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I ntroduction

Asymmetric dimethylarginine (ADMA) is an endogenlyusccurring methylarginine
that inhibits nitric oxide synthesis. Plasma lewva&isnethylarginines increase in renal
failure and certain cardiovascular pathologies, engatients with end stage renal
failure the level of ADMA predicts the risk of camglascular events and overall
mortality. The object of this review is to descriltiee mechanisms of ADMA
synthesis, metabolism and uptake and to outlinenigaes for measuring ADMA and

the pathological states in which ADMA levels areegdd.

NO inhibition

Nitric oxide (NO) is a signalling molecule whichags an important role in
maintaining vascular tone, preventing platelet aggtion [1] and regulating blood
pressure [2]. Nitric oxide synthases (NOS) prodN€eand citrulline from arginine in
a five-electron oxidation of the guanidine nitroggfhoxygen requiring NADPH and
tetrahydrobiopterin as cofactors (Figure 1A). Sahé¢he earliest inhibitors of NOS
were targeted to the arginine binding site anduidket in this class of guanidine-
substituted arginine analogues was Eatonomethylarginine (L-NMMA- Figure 1B;
Fig 2 [A]) [3,4]. The inhibition constants for L-NMA have been measured in iNOS,
NNOS and eNOS to be @, 0.18 and 0.94 respectively [5,6,7,8] and the #m
arginine ranges from 7-19M. There has been speculation about the mechanism o
NOS inhibition by methylarginines and, at low contcations of arginine, ADMA

might bind to elicit uncoupled oxidation of NOS ageherate superoxide [9,10].



Several years before the identification of nitrigid®@ as endothelium dependent
relaxing factor [11], molecules similar to L-NMMAamely N°N®dimethylarginine
(ADMA- Fig 1B) and N°N® dimethylarginine (SDMA- Fig 1B) had been detected i
urine [12]. In 1992 Vallancet al proposed that the naturally occurring L-NMMA and
ADMA might regulate nitric oxide production [12, 13t was subsequently shown
that both L-NMMA and ADMA inhibited endothelium depdent contractions of
aortic rings and altered vascular tone in humansvo [12, 13]. ADMA was found to
inhibit NOS isoforms at equivalent doses as L-NMNMAt SDMA did not inhibit

NOS activity [15].



ADMA synthesis

One of the first proteins observed to have metkdairginine residues was myelin
basic protein [16]. This process of basic aminod agiethylation became well

documented [17] and it was recognised that argimm@hylation occurred shortly

after protein synthesis. Incorporation of radiolsgemethyl groups onto the arginine
residues of myelin basic protein revealed that ane¢hylated the reaction appeared
to be irreversible and the arginine-methylatedgirotook weeks to degrade [18, 19].
Originally methylation was divided into histone andn- histone arginine protein

methylation. More recent studies have suggestet upato 200 proteins may be

methylated including proteins involved in trangati transcription, membrane

transporters, and cell cycle regulation [20].

Arginine residues on proteins are methylatedivo by the action of protein arginine

methyltransferases (PRMT); S-adenosylmethionineMpAonates the methyl group

for the reaction and S-adenosylhomocysteine (SAH) reaction by-product. Both

SAH and SAM affect the rate of arginine methylati@\M promotes the reaction

whilst SAH appears to be a weak inhibitor of PRMTivaty [21].

Arginine residues can be asymmetrically methylated Type 1 PRMTs or
symmetrically methylated by Type 2 PRMTs; monomkttign of arginine residues
appears to be an intermediate step in either thee Tlyor Type 2 PRMT reactions.
Free methylarginines are released as proteins gageoteolysis (Figure 2 [B]). Type
1 PRMTs are found in the heart, smooth muscle &ksndothelial cells, at the time
of writing four Type 1 PRMT isoforms have been itiged: PRMT1, PRMTS3;

PRMT4 (CARM1) and PRMT6 (Table 1). PRMT1 is foundhbrain, liver & testis



[22]. PRMT3 is found in adrenal, heart, small itites, lung, kidney, ovary, testis,
thyroid, brainstem, cerebellum, cortex, hippocampusl pituitary, with PRMT1
having a similar pattern of expression but is fowatdhigher levels in lung [23].
PRMT3, in contrast to PRMT1, exists as a monomer ianfound throughout the
cytoplasm [23]. The peptide sequences recognisetidbyype 1 PRMTs are thought
to contain arginine flanked by glycine residues|[24

PRMTS is the only known Type2 PRMT and it appearbé localised to the cytosol,
symmetrically methylated arginine residues havenbeend in the nucleoplasm of
HeLa cells [25]. PRMTS5, like PRMT3, is sensitive agents that modify cysteine
sulphydryl groups [26]. Several single nucleotiddymorphisms (SNP) have been
identified for the PRMT isoforms and published Ine tSNP database (Table 1) with

PRMT3 having significantly more SNP than other asofs.

The information available about the regulation BIMPT expression and regulation is
incomplete. Both oxidised and normal low-densifyofirotein (LDL) increase the
expression of PRMT1, PRMT2 and PRMT3 [27]. Increlaaetivity of PRMT1 has
been demonstrated following moderate levels of Iskeass, which can be attenuated
by IkB kinase A or the PPARactivator, troglitazone [28]. The action of shetiess
upon PRMTL1 is attributed to the action of #-response element, and following
shear stress increased levels of methylargininee lh@en measured [28]. Similar
levels of shear stress have been shown to actieN®S through AKT-

phosphorylation [29, 30].



PRMT | Class Arginine Localisation | Chromosome | SNP Reference
type methylation
Typel | PRMT1 MMA, ADMA | Nucleus | 19913 22 [22; 31]
PRMT3 MMA, ADMA | Cytosol 11p15.1 240 [23; 26]
CARM1/PRMT4 | MMA, ADMA Nucleus 12p13.32 48 [32]
PRMTG6 MMA, ADMA Nucleus 1p13.3 16 [26]
PRMT2 No apparentNucleus 21922.3 87 [33]
Arginine
methylation
Type 2 | PRMT5 MMA, SDMA | Cytoplasm 14q11.2 22 [25, 26, 34]

Table 1: Summary of Type 1 and Type 2 PRMT isoforrhsprmosomal localisation as published by

the Welcome Trust Sanger Centtettp://www.ensembl.org/Homo_sapienahd single nucleotide

polymorphism (SNP) data from http://www.ncbi.ninnmjov/SNP/.

ADMA metabolism

A route for ADMA metabolism was proposed followirgpservations inn vivo

studies that excretion of radiolabelled ADMA andNMMA levels were lower than

those measured in urine for SDMA [35]. An enzymeswdentified from rat kidney

lysate which could metabolise ADMA to citrulline caimethylamine respectively

[36]. This enzyme was subsequently purified fromtissue and became known as

N€ ,N°-dimethylarginine dimethylaminohydrolase - DDAH dBie 2-[C]; [37]); it

was found later in human tissue [38]. DDAH also abelises L-NMMA to citrulline

and methylamine but it has no activity towards SDIMA]. The activity of DDAH




alters the concentration of methylarginines witbétis and the levels of NO produced

by the cells (Figure 2-[A]; [39].

A second DDAH isoform (DDAHII) was identified wit62% homology to DDAHI
[40]. DDAHII is expressed in highly vascularisedsties and in immune tissues
whereas the distributions of DDAH1 correlates whbse described for nNOS [41].
Interestingly DDAHII levels are highly expressedfaetal tissues. Both DDAHI and
Il were found to have a cytosolic localisation sesfing that they maintain low
ADMA levels throughout the cell [42, 43]. The DDAHfene maps to chromosome

1p22 and DDAHII maps to the MHC Il region of chrosome 6p21.3 [41].

Whilst DDAH plays in important role in metabolisirmndogenously occurring NOS
inhibitors, high levels of NO appear to feedbacknituence the activity of DDAH.
Leiperet aldemonstrated that DDAH could be nitrosylated [43]e crystal structure
showed that the DDAH active site contained a cttalyiad Cys-His-Glu [44] and
mutation of this active site Cys249 abolished sigtation. Furthermore NO released
from cytokine stimulated endothelial cells elicitBdDAH nitrosylation and reduced
DDAH activity, indicating that following INOS indtion DDAH activity may be
reduced leading to an accumulation of methylargisif43]. It has been suggested
that zinc might regulate DDAHI activity through émaictions with active site cysteine

residues [45], although no zinc was identified fribra crystal structure of DDAH.

Based upon measurements of urinary dimethylaminearasndicator of ADMA
metabolism, it seems that a healthy adult geneedieat 30QuM of ADMA per day

of which 250uM is metabolised by DDAH [46].



Manipulation of DDAH expression

Treatment of endothelial cells with @athns-Retinoic acid (atRA) decreases levels of
secreted ADMA and increases the levels of NOx gerdrby the cells [47]. DDAHII
expression is upregulated by aknsRetinoic acid, possibly acting through a

PPAR/RXR site in the DDAHII promoter.

Estrogen also appears to reduce ADMA levels andease DDAH activity, this
attenuation in ADMA increased NO levels [48]. Innt@ast the anti-cancer drug
tamoxifen increased ADMA levels and reduced lee¢ISO [48]. Following estrogen
replacement, in post-menopausal women, levels agsnph ADMA were reported to

fall, consistent with the observations of estrogerDDAH activity [49].

There may also be other factors which regulate DDAterleukin B has been
reported to increase both DDAH and iNOS expressioat smooth muscle cells with
a corresponding fall in ADMA levels [50]. ADMA lel@were observed to rise in the
presence of either oxidised LDL or tumour necrésctor-o, which was accompanied
by a fall in DDAH activity [51]. DDAHI expression &s increased in @n vivo model
correlating with area of low blood flow in the hegb2], shear stress has been

demonstrated to effect PRMT activity [28].

Genetic variants of DDAH

Polymorphisms have now been identified for DDAHbhe of which involves a

6G/7G variation at -871 of the DDAHII promoter ocdng in approximately 1% of



the population, this polymorphism tested in promo#porter assays indicated that it
might lead to increased basal DDAHII activity [53].mutation in human DDAHI
has also been published [54].

At the time of writing there were 13 published $eguucleotide polymorphisms

(SNP) on the NCBI SNP databagst|p://www.ncbi.nlm.nih.gov/SNP/for DDAHII

and 338 reports of SNP for DDAH1. It remains to been whether these
polymorphisms correlate with raised ADMA levelscardiovascular disorders or can

be used to predict cardiovascular morbidity.

DDAH regulation of angiogenesis

ADMA has been shown to affect angiogenic processesin vivo model [55] and
atRA, which has been shown to increase DDAH agtiM¥] has been implicated in
the regulation of angiogenesis as well as modagndothelial cell growth and
differentiation. In DDAHII overexpressing endotladlicells, levels of VEGF were
increased and there was increased tube formatianim vitro model [56]. Levels of
DDAHII are abundant in the placenta, a highly védadsed tissue [40]. DDAH
overexpression in tumour cells has also been showrcrease VEGF expression and

leads to increased neovascularisation [57].

Effects of systemic ADMA

There are numerous reports documenting change®MAAlevels correlating with

various cardiovascular disorders. In a randomismtbkb-blinded trial administration

of ADMA to healthy subjects decreased heart ratereiased cardiac output and



caused a rise in blood pressure [46]. Another @stiang finding from this study was
the effect that systemic ADMA had on the vascukaiarresponse to exercise; cardiac
output doubled in response to exercise, but afteMA there was a significantly

depressed cardiac response to exercise.

Arginine Transport

The arginine paradox

Arginine is transported through the cationic amaad transporters (CAT) of system
y+, which are sodium independent. In endothelilsagp to 2mM arginine has been
measured [58] which is significantly higher thag tim for NOS of 7-19M [5, 6, 7,
8], therefore arginine should never be rate lingittor NOS and the NOS enzymes
should be saturated by substrate arginine. Howé@verymerousn vitro andin vivo
studies endothelial NO production has been augrddngearginine supplementation
(recent review [59]). This has led to unexplainedginine paradox” where despite

high intracellular arginine concentrations, argengan be rate limiting for NOS.

Effects of methylarginines on arginine transport

The methylarginines ADMA, L-NMMA and SDMA have dleen shown to compete
with arginine for the y+ transporter (Figure 2 [Rd this has been demonstrated in
macrophages, microvascular and endothelial cels §d; 62]. Some investigators
have questioned whether the concentrations of ADkRasured in plasma and other
biological samples for ADMA (typically 0.5 — iM) could inhibit NOS given the

physiological levels of arginine. The Km of DDAHrfdDMA is high (100 uM) and

10



this might suggest that under certain conditionsalised ADMA can reach high
concentrations indeed L-NMMA appears to accumulgéater than 5-fold inside the
cells [63].

Inhibition of DDAH with S-2-amino-4(3-methylguanith)butanoic acid (4124W)
leads to a significant accumulation of ADMA [39]leunating in impaired NO
production [47]. In neurons Zweier & Cardounel rgpd that intracellular levels of
ADMA were at levels sufficiently high that more th&0 % of nNOS could be
expected to be inhibited at any given time [64]eidfore there is evidence to suggest
that intracellular levels of ADMA exceed circulaimevels and that ADMA may be
concentrated within cells at levels which can affd©S. ADMA may also have a
paracrine action and ADMA secreted from endothel@ls has been demonstrated to

inhibit the NO production of cytokine stimulated enaphages [65].

Other factors which influence arginine uptake

Arginine uptake is affected the inflammatory stimablmor necrosis factor-alpha
(TNF-a), interleukin-1 beta (IL-f), and lipopolysaccharide (LPS). LPS has been
shown to increase the uptake of L-NMMA by greatemt 80% [63; 67] and LPS has
been shown to increase the expression of CAT mR®&&). [Arginine transport may
be influenced by changes in the membrane poteottipbtassium inward rectifying
K+ channels.

The NO signalling pathway appears to directly iaflae arginine uptake: NO may
attenuate the uptake of arginine by cells [68], andesponse to arginine starvation
there is an increase in the expression of the mat@mino acid transporter [69]. The

transport of arginine is altered under pathophgsgiclal conditions. Hypoxia, which

11



is associated with increases in proteolysis, agp@areduce the transport of arginine
[70]. During hyperglycaemia there is an increaséhm activation of cationic amino

acid transport which may impact upon diabetes.

Methods of detecting ADMA

The original measurements of ADMA were performeihgsHPLC (Paik 1970;
Vallanceet al 1992) and after 30 years HPLC analysis is the ggradant method
used to determine ADMA levels. In recent years ADNBnples have derivatised by
ortho-phthaldialdehyde reagent (OPA) and detectefiubrometry which has greatly
increased the sensitivity of the method (Teerletkal 2002). Refinements in the
HPLC techniques and the sample extraction haveceztithe amount of starting
sample, for plasma less than 0.1 ml is requiredd@¢termine levels of ADMA.
Limitations of this method for detecting ADMA argetnumber of samples which can
be injected and the time required to extract sasgdor to HPLC analysis.
Comparisons of the ratios of ADMA: SDMA and ADMArginine have been
frequently used to describe changes in ADMA in aésestates. Typically the levels
of ADMA in plasma from healthy adults have beencdéed 0.3-1M (MacAllister

et al 1996b; Teerlinket al 2002; Zoccalet al 2001) and levels of ADMA in cerebral
spinal fluid 0.01-0.0M (Abe et al 2001; Mulderet al 2002). Interestingly the ratio
of ADMA to SDMA in CSF is 1:3 whereas in plasmarfrmormal patients there are

equal levels of ADMA: SDMA (Muldeet al 2002).

12



Several methods have now been described to mea&DMdA using mass
spectrometry coupled to a separation system (Viehttanet al 2000; Tsikaset al
2003,; Martens-Lobenhoffer & Bode-Boger 2003). Ehesethods appear to have
lowered the limits of detection and may have adsges over HPLC with higher
sample throughput. Antibodies raised against ADMA eommercially available but

there are no published reports of groups havingessfully used these at the time of

writing.
Method Basal plasma Limits ofReference
detection
HPLC 0.42 + 0.0aM 0.0uM Teerlink et al
2002

0.453+0.128M 0.2uM Martens-Lobenhoffer

HPLC—MS et al2003

Gas 0.39 = 0.@Mol 10 amol Tsikaset al2003

chromatography

coupled to MS

Liquid 25.1+4/-9.4 ng/ml 1 ng/ml Vishwanathaet

chromatography al 2000

coupled to MS-MS

DDAH activity measurement
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DDAH activity has been measured by the conversiaradiolabelled methylarginine
to radiolabelled citrulline (MacAllisteet al 1996). A colorimetric assay is also in use
to measure the end point of the DDAH reaction (rap al 2000), citrulline, but is
limiting for use with coloured assay materials suekl particularly tissue.
Dimethylamine is also measured as an indicator BIAB activity (Achanet al

2003).

ADMA in cardiovascular disorders

It has been recorded over the past 30 years tharyrmethylarginines increase in
various disease states including muscular dystrdihloyn 1979) and liver disease
including chronic active hepatitis (Carnegieal 1977). Changes in ADMA in renal
failure patients were later associated with imghiNO production (Vallancet al

1992)

In healthy individuals there appears to be a cati@t between levels of ADMA and
subsequent acute coronary events and the levl®BIA appear to predict both the
occurrence of cardiovascular events and mortaglkonenet al 2001). In some
reports ADMA levels are increased in hypertensiod high levels of salt in the diet
might also increase ADMA (Osanat al 2002). ADMA may contribute to left
ventricular hypertrophy (Zoccaét al 2002) and reduce renal excretion of sodium

perhaps contributing to hypertensidmafsuokaet al 1997)
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Chronic renal failure

The risk of cardiovascular mortality is increasegl 20-fold in association with
chronic renal failure. In 1992 Vallane al reported that levels of plasma ADMA
were several fold higher in renal failure patietht@n in healthy controls (Vallane

al 1992) and that levels of ADMA in these patientsevieigh enough to attenuate the
production of nitric oxide. In addition to beinge&ted by the kidneys ADMA is also
metabolised; DDAH is expressed throughout the kidaed co-localises with NOS
expression. Changes in ADMA levels are partiallgogagated with impaired renal
clearance, but in renal failure SDMA and creatinlievels rise concurrently whereas
there is a smaller increase in ADMA indicating tsatme ADMA is metabolised by
DDAH. In a cohort of patients with renal failureadmodialysis to remove
methylarginines was found to have an immediate tdbom improvement on

vasodilatation (Crosst al2001).

In in vivo experiments NOS inhibition, by ADMA or L-NMMA, malye reversed by
arginine, however the effects of arginine suppleia&m upon renal failure has been
tested but conflicting reports have been publistegghrding the effects (Haret al

1998 & Crosset al2001).

Pulmonary hypertension:

Pulmonary hypertension is characterised by an @as&én pulmonary blood pressure
accompanied by a fall in NO levels. At birth and fllee subsequent 24 hours there is
increased DDAH activity in lungs correlating witiicreased NO generation (Arrigoni
et al2002). However in a porcine model of persisterinamary hypertension, which

affects the newborn, the hypoxic conditions regui@mimic this condition lead to a
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fall in DDAHII expression and activity (Arrigoret al 2002). Levels of ADMA have
been measured in adults with pulmonary hypertensiod were found to be
significantly higher than in control subjects (Goite & Zheng 2001). In another
animal model of pulmonary hypertension, rats werentl to have reduced DDAH
activity and raised ADMA levels, the pulmonary hiopressure was increased with a

fall in NO levels despite increased expressionNfD8 (Millatt et al 2003).

ADMA as a marker for pre-eclampsia:

Pre-eclampsia is a disorder of maternal vasculatnceeffects 3-5 % of pregnancies.
During the course of normal pregnancy plasma ADMMWsffrom 0.82 uM to 0.52 uM
at 24 weeks gestation before gradually rising ® pine-pregnancy levels at term.
(Fickling et al 1993; Holderet al 1998). This change in circulating ADMA parallels a
fall in blood pressure and maternal vascular tan@4 weeks of pregnancy, which
then increases throughout the rest of the pregnawtymen who were found to
develop pre-eclampsia were reported to have ADMelk greater than 1.45 uM
(Savvidouet al 2003), subjects who had higher levels of ADMA gan pregnancy
were most likely to develop pre-eclampsia. Throughpregnancy high levels of
protein turnover occur in the uterus, which woutddxpected to increase the levels of
methylarginines. In the placenta DDAHII is highlyxpeessed (Leipeet al 1999)
presumably to metabolise these increased concemsabf ADMA. It has been
suggested that the raised levels of ADMA associafié pre-eclampsia might reflect

dysregulation of DDAHII.

Hyperhomocysteinemia

16



Levels of S-adenosylhomocysteine (SAH), the endhpcoin the PRMT methylation
of arginine residues, are associated with theafstardiovascular events. Circulating
concentrations of ADMA are increased in animals &d homocysteine rich diet
(Bogeret al 2000) and in humans following methionine loadiBgpderet al 2001).
ADMA levels seem to correlate with increased honsteye levels and impaired
arterial relaxation. In patients with hyperhomoeysiia there may be increased
oxidation of low density lipoproteins (LDL). In an vitro model, levels of oxLDL
appear to increase PRMT activity and downregulag¢eatctivity of DDAH, which is
consistent with the increased ADMA observed in higpenocysteinemia.
Homocysteine has also been proposed to oxidiseytteine residue of DDAH at the

active site to reduce DDAH activity (Stuhlingsral 2003).

Atherosclerotic disease

The development of atheroma can be assessed byrmmgathe lumen diameter of a
vessel, in a cohort of patients with end stagelrlre undergoing hemodialysis,
ADMA levels were been reported to correlate wittinta-media thickness (Zoccat

al 2002). In another study of healthy individuals swe@g the intimal-medial
thickness of the carotid artery, ADMA and age wévend to be independent
predictors of lumen occlusion (Miyazadi al 1999). The risk of developing atheroma
is significantly increased in patients with endggta renal disease,
hyperhomocysteinemia and type Il diabetes conditiarnich also have elevated
levels of plasma ADMA (Zoccakt al 2002; Stuhlingeet al 2001; Paivaet al 2003).
Investigators have proposed that ADMA levels mayedmt the onset of

atherosclerotic disease although the number ardo$igtudies remain small.
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Nitric oxide is important in preventing monocytehadion, platelet aggregation and
vascularsmooth muscle cell proliferation. The reduced bakability of NO is
thought to contribute to endothelial dysfunctiordahe early stages of atheroma
development. It is not known whether the activitdDDAH or PRMT are effected
during the progression of atherosclerosis althoupthDL, a marker for the
progression of atheroma, has been demonstratedctease PRMT activity and

reduce DDAH activity (Itcet al 1999; Bogeet al 2000).

ADMA in Type Il diabetes

The plasma concentration of ADMA appears to havpositive correlation with
insulin resistance (Stuhlinget al 2002) and is increased in individuals with Type II
diabetes. Metformin (Asaganeit al 2002) and rosiglitazone (Stuhlinget al 2002)
have both been demonstrated to reduce the levedObfA associated with Type I
diabetes and it remains to be seen whether thasgs drave an effect through
modulating either DDAH or PRMT activities. It hasdn reported that glucose may
downregulate DDAH activity in am vivo model correlating with a rise in ADMA
levels and impaired NO production (L&t al 2002). However the mechanism by

which glucose is effects the activity of DDAH remsiundetermined.

ADMA in Alzheimer’s
There is conflicting evidence surrounding the iveoshent of DDAH and ADMA
levels in Alzheimer’s disease. DDAH may be upretpdan the cytoplasm of neurons

with cytoskeletal pathology (Nakagorat al 1999)and ADMA was reported to be

18



lower in Alzheimer’'s patients compared to contralbjects (Abeet al 2001).
However, further measurements of ADMA levels in G&ive indicated that there are

no changes between normal and moderately effectigehps (Muldeet al 2002).

Summary

ADMA levels are altered in a wide series of pathgblogical states and the
importance of measuring the circulating levels @MA has been demonstrated in
predicting cardiovascular events. Techniques foasuegng ADMA have improved
over the past 30 years but it would be of greataathge to the field if multiple
samples could be screened in parallel. We haveiomeat the polymorphisms which
have been identified in DDAH and PRMT isoforms the future genotyping might

provide additional information to assist in diagings cardiovascular events.
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Figure 1A] — Nitric oxide synthase reaction 1B]trustures of endogenous
methylarginines
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Figure 2 -

A] ADMA & L-NMMA inhibit nitric oxide synthases.

B] Arginine residues on proteins are methylatedPBMT with S-
adenosylmethionine acting as a methyl donor, thmigre residues can be either
mono- or di-methylated. Free L-NMMA, ADMA and SDMeke released as the
protein undergoes proteolysis

C] DDAH metabolises ADMA & L-NMMA to citrulline andlimethylamine or
methylamine respectively.

D] ADMA, L-NMMA and SDMA may compete with the catic amino acid y+
transporter to reduce arginine transport.
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List of abbreviations:

ADMA (N © N€ dimethylarginine), SDMA (RN —dimethylarginine), L-NMMA (L- N-
monomethylarginine), SAH (S-adenosylhomocysteiSéyy (S-adenosylmethionine), PRMT (protein
arginine methyltransferase); DDAH (dimethylarginitimethylaminohydrolase); NO (nitric oxide);
NOS (nitric oxide synthase).
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