
Bull. Environ. Contain. Toxicol. (1988)41:582-588 
�9 1988 Spdnger-Verlag New York Inc. 

E n v i r o n m e n t a l  
~ C o n t a m i n a t i o n  
aand Tox ico logy  

Sublethal Toxicity of an Insecticide to the Epidermal 
Melanophores of Rana tadpoles 

Veena Tomar and A. K. Pandey 

Endocrinology and Environmental Physiology Unit, School of Studies in Zoology, 
Vikram University, Ujjain 456 010, India 

The skin chromatopho~es of aquatic animals are expos- 
ed directly to the water and contaminations pollution 
status or water and can reveal by changes in color 
(pandey et al. 1981, pandey and Tomar 1985, Tomar 
and Pandey 1986). However this model ofpigment syst~ 
has not so commonly been explored and used as an 
indicator for the quality of water. As the water pol- 
lution is a globle problem, therefole a simple model 
indicative of water pollution promises immense appli- 
cation and use in the environmental studies. The 
present observation is another attempt from our 
laboratory to know, the morphological and physiologi- 
cal profiles of skin melanopho~es of Rana tiqrina 
tadpoles after an organophosphorus insecticide - 
Nuan exposure . 

~T~I~ ~D ~T~DS 

The specimens of Rana tlqrlna tadpoles 1.6 _* .4 cm 
and weight 65 § 1.0 rag.) were collected irom the 
ponds in vicinity of ViKram University campus and 
maintained in glass aquaria (45 x 18 x 23 c~.) for 
acclimatization at room temperature (22 _~ 3~C). The 
healthy tadpoles were selected and transferred to 
s glass aquaria for experimentation. The 
pesticide, Nuan - Dichlorves DDVP of 76~ w/w solvent 
9.5 (Hindustan CIBA-G~.IGY ~imited Bombay) an organo- 
phosphorus insecticide market sample was dissolved 
in 10 L aquarium watel for preparing the sublethal 
low concentrations .025, .02; .015 and .01 ml/L 
respectively and 10 tadpoles were kept separately in 
each concentration for a period of 15 days. Controls 
were maintained without insecticide undel same labo- 
ratory conditions. The results of water analysis 
are given in Table-1. During acclimatization and 
experimentation the tadpoles were fed with green algae 
Hydrilla and decaying plant and animal material. 
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Water and pesticide solutions were renewed tnzice a 
week to maintain the calculated load of insecticide 
as far as possible. The pieces of skin from tall 
region 4both control as well as treated tadpoles) wele 
fixed in 1~ formalinfor 24 hrs. Permanent whole 
mounts were then prepared following alcoholic dehydra- 
tion. The size of each melanophores was measured 
4after Ruthmann 1970) from camera lucida figures drawn 
on a standard graph paper. The Melanophores Index (MX) 
was determined according to the method of Slome and 
Hogben 41928). Student 't' test 4Bencraft 1966) was 
used to compare the level of significance. All data 
azeexpr~ssed as standard error of Mean, p values 
were noted at different levels. 

RESULTS AND DISCUSSION 

Tadpoles exposed to the insecticide solution snowed 
non-coordinated swimming and as observed they were 
sluggish in their movements. It was seen that their 
heart beat increased 4125 per minute in control group 
while 145 per minute in highest concentration of Nuan 
.025) and they surfaced frequently for gulping air. 
These test animals showed bottom dwelling in 0.01 ml/L 
concentrations but in slightly higher (0.025 ml/L) 
dose they showed surface swimming. Perhaps the altera- 
tions in physicochemical properties (Table-I) of water 
induced such behavioral excitement in these experi- 
mental groups. 

The control animals wele much dar~ez when introduced 
to test solution in all concentlations of Nuan. How- 
ever, after 24 h the tadpoles turned more darker in 
low concentrations 40.I ml/L) than ~ept in higher 
concentration 4~ ml/L)~ The skin melanophores of 
the control group were mostly in retlcul~te configu- 
ration and had secondary and teltiazybranching. 
These branches were full of melanin. The ~ean Melano- 
phore Size Index 4M~I) values of these reticulate 
melanophores of upper, middle and lower regions of 
tail are also compared 4Table-2). The percentage 
of reticulate melanophores was always higher than those 
of stellate and punctate types. During theperiod of 
15 days the tadpoles denoted shrinkage in melanopho~e 
size in all the concentrationsof insecticide used. 

�9 01 M1/L Nuan concentr ation 

The reticulate melanophores turned as aggregate masses 
in this concentration�9 The chromatophoreswere light 
black as compared to the cont~oi group and their 
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melanoDhoric limbs were not well developed. There was 
a significant (P L .001) reduction in th~ percentage and 
MMSI of the reticulate melanophores in compaxison to the 
controls (Table 2 and 5). 

.015 MI/L NUAN CONCENTRATIO~ 

In this concentration the limb of reticulate melano- 
phores were disconnected from the main part of the body 
and stellate melanophores were not in normal condition. 
Melanophoric limbs were small and slightly thick and 
were slightly light in colour as compared to .01 MI/L 
concentration. ~MSI and percentage of melanophores 
were noted (Table 2 and 3). 

.02 MI/L NUAN CONCENTRATION 

Reticulate melanophores lacked melanophozic limbs and 
developed profusely small spike like projections and 
looked some what like puncto-stellate melanophores. 
Melanophoric limbs were thick and assumed stumpy shape. 
The MMS~ and percentage of stellate and punctate mela- 
nophores were higher than reticulate melanophores 
(Table 2 and 3). 

Table i. Physico-chemical profile of control and Nuan 
mixed water. 

S .  ~ Physico-chemi- Control Concentration of chronic 
No. cal parameters group exposure in MI/L 

.01  .o15 .02 .02S " 

,, , ,. . . . . . . . . .  . . . . . . . . . . . . . .  

1. Water tempera- 
ture (in 0~ 22 22 22 22 22 

2. pH 8.00 8.00 8.3 8.5 8.6 
3. Dissolved oxygen 

( in mg/L ) 10.00 9.5 8.8 8.4 8.00 
4. Carbonate alka- 

linity (in mg/L) 08.00 10.00 ii.00 13..00 14.00 
5. Chloride (in 

mg/L ). 45. O0 46.00 46.00 49.00 51.00 
6. Hardness ( in 

rag/L} 150.00 152.00 155.00 165.00 180.00 

0.25 MI/L NUA~ CONCENTRATION 

In this concentration stellate melanophores assumed 
round shape due to complete loss of melanophoric limbs. 
punctate melanophores were observed with completely 
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fused melanophoric limDs. Tbese melano~�87 y ran- 
domly distributed and but aggregates were also seen. 
The percentage of these melanophores was significantly 
high. MMSI of reticulate and stellate melanophores 
decreased significantly (P C .001) (Table 2 and 3), 

Table-2, Changes in HeanMelanophore Size Index (MMSI) 
of Ran~ tiqrina tadpoles in 15days Nuan 
exposure. 

S. Epidermal mela- Control Concentrations of cnronic 
No. nophores in without exposure in ml/L 

Skin insecti- 
cide .01 .015 .02 .025 

1. Upper region 

2. Middle region 

3. Lower region 

8 .1  6 . 0  5 . 6  5 . 2  
+ ,t- ,e 4. 

0 . 3  0.2,5 0 .29  0 . 2 3  

7.4. 5 . 6  5 . 0  4 . 6  
4. § 4. 4. 

0o21 0 . 3  0 . 1 5  0 . 2  

7.0 5.1 4.8 4.0 
§ 4. 4. 4. 
0.20 0.2 0.2 0.1 

MMSI are expressed in ~m. 
AIl values are expressed~ SEM 
'n' = I0 

4~ 
_+ 
0.6 

4.0 
m 

0 . 2 5  

3 . 6  
,4- 
0.2X 

In thls study the responses of pigment cells to organo- 
phosphorus insecticidal (Nuan) stress have been observ- 
ed in various concentrations. This insecticide 
exposure revealed a differential action on the melano- 
phores of treated animals. This is rather an important 
feature in thephysiology of color change with refe- 
rence to the melanophore toxicity in amphibians. 

It is noted that at the highest concentration (0.025 
ml/L) of the insecticide the melanophores loo~ed 
light blac~ or gray in constrast to the control 
animals. However in the lowest concentration i.e. 
.01 ml/L of the insecticide brought substantial 
darkening effect in the melanophores including melanin 
synthesis and branching of melanosomes perhaps as a 
result of release of more hypophysial melanocyte 
stimulating hormone (MSH). It canbe suggested that 
the stimulatory effect of this insecticide perhaps 
may be on accountof loss of nervous control to the 
secretorymechanisms, whereas the higher concentra- 
tion (.025 ml/L) had significant bleaching 
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degeneration of melanin an~ brea~ing of melano~o~~es. 
The latter may be because of inhibition on F~SH zegulat- 
ing meci~anism via Central Nervous System or changes 
in blochemical properties of MSH may be due to direct 
Uoxic effect on the melanophores. However this needs 
further detailed analysis. The deczeased~4SI in the 
present study corrobozates with the findings of paneey 
et a1.(1981) in Saz ~ ther d n m ssambicus, a cichlld 
fish where melathion produced paling and melanophoze 
damage and also Pandey and Tomar (1985) in ~.m@~~nQ- 
stictus tadpoles aftez dimethoate exposuze both of 
tnese are organophasphorus insecticide. Tney also 
observed a different action of dimetnoate on ~. melano- 
stictus tadpoles which brought dispersion of s~in 
melanophozes. These difs action of insecuiclde~ 
on melanophores can either be due fo the chemlcal 
composition of insecticide oz may be the species wnich 
react diffezentially. However tnese aspects in color 
physiology needs more studies. I n ~  latiDes, 
Koji (1982) noted that the sulfahydral innibitors 
bloc~r pigment dispezsing action of MSH ana possibs 
it may be true for this insecticides in nigher concen- 
trations. 
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