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INTRODUCTION

Carbaryl (l-naphthyl N-methyl carbamate) is a broad-spectrum
carbamate insecticide which acts as a reversible acetylcholines-
terase inhibitor. It has gained acceptance in animal agriculture
as an effective agent for the control of ectoparasites while dis-
playing an apparent low toxicity. However, studies have been
conducted with some species of birds and mammals employing vari-
ous exposure regimes which indicate that carbaryl can result in
adverse effects.

Carbaryl injected into the yolk sac of various avian species
results in decreased hatchability and teratogenesis (GHADIRI and
GREENWOOD, 1966; KHERA, 1966; PROCTOR and CASIDA, 1975). Chronic
administration of carbaryl caused growth depression, increased
liver, kidney and adrenal weights, and alterations in the repro-
ductive system of rats (CARPENTER et al., 1961; RYBAKOVA, 1966).
Carbaryl fed to laying hens and roosters over a three week period
resulted in a dose related decrease in hatchability and in embry-
onic deformities (GHADIRI et al., 1967). NIR et al. (1966) ob-
served a depression in growth and decreased egg production in
chickens fed carbaryl over a five week period but these effects
occurred at an exposure level equivalent to 15 times that used by
GHADIRI et al. (1967). LILLIE (1973) fed carbaryl to 32-week-old
pullets and observed a significant decrease in adjusted body
weight gains after 36 weeks of exposure. Progeny from this popu-
lation also displayed a significant growth depression after 4
weeks of exposure. No effects on fertility, hatchability, er in-
cidence of embryonic abnormalities were observed. SHERMAN and
ROSS (1969) reported that the Japanese gquail is more susceptible
to carbofuran and SD8530 (carbamate insecticides) than the white
Leghorn.
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The present report describes the effects of prolonged ex-
posure to carbaryl on body weights, organ weights, and reproduc-
tive parameters in two generations of Japanese quail (Coturnix
coturnix japonica).

METHODS

Random Bred Japanese quail were used throughout the study.
Upon hatching, the chicks which were to be the parent (P) popu-
lation were assigned randomly to seven different carbaryl levels
and housed accordingly in brooders through five weeks of age.
From week 6 through week 14 the birds were maintained in breeder
cages, each containing a male and a female. The birds were main-
tained on a Light:Dark schedule of 24:0 for the first week, 10:14
for the second and third weeks, and a one hour increase in light
per week thereafter until a 14:10 schedule was reached. The diet
from the day of hatching up to six weeks of age consisted of a
standard quail starter-grower ration. The birds were then pro-
vided with a standard quail layer ration for the remaining eight
weeks. Both feed and water were available ad libitum.

Carbaryl (technical grade, 99% supplied by Union Carbide,
New York, NY 10017) was dry mixed in the feed at dose levels of
0, 50, 150, 300, 600, 900 and 1200 mg./kg. of feed (expressed as
ppm) and provided from the day of hatching through 14 weeks of
age. Diets containing carbaryl were prepared every two weeks.

At the end of each week for the first six weeks and at the
end of week 14, ten birds of both sexes from each treatment group
were weighed, bled via cardiac stab, killed by cervical disloca-
tion and necropsied. The brain, heart, liver, kidney, adrenals
and testes were removed and weighed.

After week 6 the remaining birds within each dose group were
paired in breeding cages and reproductive parameters were measured.
From weeks 7 through 10 eggs were collected daily and set at one
week intervals. Fertility and hatchability of all eggs were de-
termined 17 days after the eggs were set. The number of chicks
that hatched was noted and the unhatched eggs were characterized
as follows: live pip (pipped eggs containing a live chick); live
in shell (unpipped eggs containing a live chick); dead pip
(pipped egg containing a dead chick); early dead (embryo less than
10 days old); late dead (embryo more than 10 days old); and in-
fertile.

Chicks obtained from the last hatch (Hatch 4) were desig-
nated as the F) population. They were transferred to brooders and
placed on the same carbaryl treatment as their parents. At the
end of three weeks and six weeks, six birds of both sexes from
each treatment group were weighed and necropsied. Reproductive
parameters were not examined in the Fq birds.

The experiment was conducted in duplicate and the statisti-
cal analyses were performed on the combined replicates. Analyses
of variance were calculated for all the data using the procedures
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of the Statistical Analysis System (SERVICE, 1972). The LSD was
calculated to test for differences between treatment means when
the F statistic was significant. Data from the males and females
were analyzed separately. Those data expressed as percent (egg
production and hatchability) were transformed to arcsin values
prior to analysis (SNEDECOR and COCKRAN, 1969). Data in the
tables dealing with body and organ weights are presented as the
mean over 14 weeks (P population) or six weeks (Fl population)
with a single standard error for each parameter since the type of
analysis employed used an average standard error over all levels.

RESULTS

Effects on Growth. The effects of prolonged ingestion of
carbaryl on body weights and relative weights of brain, heart,
liver, kidney and adrenals in the female, as well as relative
testes weights in the male for the P and F; generations are sum-
marized in Tables 1 and 2. Significant differences between treat-
ments and controls were found for body weights and relative
weights of brain, liver, and kidney in the P males over the 14
week feeding period (Table 1). Feeding levels of 900 and 1200 ppm
resulted in decreased body weights and increased relative brain
weights. Relative liver weights were significantly higher than
control Lo cue 900 ppm level and approached significance at the
1200 ppm level. Relative kidney weights were significantly ele-
vated when compared to controls at the 150, 600, 900 and 1200 ppm
levels.

TABLE 1.

Effect of prolonged administration of carbaryl on body weights and relative brain, heart, liver, kidney, testes and

adrenal weights in P and F) male Japanese quail.

Relative Organ Weights (mg/100 gm body weight)
Mean

Population and Level Body Wt.
Length of Exposure {ppm) _ (gms) Brain Heart Liver Kidney Adrenal Testes

0 78+11a2 1076+25° 1036416 2555+54° 462+13° 15412 11384752

50 813 1081P 10433 2460b 4510 153 10242

150 792 1118b 10523 2558° 5052 172 10602

P 300 792 1119 10082 25150 480 152 9443

(14 weeks) 600 782 11100 10322 26243b 5013 152 10832

900 73b 12032 10123 27628 s502% 162 10012

1200 73b 11972 1023% 26823 512% 1728 10272
0 81+25% 9264917 9304412 24214942 4724212 17412 497+102%

50 762 9542 9322 23982 444 152 7652

150 812 9122 880% 23467 4393 15% 710%

Fy 300 7? 9542 9362 2438% 488% 152 7147

(6 weeks) 600 87% 8572 8932 2373% 489° 12 6463

900 742 10062 9552 23182 442 16% 615%

1200 732 11252 9212 24802 4872 148 3548

LMean (over 14 or 6 weeks) + average standard error over all levels. The n for the P population is 70 birds per
dose group while the n for the Fl population is 12 birds per dose group.

ZMeans with different superscripts are significantly different at the 5% level of probability.
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Significant reductions in P female body weights over 14 weeks
were found only at the 900 ppm level (Table 2). The quail fed 900
and 1200 ppm carbaryl levels had significantly higher relative
liver weights when compared to controls and the quail fed 600 and
1200 ppm levels had significantly elevated relative kidney weights.

TABLE 2.

Effect of prolonged administration of carbaryl on body weights and relative brain, heart, liver,
kidney, and adrenal weights in P and F) female Japanese quail.
Relative Organ Weights (mg/l00 gm body weight)

Mean

Population and Level Body Wt.

Length of Exposure (ppm). (gms) Brain Heart Liver Kidney Adrenal
0 ss+1la2  1042425% 9944147 2813461° 4974100 15+13

50 873 10372 9612 2822b 4780 142

150 872 10512 9632 28330 4920 142

P 300 82ab 10912 10082 27700 5062b 142

(14 weeks) 600 872 10532 9823 29503 5278 152

900 78P 11192 9592 30012 5213b 168

1200 g1ab 10802 9712 30032 5342 152
0 8745% 8914487  935+45%  2365+168% 4724167 14412

50 792 915 8992 25002 4632 122

150 872 838 9352 23512 4652 132

Fy 300 872 8692 8638 2312°% 5032 132

(6 weeks) 600 962 7892 874% 2855° 4762 12°

900 832 5042 9492 27552 495 132

a

1200 80? 976 9952 2790% 5102 142

lMean (over 14 or 6 weeks) + average standard error over all levels. The n for the P population
is 70 birds per dose group while the n for the Fy population is 12 birds per dose group.

Zﬂeans with different superscripts are significantly different at the 5% level of probability.

There were no significant differences in any of the growth
parameters measured in the F) males or females which were fed car-
baryl over a six week period (Tables 1 and 2). However, in the Fy
males and females there was a general trend toward decreased body
weights and increased relative brain weights at the higher dose
levels, and in the Fj females given the higher dose levels relative
weights of liver and kidney tended to be increased. The feeding of
up to 1200 ppm carbaryl for 14 weeks in the P birds and for 6 weeks
in the Fy birds did not produce significant differences in mortality.

Effects on Reproduction. Egg production and hatchability data
are presented in Table 3. There were no significant differences in
egg production among treatment groups although there appeared to be
a slight decrease in production at the 600, 900 and 1200 ppm levels.
Similarly, there were no significant differences among treatments
in the hatchability parameters measured. However, the 600, 900,
and 1200 ppm levels resulted in a slightly lower percentage of to-
tal eggs hatched with a concomitant increase in the percentage of
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infertile eggs laid. Gross teratogenic effects were not observed.

TABLE 3.

Effect of prolonged administration of carbaryl on egg production and hatchability of eggs of Japanese guail.

Hatch of
Egg Production Hatch of Live in Fertile
Level (hen-day) Eggs Set Live Pip Shell Dead Pip Early Dead Late Dead Infertile Eggs
% 2 % % %

(ppm) % % % %
0 60.713.4“1 69.5+3.7%  5.5+41.7°  1.441.02  0.3#0.2%  5.741.0% 5.040.7%  12.3+2.7%  79.6+3.4°
50 71.443.0% 70.4+4.8%  5.841.2°  1.6+0.8%  0.240.1%  5.040.97 4.8+1.1% 12,242,572 79.6+3.8°
150 64.4+3.42 69.3+3.63  7.442.0°  2.440.7%  0.1#0.1%  4.941.67 3.040.8%  12.941.5%  79.3+3.2%
300 63.7;3‘73 68.3+3.0%  6.6+41.8%  1.5+¢0.4%  0.340.2%  6.6+1.87 4.140.9%  12.8+41.7%  78.1#2.6%
600 58.5+2.72 63.142.6°  8.942.0%  0.5+0.27  0.0t0.0*  5.441.6% 464147 17.541.7%  76.5+2.5%
900 564.7+3.42 63.8+3.6%  5.140.9%  0.940.5%  0.5+40.3%  5.3+1.7° 4.641.0%  19.943.4%  79.7+3.0%
1200 54.3;3.95 62.3+43.5%  4.741.0°  2.0+41.3%  0.340.3*  6.241.8° 4.940.5%  19.643.2%  77.4#2.82
!'Means + S.E.M. with different superscripts are significantly different at the 5% level of probability.
DISCUSSION

Growth depression and increases in relative liver and kidney
weights appear to be among the usual gross changes found in ani-
mals exposed to carbaryl - over extended periods of time. In this
respect the present study is in general agreement with other feed-
ing studies involving carbaryl. However, certain differences in
the levels at which effects appear are apparent. Perhaps this re-
flects differences in the methods of administration of the com-
pound, feed consumption/kg. body weight/day and/or the length of
the exposure regime. In order to take meaningful comparisons of
data from various sources, an estimation of the actual guantity
of toxic compound ingested in relation to body weight is neces-
sary.

While feed consumption in this study was not determined it
has been estimated (MARKS, personal communication) that the
average feed consumption of Japanese quail is 12 to 13 gms./day.
Assuming an average body weight of 80 gms., the average food
consumption would be approximately 15 gms./100 gms. body weight/
day. This feed intake would result in an average of 18.0, 13.5,
9.0, 4.5, 2.3 and 0.8 mg. carbaryl/100 gm. body weight/day being
ingested at the 1200, 900, 600, 300, 150 and 50 ppm levels, re-
spectively. The P population was exposed to these levels over a
98 day period while the Fy population exposure was 42 days.

Table 4 presents a comparison among the present study and
other carbaryl feeding studies involving both mammalian and
avian species. The effective doses of carbaryl are expressed as
mg. carbaryl/100 gm. body weight/day as estimated by the present
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authors based on average body weight and feed consumption data pre-
sented in the other studies.

TABLE 4.

A _comparison of studies dealing with the effects of carbaryl administered over prolonged periods of time.

Effects!
Estimated Length of Increased Increased Increased
Effective Dose Exposure Growth Relative Relative Relative
Species (mg/100gm b.w./day) days) Depression Liver Wt. Kidney Wt. Adrenal Wt. Reference _

Rat 6 96 - - + (F) Carpenter et
9 96 + (F) - +(MF) al. (1961)

2 730 + (M)
Rat 8 S0 -
11 365 +
Chicken 18 60 - Nir et al.
54 35 (100% + (1966)
mortality)
3 252 +
6 252 +
6 28 (progeny +
of above)

Rybakova
(1966)

+

+ +

Chicken Lillie (1973)

Japanese 18 (1200 ppm) 98 + (M) + + (M F) - Present Study
+

Quail 13.5 (900 ppm) 98 +(nF)
(present 9 (600 ppm) 98 -
study)

+ (F)

up to 18 42 (progeny -
of above)

1Ix\dicated as + for change; - for no change; blanks indicate that no definitrive statement was made concerning the
parameter.

2 :
M designates male; F designates female.

It appears that the rat is more sensitive to carbaryl than the
Japanese quail in that growth depression was evident at 6 mg./100
gm. body weight/day after 96 days (CARPENTER et al., 1961) but the
effect was seen in the Japanese quail only at levels of 13.5 and
18 mg. after 98 days. Kidney weights were elevated in both sexes
of the rat by 9 mg. but Japanese quail displayed increased kidney
weights in both sexes only at 18 mg. Neither the rat nor Japanese
quail had increased liver weights at 9 mg. carbaryl/100 gm. body
weight/day. The differences in effects could be accounted for by
the inherently higher metabolic rate of avian species which could
result in a faster detoxification and elimination of carbaryl.

Comparison of the present study with other avian feeding
studies is made more difficult by the wide variation in exposure
periods. LILLIE (1973) observed growth depression in chickens by
levels as low as 3 mg. for 252 days in the parent population and
6 mg. for only 28 days in the progeny population. In the present
study only levels of 13.5 mg. and above for 98 days in the P pop-
ulation resulted in growth depression while levels up to 18 mg.
for 42 days in the Fl population had no effect. However, NIR
et al. (1966) observed no growth depression at 18 mg. over 60 days
in chickens. It is possible that the differences in the length
of the exposure regimes account for the variation in levels at
which effects are seen.

While there were no significant differences in egg production
or hatchability there was a slight decrease in egg production and
percentage of total eggs hatching at doses equivalent to 18, 13.5
and 9 mg. carbaryl/100 gm. body weight/day with a concomitant in-
crease in the percentage of infertile eggs laid. These results
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tend to agree with previous studies dealing with the reproductive
effects of carbaryl on avian species. MCCAY and ARTHUR (1962)
reported no differences in egg production of chickens when car-
baryl was administered at an effective dose of 0.1l mg./100 gm.
body weight/day for a seven day period. NIR et al. (1966) repor-
ted a complete cessation of egg production in white Leghorns at
a level equivalent to 54 mg./100 gm. body weight/day over a 60
day period while a level equivalent to 18 mg. had no effect.
LILLIE (1973) reported no embryonic abnormalities or changes in
egg production in white Leghorns at levels up to 6 mg./100 gm.
body weight/day for 252 days. With respect to reproductive para-
meters the Japanese qualil is perhaps more sensitive to carbaryl
than is the chicken.

It is apparent that the prolonged administration of carbaryl
has various adverse effects on the Japanese quail but the causa-
tion of these effects is still a matter of speculation. Growth
depression could be a result of decreased feed consumption or
conversion. GEORGIEV (1967) reported that carbaryl administered
at a level of 10 mg./100 gm. body weight/day for 45 days to rats
resulted in a transient decrease in appetite and feed intake in
addition to disturbances in enzyme secretion by the intestine.
WILLS et al. (1968) stated that small doses of carbaryl adminis-
tered to human subjects impaired the ability of the proximal con-
voluted tubule of the kidney to reabsorb amino acids. However,
HASSAN and CUETO (1970) observed no effects on tubular reabsorp-
tion and protein and carbohydrate metabolism in rabbits adminis-
tered small doses of carbaryl. Moreover, NIR et al. (1966) and
LILLIE (1973) reported no differences in feed consumption in
chickens fed doses of carbaryl which caused growth depression.

The increase in P male relative brain weights which occurred
at the two highest levels was probably a result of normal brain
development concomitant with the overall decrease in body weights.
Increases in relative liver and kidney weights may reflect the
major role that these organs play in the detoxification of for-
eign compounds. There is evidence for morphological alteration
of the liver and kidney by carbaryl in other studies. RYBAKOVA
(1966) reported a carbaryl induced fatty degeneration of liver
cells and cloudy swelling of kidney tubular epithelium in rats.
NIR et al. (1966) reported that fatty degeneration of the liver
occurs in chickens fed high doses of carbaryl.

While the effects of carbaryl on reproductive parameters
were not statistically significant in this study, trends were
evident that would suggest that the reproductive capacity of the
exposed birds was impaired to some extent by carbaryl. RYBAKOVA
(1966) demonstrated a disruption of spermatogenesis and inhibi~
tion of the estrus cycle in rats exposed to carbaryl at a level
equivalent to 11 mg. carbaryl/100 gm. body weight/day. Dis-
turbances in the secretion of gonadotropic hormones from the
adenohypophysis have been implicated as the reason for the repro-
ductive alterations. It is possible that a similar situation
existed in this study.
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Studies dealing with the effects of carbaryl on cellular
metabolic processes seemingly do not have a direct relationship
to this study but cellular alterations could effect the organism
as a whole and thus could conceivably account for gross changes
in growth and reproductive parameters. BLEVINS and DUNN (1975)
reported that carbaryl at levels of 1 and 2 ppm stimulated the
division of HeLa cells {a malignant human cell line) ig_vitro
while levels of 4 and 8 ppm inhibited cell division with a
slight decrease in cellular protein composition at the 4 ppm
level. The phospholipid composition of these cells was also
altered by 2 and 4 ppm. WALKER et al. (1975) have reported that
carbaryl resulted in a significant inhibition of the development
of the Ehrlich ascites tumor in mice and reduced nucleic acid
and protein synthesis in these cells in vitro. The manifestation
of such effects in an organism’s own cells could possibly alter
its normal growth and reproductive capacity.

SUMMARY

Carbaryl fed to Japanese quail over a 14 week period resulted
in decreased body weight, increased relative brain, liver and kid-
ney weights in one or both sexes at levels of 900 ppm or higher.
Significant differences were not found in the Fy birds at the same
levels after 6 weeks. It appears that the time of exposure is
critical and that parental diet is not. There were no significant
differences in egg production, hatchability or fertility although
trends toward reduction of these parameters were developing at the
900 and 1200 ppm levels.
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