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Effect of the insecticide Sumithion (Fenitrothion) on embryonic development in a frog

K.R. Pawar and M. Katdare!

Department of Zoology, University of Poona, Pune-411007 (India), May 27, 1982

Summary. The toxic effects of Sumithion on developing embryos of a frog, Microhyla ornata, were investigated for a
period of 96 h. Abnormalities observed were loss of balance, abnormal behavior, curvature of the body axis, poor pigmen-
tation, feeble circulation in the tail, blisters on the body, distension of body cavities and retarded growth.

The organophosphorous insecticides are highly effective for
the control of mosquitoes and agricultural pests in many
parts of the world>>. Since these insecticides are nonpersis-
tent, they are used repeatedly, and the danger to nontarget
organisms such as fish and amphibians, which are the
natural enemies of the insect larvae, becomes greater. The
highly toxic effects of some organophosphorous insecticides
on fish have already been shown*>. The aim of this
investigation was to study the toxic effects of the insecticide
Sumithion, which is much used locally on the embryonic
development of the frog, Microhyla ornata (Dumeril and
Bibron).

Materials and methods. Naturally-fertilized eggs of M. orna-
ta were collected from natural ponds and de-jellied, keep-
ing the vitelline membrane intact. Groups of 20 embryos at
the yolk plug stage were transferred to 10 cm diameter glass
dishes containing 100 ml aged tap water at 25°C. A
stock solution of technical Fenitrothion 97% purity

Figure 1. Control tadpole at 96 h showing well
developed eyes, head, tail and pigmentation.

Figure 2. Experimental embryos exposed to 9, 11
and 13 ppm concentrations. Note the total lack of
differentiation of the embryos.

Figure 3. Experimental tadpoles (7 ppm) showing
blisters, curvature of the body axis and lack of
pigmentation.

Figures 4 and 5. Experimental tadpoles (5 ppm).
Note the blisters on the head and curved tail.

Figures 6 and 7. Experimental tadpoles (5 ppm)
showing blisters and abnormal distension of body
cavities, uneven distribution of pigmentation and
curved tail.

(0,0-dimethyl-0-(3methyl-4-nitrophenyl) phosphorothioate)
which was supplied by Rallis India Ltd, was prepared in
acetone. Appropriate amounts were taken from the stock
solution to prepare 1-13 ppm concentrations of the insecti-
cide in aged tap water. The treatment was carried out for a
period of 96 h. During this test period the concentrations
were renewed every 24 h to maintain relatively constant
exposure to the given concentration. In all 140-150 em-
bryos were exposed to each concentration, Embryos in aged
untreated tap water served as master controls, and embryos
in aged tap water containing the amount of acetone used
for the higher concentrations of insecticide served as sol-
vent controls. All the embryos were observed at 24-h
intervals, and the percentage of abnormalities and the
mortality was calculated. The gross morphological changes
in the embryos were photographed.

Results. Embryos of Microhyla growing in the master
control medium showed muscular movement in about 24 h.
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The effect of Sumithion on the development of the frog Microhyla ornata at yolk plug stage

Concen- Duration of the treatment Total % dead
tration 24 h 48 h 72h 96 h dead after
(ppm)*  A/S** % A/S % A/S % A/S % 96 h
0 1/150 0.66 1/150 0.66 1/150 0.66 3/148 2.62 2/150 1.33
1 1/137 0.72 0/134 0.00 2/134 1.49 5/134 3.73 6/140 4.28
3 87/139 62.58 94/138 68.11 98/138 71.01 87/120 72.50 20/140 14.28
5 119/148 80.37 120/125 96.00 101/103 98.05 43/43 100.00 107/150 71.33
7 147/147  100.00 118/118  100.00 81/81 100.00 18/18 100.00 130/150 86.66
9 150/150  100.00 84/84 100.00 51/51 100.00 15/15 100.00 136/150 90.06
11 149/149  100.00 110/110  100.00 17/17.  100.00 5/5 100.00 145/150 96.66
13 1507150  100.00 - - - - - - 150/150 100.00

*Number treated at each concentration 150 except at concentrations 1 and 3 ppm where it was 140. **Number of abnormal/number of
surviving embryos and percent abnormal. Abnormalities include head, trunk and tail defects, abnormal behavior, poor pigmentation

and retarded growth.

All embryos hatched as tadpoles in about 48 h with well
developed suckers, eyes, tail and pigmentation. By the end
of 96 h tadpoles appeared as shown in figure 1. No
abnormal development was observed in 150 embryos, apart
from 3 which failed to develop, and disintegrated. Embryos
from solvent controls showed normal development.

The insecticide-treated embryos showed various abnormal-
ities and mortality rates (figs 2-7 and table) which were
dose-dependent.

At a concentration of 1 ppm, abnormalities and mortality
were very low, but at a concentration of 13 ppm there was
almost total mortality of the embryos within about 24 h
with severe defects, and most of the embryos failed to
hatch. The most common abnormality observed was the
presence of blisters on the body, which appeared at concen-
trations of 3 ppm and above, and remained up to 96 h. The
strongly affected tadpoles with 2-3 blisters showed abnor-
mal behavior and loss of balance (figs 2-5). The abnormali-
ties like curvature of body axis, poor body pigmentation,
feeble blood circulation and retarded growth were pro-
minent at concentrations of 5 ppm and above (figs 4 and 5).
Some apparently normal tadpoles (about 30%, table) ex-
posed to a concentration of 5 ppm showed loss of balance
and circular swimming. Presence of blisters and distended
body cavities, poor pigmentation and feeble blood circula-
tion was also observed in these surviving tadpoles (figs 6
and 7). Surviving highly abnormal tadpoles subjected to
concentrations of 5 ppm and above failed to revive when
returned to normal aged tap water.

Discussion. Some of the organophosphorous insecticides
have been shown to cause developmental abnormalities in
fish, reptiles, birds and mammals*®. The present investiga-
tion indicated that Sumithion is also teratogenic and em-
bryotoxic for developing frog embryos. The loss of balance,
abnormal behavior and curvature of the body axis may
have resulted from neurotoxic effects™!®. Qur finding that
embryos exposed to 1 and 3 ppm showed loss of balance
and abnormal behavior, though they were morphologically
normal, could indicate that the insecticide has a neurotoxic
effect.

The loss of balance and abnormal behavior observed in
embryos exposed to 5 ppm and above could be a cumula-
tive effect of neurotoxicity, curved body axis and poor
development. The blisters and distension of body cavities
observed might be due to a disturbance in the osmoregula-
tory mechanism!®!!.

It has been reported that organophosphorous insecticides
induced inhibition of the ion-transporting enzyme ATPase
in fishes'?; this might be one of the reasons for the observed
interference with development, and the fluid imbalance in
frog embryos exposed to insecticides. This could be the
reasoni for the overall poor development of the embryos

exposed to higher concentrations. The lack of pigmentation
or delay in the development of pigment indicated that this
inhibition is partial; in the case of embryos treated with
lower concentrations, pigmentation was delayed as com-
pared to controls. In higher concentrations, total absence of
pigment may be due to inhibition of melanogenesis® !,
Weis and Weis!* have reported that insecticides cause
developmental arrest prior to the initiation of heart-beat,
resulting in circulatory failure which could be the reason
for poor blood circulation in the tadpoles.

With the present environmental contamination by pesti-
cides, other synthetic compounds, chemicals and natural
products, many of which are teratogenic, carcinogenic or
mutagenic'®, it is desirable to understand the exact mechan-
ism of action of these chemicals (since there exists a wide
variation in the sensivity and resistance of different species

_to different pesticides) in order to safeguard public health.

1 We wish to thank Dr V. Agnihothrudu and Mr P.R. Borde
Rallis India Ltd for the gift of insecticide. KRP gratefully
acknowledges UGC New Delhi for the award of ‘Teacher
Fellowship’. Reprint requests to M.K. o
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