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SUBJECT: Tribufos (DEF) Review of Teratology Studies in Rat and Rabbit ard an
Oncogenicity Study in mice.

TO: Jay Ellenberger PM-50
Regl/sgratlon D1v1s1on (H7505C)

FROM: Robert }/;} /3

Senioxr Phanracologlst
SACB, HED (H7509C)

VGO
THROUGH: Albin Kocialski Pn.D. & 2\ P
Head B
Registration Stardards amd Special Review Section

pa——_

A
LT VT

Reto Engler Ph.D.
Chief ..

_ Sc1ence Analy51s a.nd Coordlnatl Branch -
Compound; DEF Tox Chem #864 MRID #401906-01 & 02
411710-01
Registratiori #285465 _ Registrant; Mobay Tox Project #0-0551
285310 0-0328

Action Requested
Reviév the follaﬂlng studies;
Oncogenicity study of technical tribufos (DEF®) with mice. R.H. Hayes, Mobay,

Corp Toxicology Depart. Study No. 86-27101, Report No. 99175, Jun 29, 1989, MRID
411710-01.

A teratogy study with [EF technical in the rat. R.L. Kowalski, Miles Laboratories
Inc. lLaboratory Report No. 87320, Aug-8, 1986, MRID 401906-01

A teratogy study with DEF technical in the rabbit. G.R. Clemens, J.J. Bare ard
R.E. Hartnagel Jr. Miles Laboratories Inc. Laboratory Report No. MTDOO03, #94468,
Jan 22, 1987, MRID 401906-02

Conclusions

MRID 411710-01. Guideline
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The studies reviewed under this memorandum are the only acceptable toxicology
studies on tribufos available to the Agency.

In an agency sponsured study, Abou-Donia (1978) determined that tribufos
produced organophosphate type delayed neurotoxicity in hens after a single oral -
dose and with 90-day oral administration. Based on this report, tribufos was
placed in RPAR (Rebutable Presumption Against Reregistration) status. Abou-Donia
and coworkers subsiquently reported on the effects of route on tribufos neurotoxicity
(19792) and described a late acute toxic effect mediated by N-butyl mercaptan a
metabolite of tribufos (197%). This late acute toxicity is of particular importance
as adiministration of atropine, which is recommended as antidotal to the toxicity
of organcphosphates, was lethal to the experimental animals during this late
toxic effect.

During this RPAR process, Toxicology Branch indicated that the toxicology
data base on tirbufos was deficient and recommended that certian studies be
performed (Zendzian 1980)." In Novenber 1981 Special Review Division issued a
decision document removing tribufos from the RPAR process and transfering it back
to Registration Division. Zendzian (198l) commented that he could not deferd this
position since it lacked a requirement for performing the recommended toxicology.

On Jarmary 21, 1985 the Data Call-In Program issued a data call-in notice on
tribufos requiring an oncogenicity study in the mouse (due 2/98) and teratology
studies in two species (due 4/87). This notification was taken without informing
Registration Division and Toxicology Branch. ’

In 1987 Registration Division informed Toxicology Branch, HED that no studies
had been requested from the Registrant on DEF and requested a list of toxicology
data requirements. Toxicology replied that no acceptable data was available on
tribufos and, considering the existance of food tolerances the “following studies

were required (Zendzian 1987).

81-1 Acute Oral

81-2 Acute Dermal

81-3 Acute Inhalation

81-4 Primary Eye Irritation

81-5 Primary Dermal Irritation
81-6 Dermal Sensitization

81-7 Acute Delayed Neurotoxicity

82-1 Subchronic Oral, two species rodent and nonrodent
82-2 Subchronic Dermal (21-day)

82-4 Subchronic Inhalation

82-5 Subchronic Neurotoxicity

83-1 Chronic Toxicity, two species rodent and nonrodent
83-2 Oncogenicity, two species

83-3 Teratogenicity, two species

83-4 Reproduction

84-2 Mutagenicity Tests.

85-1 Metabolism
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The memo also noted "-DEF shows significant differences in route-related
toxicity. In addition to the oral doses specified in the guidelines, the metabolism
of a single low dose dermal application on five male and five female rats should -

be determined. This is particularly important as the dermal route is the main
raute of exposure in man."

A hard written note on my copy of this memo indicated that the Agency had
received teratology studies on tribufos in April 1987. However, these studies
were not fowarded to Toxicology for review.

In March 1988 the Registrant held meetings with the Agency on the doses to
be used in a chronic dog study, a rat reproduction study and a rat chronic/
oncogenicity study. These studies had been required by the State of California.
Subsiquently the Registrant submitted protocols for the dog ard rat chronic
studies which were reviewed for acceptability (Zendzian 1988).

. On February 3, 1989 the Registrant wrote a 6(a)(2) letter to the Agency on. -
‘the results of a mouse oncogenicity study with tribufos. Statistically significant
' incidence of adenocarcinama/carcinama in the small intestine in both sexes,
hemangiosarcama in the liver of the males and alweolar/brochiolar necplasia in
the lungs of the females, all at the high dose, were observed (Zendzian 1989).

The report of the study was submitted to the Agency in July 1989.

In December 1989, as part of FIFRA 88, Ester Saito of HED discovered the
existance of the mouse oncogenicity study and the two teratology studies.
Subsiquently they were sent to HED for reéview and are the subject of this memo.

Discussion

The rat and rabbit teratology studies are are acceptable and negative for
fetal toxicity at the highest dose tested. - :

At the high dose, the mouse oncogenicity study showed a statistically
significant incidence of adenocarcinama/carcinama in the small intestine in both
sexes, hemangiosarcama in the liver of the males and alweolar/brochiolar necplasia
in the lungs of the females. The information on tribufos will be presented to the

-HED Peer Review Committee for an evaluation and clasification of the oncogenicity
of the compound. -

Compound related effects were observed at all doses in both sexes. Effects
are presented by dose below at the lowest dose at which they were observed.

Nominal dose of 10 ppm

Statistically significant decreases in plasma cholineterase activity at
weeks 53, 78 and 90 all doses both sexes. ‘

Statistically significant decreases in RBC cholineterase activity at weeks
78 and 90 all doses both sexes.

Statistically significant decreases in brain cholineterase activity at week
93 (termination) all doses in males.
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At week 78 in the males, a significant decrease in mean cell wolume and mean
cell hemoglobin was observed at 10 and 50 ppm and significant decreases in red
cell count, hemoglobin, hematocrit, mean cell volume and mean cell hemoglobin at
250 ppm. At week 90 in the males, a significant decrease in mean cell hemoglobin
was observed at 50 ppm and significant decreases in red cell count, hemoglobin,
hematocrit, mean cell volume and mean cell hemoglobin at 250 ppm. At week 90 in
the females, a significant decrease in hematocrite was observed at 10 ppm and
significant decreases in red cell count, hemoglobin and hematocrit at 50 and 250

ppa.

Nominal dose of 50 ppm

Statistically significant increased mumber of males showing paleness ard
hunched back.

Statistically significant histopathological observations are culled from the
- incidence table. Efpf_0.0S]

. MALES FEMALES

. Dose (ppm) Dose (ppm)
Organ & Disease Cont 10 50 250 Cont 10 50 250
Adrenals 50 50 50 50 50 50 50 49
Amyloid - "~ 5/50 6/50 15/50* 9/50 4/50 - 7/50 3/50 = 3/49
: : 3.8 3.3 - 3.5 3.1 2.5 2.4 2.7 2.7
Epididymis , 500 50 ©° 50 50

Hyperspermatognensis, 2/50 6/50 10/50* 3/50

S TNos 2.0 2,2 2.1 2.0
Small Intestine 50 50 50 50 50 50 50 50
Amyloid, NOS 6/50 7/50 20/50* 9/50 6/50 9/50 10/50 8/50
2.7 2.6 2.8 2.4 2.7 2.9 2.9 2.4
Degenerat ion‘, Vacuolar 1/50 8/50* 28/50* 11/50 28/50
Epithelium 2.0 2.1 2.5 1.7 2.6
Spleen 50 50 50 50 50 50 . 49 50
Hematopoiesis, NOS 6/50 6/50 14/50* 19/50* 16/50 14_/50 18/50 20/50
2.0 2.7 2.8 2.5 2.6 2.4 2.7 2.2

Nominal dose of 250 ppm

Statistically significant increased mumber of females showing loocse stool
and enlarged abdomen and males showing enlarged abdomen.

Increased mortality and concurrent decrease in life span in both sexes.
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Increased mean food consumption and body weight in both sexes during the
latter portion of the study.

Statistically significant histopathological observations are culled fram the
incidence table. Note particuarly the increased incidence of tumors in the liver,
lung and small intestine. [* p<0.05]

Organ & Disease
Adrenals
Calcification
~ Degeneration/
pigmentation, NOS

Degeneration, NOS

Caecum
Edema, NOS
Liizer

Hemangiosarcoma
Hypertropy, NOS

~.Lung

Alveolar/bronchiolar
adenoma

Mesenteric Lymph

Corgestion, NOS

Rectum

Inflammation, Acute
NOS

Necorsis, NOS

MALES FEMALES
: Dose (ppm) Dose (ppm)
Cont 10 50 250  Cont 10 50 250
50 50 50 50 50 50 50 49
4/50 2/50 5/49%
1.0 1.5 1.4
17/50 -15/50° 21/50 39/50* - 18/50° "26/50 22/50 38/49%
1.4 1.6 2.0 2.6 2.2 2.5 2.3 2.7
1/50 22/50*  2/50 1/50  3/49
1.0 2.4 2.0 2.0 2.0
50 50 50 50 50 50 50. 50
4/50 .6/50 5/50 10/50  6/50 3/50. -4/50 17/50*
2.0 2.0 2.4 2.1 2.0 2.0 1.8 2.1 -
50 50 50 50 50 50 50 50
1/50 1/50 4/50 7/50*  2/50 2/50 2/50 1/50
M M M M M M M M
1/50 1/50 4/50 2/50 6/50%
2.0 2.0 1.5 2.0 1.8
50 50 50 50 50 50 50 50
11/50 9/50 5/50 9/50 5/50 5/50 2/50 15/50%
B B B B B B B B
48 50 48 46 49 50 ° 50 50
7/48 7/50 14/48 10/46 . 15/49 20/50 18/50 29/50%
1.9 2.0 1.9 1.8 1.9 2.0 2.1 1.9
45 49 47 46 48 46 47 49
3/45 2/49 3/47 11/46* 3/48 1/47 15/49
1/7 2.0 2.0 2.6 2.3 3.0 2.5
1/49 7/46*  2/48 7/49
2.0 2.6 2.5 2.9
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Ulcer, NOS 1/49 1/47 10/46* 1/48 1/47  14/49*
2.0 3.0 2.6 3.0 3.0 2.9
Small Intestine 50 50 50 50 50 50 50 - 50
Adenocarcinoma, NOS 9/50* 1/50 4/50
-M M M
Dilated/Distended 2/50 7/50% 2/50 11/50*% 28/50*
3.0 2.1 2.0 2.0 2.0
Hyperplasia, mucosa 1/50 22/50* 1/50 19/50*
2.0 2.0 4.0 2.3

Citations

Memo Zendzian to Brown SRP Division re Def and Merphos, Studies to be Requested
from the Sponsez:s, Aug 12, 1980

Memo Zendz1an to Hitch HED re Decision Doc.lment, DEIF dated November 1981 Nov

13, 1981

Memo Zerdzian to Sanders FHB, RD re Merphos/DEF, Dat;_a Requirements July 20, 1987

Memo Zendzian to Taylor PM-25 RD, re DEF, Review of Protocol for Chronic.Toxicity
: Study in Dogs and Chronic Toxieity/Oncogenicity Study in Rats, 9/9/88

Memo Zendzian to Taylor PM-25 RD, re DEF,

Response in Mouse Oncogenicity Study 3/29/89 -

Attachments
DERs

cc
Taylor, PM-25 FHB, RD

(6)(a)(2) Subms51on, ,Pos1t1ve Oncogenlc
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Data Evaluation Report

Compound Tribufos (DEF)
Citation -

Oncogenicity study of technical tribufos (DEF®) with mice.

R.H. Hayes, Mobay, Corp Toxicology Depart. Study No. 86-271-

0l, Report No. 99175, Jun 29, 1989, ID 411710-01.
/-7‘_,///'?‘ L Jg/?(

Reviewed by Robert P. ndzian Ph.D.

Senior Pharmacologist

Core Classification Guideline

Conclusions

Mice dosed at 0, 10, 50 or 250 pmm for 90 weeks. At 10
-decreased plasma -and RBC-cholinesterase both sexes, decreased -
brain cholinesterase males, at 78 weeks males decreased MCV

and MCH, at week 90 females decreased hematocrite. At 50

males increased number showing paleness and hunched backs,

at 78 weeks males decreased MCV and MCH, at week 90 decreased
MCH, at week 90 females decreased RBC count, hemoglobin and
hematocrite. Histopathology males; adrenals amyloid, epldldymls
hyperspermatogenensis, small intestine:amyloid and vacuolar -
degeneration epithelium, spleen hematopoiesis. At 250 ppm.

loose stools females, enlarged abdomen both sexes, increased
mortality/decreased life span both sexes, increased food
consumption and body weight both sexes, decreased RCB count,
hemoglobin, hematocrite, MCV and MCH in males, decreased RCB
count, hemoglobin and hematocrite in females. Histopathology
males, adrenals degeneration, liver hemangiosarcoma*, rectum
acute inflammation, necrosis and ulcer, small intestine
adenocarcinoma*, dilated/ distended and mucosal hyperplasis.

In females, adrenals calcification and degeneration/pigmentation,
caecum edema, liver hypertropy, lung alveolar/bronchiolar
adenoma*, mesenteric lymph node congestion, rectum acute .
inflamation, necrosis and ulcer, small intestine adenocarcinoma*,.

dilated/distended, mucosal hyperplasia.
Materials .

Technical grade tribufos (DEF)
S,S,S-Tributyl phosphorotrithioate
clear colorless liquid,

Batch No. 85-R-26-39 .
98.9% active
CAS 78-48-8

CD-1 mice (Crl:CD-1{(ICR)BR) for Charles river
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Experimental design

Fifty mice per sex per dose were dosed at nominal
concentrations of 0, 10, 50 or 250 ppm tribufos in the diet
for 90 weeks.

“All diets, incuding the control diet, were prepared
using corn oil as the vehicle at one percent of the diet by weight.

A sample from each batch of diet and vehicle was analyzed
for contaminents and the water was analyzed quarterly.

Test substance was analyzed prior to and periodically

during the study.
Homogenecity and stability in the diet was determined and

the concentration in the diet verified quarterly.

"Dose levels of 10, 50 and 2500 ppm were selected based
on the results of an eight week pilot study on tribufos with
mice. In the pilot study, the cholinesterase activity for
mice consuming 270 ppm technical grade tribufos was inhibited
95 and 297% in plasma, 73 and 69& in erythrocytes and 26 and
29% in brain of males and females, respectively.'

"Differental leucocyte counts were conducted on all
survivers -at 12 months, 18 months and at termination of the’
study or when animals were sacrificed in extremis." "-complete,
blood counts were performed on ten m1c€7sex7level at 12 and
18 months and at termination.”

“"Determinations for cholinesterase activity in plasma
(PCHE) and erythrocytes (RCHE) were done at 12 and 18 months
and at termination on ten mice/sex/dose. Brain cholinesterasse
(BCHE) activity was determned for the same mice at termination

of the study.

- Gross pathology was performed on all mice found dead,
sacrificed in extremis and at termination. The following -
tissues were collected for histopathological examination.

Asterixed organs were weighed.
L)

adrenals* ovaries
aorta, dorsal pancreas
bone (femur and vertebrae) parathyroid
bone marrow - pituitary
brain* preputial gland
cerebral cortex prostate gland
cerebellar cortex ribs/costochondral junction
medulla/pons salivary glands, submaxillary
cervex seminal vesicles
clitoral gland skin
epididymis skull-nasal cavity

esophagus small intestine
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eyes duodenum
gall bladder ' jejunum
harderian gland s : ileum
heart* spinal cord
joint (femoral-tibial) cervical
kidneys* thoracic
large intestine lumbar
caecum spleen*
colon ) sternum
rectum stomach
larnyx testicles™*
liver* thymus
lungs* thyroid
lymph nodes trachea (with main stem bronchi)
cervical urinary bladder
mysenteric uterus
.mammary gland. . . L .-all gross-.lesions with a+-border -
nerves , of normal tisue
optic
sciatic
Results

Mean concentration of test compound in the diet was;

Néminal Actual

(ppm) (ppm)
10 8.6
50 44.9

250 " 233.0

Compound related observations, as number of mice showing
the particular sign, consisted of;

‘Males ' Females
Nominal Dose (ppm) Nominal Dose (ppm)
0 10 50 250 4] 10 50 250
Loose stool 1/50 0/50 0/50 5/50 0/50 0/50 0/S0 .16/50*
Paleness 1/50 3/50 12/50* 13/50* 2/50 7/50 3/50 9/50
Hunch back 0/50 0/50 7/50* 4/50 6/50 6/50 7/50 11/50

Enlarged abdamen 4/50 5/50 9/50 17/50* 3/50 5/50 7/50 19/50%*

* p<0.05

Mortality was significantly increased in both sexes at
250 ppm (figures 1 and 2 from the report). Mean group survival
times in.days were as follows;
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Figure 2
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Nominal Dose (ppm)

0 10 - 50 - 250
Males 595 592 580 553
Female 579 568 555 536

Mean food consumption was increased in both sexes at the
high dose during the latter portion of the study (figures 3
and 4 from the réport). Mean weekly body weights for the high
dose group were significantly increased from week 13 to the
end of the study (figures 5 and 6 from the report).

Mean daily intake of test compound, in mg/kg, was as
follows;

... .-Nominal Dose.-.(ppm).-

10 50 250
Males 1.64 8.28 48.02
Female 2.08 11.14 63.04

Mean hematology values are presented in Table HEOI,
Hematology Summary ‘Tables, from the report. At week 53 a
significant decrease in hemoglobin was observed in the high
dose females. At week 78 in the males, a significant decrease
in mean cell volume and mean cell hemoglobin was observed at
10 and 50 ppm and significant decreases in red cell count,
hemoglobin, hematocrit, mean cell volume and mean cell hemoglobin
at 250 ppm. At week ninety in the males, a significant decrease
in mean cell hemoglobin was observed at 50 ppm and significant
decreases in red cell count, hemoglobin, hematocrit, mean
cell volume and mean cell hemoglobin at 250 ppm. In the
females, a significant decrease in hematocrite was observed
at 10 ppm and significant decreases in red cell count, hemoglobin

and hematocrit at 50 and 250 ppm.

Blood cholinesterase activity was as follows;

Males Females
WEEK 53 PlasmaChe RBCChe PlasmaChe RBCChe *
control 4.35 1.61 6.36 1.47
10ppm 1.77* 1.59 2.67% 1.54
SOppm 0.54* 1.07* 0.35* 0.94~*
250ppm 0.23* 0.75*.. - 0.23* 0.86*
Males Females
WEEK 78 PlasmaChe RBCChe PlasmaChe RBCChe
control 4.56 1.62 4.86 1.60
10ppm 1.87* 1.51* 2.31* 1.43*
50ppm 0.48* 1.06%* 0.47* 1.00*

250ppm 0.25* 0.74* 0.23* 0.76*
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Figure 4
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Figure 5

BODY WEIGHTS - TRIBUFOS
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Figure 6
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wt,
- .

Males Females
WEEK 90 PlasmaChe RBCChe- PlasmaChe RBCChe
control 5.07 1.64 6.70 1.50
10ppm 1.68% 1.35% 2.36% 1.23*
50ppm 0.48* 0.95* 0.46* 0.95%*
250ppm 0.31%* 0.74% 0.19* 0.75*
* P<0.05
Terminal (week 93) brain cholinesterase activity was as
follows;
Males Females
control 17.1 15.9
10ppm 15.6* 15.3
50ppm 14.9% 15.5
250ppm 10.8% 11.6%*
* P<0.05

>;Ekiéfﬁélrébéérvé£{6ﬂs; dﬁfihéhégb;s péthoiO§Y; bf.enlafééd

abdomen and pale color were apparently treatment related.

below).

showed no relationship with treatment.

External Observatlon

. Enla*ged dkaunal

Pale

(see
Abnormalities and masses observed during necropsy
MALES FEMALES
Dose(ppm) Dose(ppm) -
Cont 10 "~ 50 250 - Cont lO 50 250
4/SOA__3/50 11/50 —12/50. ~5/50 z 6/50 7/50.‘ 13/50 '
2/50 4/50 9/50 13/50 6/50 8/50 8/50 14/50

# observed/# examined

Selected histopathology incidences are summarized. Specific pathology was ‘
selected on the basis of daose-relation, statistical significance and/or relationship
to pathological observations in the organ/tissue.

Organ & Disease

Adrenals

Amyloid

Calcification

Degeneration/
pigmentation, NOS

Degeneration, NOS

MALES. - FEMALES
Dose(ppm) Dose (ppm) -
Cont 10 50 250 Cont 10 50 250
50 50 50 50 50 50 o 50 49
5/50 6/50 15/50* 9/50 4/50 7/50 3/50 3/49
3.8 3.3 3.5 3.1 2.5 2.4 2.7 2.7
4/50 2/50 ' 5/49%
1.0 1.5 1.4
17/50 15/50 21/50 39/50% 18/50 26/50 22/50 38/49*
1.4 1.6 2.0 2.6 2.2 2.5 2.3 2.7
1/50 22/50* 2/50 1/50 3/49
1.0 2.4 2.0 2.0 2.0

# observed/# examlned mean of severity codes(l S), Benign, Mallgnant

‘Not Otherwise ‘Specified,

*<0 05



Histopathology summary (cont)

Organ & Disease.

Caecum

Edema, NOS

Epididymis

Hyperspermatognensis,
NGS

Eyes

" Calcification, NOS

Liver
Hemangiosarcaoma

Hq:atocelular
Adenoma

Hepatocelular
Carcinoma, NOS

Hyperplasia, Focal

Hypertrcpy, NOS

Inflamation, chronic
active

Inflamation, acute NOS

Lung

Alveolar/branchiolar
adenoma

Hyperplasia, focal

Hyperplasia, Lymphoid
NOS

16

MALES FEMALES
Dose(ppm) Dose( ppm)

Tont. 10 . 50 . 250  Cont 10 50 350

50 50 50 50 50 50 50 50
4/50 6/50 5/50 10/50 /50 3/50 4/50 17/50%
2.0 2.0 2.4 2.1 2.0 2.0 1.8 2.1

50 50 50 50

2/50  6/50 10/50* 3/50

2.0 2,2 2.1 2.0

50 50 50 50 50 50 50 50

“8/50 ' 8/50° 9/50  4/50 7750 8/50 13/50 12/50
1.8 1.9 1.9 1.3 1.9 1.4 1.8 1.9
50 50 50 50 50 50 50 50
1/50 1/50 4/50 7/50*  2/50 2/50 2/50 1/50
.M M M M M M M M
4/50 3/50 2/50 - 1/50  1/50
B B B B B
7/50  4/50 2/50 2/50 1/50  1/50 1/50
M M M M M M M
3/50 1/50
3.0 3.0

1/50 1/50  4/50 2/50 6/50*
2.0 2.0 1.5 2.0 1.8
13/50 - 14/50 9/50 2/S0 - 8/50 - "7/50  9/50
1.9 2.0 2.3 2.0 2.1 2.1 2.3 .
2/50 5/50 5/50 3/50 14/50 2/50 6/50 3/50
2.5 2.4 3.0 2.0 2.0 2.5 +1.5 2.0
50 50 50 50 50 50 50 50
11/50 9/50 — 5/50 9/50 5/50 5/50 2/50  15/50%
B B B B B B "B B
4/50 2/50 2/50 6/50 3/50 4/50 3/50 8/50
3.0 3.0 3.0 2.5 2.7 ‘3.0 2.7 2.8
8/50 9/50 7/50 4/50 17/50 10/50 18/50 11/50
2.1 2.0 1.9 1.5 1.9 2.1 2.1 2.0

# obse*ved/# examined, mean of severlty codes(l S), Bemgn, Nallgnant .

Not Othemse Specified,

*<0 0s



Histopathology summary (cont)

Organ & Disease

Mesenteric Lymph

Corgestion, NOS

Hyperplasia, Lymphoid
NOS

Multiple Organs

Malignant Lymphoma
Rectum
Inflammation, Acute
NGS
Necorsis,» NOS

o Ulcer, NOS_

Small Intestine

Adenccarcinama, NOS
Amyloid, NOS
Autolysis
Degeneration, Vacuolar
Epithelium
Dilated/Distended

Hyperplasia, mucosa

Spleen

Hematopoiesis, NOS

-17-

MALES FEMALES
. Dose (ppm) . Dose (ppm)
Cont 10 50 250 Comt 10 50 250
48 50 48 46 49 50 50 50
7/48  7/50 14/48 10/46  15/49 20/50 18/50 29/50*
1.9 2.0 1.9 1.8 1.9 2.0 2.1 1.9
5/48 6/50 5/48 9/46 6/49 8/50 7/50 4/50
2.0 2.3 2.0 2.4 2.7 2.5 2.4 2.3
2 4 5 9 11 7 10 5
2/4  3/5  4/9 8/11 5/7 7/10 5/5
45 49 47 46 48 46 47 49
3/45 2/49 3/47 11/46* 3/48 1/47 15/49
1/7 2.0 2.0 2.6 2.3 3.0 2.5
1/49 7/46*  2/48 7/49
2.0 2.6 2.5 2.9
1/49  1/47 10/46* 1/48 - 1/47  14/49*
2.0 3.0 2.6 3.0 3.0 2.9
50 50 50 50 50 50 50 50
9/50* 1/50 4/50
M M M
6/50 7/50 20/50* 9/50 6/50 9/50 10/50 8/50
2.7 2.6 2.8 2.4 2.7 2.9 2.9 2.4
3/50 1/50 4/50 10/50  4/50 2/50
2.7 2.0 2.0 2.2 2.5 2.5
1/50 8/50% 28/50* « 11/50 28/50
2.0 2.1 2.5 1.7 2.6
2/50 7/50%*  2/50 11/50* 28/50%
~ 3.0 2.1 2.0 2.0 2.0
1/50 22/50* 1/50 19/50*
2.0 2.0 4.0 2.3
50 50 50 50 50 50 49 50
6/50 6/50 14/50* 19/50* 16/50 14/50 18/50 20/50
2.0 2.7 2.8 2.5 2.6 2.4 2.7 2.2

TRl L G e #0, b Ve 1Y Co%es (1-5), Benlgn, Malignant
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Discussion

Compound related effects were observed at all doses in
both sexes. Effects are presented by dose below at the lowest
dose at which they were observed.

Nominal dose of 10 ppm

Statistically significant decreases in plasma cholineterase
activity at weeks 53, 78 and 90 all doses both sexes.

Statistically significant decreases in RBC cholineterase
activity at weeks 78 and 90 all doses both sexes.

Statistically significant decreases in brain cholineterase
activity at week 93 (termination) all doses in males.

At ‘week ‘78 in the males, a significant decrease in mean
cell volume and mean cell hemoglobin was observed at 10 and
50. ppm and significant decreases in red cell count, hemoglobin,
hematocrit, mean cell volume and mean cell hemoglobin at 250
ppm. At week 90 in the males, a significant decrease in mean
cell hemoglobin was observed at 50 ppm and significant decreases
in red cell count, hemoglobln, hematocrit, mean cell volume .
and mean cell hemoglobin at 250 ppm. At week 90 in the
females, a significant decrease in hematocrite was observed
at 10 ppm and significant decreases in red cell count, hemoglobln
and hematocrit at 50 and 250 ppm.

Nominal dose of 50 ppm

Statistically significant increased number of males
showing paleness and hunched back.

Statistically significant histopathological observations
are culled from the incidence table. [*p<0.05]

MALES FEMALES
Dose ( ppm) Dose(ppm)
Organ & Disease Cont 10 50 250 Cont 10 50 250
Adrenals 50 50 50 50 50 50 50 . 49
Amyloid 5/50 6/50— 15/50* 9/50 4/50 7/50 3/50 _ 3/49
o 3.8 3.3 3.5 3.1 2.5 2.4 2.7 2.7
Epididymis 50 50 50 50

Hyperspermatognensis, 2/50 6/50 10/50* 3/50
NOS 2.0 2,2 2.1 2.0
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Small Intestine 50 . 50 50 50 50 50 50 50
Amyloid, NOS 6/50 7/50  20/50* 9/50 6/50 9/50 10/50 8/50
2.7 2.6 2.8 2.4 2.7 2.9 2.9 2.4
Degeneration, Vacuolar 1/50 8/50* 28/50* 11/50 28/50
Epithelium 2.0 2.1 2.5 1.7 2.6
Spleen ’ 50 50 50 50 50 50 49 50
Hematopoiesis, NOS 6/50 6/50 14/50* 19/50* 16/50 14/50 18/50 20/50
2.0 2.7 2.8 2.5 2.6 2.4 2.7 2.2

Nominal dose of 250 ppm

StaLlstlcally significant increased number of females
showing loose stodl and ‘enldrged abdomen and males showing
enlarged abdomen.

Increased mortality and concurrent decrease in life span
in both sexes.

Increased mean food consumption and body weight in both

sexes during the latter portion of the study.

Statistically significant histopathological observatiorns '
are culled from the incidence table. Note particuarly the
‘increased incidence Of tumors in the liver, lung and small
intestine. [*p<0.05]

MALES ) FEMALES
Dose(ppm) Dose (ppm)
Organ & Disease , Cont 10 50 250 Cont 10 50 250
Adrenals 50 50 50 50 50 S0 50 49
Calcification c ’ ’ o 4/50 ' - 2/50° ' 5/49*
1.0 1.5 1.4~
Degeneration/ 17/50 15/50 21/50 39/50* 18/50 26/50 22/50 38/49*
pigmentation, NOS 1.4 1.6 2.0 2.6 2.2 2.5 * 2.3 2.7
Degeneration, NOS 1/50 22/50*  2/50 . 1/50 3/49
1.0 2.4 2.0 2.0 2.0
Caecum - 50 50 50 50 S0 50 -5 50
Edema, NGS 4/50 6/50 5/50 10/50 6/50 3/50 4/50 17/50*
2.0 2.0 2.4 2.1 2.0 2.0 1.8 2.1
Liver 50 S0 50 S0 50 50 50 50
Hemangiosarcama 1/50 1/50 4/50 7/50% 2/50 2/50 2/50 1/50

M M M M M M . M M



Hypertrcopy, NOS

Lung

Alveolar/bronchiolar
adenoma

Mesenteric Lymph

Congestion, NOS

Rectum

Inflammation, Acute

= NOS

Necorsis, NOS

Ulcer, NOS

Small Intestine
. Adenocarcinama, NOS |

Dilated/Disterded

Hypérplas ia, muccsa

1/50 1/50  4/50 2/50 6/50%
2.0 2.0 1.5 2.0 1.8
50 50 50 50 50 50 50 50
11/50 9/50 5/50 9/50 5/50 5/50 2/50 15/50%
B B B B B B B B
48 50 48 46 49 50 50 50
7/48 7/50 14/48 10/46  15/49 20/50 18/50 29/50*
1.9 2.0 1.9 1.8 1.9 2.0 2.1 1.9
45 49 47 46 48 46 47 49
3/45 2/49 3/47 11/46* 3/48 1/47 15/49
C1fT 20 2.0 2.6 - . 2.3 3.0~ - 2.5
1/49 7/46*  2/48 7/49
2.0 2.6 2.5 2.9
1/49 1/47 10/46* 1/48 1/47  14/49*
50 . 50 50 50 50 50. 50 .- S0
- 3/50% 1750 4/50
M M M
2/50 7/50*  2/50 11/50* 28/50*%
3.0 2.1 2.0 2.0 2.0
1/50 22/50% 1/50 19/50*
2.0 2.0 4.0 2.3
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Citation

A teratogy study with DEF technical in the rat. R.L. Kowalski,
Miles Laboratories Inc. Laboratory Report No. 87320, Aug 8,
1986, MRID 401906-01

P P‘o%——/_f /14/70
Reviewed by Robert P7T Zendzian Ph.D.

Senior Pharmacologist

Core Classification Guideline

Conclusions

Pregnant rats were dose orally at 0, 1, 7 and 28 mg/kg/day
(days. 6-16). Maternal RBC and plasma .cholinesterase actiwvity
was depressed at 7 and 28 mg/kg/day and brain activity at 28
mg/kg/day. Maternal weight gain was decreased at 28 mg/kg/day.
Maternal toxicity LEL 7 mg/kg/day, NOEL 1 mg/kg/day. Fetotoxic
NOEL 28 mg/kg/day (HDT).

Materials
DEF technical
98% active ‘
Batch No. 85-R-26-39 supplied by Mobay Corp..

Charles River Crl:CD®(SD)BR rats from Charles River

Experimental Design

Females were housed overnight with breeder males (2/male)
and vaginal smears taken. The day of positive smear was
designated day zero. Inseminated females were assigned
randomly to the following test groups.

Termination

Dose Phase 1 Phase 11
mg/kg Day 16 Day 20

. L ]
vehicle 5 28

1 5 28

7 5 28

28 - ~5 28

Test material was prepared as a 0.2% w/v emulsion in an

aqueous CMV vehicle and administered orally on days 6 tbrough
15 of gestation. Test animals were observed daily for signs

of toxicity and weighed on days 0, 6, 8, 10, 12, 15 and 20 of
gestation. Food consumption was recorded on days 1, 6, 8, 12,
15 and 20.
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On day 16 phase I animals were weighed, sacrificed and
blood and brain collected for determination of cholinesterase
activity. "“The abdominal and thoracic viscera from each dam
were examlned pregnancy confirmed and any gross changes
recorded.

“On day 20 of gestation, 5 days after the last dose of
the test or control article, all phase II dams were weighed
and sacrificed by CO3 asphyxiation. Blood and brain tissue
were collected from the first 10 dams found to be pregnant in
each dose group, for measurement of erythrocyte, plasma and
brain Che activity. The abdomen of each dam was opened,
ovaries were excised and corpora lutea graviditatis counted
and recorded. The intact uterus was transected at the cervix,
trimmed along the antimesometrial margin, removed, and weighed.
Each uterine horn was longitudionally opened and the fetuses

- displaced -to one .side to facilitate inspection of the uterine .- .. .--

walls for the presence of implants and resorptions. After
removing all fetuses and resorptions and recording each implant,
the uteri were pressed between 2 glass plates to assure that
all implantation scars had been noted. The abdominal and
thoracic viscera from each dam were scrutanized and any gross

changes were recorded.”

"Fetuses were removed from their. embryonlc membranes,
the umbilical cord was severed close to its attachment to the
fetus and viability of the fetus -was determined. " Each fetus :
was blotted dry, removing blood and amniotic fluid, sexed and
weighed. Individual placentas corresponding to each fetus
were cleaned of extraneous tissue, blotted dry and weighed. A
complete external examination was made of each fetus. --—-—----
-~ Brains were obtained form the first 20 fetuses per dose
group (the first fetuses selected for gross visual examination
from 20 different litters), including the control group, for
the purpose of measuring fetal brain Che activity.--------
Following removal of the brain a complete internal examination
was conducted on the thoracic and abdominal viscera from
these fetuses."”

Aproximately one-half of the fetuses from each dam were
examined internally. "Following visceral examination the
fetuses were placed in Bouin's fixative and later free-hand
razor blade sections were made through eyes and cranium."”
The remaining fetuses were prepared and examined for bone
development and abnormalities™ :

Results

No treatment-related effects were observed clinically
with the exception of two high dose animals observed salivating
on study days 9 and 12. No effects were observed on food
consumptlon. Mean weight gain during gestation was significantly
reduced 1n the high dose group (Table I1I from the report)
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Mean percent cholinesterase inhibition is summarized in
Table V from the report. In the phase I dams (gestation day 16) -
statistically significant inhibition was observed in the RBCs
and plasma at 7 and 28 mg/kg/day and in the brain at 28
mg/kg/day. In the phase II dams (gestation day 20) statistically
significant inhibition was observed in the RBCs at 7 and 28
mg/kg/day and in the brain at 28 mg/kg/day. No effect on brain
cholinesterase was observed in the phase 11 fetuses

Table VI from the report summarizes the dam reproductive
efficiency and fetal data. A slight decrease in the fertility
index was observed at the high dose (82.1% versus 92.9% controls)
but it was not statistically significant. No other compound-
related effects were observed.

. Table VII from the report summarizes the distribution of
"Yesorptions in dams. No compound- Zrelated effects were observed.

Table VIII from the report summarizes the mean values of
reproductive parameters of the females. No compound-related
effects were observed.

Table IX from the report presents the external and
“viserial findings on the fetuses at term1nat1on. No compound-

"related effects were observed.

'Table'x from tﬁé'reéort'éummafizes the skeletal Qariatiéns/
abnomalities observed. No compound-related effects were
observed.
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Table V'~
Qo"_n«uﬂu 1ohidition (%)

Cestation Dose .- _
Oay ag/kg N Plasss  Erythrocyte  Oem rafn  Fetal Brain
16 0 [} 0 0 ' e ‘-
16 1 s 7.6, 123, . 66 .
1€ S s 816 n.z, 12.2 ..
16 28 s n.g? 0.3 $7.6* .
20 ] 10 0 (] 0 0
20 1 10 16.9 12.3, © 1.0 -y
20 7. 19 12.8 39.6, a9 9
20 28 10 20,4 $0.6¢ 2.0 -2.7-

‘SImiﬂcoa_ﬂy ¢ifferent frem the control ot the 0.03 leve! (Dunnett's test)
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Tadle Vi
Uam Reproductive Efficiency and Fete! Deta
Phase 1!
. Contrel 1 ng/kg 7 mg/ig 28 wg/ky
Mo, of Pregnant Dame/Total 26/28 27/28 27/2¢ /28
N/ '"e‘,lg, { nden ”.’ ”Q. “Q‘ .2.1 ‘
O Cestation (ndex 100 100 100 100
Ko, with humlos S{tes Only 0 0 0 Q
Ne. of Desths Among Dams 0 0 0 . ‘9
Me. of Cams Which Aborted 0 0 0 0
No, of Corpors Lutes Hedian 17.0 17.0 17.0 17.0
(Range) (3-20) (1830) (13-28) (9-22)
Tota! No. of implantations - . 380 L3 ) 29 A 38
. : .~ Median _16.0 17.0 17.0 16.0
(Range) {1-19) (€=19) {(&=19) _(%-222)
~ ‘Total Mo, of Fetuses o 2 soe w8 e
Litter Size Medfen 15.5 18.0 16.0 18.0
{Renge) (1-18) (€=19) (6-19) (1-22)
Medisn Percent Male Fetuses 0.1 $0.0 2.9 $0.0
Medien ¥e, Vighle Fotuses (gm) (Male) 3.7 3.6 1.6 1.8
(Femele) 3.3 3.5 3.6 1.¢
(Comts{ neg) 3.6 1.8 3. 1.7
Hediaon We, of Plscentas 0.51 0.5% 0.53 0.%%
No. of Resorption Sitss Medisn 1.0 1.0 1.0 1.0
(Range) (Q-3) . (0=4) (0-3) (0-3)
Tots! Ne. of Deed Fetuses ] 0 ) Q
: (Range) (0-0) _(0-0) . (™=0) (0-0)
\ Preo-implantation Loss Medien 0 T 0 9 0
(Range) {0-80.0) (0-66.7) . {(0-72.6) {0-56.3)
N\ Post-implantation Laoss Medlan_ s.¢ 5.3 5.3 S.9
(Range) (0-23.1) 10-12.3) (0-17.6)




Teble Vil

Distridution of Resorptions in Dams

. Nusber of Damg with Resorpeions
No. of Resorptions Control 1 sg/kg 7 sg/kg 16 ag/kg

° 1" 17 12 1"
. 1 ' 7 .
' 2 S 1y

D
3 A 2 1
s 0 1 0

Total No. of Resorpeions 22 28 P 1 19

No. of Dams with More ¢ ? ? ¢
than 1 Resorgtion

Percent with Reserptions $7.7 1.9 35.¢ $2.2

Yedle V111

Mean Values of Reprodustive Parsssters of Females

Control 1 sg/ig 7 mgfhg a8 ag/t

No. of Cacpore Lutse . 16.1 17.2 . 1.3 . . 1843
(Renge)  (3-20) (18<30) (13<28) (0<2!

Licter St2e - 13.9 15.0 1.0 ",
{Range)  (1-18) (6-19) - (6=19) (12

No. of Resorptiens 0.8 9.9 ‘9.9 o *
(Range) (0-3) (0=4) (031 (]

No. of iepleatstiong 18.0 16.0 18.9 u
(Renge) (1-19) (6=19) (¢=19) . (v

C Precimplontation Less 12.3 8.0 7.8
(Range) (0-00.0)  (0-66.7)  (0-78.6) (O

N Pouteisploantation Loes 8.7 .8 .8

(Renge)  (0-23.1} (0-25.0)  (0-27.3) (¢
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Table IX

External and Visceral Findings on
Fetuses et Termination (Day :0)

Dose® Oam No.  Fetus No. Observation
- Control RSMATS 1170 Kidney, rt, pelvis dilated
. RS44 66 1190 No {nnominate artery; et sudclavian and re
i carotid arteries branch together directly
from scrta :
RSAS1S 1201 No fnnominste artery; rt subclavien ang ro
P e e T epeatid arteries brinch seperately from wres
RS45%9 1210 8rain, ventricles, bilateral dilation
1 £33 70 Eye, 12, microghthalatla
RSA&28 8?7 Urecsr, 18, distended
RS444) 359 Ureter, 1%, distended
RSMASO 1408 ,1806 Brain diminfshed in size
RS4481 as Brain, craniorhechi schisiss vertetral column
dppears pinched together betwmeen thorascic
;mmr. regionsy smniotic sac filled with
[ %] No {nnominate artery; rt subclavisn and rt
' - carotid arteries branch separately from
acrtie srch
RS4503 .86 Ureter, 1t, dfstended
RSLS17 1084 ,1038 Plecenta's, fused
? RSAA1Y 267 Kidney, pelves, bilateral dilation; ureters,
. bilataral distension
278 Uretser, 1, ¢fstonded
RSAAl1 293 Kicney, pelves, bilatersl diletion
RSALS7 117,120 4] s pelves, Bilateral diletiong ursters,
bilsters! dfstension
118 Ureter, 1t, distended. o
RS&A7S © 1297 Grain, diminished in size
11% No innaminate artery; rt subelavian ard rt
carotid srteries branch together from sorta
RSAATS 1cs Brein. ventricle, bilateral dilation
RSAS1E Yo/ Testis, rt, rudisentary .
28 RSAMLS - 0 Kidney, 1%, pelvis dilated; ureter, 1t,
distended - :
RS4AS2 997 8eain, ventricle, dilateral dilation
WS 1879 Runt (1.9 g) .
RSA46S 1309 -Brain, veatricle, Bilateral dileticn
RS 70 b1} ] Posterior portion of fetus sppesrs undee~

developed (posterior from lusdar region)p
did not show up skeletally; ssniotic sac
filled with dlood

‘oy/kg



roiu‘ct with Oni o} Hérc Skolitnl Vastistions

‘Teble X

Page 1 of 2
¥ Dose: ..5223521.. 1 kg 7 ™ 28 X
- No. of Specimens Examined: 187 ;!5 208 4@‘”“
) .
Varfation and/or Abnormality No. \ No. \ No. \ No. Y
Py
SKULL: BONES INCOMPLETELY OSSIFIED 113 0.8 131 €2.1 180 €23 1 A8
SKULL: SUTURES ENLARCED 20 10.7 6 12.3 17 s.2 12 7.3
SKULL: FONTANELLE ENLARCED 27 1 18 16.6 L I T 18 11.0
SKULL: PRESENCE OF CALCIFIED 80OY N 108 1 08 1. 0.6
" MYO1D: VARIATIONS CF HYGID 800Y 330176 a2 199 39 1.8 1ae  gs
RISS: EXTRA RISS 7 3.7 2 0.9 1 0.3 3 1.8
RIBS: INCOMPLETELY OSSIFIED - 2 0.9 1 0.6
RIBS: WAVY OR CURVED - Y 2.9 1 0.$ [y 2.6
RIBS: RUDIMENTARY OR OC ¢ 3.2 2 0.9 3 1.4 . 2.8
RIBS: SMALL . 13 7.0 12 s.? 7 3.0 1 6.7
VERTEBRAE: CERVICAL-ARCHES. INCOMP, 0SS, 10 5.3 S - 2.8 3 14 s 0.9
. VERTEBRAE: THORACIC-ARCHES FUSED | 0.8 - : : o
VERTEBRAL: THORACIC-ARCHES NISSING B | 0.s - o
VERTEBRAE: THORACIC-CENTRA INCOMP, 0SS. 122 65.2 188 70,1 188 71,2 123 7%.0
YERTEBRAE: THORACIC-CENTRA UNOSSIFIED . 1 0.6
VERTEBRAE: THORACIC-CENTRA FUSED 1 0.8
VERTEBRAL: THORACIC-CENTRA B1PARTITE 1. 0.8 2 0.9 3 1.4 ’ 2.0
VERTEBRAE: THORACIC-CENTRA MISSING 1 0.8
VERTEBRAE: LUMBAR-ARCHES FUSED 1 0.3 :
VERTEBRAL: LUMBAR-ARCHES MISSING 2 1.1 2 0.9 2 1.0 ¢ 3.7
VERTEBRAE: LUMBAR-CENTRA INCOMP, 0SS. 3 1.6 - 8 3.8 3 1.4 ¢ 3.7
VERTERRAL: LUMSAR-CENTRA FUSED 1 0.3 :
VERTEBRAE: LUMBAR-CENTRA MISSING 1 0.3 2 0.9 2 1.0 6 . 3.7
VERTEBRAE: SACRAL-ARCMES [NCOMP, (0SS, 100 S5.6 15Aawe 73,0 160w 76.9 92 s6.t
VERTEBRAE: SACRAL-ARCHES UNOSSIFIED s 2. . 2 1.0 3 1.8
VERTEBRAE: SACRAL-ARCHES SHIFT 2 1.1 3 1.8 2 1.0 . 2.8
VERTEBRAE: SACRAL-CENTRA INCOMP. OSS, 1 . 1 0.3
VERTEBRAE: SACRAL-CENTRA UNOSSIFIED : 1 0.6
VERTEBRAE: CAUDAL-AROMES INCOMP. 0SS. PO X | 23 10.9 30 18,0 ) .S
VERTEBRAE: CAUDAL-ARCHES UNOSSIFIED 12 6.0 13 6.2 22 . 10.6 v 2.8
VERTEBRAE: CALDAL-CENTRA UNOSSIFIED 1 0.5 1 0.5 1 0.6
PELVIS: ILIUM UNALICHED 1 0.5 3 1.4 2 1.0 s 2.6
PELVIS: ISCHIUN INCONPLETELEY 0SSIFIED 3 1.6 2 0.9 1 0.5 3 1.8
PELVIS: 1SCHIUN UNALIOED 1 0.3 ] 0.9 2 1.0 , 2.8
PELVIS: PUBIS UNOSSIFIED _ 1 0.5
PELVIS: PUBIS INCOMPLETELY 0SSIFIED s 0.3 s 2.6 17 0.1) 3 2.8

{continued)



Fetuses with One or More Skeletal Variations
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Page 2 of 2
Oose: Contrel 1 o TA T ﬂ g
No. of Specimens Exemined:s 187 an -'ﬂ"’“

Variation and/or Abnormalfty No. 0 No. © No. L) M. &
STERNEBRAL: 1ST-INCOMPLETELY CSSIFIED 30 16.0 21 10.0 26 1.8 7ee 4.3
STERNEBRAL; 2NO-LMOSSIFIED 3 1.6 \ 1.9

« STERMEBRAE: 200~=INCOMPLETELY OSSIFIED. - 64 - 3.2 71 - 33,8 . -~ 86  A1.3 * 3zee 198
STERNESRAE; IR0~ INCOMPLETELY 0SSIFIED 18 20 29 1.8 16,3 1600 9.3
STERNEBRAE: 3RD-81FARTITE 1 0.8
STERMEBRAL: ATH-UNMOSSIFIED 1 0.3 , . 1.9 1 0.6
STERNEBRAE: ATH-INCOMPLETELY 0SSIFIED &4 7720 163 78.6 177  8S.1 139 8.8
STERMEBRAE: STH-UNCSSIFIED . ° @ 36. 7S 3.9 N AS.N O a2.7
STERNEBRAE; STH-(NCOMPLETELY OSSIFIED 119 €.6 132 €.2 11 3.6 9 6.7
STERNEBRAE: STH-8IPARTITE 1 0.8 ' '
STERNEBRAE; ¢TH-UNOSSIFIED 1 5.9 7?33 0 %7 & s

. STERNEBRAE; GTH-INCOMPLETELY OSSIFIED ', 139 783  178* ¢S.2 169 816 137  83.S
STERNEBRAE: GTH-ASYIETRICAL 1 0.3 '

APPRNOACES 1 ANTERIOR-UO METACARPALS' 1 0.6
APPENCACES: ANTERIOR=10 METACARPALS 3 1.6 1N 1.9 1N 2.8
APPENDACES: ANTERIOR-UD PHALANCES 8 12 s 2.4 10 8.8 3 1.8
APPENDACES: POSTERIOR-UO METATARSALS 1.- 0.8 1 0.5 1 0.$ 2 1.2
APPEMDACES: POSTERIOR= (0 METARTASALS 2 1.1 2 1.0 2 1.2
APPENOACLS | POSTERIOR=UO PHALANCES 10 16.0 M 20.0 cve 29.3 22 136
SKULL: BOMES ASMORMALLY SHAPED 1 0.8

SKULL: SONES M1SSING 1 0.8

SKULL: BOMES ASNORMALLY MALPOS!T!OMED 1 0.3 :

SKULL: SUTURES MISSING 1 0.8

VERTEBRAE: CERVICAL-AACH ABN, POSITION 1 0.S

VERTEBRAL: THORACIC-ARCH ABM, & MALPOS. 1 - 0.8 *

VERTEBRAE: THORACIC-CENTRA ABN. & MAL. 1 0.3

VERTEBRAL: LUMBAR-ARCH ASM. & MALPOS. 1 0.5

VERTEBRAC: LUMBAR-CENTRA ABN, & MALPOS. _ 1 0.8

VERTEBRAE: SACRAL-ARCH ABN. & MALPOS. 1 0.8

VERTEBRAL: PINCHED FROM T 10 TO U 1 0.5 -

STERMEBRAZ: 1ST-AGNORMALLY SHAPED 1 0.3

¢ Significantly ¢ifferent then contrel a4t the 0.0S level
*® Significantly different than centrol et the 0.01 level



Data Evaluation Report
Compound Tribufos (DEF) .

Citation .

A teratogy study with DEF technical in the rabbit. G.R.
Clemens, J.J. Bare and R.E. Hartnagel Jr. Miles Laboratories
Inc. Laboratory Report No. MTDOOO3, #94468, Jan 22, 1987, MRID

401906~-02
Reviewed by Robert P. Z zian Ph.D.

Senior Pharmacologist

Core Classification Guideline

Conclusions

Pregnant rabbits were dosed at 0, 1, 3 or 9 mg/kg/day, days

7-19. Plasma 'and RBC cholinésterase activity wds significantly’
reduced at all doses on day 20 and RBC at all doses on day

28. Does failed to gain weight at 9 mg/kg/day during dosing.
Maternal toxicity LEL 9 mg/kg/day, NOEL 3 mg/kg/day. Fetal

toxicity NOEL 9 mg/kg/day (HDT).
Materials

DEF technical : A
. 98% active : o , : : -
Batch No. 85-R-26-39 supplied by Mobay Corp. =

American Dutch Rabbits from Langshaw farms

Experimental Design

Young adult female rabbits (> 4.5 months) weighing
2.32 to 3.51 kg were primed with HCG and artificially
inseminated over a four day period. Does were ranbomly assigned

to treatment groups of control, 1, 3, or 9. .mg/kg/day, 17 does
per group.

The test compound was prepared as a 0.022, 0.067 or 0.2%
emulsion in an agqueous CMC (0.5% w/v carboxymethycelulpse and
0.4% w/v polysorbate 80 in distiled water) vehicle. Solutions
were analyzed for concentration and stability. Test material
was administered in a constant volume of 4.5 ml/kg body

weight. -
Test material was administered orally on days 7 through

19 of gestation.

Does were observed daily for morbidity and morality.

Body weights were abtained on days 0. 7, 10, 14, 19, 21
and 28 of gestation. Food consumption was measured on days 1,
6, 8, 12, 15, 20, 23 and 28 of gestation.
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On day 20 of gestation (24 hours after the last dose of
test compound) and on day 28 blood was obtained for RBC and
plasma cholinesterase determinations. At termination, on day
28, half the brain of each doe was collected for brain
cholinesterase determination.

“On day twenty-eight of gestation, all does were sacrificed
by intravenous barbiturate overdose. The abdomen was opened,
ovaries were excised and corpora lutea were counted and
recorded. The uterine horns were transected at the cervix,
removed, and weighed. Each uterine horn was longitudinally
opened along the antimesometrial surface and the amniotic
sacs displaced to one side to facilitate inspection of the
uterine walls for the presence of resorptions. All fetuses
and resorptions were removed and each implant was noted.

The abdominal and thoracic viscera from the does were scrutlnlzed
--and gross :anatemical- changes were recorded." e - R

Each fetuses was removed from its amniotic sac, the
umbilical cord was severed close to its attachment to the
fetus and viability of the fetus was determined. Placentas
were removed, trimmed and weighed. Each fetus was blotted
dry, removing blood and amniotic fluid and weighed. A complete

.external examination was made of .each fetus. ------A complete-
internal examination was conducted on the thoracic and abdominal

viscera and sex was determined for all fetuses." The head was
skinned to view the eyes-and a cross section made th:ough the -

cerebrum.

All fetuses were prepared and examined for bone development
and abnormalities.

Results

Clinical signs related to treatment were not observed.
- Two low dose does and one high dose doe died of resporatory
disease. One low dose doe and one high dose doe aborted
during the study.

Mean group body weights are summarized in Table 1 from
the report. A statistically significant decrease in mean®
weight gain was observed in the high dose does during dosing.

These does failed to gain weight during this period. - No
compound-related effects were observed on food consumption.

Results of cholinesterase determinations are summarized
in Table III from the report. Plasma and RBC cholinesterase
activity was significantly depressed at 20 days of gestation
in all dose groups. At 28 days RBC cholinesterase activity
remained significantly depressed at all doses. No compound-
related effect was observed in the brain at termination.
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Table IV from the report summarizes reproduction efficiency
and fetal numerical data. No compound-related effects were

observed on fertility, implantations, litter size, sex ratio.
and pre and post implantation loss.

Table V from the report summarizes resorption data.
Treatment had no observed effect on resorptions.

Table VI from the report summarizes external and visceral
observations. No treatment-related effects were reported.

Table VII from the report summarizes skeletal variations.
No treatment-related effects were reported.

Table VIII from the report is an incidence summary of
skeletal variations. No treatment-related effects were
reported. . . - » .

Table IX from the report presents external, visceral and
skeletal malformations. No treatment-related effects were

reported.



. . ) -

2903 9,3300ung Bujsn (eae) 10° 0Wd _«u- 1043103 WoJ) JUJ8)) 1P Alauedjypvbises

' AvQ vo SORNIB; 91QR)A YI|HTS00p KLU SIPN|IV],
!y

{4 : 19z . "18°0~ 06°0- NIV

¢4 $0°0 1l°0- {1 £0°0  ©0°0- It $0°0 €0°0- .~ 91 %0°0  €0°0- NIVD

tl 600 602 ‘I 90°0  $6°T 1l 100 w0°C A“w- 90°0  66°T WNLIV
$8°L : 9°¢ o w2l ~ 69°01 NIV

€4 S0°0 €2°0 LL 200 L0 1L %00 +€°0 9t €0°0  IL°0 NIVD €2-0
00°0- ) si'g (TN r §6°v NIVA

€I %0°0 ws00°0- (2000 01°0 1200 10 ”" No.m\ $1°0 NIVD 12-L

€4 800" 2 L $0°0 08t BS0°0 V'€ oL £0°0 _€C°C 62

T £0°0  60°¢ ¢l §0°0  02°C - 1L $0°0  0%°¢C 91 ¢0°0 C'sI't 2

€l 80°0 O1°€ LS00 B Kb %0°0  6I'€ 91 (0°0  923C 6}

€t 90°0 60°¢C LE%0°0  9L°C It $0°0.  s2°¢ 9l 90°0 &b'T i

€ 200 60°¢ LV %0°0  ZIE 1L v0'0  ei°g .91 900  §1C 0t

€8 2070 60°C L %00 ou¢ o000 ¢ 9L 90°0 0L'M U

€L L0°0  6°Y Lt %0'0  €0°C it w0 (o' 91 900 10°C 0

Wow 0§ n/oe 01

(1) vojarIse) Bujung  ss0g JuruBasg JO SIuS)en Apog urey
: ) o1qey |



3883 8,330uung Bujsn o0 03 |¥NbB JG URyY 89|

.

O

d 30 [043U0) WUy U0y 1P A(IVed}44uBiS o

sy LS1 ¥ 080€ C ¢ e
0 ST ® 20%€ 0 £ Tt
0 - 094 ¥ §2¢K I \ o
- V24 I A1 44 L 1 0 [ 14
VOIIQINVE & : ﬂui
BCTLYT
7°0% oS5 ¥ 09§ XN R E1Y: t ¢ Y
45 “0% ¥ 0°69% il 6L ¥ o LTT n g o
0% €8 ¥ 0°0iS L rvesoer . ti \ ol
. ® v.0'016 . ynvsw T w 0 ot
u"u n“.:ua._m. msm B TR T Y Q ¢ oz
. "6z ¥ 0 N el ¥ 1°C0N 0 ¢ ot
24 ..umm R £0y #0°l1 Y §0CT £ ) L.
. QIR . Vil ® 0°00% “" . 0 ot
WIS 7N WIS i/nt “ !
$IA50.3K33 g C
" ovme & 1ag
0900 @.03.3
. ~.
| o
43S ¥ ueey

0300 #%0I03seu} Oy j0
1 01qey

KJoung



.‘_'x-w. .

‘Table 1Y
Regroductive Efffciency and Fetal Dets

Control 1.0 mg/kg 3.0 mng/kg 9.0 -.I :
No. of Pregnant Dems/Totol 16117 18/17 1717 1
) . Fertiliey Indu: 9% .1 0.2 100 l:{;’
C Cestation Index 160 7.3 100 100
No. of Litters 16 1" 17 13
~ No. with Rui?%zlon Sites Caly 0 1 | 9 ']
No. of Deaths An'kg Dems 0 2 0 1
No. of Dams Which Aborted 0 , 1 0 1.
"o, of Ceepora Lutes © T median s se ee 9.0
: Meen 8.2 7.8 9.1 7.7
. (Renge) (2-12) (1=11) {6-13) - {2.1))
Tots! No. of {eplintsetions J 126 1 .m b, ]
‘,\* M‘.” ’ "o ..0 ,oo : ,.o
Heen 7.8 7.8 1.7 7.4
_ _(RG"!!) (2-14) , {1e11) _ (3-13) (1=12)
Total No. uf Fetuses . Lo L I e . R 14
_Litter Size , Median, e s T 8.0 - a0
vesn) 7.2 7.1 7.0 8
(Range) $ {2-13) (0=11) (3-11) (1-10)
Pedisn Percent Male Fetuses ) %0.0 40.0 62.3 33
Medfon We, Vieble Fetuses (gn) {Male) R DY S 1% 15.¢ B T
{Female) . 32.6 32.9 38,3 36.0
Median We, of Placentas S.l{_\ 5.6 S.0 5.6
No. of Resarption Sites . Median 0.07 - 0.0 : 0.0 . 0.0
".‘ﬂ 0.‘ . \ OAS 0.7 = 0.7
(Range) (0-2) (0-) {0=4) (0-3)
Total No. of Deed Feluses ] ~ 1 i 1
(Renge) (0-0) . {0-1) e (Q-1) (0-1)
S Pre-implantstion Loss Median 8.0 0.0 0.0 0.0
Mean 12.2 €8 20.2 12.0
(Range) (0-55.6) (0-37.5). (0-76.9) (0-66.7)
— r.' .
N\ Posteimplentation Loss . ‘Hedlan : 0.0 (8 - 0.0 9.1
Mesn 8.3 10,2 8.6 .6
(Range) {0-40.0) {0-100) (0-36.%) {G=28.6)

/\

*fertility Indexi ratio of ausber of pregnant dems/number of dems with successful copulatien
DCescation Index: retie of number of dems with live progeny/number of pregnant u-n/.
e
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_ Dfstribution of Resorptions {n Does

.
Nusber of Does with Resorptions

SN

No. of Resorptions Contrel 1.0 mg/kg 3.0 mg/kg 9.0 mg/kg

Q 9 7 10 ? ‘

] s . . .
S ! o 2 1
"y 0 0 0 1

‘8 0 0 1 0

Total No.' of Reserptions 9 O‘ 12 9
No. of Does ‘Qﬁ More 2 1 3 2

thea 1 Resorption .
Percent with Resarptions 3.8 SR ; M2 .62




Teble V!

External and Viscers! Findings on
Fetuses at Termination (Day 28)

Dose? Doe No. Fetus No, Observation : 0
_ Control RS860 a8 Ruat (<20.0 ¢)
RS84S 208 Runt (<20.0 q)
A 86 Runt (<20.0 ¢)
oo -RSNIE, 383 .. Cardiovasculer anomaly. . Aarta ascends stralght -
e toward head branching fato two csrotide; just
R below mhere it branches, the aorta arches in an
e acute fashion dortally with the right subelavian
. brenching of f, sartas then angles acutely to the
s 1.:: beneath the traches end sssumes ity normsl
se :
rd
1.0 RS380 119 Monévlc:XQ; a:rtuny cut:ly;« but normel for
stage of development {10, o '
RS8%0 109 Left forepem, commwerd nlr:utm\ .
Q 312 Anterior forepems, dowmerd salrotationg
v, .. .. Ancpthalmia} narcs, ebaoemaly froatals, pinched . -

' together et orbit; testis, small right
335 ] Brain, dilated ventricles with fluid

RS892 18 Rune (<20.0 q)
317 ¢ Runt (<20.0 g) .
3.0 RSES) 72 7 _Bratn, microceohaly with fluid within craniua
RS§98 223 (Liver, medien lode, 1 x 1| mm tannish foet,
extending (nto parenchyms
38910 368 Adrenal, displaced towmerd the aidiine, left
169 Noneviable; partially sutolyzed, normel for stage
_ of develocment (3.8 g)
9.0 /8863 109 Posterior sppendsges, {nwerd maleotation,
bilateral; tail, unne{ digits, malflenure
RS872 168 o:;u. missing netl 1, left forepew
163 Lefe cerotid artery reduced in size, brenches off
innominate artery opposite right carotid srtery
168 Oigit missing natl |, Bilaters) forepew
169 Digit misaing natl. 1, bilateral forepaw
RS$77 178 Runt (0.0 ¢) ) :
RS89%¢ €S Ovary, afssing left
R$306 338 Noneviable; partially eutolyzed, normal for stage

"of development (13.2 ”.3 :

. )
8g/kg



¢ Significently differeat fram ceatre! ot the 0.05 level
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Teble Wit
Fetuses with Qne or More Skeletsl Yeirteticas v -
‘ Poege 1 o(2
< - 00SE:  CONTROL 1.0 mC/xG 3.0 MC/XG 0 mC/ug
N M0, -OF SPECIMENS EXAMINED: 118 L L3 .0 0
vmnm\mwm ABNORMAL L TY NO. L ] L | N, ) wnO, \
SKULLs SOMES “INCOMPLETELY QSSIFIED 17 14,8 13 18.9 12 10.2 13 15.1
$KAL: NRE CUARCED 1 1.2 1 1.2
t « 3 1.6 .
SKULL: wtmg IRRECULARLY SHAPED f 3: .
SKULL: FONTANELLE CE0 13 1.3 9 10,7 10 8.3 9 10.8
SKULL: FPONTANELLE TRRECULARLY SHAPED 1 0.8
Sl PRESENCE OF CALCIFIED 800Y 1 1.2 1* 3.9 3
SKULL: SOMES ABMORMAL 1 1.2 1 0.8
SKULL: UPPER INCISORS MiSSING 1 0.8
SKULL: IRRECULAR NASAL 1 0.8 ,

- HMYOID:-VARIATIONS .OF MVOID BO0Y - OR -ARCH . - 6h-. - $5.7 - .37. - a0 - 385 - 46.6 - S1. - %93
SKULL: ANGIRATED WYQi0 MCH(_) 1 1.2 2 1.7 3 R
R183%: CXTRA RiSS = 13 11.3 9 10.7 18 . 1227 10 1.6
R183: INCOMPLETELY 0SSIFIED W 1 6.8 1 1.2
R18S: WAVY OR CURVED 1 1.2
Ri18S: OULBOUS OR SPUR 1 1.7
R18S: SMALL , 1 6.8 1 1.2
R18S: ABNORMAL FOSITION e ] 1.7
RIBS: FLOATING T3ITM RIS : . : 2 2.3
VERTEBRAL: CERVICAL-CENTRA (INCOMP, 0SS, O 4 1. 1.2
VERTEBRAC: CERVICAL-CENTRA UNGSSIFIED .. ) - 0.9 . . ,
VERTEBRAE: CERVICAL-CENTRA €X QS$IF ONT ~ 1 0.8
VERTEBRAE: CERVICAL-CENTRA FUSED TO ARCH 1., 0.9
VERTEBRAE: CERVICAL-CINTRA MALPOS|TIONED 1 v 0.9
VERTEBRAE: CERVICAL-CENTRA [RRECULAR 1 0.9
VERTEBRAE: THORACIC-CENTRA INCOMP, 0SS, : 1 0.9
VERTEBRAE: THORACIC-CENTRA FUSED : 1 0.4
VERTEBRAC: THORACIC-ARCH MALPOS!ITIONED 1 0.8
VERTEBRAE: THORACIC-ARCH UNALIGNED _ 1 0.8
VERTEBRAL: THORACIC-CENTRA MALPOSITION { 0.8
VERTESBRAL: LUMBAR-ARCHES EXTRA S 8,3 3 1.6 1 0.8 2 2.3
VERTEBRAL: LUMBAR-ARCMES MISSING 1 0.9 .. 1 0.8
VERTEBRAL; LUMBAR-ARCH UMAL ICNED : 1 0.8
VERTEBRAE:s SCOL10SIS 1 0.8 .
VERTEBRAL: LUMBAR-CENTRA FUSED ) 1 0.8
VERTEBRAL: LUMBAR-CENTRA EXTRA $ 8.3 3 3.6 1 0.8 2 1.3
VERTEBRAE: LUMBAR-CENTRA M1SSING 1 0.9
VERTEBRAL: SACRAL-ARCMES M1SSING S 4.3 3 i.¢ W 0.8 2 2.3
VERTEBRAL: SACRAL-AROES SHIFT § 3.3 2 .8 1 1.2
VERTEBRAC: SACRAL-CENTRA EXTRA 1 0.9 :

VERTEBRAL: SACRAL-CENTRA M1SSING ) 3.8 3 3.6~ 1 0.8 2 .3
VERTESRAE: CAUDBAL-ARCHES FUSDD 1 0.8

VERTESRAL: CAUDAL-ARCH ABNORMAL e 1 1.2 ] 0.8

VERTEBRAE: CAUDAL-ARCH EX QSSIF ONT ' 1 0.8

VERTEBRAL: CAUGAL-CENTRA ASNORMAL 1 1.2 1 0.8 1 1.2
VERTEBRAL: CAUDAL-CENTRA INCOMP, 0SS. 2 .3
VERTEBRAL: CAUDAL-CENT A FUSED 1 0.!

PELVIS: ILIUN INCOMPLETELY OSSIFIED 1 0.9 )

PELYIS: ILIUM UNAL ICNED $ 6.3 2 1.6 A 1.2
PELYIS: 1SCHIUN- UNAL I O%D 1 0.9 2 .4 s 10 1.2
PELVIS: PUBIS UNGSSIFIED 1 0.9

PELVIS: PUBIS INCOMPLETELY OSSIFIED 7 6.1 S 1 1.7 6 7.0
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Teble Vi

Fetuses with One or More Skeleta! viriaticat

Poge 2 0f 2 -

< 00SE:  CONTROL
NO. OF SPECIMENS EXAMINED: 118

1.0 »C/xC
ELY

1.0 MC/xG
118

9.0 mC/xC

/I
VARIATION ANO/OR ABNORMALITY NO. )

~

NO.

)

Ho.

b}

NO,

STERGEBRAE: 157-(NCOMPLETELY OSSIFIED 9 7.8

.- STERMEBRAE: "tST-ASYMMETRICAL -

STEMEBRAL: 1ST-EXTRA 0SSIF C!NTER

STERMEBRAE: 18T+ [RRECULAR 1 0
STERMEBRAE: IND-INCOMPLETELY OSSIFIED L 7
STEP.LSRAE: 2ND-ASYMMETRICAL

STERAEBRAE: INO-B81PARTITE

STERMEBRAE: IRO-INCOMPLETELY OSSIFIED 1 0.9
STERMEBRAE: IRO-ASYMMETRICAL
STERESRAE: IR0~ FUSED T 4TH
STERKEBRAE: 4TH-INCOMPLETELY 0SSIFIED
STERNEBRAE: ATH-ASYMMETRICAL . :
STEMMEBRAE: VTH- FUSED TO STM
STERVEBRAE: STH-UNQSSIFIED .. —
STERMEBRAE: STH=-INCOMPLETELY OSSWlED
STEREBRAL: STH-ASYMMETRICAL
STEREBRAE: STH-8IPARTITE

STERVEBRAE: 6TH-UNOSSIFIED

STERMEBRAE: 6TH-INCOMPLETELY 0SSIFIED 1
STERMEBRAE: ¢TH- BIFURCATED PROCESS ~
STERMEBRAE: 6TH- IRRECULAR 3

SCAPULA: | RRECULAR SPINQUS PROCESS
CLAVICLE: INCOMPLETELY QSSIFLIED

APPENOACES: ANTERIOR-UQ METACARPALS
APPOOACES: ANTERIOR<(0 METACARPALS 1
APPENOACES : ANTERIOR=-MISSING METACARP .
APPENOACES : ANTERIOR-U0 PHALANGES
APPEMOAGES : ANTERIOR-10 PHALANCES
APPEOMDAG:S: ANTERION MISSING PHALANG
APPEMDAGES : POSTERIOR-UNOSSIFIED TALUS
APPEMDACES : POSTERIOR-10 TALUS

APPEMOACES : POSTERIOR<10 METATARSALS
APPEOACES: POSTERIOR-UD PHALANCES
APPOOACLS: POSTERIOR-1Q PHALANGES -

~ s :
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0.9
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* Significantly different from contrel at the 0.05 leve!l
e Significantly different from control st the 0.01 level
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Teble VII1

Incidence Summary of Skeletal
Meliformations and Selected Variaciong

-

Conterol: - N
Majformations
Variationsg
Extra Rids
Additionsd Pre-Sacral Vertebrse

1.0 ma/kg -~ N:
Malformations
Vartations .

. Extra Ribs &:>‘. o
Additional Pre=Secral Vertedbrse

3.0 mo/kg Nx'
Melformetions .
Veristions
Extrs Ribs -
Additionsl Pre-Secral VQrtobrlo‘S

N

~

9.0 k M3 \"

Maliformations

Varistions

€xtro Ribs

Additionsl Pre<Sacral Vertedrie

Litter Incidence (V) Feta! incidence (V)

1 (18.9) 1 (2.6)
6 (7.5 13 (1)
§ (37.5) 9 (7.8
1 | T
((8.2) 8 (6.0)
S (08.8) - 9 10
31 (27.3) S (6.0)
1?7 : 118
S (19.4) 5. (8.2)
3 (52.9) 15 (12.7)
1 (S5.9) 1 (0.8)¢
1 T}
S (38.9) 8 (9.3)
v (30.8) 10 (11.6)
~3 (@) 3°(3.9)

-

—

¢ Significantly different from coatrol at the 0.05 level (Fisher's)
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Tebi 1R

External, Viscera!l ond Shelets! Melfermetions -

Dose? Doe No. Fetus No. Observation
Control  RS8S? 17 Sternedrae, Sth segment fused to Sth
. RS87% 212 Lumber srch and centra missing

RS918 383 Cervical centras fused to arch, malpositicned,
frregular; cardiovascular snomely: sorts stcends
straight towsrd head Branching into two carotids,

- , Just Below where it Branches the aorts srches in
W T T e an akute fashion ‘dorsally with ‘the Fight sube

- clavian branching off, sorts ther angles acutely
/ 20 the left Denesth the traches and assumes its

. normel path
1.0 R$890 06 Sternedbrae, 4th segment fused to Sth
) 312 Skull bones abnormal; sutures fused; caudal arch
and centrg abnormgly enaphthaliate T
3 iz’::uru fused; drain, dilated ventricles with
oL yid
‘Rsge? .~ 397 Sutures fused -~ - X
‘ .398 Sternedree, Ath segment fused to Sth-

3.0  RS8S) n Skull bones abnormal; sutures fused; upoer

incisors missing; brain, microcephaly with flyld
, within creanfua
RS879 183 7 Sutures fysed
RS883 168 Lumbar arch missing; lumbaer centra fused; rids
~adnarmel position; thorecic arch unaligned;
lunteer gech unsligned; scoliosis

15901 213 Caudal arch and centra fused, abnormel
RS908 3163 Thorecic centra: fused, u!ooutiomd‘ thorscie
trch mglpogsitioned; rids sbnormal position
$.0 RS863 139 Caudal centra adnorasly tall kinked
RS872 164 Digit: missing netl 1; metscarpal and phelenge
nigsing
168 Cardiovascular_snomgly: left cerotid reduced in

size, dranches off (nnaminate srtery opposite
right carotid artery ¢

168 Digie, missing nefl 1; metacerpel and phalange
afssing ~ .
169 Ngit, s{ssing neil I metacarpe! and phalange
aissing .
rs877 m Sternedbrae, 4th segment fused to Sth _
RS89%6¢ <63 Overy, missing left
RS899 68 Sternedree, 3rd segment fused to Ath, Ath segment
fused to Sth ~/
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