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During long-term exposure to continuous ambulatory

peritoneal dialysis (PD), the characteristics of the

peritoneal membrane may be altered. The substrate

for nitric oxide synthesis is L-arginine, which may enter

cells via the y+ and y+
L transport systems. Peritoneal

membrane characteristics may depend on vascular

function and the L-arginine–NO pathway. Maximal

capacity for L-arginine transport is higher in patients

with a lower dialysis adequacy index. Our aim was to

evaluate erythrocyte L-arginine uptake in PD patients

at the start and end of a 3-year interval.

Our longitudinal study evaluated 8 stable patients

on PD who were not using NO donors and who had

been free of peritonitis for at least 1 month. Uptake of

L-arginine was measured in 2003 and again in 2006.

Maximal transport capacity ( V
max

, in micromoles per

liter–cells per hour) and half-saturation constant ( k
m

,

in micromoles per liter) were measured in erythro-

cytes using 14C as a marker and N-ethylmaleimide as

inhibitor of the y+ system.

For the years 2003 and 2006 respectively,

mean ± standard deviation for total L-arginine uptake

V
max

 was 749 ± 182 µmol/L–cells/h and 1146 ±
365 µmol/L–cells/h (p = 0.016, paired t-test), for y+L

V
max

 was 180 ± 58 µmol/L–cells/ h and 515 ±
142 µmol/L–cells/h (p = 0.002), and for y+ V

max
 was

556 ± 177 µmol/L–cells/h and 662 ± 267 µmol/

L–cells/h (nonsignificant). The total y+L and y+ k
m

were not significantly different.

The L-arginine maximal uptake capacity in eryth-

rocytes increased after 3 years of PD treatment.

These findings agree with the suggestion of an asso-

ciation between y+L activity and dialysis adequacy

or uremia toxicity. Peritoneal membrane character-
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Introduction

The substrate for synthesis of the vasodilator nitric

oxide is L-arginine, which is involved in blood flow

regulation and vascular tone and permeability (1).

Production of NO depends on the intracellular pres-

ence of its precursor, which enters the erythrocyte via

cationic amino-acid transporter systems such as y+ and

y+L (2). Because ultrafiltration and permeability for

peritoneal solutes depend on the interaction between

membrane and capillary surface areas, it is likely that

the L-arginine–NO pathway may be involved in peri-

toneal permeability modulation during peritoneal di-

alysis (PD) treatment (3).

Changes in membrane transport systems have been

described in erythrocytes from uremic patients, and it

has been postulated that the abnormalities are impor-

tant contributors to the pathophysiology of the ure-

mic syndrome (4–6). Erythrocyte uptake of 

L-arginine does not change across the various perito-

neal membrane functional categories as measured by

a peritoneal equilibration test, although maximal trans-

port capacity is higher in patients with a lower dialy-

sis adequacy (Kt/V) index (7). Because the

characteristics of peritoneal membrane exposed to

long-term continuous ambulatory PD may be altered

(8,9), the aim of the present study was to evaluate

erythrocyte L-arginine uptake in PD patients at the start

and end of a 3-year interval.

Patients and methods

Our cross-sectional survey at the Renal Unit of Hos-

pital São Lucas enrolled 8 adult PD patients, free of
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peritonitis for at least 1 month before blood sampling.

All were clinically stable, without inflammatory or

infectious complications, and they were not using NO

donors. Informed consent was obtained from all par-

ticipants, and the local scientific and ethics commit-

tees approved the study protocol.

Erythrocyte L-arginine uptake assays were per-

formed. Heparinized blood was centrifuged and

washed three times with ice-cold saline solution

(platelets and white cell layer discarded) for separa-

tion of erythrocytes. All samples were kept on ice

until uptake assays were performed. Erythrocytes

were separated into two aliquots, and one aliquot was

incubated with N-ethylmaleimide (NEM) before

uptake measurement.

Total erythrocyte L-arginine uptake was determined

by incubating cells for 3 minutes at 37°C (pH 7.4) in a

water bath with progressive concentrations of L-arginine

(8.8, 15.5, 24.5, 51.0, 100, and 300 µmol/L) and 14C as

a marker. Uptake was interrupted by transferring the

sample tubes onto ice. Erythrocytes were then washed

free of extracellular radioactivity, lysed (triton 0.1%

volume:volume), and protein-precipitated (trichloroace-

tic acid 5% weight:volume) to recover their intracellu-

lar content. Radioactivity was then determined in a

liquid-scintillation counter. Uptake was corrected to

micromoles per liter – cells per hour. Maximal trans-

port capacity (V
max

 in micromoles per liter – cells per

hour) and half-saturation (k
m

 in micromoles per liter)

were derived from Michaelis–Menten kinetics, using a

computer application (Enzfitter for MS-DOS: Biosoft,

Cambridge, U.K.). All L-arginine uptake assays were

performed in duplicate, and NEM (0.8 mmol/L) was

used to measure the NEM-insensitive fluxes corre-

sponding to activity of the y+L transport system. The

NEM-sensitive uptake was considered to be the up-

take via the y+ transport system.

Results are expressed as mean ± standard deviat-

ion. The paired Student t-test or Mann–Whitney test

was used for comparisons. The SPSS software, ver-

sion 11 for Windows (SPSS, Chicago, IL, U.S.A.),

was used for all statistical analyses.

Results

Mean age of the 8 patients (6 women, 2 men) was

49 ± 16 years in 2003. Mean time on dialysis was

25.6 months (range: 9 – 50 months). The causes of

end-stage renal disease were hypertensive nephropa-

thy (n = 3), polycystic kidney disease (n = 1), chronic

glomerulonephritis (n = 1), systemic lupus erythema-

tosus (n = 1), and others (n = 2).

Table I shows the initial and final Michaelis–

Menten kinetics of L-arginine uptake via the y+

and y+L transport systems. For the years 2003 and

2006 respectively, total L-arginine uptake V
max

 was

749 ± 182 µmol/L – cells/h and 1146 ± 365 µmol/L –

cells/h (p = 0.016, paired t-test), mean y+L V
max

 was

180 ± 58 µmol/L – cells/h and 515 ± 142 µmol/L –

cells/h (p = 0.002), and mean y+ V
max

 was 556 ±
177 µmol/L – cells/h and 662 ± 267 µmol/L – cells/h

(nonsignificant). The total y+L and y+ k
m

 were not sig-

nificantly different.

Discussion

An increment in mean total erythrocyte L-arginine

uptake V
max

 was detected after a 3-year follow-up

period in stable PD patients. Transport changes were

attributable to an increase in the y+L system V
max

 com-

ponent, with no change observed in the y+L half-

saturation constant or in y+ kinetics. In a previous

study, no significant difference was observed in the

maximal transport capacity or the half-saturation con-

stant for both L-arginine transporters, y+ and y+L,

between the various peritoneal membrane functional

categories (7). Moreover, a negative correlation be-

tween the maximal transport capacity of the y+ sys-

tem and Kt/V was observed (7).

Long-term PD is associated with a reduction in

residual renal function (10) and a reduction in total

Kt/V (8), resulting in reduced clearance of uremic

toxins. Transport of L-arginine has been shown to be

altered in undialyzed uremic patients and in hemodi-

alysis and PD patients (11–13), and L-arginine

TABLE I Michaelis–Menten kinetics of L-arginine uptake via the

y+ and y+L transport systems, mean ± standard deviation

2003 2006 p Value

V
max

(µmol/L–cell/ h)

Total 749±182 1146±365 0.016

y+ 556±177 662±267 0.260

y+L 180±58 515±142 0.002

k
m

(µmol/L)

Total 75±15 94±37 0.151

y+ 76±24 108±67 0.202

y+L 63±39 107±58 0.151

a p < 0.05, paired t-test.

V
max

 = maximal transport capacity; k
m

 = half-saturation constant.
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supplementation may possibly be beneficial in uremic

patients (14). Increased y+ system V
max

 in the eryth-

rocytes of uremic patients was reported to increase

lysine transport (4). Increased V
max

 may be the result

of trans-stimulation, the acceleration of transporter

activity by L-arginine or other compatible substrates

for the L-arginine transporters (2). Endogenous ana-

logs of L-arginine, such as asymmetric

dimethylarginine, are increased in uremia (15,16), and

they also have affinity for L-arginine transporters (2).

These analogs are inhibitors of the NO synthases and

would induce a reduction in NO production (17)

despite increased L-arginine uptake. We did not mea-

sure plasma and intracellular L-arginine concentration

and the levels of its analogs.

Conclusions

The findings of the present study agree with the

suggestion of an association between L-arginine trans-

port activity and dialysis adequacy or uremic toxicity.

Acknowledgments

The Nephrology Laboratory is supported by PUCRS,

Fundação de Amparo à Pesquisa do Rio Grande do

Sul (FAPERGS), Secretaria de Ciência e Tecnologia

do Estado do Rio Grande do Sul (SCT), Coordenadoria

de Aperfeiçoamento de Pessoal de Nível Superior

(CAPES), and by the Internal Medicine Department–

Nephrology Division.

References

1 Moncada S, Higgs A. The L-arginine–nitric oxide

pathway. N Engl J Med 1993;329:2002–12.

2 Deves R, Boyd R. Transporters for cationic amino ac-

ids in animal cells: discovery, structure and function.

Physiol Rev 1998;78:487–545.

3 Devuyst O. Molecular mechanisms involved in the

peritoneal membrane exposed to peritoneal dialysis.

Nefrologia 2003;23(Suppl 3):32–7.

4 Fervenza FC, Harvey CM, Hendry BM, Ellory JC. In-

creased lysine transport capacity in erythrocytes from

patients with chronic renal failure. Clin Sci (Lond)

1989;76:419–22.

5 Fervenza FC, Hendry BM, Ellory JC. Effects of di-

alysis and transplantation on red cell Na pump func-

tion in renal failure. Nephron 1989;53:121–8.

6 Poli de Figueiredo CE, Ellory JC, Hendry BM. Eryth-

rocyte choline uptake after renal transplantation.

Lancet 1992;339:146–8.

7 Figueiredo AE, Almeida PB, Pinheiro da Costa BE,

D’Avila DO, Poli de Figueiredo CE. Erythrocyte L-

arginine uptake in peritoneal dialysis patients: sys-

tems y+ and y+L. Adv Perit Dial 2005;21:2–4.

8 Davies SJ, Phillips L, Griffiths AM, Russell LH,

Naish PF, Russell GI. What really happens to people

on long-term peritoneal dialysis? Kidney Int

1998;54:2207–17.

9 Combet S, Miyata T, Moulin P, Pouthier D, Goffin E,

Devuyst O. Vascular proliferation and enhanced ex-

pression of endothelial nitric oxide synthase in human

peritoneum exposed to long-term peritoneal dialysis.

J Am Soc Nephrol 2000;11:717–28.

10 Davies SJ, Phillips L, Griffiths AM, Russell LH, Naish

PF, Russell GI. Impact of peritoneal membrane func-

tion on long-term clinical outcome in peritoneal dialy-

sis patients. Perit Dial Int 1999;19(Suppl 2):S91–4.

11 Brunini TM, Roberts NB, Yaqoob MM, et al. Activa-

tion of L-arginine transport in peripheral blood mono-

nuclear cells in chronic renal failure. Pflugers Arch

2002;445:147–51.

12 Brunini TM, Roberts NB, Yaqoob MM, Ellory JC,

Mann GE, Mendes Ribeiro AC. Activation of L-argin-

ine transport in undialysed chronic renal failure and

continuous ambulatory peritoneal dialysis patients.

Clin Exp Pharmacol Physiol 2006;33:114–18.

13 Mendes Ribeiro AC, Hanssen H, Kiessling K, Rob-

erts NB, Mann GE, Ellory JC. Transport of L-arginine

and the nitric oxide inhibitor NG-monomethyl-L-argi-

nine in human erythrocytes in chronic renal failure.

Clin Sci (Lond) 1997;93:57–64.

14 Yatzidis H. Oral supplement of six selective amino

acids arrest progression renal failure in uremic pa-

tients. Int Urol Nephrol 2004;39:591–8.

15 Wahbi N, Dalton RN, Turner C, Denton M, Abbs I,

Swaminathan R. Dimethylarginines in chronic renal

failure. J Clin Pathol 2001;54:470–3.

16 Vallance P, Leone A, Calver A, Collier J, Moncada S.

Accumulation of an endogenous inhibitor of nitric

oxide synthesis in chronic renal failure. Lancet

1992;339:572–5.

17 Rees DD, Palmer RM, Schulz R, Hodson HF,

Moncada S. Characterization of three inhibitors of en-

dothelial nitric oxide synthase in vitro and in vivo. Br

J Pharmacol 1990;101:746–52.

Corresponding author:
Poli de Figueiredo, CE, Centro Clínico PUCRS
Conjunto 414, Avenida Ipiranga 6690, Porto Alegre
CEP 90610-000 RS Brasil.
E-mail:
cepolif@pucrs.br


