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In the rainbow trout, acute and chronic waterborne Ni exposure leads to marked renal Ni accumulation (Calamari et al., 1982; Pane et al., 2003; Pane et al., 2004).  The effects of extensive Ni loading on renal function following either acute or chronic Ni exposure, however, have not been well studied.  

The investigation of renal function during acute, high-level Ni exposure is particularly relevant given that acute Ni exposure causes a respiratory acidosis in the rainbow trout (Pane et al., 2003), and given that the kidney is an important extrabranchial organ of acid-base regulation.  In addition to characterizing the impact of Ni exposure on basic renal function, we sought to determine the extent of renal compensation of Ni-induced respiratory acidosis.

Additionally, in the rainbow trout, chronic Ni exposure limits maximal aerobic swimming capacity (Pane et al., 2004).  While a substantial portion of this limitation is attributable to reduced branchial diffusing capacity, it has been suggested that additional limitation of exercise performance may stem from extrabranchial organ damage.  Because renal water and electrolyte handling is important in swimming performance (Wood and Randall, 1973), and because chronic Ni exposure leads to high levels of kidney Ni, we also evaluated renal function following chronic Ni exposure.

The present study used in vivo techniques to investigate renal function during acute and chronic waterborne Ni exposure.  Adult rainbow trout (200 – 400 g) were divided into three groups.  A control group (C) received clean, moderately hard (140 mg L-1 as CaCO3) Lake Ontario tap water for 35 days (the acclimation phase), followed by clean water for 96 h during acute experiments.  Unacclimated fish (U) received clean water during the acclimation phase, but were challenged acutely by 96 h exposure to 10 mg Ni L-1 (~ 30% of the 96 h LC50).  Acclimated fish (A) were exposed to 400 g Ni L-1 (a completely sublethal concentration) for 35 days, followed by 96 h exposure to 10 mg Ni L-1.  Over the 96 h acute challenge period, blood and urine were sampled repetitively via surgically implanted indwelling arterial and urinary catheters, respectively.  

Over 96 h of acute Ni exposure, glomerular filtration rate (GFR) fell sharply in both acclimated and unacclimated fish (~ 66%) with no change in control rates (Figure 1).  Chronic Ni acclimation had only a minor effect on acute, Ni-induced reductions in GFR, delaying the onset of significantly reduced GFR in 


[image: image1.wmf]Time (h)

-6

6

18

30

42

54

66

78

90

GFR (mL kg

-1

 h

-1

)

0

1

2

3

4

5

6

7

Acc/Ni

Unacc/Ni

Control

*

*

*

*

*

*


Figure 1.  Glomelular filtration rate (GFR) measured during acute Ni challenge.  A, U, and C, are chronically acclimated - acutely challenged, chronically unacclimated - acutely challenged, and control, respectively.  Values are means ± 1 S.E.M. (n = 4 – 8).  Asterisk denotes significantly different (P < 0.05) from simultaneous control mean by means of a oneway ANOVA and 2-sided Dunnett’s post hoc test.

acclimated fish by 36 h.  By 78 h, GFR values in both acclimated and unacclimated fish reached the theoretical minimum value in that they were equivalent to (and not significantly different from) urine filtration rates (UFR).  Unchanged urine flow rates (UFR) in all three of the groups (data not shown), suggests concomitant reductions in water reabsorption to keep UFR constant in fish subjected to acute Ni challenge. 

Urine pH fell sharply in unacclimated fish and was significantly lower than control pH from 48 h onward (Figure 2a).  The 96 h urine pH value of unacclimated fish was approximately 1 unit lower than the simultaneous control value.  Interestingly, urine pH was well conserved in acclimated fish.  The pH drop in unacclimated fish was consistent with a significant increase in the 96 h urinary excretion rate of titratable acid equivalents for unacclimated fish as compared to the rate for acclimated fish (5.06 mol H+ kg-1 h-1 vs. -0.55 mol H+ kg-1 h-1).  Acid-buffering capacity in the urine of unacclimated fish was augmented by increased appearance of urine inorganic phosphate (Figure 2b).  

Renal ion handling was ion-specific, as demonstrated by the differential handling of Ca2+ and Mg2+.  After 96 h of acute Ni challenge, the urinary excretion rate of Ca2+ was higher in unacclimated fish than in acclimated fish, yet both of these rates were lower than control rates (1.47 mol kg-1 h-1 acclimated, vs. 2.27 mol kg-1 h-1 unacclimated, vs. 3.24 mol kg-1 h-1 control).   These results suggest that urine Ca2+ handling is not greatly perturbed by Ni exposure, and are consistent with the lack of significant effect of acute Ni challenge on plasma Ca2+ concentration measured in either a previous study (Pane et al., 2003), or the present study (data not shown).  

Conversely, renal Mg2+ handling appeared to be more sensitive to acute Ni challenge.  Similarly to Ca2+, urinary excretion rates of Mg2+ were higher in unacclimated fish than in acclimated fish, again suggestive of a protective effect of chronic acclimation.  However, urinary Mg2+ excretion rates in these two groups of acutely challenged fish were higher than control rates (1.72 mol kg-1 h-1 acclimated, vs. 3.00 mol kg-1 h-1 unacclimated, vs. 0.76 mol kg-1 h-1 control).  These results, combined with a significantly decreased plasma Mg2+ concentration in unacclimated fish at 96 h (0.59 ± 0.05 mM unacclimated vs. 0.78 ± 0.02 mM control) strongly suggest that increased urinary Ni in unacclimated fish (1985.5 ± 549.7 g L-1 vs. 7.9 ± 4.1 g L-1 control) directly interferes with tubular Mg2+ reabsorption in the rainbow trout kidney. 
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Figure 2.  Renal acid-base parameters measured during acute Ni challenge.  All symbols are as described in Figure 1.  Values are means ± 1 S.E.M. (n = 4 – 8).  A) Urine pH.  B) Urine inorganic phosphate concentration.

Analysis of renal function during acute Ni exposure confirmed that the trout kidney was actively involved in compensation of a Ni-induced respiratory acidosis via increased net acid excretion in conjunction with increased urine buffering capacity achieved by increased urinary phosphate excretion.  Comparison of this acid excretory response in unacclimated fish during acute Ni challenge with the lack of acid excretion (and well-conserved urine pH and inorganic phosphate concentration) in chronically acclimated fish suggests that chronic, sublethal Ni exposure allowed trout to better resist acid-base disturbances elicited by acute Ni exposure.

Additionally, as both the urinary excretion rate and plasma concentration of Mg2+ were better conserved in chonically Ni-acclimated fish as compared to unacclimated fish, sublethal Ni exposure protected against acute Mg2+ disturbance induced by acute Ni exposure.  The potential mechanisms of this protective effect of chronic Ni acclimation are currently being investigated via ion transport studies using brush border membrane vesicles isolated from kidneys of chronically acclimated and unacclimated rainbow trout.
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