬁdentlahty, and flagging
.Statements were included in the report.

METH'()D’S’ AND MATERIALS

_ﬂ_Ag_g_l_e Triforine with a purity of 99.6% and a batch No. of HT08/91/1 was
described as colorless to cream powder or crystals. The purity of the chemical was
~ presented in a letter from the registrant, American Cyanamid Co. (D. Little to W.
Phang, June 18, 1996).

Test Animals: Female New Zealand White rabbits were obtained from H. Fortkamp, 4540
- Lengerich, W. Germany. The body weights of the test animals were ranging from
2.9 to 4.1 kg. These animals were 14 to 17 weeks old and sexually mature. The
test animals were acclimated to the laboratory conditions for at least a week _prior
to the initiation of the study. The test rabbits were housed individually in a
controlled envuonment and recelved tap water and food (pelleted rabbit diet) ad

Vehicle: Distilled water
Study Design
- 1. In life dates: Began on July 3, 1991 and ended dn September 4, 1991.
2. Mat" ing: T he test females were mated with males. The report does not contain
additional detail about mating. The report stated that females which successfully
" completed coitus receive an IV dose (50 1.U.) of a luteinizing hormone HCG:
'Primogonyl®) to ensure ovulanon The day of mating was considered as gestation -

day 0.

imal Assi ent As indicated in Table 1, the mated female rabbits were randomly
assxgned to a control and 3 treatment groups. ’ :




Triforine ' : ' . ) * Developmental toxlclty study in rabblts (83-3b)

Table 1*: Dose groups and number of mated female rabbits/dose group '

i Test Group: - Dose (mg/kg/day) | Number of Females
. Control V, ' 0 . . 8 ' | .
‘f Lowapm 250 ) g I
_ Mid (MDT) - 500 8 &
' High (HDT) 1000 8 H

+: Data excerpted from the report, p. 20 (MRID No 43664902).

4. Dose se!ectlgn rationale Th1s isa prehmmary study The report indicated that the
dosages were selected based upon the results of prev1ous developmental tox1c1ty
studies in rats and rabblts

5. Qsage pre_par_atlgn and analysis: The dose formulanons were prepared da11y asa
suspension in water. During the first week of treatment, samples of the prepared

dosages for Low and High Dose groups were taken (from top, middle, and bottom)
for analysis. The analysis was conducted to determine the concentration of the test

material, homogenelty, and stability of the test article formulations over 4 and 24
hrs : '

Results: The results showed that the test formulation were relatively homogenous
among the top, middle, and bottom sections of the suspension. The prepared dosing
suspensions were acceptable for ‘both stab111ty and percentage of the nominal
concentrations. : :

6. Dosing: All doses were administered by gavage once daily, on gestation days 6
' through 18, in a volume of 10 ml/kg/day Dose volume was based on the body
welght on gestation days 6, 9, 12, and 15

7. Observation
a. Maternal observation: The animals were checked at least once dally for chmcal
signs of toxrcrty, behavior changes and mortallty

8. Body weights: Body weights of each doe were measured and recorded ondays 0,6, 9,
12, 15, 19, 24, and 28 post-coifum. -

9. Food consumption: Food~consumption was apparently not measured.'

10._ Necropsy: All surviving does were sacrificed on gestation day 28 by IV injection of N
Euth 77®. The ovaries and uteri were removed and exammed for the following '
parameters: - S :

= No. of corpora lutea in each ovary
No and position of 1mp1antatlon subd1v1ded mto
a. hve fetuses e ‘ :




Triforine Developmental toxicity study in rabbits (83-3b)
_ b. early resorptions
. - . c.late resorptions
' _d. dead fetuses -
The uteri of non-pregnant females were exarmned for ev1dence of
1mplantatron by i 1mmersmg them ina10% ammomum sulph;lde solutlon

b. Fetal evaluations: The sex of each fetus was determined. Each fetus was Werghecf
and examined for external abnormalities. All fetuses were preserved in 10% neutral
buffered formalin. Visceral and skeletal exammatrons were not carried out.

10. Data analyg s '

a. Statistical analysis: For the data on maternal body welght and body welght gain,
Levene’s test for homogeneity of variance, ‘one-way analysis of variance, and
Dunnett’s test were performed. For litter weight data, analysisof variance and by
Student-Newman-Keuls test for multiple group comparisons were employed..

. Analysis of Variance and Student-Newman-Keuls tests were used to analyze the

number of corpora lutea, number of implantations, number of fetuses, mean fetal
_weights (overall and in each sex), preimplantation loss, postimplantation loss,
number of intra-uterine deaths, and proportion of male fetuses.

All tests were performed using a two-sided risk and a signiﬁcance level of p<0.05.

b. Indlcgg The following indices were calculated from the cesarean section record of

‘the test animals using the formula shown below:

Preimplantation loss: No. of corpora lutea - No. o 1mgl@tanog§ x100
No. of corpora lutea :

Postrmplantatxon loss: No. of rmglant_rgns - No. of I;ve fetuses x 100
- No. of implantations

RESULTS ’
~ A. Maternal toxicity _
1. Clinical observations: Compound-related clinical signs of toxicity were not
~seen. One mid dose (500 mg/kg/day) group animal was shown to have low
food and water consumption. On gestation day 20, this animal aborted and

was sacrificed. Necropsy findings on this animal did not indicate the

abortion was due to treatment. ‘
rtality: The data showed no treatment—related death

3. Body welght The body weight and body welght gain data are excerpted from
the report and presented in Tables 2 & 3, respectlvely The mean body

" weights of the compound—treated ammals from gestation days 6to 19 were -
decreased relatrve to the controls but the decreases were not statlstlcally _
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. significant (Table 2) In addmon the mean ‘body welghts of all the treated
groups were less than that of the controls at the initiation of treatment, and
th1s pattern continued to the end of the study

‘Table 2 *. Mean maternal body wéight +8.D. (kg)

Déy of
| Gestation

000 | 37404 33403 | 35405 35404 ¢

1 s 4.020.5 36404 - | 3.8+04 3.840.4 "
2 | a2+05 . 3.740.4 39403 38503 |
19 - | a4i05 3.8+40.3 4.0:40.3 ' 3.9+0.4 |
2 4.5+0.5 4.0+0.4 42403 42403 |
28 . 4.6+0.5° 41203 43402 ° 43:04 |

+: Data excerpted from the report, p. 45 (MRID No 43664902). The data were calculated
from animals with live fetuses at necropsy.
++: At day240nward N=T. N

The body weight gain data indicated that during the interval of gestation
days 6-9, there was a mean weight loss in all groups ofthe compound
treated animals relative to the controls, and the decrease was statistically
significant at the mid-dose. However, a dose-related effect was not seen.
During the interval of gestation-days 6-19; the mean body weight gain in’
the mid- and high-dose groups were decreased, and the reduction in the
‘high dose group was statistically significant (p<0.01) (Table 3).

Table 3¢. Mean maternal body weight gain i S.D.(kg)

Day of

0 mg/kg

250 mg/kg -

" 500 mg/kg

1000 mig/kg

Gestation

N=6

N=38

N=8§;7**

N=6

0-6 0.324£0.12 0.2940.06 10.35+0.06 0.32:40.10
6-9 0.09:£0.05 -0.01+0.07 -0.07:+0.12%* -0.03+0.07
12-15 0.11:£0.05 0.10:£0.05 . 0.104£0.09 0.12:£0.05
19 - 24 0.13+0.05 0.19+0.04 0.17+40.05 ° | ~02740.15%
0-28 ' 0.89:£0.20 - .0.8320.11 0.810. 34'* | 0.81+0.33
6-19 0.360.09 0.224+0.09 0.14+0.30 0:13:£0.07%*

+: Data excerpted from the report, p 35 (MRID No. 43664901)
. ++: At day 24 onward, N=7.

_ Significantly dlfferem from the contmls *: p<0 05; **: p<0.01
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. \.

. 4, wp_lsm No food consumptron data were reported. However the
~ clinical observationdata in Table 2 (p.44) of the report showed that 2/8 and
4/8 animals in the mld- and hlgh-dose groups, respectlvely, had low food
‘ consumptlon
- 5. @s&p__g]ggy Compound— and dose-related gross findmgs were not seen in
: - any treatment group. .

6 Qesarean segggg data: The data on cesarean section are excerpted from the

... . report and summanzed in Table 4. The number of animals pregnant in the -
* controls and the treated groups was not s1gmﬁcant1y different. The maternal

; wastage was not affected by the treatment. The total numbers of corpora
“lutea and implantation were slightly reduced in all treatment groups
 (statistically significant at low dose), but a dose-response relationship was

not evident. The numbers of live or dead fetuses were comparable between

the treated and the control animals. There was a slight decrease in the total
number of resorptions in the treated groups in comparison to the controls.
However, the resorptions consisted mainly of early resorptions, and the
difference was not. statistically significant. Preimplantation loss was
comparable between the high dose group and the controls. The low- and
mid-dose groups showed a slightly higher percentage of preimplantation

loss, but the increase was not statistically significant. The post implantation

- loss in the controls was greater than that of any treated groups whether
calculated with or without litters in which there was total fetal loss. There

was a slight reduction in the mean fetal body weights in the high dose

group, but the reduction did not show a statistical significance.

B. Qevelgpmegtal Toxicity

One fetus each from the control and the low groups showed signs of enlarged
kidneys. No additional external anamolies were seen in the control or the treated
animals (Table 6). No explanation was provided to indicate why 2 fetuses were
examined for visceral anomalies, since neither visceral nor skeletal evaluation was
performed as stated in the report (p.53).




Triforine

Table 5*: Cesarean section observations. .

Developmental toxicity study in rabbits (83-3b)

Observations

# Animals assigned (mated)

0 (Control)

Dose (mg/kg/day) -

8 8 8
# Animals pregnant 7 8 8 8
Pregnancy rate (%) 88 100 100 100
# Animals nonpregnant 1 0 0 0
Maternal wastage
# Dead 0 o _ 0 0
# Died pregnant 0 0 0 0
# Died nonpregnant 0 0 0 0.
# Aborted 0 0 1 0
# Premature delivery -0 0 0 0
Total # corpora lutea® - 88 - 81 77 2
Corpora lutea/dam’ 14.742.7 . 10.141.7% 11.0+£2.2 12.0+3.8 °
Total # of implantions® 53 64 54 -4
Implantation/dam 7.6+3.6 8.04+2.2 7.7+£2.5 5.14£3.6
Total # litters (live) 6 8 7 6
J Total # live fetuses 34 53 42 34
- Live fetuses/dam 5.7+3.4 6.6+3.3 6.04+2.9 5.7+2.9
Total # dead fetuses 0 1 0 45.9+30.00
Dead fetuses/dam 0 0.1+0.4 0 0
Total # resorptions® 19 10 12 7
Early 19 10 12 5
Late 0 0 0 .2
Resorption/dam® , 4
- Early 2.7+2.0 1.3+2.4 1.7+£2.6 0.6+0.7
Late . ) 0 0 0 0.3+0.7
Litters with total intra-uterine death 1 0 0 2
Mean fetal weight (g) 43.8+3.1 '42.3:1:3.8 40.6:};5.0 39.8+4.2
Males 43.84+2.4 43.24+6.0 412443 41.4+4.4
Females 44.7+3.9 41.243.8 39.7+5.5 38.7+5.5
Sex Ratio (% male)® 47 55 50 50
Prcimplantaﬁon loss (%)* 42.2424.2 21.7+15.3 29.8+18.2 45.9 +30.0
Postimplantation loss (%) - 32.7427.8 18.4429.2 20.8+28.1 8.7+1 1'.4. v
Postimplantation loss (%)" ' 42.3+36.0 18.4+29.2 20.8_-!;28:1' 31.5+43.4

-+: Data excerpted from the report pp. 49-52 (MRID No. 43664902).

a: Calculated from animals with live fetuses at HECTOpsy; excerpted from pp. 49-50 of the report

‘bz Calculated from animals with live fetuses at necropsy and total intra-uterine death (p. 51 of the report)
e Values are calculated by this reviewer based on the data presented in this table.’
T Slgmﬁcantly dxfferent from controls (p<0 05)
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Table 6*. External Malformations

§ Ob_'servationsh'_",‘ - . PR ~”'Dose(mg/l'(g) S e "

0 (control) . 500

| #Petuses gitters) examined . - fl * 34¢6) - 53(8)- -

: " #Fetuses. (liters)affected - - || 1 . | -1 (** 0 | - 0@
+:Data excerpted from the report (p. 53) (MRID No. 43664902). ) : : - :
++: The finding was enlarged kidneys, a visceral variation.

DISCUSSION . . e

“Groups of mated New Zealand White rabbits (8 females/group) received triforine (99.6%

" pure) by gavage on gestation days 6 through 18 at doses of 250, 500, and 1000 mg/kg/day.
" A control group (8 mated females) was also includedin the study. On gestation day 28, all ;
test animals underwent cesarean section. The fetuses were removed and examined for any i
toxic and developmental effects. - - - : ’

The results indicated that triforine at doses tested in this study did not produce any ' 1
treatment-related maternal or developmental effects (N OEL > 1000 mg/kg/day). There .
was a slight decrease in the mean body weights of the high-dose maternalanimals, but the ' ?
decrease did not show a statistical significance. The mean body weight gains from

gestation days 6-19 was decreased, andthe reduction was statistically significant.

Triforine did not produce any effect on the developmental parameters which were

examined in this study. Howeéver, the mean fetal body weight in the high dose group was

slightly decreased, but it was not statistically significant. Visceral or skeletal examina-

tions were not conducted in this preliminary study. Based on the results from this study, A

the study author suggested that a high dose of 1000 mg/kg/day was suitable for the

definitive developmental toxicity study.

This study is a dose-range finding study. It used an.inadequate number of maternal test
animals, and it lacks skeletal and visceral examinationdata. It does not meet the Guidelines

‘ for a developmental toxicity study in rabbits (83-3b). It is unacceptable as a developmental
- toxicity study and can not be upgraded. . - '
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- Revnewer' Whang Phang, Ph.D. 7/7/3 /96
.G _ Section III/Tox Branch IIIHED (7509C)

, Secondary Revxewer Susan L. Makris, M. S. ‘\ZWM 7/ 23/?%
C " Section I]I/TOX Branch D (7509C) .

DATA EVALUATION REPORT

Study Type: Developmental tox101ty study in rabbrts : |
OPPTS 870. 3700 [§83-3b] o

Tox. Chem. No. 890AA -  DP Barcode.  D216222

- MRID No. = 433664901 CASE No. = 819415

PC Code: 107901 .Submission No. $465983
Test Material: Triforine
Synonyms 1,4-bis(2, 2 2—tnchloro-l-formanudoethyl)—plperazme, SAG 102

Sponsor: SHELL. AGRAR GMBH & Co. KG
. Binger Strasse 170 :
6507 Ingelhexm am Rhem Germany

Testing Facility: Hazleton Laboratories Deutschlahd GmbH -
Kesselfeld 29
48163 Munster Germany

Cltatlon Muller, W. (1988) Oral (gavage) teratogem01ty study in the rabbits. Unpubhshed Study
conducted by Hazleton lab. Deutschland GmbH, Germany. Study No. 460/29. -
April 27, 1988. Revised final report: April 27, 1995. Submltted to US EPA by
Amencan Cyanamid Co.; MRID No. 43664901

- Executive Summary In a developmental toxicity study (MRID No. 43664901), groups of mated
- New Zealand White rabbits (18 females/group) received triforine (98.1% pure) by gavage -
on gestation days 6 through 18 at doses of 6, 30, and 150 mg/kg/day. A control group

(18 mated females) was also included in the study. On gestation day 28, all test animals-

underwent cesarean section and were exarmned The fetuses were removed and exammed
for developmental effects. : ,

.- The results mdlcated that tnforme at doses tested in th1s study did not produce any
-~ treatment-related maternal or developmental effects. The test animals could have
tolerated h1gher doses Therefore this study is cla531ﬁed as supplementary
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| Comphance Slgned and dated GLP Quahty Assurance data conﬁdenhahty, and ﬂaggmg
statements were included in the report.

' METHODS AND MATERIALS

Test Artlcle Tnforme wrth a punty of 98.1% and a batch No. of 2764 was described as
' colorless to cream powder or crystals :

: Test Ammals Male and female New Zealand Whrte rabbits were obtained from H. Fortkamp,
- 4540 Lengench W. Germany. The males weighed from 5 to 5.5 kg while the females
~_ weighed 3.1 to 4.0 kg. Both male and female rabbits were at least 14 weeks old and
were sexually mature. The test animals were acclimated to the laboratories for one to

4 weeks prior to the initiation of the study. The test rabbits were housed individually -

cand i ina controlled envxronment and received water and food ad 11b1tum

Vehicle: Distilled water
Study Design |
1. In life date: Begms on Feb. 2, 1988 and ends on March 21 1988,
2 g The female and male rabbits were mated naturally, and the mating record
mdlcated that only one male was used to inseminate each female. The report
stated that does which successfully completed coitus receive an IV dose of

luteinizing hormone (HCG: anogonyl“) to ensure ovulation.

3. Ammal Assignment: As indicated in Table 1, the mated female rabbits were randomly
ass1gned to 3 dose groups .

Table 1*: Dose groups and number of mated female rabbits/dose group.

Test Group - Dose (mg/kg/day) - Number of Females
Control V 0 . 18
Low (LDT) : .60 . 18
“ Mid MDT) 30.0 18
N e @) . 150.0 18

+: Data excerpted from the report, p. 15 & 18 (MRID No. 43664901).

4. Dosé selection rationale: The dose selection was based on the resulis of teratogemcrty o
study in Hlmalayan rabb1ts (Shell Document No 102AD—45 1-003) In that study,

;_2
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Developmental toxrcxty study in rabbits (83-3b)

. _tnfonne as a suspension in aqueous CMC cellulose and administered (by gavage)

in doses of 0, 5, 25, and 125 mg/kg during the gestation days of 6 to 18.
Cesarean section was performed on gestation day 29. The report stated that slight

to significant decreases in body weights were found in the mid and the high dose
~ maternal animals, respectively. Food consumption was also decreased in mid and
~ high dose animals. 'No developmental toxicity was seen in any dose group.

, 5. Dosage 'prgparaﬁbn and analysis: The dose formulations were prepared daily and

- immediately prior to dosing. The dosages were prepared by gradually adding the

vehicle (water) to the appropnate amount of the test matenal while stlmng

Dunng the first week of treatment, samples of the prepared dosages were taken
(from top, middle, and bottom) and froze immediately until analysis. The
analysis was conducted to determine the concentration of the test material,
homogenerty, and stabrhty of the test artrcle formulations over 4 and 24 hrs.

Results: The results showed that the test formulation was relatrve homogenous
among the top, middle, and bottom sections of the solution. However, the low
dose preparations appeared to be closer to the target dose (102% to 113% of the
target dose) than the mid and high dose preparations (73% to 95% of the target -
dose). The formulated doses were not stable after the first 4 hrs after preparation

- '(59% to 108% of the target dose). After 24 hrs, the percent of the target dose
~ dropped markedly (48% to 80% of the target dose).

6. Dosing: All doses were administered by gavage once dally, on gestation days 6

through 18, in a volume of 10 mi/kg/day. Dosing was based on the dale body

welght and it was performed at approxrmately the same trme each day in the
- morning.

7. Observation

. a. Maternal observation: The animals were checked twice daily for clinical signs of

toxicity, behavior changes, and mortality. Body weights of each doe were
measured and recorded on days 0, 6 to 18, 24, and 28 post-coitum. Food
consumption was determined for gestation days 0-6 6-12, 12-18, 18-24, and 24-
28. All surv1v1ng does were sacrificed on gestation day 28 by IV injection of Euth

77®. The ovaries and uteri were removed and examined for the following
parameters:

No. of corpora lutea in each ovary
No. and posmon of 1mplantat10n subd1v1ded into:
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a. live fetuses '
~b. early resorptions
- €. late resorptions
d. dead fetuses

It1d1v1dua1 fetal weights
Sex of the fetuses

b. Fetal evaluations: All fetuses were welghed and examined for extemal

malformations. Then they were dissected to detect visceral abnormalities. "After '
evisceration, the head was removed from approximately half.of the fetuses_ from -
each litter (taking each second fetus in accordance with the position in the uterine

horn, if possible), fixed in Bouin’s fluid, and exammed for visceral abnormahtles
- using a modified Wilson’s technique."

For skeletal exammatmn all fetuses were’ ﬁxed in 95% ethanol and using the
Alizarin staining techmque

c. Non-pregnant females: The uterus of each non-pregnant female was immersed in

10% solution of ammonium sulphide to reveal evidence of implantation (Salewski
techmque)

8. Data analysis '

a. Statistical analysis: For the data on body weight, food consﬁmption Iitter weight,
- and mean fetal weight, analysis of variance was employed, followed by Newman-
Keuls test for mu1t1p1e group Comparisons. .

The Kruskal-Wallis test was used to analyze the number of corpora lutea number
- of implantations, number of fetuses, preimplantation loss, postimplantation loss,
number of intra-uterine deaths, and proportion of male fetuses.

_All tests were performed using a two-31ded risk and a S1gn1ﬁcance level of

p<0.05.

b Indices: The followmg indices were calculated from the cesarean sectmn record of

the test ammals usmg the formula shown below:

Prexmplantatlon loss: No of corpora lutea - No. of 1mplantat10ns x 100
, 'No. of corpora lutea :

Postimplantation loss No. of mplanhons - No. of live fetuse s x 100
No. of mplantatlons

e e g ok vms e e S
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c. H'igtg‘rigﬂ | control data: Relevant histoliéal control data were provided-to allow
“comparison with concurrent control. . : ' ‘

- RESULTS

r  A. Maternal toxicity =~ .. L - -

-~ 1. Clinical observations: Some incidental clinical observations were reported, but
‘no dose- or compound-related clinical signs of toxicity were seen.

2. Mortality: In the control group, 2 animals died. One died on gestation day 19,
and the other died on gestation day 20. In the 6.0 mg/kg group, one animal was
killed following abortion on.gestation day 27, and another one died on gestation _
day 28. A third female in this group was sacrificed on gestation day 20 because
this animal littered on this day. Apparently, this animal was pregnant when it was

~ entered into the study, and it was excluded from analysis. These deaths, which

_occurred in this study, were considered as incidental deaths and not related to
dosing because no deaths were seen in the mid and high dose groups.

* 3. Body weight: The body weight and body weight gain data are excerpted from
the report and presented in Tables 2 & 3, respectively. The mean body weights
of the compound-treated animals and the controls were comparable (Table 2).
The body weight gain data indicated that at the measuring interval of gestation
days 12-18, there was a slight decrease in mean body weight gain in the 150 .-
mg/kg group relative to the controls, but the decrease was not statistically i
significant (Table 3). During the interval of days 18-24, the mean body weight :
. gain in the 150 mg/kg group was increased, and this increase showed a
statistically significant difference (p<0.05) from the controls.

. Table 2*. Maternal body weights and the standard deviations (kg)

Day of Omgkg - |  6mgke 30 mg/kg‘ 150 mg/kg
Gestation | N=15 - N=13 "N=17 N=13
3.540.2 3.64+0.2 3.740.2 3.640.1
6 38402 38402 4.040.1 3.9402
12 239402 - 13,9402 4.140.2 4.040.2
18 41402 4.140.2 42402 41403
24 42402 42402 4.440.2 43403
28 43102 4.340.2 45403 4.440.3

+: Data excerpted from the report, p. 33 (MRID No. 43664901). The data were calculated

from animals with live fetuses at necropsy.
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4. m@nggmpno The data showed that there was a slight decrease in food
~ consumption in the 150 mg/kg group during the measurement intervals of
gestation days 6-12 and 12-18. Although the decrease during the interval of days
12-18 attained a statistical mgmﬁcance, it was not appreciably different from the
.controls.  During the periods prior to initiation and after cessation of the
compound treatment, the food consumption of the 150 mg/kg group was
cons1stent1y greater than that of the controls (Table.4). The food consumptions

- Triforine -

“in the other treatment groups were comparable to the controls throughout the

dunng of the study.

' Table 3*. Maternal body weight gain + S.D.(kg)

Day of 0 mg/kg 6 mg/kg " 30 mg/kg 150 mg/kg
Gestation N=15 N=13 N=17 N=13
0-6 | 03x01 0.240.1 0.340.1 0.3+0.1
6-12 0.1+0.1 0.1+0.1 0.1+0.1 0.140.1
12-18 0.2;50.1' 0.240.1 0.1+0.1 - 0.1+0.1
18-24 0.1+0.1 0.1+0.1 0.240.1 0.240.1*
24-28 0.1+0.1 0.14+0.1 0.14+0.1 0.140.1
“II o-28 0.8+0.2 0.740.1 0.8+0.2 0.840.2
1 6-13 0.340.1 0.310.1 0.240.1 0.2+0.1

+: Data excerpted from the report, p. 35 (MRID No. 43664901).

% Slgmﬁcamly different from the controls (p<0.05)

Table 4*. Group mean food consmhption_ + S.D. (g/day)

Day of 0 mg/kg - | 6 mg/kg 30 mg/kg - 150 mg/kg
Gestation N=15 N=13 N=17 N=13
0-6 - 194.5+17.7 205.3+23.4 211.0+19.4 215.1430.6
6-12 198.2425.5 202.3423.1 199.0+30.0 - 185.9+32.4
12-18 202.4430.9 203.2427.6 192.0+26.3 169.7437.9*
18 -24 180.14+32.8 182.2433.5 - 197.54+32.2 - 196.5+42.2
" f| 24-28 - 165.84+21.0 161.8+32.5 - 173.3433.6 179.9428.1
0-28 188.7+21.5 193.04+21.0 196.1422.1 191.1+26.5 f
6-18 200.6427.2 202.7+21.9 . 195.5426.7 177.8+25.5 u

+: Data excerpted from the report, p. 36 (MRID No. 43664901).

*: Slgmﬁcantly dlfferent from the contro]s (p<0. 05)
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5.Gross pathology: Compound- and dose-related gross findings were not found
in any treatment group. However, at cesarean section, incidental findings of
enlarged spleen, yellowish kidneys, and/or granulated liver were seen in 4, 4, and
1 animals.of 6, 30, and 150 mg/kg groups, respectively. .

6. Cesarean section data: The data on cesarean section are excerpted from the
report and summarized in Table 5. The number of animals pregnant in the
controls and the treated groups are ot significantly different. . The maternal
wastage was not affected by treatment. The total of numbers of corpora lutea and
implantation were.comparable between the treated and the control groups. The
numbers of live or dead fetuses did not show a dose-related effect. There was

“'a slight increase in the total number of resorptions in the treated groups.

- However, the resorptions consisted mainly of -early resorptions, and this increase
did not showed a dose-related response. The fetal weights were comparable
among the control and the treated groups. The preimplantation loss was
comparable between the treated and the control animals. There was an increase
in the post implantation loss in all treatment,'g‘roups relative to the controls, but
this increase did not show a statistical significance or a dose-related effect.

B. Developméhtal_ Toxicity

1. External examination: External malformations were seen in the control and
 treated animals, but the incidences were low. These findings were not considered
to be compound- or dose-related effects. No external variations were seen.

2. Visceral examinations: The malformations seen at visceral examination were
comparable between the treated and the control animals (Table 6b). In addition,
oone visceral variation, dilatation of lateral ventricles of the brain, was observed
in 0, 1, 4, and 1 fetuses in the control through high-dose groups, respectively.

3. Skeletal examinations - _
a. Malformation: The incidence of skeletal malformations in the control
and the treated animals did not show a significant difference, as indicated
in Table 6c. '

b. Variations: The Skéletal variation findings did not indicated a treatment-
related gffect_ in the test groups relative to the controls (Table 6¢).

Table 5*: Cesarean section observations.
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ata excerpted from the report pp.

. . Dose (mg/kg/day) -
Observations -
: 0 (Control) 6
# Animals assigned (mated)
# Animals pregnant 17 16 18 14
Pregnancy rate (%) 94.4 94.1 - 100 '82.4
# Animals nonpregnant : 1 1 0 3
Maternal wastage . . o
. # Dead : 2 . | 0 : 0
# Died pregnant 2 1 0 0
" # Died nonpregnant 0 0 0 ]
# Aborted 0 1 0 0
# Premature delivery 0 0 0 0
Total # corpora lutea 165 156 199 151
Corpora lutea/dam 11.04+2.4 12.04+2.8 117415 11.643.1
Total # of implantations™ 118 a1 154 116
Implantation/dam 7.942.3 6.5+3.9 8.64-2.3 83+34
" Total # litters 15 13 17 13
Total # live fetuses 115 81 122 £100
Live fetuses/dam 7.7+2.1 6.243.1 7.242.5 7.742.8
Total # dead fetuses 0 0 8 -2 |
Dead fetuses/dam 0.5+1.5 0.240.4
|l Total # resorptions 3 9a 20 13
) Early 3 9 19 11
Late 0 0 1 2 »
Resorption/dam
Early 0.24+0.4 0.61+0.6 1.1+1.7 - 0.8+14 - )
Late _ . : — 0.140.2 - 0.240.6
Litters with total intra-uterine death 0 1 1 - S | :
N Mean fetat weight () | 40.144.3 392453 |  39.7+4.6 39.4+5.8 "
" Males - 40.744.2 39.61+5.9 .39.345.8 39.245.6
. Females 38.9+4.5 38.1+4.4 - 38.243.6 40.2+6.4
Sex Ratio (% male) 487 515 492 60.6
Preimplantation loss (%) 26.9421.1 39.1428.4 | 23.8+18.2 21.9420.5
Postimplantation loss (%) 2.2+4.7 12.9+20.7 18.0+24.2 13.24£15.8

32, and 38-41 (MRID No. 436649

*: One animal of this group littered, prior to cesarean section, and discarded from study.

D).

“*%: One of these animals was not included i in this evaluation due to pneumonia.

***: Values calculated from animals with live fetuses at necropsy and total intra-uterine deaths.

a: This number is different from that reported in Table 7 of the report . 40), and it is derived from the
‘ individual animal data by this reviewer.

Do
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Table 6a*. External Malformations

" Dase (mg/ke)

' Observations

OControl) ~ | 6 - 30 150

415 (15)
0(0) -

#Fetuses (litters), examined Cs@y) | oman | woan

2(2) 2(2)

| #Fetuses (litters) affected 3(3)

. 1*'
0

 Acrania

Cranioschisis occulta”

| Grattioschisis o . | 1 0
| Magrometia 1 | 0o 0
: “ Tail reduced/rudimentary .0 | 1 ~ 0
| 0 1

0 0 1

: )
*: The same fetus had acrania and omphalocoele.

No. 43664901).

- Table 6b*. Visceral Malformations

Obsefvations
0 (Control)

#Fetuses (litters) examined 115 (15) - 80(13) 122 (17) 99 (13)

1) 1@ 1)

- #Fetuses (litters) affected

Hemorrhagic eye

“ Retinal dysplasia

tnathoschisis ) )
+: Data excerpted from the report (p? 42 & 43) (MRID No. 43664901).
Value in the parenthesis iepre§ents # of litters.
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: ,:I‘able‘ ’65*.- Skeletal examinat_igns

Dose (mg/kg)

- Observations

0 (Control)

6

|| #Fetuses (litters) with skeletal

variations ’ 114 (15)

Exzimples of skeletal
malformation )

80 (13)

122(17)

#Fetuses (litters) examined - 115 (15) 80 (13) 12237 - 99 (13)
#Fetuses (litters) with skeletal. o
malformations "\ 2 S1Q) 4,(4) 0

99 (13)

Scoliosis

Ribs proximally fused

Examples of skeletal variations

Interﬁariétal incompletely ossified ‘ 1(1)

li (1)

ETY)

22)

Extra thorac-lumber rib(s) 76 (14)

67 (13)

103 (17)

85(13)

. +: Data excerpted from the report (p 43-47 and 76-95) (MRID No. 43664901)

" Value in the parenthesxs represents # of litters.

DISCUSSION

Groups of mated New Zealand White rabbits (18 females/group) received triforine (98.1%
pure) by gavage on gestation days 6 through 18 at doses of 6, 30, and 150 mg/kg/day. A
control group (18 mated females) was also included in the study. On gestation day 28, all
test animals underwent cesarean sectionand were examined. The fetuses were removed and
exammed for developmental effects.

" The results indicated that triforine at doses tested in this study did not produce any
treatment-related maternal or developmental effects. The test animals could have tolerated
higher doses. Although there was a slight decrease in food consumption in 150 mg/kg
animals, the decrease not apprec1ab1y different from the controls. The body weights or any
other parameters were not affected. A slight decrease in food consumption in a rabbit -
developmental study, without supporting evidence of toxicity, such as significant effects
on body weight gain, could not be considered a treatment-related effect. There was
- information concerning the rationale for the dosages employed in this study; however, the
rabbits used in the study, upon which the dose selection was based, were Himalayan
rabbits. It is apparent that Himalayan and New Zealand White rabbits responded
differently to the “treatment of this chemical. However, there was a prelimary
developmentat tox1c1ty study in New Zealand rabblts (MRID 43664902). This study was

i
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| conducted between July 3, 1991 and Sept 4, 1991 and employed the dose levels of 250 L

500, and 1000 mg/kg/day. The highest dose dld not prqduced a mgmfic;mt maternal or
- developmerital toxicity, and the study author suggested that a high dose of 1000

mg/kg/day was suitable for the definitive developmental toxicity study. The results of this

_ plreliminary study clearly indicated that the test ammals in the 1988 study could have

tolerated much higher doses.

Therefore this study is classified as supplementary because the highest dose tested (150
mg/kglday) did not produce any matemal or developmental toxicity. '

o




