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Abstract: Present study aimed at investigating effects of cadmium on blood electrolytes of Indian skipper frog, 
Euphlyctis cyanophlyctis. Frogs were subjected to cadmium chloride for short-term (18.432 mg/L i.e. 0.8 of 96 h LC50 
value) and long-term (4.608 mg/L i.e. 0.2 of 96 h LC50 value). Frogs were sacrificed after 24, 48, 72 and 96 h in 
short-term and after 5, 10, 15 and 30 days in long-term experiment. Blood samples were analyzed for calcium and 
inorganic phosphate levels. Serum calcium levels of frogs exposed to cadmium for 24 h exhibit no alteration. After 
48 h cadmium exposure level records a decrease which persists till 96 h. Serum inorganic phosphate levels of 
cadmium exposed frogs remain unaffected up to 48 h. Thereafter, values exhibit a progressive decrease from 72 h 
onwards. Frogs exposed to cadmium for 5 days exhibit no change in serum calcium. Thereafter, levels decrease 
progressively from day 10 till the end of the experiment (30 days 3). The serum phosphate levels of the frog 
following cadmium exposure remain unchanged till 10 days. Phosphate levels decrease progressively from 15 days 
onwards. Cadmium exposure leading to disturbances in serum calcium and phosphate levels may affect vital 
functions and even survival of frogs in nature. 
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Introduction 

Calcium is vital for living organisms and has 

been implicated in controlling a wide variety 

of physiological and biological functions 

(Srivastav et al., 2000; Michaels et al., 2015). It 

acts as a cofactor in various enzymic 

processes and couples stimulus-excitation 

reactions in muscle contraction and the 

secretion of exocrine and endocrine glands. It 

seems very difficult to mention a physiological 

process that does not, in one or another way, 

depend on calcium. Similarly, phosphorus is 

also required for intermediary metabolism 
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(phosphorylated intermediates), genetic 

information (DNA and RNA), phospholipids, 

enzyme/protein components (phosphor-

histidine, phosphoserine) and membrane 

structure (Norman and Litwack, 1987). 

 In vertebrates, the physiological control of 

these electrolytes is achieved by action on 

three major sites -- the intestine, by the 

control of absorption; the kidney, by the 

regulation of reabsorption from glomerular 

filtrate; and the bones, which act as a storage 

site for these electrolytes. Despite variations 

in intake and excretion, the coordination of 

the exchanges of these electrolytes at these 

three sites is under the strict control of three 

major hormones -- calcitonin, parathyroid 

hormone and vitamin D related steroids. 

These hormones interact with each other to 

maintain a constant concentration of these 

electrolytes. Calcitonin is a hypocalcemic 

hormone whereas parathyroid hormone and 

vitamin D metabolites are hypercalcemic.  

 The environment provides support to the 

organisms’ life, but it also has significant 

impacts on their health as several hazardous 

toxicants are continuously being added every 

day to the environment. These toxicants 

accumulate in the edible species thus render 

these natural resources unfit for the 

consumption of human beings.  

 The impact of toxicants depends on its 

amount released to the environment and also 

to the sensitivity of the organisms – some 

species are more sensitive to a particular 

toxicant than others. Environmental toxicants 

may be short-lived (non-persistent) or long-

lived (persistent even for decades). Short-

lived toxicants affect only the immediate area 

of their release whereas long-lived toxicants 

may either restricted to the area of release or 

may be transported to other areas, 

accumulate in animal tissues, biomagnify in 

food chains, and provoke significant impacts 

on organisms health. The affected organism 

may survive but in their natural environment 

such influences can render them more 

vulnerable to predators, less able to compete 

with other species and less able to withstand 

the natural stresses. 

 In recent years, the study of amphibians 

has attracted interest among researchers due 

to the global amphibian population decline. 

Several causes have been proposed for such 

decline (Chambouvet et al., 2015; Michaels et 

al., 2015; Srivastav et al., 2018). 

 Cadmium is a wide spread environmental 

contaminant. It enters in water reservoirs 

through natural (rocks and groundwater) and 

industrial sources. After entering water 

bodies cadmium may accumulate in aquatic 

organisms and plants. Although amphibians 

are a key component in ecosystem but the 

effects of cadmium have been poorly studied 

in amphibians (Selvi et al., 2003; Snodgrass et 

al., 2005; Sura et al., 2006; Mouchet et al., 

2007; Sharma and Patino, 2008; Ilona et al., 

2011; Gurkan et al., 2014). The cadmium 

accumulates in amphibian tissues (Othman et 

al., 2009; Enzymonye and Enuneku, 2012) and 

induces stress responses in frog skin 

(Simoncelli et al., 2015). There exists few 

studies regarding the interaction of cadmium 

with calcium homeostasis in mammals and 

birds. Also there are reports which describe 

the effects of certain toxicants on fish calcium 

regulation (Rai et al., 2008, 2009; Mishra et al., 

2004, 2005, 2011; Srivastav et al., 2009, 2010 

a, b; Kumar et al., 2011 a, b; Prasad et al.,   

2011 a, b, 2013). However,  from  amphibians  

there  exists   no   study   regarding  the  effects   
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of cadmium on blood calcium and phosphate 

levels. Hence, in this study an attempt has 

been made to see the impact of cadmium 

chloride on the serum calcium and phosphate 

levels of an anuran amphibian, the Indian 

skipper frog Euphlyctis cyanophlyctis. 

Materials and Methods 

Laboratory reared frogs, Euphlyctis 

cyanophlyctis (both sexes; body wt. 12-17 g) 

were selected and acclimatized under     

natural photoperiod 11.58-12.38 and 

temperature 27.21.4 C for 15 days in 30 L all 

glass aquaria. The physico-chemical 

properties of  water was pH 7.20  0.1, 

Dissolved oxygen (mg/L) 7.95  0.25, 

Hardness (mg/L) as CaCO3 167.06  5.61 and 

Electrical conductivity (mho/cm) 308.08  

66.12. Frogs were not fed 24 h before and 

during the experiment. Short-term and long-

term experiments have been performed. 

(i)  Short-term exposure:  

In this the frogs were subjected to 0.8 of 96 h 

LC50 value of cadmium chloride (18.432 

mg/L). Frogs were kept in groups of 10 in 30 L 

media. Simultaneously, a control group 

(separate control group for each interval) was 

also used for comparison. Six frogs were killed 

on each time intervals from control and 

experimental groups after 24, 48, 72 and 96 h 

of exposure period.  

(ii) Long-term exposure:  

The frogs were subjected to  4.608 mg/L (0.2 

of 96 h LC50 value) of cadmium chloride for 30 

days. Simultaneously, a control group 

(separate control group for each interval) 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.  

 At each interval (in short- and long-term 

experiment) frogs were slightly anesthetized 

with ether and blood samples were collected 

by cardiac puncture. Blood samples thus 

collected were allowed to clot at room 

temperature. Sera were separated by 

centrifugation (at 3000 rpm) and kept at -20C 

until analyzed for serum electrolytes by 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.  

 All data were presented as the mean  SE 

of six specimens and Student’s t test was used 

to determine statistical significance. In all 

studies, the experimental group was 

compared to its specific time control group. 

Results 

(a) Short-term cadmium chloride exposure (0.8 
of 96 h LC50): 

The serum calcium levels of the frogs exposed 

to cadmium for 24 h exhibit        no  alteration.  

After 48 h cadmium  exposure  the  level  

records  a decrease. This       response persists 

till the end of the experiment (96 h) (Fig. 1). 

  

Fig. 1. Serum calcium levels of short-term cadmium 
chloride treated Euphlyctis cyanophlyctis. Values are 
mean ± S.E. of six specimens. Asterisk indicates 
significant differences (P< 0.05) from control. 
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 Up to 48 h following exposure of 

Euphlyctis cyanophlyctis to cadmium the 

serum inorganic phosphate levels remain 

unaffected. Thereafter, the values exhibit a 

progressive decrease from 72 h onwards     

(Fig. 2). 

 

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

(b) Long-term cadmium chloride exposure (0.2 
of 96 h LC50): 

The frogs exposed to cadmium for 5 days 

exhibit no change in the serum calcium level. 

Thereafter, the levels decrease progressively 

from day 10 till the end of the experiment (30 

days; Fig. 3). 

 

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

 

 The serum phosphate levels of the frog 

following cadmium exposure remain 

unchanged till 10 days. The phosphate levels 

decrease progressively from 15 days onwards 

(Fig. 4). 

 

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

Discussion 

In this study cadmium treatment caused 

hypocalcemia and hypophosphatemia in frogs. 

There exists no report regarding the effect of 

toxicants on the blood/serum calcium and 

phosphate levels of frogs, hence this study is 

first report regarding the cadmium induced 

hypocalcemia and hypophosphatemia in frogs. 

The observed hypocalcemia in cadmium 

exposed frogs is in conformity with the 

reports of other investigators who have 

observed similar effects after exposure of 

cadmium to fish (Larsson et al., 1981; Pratap 

et al., 1989; Rai and Srivastav, 2003; Rai et al., 

2009), rabbits (Kenny, 1966) and rats 

(Tripathi and Srivastav, 2011). After treatment 

with various toxicants hypocalcemia has also 

been noticed in amphibian -- chlorpyrifos 

(Srivastav et al., 2018) and the fish– 

deltamethrin (Srivastav et al., 1997, 2010 a), 

cypermethrin (Mishra et al., 2011), lead (Rai 
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et al., 2010, 2013) and botanical pesticides 

(Kumar et al., 2011 a, b; Prasad et al., 2011 a, 

b, 2013). However, few investigators have 

reported either no effect (Oner et al., 2008; 

Velisek et al., 2009) or increased blood 

calcium levels (Sharma et al., 1982; Suzuki et 

al., 2006) after treatment of fish to various 

toxicants. 

 Hypophosphatemia has been recorded in 

the foregoing study following cadmium 

treatment to frogs. In past hypophosphatemia 

has been noticed after treatment with 

toxicants to ampbhibian (chlorpyrifos- 

Srivastav et al., 2018), fish (cadmium – Rai and 

Srivastav, 2003; deltamethrin – Srivastav et al., 

1997; azadirachtin – Kumar et al., 2011 a; 

Euphorbia tirucalli – Kumar et al., 2011 b; 

Nerium indicum –Prasad et al., 2011 b), 

chicken (gammabenzene hexachloride and 

quinalphos – Agarwal et al., 2009) and rats 

(cadmium – Tripathi and Srivastav, 2011; 

chlorpyrifos – Tripathi et al., 2013). 

 The decrease in blood electrolytes of frogs 

after cadmium treatment could be attributed 

to the degeneration of kidney tubules. 

Degeneration of kidney tubules have been  

noticed after toxicant treatment to 

amphibians (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). Renal lesion may cause toxicant 

induced hyperfiltration in the kidney thus 

resulting into increased urinary efflux of these 

electrolytes (Chmielnicka et al., 1989; 

Prozialeck et al., 2009). In cadmium exposed 

women increased calciuria has been noticed 

(Schutte et al., 2008). In past few investigators 

have also attributed degenerative changes in 

renal tubules as one of the main causes of 

hypocalcemic responses in cadmium exposed 

fishes (Koyama and Itazawa, 1977; Roch and 

Maly, 1979; Larsson et al., 1981; Haux and 

Larsson, 1984). Earlier it has been opined that 

lead induced ionoregulatory toxicity in 

rainbow trout, particularly the disturbance of 

Ca2+ homeostasis, is not exclusively a 

branchial phenomenon, but is in part a result 

of disruption of ionoregulatory mechanisms at 

the kidney (Patel et al., 2006). 

 Celvero et al. (1998) reported cadmium 

induced larval teratogenic and developmental 

abnormalities in amphibians. It also induced 

increased micronuclei (genotoxicity test) in 

Xenopus laevis larvae (Houchet et al. 2007) 

and developmental  delay with decline in 

survival of Bufo tadpoles (James and Little, 

2003). 

Conclusion 

It is concluded that cadmium chloride 

exposure adversely affects the blood 

electrolytes of the frog, thus causing 

physiological imbalances which might affect 

normal vital functions, growth rate, 

reproduction and also their survival in nature. 

These effects could be considered as one of 

the factor causing amphibian population 

decline. 
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