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Abstract 

The aim of the present study is to determine the changes in blood electrolytes (calcium and phosphate) in the Indian skipper 
frog Euphlyctis cyanophlyctis following short-term and long-term treatments with chlorpyrifos. To determine the effects of 
short-term exposure, the frogs were exposed to 3.99 mg/L of chlorpyrifos (i.e. 0.8 of 96 h LC50 value) for ninety-six hours. 
To investigate the effects of long-term exposure, the frogs were exposed to 0.99 mg/L (0.2 of 96 h LC50 value) of 
chlorpyrifos for 30 days. The frogs were sacrificed after 24, 48, 72 and 96 hours (for short-term experiment) or after 5, 10, 
15 and 30 days (long-term experiment). Blood samples were collected and serum calcium and phosphate levels were 
analyzed. Student’s t test was used to determine the statistical significance difference between the experimental group and its 
specific-time control group. Exposure of the frog Euphlyctis cyanophlyctis to chlorpyrifos causes a decrease in the serum 
calcium levels after 48 hours. This decrease continued up to the end of the experiment (96 hours). The serum inorganic 
phosphate levels decrease progressively 72 hours onwards following the chlorpyrifos exposure. In the long-term experiment, 
the first perceivable change has been noticed on day ten in the serum calcium as the levels decreased at this interval. The 
levels continued to fall progressively till the end of the experiment (thirty days). The serum phosphate levels of the 
chlorpyrifos-treated Euphlyctis cyanophlyctis show a decrease on day ten and fifteen. However, on day thirty, the levels 
were almost normal. The changes noticed in the blood electrolytes may cause disturbances in the vital physiological 
functions of the frog, growth and even its ability to survive in nature. 
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1. Introduction 

Organophosphorus pesticides are widely used around 
the world although they lack target specificity, and have 
severe effects on aquatic non-target animals (Fulton and 
Key, 2001; Yan et al., 2008). Chlorpyrifos, a non-systemic 
organophosphate pesticide, is one of the most widely used 
insecticides on a variety of crops and in numerous non-
agricultural situations (WHO, 2009). Amphibians are 
sensitive to most pesticides when exposed through direct 
overspray, pesticide drift, rainfall and run-off into water 
bodies. Many amphibians breed within or near agricultural 
areas that are usually exposed to pesticides (Palenske et 
al., 2010), thus both the larvae and adults are exposed to 
pesticides at all life stages, either in the waters (larvae) or 
on land (adults). This can lead to a decline in their global 
population which is a major concern now-a-days (Sparling, 
2003; Relyea, 2005; Hayes et al., 2006; Mccallum, 2007; 

Todd et al., 2011; Whittaker et al., 2013; Arntzen et al., 
2017; Srivastav et al., 2016, 2017).  

Chlorpyrifos is highly toxic to amphibians (Davidson et 
al., 2012). Residues of chlorpyrifos have been found in the 
Pacific tree frog tadpoles (Datta et al., 1998). Jayawardena 
et al. (2011) have noticed profound effects in amphibians 
after a chronic exposure to chlorpyrifos.  Bernabo et al. 
(2011) exposed frog tadpoles to chlorpyrifos and noticed 
that 20-25 % of the exposed tadpoles became intersex. The 
exposure to Chlorpyrifos in amphibians resulted in (i) 
damage to muscles (Colombo et al., 2005), (ii) reduced 
swim speed and activity in tadpoles (Wijesinghe et al., 
2011), (iii) reduced body length and mass (Richards and 
Kendall, 2003), and (iv) increased induction of 
micronuclei and chromosomal lesions in the erythrocytes 
(Yin et al., 2009).  

Agrochemical contaminants, organophosphates and 
organochlorine pesticides have been reported to cause 
inhibition of AChE and malformations in frogs (Fort and 
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Paul, 2002; Fort et al., 2004 a,b; Krishnamurthy and 
Smith, 2010; Hegde and Krishnamurthy, 2014). Palenske 
et al. (2010) have suggested that physiological studies 
provide a better understanding regarding the toxic effects 
of contaminants to aquatic organisms. Although several 
studies have been performed dealing with the effects of 
toxicants on amphibians, there exists no information 
regarding the effects of toxicants on amphibian calcium 
regulation. Calcium is vital for living organisms, and has 
been implicated in controlling a wide variety of 
physiological and biological functions. It seems very 
difficult to mention a physiological process that does not, 
in one way or another, depend on calcium. Hence, the 
present study aim to investigate the effects of chlorpyrifos 
on blood calcium and phosphate levels of the anuran, 
Indian skipper frog Euphlyctis cyanophlyctis. 

2. Materials and Methods 

Laboratory reared Indian skipper frogs, Euphlyctis 
cyanophlyctis (both sexes; body wt. 12-17 g) were selected 
and acclimatized for fifteen days in 30 L all glass aquaria. 
The frogs were not fed for twenty-four hours before and 
during the experiment. Short-term and long-term 
experiments have been performed. This study evaluates the 
possible effects of chlorpyrifos after acute exposure, i.e. 
short-term exposure to high doses of chlorpyrifos. The real 
exposure effects come after a long-term exposure using 
low-doses of chlorpyrifos which may result in varied 
effects compared to the acute exposure to high-doses of 
chlorpyrifos. This could be very useful in understanding 
the long-term effects of chlorpyrifos with low 
concentrations and comparing them with the short-term 
effects of chlorpyrifos at high concentrations. 

(i)  Short-term Exposure: In this experiment, the frogs 
(n =24) were subjected to 0.8 of 96 h LC50 (LC50 value of 
chlorpyrifos described earlier by Srivastav et al., 2017) 
value of chlorpyrifos (3.99 mg/L) for ninety-six hours. 
Simultaneously, a control group (n =24) was also used for 
comparison. The frogs were kept in groups of ten each in 
30 L media. Six frogs of the control and experimental 
groups were killed on each time intervals after a period of 
24, 48, 72 and 96 hours of exposure.  

(ii) Long-term Exposure: The frogs (n =24) were 
exposed to 0.99 mg/L (0.2 of 96 h LC50 value) of 
chlorpyrifos for thirty days. Simultaneously, a control 
group (n =24) was also used for comparison. Six frogs 
from the control and experimental groups were sacrificed 
after 5, 10, 15 and 30 days of the toxicant treatment.  

In each experiment, the frogs were slightly anesthetized 
with ether, and their blood samples were collected by 
cardiac puncture. The collected blood samples were 
allowed to clot at room temperature. Sera were separated 
by centrifugation (at 3000 rpm) and were kept at -20C 
until analysis for serum electrolytes using commercial 
diagnostic kits - calcium (calcium kit, Sigma-Aldrich) and 
inorganic phosphate (Pointe Scientific, USA). All 
determinations were carried out in duplicates for each 
sample. Animal handling and sacrifice were carried out in 
accordance with the guidelines provided by the Ethics 
Committee of the University (F.Sc.2551/Zoology/4-12-
06). 

All data were presented as the mean ± S.E. of six 
specimens, and the Student’s t test was used to determine 
statistical significance. In all studies, the experimental 
group was compared to its specific-time control group. 

3. Results 

Short-term exposure of the frog Euphlyctis 
cyanophlyctis to chlorpyrifos results in  a  decrease  in  the  
serum  calcium  levels  after forty-eight hours This 
decrease continued till the end of the experiment  (96 h) 
(Figure 1). The serum inorganic phosphate levels remain 
unaffected till forty-eight hours following the chlorpyrifos 
exposure. The levels decreased progressively seventy-two 
hours onwards (Figure 2). 

Figure 1. Serum calcium levels of short-term chlorpyrifos-treated 
Euphlyctis cyanophlyctis. Values are mean ± S.E. of six 
specimens. Asterisk indicates significant differences (P< 0.05) 
from control. 

Figure 2. Serum phosphate levels of short-term chlorpyrifos-
treated Euphlyctis cyanophlyctis. Values are mean ± S.E. of six 
specimens. Asterisk indicates significant differences (P< 0.05) 
from control. 

In the long-term exposure of the Euphlyctis 
cyanophlyctis to chlorpyrifos, the first perceivable change 
has been noticed in the serum calcium by day ten; the 
levels decreased at this interval. The levels continued to 
fall progressively up to the end of the experiment (30 days; 
Figure 3). The serum phosphate levels of the chlorpyrifos-
treated Euphlyctis cyanophlyctis showed a decrease on 
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days ten and fifteen. However, on day thirty, the levels 
were almost normal (Figure 4). 

Figure 3. Serum calcium levels of long-term chlorpyrifos-treated 
Euphlyctis cyanophlyctis. Values are mean ± S.E. of six 
specimens. Asterisk indicates significant differences (P< 0.05) 
from control. 

Figure 4. Serum phosphate levels of long-term chlorpyrifos-
treated Euphlyctis cyanophlyctis.  Values are mean ± S.E. of six 
specimens. Asterisk indicates significant differences (P< 0.05) 
from control. 

4. Discussion 

Chlorpyrifos exposure provoked hypocalcemia and 
hypophosphatemia in Euphlyctis cyanophlyctis. This study 
presents the first report regarding the effects of toxicants 
on the blood electrolytes of amphibians; No report 
preceding this study which tackles this issue has been 
found. The present study derives support from the reports 
of earlier workers who have also noticed hypocalcemia in 
other vertebrates after the exposure to chlorpyrifos (fish – 
Srivastav et al., 1997 a; rats – Tripathi et al., 2013), 
deltamethrin (fish – Srivastav et al., 1997 b, 2010), 
cypermethrin (fish – Mishra et al., 2011), lead (fish – Rai 
et al., 2010, 2013), botanical pesticides (fish – Kumar et 
al., 2011 a, b; Prasad et al., 2011,2013) and cadmium (fish 
– Larsson et al., 1981; Pratap et al., 1989; Rai and 
Srivastav, 2003; Rai et al., 2009; rabbits – Kenny, 1966; 

rats – Tripathi and Srivastav, 2011). Contrary to these 
reports, few studies have noticed either no effect (Oner et 
al., 2008; Velisek et al., 2009) or hypercalcemia (Sharma 
et al., 1982; Suzuki et al., 2006) after the exposure of fish 
to toxicants. 

In the present study, hypophosphatemia has been 
noticed in the chlorpyrifos- treated Euphlyctis 
cyanophlyctis. This is in conformity with the reports of 
other investigators who have also noticed similar effects 
after the exposure of various fish and other species to 
toxicants (chlorpyrifos – Srivastav  et al., 1997 a;  
cadmium – Rai and Srivastav, 2003; deltamethrin – 
Srivastav et al., 1997 b; azadirachtin – Kumar et al., 2011 
a; Euphorbia tirucalli – Kumar et al., 2011 b;  Nerium 
indicum – Prasad et al., 2013; Euphorbia royleana – 
Prasad et al., 2011); chicken (gammabenzene hexachloride 
and quinolphos –Agarwal et al., 2009) and rats ( cadmium 
– Tripathi and Srivastav, 2011; chlorpyrifos – Tripathi et 
al., 2013). In the present study, the serum phosphate levels 
in the frogs after a thirty-day chlorpyrifos-exposure 
increased approaching the control values. This could be 
explained as a redistribution of phosphate between the 
extracellular fluid and intracellular fluid.  

Few researchers have noticed degeneration in kidney 
tubules after the treatment of amphibians with the toxicant 
(Hanafy and Soltan, 2007), fish (Srivastava et al., 1990; 
Akram et al., 1999) and mammals (Chmielnicka et al., 
1989; Prozialeck et al., 2009; Tripathi and Srivastav, 
2010). Mahmood et al. (2016) have reported increased 
metal concentrations in Euphlyctis cyanophlyctis, and also 
noticed degeneration in the kidney cells. The observed 
hypocalcemia and hypophosphatemia in the chlorpyrifos-
treated Euphlyctis cyanophlyctis could be attributed to the 
kidney damage. It has been suggested that toxicant-
induced renal lesions may cause hyperfiltration in the 
kidneys thus causing increased efflux of the electrolytes 
(Chmielnicka et al., 1989; Prozialeck et al., 2009). Schutte 
et al. (2008) have noticed increased calciuria in cadmium-
exposed women. In the past, it has been suggested that 
renal tubule damage might be one of the main reasons for 
provoking hypocalcemia/hypophosphatemia in toxicant-
exposed animals (Koyama and Itazawa, 1977; Roch and 
Maly, 1979; Larsson et al., 1981; Haux and Larsson, 1984; 
Rai and Srivastav, 2003; Srivastav et al., 1997 a, b; Kumar 
et al., 2011 a, b; Prasad et al., 2011, 2013). Moreover, 
Patel et al. (2006) have also suggested that lead-induced 
ionoregulatory toxicity in rainbow trout is not exclusively 
a branchial phenomenon, but is in part a result of 
disturbances in the ionoregulatory mechanism of the 
kidneys. 

In conclusion, the present study has revealed the 
consequences of the exposure to chlorpyrifos on 
alterations in the vital electrolytes of the frog Euphlyctis 
cyanophlyctis. The physiological capabilities of 
chlorpyrifos raise severe concerns regarding its danger to 
aquatic organisms. Further studies are needed to explore 
the biological consequences after the exposure of frogs to 
chlorpyrifos, and to formulate future strategies for 
encountering the amphibian population decline. 



 © 2018 Jordan Journal of Biological Sciences. All rights reserved - Volume 11, Number 4 398 

5. References 

Agarwal S, Batra M and Chauhan S. 2009. Effects of gamma 
benzene hexachloride and quinalphos on serum calcium and 
phosphorus levels in experimentally fed broiler chickens. J 
Immunol Immunopatho., 11:  57-59.  

Akram M, Hafeez MA and Nabi G. 1999. Histopathological 
changes in the kidney of a freshwater cyprinid fish, Barilius 
vagra, following exposure to cadmium. Pakistan J Zool., 31: 77-
80. 

Arntzen JW, Carlos A, Willem RMM, Ruben I and Annie Z. 
2017. Amphibian decline, pond loss and reduced population 
connectivity under agricultural intensification over a 38 year 
period. Biodivers Conserv., 26:1411–1430. 

Bernabo I, Gallo L, Sperone E, Tripepi S and Brunelli E. 2011. 
Survival, development and gonadal differentiation in Rana 
dalmatina chronically exposed to chlorpyrifos. J Exp Zool A: Ecol 
Genet Physiol., 315: 314-327.  

Chmielnicka J, Halatek T and Jedlinska U. 1989. Correlation of 
cadmium-induced nephrology and the metabolism of endogenous 
copper and zinc in rats. Ecotoxicol Environ Saf., 18: 268-276. 

Colombo A, Orsi F and Bonfanti P. 2005. Exposure to the 
organophosphorus pesticide chlorpyrifos inhibits 
acetylcholinesterase activity and affects muscular integrity in 
Xenopus laevis larvae. Chemosphere, 61:1665-71. 

Datta S, Hansen L, Mcconnell L, Baker J, Lenoir J and Seiber JN. 
.1998. Pesticides and PCB contaminants in fish and tadpoles from 
the Kaweah River Basin, California. Bull Environ Contam 
Toxicol., 60:829-36. 

Davidson C, Stanley K and Simonich SM. 2012. Contaminant 
residues and declines of the Cascades frog (Rana cascadae) in the 
California Cascades, USA. Environ Toxicol Chem., 31: 1895-
1902.  

Fort DJ and Paul RR. 2002. Enhancing the presictive validity of 
frog embryo teratogenesis assay-Xenopus (FETAX). J Appl 
Toxicol., 22: 185-191. 

Fort DJ, Guiney PD, Weeks JA, Thomas JH, Rogers RL, Noll AM 
and Spaulding CD. 2004 a. Efffect of methoxychlor on various 
life stages of Xenopus laevis. Toxicol Sci., 8: 454-466. 

Fort DJ, Rogers RL, Thomas JH, Buzzard BO, Noll AM and 
Spaulding CD. 2004 b. Comparative sensitivity of Xenopus 
tropicalis and Xenopus laevis as test species for the FETAX 
model. J Appl Toxicol., 24: 443-457. 

Fulton MH and Key PB. 2001. Acetylcholinesterase inhibition in 
estuarine fish and invertebrates as an indicator of 
organophosphorus insecticide exposure and effects. Environ 
Toxicol Chem., 20:37-45. 

Hanafy S and Soltan ME. 2007. Comparative changes in 
absorption, distribution and toxicity of copper and cadmium 
chloride in toads during the hibernation and the role of vitamin C 
against their toxicity. Toxicol Environ Chem., 89: 89-110. 

Haux C and Larsson A. 1984. Long term sublethal physiological 
effects on rainbow trout, Salmo gairdneri, during exposure to 
cadmium and after subsequent recovery. Aquat Toxicol., 5: 129-
142. 

Hayes T B, Case P, Chui S, Chung D, Haeffele C, Haston K,  Lee 
M, Mai V P, Marjuoa Y, Parker J and Tsui M. 2006. Pesticide 
mixtures, endocrine disruption, and amphibian declines: Are we 
understanding the impact? Environ Health Perspectives, 114: 40-
50. 

Hegde G and Krishnamurthy SV. 2014. Analysis of health status 
of the frog Fejervarya limnocharis (Anura: Ranidae) living in rice 
paddy fields of Western Ghats, using body condition factor and 
AChE content. Ecotoxicol Environ Contam., 9: 69-76. 

Jayawardena UA, Navaratne AN, Amerasinghe PH and 
Rajakaruna RS. 2011. Acute and chronic toxicity of four 
commonly used agricultural pesticides on the Asian common toad, 
Bufo melanostictus Schneider. J Natn Sci Foundation Sri Lanka, 
39: 267-276. 

Kenny A. 1966. Hypocalcemia in experimental cadmium 
poisoning. Br J Indust Med., 23: 313-317. 

Koyama J and Itazawa Y. 1977. Effects of oral administration of 
cadmium on fish. I. Analytical results of the blood and bones. Bull 
Jap Soc Sci Fish, 43: 523-526. 

Krishnamurthy SV and Smith GR. 2010. Growth, abnormalities, 
and mortality of tadpoles of American toad exposed to 
combinations of malathion and nitrate. Environ Toxicol Chem., 
29: 2777-2782. 

Kumar A, Prasad M, Mishra D, Srivastav SK and Srivastav Ajai 
K. 2011 a. Botanical pesticide, azadirachtin attenuates blood 
electrolytes of a freshwater fish Heteropneustes fossilis. Pest 
Biochem Physiol., 99: 170- 173. 

Kumar A, Prasad M, Mishra D, Srivastav SK and Srivastav Ajai 
K. 2011 b. Effects of Euphorbia tirucalli latex on blood 
electrolytes (calcium and phosphate) of a freshwater air-breathing 
catfish Heteropneustes fossilis. Toxicol Environ Chem., 93: 585-
592. 

Larsson A, Bengtsson BE and Haux C. 1981. Disturbed ion 
balance in flounder Platichthys flesus L., exposed to sublethal 
levels of cadmium. Aquat Toxicol., 1: 19-35. 

Mahmood T, Qadosi IQ, Fatima H, Akrim F and Rais M. 2016. 
Metal concentrations in common skittering from (Euphlyctis 
cyanophlyctis) inhabiting Korang River, Islamabad, Pakistan. 
Basic Appl Hepetol., 30: 25-38. 

McCallum ML. 2007. Amphibian decline or extinction? Current 
declines dwarf background extinction rate. J Hepetol., 41:483-
491. 

Mishra D, Rai R, Srivastav SK and Srivastav Ajai K. 2011. 
Histological alterations in the prolactin cells of a teleost, 
Heteropneustes fossilis after exposure to cypermethrin.   Environ 
Toxicol., 26: 359-363. 

Oner M, Atli G and Canli M. 2008. Changes in serum 
biochemical parameters of freshwater fish Oreochromis niloticus 
following prolonged metal (Ag, Cd, Cr, Cu, Zn) exposures. 
Environ Toxicol Chem., 27: 360-366. 

Palenske NM, Nallani GC and Dzialowski EM. 2010. 
Physiological effects  and bioaccumulation of triclosan on 
amphibian larvae. Comp Biochem Physiol., C152: 232-240. 

Patel M, Rogers JT, Pane EF and Wood CM. 2006.  Renal 
responses to acute lead waterborne exposure in the freshwater 
rainbow trout (Oncorhynchus mykiss). Aquat Toxicol., 30: 362-
371.  

Prasad M, Kumar A, Srivastav SK and Srivastav Ajai K. 2011. 
Euphorbia royleana, a botanical pesticide affects ultimobranchial 
gland of a catfish, Heteropneustes fossilis. Egyptian J Biol., 
13:14-20. 

Prasad M, Kumar A, Srivastav SK and Srivastav Ajai K. 2013. 
Nerium indicum, a botanical pesticide affects ultimobranchial 
gland of the catfish, Heteropneustes fossilis. Environ Toxicol., 28: 
661-665. 

 



 © 2018 Jordan Journal of Biological Sciences. All rights reserved - Volume 11, Number 4 399 

Pratap HB, Fu H, Lock RAC and Wendelaar Bonga SE. 1989. 
Effect of water borne and dietary cadmium on plasma ions of the 
teleost Oreochromis mossambicus in relation to water calcium 
level. Arch Environ Contam Toxicol., 18: 568-575. 

Prozialeck WC, Edwards JR, Vaidya VS and Bonventre JV. 2009. 
Preclinical evaluation of novel urinary biomarkers of cadmium 
nephrotoxicity. Toxicol Appl Pharm., 238: 301-305. 

Rai R and Srivastav Ajai K. 2003. Effects of cadmium on the 
plasma electrolytes of a freshwater fish Heteropneustes fossilis. J 
Ecophysiol Occupat Health, 3: 63-70. 

Rai R, Mishra D, Srivastav SK and Srivastav Ajai K. 2009. 
Ultimobranchial gland of a freshwater teleost, Heteropneustes 
fossilis in response to cadmium treatment. Environ Toxicol., 24: 
589-593. 

Rai R, Mishra D, Srivastav SK, Suzuki N and Srivastav Ajai K. 
2013. Effects of lead nitrate on histo-cytological alterations of 
corpuscles of Stannius of stinging catfish, Heteropneustes fossilis. 
Iranian J Toxicol., 7: 823-830. 

Relyea R A. 2005. The lethal impact of Roundup on aquatic and 
terrestrial amphibians. Ecological Applications, 15:1118-1124. 

Richards SM and Kendall RJ. 2003. Physical effects of 
chlorpyrifos on two stages of Xenopus laevis.  J Toxicol Environ 
Health, A66:75-91. 

Roch M and Maly EJ. 1979. Relationship of cadmium induced 
hypocalcemia with mortality in rainbow trout (Salmo gairdneri) 
and the influence of temperature on toxicity. J Fish Res Bd Can, 
36: 1297-1303.  

Schutte R, Nawrot TS, Richart T, Thijs L, Vanderschueren D, 
Kuznetsova T, Van Hecke E, Roels HA and Staessen JA. 2008. 
Bone resorption and environmental exposure to cadmium in 
women: A population study. Environ Health Perspects, 116: 777-
783. 

Sharma ML, Agarwal VP, Awasthi AK and Tyagi SK. 1982. 
Hematological and biochemical characteristics of Heteropneustes 
fossilis under the stress of congo red (diphenyl diszabine pthionic 
acid). Toxicol Letters, 14: 237-240. 

Sparling DW. 2003. A review of the role of contaminants in 
amphibian declines. In Hoffman DJ, Rattner BA, Burton GA Jr., 
and Cairns J Jr., (Eds) Handbook of Ecotoxicology. Lewis, Boca 
Raton, Florida, USA.pp 1099-1128. 

Srivastav A K, Srivastava S K and Srivastav Anoop K. 1997 a. 
Response of serum calcium and inorganic phosphate of freshwater   
catfish, Heteropneustes fossilis to chlorpyrifos. Bull Environ 
Contam Toxicol., 58: 915-921. 

Srivastav A K, Srivastava SK and Srivastav SK. 1997 b. Impact of 
deltamethrin on serum calcium and inorganic phosphate of 
freshwater catfish Heteropneustes fossilis. Bull Environ. Contam 
Toxicol,, 59: 841-846. 

Srivastav A K, Srivastava SK, Mishra D and Srivastav SK. 2010. 
Deltamethrin-induced alterations in serum calcium and prolactin 
cells of a freshwater teleost, Heteropneustes fossilis. Toxicol 
Environ Chem., 92: 1857-1864. 

Srivastav A K, Srivastava Shilpi and Suzuki N. 2016. Acute 
toxicity of a heavy metal cadmium to an anuran, the Indian 
skipper frog Rana cyanophlyctis. Iranian J Toxicol., 5: 39-43.  

Srivastav A K, Srivastava Shilpi, Srivastav S K and Suzuki N. 
2017. Acute toxicity of an organophosphate insecticide 
chlorpyrifos to an anuran, Rana cyanophlyctis. Iranian J Toxicol., 
11: 45-49.  

Srivastava SK, Tiwari PR and Srivastav Ajai K. 1990. Effects of 
chlorpyrifos on the kidney of freshwater catfish Heteropneustes 
fossilis. Bull Environ Contam Toxicol., 45: 748-751. 

Suzuki, N, Tabata M J, Kambegawa A, Srivastav Ajai K, Shimada 
A, Takeda H, Kobayashi M, Wada S, Katsumata T and Hattori A. 
2006. Tributylin inhibits osteoblastic activity and disrupts calcium 
metabolism through an increase in plasma calcium and calcitonin 
levels in teleosts. Life Sci., 78: 2533-2541. 

Todd BD, Scott DE, Pechmann JHK and Gibbons J W. 2011. 
Climate change correlates with rapid delays and advancements in 
reproductive timing in an amphibian community. Proc Royal Soc., 
B 278: 2191–2197. 

Tripathi S  and Srivastav Ajai  K. 2010. Cytoarchitectural 
alterations  in  kidney of  Wistar rat after oral exposure to 
cadmium chloride. Tissue Cell, 43:131-136. 

Tripathi S and Srivastav Ajai K. 2011. Alterations in the serum 
electrolytes, calcitonin cells and parathyroid gland of Wistar rat in 
response to administration of cadmium. Proc. Intern. Con. 
Environ. Pollution and Remediation Ottawa, Ontario, Canada, 17-
19 August 2011 Paper No. 126. 

Tripathi S, Suzuki N and Srivastav Ajai K. 2013. Response of 
serum minerals (calcium, phosphate and magnesium) and 
endocrine glands (calcitonin cells and parathyroid gland) of 
Wistar rat after chlorpyrifos administration. Microscopy Res Tech, 
76: 673-678. 

Velisek J, Svobodova Z and Piackova V. 2009. Effects of acute 
exposure to bifenthrin on some haematological, biochemical and 
histopathological parameters of rainbow trout (Oncorhynchus 
mykiss). Vet Med., 54: 131–137. 

Whittaker K, Michelle KS, Wake D B and Vredenburg VT. 2013. 
Global Declines of Amphibians. In: Levin S.A. (ed.) 
Encyclopedia of Biodiversity, 2nd Ed., Volume 3. Waltham, MA: 
Academic Press. pp 691-699. 

WHO. 2009. WHO Specifications and Evaluations for Public 
Health Pesticides. Chlorpyrifos O, O-diethyl O-3,5,6-trichloro-2-
pyridyl phosphorothioate. World Health Organization, Geneva. 
http://www.who.int/whopes/quality/Chlorpyrifos_           
WHO_specs_eval_Mar_2009.pdf. 

Wijesinghe MR, Bandara MG, Ratnasooriya WD and Lakraj GP. 
2011. Chlorpyrifos induced toxicity in Duttaphrynus 
melanostictus (Schneider 1799) larvae. Arch Environ Contam 
Toxicol., 60: 690-696. 

Yan D, Jiang X, Xu S, Wang L, Bian Y and Yu G. 2008. 
Quantitative structure-toxicity relationship study of lethal 
concentration to tadpole (Bufo vulgaris formosus) for 
organophosphorous pesticides. Chemosphere, 71:1809-1815. 

Yin X, Zhu G, Li XB and Liu S. 2009. Genotoxicity evaluation of 
chlorpyrifos to amphibian Chinese toad (Amphibian: Anura) by 
comet assay and Micronucleus test. Mut Res., 680: 2-6.

 

 

 


