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INTRODUCTION

The widespread occurrence of pesticides in the environment has
necessitated a thorough evaluation of safety of some of these compounds.
The effect of certain pesticides om reproduction has becomé aﬁ increasingly
important area of evaluation for the toxicologist. For exampie, Carbaryl
(N-methyl-1l-naphthyl carbarmate) has been reported to have an effecf on
reproduction in a variety of species. Marliac (1964), Marliac et al. (1965),
Ghadiri et al. (1966) and Khera (1966) demonstrated that Carbaryl was tera-
togenic in the chick and the duck, when applied directly to or injected in-
to the embryo or yolk sac. Defects of the cartilaginous and osseous skeleton,
eye cataracts, ascites, and hepatic degenerative changes were observed.
Similarly, Ghadiri et al. (1967) fed Carbaryl to laying hens and they reported
that there was a significant decrease in the hatchability of the eggs. In
those chicks that hatched, there weré marked‘developmental abnormalities.
Carbaryl at a level of 200 ppm (50 mg/kg) in the diet of pregnant mice produced
a number of skeletal abnormalities in two litters (FAO/WHO, 1967). Smalley
et al. (1968) studied the effects of Carbaryl on reproduction in the beagle
dog and they reported a possible 'contraceptive effect" at the high dose level
of 50 mg/kg. At lower dose levels of 25, 12.5, 6.25 and 3.125 mg/kg, there
was resorption of some of the pups. Other pups had developmental abnormalities
of the skeletal system and viscera. At parturition, they noticed that the
females experienced difficulty in delivery which was attributed to atonia of
the uterine musculature and designated as dystocia. Robens (1969) studied
the effects of Carbaryl in a number of animals and reported that no terata
were produced in hamsters fed 125 mg/kg of Carbaryl, however, a single dose
of 250 mg/kg resultéd in increased fetal mortality. Similarly, there were
no teratogenic effects in rabbits fed 100 mg and 200 mg/kg of Carbaryl. De-

fects of the skeletal system were seen in guinea pigs fed 300 mg/kg of Carbaryl



from the 11th to the 20th day of gestation. Collins et al. (1970) fed
Carbaryl at levels of 10,000 5,000 and 2,000 ppm in tﬁe diet to rats
and gerbils for three generations and they observed a dose-related de-
crease in the fertility, viability, survival and lactation indices in
these species over three generations.

In view of these observattons in lower animals a detailed experiment
was undertaken to investigate the effects of Carbaryl on reproduction in
the non human primate. Previous work in the Rhesus monkey at the Institute
of Experimental Pathology and Toxicology (unpublished results Table I) in-
dicated that Carbaryl may interfere with reproduction in this species.
Eleven female monkeys were bred and medicated with 2 mg, 6.3 mg and 2.0
mg/kg of Carbaryl. One of these delivered a baby while four controls con-
ceived and delivered normal babies. The purpose of the present investigation
in the monkey was to reexamine,these results and evaluate the effects of

Carbaryl on reproduction in the Rhesus monkey.



MATERIALS AND METHODS CanrT
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Twenty-five mature female Rhesus monkeys, five to seven kilograms in

. ———

weight, w%th;é past history of regular menstrual c¥ciii;:5§eﬁsgg?ﬁn-€?€ 'é';i"
this study. All monkeys were housed individually in air-conditioned quarters
énd allowed free access to water and food (Monkey Chow, Purina). Each female
was mated from day 11 to 16 of the menstrual cycle with the first day of
menstrual bleeding being counted as day one of the cycle., Daily vaginal
smears, stained by the method of Papapicolaou ( 1941 )-were used to detect ':
the onset of menstruation. The initial presence of red blood cells in the ?fir
smear was indicative of the start of the cycle. The female monkey was PN
put in a cage with a’different male Rhesus monkey every 48 hours during the ~
entire 6 day mating period. Vaginal smears were taken each morning during the
mating period to determine if copulation had taken place. When sperm were
found in the smear, the female was medicated orally by stomach tﬁbe with
Carbaryl.in 1% aqueous gum tragacanth five days a week at either the 2 mg
" or 20 mg/kg level.  The dose range is within the tolerance range of 100 ppm
in the diet established for Carbaryl by the FDA ( 20 8@ = 100 ppm, 2 mgg:

1 ppm in the diet of a Rhesus monkey). The controls were given 17 aqueous

gum tragacanth five days a week by stomach tube. Medication was continued

for the entire gestation period in the pregnant females.

Pregnancy was diagnosed by the Tullner-Hentz (1966) modification of
S the Ascheim-Zondek Pregnancy Test. This test indicates the presence of
Monkey Chorionic Gonadotropin (MCG) in the blood through its action on the
uterus of immature mice. The hormone is detectable in the blood by the 16th
day of pregnancy, peaks at day 21 and is undetectable by day 28. Blood was
drawn from the brachial vein of the female monkey 21 days after mating.
Serum (0.5 ml) was injected subcutaneously into three 21 day old female mice

weighing 10:t2 gm. once a day for three days. On the fourth day, the mice



were killed and the uteri removed. The fat was trimmed from the uterine
horns and the uterus.was weighed on a Roller-Smith torsion balance.
AE:E:ionally three mice were injected with 3 X 0.5 IU of Human Chorionic
Gonadotropin (HCG Ayerst Laboratories, Néw York, N. Y.) to insure fhat
each group of mice was responding to the hormone. An iﬁcrease in the mouse
uterine weight of approximately 100% as compared to saline controls indicated
a pregnancy in the monkey. Positive pregnancy tests were confirmed by
bimanual rectal palpation of the uterus according to the procedure of
Hartman (1932). The palpations were done weekly for the first two months
of pregnancy.. Early abortion in the Rhesus monkey is difficult to detect
. and may be confusgﬁ with placental bleeding. Weekly measurement of the

e Loy -

o iigcrease in utérinéﬁsize by this method indicated that the pregnancy was
proceeding normally.

Following delivery, medication of the mother was discontinued. Im-
mediately after birth the baby and mother weré separated and examined. The
‘babies were weighed, measured and returned to the mother. This examination
of the infant was p;rformed on the 7th and 15th day after birth and then

once every month. The babies were weaned at various intervals after birth

and the mother returned to the breeding colony.




RESULTS

A. Reproductive Performance of Females in the Control Group

g

The results of the control group consisting of 7 monkeys are presented

in Table II. One of these monkeys (#693) was used as a control in the

previous study dealing with Carbaryl and had delivered é normal Baby. Five

of these seven monkeys had a positive pregnancy test (Table IV). The other

two monkeys were mated seven or more times and failed to conceive. Four of

the five monkeys (#'s 706, 693, 814, 825) delivered normal babies, two males
and two femalgs. The average length of gestation was 164:t2.4 days. This
agrees with the findings of Valerio et al. (1969) and Van Wagemen (1966). The
fifth monkey aborted within the first 60 days of pregnancy and no fetus was
recovered. All the monkeys delivered in the late evening or early morning. One

monkey, #706, had a prolapse of the uterus after delivery. This condition persisted
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for about a week after which the uterus returned to its normal position. ., . .. -

S

B. Reproductive Performance of Females in the Medicated Groups

The results of the groups on medication are presented in Table III.
There were four females in the 2 mg/kg group. Two of these females (#621
and #684) had positive pregnancy tests. The results of the pregnancy tests
in the medicated groups are presented in Table V. Neither of these monkeys
delivered a baby, due to an abortion early in pregnancy. The remaining mon-
keys in this group were mated 3 or more times and failed to conceive although
their menstrual cycles were regular.

A total of 10 female monkeys received 20 mg/kg of Carbaryl. Six of
these ten monkeys (#'s 700, 698, 712, 812, 816 and 823) had positive preg-
nancy tests (Table IV) by the third mating. TEEEE_Bﬁ,Ebe six pregnant fe-
males delivered normal babies. The average length of gestation for these

three births was 166+ 3.5 days. The remaining three monkeys failed to de-

liver viable babies. One monkey (#812) delivered a male fetus at 116 days



of gestation. The deaa baby was found when the female wés medicated. Gross
examination of the béby revealed no developmental abnormalities. Subsequent
é;zazhation of the other two females within sixty days of conception revealed
that these monkeys were no longer pregnant and had aborted early in pregnancy.

The dystocia characterized as a delay in delivery aécompanied by restless-

‘ness and vaginal discharge observed in dogs treated with Carbaryl (Smalley
et al. 1968) was not observed in any of the female monkeys that conceived
and delivered in the course of this study. There was no indication of
any difficulty in the delivery of these babies. A sligﬁt amount of bleeding
accompanied the delivery and this persisted in all females medicated and
control for about a week following birth.

Preliminary observations of the babies is presented in Table VI. The
average weight recorded within a week of delivery was 445 gms for the control
monkeys. The babies in the medicated group were slightly higher at 500 gms.
The size of all the monkeys in terms of 1quth was approximately the same.
The age bf the infants at weaning is presented in Tablg VI. The babies had
no difficulty adjuéting after being weaned and immediately began eating and
drinking by themselves. All of the babies from the medicated mothers appear

normal as compared to controls.




DISCUSSION

Survey of the literature indicated that Carbaryl has an effect on
reproduction or embryonic development in every animal tested with Fhe ex-
ception of the rabbit. The widespread use of this pesticide has warranted
its-evaluation'in a non-human primate, such as the.Rhesus monkey, whose re-
productive system is similar to the human (Heuser et al. 1941) and which
has a low level of spontaneous teratology (Wilsom, J. G. et al. 1970).

The assay for monkey Chorionic Gonadotropin has been reported by
Tullner et al. (1968) to be a reliable method for the detection of pregnancy
in the Rhesus monkey. This assay combined with the rectal palpation of the
uterus indicated that the Carbaryl monkeys in this study had conceived and
subsequently aborted. Unpublished results of an earlier study conducted at
the Institute of Experimental Pathology and Toxicology indicated that Carbaryl
interfered with reproduction in the Rhesus monkey. The results of the present
investigation confirmed the previous results and further indicated that admin-
‘{stration of this pesticide throughout gestation was a;sociated with a higher
abortion rate when compared to control monkeys. The abortion rate in fhe
control group was 20%. The abortion rate in the medicated groups was 1007 ~

i

for those monkeys receiving 2 mg/kg of Carbaryl and 50% in the 20 mg/kg

group.

All previous investigations (Marliac 1964, Marliac et al. 1965, Khera,
—— 1966, Smalley et al. 1968 and Robens, 1969) reported that Carbaryl had a
teratogenic effect on the developing embryo. The medication schedule in
this study insured that the pregnant female received Carbaryl during the
period of gestation when the embryo was most susceptible to a teratogen.
The results indicated that all the live babies as well as the one aborted
fetus did not reveal any abnormal development. The 1:1 ratio of male to

female babies in the control and medicated group indicated that Carbaryl

did not effect the sex ratio. Similarly, all pregnancies in the Control



and medicated groups . e obtained by the third matin, 1In all groups
control and medicated, the ;oncepticn rate decreased after the third
mating period. This indicates that at these dose levels Carbaryl does
pot have a contraceptive effect in the Rhesus monkey. This schedule of
administration in the monkey did not have any effect on émbryonic develop~-
ment or conception, but it did affect those factors responsible for the

maintenance of pregnancy.



-

-~ SUMMARY

Mature, cycling female Rhesus monkeys were medicated orally with

st

2 mg/kg or 20 mg/kg of Carbaryl five days a week throughout gestation.

Of the four monkeys medicated with 2 mg/kg of Carbaryl, two conceifed
but did not deliver a baby. Ten monkeys received 20 mg/ké of Carbaryl.
Three out of the six that conceived delivered live babies. In the
control group four out of the five monkeys that conceived delivered
live babies. The administration of this pesticide during pregnancy
in the Rhesus monkey increases the rate of abortion as compared to
control monké&s. There was no evidence of abnormal development in the
live babies delivered by the medicated mothers.

Table VII is a summary of all the work done on the effect of Carbaryl
on reproduction in the Rhesus monkey at 1 E P &T. A total of eleven
control females were mated thirty-two times. . Eight of these delivered

normal babies, four males and four females. One aborted and two failed to

level. These monkeys were mated seventeen times. Two of these conceived v
and both aborted early in pregnancy. Three females received 6.3 mg/kg of
Carbaryl and each was mated once. One of these delivered a normal male

baby. The two remaining monkeys failed to conceive. Fourteen females
received Carbaryl at the 20 mg/kg level. These monkeys were mated a total

of 34 times. Six of these monkeys conceived. Three delivered normal babies
and the remaining three femaleé aborted. The results of these two experiments

indicate that Carbaryl does have an effect on reproduction in the Rhesus monkey.

At .t

_conceive. Seven females were medicated with Carbaryl at the two mg/kg 2

. R



| B L TETL 5 FRs

‘agny yoewols £q ATyep yjueoedeal un8 snoenbe %1 Ul POISISTUTWPY +

b T X C oaup Y

*uofjelsss usonmﬂou:u ¢yoam ® sfep 9
‘aqny yoewois £q ATTep psIa]1sTuUTUpE yjueoe8eal und snoonbe YT «

- - - 0702 L9/ST/TT 90L
- - - 0°02 L9/ET/TT 9L
- - - ‘o.cu L9/ET/TT - €0L
- - - 0°02 £9/0€/0T LTL
- - - £°9 L9/ST/TT %19
- - - €'9 L9/€1/0T €19
oTEw LST 89/LT/€ : €9 L9/€1/0T 496
- - - £°9 . L9/€T/0T €9y
- - - 0'C L9/82/11 689
- - . - 0°2 L9/92/01T YL
- - - . 0T+ £9/5/01 619
oTEWa] €91 L9/0€/0T To13u0) L9/0z/$ 489
aTew 99T . L9/st/S T0a3u0) 99/1/21 69
aTEW %91 L9/e/s T013u0) 99/0z/11 869
eTEwa] 491 L9/1/s 1023U0Dx 99/8T/T1 €69
Juejul ~ (sKep) PoaeATIeq 938Q EETET peag o3eq “ON Ko3uoy
Jo xag potraad asoq

uot3e3lsen

Xdnis FAILONAONdTY TAYVIEVD

I 319VL



*uot3e1ssd 3Inoydnoayl
‘sjoom ® sAep ¢ ‘oqni yoewols Aq ATFep poxsistuupe yjuededex) un8 snosnbe ¥T +

- pa3loqe + 1 828
191 69/ST/Y + 1 <8
- - - L 0z8
L9T 69/61/S + € : ¥18
%91 69/0€/Y + . € £69
- - - o1 829
%91 69/8¢/¢€ + € B 90L

T(skeq) 389L . .. Wot3d9ouo0) “ON Xeo3juoR
poraad AJBATTR(C 93B(Q - *8axg 031 aotad

uotlels9yn dATITISOd poag souwl]

+SKTANOW 'TOYINOD
40 TONVWYOI¥Ad FAIIONAOHIAY

II 314Vl



suor3lelseld 3Inoysnoayl yoom v sLep ¢ ‘oqny yoewols Aq ATFep paaaIsTuymwpe asod +

- - - 9 0¢ Lc8
- pe3xoqe + T 0¢ €78
- - - S 0¢ (44"
- - - S 0¢ L18
191 69/%/% + T 0? 918
- - - 1) 0¢ mﬁw
- palxoqe + T 02 [4%:]
89T 69/8/¢ + 13 0c r4 ¥4
- peoaaoqe + 4 07 004
791 69/62/8 + £ 02 869
- - - [4 4 oL
- pa3zoqe + € (4 %89
- - - L [4 .89
- pa3ioqe + € z 129
uotlelsan AIaATTe( 389] °*321d poag. SOWL]L \wx\mﬁ *ON A9YUOR

4SATINCR QILVOIdEN

ToA97T 9S0(

J0 AONVIEOLYAd FAILONAOYITAY

III F79VL



1897 STUl 103 POSN 210M 8381 ANJPWUI

69/5/0T 96 oL cS 62 TS o€ 878
69/ST/Y 8L LY L9 6 82 87 cz8
69/61/S €8 1§ 9% oc %€ 6¢ 418
69/0€/ Y 65  0S 95 62 IS o€ €69
69/82/€ 00T 9ST  O%T L9 TOT €8 90L

5350 WNEes T8 ¢° X € SUTTES T8 6° X € “ON KoUK
KxaaTTd (8u) °*3m dutaI) (3w) *am aduraLaln

90T 389L 90TW T0A3U0D

XIINOK TOYLINOD
ISIL AONVNOTEd

AT J18VL



- 9% 1t 1€ Le L1 1€ 0T €28
69/%/% 91T 601 S0t 8¢ v vt 0c 918
- "00T 06 8L 8¢ 43 ot 0c 18
69/8/¢ 9 6% 08 1 X4 14 0t 444
- o 0% 02 174 61 1T 0¢ 00L
69/52/8 99 &Y% %S (£ 12 €T 0c 869
- LT %Sl 91T he 14 0t [4 %89
- | SANN A % 0t (4 [4 1T [4 129
33ed unias W G¢* X € SUTTeS T8 S° X € /% *ON Ao)yuoR
£39ATTOQ (Sw) °*aM surxdIn (8w) °3a suraalq dnoxp ,

QOTH T0x3u0)

ADINOW CILVOICIEH
ISAL XONVNOTHA

A FTEVL



-~ - - - d 718 8u 07

- L A STy 4 869 8w 07
89 8 S v 8GY . R 918 8u 07
Gy 8 6T A R 4 ¥4 8 07
) PoIBOTPSH
LS S*L 1 yEY 1 678 T0x3u0)
Y 8 1 09% R y18 T02310D
€9 | 8 1 L6E I £69 Toa3uo)
St $'9 €T 06% R 90L To23u0)
sAe(q TIL 3004 “suwd °3IM xXag *ON dnoas
ut 03 pESH 03 pesH
Sutueap e 98y sayoul uf yadue]

SHIgVd AHI NO SNOIIVANASHO

IA ATEVY



suogp3e1sad joO

Y

—

4

Kqeq 30 %o

i

kK

a—

!

11 pue I SaTqel UT PIUTIINQ s® gjuougxadxy T

skep 9TT 3® POISATTep sn

8

§91qed 30 ON
pue UOTIBISIY

it

V3 A

€ €

81 8

€ 1
BuTIeH BKOYUOR
30 *oN 30 °oN

IIA T19VL

je3 pe3ioqe ue sem 283Y3 JO U0 ¥

83/8m 0°07
8%/3w €°9
8y/3u 0°¢

T0a3u0)

dnoxn

£1eqiey om] Fo Axeswung



REFERENCES

1. Collins, T.F.X. et al. (1970). The effects of Carbaryl om Reproduction
of the Rat and of the Gerbil. (abstract) Toxicol. Appl. Pharmacol.
16:3.

2. Food and Agricultural Organization of the United Nations World Health
-Organization. Evaluation of some pesticide residues in food. WHO
Tech. Rep. Ser. 1967.

3. Ghadiri, M. and Greenwood, D.A. (1966). Toxicology and Biologic effects
of Malathion, Phosdrin and Sevin in the chick embryo.
Toxicol. Appl. Pharmacol. 8: 342 (abstract).

4. Ghadiri, M., Greenwood, D.A. and Binns, W. (1967). Feeding of Malathion
and Carbaryl to laying hens and roosters. Toxicol. Appl. Pharmacol.
10:392 (abstract).

5. Heuser, C.H. et al. (1941). Development of the macaque embryo.
Carnegie Contr. Embryol. 29:15.

6. Khera, K.S. (1966). Toxic and teratogenic effects of insecticides in
duck and chick embryos. Toxicol. Appl. Pharmacol. 8:345 (abstract).

7. Marliac, J.P. (1964). Toxicity and Teratogenic effects of 12 pesticides
" in the chick embryo. Federation Proc. 23: 105.

8. Marliac, J.P., Verrett, M.J., McLaughlin, J., Jr., and Fitzhugh, 0.G.,
(1965). A comparison of toxicity data obtained for twenty-one pes— ...
ticides by the chick embryo technique with acute, oral LDsp,s in Rats.
Toxicol. Appl. Pharmacol. 7:490 (abstract).

9. Papanicolaou, A.N. (1941). Some improved methods for staining vaginal
smears. J of Lab and Clin. Med. 26:1200.

10. Robens, J.F. (1969). Teratological studies of Carbaryl, Diazinon, Norea,
Disulfiram and Theram in small laboratory animals. Toxicol. Appl. Pharmacol.
15: 152. .

11. Smalley, H.E., Curtis, J.M. and Earl. F.L., (1968). Teratogenic action of
Carbaryl in beagle dogs. Toxicol. Appl. Pharmacol. 13:392

: 12. Tullner, T.W. and Herfz, R. (1966). Chorionic gonadotropin levels in
the Rhesus monkey during early pregnancy. Endocrinol. 78: 204.

13. Wilson, J.G. et al. (1970). Breeding and Pregnancy in Rhesus Monkeys used
for teratological testing. Teratology 3:59.



