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Synopsis

Anabas testudineus were treated with non lethal levels of metacid-50 (0.106 ppb) and carbaryl (1.66 ppm) for
90 days covering the pre-spawning and spawning phases of the annual reproductive cycle. The main purpose
of the present work was to identify the effects of metacid-50 and carbaryl on the gonado somatic index (GSI)
and ovarian and plasma estrogen level. There was no alteration in GSI until 15 days, initiating the inhibition
on day 20 which further intensified from 20 to 90 days of exposure. Plasma and ovarian estrogen level
significantly increased up to 15 days of exposure followed by a decline till the end of the experiment. It is
noteworthy that the effect of pesticides on GSl is reflected in the ovarian estrogen level. This highlights the
fact that at short-term exposures the nonlethal levels of pesticides have no inhibitory effect while at long-term
exposure, the pesticides have potent inhibitory effect on the reproduction of fish.

Introduction

Pesticides as a group of environmental contami-
nants cause severe toxicity, both acute and chronic
in non-target species. Literature abounds with re-
ports on the impact of pesticides on various fish
tissues but studies on reproductive toxicity in fish
are not as many. Studies on pesticidal effects on
female reproduction are abortion in Gambusia affi-
nis (Boyd 1964), reduction in reproductive effi-
ciency in brown trout, Salmo trutta, and brook
charr, Salvelinus fontinalis (Burdick et al. 1972),
prevention of reproduction by Carbaryl (Carlson
1972), reduced hatching of embryos by PCB in
brook charr (Freeman & Idler 1975), retardation of
ovarian development by Fenitrothion and Carbaryl
(Saxena & Garg 1978) and Phenthoate (Dey &
Bhattacharya 1989) in Channa. punctatus and by
Malathion and Endrin in Heteropneustes fossilis

(Singh & Singh 1980). Recently we reported the
reproductive toxicity of Metacid-50 and Carbaryl
with respect to serum GtH titre, pituitary GtH
content and hypothalamic GnRH activity in C.
punctatus (Ghosh et al. 1990). The present work is
a foliow up of our earlier observation to evaluate
the effects of non lethal concentrations of meta-
cid-50 (Methyl-parathion 50%) and carbaryl on the
ovarian weights (GSI) and levels of estrogen in the
ovary and plasma of the Indian climbing perch,
Anabas testudineus (Bloch) during an exposure re-
gimen of 90 days (metacid-50, 29 April through 29
July 1988 and carbaryl, 20 April through 20 July
1989) extending over the pre-spawning and spawn-
ing phases of the annual reproductive cycle.
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Materials and methods

Fish

Adult, healthy, female Anabas testudineus (aver-
age weight 20g +2.6 and average length 13cm
+0.9) were collected from local freshwaters. The
fish were at first acclimatized under laboratory con-
ditions in glass aquaria for 10 days and kept in
batches of 10 in glass aquaria containing 30 litre of
tap water. A 90 day exposure test with 0.106 ppb of
metacid-50 (Bayer, India Ltd.) and 1.66 ppm of
carbaryl (Paushak Pvt. Ltd. India) was set up cov-
ering prespawning and spawning phases of the an-
nual reproductive cycle. The water characteristics
were: dissolved oxygen 3—6 ppm; hardness (as Ca-
CO;) 215-245 ppm and pH 7.27-7.60; temperature
28-30°C.

Pesticides

Metacid-50 is a commercial organophosphate con-
taining 50% methyl-parathion as the active ingre-
dient. Carbaryl is also a commercial formulation
containing 50% n-methyl naphthyl-1-carbamate as
the active ingredient.

Treatment

Before deciding the exposure dose the median tol-
erance limits (TIm) were determined following the
method of Doudoroff et al. (1951). The Tlm for
Metacid-50 was 5.33 ppb and that for Carbaryl was
15.83 ppm. The exposure doses were selected on
the basis of no mortality and absence of any sign of
physiological distress over a period of 90 days. A
concurrent control was maintained throughout the
experiment. Since the duration of treatment was
prolonged, feeding of fish was continued once dai-
ly. As per Anon. (1960) regulations the water was
changed daily and 0.106 ppb of Metacid-50 and
1.66 ppm of Carbaryl were at first dissolved in 20 ml
of the aquarium water and then added freshly to
negate the effect of metabolites on the toxicity of
the poison. Fish were sampled for determination of
GSI and hormonal profiles in the ovary and plasma
on day 3, 7, 15, 20, 30, 60 and 90 both from the
control and experimental set.

Gonadosomatic Index (GSI)

The gonads were dissected out and weighed on a
single pan balance. The GSI was calculated on a
100 g body weight basis following the formula de-
scribed by Abidin (1986).

Collection of blood and ovary

Blood was collected from the caudal peduncle re-
gion and the plasma was separated by centrifu-
gation at 2500 g at 4° C for 10 min. The entire ovary
was carefully dissected out and immediately ho-
mogenized in 0.6% saline; after centrifugation the
supernatant was decanted and stored at 4°C for
future use.

Radioimmunoassay of 17B-Estradiol
Estradiol-17@ (E,) was determined by RIA as de-
scribed by Sower & Schreck (1982). Extraction
efficiency was more than 85%. Anti-Estradiol-178
was obtained as gift from J.Y.L. Yu, Academia
Sinica, Taipei, Taiwan. Anti-Estradiol-17p was di-
luted 1: 25000 in phosphate buffered saline-gelatin
(PBSG). 100 ul of antiserum were added to the
standards which ranged from 10 to 1000 pg. After
the samples were incubated for 1 h, 100 ul of *°H-E,
(10000 dpm in PBSG) were added to each tube.
Samples were then incubated at 4° C overnight and
then placed in an ice bath for 15min. 500 ul of
dextran coated charcoal suspension (0.625% char-
coal and 0.4% dextran in PBSG buffer) were add-
ed. Samples were then centrifuged, decanted into
scintillation fluid and the radioactivity counted in a
liquid scintillation system (Model No. LSS-20,
Electronic Corporation of India). The results were
expressed as ng per ml plasma and pg per mg of
ovarian protein. Samples were prepared and stored
at —24°C until the end of the sampling period.
Inter-assay varations were not more than 8%
while intra-assay variations were less than 5%.

Protein estimation

Ovarian protein was assayed by the method of
Lowry et al. (1951) using bovine serum albumin as
the standard.
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Fig. 1. Gonadosomatic index (mean + S.E.) of Anabas testudineus exposed to metacid-50 (a) and carbaryl (b) for 90 days. a—p < 0.05,
b-p<0.01, c-p<0.005, d - p< 0.001, NS — not significant; number of fish per sample was five.

Statistical analysis
All data were subjected to Student’s “t’ test (Snede-
cor & Cochran 1971).

Results

Figure 1a demonstrates no significant change in the
GSI value until day 15 of the organophosphate
treatment. The decrease in the GSI was observed
only on day 20 which continued until the end of the
exposure period. The decline in the GSI was high-
est on the 60th day of exposure which coincided
with the prespawning phase of the fish.

With the carbaryl treatment (Fig. 1b) the GSI did
not deviate from the control value significantly un-
til after 15 days of exposure. However, from 20
days onwards untill the termination of the experi-
ment GSI level varied significantly from the respec-
tive control value.

The profiles of the plasma and ovarian estra-
diol-178 (E,) of the control fish showed a gradual
increase until 60 days of observation (Fig. 2, 3). A 90
days of sampling the ovarian E, level demonstrated
a slight decrease from those of the 60 day levels.

In the case of plasmal and ovarian E, levels (Fig.
2a, b) in the organophosphate treated fish a gradu-
al increase was observed from day 3 to day 15 of
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Fig. 2. Profiles of estradiol-17f in the plasma (a) and ovary (b) of
Anabas testudineus exposed to metacid-50 for 90 days. a-p<
0.05,b-p<0.01,d - p< 0.001, e - p< 0.0001, NS — not
significant; number of fish per sample was five.

treatment, thereafter showing a sharp decline until
day 60 of treatment. However, at 90 days of sam-
pling both plasma and ovarian E, profiles improved
a little showing 87% decline of plasma E, and 29%
in the ovarian E, level over the control.

Figure 3a demonstrates that until 15 days of car-
baryl treatment the plasma E, titre showed signif-
icant increase (18%—128%) while in the later peri-
od from 20-60 days of exposure the hormone level
decreased (19%-83%) significantly. However, at
90 days, the degree of depletion was not as remark-
able. Ovarian E, (Fig. 3b) on.the other hand,
showed a small decline on day 3 leading to 25-45%
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Fig. 3. Profiles of estradiol-17f in the plasma (a) and ovary (b) of
Anabas testudineus exposed to carbaryl for 90 days. a—p <0.05,
b-p<0.01, c-p<0.005,d-p<0.001, NS — not significant;
number of fish per sample was five.

increment on day 7 and day 15, respectively. This
increase subsided to only an 8% increase on day 20
which was followed by significant depletion from
day 30 to 90.

Discussion

The exposure doses of the two different classes of
pesticides caused no mortality of the fish nor did it
manifest any sign of physiological distress. How-
ever, they were both potent enough to cause signif-
icant reproductive impairment in terms of specific
damage to ovarian tissue. Histological examination



revealed a preponderance of stage I and destruc-
tion of stage II and stage IH oocytes in the fish
treated with the pesticides (unpublished observa-
tion). As reported by Shukla (1982), GSI is greatly
affected by DDT, BHC, endosulfan, chlordane
and toxaphane. Dey & Bhattacharya (1989) ob-
served the preponderance of stage I and destruc-
tion of stage II and stage III oocytes in association
with decreased ovarian weight in phenthoate ex-
posed C. punctatus.

Anabas is found to be a more tolerant species to
these pesticides, compared to other species such as
rainbow trout where the 24 h LD 50 for carbaryl is
1.41 ppm (Zinkl et al. 1987), and Mystus vittatus
where the 98h LD 50 for carbofuran is 310 ppb
(Verma et al. 1980). Reports on C. punctatus, an-
other Indian airbreathing teleost demonstrated a
high degree of atresia at 2 ppm carbaryl exposure
for 150 days (Saxena & Garg 1978) and a lower
degree of ovarian recrudescence at 5 ppm of car-
bofuran exposure for 120 days. In contrast, the
deleteriousness of carbaryl was effected in Anabas
at a much lower level of exposure both in respect of
acute and chronic toxicity. The present work thus
substantiates further the potency of metacid-50 and
carbaryl in terms of reproductive damage.

Previous workers have suggested an impairment
of steroidogenic activity in the gonad of pesticide
treated fish (Freeman & Idler 1975, Saxena et al.
1986, Kapur et al. 1978). In the present study a
declining trend in the steroid hormone level of both
plasma and the ovary was noted in the later periods
of exposure, providing evidence for a delayed re-
productive activity. Ghosh et al. (1990) have clear-
ly established the mediation of the pituitary and
hypothalamic hormones in affecting gonadal func-
tion of pesticide treated C. punctatus. The present
study provides further data on the severity of pesti-
cidal action on ovarian maturation.

It is not clear why the E, level in the ovary and
plasma increased at the initial period of pesticide
exposure (both metacid-50 and carbaryl). We pre-
sume it to be a stress effect which might be influen-
cing a greater release of gonadotropin from the
pituitary. We do not have any supportive data in
favour of this presumption but this appears to be a
plausible explanation for unexpected increase in E,
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level from day 2 to day 15 in response to pesticide,
when the control level of E, in both the ovary and
plasma remained far below the level of treated fish.
To provide a better explanation, including the level
of fish brain GnRH profile, further investigation is
required.

Ghosh et al. (1990) recorded a decreased release
of GtH in Channa punctatus exposed to sublethal
doses of metacid-50 and carbaryl for 30 days. It
may, therefore, be suggested that the decreased
steroidogenic activity in Anabas testudineus during
this period may be due to the decreased release of
GtH during a long term exposure. It can be con-
cluded that sublethal, long term exposure of an
organophosphate or a carbamate pesticide impairs
seriously the reproductive potential. A short term
exposure upto 15 days may not be as harmful as far
as the steroidogenic activity of the fish is con-
cerned.
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