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Abstract.Asymmetric dimethylarginine (ADMA) is an endog-than those in the control group (60 0.5 versus1.0 = 0.1
enous inhibitor of endothelial nitric oxide (NO) synthase. Itamol/L; P < 0.05). Plasma nitrate concentrations were signif-
concentration is elevated in patients with end-stage renal disantly lower in HD-treated patients, which suggests that
ease (ESRD), in part because it is excreted via the kidneys ADMA may inhibit NO synthase. In contrast, plasma ADMA
this study, the plasma concentrations of ADMA, symmetrievels and nitrate concentrations in PD-treated patients were
dimethylarginine, and-arginine were determined in relation tosimilar to those in control subjects. Plasmarginine concen-
plasma nitrate levels (as an index of NO formation) for a groupations were not significantly decreased in patients with
of 80 patients with ESRD. The effects of two treatment metl=SRD. ADMA concentrations were significantly decreased 5 h
ods,i.e., hemodialysis (HD) and peritoneal dialysis (PD), andfter HD, compared with baseline values. ADMA levels were
the role of the presence of atherosclerotic disease were evaiignificantly higher in HD-treated patients with manifest ath-
ated. Forty-three patients receiving HD and 37 patients receerosclerotic disease than in HD-treated patients without ath-
ing PD were compared with healthy control subjects. Plasreeosclerotic disease (7.3%1 0.70versus3.95 = 0.52 umol/L;
L-arginine and dimethylarginine levels were determined By < 0.05). This study confirms that ADMA is accumulated in
HPLC, using precolumn derivatization witb-phthaldialde- ESRD. PD-treated patients exhibit significantly lower ADMA
hyde. Plasma nitrate levels were determined by gas chron@vels than do HD-treated patients. Accumulation of ADMA
tography-mass spectrometry. Predialysis ADMA concentreray be a risk factor for the development of endothelial dys-
tions in HD-treated patients were approximately sixfold highdunction and cardiovascular disease in patients with ESRD.

Endothelium-derived nitric oxide (NO) plays an important rol&lO synthase (4). It is synthesized and metabolized by human
in the regulation of BP and platelet aggregation. It is synthendothelial cells (5). ADMA and its biologically inactive ste-
sized by stereospecific oxidation of the terminal guanidin@oisomer symmetric dimethylarginine (SDMA) are at least in
nitrogen of the amino acid-arginine (1). NO is produced by part eliminated via urinary excretion (6). Vallaneg al. (7)
the action of a family of NO synthases, with endothelialyere the first to report elevated plasma levels of ADMA and
neuronal, and macrophage isoforms (2). SDMA in a small group of patients with end-stage renal

The synthesis of NO can be selectively inhibited by gualisease (ESRD). In their study, dimethylarginine (DMA) levels
nidino-substituted analogs ofarginine, such asl-monometh- were elevated approximately sixfold, compared with those for
yl-L-arginine, which act as competitive antagonists at the actiiealthy control subjects. Those authors suggested that the high
site of the enzyme (3). Asymmetric dimethylarginine (ADMA)ncidence of conditions such as hypertension, atherosclerosis,
has been recently characterized as an endogenous inhibitodid immune dysfunction among patients with ESRD might be
caused at least in part by dysfunction of tharginine/NO
pathway secondary to accumulation of ADMA (7).

Data from several experimental studies suggest that ADMA
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with ESRD are a cause or a consequence of accompanyitigwas 2.13+ 0.09, well above the recommended weekly K\,
cardiovascular disease. value of 2.0 (12).
The aim of this study was to determine the plasma concen-The mean serum creatinine concentration was 9227 umol/L,

trations of ADMA, SDMA, and.-arginine and their relation- 2nd the mean BP was 137:22.8/83.8~ 1.6 mmHg. Average serum

: - . olesterol and triglyceride levels were 6.1£60.24 and 2.80- 0.26
ship to NO formation (measured as plasma nitrate concent?gmolll_l respectively. The body mass index averaged 236, and

tions) in pqtlents \.Nlth ESRD, compared with age?match e mean serum albumin concentration was 36.0.8 g/L. Heparin-
control subjects with normal r'enal excret_ory 'functlon. ThEed blood samples from fasting subjects were obtained during routine
effects of two treatment methodse., hemodialysis (HD) and morning visits in the PD clinic.
peritoneal dialysis (PD), on these parameters were also evaluateghe control group consisted of 37 elderly, healthy, normotensive
subjects with no apparent disease (13 female and 24 male patients;
mean age, 68.3- 1.1 yr), who exhibited mean serum creatinine
Materials and Methods concentrations of 79.3 3.5 umol/L. Average cholesterol and tri-
Patients and Study Design glyceride levels were 4.86 0.11 and 1.6+ 0.12 mmol/L, respec-
Four groups of individuals were included in this study, after thefjvely. The presence of cardiovascular or metabolic disease was ex-
had given informed consent for participation. The first group cortluded by medical histories, physical examinations, and routine
sisted of 43 patients receiving HD (20 female and 23 male patienkgboratory tests.
mean age, 64.2 1.6 yr) who had been treated with HD for a median An additional control group consisted of 33 patients with manifest
of 38 mo (range, 1 to 200 mo), with residual diuresis of 5895 ml| arteriosclerotic disease and normal renal function. These patients (13
of urine/24 h. Sixteen of the 43 (37%) HD-treated patients wefémale and 20 male patients; mean age, 614.0 yr) had peripheral
anuric. The average diuresis among the remaining 27 patients \@&@rial occlusive disease, as verified by angiography or duplex-
776 + 116 ml/24 h. sonography. The serum creatinine concentration in this group was
For these patients, a venous blood sample was drawn at midw&&0 + 4.4 umol/L; average cholesterol and triglyceride levels were
before dialysis. Patients were treated with HD three times each wéeR4 = 0.22 and 1.81*+ 0.14 mmol/L, respectively, and BP was
and were in clinically stable conditions. The mean serum creatinid®2.1+ 3.2/79.4%+ 2.0 mmHg.
level was 707+ 108 umol/L, and the mean arterial BP was 1410
3.4/78 = 1.7 mmHg. Average serum cholesterol and triglyceride
levels were 5.29+ 0.17 and 2.09+ 0.16 mmol/L, respectively. The Biochemical Analyses
body mass index averaged 23:60.6, and the mean serum albumin The plasma concentrations ofarginine,N®,N®>-DMA (ADMA),
level was 37.6+ 1.1 g/L. Patients underwent standard bicarbonasndN®,N’'S-DMA (SDMA) were measured by HPLC with precolumn
HD with biocompatible membranes (HemopfigiGambro Medizin- derivatization witho-phthaldialdehyde (OPA), using a modification of
technik, Munich, Germany] and polyamide membranes, sterilizedpreviously published method (13)-Homoarginine (10umol/L)
with steam). The average dialysis time was 27® min, blood flow was added to 0.5 ml of plasma as an internal standard. Plasma samples
was 290z 8 ml/min, and dialysate flow was 500 ml/min. The deliverechnd standards were extracted on solid-phase extraction cartridges
dialysis dose measured by urea reduction rate 67a2 = 1.1%, well (CBA Bond Elut; Varian, Harbor City, CA). The recovery rates were
above the suggested dialysis dose (by urea reduction rate) of 68209 = 3.8%. Eluates were dried under nitrogen and resuspended in
(11). double-distilled water for HPLC analysis. Samples and standards were
Subgroup analysis was performed for patients with ESRD wiihcubated with OPA reagent (5.4 mg/ml OPA in borate buffer, pH 8.4,
atherosclerotic vascular disease=¢ 22), which was defined as the containing 0.4% 2-mercaptoethanol) for exactly 30 s before automatic
presence of clinically and angiographically or duplex-sonographicaliyjection into the HPLC system. The OPA derivativesLedrginine,
verified peripheral arterial occlusive disease (Fontaine stage Ilb to IXDMA, and SDMA were separated on a 2506 4.5-mm (inner
alone 6 = 2) or in combination with a history of prior myocardial diameter), 7am, Nucleosil phenyl column (Macherey and Nagel,
infarction (@ = 20), compared with patients with ESRD withoutDiuren, Germany), with the fluorescence detector set for an excitation
vascular diseasen(= 11). For a subgroup of eight HD-treatedwavelength of 340 nm and an emission wavelength of 450 nm.
patients, additional heparinized blood samples for the analysis $imples were eluted from the column with 0.96% citric acid/methanol
ADMA, SDMA, L-arginine, and nitrate were drawn 1, 5, and 18 Ii2:1, pH 6.8), at a flow rate of 1 ml/min. Standard curves generated for
after the end of a dialysis session (duration, 4.5 h). These patients (iM@MA and SDMA in water and in pooled human plasma showed
female and three male patients; mean age, 634.5 yr) had been linearity over a concentration range from 0.1 to Léol/L. The
receiving HD for a median of 18 mo (range, 1 to 82 mo). The meamwefficients of variation of this method were 5.2% within assays and
serum creatinine concentration was 76049 umol/L, and the mean 5.5% between assays; the detection limit was @niol/L.
arterial BP was 133.8- 9.7/81.3 £ 3.7 mmHg. Average serum The ADMA/creatinine ratio was calculated, as ADMA (micromo-
cholesterol and triglyceride levels were 5.330.50 and 2.44+ 0.42 lar)/creatinine (micromolar) 103, for patients for whom multiple
mmol/L, respectively. samples were drawn before and after HD sessions, to assess the
The second group consisted of 37 patients (16 female and 21 mdiféerent effects of HD treatment on methylarginine levels, as opposed
patients) receiving PD (24 patients undergoing nightly intermittetd serum creatinine levels. Plasma nitrate was assayed as its pentaflu-
PD, nine continuous ambulatory PD, three continuous cyclic PD, antbbenzyl derivative by gas chromatography-mass spectrometry, as
one intermittent PD; mean age, 46:42.5 yr), who had received PD described previously (14). The detection limit of the method was 20
for a median of 55 mo (range, 7 to 168 mo). These patients exhibitidol of nitrite or nitrate. Intra- and interassay variabilities were
residual diuresis of 65& 129 ml of urine/24 h. Thirteen of the 37 <3.8%. Serum creatinine concentrations were determined spectro-
(35%) patients receiving PD were anuric. The average diuresis amaigptometrically with the alkaline picric acid method, in an automatic
the remaining 24 patients was 10#5151 ml/24 h P = not signif- analyzer (Beckman, Galway, Ireland). Protein concentrations were
icantversusHD). The weekly Kt/\,..,value for the patients receiving determined spectrophotometrically using the biuret method. All other
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laboratory data were obtained from routine laboratory tests, usifigble 1. ADMA, SDMA, L-arginine,L-arginine/ADMA

certified assay methods. ratio, and nitrate concentration as determinants of
o nitric oxide synthesis in control subjects (control)
Statistical Analyses compared with PD and HD patients
Data are presented as meanSEM unless otherwise stated. Sta-
tistical significance was tested using ANOVA, followed by the Fisher Agent Co_ntrol BD 'jD
protected least significant difference test for comparisons between (n=37) (n=37) (n = 43)
patient groups. Repeated measurements were tested for statist'§5MA 08+0.1 51+ 0.6° 52+ 0.4

significance using ANOVA and the Schéffetest. Statistical signif-

b
icance was accepted fér <0.05. ADMA/SDMA 1.31+0.21 0.72+ 0.1 1.21+ 0.0

L-arginine 75539 84.0+x93 759+x7.2
Results L-arg/ADMA 79.2+5.0 689+ 11.3 13.7+ 1.4°°¢
H ,C

PlasmaL-Arginine, ADMA, SDMA, and Nitrate Nitrate 39.1+19 360+15 23.9+17
Concentrations in ESRD 2Data are meart SEM. Results are given gsmol/L. ADMA,

Compared with control subjects, HD-treated patients exhiesymmetric dimethylarginine; SDMA, symmetric dimethylarginine;
ited significantly higher plasma ADMA concentratior8 « PD, peritoneal dialysis; HD, hemodialysis.
0.05) (Figure 1). Plasma SDMA levels were also significantly Cg : 8'823/’5::3:;%””0"
higher, butL-arginine concentrations were not significantly ' ’
different between the two groups (Table 1). Plasma nitrate
concentrations were significantly lower in HD-treated patients
than in control subjects (Table 1). change in plasma ADMA and SDMA concentrations was ob-
ADMA levels in PD-treated patients were not different fronserved. When the concentrations of thesarginine analogs
those in control subjectsP(> 0.05) (Figure 1). However, were expressed with respect to serum creatinine concentra-
SDMA concentrations in the PD-treated group were signifions, there was a significant elevatial h after dialysis,
cantly higher than those in control subjed®s< 0.05) (Table compared with predialysis concentrations (ADMA, 0.86
1). L-Arginine and nitrate concentrations and tharginine/  0.20versus2.02+ 0.33;P < 0.05). Five hours after the end of
ADMA ratio were not significantly different, compared withthe HD session, ADMA concentrations were significantly de-
those for the control groud®(> 0.05) (Table 1). creased, below values meadliré h after dialysis. ADMA
HD-treated patients exhibited significantly higher meagvels then continuously increased until 18 h after dialysis
ADMA concentrations, compared with PD-treated patientg:igure 2). A similar time course was observed for SDMA
SDMA, L-arginine, and nitrate concentrations did not diffefeyels (Table 2). However, it seemed that the reduction in
significantly between these groups. Tiharginine/ADMA ra-  plasma SDMA levelstb h after dialysis was not as marked as
f[io in the HD-treated patients was significantly lower than thaat for ADMA. PlasmaL-arginine concentrations remained
in the PD-treated patients (Table 1). unchanged after HD. Plasma nitrate levels and total protein

. concentrations did not change significantly.
Effects of HD on the Time Course of Plasma

L-Arginine, DMA, and Nitrate Levels

For eight HD-treated patients, the changes in the plasiagy\jA Concentrations with Respect to Renal
levels of L-arginine, DMA, and nitrate were assessed befoggnction and Atherosclerosis

and after one HD session. One hour after the end of dialysis, Nq,p_treated patients with atherosclerosis exhibited signifi-
cantly higher ADMA levels than did HD-treated patients with-

out atherosclerosis (7.3% 0.70 wmol/L [n = 22] versus
3.95+ 0.52umol/L [n = 11]; P < 0.05) (Figure 3). Similarly,

- H patients with peripheral arterial occlusive disease with normal

% 5 renal function exhibited significantly higher ADMA levels

E j:. than did healthy control subjects (3.230.33umol/L [n = 33]

< F % versus1.01 + 0.05 umol/L [n = 37]; P < 0.05) (Figure 3).

E I3 30 There was no significant difference in ADMA levels between

« - HD-treated patients without atherosclerosis and patients with
i peripheral arterial occlusive disease with normal renal func-

CONTROL PD HD tion. A similar pattern of SDMA concentrations was observed

Figure 1. Plasma asymmetric dimethylarginine (ADMA) concentragTable 8). Plasma.-arginine concentrations did not differ

tions in healthy control subjects (16 0.1 zmol/L, n = 37), perito- among control patients_, patien;s with peripheral arterial occll_J-
neal dialysis (PD)-treated patients (2:10.4 wmol/L, n = 37), and SIV€ disease, and patients with ESRD with atherosclerosis.

hemodialysis (HD)-treated patients (6:00.5 umol/L, n = 43). Each However, patients with ESRD without atherosclerosis exhib-
point represents one individual. Horizontal bars indicate the meanited lower plasma-arginine concentrations than did patients
SEM. *P < 0.05 by ANOVA. with ESRD with atherosclerotic disease.
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Accumulation of ADMA in ESRD

Our finding that DMA levels are significantly higher in
patients with ESRD than in healthy control subjects is consis-
tent with the first description by Vallancet al. (7), who
studied nine HD-treated patients. They reported a mean total
DMA level of 8.7 = 0.7 umol/L. This concentration was six
times higher than that measured for control subjects {1®1
mumol/L) (7). In other studies, lower concentrations of DMA
were reported. MacAllisteet al. (15) found elevated ADMA
and SDMA levels (0.9 0.1 and 3.8+ 0.4 umol/L, respec-
tively) in six HD-treated patients. Anderstaeat al. (16) re-
ported ADMA levels of 0.6 0.2 umol/L in 19 patients, and
no difference between PD and HD. However, in these studies
ADMA and SDMA levels in control subjects were also very
low. The relative increase in DMA levels was 2.5- to sixfold in
all of these studies. Comparing two treatment methods for
patients with ESRDi,e., HD and PD, we found that PD-treated
patients exhibited lower plasma ADMA concentrations than
did HD-treated patients. This difference may be caused by
differences in dialytic clearance of ADMA with the two treat-
ment methods or the metabolism of ADMA.

ADMA (pmol/l)

(v

ADMA/crea x 100

i

0 ] ] 1 ) 1

0 5 10 15 20 25

time (h) Metabolism of ADMA
The origin of ADMA in human plasma is currently unclear.

Figure 2.(A) Time course of plasma ADMA concentrations in eighiznimal studies suggest that the relatively low levels of ADMA

HD-treated patients before and 1, 5, and 18 h after a 4.5-h dialysisqy SpmA present in plasma from healthy rabbits are derived

session. Each line represents the time course of ADMA concentrathﬂsdinly from the degradation of methylated proteins (6). Dif-

In one subject. The thick line indicates the mearSEM. *P < 0.05 ferent methyltransferases seem to be responsibledoginine
by ANOVA. (B) Time course of plasma ADMA/creatinine ratios in y P

eight HD-treated patients before and 1, 5, and 18 h after a 4. 41¢thylation .in Various tissues; the_enzyme present in the.vas-
dialysis session. Each line represents the time course of ADMAYIature mainly yields ADMA, as judged by the observation
creatinine ratios in one subject. The thick line indicates the meanthat cultured human endothelial cells release more ADMA than
SEM. *P < 0.05 by ANOVA. SDMA (17,18).
Urinary excretion is the main elimination route for SDMA in
rabbits, whereas?\®>-monomethyl:-arginine and ADMA are
Discussion partly eliminated by other metabolic pathways (6). In rats,
The major findings of this study are thatt)(ADMA and Ogawa and coworkers (19) demonstrated thaE-labeled
SDMA are accumulated in patients with ESR2) ADMA ADMA is metabolized to citrulline by the enzyme DMA dim-
levels are significantly lower in patients with ESRD treatedthylaminohydrolase (DDAH), which is present in various
with PD than in those treated with HD3)(elevated ADMA tissues of rats and human subjects (5,20,21). These tissues
levels are accompanied by low plasma levels of nitrate, tirclude the kidneys, the vasculature, and other tissues in which
oxidative metabolite of NO; and4) regardless of renal func- this enzyme is colocalized with isoforms of NO synthase and
tion, patients with atherosclerosis have higher plasma levelsméy affect NO-mediated cell function (20,22). DDAH pres-
ADMA than those without atherosclerosis. ence and activity have also been demonstrated in human en-

Table 2. Time course of plasme-arginine, SDMA, SDMA/creatinine ratio as determinants of nitric oxide synthesis in 10
HD patients before, 1, 5 and 18 h after a 4.5-h dialysis se%sion

Agent Pre-HD 1 h Post-HD 5 h Post-HD 18 h Post-HD

(n=28) (n=18) (n=29) (n=29)
L-arginine mol/L) 69.44+ 9.55 67.32+ 12.78 51.50+ 7.11 62.55+ 7.60
SDMA (umol/L) 3.97*+ 0.85 6.25+ 0.63 4.55+ 0.56 5.72+ 0.62
SDMA/creatinine é<1073) 0.60*= 0.14 1.70+ 0.26 0.99+ 0.11 1.14+ 0.13
Nitrate (uwmol/L) 32.41* 2.68 40.51+ 5.48 39.89+ 4.26 35.61+ 2.56
Protein (mg/ml) 64.08: 1.74 69.2+ 1.91 69.96+ 3.29 64.99+ 2.59

2Data are mear: SEM. Abbreviations as in Table 1.
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14 1 —*— thors reported the exact time point of blood withdrawal, with
=129 . respect to the end of dialysis session. The data presented here
E 10 1 — * —1 -i’ show that the timing of blood withdrawal is very important for
2 81 . . S— T assessing the effects of HD on DMA levels.

S 67 ! . *
= . : .
2 : . —;i;‘-! ‘ i . Effects of ADMA on NO Elaboration
0 oty itinn- . $ Several studies performed vitro suggest that ADMA, at

concentrations between 1 and géhol/L, inhibits NO elabo-
ration by NO synthase in the presence rginine in isolated

Figure 3.Plasma ADMA concentrations in healthy control subjectst)IOOd vessels, in cultured macrophages, and in cultured endo-

patients with peripheral arterial occlusive disease (PAOD), and pJ;n_eIlaI cells (8,9,17,18). Because intracellular ADMA levels

tients with end-stage renal disease (ESRD) treated with HD, withdi@Ve Peen shown to be approximately one order of magnitude
or with concomitant atherosclerosis. Each point represents one ingi€ater than the levels in conditioned cell culture media, the

vidual. Horizontal bars indicate the mean SEM. *P < 0.05 by accumulation of ADMA observed in patients with ESRD may
ANOVA. be sufficient to cause clinically relevant inhibition of endothe-
lial NO elaboration (17).

In 1992, Vallanceet al. (7) hypothesized that inhibition of
dothelial cells (5,23). In isolated rat aortic rings studédrivg  vascular NO formation caused by accumulated ADMA might
inhibition of DDAH activity causes vasoconstriction, which ide responsible for cardiovascular disorders such as hyperten-
reversed by -arginine (23). Differences in the tissue origin okion and atherosclerosis, which are frequently observed in
ADMA and SDMA and differences in the metabolism of thesESRD. Since then, the presence of dysfunctional endothelium-
compounds may have contributed to the differences in plasahependent vasodilation in this disease has been confirmed in
ADMA and SDMA levels in this study. Further investigationseveral clinical investigations: Joannides al. (24) showed
will be needed to identify the influence of ESRD and differerthat flow-induced, NO-dependent forearm vasodilation was

CONTROL PAOD ESRD ESRD +
atherosclerosis

treatment regimens on the metabolism of DMA. impaired in adult patients receiving HD. Kagi al. (25) found
impaired flow-induced, NO-dependent vasodilation in children
Influence of HD on ADMA Levels with chronic renal failure. This was associated with elevated

The data presented here showedt thah after HD, there ADMA levels and reduced levels of nitrosothiols in plasma.
were slight increases in plasma ADMA and SDMA concentréd4oreover, Handet al. (26) demonstrated that the defect of
tions, which were significant when the concentrations of DM&ndothelium-dependent vasodilation that was present in pa-
forms were expressed with respect to serum creatinine concgents with ESRD before HD was reversed after HD sessions.
trations. This suggests that dialytic clearance for creatininefsirthermorep-arginine, but nob-arginine, restored endothe-
greater than for ADMA and SDMA. Part of the increase coullilal function independently of HD. This study strongly supports
also be the result of redistribution of tissue DMA into theéhe hypothesis that levels of ADMA present in the plasma of
plasma compartment during HD. Hemoconcentration did npéatients with ESRD induce clinically relevant inhibition of
play a role in this increase, because there was no significamdothelial NO synthase activity, because competitive inhibi-
change in total protein levels during HDt A h after the HD tion of NO synthase by ADMA can be overcome by excess
session, plasma ADMA levels were decreased by 65%, comarginine (17,27).
pared wih 1 h after dialysis; levels slowly increased again until In this study we measured the plasma concentration of
18 h after HD. This slow increase is probably attributable toitrate, a final oxidative metabolite of NO. Nitrate levels were
accumulation of newly synthesized DMA released into plasmsignificantly lower at baseline in HD-treated patients than in
Our data confirm the decrease in plasma ADMA concentrezatched healthy control subjects. After HD, nitrate levels
tions of approximately 40% that was previously reported Hyansiently increased and finally returned to baseline. These
Vallanceet al. (7) and by Anderstarat al. (16). MacAllisteret data are in accordance with studies performed by other inves-
al. (15) found a smaller (approximately 20%) decrease ftigators who also found evidence for reduced basal NO pro-
plasma ADMA levels after HD. However, none of those awduction in patients with ESRD (28) and increased NO forma-

Table 3.L-arginine and SDMA plasma concentrations in healthy controls, PAOD patients, and ESRD patients maintained ot
hemodialysis without or with concomitant atherosclerdsis

Adent Control PAOD ESRD ESRD + Atheroclerosiss
9 (n = 37) (n = 33) (n = 11) (n = 22)
L-arginine 75.5+ 3.9 78.6+ 6.4 51.9+ 8.6 98.9+ 11.3
SDMA 0.8+0.1 24* 0.5 3.8 04 6.1+ 0.5

2Data are mear: SEM. Results are given asmol/L. PAOD, peripheral arterial occlusive disease; ESRD, end-stage renal disease.
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tion during HD (29,30). Using stable-isotope techniquesardiovascular disease are not proof of accelerated atheroscle-
Rhodeset al. (31) recently found that in human subjects theosis in patients undergoing maintenance dialysis. Many pa-
major portion of circulating nitrite/nitrate is derived directlytients undergoing dialysis have more or less marked vascular
from theL-arginine/NO pathway. Although we cannot excludéesions at the start of dialysis treatment, and the risk factors
the possibility that differences in dietary nitrate intake agresent in the predialysis phase may be of primary importance
counted at least in part for differences in plasma nitrate levdts the manifestation of cardiovascular disease. Multiple
between patient groups in this study, accumulated evideriaewn cardiovascular risk factors have been shown to be
from these studies suggests that NO production is alteredpiresent in patients with ESRD (41-44). Elevated ADMA lev-
ESRD. This is further supported by the recent finding cfls may be a newly identified, preexistent risk factor for
impaired endothelium-dependent, NO-mediated vasodilatiatherosclerosis.
in patients undergoing dialysis (24-26). Increased ADMA In conclusion, we have demonstrated that ADMA is accu-
levels may be one important factor determining endotheliadulated during chronic renal failure. Different dialysis treat-
function in ESRD. ment strategies affect ADMA levels differently. The presence
of atherosclerosis is associated with higher ADMA levels in
Consequences of Reduced NO Elaboration in ESRD patients with normal renal function, as well as in patients
Aside from volume changes during HD, acute alterations imdergoing dialysis, but this phenomenon may be unrelated to
NO formation during HD may contribute to peridialytic BPrenal handling of ADMA. Reduced NO elaboration secondary
instability in HD-treated patients (32—34). Changes in ADMAto accumulation of ADMA may be an important pathogenic
induced inhibition of endothelial NO production may contribfactor for atherosclerosis in chronic renal failure.
ute to this phenomenon. In the long term, chronic reduction of
NO synthgse activity secondary tp accumulatlon' of ADM'%\cknowIedgments
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