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ABSTRACT: Carbofuran is one of the most toxic insecticides used in agriculture. Its toxic effects
are not limited to animals but also on human. The main adverse health effects on human are
neurological effects, irritation of skin and reproductive effects. However, the study of reproductive
toxicity of carbofuran on human and wildlife is still limited. In the present study, guppy Poecilia
reticulata, a live bearing fish, was selected as an aquatic animal model for an assessment of
carbofuran effect during pregnancy on reproductive capability, viability of offspring and survival
rate of offspring. One year old female guppies were exposed to 0.01 and 0.05 ppm of carbofuran
until they produced their brood. Number of offspring from each pair was counted. The survival of
offspring was monitored for 15 days after birth. The result shows that reproductive capability of
female guppy exposed to 0.05 ppm carbofuran was significantly reduced to 9.0+0.3 individuals per
female. Similarly, live birth indices significantly decreased to 92.46% and 77.58% in 0.01 ppm and
0.05 ppm treatment group, respectively compared with control groups. Moreover, survival of
offspring at the 15th day after birth was significantly reduced to 90.68% and 68.18% in 0.01 ppm
group and 0.05 ppm treatment group, respectively. Significant findings on morphological
abnormality of the offspring revealed that 2% of the newborn in 0.05 ppm treatment had two heads
in one body, indicating teratogenic effects of carbofuran firstly described in a non-mammalian
species. The result from this study suggested that carbofuran can impair reproductive capability of
female guppy and reduce live birth indices and the first generation (F;) survival. The cautionary
adverse effects found in this study suggested the need for further investigation of carbofuran effects
on some other parameters significant in evaluating any risk to humans and animals in the
environment.
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INTRODUCTION

Carbofuran is one of the most important carbamate
insecticides. Carbofuran is used to control a broad
spectrum of insect pests in agricultural areas. It is
normally sprayed directly onto soil and plants just
after emergence to control pests [1]. Like other
carbamate insecticides, carbofuran is acetylcholinesterase
inhibitor. Carbofuran is classified in toxicity class 1b
or highly toxic class [2]. Carbofuran is not only
toxic to animal and human nervous system but also
associates with reproductive toxicity [3]. Various
insecticides widely used in agriculture can produce
various types of reproductive and developmental
disorders in animals and human. The reproductive
toxicity of insecticide are expressed as alterations in
reproductive ability, fertility, reproductive cycle,
offspring viability, hormone secretion and structure
of reproductive organs [4-7].

Reproduction is a key parameter used to investigate
the effects of toxicants. In reproductive toxicity
study, Results of exposure of the Charles River CD
rats to carbofuran, at concentration of 0, 20 and 100
mg/kg, showed the reduction in body weight in the
parental generation and the reduction in growth and
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survival of pup generations in 100 mg/kg treatment
group [8]. Another similar study [9], 40 pregnant
female Charles River CD rats were fed with 0, 20,
60 and 160 ppm carbofuran in the diet during
gestation day 6th through 19" and result revealed
that one-half of the fetus were found with visceral
and skeletal abnormalities on gestation day 20". In
other report, carbofuran was administered to 10 to
12 CD rats by forced feeding from day 7th to 19th
of gestation. The result showed that carbofuran was
maternally toxic at the dose of 1, 3, and 5 mg/kg.
Fetal toxicity was significant at 5 mg/kg exhibited
as a reducing number of live fetuses per litter or
increase in fetal mortality, and decrease in fetal body
weight [10]. Reproductive toxicity of carbofuran in
male rat is also reported. After carbofuran exposure,
reduction in weight of epididymides, seminal
vesicles, ventral prostate and coagulating glands
were noted. Decrease sperm motility, reduced
epididymal sperm count and increased
morphological abnormalities in the head, neck, and
tail regions of spermatozoa were also observed [11].
Testicular and spermatotoxic effects in rat were also
noted at the carbofuran level higher than 0.2 mg/kg
in utero or via lactation [12]. A study in rat reported
from Sri Lanka concluded that carbofuran
administered orally at the dose of 0.2, 0.4 and 0.8
mg/kg during early gestation is detrimental to
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pregnancy (enhanced preimplantation losses) and
possibly harmful to neonatal development [13].
Similarly, post-implantation losses were noted after
exposure to carbofuran during mid-gestation [14].
Carbofuran is not only toxic to animals but can also
affect on human. The main adverse health effects
after exposed to carbofuran are difficulty in
breathing, headaches, neurological or phychological
effects and irritation of skin and mucous membrane
[15]. Moreover, effects on immune, cancer and
reproductive effects were reported [15, 16]. The
manifestation of these effects depends on the
concentration and duration of exposure. Most
reports on adverse effects of carbofuran in human
were retrospect in nature and usually deal with high
and acute dose. Carbofuran and its major
metabolites can cross the placental barrier and
produce serious effects on the maternal-placental-
fetal unit [17, 18]. Moreover, a case of carbamate
pesticide poisoning of a pregnant woman by
carbofuran ingestion is presented. The mother
recovered from the poisoning in the hospital but
necrosis of the fetus was found. Toxicological
findings of the liver, brain, and kidney of the fetus
revealed carbofuran in concentrations comparable
with the mother's blood [19]. In addition, women
who reported to have agricultural exposure during
pregnancy showed risk of gestational diabetes
mellitus (GDM) in association with ever-use of
carbofuran [20].

In the environment, carbofuran is degraded by
photolysis, hydrolysis and microbial decomposition.
Hydrolysis half-life of carbofuran in paddy water at
25°C and pH 7 is 240 hours [21]. Although carbofuran
is rapidly biodegradable in the environment,
overspray and runoff of this insecticide from
agricultural fields may easily contaminate bodies of
water. Contaminated carbofuran is highly toxic to
wildlife including aquatic animals like fish.
Because of their habitat, fish are susceptible to the
toxic effects of insecticide residues in water and
sediment of aquatic environment that receive runoff
from agricultural areas. Insecticides and their
residues, washed into the water systems, can cause
acute and chronic toxicity to fish. Disruptions of
fish reproductive process with alterations in gonad
structure by insecticide are well documented [22-
26]. Whereas studies on monitoring health status
of fish including biochemical, physiological and
histopathological biomarkers are undergoing,
parallel investigation of ecological endpoints such
as abundance, growth of fry, litter size and survival
ability should be monitored as well.

Guppy Poecilia reticulata Peters is viviparous fish
belonging to the family Poeciliidae. It is an
omnivorous fish. Guppy is selected as a biological
model because it has a short reproductive cycle [27,
28]. A readily availability and a small body size
make it easily to handle. Guppy is used in variety of
studies including behaviour, life history evolution,
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water quality, genetic and ecotoxicology. Guppy is
very useful for studying environmental pollution
problems [29, 30].

Even though the reproductive toxicity of carbofuran
on small mammals is well documented, few studies
were carried out on fish which is more susceptible
to the insecticide effects due to exposure via aquatic
environment. Reports about reproductive disorders
of fish including altered fertility, viability and
survival of offspring are rare. Report on similar
issues in a viviparous fish, an important model for
pregnancy, is even rarer. Therefore, the objectives
of this study were to investigate the effects of
carbofuran exposure on reproductive capability, live
birth index and offspring survival of pregnant
guppy Poecilia reticulata.

MATERIALS AND METHODS

Experimental animal

Guppy Poecilia reticulata used in the experiment
was obtained from the laboratory stock of
Department of Biology, Faculty of Science,
Chulalongkorn University. One year old guppies
were used in this experiment. The mean length of the
females was 2.8+1.0 cm. The fish were acclimatized
in 12-L glass aquarium in dechlorinated tap water
with aeration prior to the experiment. During the
experiment, they were maintained in 27-30°C water,
on 12h light: 12h dark photoperiod, and were fed
twice daily with commercial guppy food (See-All
Aquariums Co., Ltd.).

Carbofuran

The commercial grade of carbofuran, 2,3-dihydro-
2,2-dimethyl-7-benzofuranyl methylcarbamate, or
Furadan 3G (P.T. Bina Gunakimia Ltd., Indonesia)
was used in this experiment. Carbofuran was
dissolved in dimethylsulphoxide (DMSO) before
diluting into water to obtain the final concentration at
0.01 and 0.05 ppm. The maximum concentration of
DMSO used to dissolve the pesticide was 5 ppb.
Therefore, solvent control group was contained
DMSO at a concentration of 5 ppb.

Experimental and Control Groups

In this study, the experimental groups were consisted
of two groups, the treatment and the solvent control
group. The treatment group was the group of guppy
that exposed to carbofuran at concentration of 0.01
and 0.05 ppm. While, the solvent control group was
the group of guppy that exposed to DMSO solution
at a concentration of 5 ppb. This solvent control
group provided a baseline data for interpreting the
test results along with the (actual) control group,
which was the group of guppy that exposed to
filtered tap water. During the experiment, all groups
were maintained by the same procedures and
conditions (i.e., 12h light: 12h dark photoperiod and
water temperature was 27-30°C). The experimental
protocols were conducted according to a guideline
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Table 1 Mean number of offspring per female in different concentrations (female guppy=20/group)

Control Solvent control Treatment (Mean * SE)
(Mean + SE) (Mean + SE) 0.01 ppm 0.05 ppm
Reproductive capability 10.0+0.1% 10.0+0.1% 10.0+0.1% 9.0+0.3°

Mean with different letters (a, b) within a row are significantly different (P < 0.05)

Table 2 Mean live birth index of offspring in different concentrations

Control Solvent control Treatment (Mean * SE)
(Mean + SE) (Mean = SE) 0.01 ppm 0.05 ppm
Live birth index (%) 99.22+0.33% 99.69+0.21% 92.4620.66" 77.58+2.54°

Mean with different letters (a, b, ¢) within a row are significantly different (P < 0.05)

for animal care and use, which have been approved
by Chulalongkorn University Animal Care and Use

Committee (CU-ACUC Protocol Review No.
0923011).

Reproductive indices

Female guppies were isolated into 2-L glass

aquarium and monitored for 6 to 8 weeks until they
were given birth to offspring due to earlier fertilization
in stock aquarium. The final concentrations of
carbofuran were prepared at 0.01 and 0.05 ppm.
These concentrations were sublethal concentration
that calculated from the LCsyat 96 hours for guppy
(unpublished data). A pair of male and female guppy
was transferred to a glass aquarium for breeding.
After five-day, male guppy was removed and the
female was kept in the test solutions until they
produced their brood. Twenty female guppies were
used in each concentration. The static renewal
system was used throughout the experiment. After
offspring was born, total number of offspring,
number of death offspring and number of viable
offspring were observed and recorded. Then the
offspring of each female was separated into glass
aquarium contained the same concentration of
carbofuran as mother tank for survival study. After
offspring was born, the morphology of newborn in
each individual was observed. The survival of
offspring in each aquarium was monitored every 24
hours for 15 days.

Data Analysis

The reproductive capability (the litter size of guppy),
live birth index and survival percentage [31] were
calculated. The reproductive capability was done by
determining average number of offspring per female
for each concentration and the control, the live birth
index by multiplying number of viable offspring per
a total number of offspring by 100, and the survival
percentage by multiply number of viable offspring
on a given day per a total number of offspring by
100, respectively. The data were statistically
analyzed with Kruskal-Wallis One Way Analysis of
Variance on Ranks followed by Dunn’s Method. P
< 0.05 was considered to be significant.
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RESULTS

Reproductive Capability

The result of mean reproductive capability is shown
in Table 1. The maximum value of reproductive
capability was found in control group (13
individuals/female) whereas the lowest litter size was
found in the treatment group exposed to 0.05 ppm
carbofuran (6 individuals/female). The mean litter
size was not different (10.0£0.1 individuals/female)
between both control groups and the 0.01 ppm
treatment group. On the other hand, the reproductive
capability was significantly decreased to 9.0+0.3
individuals per female in the 0.05 ppm treatment
group (P < 0.05).

Live Birth Indices

The live birth indices in control and solvent control
groups were found at the highest percentage. The
mean live birth indices in control, solvent control,
0.01 ppm and 0.05 ppm treatment groups were
99.22+0.33%, 99.69+0.21%, 92.46+0.66% and
77.58+2.54%, respectively. The mean live birth
indices in both treatment groups were significantly
different from both control groups (P < 0.05). The
result is shown in Table 2.

Survival Percentage

The survivals of offspring in control and solvent
control groups were recorded for 15 days post partum.
The survival percentages were high at 99.22+0.33%
and 99.69+0.21%, respectively. The survival of
offspring in treatment group at concentration of
0.01 ppm was reduced from 91.68+0.83% to
90.68+0.83% during 15 days. In 0.05 ppm treatment
group, the survival of offspring was decreased from
73.3242.48% to 68.18 +2.42% during 15 days. The
survival percentages of offspring in treatment groups
at concentration of 0.01 ppm and 0.05 ppm
carbofuran were significantly lower than control and
solvent control groups (P < 0.05). The result of mean
survival index of offspring is shown in Table 3.

Morphological Abnormality of Offspring

The morphology of offspring in control, solvent
control and 0.01 ppm treatment group showed normal
character. On the other hands, the morphological
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Table 3 Mean survival index of offspring in different concentrations at 1% to 15" day

Original Article

Survival index (%) (Mean + SE)

Day Control Solvent Treatmant
control 0.01 ppm 0.05 ppm

1% 99.22+0.33% 99.69+0.21% 91.80+0.72° 73.3242.48°
2M 99.22+0.33% 99.69+0.21% 91.80+0.72° 73.3242.48°
3m 99.22+0.33% 99.69+0.21% 90.68+0.83° 69.31+2.45°
4™ 99.22+0.33% 99.69+0.21° 90.68+0.83" 69.31+2.45°
50 99.22+0.33% 99.69+0.21° 90.68+0.83" 68.18+2.42°
6" 99.22+0.33% 99.69+0.21% 90.68+0.83° 68.18+2.42°
70 99.22+0.33% 99.69+0.21% 90.68+0.83° 68.18+2.42°
8™ 99.22+0.33% 99.69+0.21° 90.68+0.83° 68.18+2.42°
o 99.22+0.33% 99.69+0.21° 90.68+0.83" 68.18+2.42°
0™ 99.22+0.33% 99.69+0.21° 90.68+0.83" 68.18+2.42°
11" 99.22+0.33% 99.69+0.21° 90.68+0.83° 68.18+2.42°
12 99.22+0.33% 99.69+0.21° 90.68+0.83° 68.18+2.42°
13" 99.22+0.33% 99.69+0.21° 90.68+0.83° 68.18+2.42°
140 99.22+0.33% 99.69+0.21° 90.68+0.83° 68.18+2.42°
15 99.22+0.33% 99.69+0.21° 90.68+0.83° 68.18+2.42°

Mean with different letters (a, b, ¢) within a row are significantly different (P < 0.05)

'

Figure 1 The morphological abnormality of newborn
guppy in treatment group at 0.05 ppm of carbofuran. Two
percent of newborn guppy in this treatment group showed
two heads (arrows) in one body

abnormality of offspring was found only in treatment
group at 0.05 ppm of carbofuran. It is of importance
to note that the newborn guppy had two heads in one
body. Ten individuals of offspring or approximately
2% of total offspring in 0.05 ppm treatment group
were found with this morphological abnormality
(Figure 1).

DISCUSSION

Although the degradation of carbofuran is rapid in
environment, its extensive use probably causes adverse
effects on fish reproduction [4]. The viviparity of the
guppy and its short reproductive cycle make this
fish to be an excellent model for the assessment of
effects of carbofuran on female fertility and
viability of offspring [27, 28]. Results from our
study suggested that even at a low concentration,
carbofuran can cause reproductive disorders in
exposed guppies including reduced viability of
offspring, litter size and survival of offspring,
respectively. The reproductive capability, determined
by the litter size, was significantly decreased. It
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explained that the changes of eggs quality and
quantity could reduce female fertility which might
result in decrease of offspring number [32]. Many
studies [33-37] reported that carbofuran reduced the
quality and quantity of eggs resulting in low number
of offspring or reduced reproductive capability of
female by disrupting egg development or by
reducing vitellogenin production.

The live birth indices and the survival of offspring
in treatment group at concentration of 0.01 ppm and
0.05 ppm carbofuran were significantly reduced
compared with the control groups. Although the
female guppies exposed to the low concentration of
carbofuran (0.01 ppm) were capable of producing
quite similar number of offspring with the controls
(10 individuals per female), their survival was
significantly lower. The decrease of percentage live
birth index may be a result of the possibility that
carbofuran could pass from mother to offspring
during the embryonic development. Carbofuran
exposure throughout this embryonic development
could result in weaker offspring making them
struggle to survive. Contaminated yolk from
mothers who exposed to high carbofuran burden
could result in liver alterations and this might affect
to the nutrition content and quality of the eggs,
which were the possible causes for weak offspring
production. In other studies, the guppy was exposed
to chlorpyrifos (insecticide) concentrations (0.002
mg/L and 2 mg/L) for 3 days. The chlorpyrifos
significantly reduced live birth index and survival
of offspring of guppy [38]. The hatching percentage
of fresh water fish Labio rohita were reduced after
exposed to sublethal concentration of carbofuran at
0.06, 0.15 and 0.30 ppm [37].

In the present study, the survival of offspring in
0.05 ppm treatment group at day 15 was less than
68.18 %. This may imply that carbofuran can pass
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from mother during pregnancy and result in
infirmity of offspring and affected its survival.
Furthermore, the low survival percentage in the
treatment groups may be a result of carbofuran
acute toxic effect after newborn guppies were
directly exposed to carbofuran after birth.

The morphological abnormality of offspring was
found in 0.05 ppm treatment group with
approximately 2% of the newborn guppies found
with two heads in one body. The abnormality of
morphology of offspring may be involved with
vertical transfer of carbofuran from mother to
offspring during the embryonic development. These
results indicate potential teratogenic effects of
carbofuran firstly described in a non-mammalian
species.

Of important to this study, few studies reported on
the adverse reproductive effects of carbofuran.
Forty-five percent of urban African-American
women who live and work on farm showed
detectable levels of carbofuran in maternal plasma
and umbilical cord blood [39]. In male worker
exposed to carbofuran, seminal analysis revealed a
total concentration of 42 million spermatozoa/mL
with 17% motility and 20% normal shape. The
second patient presented a total concentration of 5
million spermatozoa/mL with 6% motility and 2%
normal shape. The patients presented a similar
percentage of binucleated spermatozoa (28 and 26%)
and of multinucleated spermatids (10 and 6%) [40].

The results from this study suggest that carbofuran
could decrease responses to stress conditions and
further decrease growth and metabolism, and could
ultimately affect the survival of offspring. In the
environment, newborn guppies will be highly
struggle to survive since they are vulnerable to a
variety of stress conditions including effects from
insecticide residues. The adverse effects may cause
the decrease in population size of the newborn fish
by reducing its survival. In conclusion, the present
study exhibited that the low concentration of
carbofuran could potentially impair reproductive
capabilities of female guppy, reduce the live birth
index, reduce survival of F; generation of guppy and
disruption the embryo development. This suggested
that maternal carbofuran exposure throughout the
embryonic development could result in weak
offspring as well as their survival and abnormality.

Overall, these experiments show adverse effects on
small fish in organism level (litter size, live birth
index and survival percentage). The cautionary
adverse effects of this compound suggests the need
for further investigation of carbofuran effects on
some other parameters significant in evaluating the
risk to humans and animals in the environment.
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