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Abstract
Asymmetric dimethylarginine (ADMA) is an endogenous methylated amino acid derived from arginine. ADMA 
can inhibit the activity of all isoforms of nitric oxide synthase (NOS). Protein arginine methyltransferases (PRMTs) 
catalyze the synthesis of ADMA and dimethylarginine dimethylaminohydrolase (DDAH) is responsible for the 
metabolism of this compound. ADMA enters cells through cationic amino-acid transporters (CATs), which are 
known to be y+ carriers. Many factors can regulate the synthesis, transport, metabolism, or excretion of ADMA. 
In various pathological states such as hypercholesterolemia, hyperglycemia, hyperhomocysteinemia, hypertension, 
coronary artery disease, heart failure, and stroke, plasma levels of ADMA may increase two- or even tenfold, 
contributing to inhibition of NO synthesis and endothelial dysfunction. Impaired liver or renal function could 
also have an impact on the plasma concentration of ADMA. In some situations such as neurological disorders, 
decreased levels of ADMA are noted. It is very important to discover which states or drugs can increase or decrease 
the level of ADMA and what the mechanism of that action is (Adv Clin Exp Med 2010, 19, 233–243). 
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Streszczenie
Asymetryczna dimetyloarginina (ADMA) to endogenny aminokwas powstający z argininy. ADMA hamuje aktyw-
ność wszystkich izoform syntetaz tlenku azotu (NOS). Metylotransferazy argininowe (PRMTs) katalizują syntezę 
ADMA, a dimetyloaminohydrolaza dimetyloargininy (DDAH) odpowiada za rozkład tego związku. Kationowe 
transportery aminokwasów (CATs) znane, jako y+ transportery pozwalają na gromadzenie się ADMA we wnętrzu 
komórki. Wiele czynników wpływa na syntezę, transport, metabolizm i wydalanie ADMA z organizmu. Wśród 
chorób należy wymienić hipercholesterolemię, hiperglikemię, hiperhomocysteinemię, chorobę wieńcową, niewy-
dolność serca i udar. Wszystkim tym stanom towarzyszy 2-, a nawet 4-krotny wzrost stężenia ADMA we krwi, 
zahamowanie syntezy NO i dysfunkcja śródbłonka. Upośledzona czynność wątroby i nerek, narządów odpowie-
dzialnych za wydalanie ADMA, również wpływa na wzrost stężenia tego związku w organizmie. W niektórych 
stanach, np. w chorobach neurologicznych,  stężenie ADMA jest zmniejszone. Jest bardzo ważne, aby poznać, które 
choroby lub substancje są odpowiedzialne za zwiększone lub zmniejszone stężenie ADMA oraz jaki jest mecha-
nizm tego zjawiska (Adv Clin Exp Med 2010, 19, 233–243). 
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Arginine is an amino acid essential for normal 
growth and development. Endogenous synthesis is 
adequate in healthy people, but might be insuffi-
cient in many pathological states. Asymmetric and 

symmetric dimethylarginines (NG,NG-dimethyl-
L-arginine – ADMA, and NG,NG’-dimethyl-L-
arginine – SDMA) as well as monomethylarginine 
(NG-monomethyl-L-arginine – L-NMMA) are 



M. Trocha et al.234

endogenous methylated amino acids derived from 
arginine. ADMA and SDMA were isolated from 
human urine in 1970 by Kakimoto and Akazawa 
[1]. Both ADMA and L-NMMA can inhibit nitric 
oxide (NO) synthesis [2]. L-NMMA was initially 
developed as a pharmacological tool which could 
elicit an endothelium-dependent increase in the 
tone of rabbit aortic rings and inhibit the endo-
thelium-dependent relaxation induced by ace-
tylcholine [3, 4]. Later it was also shown to be 
present in neurons and the brain [5]. The con-
centration of ADMA in plasma is much higher 
than that of L-NMMA and it is suggested that 
ADMA is much more important than this mono-
methylated derivative of arginine [6]. In contrast 
to ADMA, SDMA fails to inhibit NO synthesis, 
but it may compete with arginine for transport 
across cell membranes [2]. 

ADMA is an endogenous inhibitor of all iso-
forms of NO synthase, which was demonstrated in 
many experiments in vitro and in vivo [2, 7]. It was 
also shown that endothelial (eNOS, type III) and 
neuronal (nNOS, type I) nitric oxide synthase are 
predominantly inhibited by ADMA [7–9], but the 
inducible isoform (iNOS, type II) is inhibited to a 
lesser extent [10, 11]. Plasma levels of ADMA in 
healthy persons vary between 0.3–0.5 µmol/l [2], 
but in pathological states it may increase two- or 
even tenfold, contributing to inhibition of NO 
synthesis and endothelial dysfunction [12]. It was 
concluded that a concentration range of 3–10 µM 
is enough to inhibit vascular NO production [13]. 
Consequently, under normal conditions eNOS is 
inhibited by 10%, but in pathological situations by 
30–70% [6]. It is worth emphasizing that the con-
centration of ADMA inside cells is much higher 
than outside. It was reported that the intracellu-
lar level of ADMA in endothelial cells obtained 
from rabbit carotid artery is ten times higher than 
in plasma [14].

ADMA, an inhibitor of NOS, inhibits NO syn-
thesis. It was also shown that ADMA can poten-
tiate the expression of genes encoding endothelial 
adhesion molecules [15], augment mononuclear 
cell adhesiveness, and participate in the inflamma-
tory reaction [16–18]. Pretreatment of endothe-
lial cells with ADMA increases the expression of 
monocyte chemotactic protein-1 (MCP-1). This 
response could be attenuated by anti-MCP as well 
as L-arginine [17]. 

Role of ADMA  
in Clinical Disorders
Elevated plasma ADMA levels have been 

found to be associated with impaired endothe-

lium-dependent vasodilatation [19]. Elevated plas-
ma levels of ADMA were detected in patients with 
vascular diseases [20–22] and significantly corre-
lated with carotid intima-media thickness. ADMA 
is suggested to be a marker of atherosclerosis [23]. 
Oxidative stress is also responsible for increased 
synthesis and/or inhibited metabolism of this 
compound [24] and elevated levels of ADMA are 
observed in patients with hypercholesterolemia, 
hyperglycemia, hyperhomocysteinemia, diabetes, 
hypertension, and heart failure [17, 22, 25, 26]. In 
hypercholesterolemia, plasma ADMA level bet-
ter correlates with endothelial dysfunction than 
LDL [20, 27]. ADMA was shown to be an inde-
pendent and strong predictor of left ventricular 
ejection fraction (LVEF) and an inverse relation-
ship between ADMA and LVEF was demonstrat-
ed [28]. A high level of ADMA independently 
predicts future cardiovascular risk in patients with 
coronary artery disease [29] and adverse cardio-
vascular events in patients undergoing percuta-
neous coronary intervention [30]. Furthermore, 
ADMA is a weak independent marker of acute 
stroke and a strong marker of transient ischemic 
attack (TIA) [31].

An association between ADMA level and 
smoking was also reported [32]. The level of 
this compound also increases with aging [19]. 
In critically ill patients with clinical evidence of 
more than two organ failures, ADMA is a strong 
and independent risk factor of mortality [33]. 
Renal insufficiency [34] and liver cirrhosis [35] 
are further examples of disorders with higher 
levels of ADMA as both organs are responsible 
for the elimination of ADMA. Significant cor-
relation was observed between the concentration 
of ADMA in graft and liver function after trans-
plantation [36].

On the other hand, ADMA is suggested to 
play a role as an inhibitor of the overproduc-
tion of NO, mainly by the regulation of iNOS 
activity [10, 11]. Furthermore, by modulating 
nNOS activity, ADMA may prevent neurotox-
ic injuries [5]. ADMA concentration has been 
reported to be significantly lower in patients 
with Alzheimer’s disease [37]. Increased NO 
synthesis and oxidative stress have been impli-
cated in this state and in aging [3]. Treatment 
with NOS inhibitors could be protective in these 
diseases, which progress with NO overproduc-
tion. L-NMMA was revealed to reverse hypo-
tension in septic shock, prevent inflammatory 
reactions, and decrease both pain reaction and 
headache [38]. Elevated levels of ADMA were 
also found in patients with hematological malig-
nancies, although the significance of this finding 
remains unclear [39].
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Factors Regulating ADMA 
Level in the Organism
PRMTs
Endogenous methylarginines are derived from 

the methylation of arginine residues on various 
proteins. Protein methylation is a posttransla-
tional modification of many intracellular proteins 
involving the addition of a methyl group to argi- 
nine residues in the polypeptide chain by the 
action of protein arginine methyltransferases 
(PRMTs). It is a covalent and irreversible reaction. 
PRMTs are a family of enzymes containing eight 
isoforms with different substrate specificities. 
They can transfer two methyl groups provided by 
S-adenosyl methionine to some proteins in either 
a symmetric (leading to SDMA) or an asymmetric 
configuration (leading to ADMA). Additionally, 
they can also catalyze monomethylation, which 
leads to the synthesis of L-NMMA [40, 41]. 

PRMTs can also be divided in two groups: 
types I and II. Substrates for type I include his-
tones and RNA-binding proteins such as hetero-
geneous nuclear ribonuclear protein (hnRNP) A1, 
fibirillarin, and nucleolin and for type II myelin 
basic protein (MBP) and spliceosomal D1 and 
D3 proteins. Type I protein methylases produce 
ADMA and type II produce SDMA. Both types 
are responsible for the production of L-NMMA 
[3, 40]. The activity of such proteins as hnRNP, 
which can regulate the maturation and stability of 
mRNA and its export to the cytoplasm, is modi-
fied by methylation. Approximately 65% of total 
ADMA is synthesized in hnRNP [42]. 

The proteolysis of proteins containing endog-
enous methylarginines is responsible for the 
release of free methylarginine residues into the 
cytoplasm [1]. In several studies the production of 
methylarginines was used as an index of in vivo 
protein degradation [43]. Several disorders such as 
muscular dystrophy are associated with enhanced 
protein catabolism and a subsequent higher level 
of ADMA [44]. Increased protein degradation has 
also been reported in stress, ischemic heart, dia-
betes, and during fasting or infections [3, 45–47]. 
Exposure of cultured hepatoma cells to 43°C also 
evoked a transient acceleration in protein degra-
dation [48]. It is suggested that in cellular stress, 
such as ischemia/reperfusion (I/R) conditions or 
endotoxemia, proteolysis could be upregulated to 
remove abnormal proteins [3].

The gene expression of PRMTs is increased in 
cultured endothelial cells after administration of 
both native low-density lipoprotein (nLDL) and 
oxidized low-density lipoprotein (oxLDL) [26]. 
These compounds, similarly to glucose and homo-

cysteine, are also responsible for a higher activity 
of arginine methylating enzymes, which results in 
increased ADMA concentration [26, 41, 49, 50]. 

Argininase
Another important aspect is the activity of 

argininase. This enzyme catabolizes arginine to 
ornithine and urea [51]. A decreased level of argi-
nine results in imbalance between ADMA and 
arginine. Degradation by alanine glyoxalate ami-
notransferase (AGT-2) could also be involved in 
ADMA metabolism, but this enzyme has a low 
binding affinity to ADMA [52].

Transporter Systems
The transport of ADMA is a consecutive fac-

tor influenced by ADMA concentration. ADMA, 
SDMA, and L-NMMA enter cells through cat-
ionic amino-acid transporters (CATs), which are 
known to be y+ carriers. Arginine and other cat-
ionic amino acids such as ornithine and lysine are 
also transported by CATs [53]. All methylargin-
ines, similarly to arginine, appear to be handled 
in a similar manner and could compete with each 
other for this route of transport. It is worth noting 
that this transporter system co-locates with caveo-
lin-bound eNOS, which suggests that the activity 
of this transporter may be important in determin-
ing the local concentrations of L-arginine and 
methylarginines [54]. Some factors can impact on 
ADMA transport. This system has been reported 
to be upregulated by certain pro-inflammatory 
cytokines [55]. Additionally, changes in the expres-
sion of CAT mRNA may influence dimethylargi- 
nine transport. It is suggested that extensive 
expression of CAT-2A mRNA in the liver may 
indicate a higher uptake of dimethylarginines by 
this organ [56, 57]. 

The y+ system is not the only route of entry 
for arginine and methylarginine into cells, but the 
relative importance of the other amino-acid trans-
porters is uncertain [8]. The y+ transporter system 
is responsible for the concentration of methylargi-
nines within the cell and, consequently, the intra-
cellular level of ADMA exceeds its extracellular 
concentration [55]. The results of one kinetic study 
demonstrated that intracellular methylarginine lev-
els are 5–10 times higher than outside the cell [6].

Dimethylarginine  
Dimethylaminohydrolase

The liver plays an important role in the metab-
olism of ADMA. This organ is able to take up 
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a large amount of ADMA [58]. In patients with 
liver injury, an increase in urinary ADMA excre-
tion was reported [59]. In patients undergoing a 
major hepatic resection, increased levels of ADMA 
occurred in the postoperative course, especially 
when liver function was severely impaired [60]. 
DDAH (Dimethylarginine dimethylaminohydro-
lase) is an enzyme responsible for the metabolism 
of ADMA. In contrast to ADMA, SDMA is not 
degraded by DDAH [8, 52, 61]. The way of ADMA 
elimination was discovered in 1987, when it was 
found that a much smaller amount of ADMA than 
SDMA was excreted in urine for 12 hours after 
intravenous injection [61, 62]. Significant differ-
ences in DDAH activity depending on animal 
species have been described [63–65]. Similarly to 
humans, over 90% of ADMA is metabolized by 
DDAH in rats [63]. 

DDAH metabolizes L-NMMA and ADMA 
to citrulline and monomethylamine or dimeth-
ylamine, respectively [3, 8, 40, 41]. This reaction is 
present in both liver endothelial cells [66, 67] and 
hepatocytes [68].

DDAH recovered from various living organ-
isms display great similarity. The bacterial cata-
lytic center of DDAH is the same as the human 
one [69]. Human DDAH I has 93% homology with 
the rat enzyme at the amino-acid level and displays 
similar enzymatic properties [70]. The mouse and 
bovine amino-acid sequences of DDAH I and 
DDAH II show 92% and 95% homology, respec-
tively, with the human ones [71].

Studies on bacterial DDAH isolated from 
Pseudomonas aeruginosa reported that the active 
site contains cysteine, histidine, and glutamic 
acid as a catalytic triad [69]. In mouse, sheep, and 
human DDAH I and II, the catalytic site is com-
posed of cysteine, asparaginic acid, and histidine. 
These amino acids appeared to be conserved in all 
mammalian species [72, 73]. DDAH contains a 
flexible loop that can adopt distinct conformations 
and may act as a lid to open or close a channel 
for substrates to the active site [72]. The catalytic 
reaction occurs between the carbon atom of the 
guanidine group of ADMA and the sulfur atom 
of cysteine in the active site of DDAH [69]. It is 
also reported that DDAH is a zinc (Zn)-containing 
enzyme. Although this metal is not involved in 
the catalytic process, it is essential to stabilize the 
enzyme in its active form [74].

DDAH has two isoforms, I and II, with 62% 
homology at the amino-acid level and 63% homol-
ogy at the nucleotide level [3]. They are located 
mainly in cytoplasm, but DDAH II is also recov-
ered from the membrane fraction [75]. DDAH I 
is expressed at equivalent levels in fetal and adult 
tissues, but DDAH II is expressed at relatively high 

levels in all fetal tissues and then decreases [76]. 
DDAH I is found in the brain, liver, adrenal 
glands, testis, kidney, skeletal muscle, pancreas, 
and in peritoneal neutrophils and macrophages 
and its distribution correlates generally with that 
of nNOS. The distribution of DDAH II is more 
widespread, with the highest expression in the 
heart, aorta, placenta, and kidney, and it loosely 
correlates with the distribution of eNOS [8, 70, 76]. 
DDAH II is also found in such immune tissues 
as spleen, thymus, peripheral leukocytes, lymph 
nodes, and bone marrow that express iNOS [76]. 
It is suggested that DDAH II, concomitantly with 
iNOS, may play a role in the modulation of host 
defense or immune tolerance in autoimmune dis-
eases such as rheumatoid arthritis because the gene 
for DDAH II is located in the region of MHC III. It 
was also found that the gene for DDAH I is essen-
tial during embryogenesis [77]. 

The average ADMA concentration is approxi-
mately 1–2 µM/g of protein and the total pro-
duction is 300 µM of ADMA in 24 hours. Two 
hundred fifty µM of ADMA is metabolized by 
DDAH and only 50 µM is excreted with urine. 
Complete inhibition of this enzyme can lead to an 
increase in plasma ADMA level by approximately 
5 µM. Therefore, modulation of DDAH activity 
plays an important role in maintaining ADMA at 
a safe level [78]. Many factors are able to modu-
late DDAH activity or change the gene expression 
for this enzyme. The sulfhydryl group of cysteine 
in the active site predisposes this enzyme to easy 
oxidation or nitrosation and it loses its activ-
ity [73]. Some antioxidants can preserve DDAH 
activity after exposure to such factors as a high 
level of glucose or homocysteine, which indicates 
that DDAH activity could be modulated by car-
diovascular risk factors in a reactive oxygen spe-
cies (ROS)-sensitive manner [49, 50]. In both in 
vitro and in vivo studies, DDAH has been report-
ed to be inhibited by extensive amounts of NO. 
Six-fold increases in NO produced by iNOS after 
cytokine treatment of endothelial cells are suffi-
cient to inhibit DDAH activity, probably followed 
by increased ADMA concentration [73]. 

Only DDAH I appears to be responsible for 
ADMA degradation. Loss of DDAH I activity by 
using specific inhibitors leads to an accumulation 
of ADMA. Both plasma and tissue levels of ADMA 
also increased in Ddah+/– mice with deletion of the 
Ddah1 gene. In Ddah+/– mice, some symptoms of 
endothelial dysfunction, including increased con-
traction in response to phenylephrine, reduced 
relaxation in response to acetycholine or calcium 
ionofore A23187, and increased relaxation in 
response to sodium nitroprusside, were observed. 
Hemodynamic effects such as increased mean arte-
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rial blood pressure, decreased cardiac output and 
heart rate, and elevated right ventricular pressure 
were also revealed. No increase in the expression of 
DDAH II in these mice was noted [77]. However, 
the importance of this isoform has also been evalu-
ated. It was shown that only DDAH II expression 
increased after birth and reached a peak on day 
1 in newborn piglets. This isoform decreased in 
animals with pulmonary hypertension [79]. 

Depletion of DDAH Activity
The concentration of ADMA, related to dis-

turbances in DDAH, is elevated in many patho-
logical states. The expression of DDAH II gene 
is decreased by such factors as coupling factor 6 
(CF6), which is responsible for increased ROS 
generation and vasoconstriction. CF6 is also 
responsible for downregulation of the expression 
of DDAH II protein [80]. Lipopolysaccharide [81] 
and high concentrations of glucose that generate 
ROS [82] could also evoke decreased concentra-
tions of DDAH II protein, but oxLDL or inflam-
matory cytokines such TNFα are rather respon-
sible for the depletion of DDAH I protein expres-
sion [41, 20]. An elevated level of ADMA may be 
explained by decreased activity of DDAH evoked 
by the stimulation of TNF-α production in such 
states as hypercholesterolemia or other inflamma-
tory diseases [41]. 

Oxidative stress has also been found to affect 
DDAH activity by modifying a critical cysteine 
in the enzyme’s active site [41, 50, 69]. Although 
there are papers which do not confirm this 
effect [83], there is growing evidence suggesting 
that in hypertension, hypercholestrolemia, hyper-
glycemia, and hyperhomocysteinemia, oxidative 
stress is the main factor affecting DDAH activity 
leading to increased ADMA concentration [20, 25, 
41, 50, 69, 84]. On the other hand, it was also dem-
onstrated that inhibition of DDAH activity causes 
enhanced endothelial superoxide radical forma-
tion [85].

Enhancement of DDAH Activity 
It has been demonstrated that overexpression of 

human DDAH I mRNA in transgenic mice results in 
increased NOS activity and a reduction of ADMA 
[86]. The expressions of ddah2 gene and DDAH II 
protein are increased by many substances, such as 
all-trans-retinoic acid [66], pioglitazone [87], and 
estradiol [88]. The protein expression of DDAH I 
is increased by inflammatory cytokines with pro-
oxidative properties, such as IL-1β [10, 89]. It is 
suggested that IL-1β could increase NO synthesis 
not only by increasing DDAH activity, but also 

directly by stimulation of the expression of iNOS 
[10]. A large production of NO derived from 
cytokine-induced iNOS can react with superoxi-
de to form peroxinitrite and augment cell injury 
[90]. Under these conditions, ADMA appears as 
a regulator of extensive production of NO [11]. 
Some authors even suggest that in patients with 
sepsis, DDAH inhibition could potentially be 
used therapeutically to reduce vascular collap-
se [77]. Similarly to IL-1β, lipopolysaccharide 
(LPS) also induces the expression of iNOS [77]. 
The arterial plasma concentration of ADMA was 
decreased in rats submitted to LPS-induced endo-
toxemia [58]. It was also demonstrated that on 
the first postoperative day in patients undergoing 
colorectal surgery, the concentration of ADMA 
was lower than in healthy subjects, which could 
be explained as the action of endotoxin derived 
from the gut [60]. It is worth noting that ove-
rexpression of DDAH I could enhance tumor 
growth and angiogenesis [91].

Impaired Liver Function
NO synthesized constitutively by eNOS is 

responsible for maintaining sinusoidal tone and 
flow in liver sinusoidal cells [92, 93]. NO derived 
from endothelial cells evokes relaxation of hepatic 
stellate cells, partially through the activation of 
guanylyl cyclase [92–94]. ADMA is one of the reg-
ulators of NO synthesis. Other important factors 
include the phosphorylation of eNOS, eNOS bind-
ing to the inhibitory protein claveolin, and protein 
kinase B binding to G protein-coupled receptor 
kinase 2 [94].

Impaired liver function may lead to increased 
plasma levels of ADMA [33, 57]. However, there 
are some differences among various diseases. It is 
suggested that the pathogenesis of impaired NO 
production could differ and depends on the eti-
ology of the liver injury. Elevation of ADMA is 
observed in such states as decompensated alcoholic 
cirrhosis [35] and acute alcoholic hepatitis [95]. In 
rats with portal hypertension evoked by bile duct 
ligation, increased ADMA levels with diminished 
production of NO were also observed [96, 97]. 
In another study on rats with cholestatic cirrho-
sis induced through bile duct excision, decreased 
hepatic activity of eNOS and higher concentrations 
of ADMA were observed [98, 99]. Conversely, no 
elevation of ADMA levels was observed in drug-
evoked cirrhosis. In thiocetamide-induced liver 
injury, decreased eNOS activity and protein levels 
were observed in association with a low level of 
ADMA [96]. Such a result is comparable to anoth-
er study in which similar decreases in eNOS activ-
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ity and protein expression in CCl4-induced cir-
rhosis were shown [99]. It is suggested that these 
decreases may depend on inhibited expression of 
mRNA for eNOS. The decrease in eNOS activity 
associated with unaltered eNOS protein expres-
sion could be explained as a dysfunction of eNOS 
cofactors [96, 97]. 

Ischemia/reperfusion (I/R) is considered to 
be the main cause of liver cell damage during, for 
example, liver transplantation, which has become 
a method of choice in end-stage liver disease. The 
pathogenesis of liver damage during transplanta-
tion is very complex and occurs in two stages: the 
injury is initially caused by ischemia, while later the 
damage is aggravated by reperfusion of the organ 
[100]. Experimental data suggest that NO is one 
of the components of I/R injury and can modu-
late ROS metabolism by reaction with free radicals 
such as superoxide in the formation of peroxini-
trite [101–103]. eNOS is responsible for the basal 
production of NO that maintains the normal vas-
cular tone within the sinusoids [104]. Conversely, 
a higher level of NO produced by iNOS is involved 
in the inflammatory process and promotes I/R 
injury [101, 103, 105]. Vasoconstriction is one of 
the conditions which affects liver function in I/R. It 
results from deterioration of the balance between 
NO and endothelin [36, 106]. NO production is 
limited because of, for example, the release of NOS 
inhibitors such as ADMA [36, 40]. Many various 
factors may influence NO level in the liver. Low 
NO levels after the ischemic period may be related 
to a low intracellular level of the reduced form 
of nicotinamide adenine dinucleotide phosphate 
(NADPH) and tetrahydropterin (eNOS cofactors) 
and limited oxygen support [106], increased argini-
nase activity, which removes arginine required for 
NO synthesis [107], and increased release of NOS 
inhibitors from the ischemic organ during the re-
perfusion period [108]. In I/R injury, increased 
protein methylation is upregulated to remove 
altered proteins [3]. Other data suggest that prote-
olysis in enhanced after I/R and protease activity 
correlates with graft function [109]. On the other 
hand, oxidative stress inhibits the activity of the 
ADMA-metabolizing enzyme DDAH by modify-
ing a critical cysteine in the enzyme’s active cen-
ter [41, 69, 73]. Correlation between methylated 
arginine derivative concentrations and liver func-
tion and survival after liver transplantation was 
observed [36]. 

Cardiovascular depression, known as post-
reperfusion syndrome (PRS), is another problem 
in liver transplantation. It is suggested that the 
pathogenesis of this syndrome is related to the 

interaction between various vasoactive substances 
released from ischemic liver during reperfusion 
[110]. Since vasodilation is the main phenom-
enon, it is possible that NO is one of them [111]. 
However, it was shown that hypotension existed 
with inhibition of iNOS, which suggests that medi-
ators other than NO also play important roles in 
such a syndrome [36]. 

Impaired Renal Function
In contrast to SDMA, which is eliminated only 

with urine [57, 61, 62], the main organ responsible for 
ADMA elimination is the liver [57]. Additional sites 
of ADMA release are the kidney and gut [57, 58]. With 
impaired liver function, urinary ADMA excretion is 
increased [59], which indicates that renal function 
could also have an impact on plasma ADMA levels 
[8]. Inverse correlation between creatinine clearance 
and the concentration of methyl-arginines in human 
and rat plasma was observed [58]. In patients with 
renal failure, the higher level of ADMA results from 
poor excretion [2, 112].

In patients with renal failure, an elevated 
level of ADMA could be associated with various 
pathophysiological changes [2]. Inhibition of NOS 
and affection of NO production can lead to vaso-
constriction and glomerular hypoperfusion [113] 
and increased mean arterial blood pressure [34]. 
A higher level of ADMA may also be connected 
with immune dysfunction in uremia [2]. It has 
also been shown that elevated ADMA levels are an 
independent predictor of cardiovascular disease 
and mortality in patients with end-stage renal dis-
ease [2, 112].

Conclusions
ADMA has significant clinical relevance and 

it seems to be reasonable to investigate all possible 
factors responsible for its level in the organism. 
Various drugs can regulate the synthesis, trans-
port, metabolism, or excretion of this compound. 
Increased ADMA level is observed in many dis-
orders with endothelial dysfunction and it is also 
an important risk factor for cardiovascular events. 
It is reasonable to search for drugs increasing 
the activity of DDAH and/or inhibiting PRMT 
and decreasing ADMA levels, what may lead to 
increased NO synthesis and improvement in the 
function of different organs. On the other hand, 
overproduction of NO may be a reason for some 
pathological changes in tissues. In such a situation, 
drugs acting in an opposite way may be useful.
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