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Summary. Although A D P K D  is one of the first kidney diseases to be under- 
stood from the gene to the pathogenesis of clinical abnormalities, there were 
no data concerning the renal handling of amino acids and possible disorders of 
amino acid (AA)  pattern in these patients. Therefore,  in 9 patients suffering 
from A D P K D  and in 8 healthy normal  persons (NP) renal amino acid excre- 
tion was measured before and after extracellular volume expansion (ECVE)  
(21 of physiological electrolyte solution). Renal  function was stable in both 
groups (serum creatinine: A D P K D :  85.1 _+ 18.4 vs. NP 84.4 _+ 13.5btmol/1; 
GFR: 93.8 _+ 16.4 vs. 104.4 _+ 9.4ml/min/1.73m2). Mean blood pressure was 
higher in A D P K D  patients than in NP (99.4 _+ 2.6 vs. 85.5 _+ 2.4mmHg),  but 
did not change after ECVE.  After  E C V E  in both groups, urine volume 
increased distinctly, whereas GFR was only slightly enhanced.  The plasma 
concentrations of leucine, glycine, valine, threonine,  glutamine, and alanine 
were significantly higher in controls than in A D P K D  patients. The amino acid 
reabsorption capacity was reduced in A D P K D  patients in 12 of 21 amino 
acids before ECVE.  After  ECVE,  the fractional excretion of amino acids 
(FEAA) increased only in NP. In parallel with changes in amino acid handling, 
the FEN~ (%) after E C V E  increased both in A D P K D  patients and in NP 
(before E C V E  - A D P K D :  1.22 + 0.23 vs. NP: 1.53 _+ 0.23; after ECVE:  3.17 
+_ 0.25 ( A D P K D )  vs. 2.74 _+ 0.22/NP; ( A D P K D  p -< 0.01, NP p -< 0.02) 
whereas FEu  (%) increased significantly only in A D P K D  (p -< 0.045) range 
(before E C V E  - A D P K D :  25.8 _+ 8.9 vs. NP: 20.5 _+ 4.0; after ECVE:  41.4 _+ 
5.4 vs. 25.2 _+ 3.9). Fur thermore ,  concentrations of cGMP (pmol/ml) in plasma 
increased after E C V E  (before E C V E  - A D P K D :  5.31 -+ 0.56 vs. NP: 6.65 _+ 
0.79; after ECVE:  11.31 _+ 1.66 vs. 11.30 _+ 1.91; p -< 0.05). Na+-dependent  
and, perhaps, NO-media ted  processes in the reabsorption of A A  in the proxi- 
mal tubule seem to be different in A D P K D  and may be related to different 
distributions of receptors and ATP-dependen t  transport  systems with 
pathogenetic  impact on abnormal  transtubular fluid transport  in A D P K D .  
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Introduction 

Autosomal  dominant  polycystic kidney disease (ADPKD)  is a hereditary 
disease occurring in one out of 200 to 1,000 individuals. A D P K D  is character- 
ized by cystic lesions in the kidneys and often by structural abnormalities in 
the gastrointestinal tract and cardiovascular system (Zeier et al., 1988; Fick, 
1992; Zerres, 1992). 

In recent years there has been a flurry of investigative activity with the 
identification of two chromosomes (4 and 16) carrying a putative gene 
(Reeders et al., 1985; Kimberling et al., 1988; Fick, 1992), with description of 
the early phases of the disorder (Gabow et al., 1984), and with broadening of 
the concept of the disorder into that of a systemic disease. 

A D P K D  has been shown to be associated with a greater than 50 % 
incidence of hypertension prior to deterioration in renal function as assessed 
by glomerular filtration rate. Thus it appears that hypertension is an early 
event in the natural history of A D P K D  (Zeier et al., 1988). 

A further observation is an abnormal distribution of epidermal growth 
factor receptor and of the Na+/K+-ATPase in tubular epithelial cells. Nor- 
mally located at the basolateral membrane  of the collecting duct there is a 
persistence of apical membrane  Na+/K+-ATPase in patients with A D P K D  
(Arner  et al., 1992; Fick, 1992; GriJnfeld et al., 1992; Saggar-Malik et al., 1994). 
This finding may have pathogenetic importance in abnormal transtubular 
fluid transport; i.e. secretion instead of reabsorption of sodium into the cysts 
lumen, due to altered polarity of Na+/K+-ATPase (Wilson et al., 1991; Ritz et 
al., 1993). With a deterioration of kidney function, both proximal and distal 
tubular reabsorption of sodium is reduced and the accompanying changes of 
atrial natriuretic peptide and urinary excretion of prostaglandin E 2 may be 
compensatory phenomena  counteracting declining GFR (Sorensen et al., 
1990). Fur thermore a volume expansion in ADPKD-pat ients  yielded an in- 
creased fractional excretion of sodium with a significant shift of the pressure- 
natriuresis regression line to the right (Torres et al., 1989). 

To the best of our knowledge there are no data regarding the management  
of amino acids and possible disorders of aminoaciduria or amino acid patterns 
in patients with ADPKD.  

Patients and methods 

Experimental design 

1. Patients 

A total of 9 patients (3 male, 6 female) with ADPKD and 8 healthy normal persons (NP; 
3 male, 5 female) sex- and age-matched (34.6 _+ 13.0 vs. 32.7 +_ 11.4 years) were examined. 
No significant difference in body-mass-index was existing between the two groups (23.7 _+ 
4.0 vs. 22.1 _+ 2.3). Renal function was stable in both groups (serum creatinine: ADPKD: 



Renal amino acid handling in ADPKD 3] 3 

85.1 _+ 18.4 vs. NP 84.4 _+ 13.5,umol/l; GFR: 93.8 _+ 16.4 vs. 104.4 +_ 9.4 ml/min/1.73 m2). 24- 
h-ambulatory blood pressure measurement (Space Labs ~') model 90207, Redmond Inc., 
Washington, USA) yielded MAP of 84.5 +_ 5.9mmHg in NP vs. 95.1 _+ 5.7mmHg in 
ADPKD (p < 0.01). 

Both groups were instructed to keep a strict sodium-reduced diet of 20mmol/d sodium 
supplemented by 80 mmol/d of "slow-release-salt-tablets" (Ciba ® Lab's, Horsham, Eng- 
land) for 7 days. Dietary protein intake was lg/kg body weight. During the 5 days 
preceding the study, compliance was monitored by 24-hour-urine collections (mean urine 
sodium: 100 mmol/d, mean urine urea: 300 retool/d). All antihypertensive medication was 
withdrawn 3 days before the first examination. 

2. Treatment regimen 

On days 6 and 7, patients were admitted to the ward. All measurements were carried out 
in fasting patients, starting at 7 a.m. after a 30min rest in supine position in a quiet 
room. Both groups were hydrated with 600 ml of tea in the first and 400 ml in the following 
hours. Continuous blood pressure measurements were carried out at 20-min intervals 
during the day and at 30-min intervals during the night (10 p.m. to 6 a.m.) or every 
6min during volume expansion. Blood samples were collected to detect baseline 
levels of electrolytes and creatinine at 7 a.m. On day 7, cGMP in plasma, FEN~ , and 
amino acids in plasma and urine were estimated. Two clearance measurements 
were performed between 9 and 10 a.m. (OSO) and between 12 a.m. and 1 p.m. (IISO). 
Between 10.30 and 11.30 a.m., 21 of a physiological electrolyte solution (E 153 °, 
Serumwerk Bernburg, Germany) were administered intravenously within two hours un- 
der standardized conditions via an ultraprecise infusion pump (imed 960 °'~, San Diego, 
USA) to produce an extracellular volume expansion (ECVE). Hydration status was 
monitored by measuring the right atrium diameter - two-chamber-view (TCV) - before 
and 30 rain after ECVE using echocardiography (ving med 800 °, Sonotron, Magdeburg, 
Germany). 

Determination methods 

1. GFR and ERPF-measurements 

Clearance measurements were performed as previously described in detail (Schmidt et 
al., 1990). In brief, patients received a priming injection of 1,500mg inulin/m 2 (Inutest <'~, 
Laevosan GmbH, Linz, Austria) and 500mg PAH/m 2 body surface area (BSA) 
(Nephrotest ®, Biologische Arbeitsgemeinschaft Lich, Germany), respectively. Subse- 
quently, the patients received an infusion of inulin (10 mg/m 2 BSA/min) and PAH 8,8 mg/ 
m 2 BSA/min) via a perfusion pump (Perfusor C~, Braun, Melsungen, Germany) at a rate of 
4.6ml/min. Urine was collected at 30-min intervals. Inulin was measured enzymatically 
with inulinase (Boehringer Mannheim, Germany) in accordance with Schmidt et al. 
(1990) and PAH by colorimetry in accordance with Bratton and Marshall (1939). GFR 
and ERPF measurements were performed before and directly after ECVE. 

2. Amino acid determination 

The determination of amino acids by column chromatography with fluorescence detec- 
tion was done according to Roth and Hampai (1973) and has been described in detail 
elsewhere (Silbernagl, 1983). In brief, proteins were removed from urine and plasma 
samples by administration of trichloroacetic acid. After centrifugation, the supernatant 
was neutralized by adding 0.4N NaOH. Then the samples were diluted with citrate buffer 
and analyzed by HPLC on an amino acid analyzer (Knauer, Berlin, Germany) with 
o-phthalaldehyde as a fluorescent amino ligand (Roth, 1971). Calibration runs were 
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performed with freshly prepared amino acid solutions composed of analytical grade 
amino acids (Serva, Heidelberg, Germany). 

3. Determination of cGMP 

Cyclic GMP was determined radiochemically in accordance with Domino et al. (1991) 
using a RIA (IBL Gesellschaft for Immunochemie und Immunobiologie mbH, Hamburg, 
Germany). 

4. Measurement of the fractional excretion of sodium and lithium 

FEN, (%) was calculated from clearances of creatinine and sodium. Creatinine was 
determined in accordance with the Jaff6 method (Lustgarten and Wenk 1972); sodium 
concentrations in urine and plasma were detected by flame photometry. FELi (%) 
was calculated as previously described in detail (Thomsem 1984; Strazzullo et al., 
1988) after 450rag oral lithium-carbonate load (= 12.2mmol of elemental lithium) 
measured by atomic absorption spectrophotometry (AAS 5 EA ®, Analytic Jena GmbH, 
Germany). 

Statistical analysis 

Arithmetic means _+ S.E.M. were calculated; differences between the means were statis- 
tically analyzed using the MANN-WHITNEY-test. 

Results 

As shown in Fig. 1, urine volume and GFR were comparable  in A D P K D  
patients and healthy normal  persons (NP) before volume load. E R P F  (ml/ 
min/1.73m 2) did not change significantly in both groups before and after 
E C V E  (C1pa H before ECVE:  A D P K D :  484.2 _+ 112.4; NP: 573.4 _+ 115.3; after 
ECVE:  A D P K D :  540.3 + 123.8; NP: 621.1 _+ 124.6). 

The baseline M A P  was different in A D P K D  patients (99.4 _+ 2 .6mmHg)  
and NP (85.5 _+ 2 .4mmHg) ,  but did not change after ECVE.  After  infusion of 
21 of electrolyte solution, urine volume increased distinctly in both groups, 
with GFR beeing significantly enhanced.  

There  were differences between amino acid plasma concentrations of 
A D P K D  patients and controls (Fig. 2); leucine, glycine, valine, threonine,  
glutamine, and alanine concentrations were significantly higher in controls. 
The E C V E  had no effect on amino acid plasma concentrations in both groups. 
The amino acid reabsorption capacity was reduced for 11 of 20 A A  before 
E C V E  in A D P K D  patients, i.e. the fractional excretion of these amino acids 
(FEAA) is distinctly higher (Fig. 3). On the other  hand, the FEAA of leucine, 
alanine, t ryptophane,  glutamic acid, taurine, arginine, glutamine, and 
histidine is not significantly different from controls. Surprisingly, FEAA in- 
creased after ECVE,  preferentially in the control group. Therefore,  fractional 
excretion after E C V E  is not longer different in controls and A D P K D  patients 
(Fig. 4). The changes of fractional excretion before and after E C V E  are 
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Fig. 1. Urine volume and GFR before and after ECVE in patients with ADPKD and in 
healthy controls (cf. methods). Arithmetic means _+ S.E.M.; n = 8-9. Asterisks indicate 

significant changes after ECVE (p -< 0.05) 
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Fig. 2. Amino acid plasma concentrations in patients with ADPKD and in healthy 
controls before and after ECVE (cf. methods). Amino acids are arranged in increasing 

order for controls before loading, Arithmetic means are given; n = 8-9 

shown in Fig. 5. In A D P K D  patients ,  FEAA-Values are mos t ly  u n c h a n g e d  or  
ent i re ly  doub led .  H o w e v e r ,  with the  excep t ion  of  alanine,  glutamic acid and 
valine, FEAA increased  a b o u t  3- to 8-fold, with  a m e a n  of  5.2-fold af ter  E C V E  
in hea l thy  controls .  
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Fig. 3. Fractional excretion (FE) of amino acids before ECVE in ADPKD patients and 
in healthy controls (cf. methods). Arithmetic means are given; n = 8-9. Asterisks indicate 

significant differences between both groups (p -< 0.05) 
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Fig. 4. Fractional excretion (FE) of amino acids after ECVE in ADPKD patients and in 
healthy controls (cf. methods). Arithmetic means are given; n = 8-9 

In parallel to changes  in amino  acid handling,  the FENa (%)  after 
E C V E  increased both  in A D P K D  patients  and in N P  (before  E C V E  - 
A D P K D :  1.22 _+ 0.23 vs. NP: 1.53 + 0.23; af ter  E C V E  - A D P K D :  3.17 _+ 
0.25 vs. 2.74 _+ 0.22, A D P K D  p -< 0.01; NP p -< 0.02) suppor ted  by the 
FEL,(%) with a significant (p -< 0.05) increase in A D P K D  after E C V E  
only  (before  E C V E  - A D P K D :  25.8 _+ 8.9 vs. 20.5 _+ 4.0; af ter  E C V E  - 
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Fig. 5. Relationship between fractional excretions of amino acids after and before 
ECVE in patients with ADPKD and in controls (cf. methods). Arithmetic means are 
given; n = 8-9. Asterisks indicate significant differences between ADPKD patients 
and controls (p -< 0.05). 1-value before ECVE for ADPKD patients and controls, 

respectively 

Table 1. Influence of ECVE (21 of physiological electrolyte solution) on mean arterial 
blood pressure (MAP), fractional excretion of sodium (FEN,) , and concentration of 

cGMP in plasma of normal persons (NP) and patients suffering from ADPKD 

before ECVE after ECVE 

NP ADPKD NP ADPKD 

MAP [mmHg] 85.5 ± 2,4 99.4 _+ 2.6 86.1 +_ 1.8 100.1 ± 3.6 
FENa [%] 1.53 _+ 0,23 1.22 _+ 0.23 *2.74 ± 0.22 "3.17 ± 0.25 # 
FELi [%] 20.5 +_ 4,0 25.8 _+ 8.9 25.2 ± 3.9 "41.4 _+ 5.4 # 
cGMPpl ...... [pmol/ml] 6.65 ± 0,79 5.31 ± 0.56 "11.30 ± 1.91 "11.31 ± 1.66 

Arithmetic means ± S.E.M.; n = 8-9. Asterisks indicate significant changes after ECVE 
(p -< 0.05). "#" indicate significant change between NP and ADPKD after ECVE (p -< 
0.0003). 

A D P K D :  41.4 _+ 5.4 vs. 25.2 + 3.9). F u r t h e r m o r e ,  concent ra t ions  of  
c G M P  (pmol/ml)  in p lasma increased af ter  fluid load  (before  E C V E  - 
A D P K D :  5.31 + 0.56 vs. NP: 6.65 _+ 0.79; af ter  E C V E :  11.31 _+ 1.66 vs. 
11.30 _+ 1.91) (Table 1). 

H y d r a t i o n  status in bo th  groups was not  d i f ferent  at basel ine and  not  
significantly increased af ter  E C V E  (TCV right a t r ium d iamete r  [mm]- before  
E C V E  - A D P K D :  36.9 _+ 6.6 vs. NP: 34.5 _+ 8.4; af ter  E C V E  - A D P K D :  
34.0 _+ 9.0 vs. NP: 35.9 _+ 7.4). 
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Discussion 

The present study has demonstrated differences in the handling of 
amino acids (AA) in ADPKD patients in comparison to normal subjects. 
Normally largely reabsorbed by the proximal tubule at a reabsorptive rate 
exceeding 95 to 98% of the fl tered load, the selective aminoaciduria of 
essential AA (threonine, methionine, isoleucine, phenylalanine) and nones- 
sential AA (glycine, tyrosine, asparagine, serine, aspartic acid, alanine and 1- 
methyl-histidine), respectively, was increased in our patients. Ultrastructural 
examination shows that this part of the tubule has large numbers of 
mitochondria (Mansbach et al., 1973). The abnormalities observed seemingly 
do not agree with the concept of group-specific or individual specific AA- 
transporter defects which are well known in renal tubular disorders as 
DeToni-Debr&Fanconi-syndrome, Hartnup disease or cystinuria, respec- 
tively. Oxidative phosphorylation dysfunction (OXPHOS) may impair the 
activity of sodium-coupled transport processes in the proximal tubule. The 
analysis of 20 amino acids in adults with OXPHOS-disease provides evidence 
that proximal renal tubule AA-reabsorption is the most common identified 
abnormality and is characterized by increased FE of neutral AA (Shaffer et 
al., 1995). 

The pathogenic factors responsible for a possible defect in tubular AA- 
handling are not definitely clarified by the described structural abnormalities 
of the collecting ducts in ADPKD. Furthermore, the AA-pattern differences 
in plasma between the 2 groups are not explicable by interindividual differ- 
ences in systemic AA-levels related to nonequivalent dietary protein intake. 
Moreover, for most AA-levels and AA-ratios, there is no correlation with 
both protein and energy intake (Laidlaw et al., 1994). 

Plasma levels of several AA are known to be altered in end stage renal 
disease (Tizianello et al., 1980a). Various reasons for these alterations have 
been assumed. It has been suggested, primarily from animal studies, that with 
the loss of functioning renal parenchyma an increasing loss of the renal 
metabolic function occurs, including the metabolism of AA (Kopple, 1983). 
The Modification of Diet in Renal Disesase-study-group (MDRD) (Klahr, 
1989) examined 78 patients (21 of them with ADPKD) with chronic renal 
failure and moderate to nearly end-stage renal failure (i.e. 3 groups with GFR 
of 11.5 to 37.5ml/min/1.73m2). They found altered plasma AA-profiles in 
symptomatic patients. It has not been well documented whether such uremia- 
like symptoms only influence the AA-profile at certain stages of renal func- 
tion loss or whether they progressively influence the course of the disease. If 
the renal function is diminished, some alterations in plasma AA's tend to 
manifest themselves later in the course of the disease (Pechar et al., 1978). In 
contrast to these observations and, surprisingly, in patients who still exhibited 
significant reduced renal function (i.e. GFR of 25 to 60ml/min/1.73 me), many 
of the alterations in plasma AA-levels characteristic of chronic renal failure 
were already present. Some AA-abnormalities that are useful markers of 
renal metabolic capacity loss (e.g. increased citrulline or decreased serine) 
were often seen in patients with only mild renal failure (Laidlaw et al., 1994). 
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Our data have shown a wide variance in plasma AA-concentrations. Con- 
sidering the fact that our patients do not differ greatly from normal subjects 
regarding age and nutritional status it is obvious that there are different 
plasma AA-patterns and/or AA-metabolism in ADPKD. Whether alterations 
in liver metabolism as described elsewhere (Tizianello et al., 1980b) are 
responsible for this differences remains to be investigated. 

According to our results, different variants and/or defects of transepi- 
thelial transport mechanisms can be expected in ADPKD and would explain 
different reabsorptive capacities in 12 of 21 AA's. This is supported by NMR 
spectroscopy findings relating to the cyst fluid of patients with ADPKD. 
Foxall et al. (1992) have revealed a combination of biochemical features of the 
cystic fluid showing to be distinctly different from both plasma and urine. 
Some AA's (isoleucine, lysine, threonine, valine) were present at mM-con- 
centrations in cyst fluid. In some cases their levels are up to two times higher 
than those in normal plasma or urine. The constancy of this biochemical 
composition probably reflects the chronic nature of cyst fluid accumulation 
and a long turnover of cyst fluid. This is unique among the other body fluids 
and indicates that the unusual composition may be related to the epithelial 
polarity reversal of the cyst epithelium which could also contribute to the 
growth of cysts. 

It seems, however, more relevant that sodium and fluid reabsorption 
within the proximal tubule varies in proportion to spontaneous alterations in 
the GFR so that the fractional reabsorbed amount remains roughly constant. 
A reduction in or a lack of AA (and of other organic substances) in the 
tubular fluid decreases proximal reabsorption by reducing active sodium 
transport (Silbernagl, 1992). Apical uptake of most AA's occurs by Na+-AA - 
cotransport driven by both chemical and voltage components. The energy 
maintaining the Na+-gradient depends on Na+/K÷-ATPase activity; Na+-AA 
symport depends on secondary active transport mechanisms because its en- 
ergy is derived from the Na+-electrochemical gradient rather than direct 
coupling to a metabolic process (Schfifer and Barfuss, 1980). The net flux of 
Na ÷ from lumen to peritubular fluid varies among the different nephron 
segments and correlates with the activity of Na÷/K+-ATPase in the basolateral 
cell membrane (Berry et al., 1996). The abnormal distribution of Na÷/K ÷- 
ATPase to the apical membrane may play a role in the different renal 
handling of AA in ADPKD. Renal Na÷-handling may constitute a 
pathophysiological link between the molecular/functional change in Na÷/K ÷- 
ATPase and hypertension. However, the underlying cellular and molecular 
mechanisms responsible for increased Na÷-reabsorption leading to high blood 
pressure are unknown in essential hypertension and hypotheses that have 
been advanced are controversial (Gabow, 1993; Braun et al., 1996). Our 
observations of lower fractional sodium excretion rates in ADPKD than in 
normal subjects under basal conditions (1.22 % vs. 1.53 %) and the higher 
percentage increase after ECVE in ADPKD (3.17 % vs. 2.74 %) and in 
particular the increase of FELi after ECVE in ADPKD (25.8% vs. 41.4%) 
seem to corroborate this relationship, regardless of the obvious increase of 
GFR. This is supported by the additonal finding of a significant increase of 
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cGMP plasma levels after E C V E  in the two groups. Cyclic GMP seems to be 
a potent  marker  of intrarenal nitric oxide (NO)-activity. An  increase in NO 
synthesis reduces or limits tubular sodium reabsorption, whereas NO synthe- 
sis blockade elicits an antinatriuresis (Alberola et al., 1992). The results of 
raising plasma levels of cGMP after volume expansion accompanied by in- 
creased diuresis and FENa provide evidence that the action of intrarenal NO is 
mediated both at the glomerular and probably at the renal tubule side. 
Arginine as a well-known precursor in the generat ion of NO showed no 
correlation both in healthy individuals and A D P K D  in plasma as well as in 
urine. Whethe r  the decarboxylated product  resulting in the formation of 
agmatine (Morrissey and Klahr, 1996) plays a role in NO-media ted  changes in 
tubular A A  handling of A D P K D  cannot be clarified yet. 

In summary, our study indicates different A A  patterns in A D P K D  
patients as compared to normal  subjects. The known Na+-dependent  and 
fur thermore  NO-media ted  processes in the resorption of A A  in the proximal 
tubule seem to be different in A D P K D  and may be related to a different 
distribution of receptors and/or ATP-dependent  transport  systems resulting 
in abnormal  transtubular fluid transport in A D P K D .  The postulation of 
a cofactor in the genesis of the early-onset hypertension in A D P K D  is there- 
fore certainly somewhat  speculative. NO (EDRF)-media ted  hormonal  
mechanisms may play a role in this context, but this is not clear as yet. The 
observation of an increased FEAA in NP after E C V E  resulting from a disrup- 
tion of proximal glomerular-tubular  balance is probably without pathogenetic  
validity. 

Fur ther  studies should focus on that problem until the remaining questions 
regarding the pathogenic source of hypertension in A D P K D  will be 
elucidated. 
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