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dopamine appears not to be related with the overall renal sodium retention in a state of proteinuria. Keywords: aromatic L-amino acid decarboxylase (AADC); fenoldopam; Naþ,Kþ-ATPase; nephrotic syndrome; renal dopamine; sodium handling



Introduction Evidence has been gathered implicating a primary renal sodium handling abnormality in the edema formation of nephrotic syndrome. The nephrotic state was associated with enhanced sodium retention in the cortical collecting duct. It was suggested by Deschenes and Doucet [1] that the mechanism responsible for the primary distal sodium retention in nephrotic syndrome is the combination of a blunted natriuretic response to atrial natriuretic peptide (ANP) [2] and an enhanced Naþ,Kþ-ATPase activity in the cortical collecting duct [3]. The ANP resistance, which occurs after ANP binding to its receptors in the collecting duct, appears to result from the activation of a phosphodiesterase responsible for the catabolism of cyclic guanosine monophosphate (cGMP), the second messenger of ANP [4]. On the other hand, a primary sodium handling abnormality in the proximal tubules has been invoked recently with the observation that sodium retention in the nephrotic syndrome may be associated with a shift of the Naþ/Hþ exchanger NHE3 from the inactive to an active pool [5]. However, the Naþ,Kþ-ATPase activity in proximal convoluted tubules was shown not to differ between nephrotic and control animals [6] and, therefore, the role of the proximal tubules in the enhanced sodium retention in the nephrotic syndrome still remains to be fully elucidated. The epithelial cells of proximal tubules are endowed with a high aromatic L-amino acid decarboxylase (AADC) activity, the enzyme responsible for the
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Abstract Background. A primary tubular sodium handling abnormality has been implicated in the edema formation of nephrotic syndrome. Dopamine synthesized by renal proximal tubules behaves as an endogenous natriuretic hormone by activating D1-like receptors as a paracrine/autocrine substance. Methods. We examined the time courses of the urinary excretion of sodium, protein and dopamine in puromycin aminonucleoside (PAN)-treated and control rats. The rats were sacriﬁced during greatest sodium retention (day 7) as well as during negative sodium balance (day 14) for the evaluation of renal aromatic L-amino acid decarboxylase (AADC) activity, the enzyme responsible for the synthesis of renal dopamine. Also, the inﬂuence of volume expansion (VE) and the effects of the D1-like agonist fenoldopam (10 mg/kg bw/min) on natriuresis and on proximal tubular Naþ,Kþ-ATPase activity were examined on day 7. Results. The daily urinary excretion of dopamine was decreased in PAN-treated rats, from day 5 and beyond. This was accompanied by a marked decrease in the renal AADC activity, on days 7 and 14. During VE, the fenoldopam-induced decrease in proximal tubular Naþ,Kþ-ATPase activity was more pronounced in PAN-treated rats than in controls. However, the urinary sodium excretion during fenoldopam infusion was markedly increased in control rats but was not altered in PAN-treated animals. Conclusion. PAN nephrosis is associated with a blunted renal dopaminergic system activity which may contribute to enhance the proximal tubular Naþ,Kþ-ATPase activity. However, the lack of renal



Renal dopamine in PAN nephrosis



Materials and methods In vivo studies PAN-induced nephrosis. Normotensive male Sprague– Dawley rats (Harlan, Barcelona, Spain), weighing 200–220 g, were selected after a 7-day period of stabilization and adaptation to blood pressure measurements. The animals received a single intraperitoneal injection of 10 ml/kg bw of PAN (150 mg/kg bw) or the vehicle (NaCl 0.9%) on day 0. Metabolic studies. The animals were kept under controlled environmental conditions (12:12 h light/dark cycle and room temperature 22±2 C); ﬂuid intake and food consumption were monitored daily throughout the study. Two days before the PAN or vehicle injection, the rats were placed in metabolic



cages (Techniplast, Buguggiate-VA, Italy). The PAN and control rats had free access to tap water. The PAN-treated rats were fed ad libitum throughout the study with ordinary rat chow (Panlab, Barcelona, Spain) containing 1.9 g/kg of sodium. In order to achieve the same daily sodium intake between the two groups, the control rats had only access to the mean daily rat chow intake of the PAN-treated animals. Twenty-four hour urine was collected, on even days in empty vials for later determinations of sodium, protein and creatinine and on uneven days in vials containing 1 ml hydrochloric acid 6 M (to avoid the spontaneous oxidation of the amines and its derivatives) for later determination of catecholamines. Urine volume was gravimetrically determined. Blood pressure (systolic and diastolic) and heart rate were measured daily throughout the study in conscious restrained animals, between 7.00 and 10.00 AM, using a photoelectric tail-cuff pulse detector (LE 5000, Letica, Barcelona, Spain). Animals were sacriﬁced on day 7 and on day 14 after injection. On the days of sacriﬁce the animals were anaesthetized with pentobarbital sodium (50 mg/kg bw; i.p.) and the ascites volumes were measured through moistening and weighing an absorbent paper. Blood was collected from the heart in tubes containing heparin and lithium/ heparin for later determination of plasma catecholamines and biochemical parameters, respectively. The kidneys were rapidly removed, weighed and the outer cortex isolated. Fragments of renal cortex were used for later determination of AADC activity. Other fragments of renal cortex, weighing 200 mg, were placed in vials containing 1 ml of 0.2 M perchloric acid, stored at 80 C until quantiﬁcation of catecholamines by HPLC with electrochemical detection. Segments of jejunum, 10 cm in length, were also removed, opened longitudinally with ﬁne scissors and rinsed free from blood and intestinal contents with cold saline; thereafter, the jejunal mucosa was removed with a scalpel for later determination of AADC activity.



Volume expansion. In another set of experiments, 7 days after PAN or vehicle injection, the animals were anaesthetized with pentobarbital sodium (50 mg/kg bw followed by 20 mg/ kg bw/h; i.p.) and were subjected to volume expansion (VE) with saline (0.9% NaCl) through a catheter in the jugular vein, as previously reported [12]. The infusion of fenoldopam (10 mg/kg bw/min) or the vehicle (0.9% NaCl) started at a rate of 5 ml/kg bw/h for 120 min; during this period two consecutive 60 min urine samples were collected (t ¼ 0–120 min, basal). After this stabilization period the VE was started increasing the infusion to a rate of 50 ml/kg bw/30 min (5% body weight, t ¼ 120–150 min, VE). Thereafter, the infusion was again reduced to 5 ml/kg bw/h for 90 min; during this recovery period, urine sampling was performed every 30 min until the end of the experiment (t ¼ 150–180 min, R-VE1; t ¼ 180–210 min, R-VE2 and t ¼ 210–240 min, RVE3). The urine was collected in empty vials for later determinations of sodium and creatinine and in another set of experiments the urine was collected in vials containing 50 ml of hydrochloric acid 6 M for later determination of dopamine. Because the dopamine assay requires higher urine volumes, the recovery periods 2 and 3 were collected jointly. At the end of this protocol the animals were euthanized and the kidneys were removed for later determination of Naþ,Kþ-ATPase activity in proximal tubular cells.
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conversion of circulating or ﬁltered L-3,4-dihydroxyphenylalanine (L-Dopa) to dopamine [7]. The renal dopaminergic system appears to be highly dynamic and basic mechanisms for the regulation of this system are thought to depend mainly on the availability of L-Dopa, its fast decarboxylation into dopamine and in precise and accurate cell outward amine transfer mechanisms [7,8]. Dopamine synthesized by the renal proximal tubules behaves as an endogenous natriuretic hormone by activating D1-like receptors as a paracrine/ autocrine substance [7,9]. During moderate sodium surfeit, dopamine of renal origin accounts for 50% of sodium excretion [8,9]. Renal dopamine decreases tubular sodium reabsorption by inhibition of Naþ,KþATPase activity directly or in response to the decrease in intracellular sodium following inhibition of Naþ/Hþ exchanger NHE3 [9,10]. Dopamine of renal origin can regulate sodium balance also by interaction with other natriuretic factors such as ANP [8]. In the late 1980s, several laboratories reported that the natriuretic response to ANP requires an intact renal dopaminergic system. More recently, the interaction between ANP and renal dopamine was further reinforced by the ﬁndings that ANP and its second messenger, cGMP, cause a rapid translocation of the D1-like receptors to the plasma membrane [11]. On the basis of these considerations, this study was undertaken with the aim to evaluate the role of renal dopaminergic system in the sodium retention observed in rats with puromycin aminonucleoside (PAN)induced nephrotic syndrome. For this purpose, we examined the time courses of the urinary excretion of sodium, protein, dopamine, the precursor L-Dopa and metabolites (3,4-dihydroxyphenylacetic acid, DOPAC and homovanillic acid, HVA) in PAN-treated and control rats. The rats were sacriﬁced on days 7 and 14 for the evaluation of the renal AADC activity. Also, the inﬂuence of volume expansion and the effects of the D1-like receptor agonist fenoldopam on sodium excretion and on proximal tubular Naþ,KþATPase activity were examined during the phase of greatest sodium retention and ascites accumulation (day 7).
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In vitro studies AADC activity. Fragments of renal cortex and jejunal mucosa were homogenized at 4 C with a Thomas Teﬂon homogenizer (Poliscience Corp., IL, USA) in the incubation medium containing (in mM): 0.35 NaH2PO4, 0.15 Na2HPO4, 0.11 Na2B4O7 and 0.2 pyridoxal phosphate (pH 7.0). Tolcapone (1 mM) and pargyline (100 mM) were added to the incubation medium in order to inhibit the metabolization of dopamine by catechol-O-methyltransferase (COMT) and monoamine-oxidase (MAO), respectively. Activity of AADC was determined as previously described by Soares-da-Silva [12] using L-Dopa (0.1–10 mM) as substrate. The assay of dopamine was performed by HPLC with electrochemical detection. The protein content in cell suspension (1.5 mg/ml) was determined by the Bradford method [13].



Assay of catecholamines. The assay of catecholamines and its metabolites in urine, plasma samples, renal tissues and in samples from AADC studies were performed by HPLC with electrochemical detection, as previously described [16]. In our laboratory, the lower limit of detection of L-Dopa, dopamine, DOPAC and HVA ranged from 350 to 1000 fmol.



Plasma and urine ionogram and biochemistry. Ionselective electrodes performed the quantiﬁcations of sodium in plasma and urine samples. Urea was measured by an enzymatic test and creatinine by the Jaffe´ method. Total proteins were determined by a colorimetric test, the biuret reaction. All assays were performed by Cobas Mira Plus analyser (ABX Diagnostics, Switzerland). Creatinine clearance was calculated using 24 h urinary creatinine excretion. Fractional excretion of sodium (FENaþ) was calculated as previously reported [12]. Sodium balance was determined subtracting the absolute daily urinary sodium excretion (mmol/24 h) to daily sodium intake (mmol/24 h). Drugs. The compounds ATP, DOPAC, dopamine hydrochloride, HVA, L-Dopa, ouabain, PAN, pargyline hydrochloride and fenoldopam were obtained from Sigma (St Louis, MO, USA). Tolcapone was kindly donated by the late Professor Mose´ Da Prada (Hoffmann-La Roche, Basel, Switzerland). Statistics. Results are means ± SE of values for the indicated number of determinations. Maximal velocity (Vmax) and Micha¨elis–Menten coefﬁcient (Km) for AADC enzymatic assay were calculated from non-linear regression analysis using GraphPad Prism statistics software package [17] and compared by one-way ANOVA followed by Student’s t-test for unpaired comparisons. P 
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