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Preliminary Review of the Teratology and Seclected
Toxicology Studies for Captan,
Folpet, and Captafol
During the period since World War II, the emphasis on increased food

production has stimulated the use and development of fungicides for control
of plant diseases. Captan, folpet and captafol were introduced to fit
this need. lilore racently, there has appeared the need to reevaluate
toxicology knowledge and use of pesticides in the interest of our
environmant.

Eariy toxicology studies with captan and folpet indicated them to be
relatively safe to use on agricultural crops. However, the Mrak Report
recommended that we minimize human’ exposure to those pesticides (including
captan) considered to present a potential health hazard to man. Capta@_was
one of the compounds cited reéently (Mrak, 1969) as requiring furgger

. . ’ ’ oy
teratogenic evaluation. Therefore, the following toxicology review

emphasizing teratology is presented for the consideration of the Committee.

Acute or General Toxicology

CAPTAN

Chicken

Diets éontaining 100, 1000, and 10,000 ppm captan were fed to adult
white leghorn hens and roosters for a period of 90 days. The chickens receivir
100-a§d 1000 ppm captan showed normal food consumption, egg production, and
survival when coﬁpared to the controls. Those chickens receiving the
highest rate of captan shoﬁed refusal of their food and had resulting

weight loss and decreased egg producfion. There were no significant gross



findings at autopsy in any of the test birds after 90 days of feeding on
diets containing captan. Captan did not appear to alter fertility or
hatchability of eggs from chickens fed diets containing 109, 1,000 or 10,000

ppm captan (Weir, 1957).

Rat ' )
ihe oral LDsgy of captan for the rat was 9,000 mg/kg body weight
(Pimental, 1971).
" Wildlife
The LCgqy for mallards was > 5,000 ppn; for pheasénts, = 5,000 ppm; -
for boéwhite quail, 2,000 to 4,000 ppm and for coturnix quail > 5,000 ppm

of captan in diets of 2-week old birds when fed treated feed for 5 days

followed by untreated feed for 3 weeks (Pimental, 1971).

Ra. 4

FOLPET

. - Vs ot g
Rat

The oral LDgq of folpet for the rat was > 10,000 mg/kg body weight
(Pimental, 1971).
Fish and Wildlife
The LD5g of folpet for young mallards was > 2,000 mg/kg body-weight
when given the chemical orally in a capsule (Pimental, 1971).
The 24-hour LCs5q for juvenile white mullet and longnosed‘killifish to

folpet was 1.56 and 2.5 ppm, respectively (Pimental, 1971).

CAPTAFOL -
Rat
The oral LDgy of captafol for thé rat was 6,700 mg/kg body weight

(Pimental, 1971). In another study, the acute oral LD5g of captafol
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(prepared as anISOZ wvettable powder) for the albino rat was found to ba
2.5 + 0.1 gm/kg body weight (Palazzola et al., 1964).
%he acute dermal LD5g of captéfol (80% wettable powder) for the
albino rabbit Qas found to be greater than 15.4 gm/kg body weight. Also,
the captafol as an 807 wettable powder was féund to be moderately -
irritating to the ocular tissues when instilled into the eyes of the

albino rabbits.

Fish
Thé 48-hour LC5q for channel catfish exposed to captafol was 31 ppm.

The 24-hour LCsg for harlequin fish to captafol was 0.032 ppm.(Pimental, 1971)

Special Teratology Studies

A, 4

CAPTAN
Chicken .. \ _‘ . ééaig
Captan was injected in dimethylsulfoxide solution into either the yolk

or air cell of fresh fertile white leghorn eggs in concentrations of 3 fo 20 pp
in the eggs. The eggs were incubafed and_nonviable embryos and hapched chicks
were examined for’gross abnormalities. In a total of 1,292 eggs, the
incidence of malformations was 7.8%'compared to an incidence of less than
2% in solvent-injecﬁed and uninjected control eggs. Micromelia, amelia,
and phocomelia accounted for most of the deformities (Verrett, et al., 1969).

The following table gives selections of the data.
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Percentage ifortality In Chicken Embrvos (Air-cell Injections)

ppm in the egg

18-20 10-12 6 3
Captan 93 63 45 28
Folpet 74 36 33 24
Difolatan 80 75 .55 30
Tetrahydrophthalimide 38 30 7 _ -
Solvent Injected and

’ =T 25%

Uninjected Controls

A test group,consistiﬁg of éive male and eighteen female ‘white leghorn
chickens was fed a daily dose of 75 mg technid@al captan/kg body weightgin
their diet for g}x weeks. An identical cbnfrol group. was paintiégggg The
birds were observed for body-weight effects, food cohsumption, m;r;ality,
behavioral vreactions and egg prﬁduction with special emphasis on hatchability,
viability, and abnormal physical or behavioral reactions of the chicks. Result
4may be summarized as follows: (1) mo éd;érse body weight effects‘among birds
of the test group; (2) no abnormal behavioral reactions were noted during the
study for the ;apﬂan-trcated group; (3) no:adverse effects noted on egg
production and hatchability; and, (4) the one chick from the captan—treated
group observed to have curled toes at hatching was normal after seven days.

Thaf ;here are at bgft divergént opinions relative to use of chick
embryos for more than preiiminary screening of suspect teratogens may be
illustrated by the following quote: "It is concluded that the chick embryo is
of no value in the experimental investigation of thalidonide as a teratogen

because the mechanism of its action in the egg appears to be entirely differeu

to its mechanism in susceptible mammals (Carter, 1965).
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Rat

Greups of five to ten pregnant female rats were given oral doses of
0, 50, 100 or 250 mg/kg body-weight/day of technical captan from days
6 through 15 of gestation or 0,500, 1,000 or 2,000 mg/kg body-weight/day
from days 8 through 10. Examination of 371 foetuses obtained from the
captaﬁmtreatcd rats revealed no significanf increase in the number of
abuornalities. Three and two grossly malformed foetuses were found from.
the rats treated with 1,000 and 2,000 mg/kg body-weight/day of captan
respectively as compared with one malformed foetus in the corn oil control

and norle in the lower doses of captan (FAO, 1970).

Hamster ‘ -

Groups, each comprising 20 pregnant female hamsters, were fed diets-

containing concentrations of captan sufficient_tobgive the animals an
average daily intake of O, 125, 250 or 1,000 mg/kg quy-weighﬁ oégaﬁégén
from days 1 through 15 of gesﬁation. At day 15, all females were sacrificed,
the young surgiqally removed and the foetal development and structural
formafion of each was examined. The incidencé of abnormal effects was
not greater in any tést group than in the controls. Hoﬁever, the dose
level of l;OOO.mg/kg quy—weight of captan resulted in a significant
increase in foetal resorption (FAO, 1970).

In another hémster study, effect of single administrations of captan
was compared with effect of repeated administration through organogenesis.
The concentrations of test chemical were adjusted to give a uniform dose

volume of 1 ml/kg body-weight. Single administration was on day 7 or day 8



‘ﬁgg
of gestation, Muitiple administration was from days 6 through 10, or E
days 6 through § in two instances. The total dose ranged frem 200 to 2500 mg/£;
of’bédy weight for captan. On day 15 of pregnancy, the animals were sa icrificed
uteri examined for fesorption sites, and the foetuses removed, weighed,
examined for cxternal malformaticn, and checked for viability. Terata

were developed for the captan treatmeats of 300, 500, 600, 750 and 1000 ng/kg
body weight (Robens, 1970).

Rabbit

Four pregnant New Zealand white rabbits were given daily oral doses
of 80 mg/kg body weight of captan during days.7 through 12 of gestatioen.
Captan produced no embryotoxicity in the litters of rabbits (Fabro, et al.,
1966).

New Zecaland albino rabbits were given oral doses of captan in gela(in
capsules of 18, 73, 37.5 and 75 0 mg/kg body welght/day from gcstatlon day 6
through~gestation day 18. Ninety-five embryos from the captan—t?:égez

rabbits were examined for abnormalltles. The exgmination éf the embryos

from the captan-treated does revealed no gross abnormalities, the internal
structural formation was normal, and well-deflned skeletgl development was
observed. At the level of 75.0 mg/kg, surviving young from the does treatgd
with captan wére dlightly smaller than the young from untreated does. Weights
of young obtained from the females treated Qith 18.75 and 37.5 mg/kg of
captan were'nofmal (Kennedy et al., 1967).

Thirty mature Dutch belted rabbits were divided into threce groups of

10 animals each. One group received 75 mg/kg of body weight of captan

daily beginning :on day 6 and ending on day 16 of their gestation period.



Thalidonide was offered to one group of rabbits at 75 mg/kg of body-weight

begi?ning on déy 6 and ending on day 16 of the gestation period. The

third group served as untreated céntrols. On day 28, cach doe was

sacrificed and the fetuses removed by Caesarcan section. Every fetus

was g?ossly examined for abnormalities and incubated (37°C) for six hours.

Observations for viability vere made at 15 minute intervals during the

incubation period. Highlights of the observations were: (1) three

females each in the captan and thalidomide groups showed signs of resorpticn

while none was observed in the untreated controls; (2) study of the young

did not reveal any teratogenic effects for those from the captan-dosed

females and untreated.control females; and, (3) fetuses from thélidomide—

treated doés revealed a significant teratogenic effect (Ives,‘gg_gk., 1966).
Tetrahydrophthalimide was compared to thalidomide in another studyt

similar to ;hat conducted by Ives et al., and cited ébove./ fhe;%£§%ﬁant

rabbits receiving the subacute oral treatment of tetrahydrophthalimide had

a slight increcase in the occurrence of resorption sites as cpmpared to

untreated. Five of nine tetrahydrophthalmide females exhibited one to

three resorption sites (total of nine) although the number of viable

young was not reduced. Subsequent 24~hour survival of these young compared

favorably to the untreated young. Skeletal abnormalities were found among

the progeny oé the thalidomide treated females (Palozzola et al., May 11, 1966)
A group of six pregnant Dutch belted rabbits was given 75 mg/kg'body—weight

of technical captan, orally on days 6 through 16 of gestation. Three other

groups each containing five to seven New Zealand white rabbits were given

18.75, 37.5 or 75 mg/kg body;weight/day of technical captan orally on days 6

through 18 of gestation. A control group and a positive control group

(75 mg/ks thalidomide) were also maintained. No malformed foetuses occurred

7
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in any group treaced with captan. An increased incidence of foetal
resorption occurred in the New Zealand white rabbits given 75 mg/kg
of captan. Another group of nine pregnant Dutch belted rabbits were
given 75 mg/kg body-weight/day of technical tetraliydrophthalamide, a
metabolite of captan, on days 6 through 16 of gestation. A slight rise
in resorption sites occurred and no skeletal abnotrmality was observed
(FAO, 1970). |

Sixty female New Zealand white rabbits were divided into five
groups of 12 aniﬁals each. After artificial insemination, the animals
were assigned ‘to the groups including untreatéd control, 20, 40 and 80 mg/ﬁg
body—+eight/day of captan and the fifth group receiving 100 mg/kg body-weight/c
of thalidomide. These treatments were administered by gelatin capsule aailyA
from day 6 to day 18 of gesfation. On day 30 of the gestation period,sall'

females were sacrificed and the fetuses delivered by Caesarean section.
. / ks

Ovaries and uteri of each femalé were examined for corpora lutea,
implantation sites, resorptions and gross pathology. The numbers of viable
and nonviable fetuses were recorded and surviving young were incubated for
observation 24 hours. All fetﬁses weré é;amined for external abnormalities;
ahd, later subjected to detailed necropsy, evidence of visceral anomalies,
and examined for skeletal abnormalities., The data suggested a slight increasg
in reéorption in ail treated groups except the 40 mg/kg of captaﬁ. Visceral
'cxaminations revéaled a slight increase in teratological changes in young
from;fhose treated with thalidomide (Benson, 19675.

quups of nine pregﬁ;ht New Zealand white rabbits were givgn captan
at dose levels of 37.5, 75 or 150/mg/kg body-weight from days 6‘through 16

of gestation. Thalidomide served as a positive control at levels of 75

and 150 mg/kg body-weight and produced the expected teratological response.

-8 -
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Captan at 75 mg/kg caused nine malformed young from 75 implautations of
nine pregnant does. At the dose level of 37.5 ng/kg., captan produced one
nalformed foetus from 49 implantation sites (MclLaughlin et al., 1969).
Monkey

Groups, each consisting of seven pregnant Rhesus monkeys, were given
daily oral doses of 6.25, 12.5 and 25.0 mg/kg body-weizht of captan on
days 22 through 32 of gestation., Thalidomide was used as the positive
control at dosage levels of 5 ng/kg body-weight/day in six animals and at
10 mg/kg body-weight/day in four animals. Foetuses not aborted were
deliverfed by Caesarean section on approximately the 84th day of gestation
and exgmined for organ and skecletal defects. There was foetal mortality
in three of the seven monkeys on the 25 mg/kg treatment of captan. The
foetal mortality of the parent colony not fed‘captaﬁ was 13.2 percent 2

for 439 conceptions. There was no abnormality of any foetus in either

EEE
H

of the three captan treatments (Courtney, 1968).

In another study the teratclogical potential of captan in Rhesus

monkey (Macaca nulatta) and the stumptailed macaque (Macaca arctoides

was investigated. A total of seven pregnant monkeys weré dosed at the
levels of 10,25 and 75 mg/kg body-weight daily on days 21 through 34 of
gestation; Oﬁe abortion occurred at the 75 mg/kg level but there were no
malformations. Thélidomide was used as a positive control to evaluate the
suitability‘oé the animals for teratological study. Skeletal deformities
éééuzrcd among five of the seven Rhesus foetuses and among all five of the
stumptailed ﬁacaque foeg;ées which were recovera2d from those on thalidomide

dosages. Also, four abortions occurred for the thalidomide dosed stumptailed

macaque and all were attributed to thalidomide (Vondruska, 1969).
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FOLPET

. Chicken

Folpet was injected in dimethylsulfoxide into the yolk or egg cell of
fresh fertile chicken eggs at levels which varied from 3 to 20 mg/kg egg-
weight. The eggs were incubated and nonviable embryos and ‘hatched chicks
were examined for gross abnormalities. Of a total of 830 eggs injected
with folpet the incidence of malformation was 8.19 percent. The metabolites
of folpet, phthalimide (305 eggs) and phthalic acid (290 eggs) were also
injected under similar conditions using dimetﬂylsulfoxidé as a solvent
for phthalimide.and ethanol.for phthalic acid. A control group of over
1500 eggs was injected with dimethylsulfoxide alone and another contrdl -
group of several ﬁhousand eggs with ethanol alone. The malformations vefe
3.93 percent for phthalimide, 3.10 for phthalic acid, and less than 2.8

: . : /
percent for the controls. Host of the deformities were micromelia; amelia,

!

i

and phocomelia (Varrett et al., 1969).
Rat

Pregnant Charles River strain female rats were given 0, 100 (10 animals)
or 500 (5 animals) mg/kg body-weight of technical folpet by oral intubagion
on gestation days 6 to 15 for the lower dose and gestation days 8 to 10
for the higher dosc. Trypan blue was used as a positive éontrol given as
subcutanéous injection at 50 mg/kg body-weight on days 3 to 10 of gestation.
All rats we;e sacrificed on the 20th day of gestation. A total of 169
foetuses were examiﬁed and revealed no significant‘incrcése in incidence of
abnormalities in the groups re;eiving folpet. The foctusesvfrom folpet—dosea
rats had normal internal structures, the youﬁg.wcrc present in normal
nunbers and were well formed. The trypan blue-dosed females produced malformne
young (FAQ, 1970).

- 10 -
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A group ofle pregnant fewale rats (Charles River and Spraﬁué Devcley
deriyed Straiﬂ) received oral doses of 100 mg/kg body-ucicht/day of folpet
from day 6 to 15 of gestation. Ahothcr group of four pregnant female rats
was given oral do.es of 500 Qg/kg body-weight/d.y from day 8 to day 10 of

gestation. Ther

©

vas no evidence of any abnormalities related to the adminis-
tration of folpet based upon examination of the following foetuses: 120
foetuses. from the 100 mg group; 49 foetuses in the 500 mg/kg group; and,

o O

200 foetuses frowm the unfreated control (FAO, 1970).

4

llamster

Golden Syrian hamsters were used to compare the effects of single
administration ofkfolpet with effects of repeated administration to pregnant"
females through organogenesis., Single administration was indicated togbe a.
more sensitive mFthod of detecting teratogenicity. The copcentgit%ons were
-adjusted to give a uniform dose level of 1 ml/gn body-weisht. ?Zé%single
administration was made on day 7 or day 8 of gestation; and, the multiple
administratioﬁ was from days 6 thréugh 10 of gestation, or days 6 through 8
in two instances. The females were saéri%iced on day 15 of pregnaﬁcy and
uteri examined for presence of resorption sites. The foetuses were removed,
weighed, examined for external malformations, checked for viability, and
those foetuses showing gross abnormalities were further examined f&r bone
defects. Folpet doses producing numbers of terata were the 500, 600, 709,
800;f900; and 1,000 mg/kg body-weight. By'compérison the controls receiving
no chemical had 0.4 per;;nt terata (Robens, 1970).

Grouﬁs of 10 pregnant Syrian golden.hamsters were fed-technical folpet at
dietary levels approximately equivalent to O} 125, 250, 500 or 1,000

(eight animals) mg/kg body-uweight per day from gestation days & to 15 inclusiv

- 11 -
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Ou day 15 of gestation, all animals were sacrificed and foetal exaninations
madc: Haternai body-weight gains were decreased over the feeding period in
the 250 and 500 ng/kg groups while at the 1,000 ng/ke level there was a
weight loss recorded. here was an increase in the number of resorption
sites at the two highest dose levels compared with the control group,
Growgh appeared to be retarded for the foetpses from all test groups. The
mean number of foetuses per litter was reduced at the two highest dose
levels. There were no gross or skeletal abnormalities attributable to
folpet at any of the levels used ' (FAO, 1970);

Inﬁa~companion study to that summarized. above, folpet was given to the
hamsters by intubation. The hamsters were given a single dose of O (11 pregnan
females), 125 (9 pregnant females), 250 (5 pregnant females), and 500 gS pregna
females) mg/kg body-weight. Half of each group was intubed on day 7 and the
remainder on day'8 of gestation. A positive control group/réceigéi.looo ng
thalidomide/kg body-weight on day 7 of gestation. The number of foetal
resorption sites was higher than normal for all groups of this experiment.

.The highest resorption incidence was in the iZS ng/kg group (5.8 per litter)
and the low incidence was in the 500 mg/kg group (2.5 éer liter). The
nuﬁber of young per litter was lower in all test groups than in the control.
No gross physical or skeletal anomalies were fognd in the test groups which
could be associated with folpet. Further, no abnormalities were found iﬁ‘
the thalidomide—treated group (FAO, 1970).

Rabbit -~
Folpet was given to groups of pregnant New Zealand albino rabbits at

dose levels of 0, 18.75 (5 animals),.37.5 (5 animals), and 75 (7 animgls)

- 12 -



mg/kg body-weight on gestation days 6 to 18 inclusive, The treatnents
were.administeged by gelaéin capsule. Posifive control animals were

given thalidomide at various dose.levels. On geétation day 29 each doe
was sacrificed and the young removed by Caesarian section. Folpet
produ;ed signs of toxicity in the female rabbit. Females treated with
folpet at the two higher dose levels did not gain as much weight as would
be expected during gestation; and, the incidences éf foetal resorption at
these same higher levels was gréater than that observed for the untreated
animalg. There appeared to be a compound-related effect on mortality.
Examination of 80 embryos from the folpet-treated females revealed no
gross abnormalities, the internal structural formation was normal, and
well-defined skeletal development was obserQed. Embryos ffom the posiiivé
control females on thalidomide produced malformed young éKennedy gg_glf, 1967).

Groups of pregnant New Zealand white rabbits werg'give; f§l§%€§%E dose
levels of 75 and 150 mg/kg body—weight.- Thalidomide was given to a positive

control group at the same dose levels. Thalidonmide prbduce@ a teratological
| response whereas folpet did not.(McLaughlin et al., 1969).

A teratogenic study with Dutch belted pregnant female rabbits was
established to-coqpare folpet, thalidomide and an untréated control group.
Each group consisted of 10 animgls. All Aoes of the folpet and tﬁalidomide
groups received oral doses of 75 ng/kg body—weight/day beginning on day 6
" and extendiﬁg through day 16 of the gestation period. Dosing was by means
6f gelatin‘capéules. Oa day 28 of gestation, each female was sacrificed and
the foetuses removed by Caesarian section. Every foetus was examined for
gross abnormalities and observed for viability. The study did not reveal
any terétogenic effects dué to folpet treatmenf vhereas the thalidomide did

cause a teratogenic effect (Ives'gg_gl,, 1966).
© -~ 13 -
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Thirty pregnant Dutch belted rabbits were divided into three groups of
10 each to deté;mine teratogenicity of phthalimide. Compari;on was made
with thalidomide and untreated control groups. The thalidomide and
phthalimide groups (10 animals each) were given 75 mg/kg body-weight via
gelatin capsule from day 6 through day 16 of gestation inclusive. On day T
238 of'gestation each doe was sacrificed and young removed by Caesarian section.
Immediately the foetuses were examined for abnormalities, observed for
viability'fér 24 hours, and skeletai tissue examined. Other observations
were to record total implantation sites, number of resorpticus and number ,:
of nor;al and abn;rmal young. fhe study indicated phthalirm:i:. :t rate -
administered had no teratqgenic effect on tﬁe young nor any Zcieterious
effect upon the parental females. Skeletal abnormalities were noted among

4
the young of the thalidomide-treated group (Palazzola et al., May 11, [966).

=

Monkey - : . =%
The teratogenic potential of folpet was evaluated with the Rhesus monkey

(Macaca mulatta) and the stumptailed macaque (Macaca speciosa). Thalidomide

was use& as a positive control for the.study. At least fouf pregnant monkeys
of each species were dosed with folpet at each level of 10, 25 and 75 mg/kg
body-weight from gestation day 21 to 34. The foetuses were recovered by
Caesarian section during the 12th week of gestation. All foétuses of the
folpet doses were grossly normal except one abnormal Rhesus foetus from both ~
| the 25.and 75 mg/kg doses,veach of which had 13 pairs of ribs. The extra
pair of.ribs, though not_normal, was considered a chance occurrence.
Thalidomide as a positive control was given as follows: (1) 5.ng thalidomide
/kg b&dy-weight to three gtumptailed macaque females during gestation days
26-28 and 24-30; (2) 10 mg thalidomide /kg‘bodyQWeight to six stumptailed
macaque duriﬁg gestation days 25-27, 24-30 and 23-29; ahd,.(3) 10 mg
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thalidomide /kg‘body—weight to 11 Rhesus monkeys during gestation days
25-27. Skeletal deformities occurred among six of the eight’ Rhesus
foetuses and all five of the stunptailed foetuses from females on the
thalidomide treatments. Also, four abortions occurred for the stumptailed
macaque and three for the Rhesus monkeys on the thalidonide doses. No
othéf‘abnormal_reactioné were seen waich could be attributed to thalidbmide

or folpet (Vondruska, December 1, 1969){

- CAPTAFOL
Chicken
Captafol was injected in diﬁethylsglfoxide solution into either the

yolk or air cell of fresh fertile eggs at levels from 3 to 20 mg/kg egg
weight. The eggs were incubated and nonviable embryos and hatched chiiks
were examined for gross abnormalities. In a total of 270 eggs treated.;ith
captafol, the incidence of malformations was 6.67 percent ;oﬁpargﬁgko.the
control value of 1.6 percent for 1500 eggs injected with dimethylsulfoxide
alone. 1In the same experiment the metabolite tetrahydrophthglimide was
also injected and the incidence of malformation was 4.78 percent. lTﬁe
epoxy derivative of captafol was also tested for its effect. Of 115 eggs .
into which was inje;ted the captafol epoxide, the incidence of malformation
was 15.05 percent. 1In all cases the malformations‘consisted mainly of
micromelia, amelia and phocomelia (Verrett et al., 1969).
| Rat
Groups of 8 male amd 16 female rats were fed captafol at 0, 50 (raised to

100 after first genération), 250 (raised to 500 after first generation),
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and 1000 ppm in the diet in a three—geﬁeration reproduction study.

There were no adverse effects on body-weight gain, mortality, or organ
weigﬂts of parental animals or reproductive performance, fertility‘and
lactation ihdices, litter-size, or number of stillbirths in any test
group. Pup survival in the test groups at various intervals in the
lactation period was not significantly diffe?ent from the control group.
Weanling body~§eights in the 1000 ppm group were depressed in both males
and females in'thg first and third generétions. Weanlings of the second
generation showed only slight weight depression. Gross examinations and
histopélhology carried out on parental animals and F3b weanlings in the
0 and 1000 ppm groups revealed no.changes that could be attributed to

captafol (Kennedy et al., January 24, 1966).

A group of nine pregnant female rats was given doses of IOOAmg/kgzgadye.‘

weight/day of.éaptafol orally from day 6 to day 15 ofigestation~§g,;aaother
b 2 R
group of five pregnant rats was given 500 mg/kg body-weight from day 8 to

day 10. Examination of 180 foetuses revealed no gross malformations

(FAO, 1970).

Hamster
. Pregnant female golden Syrian hamsters were used.to evaluate the

teratogenié and embryotopic effects of captafol when given asvg_sing;e
oral administrationAcompared with repeated administrations through organo—
genesis. Sihgle administration was indicated to be a more sensitive method
of detecting teratogenicéty. The concentrations were adjusted to give a
uniform dose level of 1 ml/gm body-weight. The single administration was
made on day 7 or day 8 of gestation; and; the multiple administration was
from days 6 through 10 of gestation, or days 6 through 8 in two énstanccs.
The fcmales wére sacrificed on day 15 of pregnancy and uteri eganined for
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presence of resdrption sites. The foetuses were removed, weighed, examined
for external malformations, checked for viability, and those foctuses showing
gross abnormalities were further éxamincd for bone defects. Captafol
single doses producing terata were the 200, 300, 400, and 500 mg/kg bod?—
weighg. Captafol repeated administrations producing terata at the 500 and
1000 mg/kg body-weight doses. By comparison the controls receiving no
chemical had 0.4 percent terata (Robens, 1970).
Rabbit

Grqpps of 10 pregnant Dutch belted raﬁbits’received daily oral doses of;
0 or 75 mg/kg body-weight of technical captafol. A third group was given
thalidomide at 75 mg/ke body-weight. Dosing, administered by gelatin

capsule, began on day 6 and ended on day 16 of the gestation period(thei

day of_conception being day 0). On day 28, each doe was sacrificed apd'

the foe;uses removed b& Caesa;ian section. The rabbiﬁs gi;en-ca§%§%ol lost
weight over the period.of treatment; Oﬁe doe in this group aborted eight
young and another showed one resorption site. Three.doeslin_the thalidomide
group showed evidence of resorption. Of the viable young, 86 percent from
the group given captafol survived a six-hour incubation (37°C) period
compared with 100 ?ercent in the control group. No abnormalities were seen
among 74 foetuses in the group given captafol. Foetuses from the group given
thalidonide showed significant teratogenic effects (Ives et al., 1965).

In another study, groups of 10 pregnant New Zealand albino rabbits were
given teghﬂical captafol™at doses of 37.5,.75.0, 112.5 or 150 mg/keg
body-weight of thalidomide. All doses were administered Qia gelatin capsule.
On day 29 each doe was sacrificed and the young vere removed by Caesarian
section, weighed and observed for abnormalities. At the lowest level of
captafol tested, there was no maternal mortality and the animals gained

-17 -
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weight, although not as much as the control. Resorption sites occﬁrred
in two of the -ten fenmales (three sites) on low-level captafol. Examination
of 62 foetuscs from this same group revealed no abnormalities. At all the
higher dose levels of captafol, t;xic effects were seen in the mothers.
Deaths occurred in each group and resorption 51tes were prevalent in the
survivors. However, all yoeung delivered in all three high level captafol
groups vere freé of. gross teratolog;cal effects and survived the 24-hour
incubation period. In the group given thalidomide, 32 of 55 foctuses showed
abnormalities (Jackson et al., 1967).

Monkey’

Captafol was evaluated as a teratogenic agent with adult female Rhesus
monkeys (Macaca mulatta). All treatments were by oral intubation. Details
of the experimgntal plan for captafol treatments were: (1) 6.25 mO/ké &ody-
weight/day to seven monkeys on gestation days 22-32; (3) 12.5 mg[hg body-~weight
day to one monkey each on gestation days 66-80, 81-95, and 86-100; and,

(4) 25 mg/kg body-weight/day to seven monkeys on gestation days 22-32,.
Thalidomide was used as a p051t1ve control at 10 mg/kg body-weight day and
was given on days 25, 26 and 27 of gestation to seven pregnant monkeys.
Careful examination of 19 foetuses via gross observation, x-ray and skeletal
examination fdllowedvalizarin red S staining revealed no abnormalities
grossly. Internal structural formation, observed both grossly and by
evaluation of organ weiggt and organ to. body-weight ratio data, was normal.
Well-defined skeletal deveiopment was obsérved upon examina:ion.of fetal
x-rays and fbllowing cleaning and staining procedures. Fetal mortality
(resorption or abortion) was observed among 2 of 7 females treated at the

25 mg/ke level of captafol. o mortality was observed for captafol at the

6.25 and 12.5 mg/kg levels. Five of seven fetuses recovered from fenales on

the thalidonmide treatment exhibited limb abnormalities (Keanedy et al., 1968).
-18-
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A

Summary and Evaluation--Teratology

.

The teratology papers reviewecd are summarized by animal in the following
table. Note the comparison of numbers of studies versus those reporting

significant teratological response.

. ~ Number of Studies
Number of Studies ~Reporting Significan

Cheq}éal Animal Reported Teratology
Captan " Chicken Hmbfyo 1 1
Chicken 1 0
Rat 1 0
Hamster 2 1
Rabbit 6 1
Monkey 2 0
Folpet Chicken Embryo, 1 1
Rat 2 o -
Hamster 3 1
Rabbit 3 0
Monkey 2 o ?
Captafol Chicken Embryo 1 1 -
' Rat 2 % -
Hamster 1 p e
Rabbit 2 0
~ Monkey 1 0
Tetrahydrophthalimide
Chicken Embryo 1 1
Rabbit 1 0
Phthalimide Rabbit 1 0

Examination of the above table of studies indicates the chicken.embryo
technique respondé with a teratological.détérmination mpre‘consistently
than tests ﬁith laboratory animals, The.rat, chicken and two species of
monkey were the only anigais not to give at least one significant malformation
response in a total of thirty-four reports tabulated for this revigw.

In conclusion, the current estimate of tempofary acceptable daily intake
for man (FAO, 1970) is compared with the highest level éausing no toxicological

effect and levels causing effects to monkey for captan, folpet and captafol.
Sce attached Table 1 for the comparisons.

-19-
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