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The effect of elevated dietary calcium (as CaCO3) on the responses of juvenile rainbow trout (Oncorhynchus mykiss) to  dietary and acute waterborne Cd exposure  were examined. Endpoints measured included whole body uptake and internal distribution of both newly accumulated and total Cd and Ca2+ . .  

Methodology

Fish were fed with four diets 20 mg Ca2+/g food (control), 50 mg Ca2+/g food, 300 (g Cd/g food, and 300 (g Cd/g food + 50 mg Ca2+/g food. After 15 or 30 days of exposure to experimental diets, ten fish from each group were collected, weighed and transferred to 450 mL flux chambers containing dechlorinated Hamilton tap water (moderately hard water)  for each measurement of uptake rates at the gills (whole body uptake rate) and internal distribution (tissue specific accumulation) of the newly accumulated metal. For each diet, the following  flux  (including internal distribution) measurements were made: Ca2+ influx rate, Ca2+ influx rate in the presence of acute exposure to 50 (g/L Cd (as CdCl2), and Cd influx rate during acute exposure to 50 (g/L Cd.  The flux chambers contained an isotope solution (10 (Ci/L 45Ca++ or 2 (Ci/L 109Cd, from New England Nuclear, Boston, MA) and CdCl2 (to Cd-exposed fish). Controls for each diet treatment were submitted to the same treatment but without the addition of Cd to the water. 

After 3 h, fish were anesthetized, their blood collected and then sacrificed, and gills, kidney, liver, and the remaining carcass were collected. Tissues were then partitioned for radioactivity analysis (for newly accumulated metal concentrations).Thereafter, , gills, kidney, carcass, liver, and bone were digested in 3-5 volumes of 1N HNO3 for 24-48 h at 60oC. These tissues and water samples were analyzed using flame (AAS; Ca2+) or graphite furnace (GFAAS; Cd) atomic absorption spectrophotometry (Varian AA-1275 fitted with a GTA-95 graphite tube atomizer). Comparisons among different diets, times of exposure to these diets and acute Cd exposure (for Ca+2 fluxes) were made by multivariate analysis of variance and Tukey test.

Results
Mortality was low (2-5%) through the 30 days of experiment and there were no significant differences among treatments. There were also no significant differences in specific growth rates among the treatments. All treatment diets significantly reduced rainbow trout whole body waterborne Ca2+ uptake after 15 days of feeding (P < 0.05).Dietery Cd exposure resulted in decreased whole body Ca2+ uptake. Increase of dietary Ca2+  did not  prevent the inhibitory effect of dietary Cd on Ca2+ uptake, and also did not allow the recovery of this uptake after 30 days. Treatments diets also did not alter  the inhibition of whole body Ca2+ uptake and newly accumulated Ca2+ caused by acute exposure to waterborne Cd. Dietary Cd supplementation for 15 days led to a significantly higher whole body waterborne Cd uptake (P < 0.05), but after 30 days it decreased and was not significantly different from that in fish fed with control diet (Figure 1). 
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Figure 1 – Cadmium whole body influx rates of rainbow trout exposed to diets with different Ca2+ and Cd concentrations. Means + 1 SEM (N = 8–9).

Means with different letters in the same time of feeding are significantly different (P < 0.05) as determined by two-way ANOVA and by the Tukey test.
* significantly different from group exposed to the same diet at 15 days (P<0.05)

Dietary Ca2+ supplementation abolished the increase of whole body waterborne Cd uptake and newly accumulated Cd in the gills provoked by the Cd-supplemented diet 15 days after feeding. Moreover, it also kept whole body waterborne Cd uptake significantly lower than did the control diet and newly accumulated Cd in the gills significantly lower than did Cd-supplemented diet after 30 days (P < 0.05). Fish fed with Cd- and Ca2++ Cd-supplemented diets showed significantly higher total Cd after 15 and 30 days of feeding in all compartments (except plasma, only after 15 days of feeding) than those fed with control and Ca2+-supplemented diets (P < 0.05). However, fish fed with Ca2++ Cd-supplemented diet showed significantly lower total Cd in most compartments after 30 days of feeding than those fed with the Cd-supplemented diet (P < 0.05). After 30 days of feeding, total Cd in the plasma was significantly higher in fish fed with Ca2++ Cd-supplemented diet than in fish fed with all other diets (P < 0.05) (Table 1). 

Table 1 – Effect of treatment diets on total Cd in several compartments of rainbow trout. Values in µg/g tissue or µg/mL (plasma). Means + 1 SEM.  N = 9-10 fish

	
	
	Day of exposure

	Compartment
	Diet
	15
	30

	Gills
	Control
	0.34±0.002a
	0.32±0.021a

	
	Cd 
	1.48±0.100b
	1.64±0.144b

	
	Ca2+ 
	0.31±0.017a
	0.31±0.017a

	
	Ca2+ + Cd
	1.34±0.106b
	1.30±0.076c

	Carcass
	Control
	0.006±0.0004a
	0.006±0.0007a

	
	Cd 
	7.15±0.803b
	4.08±0.304b *

	
	Ca2+ 
	0.007±0.0005a
	0.005±0.0004a

	
	Ca2+ + Cd
	1.67±0.144c
	2.13±0.123c

	Kidney
	Control
	0.039±0.004a
	0.043±0.005a

	
	Cd 
	3.59±0.354b
	5.75±0.580b *

	
	Ca2+ 
	0.072±0.008a
	0.038±0.002a

	
	Ca2+ + Cd 
	2.82±0.386b
	3.88±0.292c

	Liver
	Control
	0.017±0.002a
	0.019±0.002a

	
	Cd 
	2.12±0.180b
	2.60±0.236b

	
	Ca2+ 
	0.023±0.003a
	0.016±0.003a

	
	Ca2+ + Cd
	1.61±0.128b
	2.00±0.130c

	Plasma
	Control
	0.007±0.001a
	0.009±0.002a

	
	Cd 
	0.037±0.006b
	0.011±0.002a *

	
	Ca2+ 
	0.007±0.001a
	0.007±0.001a

	
	Ca2++ Cd
	0.020±0.002ab
	0.049±0.008b *

	Bone
	Control
	0.007±0.001a
	0.005±0.001a

	
	Cd 
	0.205±0.046b
	0.302±0.032b

	
	Ca2+ 
	0.005±0.001a
	0.005±0.002a

	
	Ca2 + Cd
	0.218±0.055b
	0.401±0.086b *


For each compartment, means with different letters in the same columns are significantly different (P < 0.05) as determined by two-way ANOVA and by the Tukey test. * significantly different from group exposed to the same diet at 15 days (P<0.05)

Conclusion
Dietary Cd exposure led  to an accumulation of this metal in the tissues, affected waterborne Cd uptake and internalization, and for some days reduced waterborne Ca2+ uptake and internalization in some tissues. Dietary Ca2+ supplementation did not change the inhibitory effect of dietary Cd on waterborne Ca2+ uptake, but strongly reduced Cd uptake in most tissues. It is therefore possible that dietary Ca is protective against both waterborne and dietary Cd toxicity.
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