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Effect of L-Arginine on the Serum Level of Advanced Glycation
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Abstract: Post-infarction heart failure with preserved ejection fraction (HFpEF) determines a great morbidity and
mortality, and given the physiopathology implications of advanced glycation end products (AGEs) in the genesis of
myocardial dysfunction. As known endothelial dysfunction is an independent predictor for cardiovascular disease. L-
Arginine is the amino acid with potential to improve endothelial function which leading to prevention and treatment of
cardiovascular diseases, and we think that L-Arginine may decrease the serum AGEs. We aimed to estimate the value
of AGEs in post-infarction HFpEF patients, and detect the effect of L-Arginine on the serum level of AGEs in post-
infarction HFpEF pts. all individuals (25) included aged 40 to 80 years, 20(80%) males and 5(20%) females were
diagnosed with (HFpEF) according to ESC guidelines (2012), and their functional class according to NYHA classification
for HF. 20(80%) patients of them have myocardial infarction in anamnesis. 1% group:13 patients with HFpEF and history
of myocardial infarction with L-Arginine added to their standard treatment. 2" group:7 patients with HFpEF and history of
myocardial infarction with standard treatment (without L-Arginine). Comparsion group: 5 patients with HFpEF with
standard treatment. We prescribed L. Arginine aspartate (Tivortin 4.2gm) intravenously once daily for 10 days for all 1°
group patients. The levels of total cholesterol, triglycerides, glucose, white blood cells, erythrocyte sedimentation rate
and AGEs serum level were deterimined. AGEs serum level increased markedly increased in middle-age pts with post
infarction HFpEF. Inclusion of L-arginine aspartate in complex of treatment for post infarction HFpEF contributed to the

significant decrease AGEs level in >60 years old patients.

Keywords: Heart failure with preserved ejection fraction, advanced glycated end products, endothelialdys function,

myocardialinfarction, L-Arginine.

INTRODUCTION

Chronic kidney disease (CKD) and cardiovascular
disease (CVD) are strongly interlinked with each other,
and they share common risk factors such as diabetes
mellitus or hypertension [1]. In the context of CKD and
CVD, the interest towards the post-translational
modifications (PTMs) of proteins has grown
considerably. Analysis of PTMs might be useful for the
identification of mechanisms which play a role in the
genesis and/or progression of CKD and CVD because
proteins are constantly being exposed to different
plasma and tissue components under different
pathophysiological conditions.

PTMs are covalent changes of proteins or peptides
that are altered either by proteolytic cleavage or by
adding moieties to one or more amino acids. This
enhances their complexity with respect to regulation of
activity state, subcellular localization, turnover and
interaction with other cellular molecules [2]. PTM
proteins and peptides have gained attention as
biomarkers and/or mediators of CVD and CKD [3, 4].

Already in the year 1912, a French chemist
incubated proteins with aqueous glucose solution and
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observed a yellow-brown pigment. He named this
brown pigment ‘Maillard pigment’ and the underlying
reaction as ‘Maillard reaction’ [5]. The free aldehyde of
reducing sugar or sugar derivatives attacks amino
group of proteins or amino acids to form a Schiff base
which is slowly reversible. Furthermore, it rearranges to
a more stable ketoamine called an ‘Amadori product’,
i.e. fructosamine or fructosyl-lysine. ‘Amadori products’
can be exposed to irreversible oxidation, condensation,
dehydration and degradation, resulting in the formation
of highly stable products known as AGEs, which can
form cross-links between proteins. Pentosidine, CML
and N-carboxyethyl-lysine (CEL) are few examples of
glycoxidation products. Furthermore, AGEs are
synthesized during carbonyl stress, found even in
normoglycemic CKD patients. Reactive dicarbonyl
compounds (a-oxoaldehyde) like glyoxal, methylglyoxal
and 3-deoxyglucosone are formed by oxidation of
sugar-derived metabolites such as glyceraldehyde-3-
phosphate and dihydroxyacetone-phosphate. These
metabolites interact with lysine and arginine to form
hydroimidazolone AGEs like glyoxal-hydroimidazolone-
1,  methylglyoxal-hydroimidazolone-1 and arg-
pyrimidine which are mostly found in plasma and
tissues. In addition to carbohydrate intermediates, if
lipid intermediates (malondialdehyde) are involved, the
products are termed as ‘advanced lipoxidation
endproducts’ (ALEs). In biological systems, glycated
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proteins undergo proteolysis to form low-molecular-
weight peptides or amino acids which are named as
glycation free adducts that are sensitive to change in
renal clearance [6]. The AGEs bind to their cell-bound
receptors (RAGE), which is a multi-ligand receptor
expressed on different cell types, and on activation
generates ROS, activate NF-kB and MAPK signalling
pathway thus contributing to inflammation and
endothelial dysfunction leading to cardiovascular
events [7]. Current studies show that these effects are
observed only when aggregates of glycated proteins
bind to RAGE, which is unlikely to exist in physiologic
systems [8].

Glycation refers to a non-enzymatic reaction of
reducing sugars with the amino group of amino acids,
nucleic acids, lipids and proteins [9]. These targets of
glycation processes undergo rearrangements to form
stable heterogeneous compounds called AGEs. AGEs
like pentosidine [10], N-carboxymethyl-lysine (CML) are
formed oxidatively (glycoxidation products), but
methylglyoxal-derived hydroimidazolone MG-H1, the
major AGE, is formed non-oxidatively.

Increased prevalence of heart failure (HF) is related
to aging of the population and an improved survival
after myocardial infarction [11]. The number of HF
hospitalizations has also increased [12]. Advanced
glycation endproducts (AGEs) increase during aging,
and are suggested to be a pathophysiological
mechanism for the increased prevalence of HF in the
elderly population [13].

AGEs are end-products formed by oxidative and
non-oxidative reactions between sugars and proteins
[14]. AGEs form cross-links with long-living tissue
proteins, which cause them to accumulate in the body
over time. AGEs can bind to the receptor of AGE
(RAGE) and thereby induce cardiovascular dysfunction
[13]. RAGE has a C-truncated secretory isoform,
soluble RAGE (sRAGE), that circulates in plasma [15].
sRAGE has been proposed to have an atherosclerotic-
protective function [16, 17]. However, AGE-RAGE
interaction can also cause inflammation and increased
AGE-accumulation [18]. AGE-accumulation in turn can
cause up regulation of RAGE [18]. Through decreased
compliance of the heart and the vasculature, AGE
accumulation is considered to be related to the onset
and progression of HF [13].

In a smaller group of systolic HF patients, we
recently showed that plasma AGE Ne
(carboxymethyl)lysine (CML) was related to prognosis

[19]. However, after adjustment for renal function, this
relation subsided. In another study, serum pentosidine
was related to severity of HF, although this was not
adjusted for important potential confounders, such as
haemoglobin and sex [20]. In addition, sRAGE had
been associated with impaired outcome in a small
cohort of HF patients [21].

Heart failure (HF) is a major cause of morbidity and
mortality. Its incidence is increasing, in part as a
secondary effect of the growing number of myocardial
infarction survivor patients due to advances in drug
therapy and cardiovascular interventions [22]. After
myocardial infarction, physiological and anatomical
ventricular changes occur. Left ventricular dilatation,
eccentric hypertrophy, thinning of myocardial wall in the
area of the scar and eventually left ventricular
geometry alteration are aspects that define this process
[23].

These changes are collectively known as ventricular
remodelling, and they start a little after the myocardial
infarction (even before any symptoms has been shown)
as a progressive process that involves a worse
prognosis for patients [24].

Ventricular remodelling is based on a
neurohormonal model in which compensatory
mechanisms of hormones and peptides acting in the
kidney, as well as the peripheral vascular system and
myocardium are implicated [25].

There is also an inflammatory reaction with release
of cytokines, growth factors and reactive oxygen
species production [26], which contributes to
perpetuate ventricular dysfunction and could have
important implications for prognosis.

AGE levels are increased in pro-inflammatory and
oxidative stress states [26, 27]. Either by their direct
interaction with proteins, such as extracellular collagen,
or by its interaction with its receptor (RAGE), AGE can
lead to diastolic, systolic and vascular dysfunction [28].

Therefore, it could be hypothesized that, instead of
acting as a single marker, these glycation end products
might play an important role in post-infarction HF [29].

Patients with CHF have endothelial dysfunction of
systemic arteries which may be partially reversed by
administration of oral Larginine_substrate  for
endothelial nitric oxide, NO. There is also evidence of
abnormal NO responses in pulmonary arteries in a
canine model of heart failure. Therefore, we
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hypothesised that abnormalities in  pulmonary
endothelial function in CHF patients might contribute to
exercise  perfusion  ventilation mismatch  and
breathlessness and that these abnormalities might be
improved by administration of intravenous L-arginine
(L-arginine is also a vasodilator) [30].

In this work, we analyze the prognostic value of
advanced (AGE) glycation products in the development
of post-infarction HF, and detect the effect of L-Arginine
on the serum level of AGEs in post-infarction HF
patients.

MATERIALS AND METHODS

Baseline Study

The study was conducted with approval from the
Ethics committee at «State Establishment
Dnipropetrovsk Medical Academy, Ministry of Health
Ukraine> according to principles outlined in the Helsinki
declaration.

All individuals (25) included aged 40 to 80 years, 20
males and 5 females were diagnosed with preserved
ejection fraction chronic heart failure (HFpEF),
according to ESC guidelines (2012) [31], and their
functional class according to NYHA classification for
HF. 20 patients of them have myocardial infarction in
anamnesis.

All patients got standard treatment for HFpEF
according to ESC guidelines 2012 [31].

Patients with fresh acute myocardial infarction, 2"
and 3™ degree heart block, diabetes mellitus (DM)
glycated haemoglobin = 7, acute, chronic renal and
hepatic failure were excluded.

Standard laboratory blood tests for erythrocyte
sedimentation rate, haematological parameters, lipid
profile, glucose, renal and liver function tests were
performed and calculated body mass index (BMI) for all
patients.

The fluorescent(f) AGEs in plasma were analysed
by quantitative autofluorescence (fluorimeter Hoefer
DQ 2000, USA) with fixed spectrum of excitation at 460
nm with 20% quinine solution as a standard with results
expressed with conversion to glycated albumin.

All analysis made for every patient 2 times, first time
at the day of admission second analysis made at the
14" day after starting treatment.

Study Design

We divided all included patients into two main
groups and one control group.

1% group: 13 patients with HFpEF and history of
myocardial infarction with L-Arginine added to their
standard treatment.

2 group: 7 patients with HFpEF and history of
myocardial infarction with standard treatment (without
L-Arginine).

3" group: 5 patients with HFpEF with standard
treatment.

We gave L. Arginine (4.2 g/100ml) intravenously
once daily for 7 days for all 1% group patients.

Aim of our study to evaluate the effect of L-Arginine
on the level of AGEs in patients with post infarction
heart failure.

RESULTS

In Table 1, demographic, clinical and analytic
characteristics of patients have been summarized.

Analyzed patients were not significantly different in
blood glucose level, heart rate, WBCs, ESR and
cholesterol. While more patients with triglyceridemia
(25%) in patients with history of MI.

Attention is drawn to the greater number of males in
the group who underwent MI compared with females.
In all groups, the predominant risk factor was arterial
hypertension with a more severe clinical course in
patients with Ml in anamnesis.

84% of HFpEF pts were with 3" functional class
(Fc) while 16% were with 2" Fc, after 2 to 4 weeks of
admission all 3" Fc converted to 2.6 and 2.5 Fc, after 6
weeks all pts were with 2nd Fc.

Median level of AGE in observed pts was 1.59
[1.38; 1.83] mg/ml, increased level was estimated in 21
(95.5%) pts at baseline. The level of AGE was highly
correlated in age (R = 0.68 (p<0.05), IM anamnesis
presence (R = 0.71 (p<0.05). > 60 years old patients
with CHF characterized by significant higer AGEs level
in compare with 40-59 years old pts group (p=0.02) at
the baseline and after 2 weeks observation.

After 2 weeks of treatment with L-Arginine mean
AGEs was decreased by 19% on the whole (p<0.01), in
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Table 1: Baseline Characteristics of the Study Population
1% group 2ndgroup Comparsion group
. Post infarction CHF with | Post infarction CHF with CHF without MI
Characterstics L Ardini
.Arginine Standard treatment + standard treatment
(n=13) (n=7) (n=5)
Males(%) 11.00(84.61%) 5.00(71.42%) 4.00(80.00%)
Gender
Females(%) 2.00(15.38%) 2.00(28.57%) 1.00(20.00%)
Weight(kg) M£m 82.50+12.50 87.50+7.50 76.50+£12.50
Blood glucose Mtm 5.65+0.85 5.00+£0.50 5.00+£0.40
Heart rate (beat/minute) Mtm 75.00+5.00 76.00+4.00 79.50+9.50
Atrial fibrillation (%) 2.00(15.38%) 1.00(14.28%) | = -
Arterial hypertension % 12.00(92.30%) 6.00(85.71%) 3.00(60.00%)
Leucocytes(WBCs) M+m 7.65+2.79 6.13+0.96 7.32+2.78
Erythrocyte sedimentation rate(ESR) 8.00+6.00 10.50+3.50 8.50+6.50
M+m
Cholesterol mmol/l ( M+m) 5.49+2.31 4.53+1.51 5.60+£1.90
Triglycerides mmol/l M+m 2.13+1.43 2.88+1.82 1.20+£0.07
2
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Figure 1: Median level of AGE in pts with CHF depending on age, IM presence in anamnesis at the baseline.

* - significant differences between the groups depending on age p <0.05 (by Mann-Whitney test).

compare with standard therapy — on 5% (p=0.03).
Table 2 shows after 2 weeks of L-Arginine
supplementation the AGEs level was significantly less
than in standart therapy group depending on age
structure. Maximal dynamic of AGEs level decreasing
was estimated in >60 years old patients (A=-23.3%)
compare with 40-59 years old pts (A=-1.4%), p<0.05.
The inclusion of L-arginine aspartate contributed to the
significant decrease AGEs level compare with standart
treatment in both age subgroups (p<0.05). Should be
noted no significant changes in the level of AGEs in
patients without IM in anamnesis (p>0.05).

DISCUSSION

AGE promote endothelial dysfunction secondary to
a reduced nitric oxide bioavailability mediated by free
radicals [32] and they have shown to increase
endothelial permeability in vitro [33].

Endothelial dysfunction is involved in the early
stages of atherosclerosis and may trigger endothelium
repair by endothelial progenitor cells. However, AGE
have demonstrated to promote apoptosis and impair
functions of endothelial progenitor cells in culture [34]
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Figure 2: Median level of AGE in pts with CHF at the baseline and after 2 weeks and depending on age, IM anamnesis

presence.

* significant differences between groups in dynamics p <0.05 (by Wilcoxon test).
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Figure 3: Dynamic of AGEs level depending on L-Arginine administration in pts with CHF with IM anamnesis presence.

Table 2: AGEs Level Dynamic in Observed Groups Depending on Age

1% group 2" group Pts without IM
(+L-Arginine) (-L-Arginine)
AGEs AGEs AGEs AGEs AGEs AGEs
baseline After baseline After baseline After
2 weeks 2 weeks 2 weeks

40-59 years old 1.48 1.46 1.37 1.34 1.53 1.48
[1.26; 1.78] [1.32; 1.77] [1.16; 1.69]# [1.14; 1.61]# [1.27; 1.56] [1.34; 1.53]

> 60 years old 1.76 1.35 1.52 1.32 1.53 1.46
[1.57; 1.92] [1.24; 1.70]* [1.41; 1.63]# [1.34; 1.54]*# [1.41; 1.59] [1.38; 1.62]

*significant differences between groups in dynamics p <0.05 (by Wilcoxon test).

#- significant differences between the groups depending on age p <0.05 (by Mann-Whitney test).

and also to reduce growth and migration of
mesenchymal stem cells [35].

The AGE-RAGE axis accelerates post-infarct
myocardium remodelling, generating a deleterious
feedback mechanism.

In fact, the relation between the rennin-angiotensin
aldosterone system, a relevant system in ventricular
remodelling and with demonstrated pathophysiological
implications, with AGE-RAGE axis has been suggested
[36]. So, angiotensin converting enzyme inhibitors and
angiotensin 1l receptor antagonists reduced plasma
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AGE levels [37]. In contrast, it has been demonstrated
that AGE promote angiotensin Il formation [38].

Alagebrium, an AGEbreaker, has not shown to
improve physical exercise tolerance \and other
secondary endpoints in patients with heart failure in the
BENEFICIAL clinical trial [39]. Even though, it is clear
that AGE can play a role in post-infarction HF, being
crucial elements of ventricular remodelling.

The higher level of AGE found in patients with post-
infarction HF showed the pathophysiological role that
these molecules can play in ventricular remodelling.

This means that, rather than a simple risk biomarker
after an acute myocardial infarction, AGE can be a new
etiological way to focus therapeutic research to reduce
the harmful effects of remodelling.

There are some blockers of the AGE-RAGE axis
that have been studied in animals. The best known are
aminoguanidine, an AGE formation inhibitor [40], and
alagebrium (ALT-711), an AGE breaker [41]. Both
molecules have been tested in animals showing an
improvement of myocardial compliance [40] and an
enhancement of cardiac function in animals with
contractile dysfunction [41]. The effect of alagebrium on
diastolic dysfunction has also been studied in humans
[41, 42].

In the DIAMOND trial 23 stable patients with
diastolic dysfunction were treated with alagebrium.
After 16 weeks, left ventricle mass was reduced and
diastolic function was improved [42]. The PEDESTAL
trial studied the effects of alagebrium in HF patients
with depressed systolic function (LVEF < 45%) and the
preliminary results showed a tendency to improve
systolic function [43].

It is clear that L-Arginine have anti-inflammatory
effect, improving endothelial function and to some
extent decrease the level of AGEs in patients with post
infarction HF, but still not clear if L-Arginine superior to
AGE formation inhibitors, AGE-RAGE blockers and
AGE breakers, so this need more study.

LIMITATIONS

Despite stupendous results, we are aware of the
limitations of our study mainly because of few number
of patients and less females included, short control
time (just 6 weeks) which not enough for adequate
evaluation of hard end point and finally, AGEs were
measured by Much’s method, which means that an

unspecified mixture of different fluorescent AGE were
detected in the measurement, but non-fluorescent
AGEs were not considered.

CONCLUSIONS

1. AGEs serum level markedly increased in middle-
age (40-59 y.o) pts with post infarction HFpEF.

2. Inclusion of L-arginine aspartate in complex of
treatment for post infarction HFpEF contributed
to the significant decrease AGEs level in >60
years old patients.
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