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Abstract

Background L-arginine (Arg) is an amino acid that contributes to several aspects of human biochemistry. Individuals
with malnutrition and certain physical conditions could benefit from arginine intake. However, as Arg is required

by certain viruses, it is advised to avoid it in one’s diet and supplementation during viral illnesses. New studies have
emerged during the COVID-19 pandemic, and pioneering research has been reviewed.

Main body of the abstract The purpose of this review is to determine when and why Arg depletion,
supplementation, or avoidance is advisable, considering the divergent results. A narrative review was conducted

by surveying scientific publications indexed in electronic databases. Studies published from 1960 up to 2024,

with no language restrictions, were included. Arg comes from proteins in the human diet. The kidney is the main

site of endogenous Arg synthesis and also responsible for the overall metabolism of this amino acid, participating

in synthesis, degradation and reabsorption. The liver can synthesize Arg, but since this is completely recycled

in the urea cycle, it contributes little or no to the Arg plasma flux. Arg present in diet is passively absorbed in the small
intestine and also transformed into urea and ornithine via urea cycle in hepatocytes. It is associated with macrophage
metabolism, vasomotor control, intracellular signaling, memory formation, immune response, and an important
messenger of the bronchopulmonary, cardiovascular and neural systems. Thus, excessive or decreased Arg
concentration could impair health condition. High Arg concentrations stimulated rapid reactivation and resumption
of protein synthesis in some viruses.

Conclusion According to research, caution should be exercised when supplementing or depleting the amino

acid arginine. Individuals who are carriers of latent viruses, such as herpesviruses, and/or who have been exposed

to other viruses studied, should avoid arginine supplements and the consumption of foods rich in arginine. However,
as prophylaxis or antiviral therapy, control of arginine intake as well as the use of lysine supplements, its antagonist,

is recommended for short periods starting after a possible viral exposure, or in face of stimuli that can remove
viruses from their latent state and/or at the very beginning of the viral manifestation, in order to avoid a large viral
multiplication and consequently control the infection. Long-term arginine depletion can significantly affect cellular
metabolism and its use as supplemental therapy needs case-by-case evaluation.
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L-ARGININE: its role in human physiology, in some diseases and
mainly in viral multiplication. A Narrative Literature Review
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in disease in disease
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B. Arginine Deficiency Syndrome
C. Hyperlysinemia
D. Saccharopinuria syndrome
E. Physical performance
F. Disturbed Carbohydrate Metabolism
G. Disturbed Lipid Metabolism

Negative role

A. Argininemia
B. Oxidative stress
C. Inflammatory processes
D. Pancreatitis
E. Virus infection

A. Biochemistry

B. Arginine endogenous and exogenous
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Background
L-arginine (Arg) is an amino acid that is involved in a
variety of human biochemistry processes, including
ammonia detoxification, hormone secretion, and
immune modulation. It acts as an endogenous messenger
molecule involved in various endothelium-dependent
physiological effects in the cardiovascular system, as well
as a precursor to nitric oxide (NO), a critical component
of endothelium-derived relaxing factor. Arg is a precursor
to symmetrically and asymmetrically (NG)-dimethylated
guanidine derivatives, as well as L-homoarginine
(L-hArg), the methylene homolog of Arg. It plays an
important role in the urea cycle and it is prescribed for
treating diseases such as preeclampsia, intermittent
claudication, erectile dysfunction, and diabetes mellitus
[1]. In addition, Arg has cardiovascular protective effects
by improving endothelial function and lowering blood
pressure, and is used in the treatment of angina pectoris,
congestive heart failure, and coronary artery disease [2].
Controlling Arg intake as an antiviral measure has
been extensively studied over the years. However, new
studies have emerged during the COVID-19 pandemic,
revealing groundbreaking findings. Arg is an essential
amino acid for certain viruses and should, therefore, be
avoided in the diet and supplementation during viral
illness. Although there is evidence that amino acid
balance is important in viral control, more studies are
needed, particularly regarding emerging viruses such as
SARS-CoV-2. Arg depletion via the antagonistic amino

acid L-lysine (Lys) or recombinant arginases should be
considered parsimoniously, as Arg plays a vital role in
metabolic functions and should not be suppressed for
long periods [3].

Several enzymes that deplete arginine showed to
be safe and effective in lowering Arg levels. Clinical
trials have suggested that this therapy could be used in
COVID-19 patients, reinforcing arginine’s viral activity in
SARS-CoV-2 [4].

Given these contradictory effects, the purpose of this
review is to provide information on when, how, and why
Arg should be avoided, depleted, or supplemented.

Main text

Methodology

A narrative review was conducted by surveying scientific
publications indexed in electronic databases such as
PubMed, Web of Science, Scielo, Medline, and Google
Scholar. It was included studies published from 1960
up to 2024, with no language restrictions. The article
selection was based on analyzing abstracts containing
descriptors such as “L-arginine;,” “nitric oxide,” “virus,’
“herpesvirus,  “coronavirus,” “SARS-CoV-2; “viral
infection,” “viral replication,” “antivirals,” “amino acids,’
“pharmacology of amino acids,” and “arginase;” as well as
their interrelationships. The search was supplemented
with a manual review of references cited in the selected

articles.
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Discussion

Biochemistry

There are approximately 20,000 unique genes that
are responsible for coding more than 100,000 unique
proteins in the human body. Despite the fact that nature
contains hundreds of amino acids, only about 20 amino
acids are required to produce all the proteins found in
the human body and most other forms of life [5]. These
amino acids feature a carboxyl group (COOH) and an
amino group (NH,) attached to the same carbon atom
(C). The amino acids differ from one another in their side
chains, known as R groups, which can be classified into
five main classes based on structural, size, and electric
charge properties, that affect their solubility in water. R
group polarity varies from nonpolar and hydrophobic to
highly polar and hydrophilic at a biological pH of about
7. The polar R group is then categorized as uncharged,
negatively charged (acidic polar), or positively charged
(basic polar). L-arginine (R) is a 2-amino-5-guanidino-
pentanoic acid (C¢H,N,O,), a polar basic amino acid
with pKa above 10 in the R chair assuming a protonated
(cationic) condition at neutral pH [6].

Amino acids classified as nonessential (produced in the
body) are necessary for the health of adult humans, but
must be supplemented in the face of various diseases and
also during growth. Based on this statement, they can be
classified as semi-essential or conditionally essential [7,
8.

Arginine endogenous and exogenous

Arg is derived from three sources: tissue protein
breakdown as an alternative source of fuel during fasting
or in uncontrolled diabetes mellitus, endogenous “de
novo” production from both normal cellular protein
breakdown (recycling) and dietary proteins [6, 9, 10].

Three amino acids are primarily involved in this
biosynthesis process: glutamine, ornithine, and citrulline.
The enzymes may exist at multiple tissues and subcellular
levels, implying that endogenous arginine production can
occur in all cells in some tissues [10].

Researchers identified arginine production in kidney
tissue in 1981. Citrulline enters the bloodstream via
enzymatic action in the mitochondrial matrix of the
enterocytes in the small intestine during the metabolism
of glutamine, a semi-essential amino acid produced
in the body but also obtained from food. Citrulline so
is converted in the kidney to arginine, which is then
released into the circulation via the renal vein [7, 9, 11,
12].

The kidney is the main site of endogenous Arg synthesis
and is also responsible for the overall metabolism of this
amino acid, participating in synthesis, degradation, and
reabsorption [8, 9, 13]. The liver, on the other hand,
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can synthesize significant amounts of Arg, but since
this is completely recycled in the urea cycle, the liver
contributes little or no to the plasma flux of Arg [14].

There is a balance between arginine synthesis and
breakdown. Kidney and liver are not the only organs
involved in this synthesis. Other sources have not yet
been fully identified, but arginine can be produced
from citrulline released during NO synthesis, in both
endothelial cells and macrophages, explaining the
endogenous production in tissues lacking the urea cycle
[8,9].

In mammals and other ureotelic organisms, the
ammonia produced during protein catabolism is toxic.
This nitrogen is deposited in the mitochondria of
hepatocytes and converted to urea before being excreted.
This occurs during the urea cycle, which includes
hepatocytes cytosol as well as mitochondria. Another
proteinogenic amino acid, ornithine, enters hepatocyte
mitochondria and is degraded into citrulline, which
leaves the mitochondria and enters the cytosol, where
it is degraded to arginine. Arg is degraded again in the
cytosol by the enzyme arginase 1 (Argl) to ornithine
and urea. The cycle is restarted by ornithine, and urea
is excreted. This process also occurs in the kidney, but it
involves the enzyme arginase 2 (Arg 2) [4, 6, 15].

Arg is a natural component of the human diet that is
found in all proteins of animal and plant origin and is
considered proteinogenic [2]. Some foods have high
concentrations of arginine, such as chocolate, peanuts,
cereals, cashews, and almonds [3]. The average intake of
arginine from a Western-style diet is about 4-5 g/day,
and its normal plasma level is 100-200 uM [6, 9, 10].

Some foods also contain significant amounts of the
amino acid citrulline in its free form, such as watermelon
fruit (Citrullus vulgaris), which contains approximately
1 g citrulline/kg. Citrulline and arginine have nutritional
equivalence, and in the absence of exogenous arginine,
citrulline can be converted to arginine via the renal
pathway. As previously discussed [8, 9], it is also very
likely that the extrarenal pathways that convert citrulline
to arginine are important for Arg supply.

Arginine metabolism, like that of all amino acids, is
primarily influenced by the amount of protein consumed.
In addition, different species have different capacities for
endogenous arginine synthesis, and dietary amino acid
requirements vary greatly, particularly during growth.
The effects of dietary arginine on endogenous synthesis,
from deficiency to excess, are also highly species-
dependent [16].

Pharmacokinetics and pharmacodynamic
In the human body, like all amino acids, arginine
present in food or supplements is absorbed in the
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small intestine, specifically in the brush border region
of enterocytes, through active sodium-dependent
transport. In addition, arginine is passively absorbed
in the paracellular region of the intestinal mucosa.
Enterocytes use the absorbed arginine for their
functions, while the excess is transported via hepatic
portal circulation. Transport of amino acids from
enterocytes to the splanchnic circulation occurs
through the basement membrane region, hydrophilic
channels, or the paracellular region. Six amino acid
transport systems across the cell membrane have been
identified, only two of which are exclusive to basic
amino acids such as Arg [4, 6, 15].

In the liver, specifically within hepatocyte’s urea cycle,
arginine is transformed into urea and ornithine via
Argl [4]. In the renal tubules, arginine is metabolized
into ornithine and urea by Arg2. Ornithine is then
recycled back into the urea cycle, and urea is ultimately
excreted in urine (Fig. 1) [17-19].

An extensive review of relevant literature [3] reveals
that while some studies suggest that “arginase increases
arginine excretion” [20-23] in humans, arginine is not
excreted in the urine, except in certain pathologies [3].

In the kidneys, arginine shares a transporter with
lysine, ornithine, and cystine on the apical membrane
of the proximal tubular cells, to enter the cells. It uses
another heteromeric transporter which can also be
occupied by lysine and ornithine to leave the proximal
tubular cells and go to the basolateral membrane [9].

It is important to remember that amino acids in
their natural state are only excreted in the event of
metabolic malfunction. Excess amino acids are broken
down, leaving only the carbon chains and the amino
group, which then bind to CO, and are converted into
metabolites (urea) to be excreted by the human body
[19].

The information “arginase increases arginine
excretion” in humans [20-25] has been erroneously
transcribed.

Urea Cycle

Lo
J

L Argmme Ornitine + Urea

x Arginase 2 j\

Fig. 1 Arginase and L-arginine metabolization sites

Urine
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Studies in chickens [26, 27] were poorly written and
misinterpreted by some authors [21] which was then
cited by other authors in new studies over the years [20,
22-25].

It is interesting to note that there are still studies where
some errors of wording or interpretation are maintained,
such as the studies by Jones [26] or Austic and Nesheim
[28]. Chickens supplemented with the amino acid
L-lysine, an arginine antagonist, showed depletion of
arginine in the blood plasma due to an increase in renal
arginase and, consequently, an increase in urea excretion
[26]. Another study corroborates the previous study by
also inferring that arginase promotes the breakdown of
arginine into urea, which is then excreted [28], but this
information is also incorrect and may have already been
described in other articles.

The correct information on arginine metabolism is
that humans (ureotelic) mainly excrete urea and chickens
(uricotelic) excrete uric acid [29, 30].

Arg is excreted in urine only in the case of rare
metabolic disorders, lysinuria and cystinuria, which
must be controlled due to the risk of death, particularly
in newborns [19, 31]. In most diseases, plasma levels
of Arg are not considerably decreased, except in end-
stage renal failure treated with hemodialysis. High doses
of Arg, provided intravenously or orally through diet,
have demonstrated to increase the NO formation. NO
is produced by a group of enzymes called nitric oxide
synthases (NOSs), where the substrate is arginine. In
the brain, NO functions as a neurotransmitter. In the
immune system, it mediates host defense, while in the
cardiovascular system, it acts as a vasodilator and an
endogenous antiatherogenic molecule that mediates
the protective effects of intact endothelium. Long-
term L-Arg administration has been shown to improve
cardiovascular disease symptoms in some patients,
but for others, it was not effective. In conclusion, Arg
supplementation seems to have multifactorial and dose-
related effects on human physiology. Administration of
doses ranging between 3 and 8 g/day appears to be safe
and does not induce immediate pharmacological effects
in humans [32].

The pharmacology of arginine is complex and depends
on several factors, including the current stage of the
disease and the age of the patient. Research is needed
to understand the pharmacokinetic—pharmacodynamic
relationship of supplement administration, which is
essential to move from preclinical to clinical trials studies
[33].

Arginine: role in human physiology
Exons are DNA sequences responsible for protein
synthesis, and the entire set of exons is called the exome.
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In the human exome, there are 64 different combinations
(triads) which will form 64 different codons. Of these
codons, 61 will code for the 20 different types of amino
acids that exist [34]. Arginine is one of the amino acids
with the highest number of triads (codons) for its
synthesis, with six in the human exome (CGU, CGC,
CGA, CGG, AGA, and AGG) [35].

Like the other 19 amino acids, Arg has a proteinogenic
function, and even though it is produced endogenously,
it must be acquired exogenously through the diet [4,
15], thus being characterized as a conditional or semi-
essential amino acid. For the development of infants,
children, or adults in some conditions, it is considered an
essential amino acid that must be in the diet or must be
supplemented [36, 37].

Arg is a substrate for several enzymatic reactions
and is metabolized through three primary pathways:
arginases which convert Arg into ornithine and urea, Arg
decarboxylase which results in agmatine metabolites, and
nitric oxide synthase (NOS) which uses Arg to produce
NO and citrulline (Fig. 2) [38, 39].

Arginine is also at the center of the different functions
associated with M1 and M2 macrophages, being called
“a small amino acid for macrophage metabolism, a
giant controller for mammalian pathophysiology [8].
Macrophages are highly versatile cells and important
for tissue homeostasis in their “default or recovery and
healing mode,” phagocytizing cellular debris and in their
“kill/fight mode;” controlling infections [40].

Given this enormous complexity, macrophages have
been classified according to their two main functions,
“kill/fight or heal/repair” Within this classification,
macrophage biology is guided by two phenotypes

Macrophage M2 - Arginase pathway

Arginase

Agmatine

. ; Arginine \
Decarboxylase

Nitric Oxide Synthase

Nitric Oxide and Citruline

Macrophage M1 - NOS pathway
Fig. 2 Metabolization pathways of L-arginine and its products
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(M1—kill/fight versus M2—heal/repair). Dominant
M1 or M2 macrophages then direct T lymphocytes to
produce Thl or Th2 responses, respectively, to further
amplify M1 or M2-type responses. It is interesting to note
that M1 and M2 macrophages also metabolize the amino
acid arginine through two different pathways: M1—via
NOS into NO and citrulline and M2—via arginase into
ornithine and urea (Fig. 2) [41].

Both NOS and arginase are enzymes that catalyze
a multienzyme reaction that will produce other
physiologically important products dependent on the
concentration of arginine [8].

Among the various physiological processes dependent
on arginine include vasomotor control, intracellular
signaling, memory formation, immune response [11],
messenger of the bronchopulmonary, cardiovascular,
neural and renal systems [42], homeostatic processes,
regeneration, and its metabolic pathways. All arginine-
dependent processes are potential therapeutic targets
for supplementation or depletion [43], opening up new
avenues for some diseases’ treatment.

Arginine: a potential role in some diseases’ treatment

and physical performance

Supplemental arginine has demonstrated potential as a
safe therapeutic choice for enhancing endogenous NO
regulation. For supplemental use, it is available as an
intravenous or oral supplement. Regarding doses, they
vary widely depending on the disease and protocol for
each patient, ranging from 500 mg/day to 500 mg per
kg/day, according to some scientific studies. Citrulline,
an arginine precursor, is available in oral forms, and an
intravenous preparation is being studied in clinical trials
in children undergoing cardiopulmonary bypass surgery
[33].

Arginine in cancers

Arg is essential for the survival of all cell types and
serves as an opportunistic fuel in some cancers that are
auxotrophic for certain amino acids. Its restriction has
been used as a therapeutic strategy in these cases [4,
44]. Its depletion by enzymes is a rational strategy in the
fight against arginine-dependent cancers. Future clinical
practice should include studies of arginine deprivation
therapy in cancer patients [45].

On the other hand, it was discovered that amino
acids act as “immunonutrients,” modulating
cellular homeostasis processes and interrupting the
progression of cancer. Thus, amino acid deficiencies
in cancer patients can impair immune functions,
increasing mortality and morbidity rates. Arg may
be an immunonutrient acting as a nodal regulator of
immune responses linked to carcinogenesis processes
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through its versatile signaling molecule, NO. The
amount of NO generated directly influences the
cytotoxic and cytostatic processes of cell cycle arrest,
apoptosis, and senescence [46].

However, as with anticancer therapies, arginine is
sometimes depleted [44, 45] and must sometimes be
supplemented [46].

As previously discussed, arginine is one of the most
common residues involved in the formation of protein/
DNA and protein/RNA complexes with the highest
number of triads, six in the human exome [35].

Methylation of arginine in proteins is a common
posttranslational modification that regulates a variety
of cellular processes, including gene transcription,
mRNA splicing, DNA repair, protein cellular
localization, cell fate determination, and cell signaling
[47]. Like other histone modifications, this process
may contribute to the pathogenesis of several diseases,
including cancer, inflammatory disorders, and
neurodegenerative diseases [48].

Posttranslational modification of arginine residues
is a key mechanism for epigenetic control of gene
expression, which plays a significant role in disease
pathophysiology [49].

Significant progress has been made in recent
years on the physiological role of individual arginine
modifications and its effects on chromatin function
[50]. Epigenetic regulation by arginine modification
is an emerging feature of eukaryotic organisms, and
manipulation of the underlying enzymes is promising
for intervention in diseases ranging from cancer to
rheumatoid arthritis [51].

Arginine exerts a global influence on the expression
of metabolic genes through histone acetylation. In
studies of prostate cancer cells, arginine was observed
to act as an epigenetic regulator, modulating histone
acetylation resulting in global regulation of oxidative
phosphorylation genes encoded in the nucleus [52].

Modification of arginine residues can occur in
a variety of ways, leading to a form of antagonism
since different types of modifications on arginine are
mutually exclusive. Furthermore, the introduction of
modifications on arginine can create or compromise a
substrate recognition site for other histone-modifying
enzymes, even spanning different histone tails. The
molecular details of this communication between
modifications are the subject of intense research [51].

The effect of arginine on tumor appears to
be bidirectional. This contradiction sometimes
promoting, other times controlling diseases such as
cancer, is also found in relation to COVID-19 which
will be discussed in another subchapter.

Page 6 of 18

Arginine in arterial hypertension

The restricted amount of NO is critical to the
development and maintenance of arterial hypertension,
endothelial dysfunction, and organ damage. Endothelial
NO synthesis is dependent on the concentration of
extracellular Arg, which acts as a substrate for endothelial
NO synthesis. Supplementing with Arg can improve the
overall transportation of Arg within cells and increase
the bioavailability of endothelial NO, resulting in reduced
blood pressure [53].

As NO is a potent vasodilator, arginine-deficient
individuals with hypertension may be advised to take an
Arg supplement in safe amounts, since it has protective
effects on the cardiovascular system, reducing blood
pressure [2]. In patients with known endothelial
dysfunction, Arg supplementation (6—8 g/day) has been
shown to improve endothelial function and ultimately
decrease arterial blood pressure [54].

Arginine deficiency syndrome (ADS)

A syndrome is defined as a “set of signs or symptoms
that characterize a specific disease or condition” and
pathological arginine deficiency can be referred to
as ADS. The signs or symptoms related to ADS are
arginine plasma depletion, consequently lower NO
production and abnormal T-cell function associated with
a pathological increase in Argl [55].

Several diseases appear to be associated with ADS,
including renal cell and prostate cancer, tuberculosis, and
infections following surgery or trauma [55, 56]. There are
a growing number of diseases in which the pathological
release of intracellular arginase from erythrocytes and
hepatocytes can deplete arginine [57, 58]. In these
cases, arginase, which is constitutively expressed, is
released through hepatocyte necrosis [57] or erythrocyte
destruction, observed during hemolysis [58].

Blocking Argl expression with COX-2 inhibitors is a
therapy that can also prevent tumor growth [59]. Argl
function can also be blocked with pharmacological
inhibitors such as nor-hydroxy-L-arginine [55].

In high-risk surgical patients, dietary arginine
supplementation results in a consistent and significant
reduction in postoperative infections. Citrulline, a
precursor of arginine, has recently emerged as an
intriguing alternative because it is well tolerated even
under conditions of high Argl activity [60]. All of these
therapies aim to increase plasma arginine concentrations

[55].

Arginine in hyperlysinemia/saccharopinuria syndrome
Arginine also appears to have an antagonistic effect on
the amino acid Lys. In terms of biochemical properties,
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( L-Lysine

Fig. 3 Structural comparison of L-arginine and L-lysine molecules.
Source: Figures prepared and provided by authors

both amino acids are structurally very similar (Fig. 3) [3]
and, as previously discussed, arginine and lysine share
a transporter. Defects in this heteromeric transporter
cause cystinuria and lysinuric which are dangerous
dysfunctions characterized by urinary loss of arginine,
lysine, and ornithine [9].

Patients with lysine-related inborn metabolic errors,
such as pyridoxine-dependent epilepsy (PDE) and
glutaric aciduria type 1 (GAl), follow an arginine-
fortified lysine-free amino acid formula. Because of the
lysine antagonism, oral arginine supplementation is the
most recent therapy for PDE [19, 31].

Arginine in physical performance

Spaceflight exerts an extreme and unique influence on
human physiology, as astronauts are exposed to long or
short periods of microgravity which causes a variety of
physiological changes, including loss of skeletal muscle
mass, bone resorption, oxidative stress, decreased blood
flow, and a significant increase in amino acid metabolism.
Arginine consumption becomes increasingly important
during spaceflight not only for NO synthesis, but also
for protein synthesis, cardioprotection, and increasing
the synthesis of bioactive molecules. In addition,
supplementation with other protein sources should not
be neglected [61].

Arg intake has shown potential for therapeutic use in
a variety of situations. Its use in the fitness community is
widespread because its inherent properties can improve
performance and muscle hypertrophy, especially when
combined with other nutrients [36, 37].

Ergogenic aids such as Arg supplementation have been
shown to have a positive effect on athletic performance
through  various  physiological and  metabolic
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mechanisms. The results are still controversial due to the
physiological demands of aerobic and anaerobic exercise.
Studies comparing Arg supplementation with placebo in
identical aerobic and anaerobic situations have shown
that Arg supplementation can improve performance in
tests. It has been suggested that to improve immediate
aerobic and anaerobic performance, 0.15 g/kg of body
weight should be taken 60-90 min before exercise. As a
chronic supplement, the dose would be 1.5-2 g/day for
4-7 weeks to improve aerobic [62].

Oral Arg supplementation also has been associated
with improved physical performance due to a possible
reduction in muscle fatigue caused by nitric oxide-
induced vasodilation in skeletal muscles. During an
eight-week resistance training program, 20 male subjects
were randomly assigned in two groups: A and B. Group A
used 3 g of Arg plus vitamin C, while group B used only
vitamin C (control group). Group A showed significantly
higher body weight and lean mass, lower body fat
percentage, and higher lower limb strength (p<0.05),
while group B had no significant differences for the same
period. The Arg oral administration (3 g/day) appears to
enhance the effects of weight training, providing greater
gains in strength and muscle mass, while additionally
aiding in the reduction of body fat percentage [63]. But
its use for these purposes must be monitored due to the
risks of pancreatitis, which will be discussed in another
subchapter.

Arginine in disturbed carbohydrate and lipid metabolism
In humans and animals, obesity is caused by a chronic
imbalance between energy intake and expenditure,
as well as the development of brown adipose tissue.
Adult humans can benefit from Arg supplementation
at a recommended dose of 50-120 mg Arg/kg body
weight per day to reduce adiposity and improve insulin
sensitivity. The therapeutic mechanisms involved in
combating the global obesity epidemic are complex
and operate at the molecular and cellular levels. These
mechanisms may include stimulation of mitochondrial
biogenesis and regulation of gene expression and cellular
metabolic pathways and arginine supplementation has
the potential to play a critical role in this effort [64]
reducing obesity which may be useful in the treatment
of several metabolic disorders, including type 2 diabetes
mellitus (T2DM). The mechanisms underlying the
regulatory effects of Arg may result from its contribution
to improving insulin sensitivity and glucose metabolism,
stimulating lipolysis or endocrine functions, all of which
may mitigate T2DM [65].

Experimental clinical data indicate that Arg
supplementation may be useful in metabolic control of
the obesity, relief of the T2DM symptoms, and blood
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pressure regulation, but the mechanisms underlying
these effects have not been sufficiently clarified. The
Arg therapeutic potential, as evidenced by its effects
on the metabolism of NO, carbohydrates, and lipids,
may have beneficial effects on human health; however,
an Arg increase in the diet has been associated with
the worsening of some existing pathology and may be
a potential risk factor for the development of other
diseases [66].

The effectiveness of the amino acid arginine in
therapeutic practice, especially in conditions where
hypoxia, of different origins, may be present, was recently
discussed. The genetic and epigenetic mechanisms of
adaptation to hypoxia and the clinical efficacy of Arg
in diseases such as those of the cardiovascular system
and stress disorders associated with these diseases
were also cited. The review demonstrates a favorable
effect of supplementation with Arg [67]; however, it is
important to discuss the negative effects of arginine
supplementation in other physiological situations.

Arginine: negative role in some diseases

Argininemia

The primary function of the urea cycle is to remove
nitrogen from the body caused by protein consumption
and to metabolize nitrogen-containing compounds
such as adenosine monophosphate. The same cycle
is an endogenous source of arginine, citrulline, and
ornithine synthesis. Disruption of the urea cycle due to
an unexpressed or mutated enzyme results in ammonia
accumulation and associated symptoms, as well as
elevated levels of circulating arginine [68, 69].

Argl deficiency, also known as hyperargininemia
or argininemia, an autosomal recessive disease of the
urea cycle, is associated with accumulation of free
arginine in the blood. Arg dietary control and drug
therapies for nitrogen depletion are the standard of
care for patients with harmful Argl gene mutations.
Around 25% of patients may experience severe mental
deficits and loss of gait. It has been shown that even
with standard therapy, 75% of these patients continue to
experience neurocognitive deficits. In vitro and in vivo
administration of Argl increases mRNA Argl enzyme
expression and subsequently increases urea, indicating a
potential treatment option to be developed for patients
with this dysfunction [44, 68].

Children with hyperargininemia may experience brain
damage because of increased ammonia and decreased
urea levels in the urine, both of which are toxic to the
body, as well in the brain. Another possible therapy is
Lys supplementation, which has shown promise due
to its antagonistic potential with Arg and its role in the
production of renal arginase. This triggers a significant
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reduction in plasma ammonia, and urinary orotic acid
to normal levels. Furthermore, the significant increase
in arginine associated with lower levels of ornithine
and lysine in the brain may play an important role.
Administering lisine supplements effectively maintained
plasma Lys, plasma ammonia and urinary orotic acid
within acceptable limits, resulting in manageable disease
and satisfactory patient growth. These patients should be
given dietary control in order to avoid arginine overload
[70].

Oxidative stress and inflammatory processes

In aerobic organisms, free radicals (FRs) are constantly
produced during the normal functioning of cells, mainly
in the form of reactive oxygen species (ROS). Most
FRs are removed by the cell's antioxidant defenses,
which include enzymes and non-enzymatic molecules.
Maintaining a balance between the production of ROS
and antioxidant defenses is an essential condition for the
normal functioning of the organism [71].

In addition to ROS, there are also nitrogen-containing
radicals, known as reactive nitrogen species (RNS), of
which NO is the main radical and is produced by NOS in
biological tissues during the metabolism of arginine [72].

These radicals suffer the action of endogenous defenses,
but it is important to note that there are several natural
or synthetic molecules with antioxidant properties that
can provide an exogenous defense system. Some natural
products with antioxidant activity may be useful to
support the endogenous defense system and can be used
as nutraceuticals [73].

From this perspective, the antioxidants present in
our diet are possible protective agents that help the
body to reduce oxidative damage. Among them are
phytochemicals, bioactive compounds from different
parts of plants that have been associated with reducing
the risk of various chronic diseases caused by oxidative
stress [74].

Aggregations of active phytochemicals have been
studied in the production of herbal medicines that
will influence cellular metabolism for disease control.
Supramolecular strategies are the focus of current
research, and interestingly, one study showed that
some supermolecules significantly enhanced the anti-
inflammatory activity of compounds by affecting the
metabolism of arginine in inflammatory cells [75].

An alternative source of NO is the nitrate—nitrite—
NO pathway, and this pathway and the L-arginine—
NOS pathway are interconnected. Plasma nitrate
is derived from nitrate formed as a product of NO
metabolism, as well as from dietary nitrate, mainly from
green leafy vegetables and beets [76]. It is possible that
phytochemical compounds can interfere with cellular
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metabolism and interfere with arginine metabolism, but
more studies need to be done to confirm this hypothesis.

Arg is a substrate for both arginase and NOS. As a
result, it has been proposed that Arg2 could limit the
bioavailability of Arg and consequently NO, thereby
aiding in the control of oxidative stress and inflammatory
processes [17, 77].

Arg, as a precursor of NO, has powerful antioxidant
and anti-inflammatory properties and is considered
a natural antioxidant in the prevention of various
diseases. According to some authors, NO has antioxidant
properties, scavenging free radicals and reducing
oxidative stress. Arg supplementation has shown
therapeutic potential in preventing and ameliorating
various health conditions such as cardiovascular disease,
neurodegenerative disease, metabolic disorders, immune
function, and antiaging effects, and improve endothelial
function; however, more research is needed to fully
elucidate the mechanisms of action and the optimal
dosage for specific conditions [78].

NO plays an important role in macrophages response
to inflammatory processes, but there is a fine line
between the non-toxic NO concentrations for host cells
and the toxicity required for its antimicrobial action. It
can be beneficial or potentially toxic depending on the
concentration and tissue in which it acts. Some authors
refer to NO as a “double-edged sword,” and arginine,
as a precursor of NO, may have both a positive effect
against the inflammatory process and also a negative one,
potentially damaging tissues indirectly [42].

In diseases with an inflammatory potential, arginine
should be avoided or even suppressed because of its
role in NO formation. A significant number of human
diseases have an inflammatory component, and a key
mediator of immune activation and inflammation is
inducible nitric oxide synthase (iNOS), whose substrate
is arginine [79]. NO inhibitors represent a significant
therapeutic advance in the treatment of inflammatory
diseases characterized by tissue damage [80].

Pancreatitis

In the first individual studies of acute pancreatitis,
specific supplements added to enteral nutrition, such
as arginine, glutamine, omega-3 polyunsaturated fatty
acids, and probiotics, have been associated with a
beneficial effect on this disease, but the studies are too
few to make solid treatment recommendations [81]. The
role of supplementing enteral nutrition with potential
immunomodulatory agents, including arginine, is
still questionable and more research is needed in this
area, as there is little or no evidence for the effects of
immunonutrition on efficacy and safety outcomes [82].
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As previously discussed, arginine has been used by
millions of athletes over the last 20 years to increase the
production of human growth hormone, of fat burning
and muscle building. However, in 2004 a report was
published of acute pancreatitis (AP) in a young male
taking 500 mg/day of arginine for muscle gain. The
patient was hospitalized after 5 months of daily use of the
arginine supplement along with 10 mg/day of zinc. He
had severe abdominal pain, nausea and increased serum
and urine amylase. Zinc can also cause pancreatitis
depending on the dose, but in the case reported, the
authors attributed the AP to the use of the arginine
supplement, warning doctors and trainers to be cautious
when prescribing this supplement [83].

In vivo studies showed that a single injection of
arginine induced AP [84-86]. Analyses revealed a
neutrophil infiltrate in the pancreas as well as rising
levels of serum amylase and lipase, transaminases (ALT
and AST) activities, and IL-6. Cytokines induce oxidative
stress through the generation of oxygen free radicals, the
expression of iNOS, and consequently the production
of NO and superoxide. The cytokine resulted in a large
increase in iNOS protein levels. Damage to the pancreas
and other organs is associated with an increase in NO
concentration, and these reactions are directly related to
an increase in arginine [84]. The administration of Lys,
an antagonistic competitor of Arg [3], reduced the levels
of iNOS as well as NO, resulting in the suppression of
pancreatitis. This suppression can also be attributed to a
decrease in the superoxide production [84].

In the human pancreas, the role of NO is still
controversial. In pancreatitis, the entire NO signaling
machinery was increased, as were levels of oxidative
stress markers. There is a direct link between oxidative
stress and the enzymatic control of NO bioavailability
at cellular level, and there are fundamental mechanisms
underlying pancreatic diseases associated with Arg—NO
signaling cascade disruptions [87].

Viral infection
Viruses are intracellular parasites that are unable to
replicate without a host cell [88]. Studies have already
confirmed that viral proteins contain more arginine [89]
and that an infected cell absorbs far more arginine from
the culture medium than an uninfected one [20, 90].

According to Sanchez et al. [89], arginine is essential for
the replication and expression of genetic material (DNA,
RNA) in a virion. Its absence can result in nucleic acid-
free virions [91, 92] or a defective capsid that exposes
DNA to nuclear enzymes [93].

In vitro studies have demonstrated the necessity of
arginine for the replication and reactivation of herpes
simplex virus (HSV). The absence of this amino acid
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did not reduce viral DNA synthesis, but it prevented
the formation of complete viroids. However, high
concentrations of the amino acid stimulated rapid viral
reactivation and resumption of protein synthesis. It
is important to note that these findings showcase the
significance of amino acids in viral reactivation and
protein synthesis [91, 93].

Human herpes viruses (HHV), with their lifelong
latency characteristic, can remain in their inactive form
for years, but a decline in the immune system, a trigger
such as sun exposure, frostbite, menstrual periods,
and immune dysregulation promoted by vaccines,
particularly those immunized against COVID-19,
can cause the virus to emerge from its latent form and
allow lesions to reactivate [94, 95]. It has also been
discussed that increased dietary or supplemental
arginine availability may promote rapid reinfection.
When this amino acid is not available, viral synthesis is
impaired and the formation of complete viral particles is
inhibited; however, when it is present or reintroduced,
rapid reinfection occurs with an increase in viral plaque-
forming units (PFU) [91].

Other viruses, both RNA and DNA, have also been
studied by analyzing their expression in the presence
and absence of arginine. Positive results have been
observed in several studies with arginine depletion in
cytomegalovirus (CMV) [96], HIN1 [97], vaccinia [98],
adenovirus 1 and 2 [99-101], SV-40 [102], measles virus
[103], reovirus [104], Marrek’s disease (MDHYV), hepatitis
C (HCV) [4].

When arginine was suppressed in reoviruses (RNA) of
the reoviridae family (rotaviruses), electron microscopy
revealed a rupture in the capsid, resulting in defective
particles exposed to the DNases of the nucleus and
consequently without DNA [104], as observed by Becker
and collaborators [93].

In human CMYV, arginine is required at the beginning
of infection, in replication, promoting an increase in
viral cytopathogenicity. Removal of arginine from the
culture medium 24 or 48 h after infection reduced virus
production, indicating that the continued presence of the
amino acid is required for virus production [96]. This fact
supports studies indicating that arginine suppression,
whether by diet or supplementation, should be initiated
at the onset viral symptoms, during the prodromal phase,
which is the phase of viral replication [95].

In the case of adenoviruses, the viral proteins
produced in the absence of arginine are defective,
impairing capsid formation and proper encapsulation
of viral DNA [101]. It has also been suggested that
arginine is important for the elongation of the viral
DNA strand itself, as well as being necessary for
capsid formation. Its absence during the first 15 h
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after infection would produce defective viruses with
no viral power [99]. The suggestion of deprivation
early in infection was strengthened by the conclusion
that arginine must be suppressed within the first 20 h
of infection to interfere with the production of all viral
proteins [100].

The influenza virus (RNA) has arginine residues that
are present in the viral NS1 N-terminal domain, which is
necessary for binding to host cells [105]. This has been
suggested by others to also be the case for the arginine-
rich binding terminus. These regions have been proposed
as a therapeutic target for arginine depletion and virus—
host binding disruption [106—108].

Vaccinia virus has been shown to require arginine
both for DNA production at an early stage of replication
and for virus encapsidation at a late stage of replication
[98]. Studies of arginine depletion in polyomavirus
(simian virus 40) show that DNA and viral proteins can
be synthesized but not encapsulated, similar to what has
been found in adenoviruses [102]. Measles morbillivirus
(RNA) does not depend exclusively on arginine, but low
levels of this amino acid reduce viral progeny, that is,
complete viruses [103].

Pegylated recombinant human arginase I (Peg-rhArgl)
was used in an in vitro study to determine whether the
selection of host arginine-associated pathways would
inhibit HSV replication. Cells continuously treated with
Peg-rhArgl for 48 h showed no evidence of cytotoxicity
or loss of cell viability, but were able to potently inhibit
HSV-1 and HSV-2 viral replication, cell-to-cell spread/
transmission, production of mature and infectious virus,
and virus-mediated cytopathic effects. Due to its host-
directed mechanism of action, Peg-rhArgl demonstrated
comparable efficacy to other drugs in controlling the
replication of drug-resistant viruses and greater antiviral
activity compared to acyclovir. These results demonstrate
that targeting host arginine-associated pathways is an
effective means of controlling viral replication processes.
Arginine catabolic enzymes can modulate the deleterious
sequelae associated with viral diseases by controlling
viral replicative processes and represent a novel
pharmacological approach [89].

Arg plasma depletion mediated by ADI-SS PEG 20,
another recombinant arginase, was also applied to
patients with HCV infection, and concomitant in vitro
analyses were performed showing selective inhibition
of HCV replication. Laboratory testing on 15 HCV
patients revealed that viral titers were reduced by up to
99% in 5 of them. In the others, with HCV serotype 1b,
the reduction in viral load was 50%. These patients also
showed significant improvements in liver function and
inflammatory potential, possibly due to the reduction in
serum NO [43, 109].
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The use of autologous arginase, an enzyme that
metabolizes arginine, had been studied in rabbits with
ocular herpes as early as 1979. An increased arginine
concentration was observed in tears, which allowed
the herpes hominis virus to replicate in the squamous
epithelium of the infected cornea, the main source of
arginine, and after abrasion, the tear arginine content
was reduced, similar to the tears of healthy rabbits. A
low level of arginase was also observed in the tears of
rabbits with ocular herpes, suggesting that to reduce
local arginine produced by herpes-infected squamous
epithelium, an eye drop supplemented with arginase
could be used to control the herpetic process [110].

A supporting experiment showed that macrophage
arginase release also inhibits HSV-1 replication,
suggesting that control of local arginine levels is an
antiviral mechanism [111], as well as the potential
additive or synergistic effects of combining an arginine
depletion approach with nucleotide analog therapies,
such as remdesivir [4].

Exploration of Lys-Arg antagonism has been used as
a therapeutic strategy against viral infections (HHV-
1/6/7) that depend on arginine for viral replication. Lys
inhibits the effect of Arg on viruses by competing with
it and also promotes arginine catabolism by increasing
the production of renal arginase [112].

Another study also observed promising results in
suppression the viral manifestation of herpes labialis
virus type 1 when arginine was reduced, either alone
by reducing the consumption of arginine-rich foods
or in combination with supplementation with Lys, a
competitive antagonist of arginine. The number of
viral lesions was recorded monthly for 26 patients
over a 24-month period. The reference period was the
first 12 months. Group A, consisting of 15 patients,
suppressed arginine during the first 6 months of
treatment by avoiding foods high in this amino acid
and taking capsules of Lys (1 g) on an empty stomach.
Group B, with 11 patients, used dietary arginine
suppression + placebo. In the second semester, while
still avoiding arginine-rich foods, group A received a
placebo and group B received 1 g of Lys. Both placebo
and lysine resulted in a significant reduction in lesions.
The number of lesions was lower in the 6 months where
the protocol was arginine suppression+lysine, but
only with dietary arginine suppression was there also
a decrease in the number of lesions [113], reinforcing
how important arginine can be for viral replication.

A study with Lys supplementation associated with
Arg dietary control showed positive results in herpetic
epithelial keratitis, controlling reactivation as well as
healing time in an elderly woman, reinforcing active
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viral replication associated with high levels of Arg,
often hindering the action of antivirals [114].

Pedrazini et al. also followed patients with recurrent
cold sores for 8 years using the L-lysine 500 mg
fasting + dietary arginine suppression protocol, and in
the first year of treatment there was an average 49%
reduction in lesion healing time and an average 63%
reduction in the number of annual lesions [115, 116].
In theory, the consumption of arginine-rich foods such
as peanuts, cashews, almonds, granola, and chocolate
should be avoided [35, 95].

Antiviral therapies often focus on a single viral protein
or a single step in a virus’s replication process, ultimately
limiting the therapeutic efficacy and applicability of these
drugs. Because of their viral specificity, many of them
result in the development of drug-resistant strains and the
inability to control harmful host-mediated inflammation.
As obligate intracellular parasites, viruses are dependent
on the host’s metabolic and macromolecular synthesis
pathways, as well as the resulting amino acids for
these processes. Many viruses, including the HSV, are
dependent on the Arg bioavailability. This amino acid,
as previously stated, is closely linked to the performance
of physiological and pathophysiological processes
associated with the facilitation of viral replication or
disease progression [89].

Arginine in COVID-19—SARS-CoV-2

SARS-CoV-2, like other viruses, depends on chemical
reactions of nutrients and amino acids from the host
to synthesize macromolecules and viral proteins.
Deprivation of essential nutrients, an approach already
used in oncology to treat tumors, may also interfere with
viral replication. Although this metabolic starvation
approach has not yet been clinically tested to viral
control, preclinical studies support the concept. Arginine
is a key nutrient that has been shown in vitro to be
essential in the life cycle of many DNA and RNA viruses.
According to the results of the studies reviewed, arginine
appeared to be an important metabolite for successful
viral replication of SARS-CoV-2. In addition, arginine is
also a key substrate in the host inflammatory response,
and reducing serum arginine levels in plasma could
plausibly attenuate the severe inflammatory response of
SARS-CoV-2 infection. Arginine depletion by arginase-
like enzymes would reduce systemic arginine levels and
is a promising therapy against COVID-19, but further
studies are needed [4].

Arg is involved in various biological processes, and
recently several reports suggested that it also plays a
critical role in viral illnesses. The COVID-19 pandemic,
caused by the SARS-CoV-2 coronavirus, has led to
severe acute respiratory syndrome (SARS) and studies
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on the effect of arginine and its ester derivative on viral
expression revealed a significant increase in expression.
In the absence of more extensive studies, it has been
recommended that supplementary and excess dietary
arginine intake should be avoided for both the prevention
and treatment of SARS-CoV-2 infections [97].

Only in SARS-CoV-2, the spike protein facilitates the
virus’s entry into host cells, which possess a crucial S1/
S2 cleavage site necessary for cell-to-cell pulmonary
infection. This mechanism differs from that of other
coronaviruses. The significance of this specific site for
cell-to-cell infection is arginine-dependent and yet to be
confirmed in other coronaviruses [106, 108]. Considering
that the S1/S2 multibasic cleavage site is arginine-
dependent and crucial for SARS-CoV-2 infection in
humans, it is advisable to investigate this region further
as a potential therapeutic target [107].

However, recent reports have suggested that Arg may
also play a positive role in COVID-19 [38] going against
studies that suggested that exogenous arginine should be
reduced and that arginine depletion through arginases
would be beneficial for patients with SARS-CoV-2
infection [4].

For some researchers, patients hospitalized with
severe or long-term COVID-19 would have reduced
plasma arginine levels, which could explain the severity
of the disease through several mechanisms. Given these
findings, arginine supplementation would be beneficial in
these patients, improving the prognosis [38, 117-119].

Studies have compared the bioavailability of Arg in
different patient groups, including normosystemic adults
and adults and children hospitalized with COVID-19.
These patients exhibited low levels of arginine in their
plasma, as well as a reduced ratio of Arg to ornithine due
to increased arginase activity in severe cases of COVID-
19 [120]. In other words, as the disease becomes more
severe, including an increased frequency of thrombotic
events due to the massive activation of platelets, plasma
arginine levels decrease [121].

However, another explanation for the drop in plasma
arginine levels in critically ill patients would be increased
NO production through the iNOS pathway [79]. Arg
serves as a substrate for NOS [17]. Higher levels of NO
expression may lead to increased disease severity, as
evidenced by some studies [4, 79].

The decline in the patients’ condition also may have
resulted from an increase in producing ON (Arg-
iONS-ON axis), which could be the reason for the
respiratory illness’s severity via various mechanisms
[122].

Acute respiratory distress syndrome (ARDS) with
prolonged mechanical ventilation and high mortality
rate in COVID-19 shares biological and clinical
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characteristics with immunosuppression associated
with sepsis in the presence of lymphopenia. The
mechanisms responsible for lymphopenia associated
with COVID-19 need to be explored, as they may
be responsible for the delay in virus elimination and
the increased mortality rate among intensive care
unit patients. Interestingly, COVID-19 severity was
directly correlated with lymphopenia and increased
arginase activity. In vitro studies also showed that
the proliferative capacity of T cells was significantly
reduced among COVID-19 patients and could be
restored through arginine supplementation [118].

However, the hypothesis that the problem could
arise from an exacerbated production of arginase is
not explored, which consequently depletes arginine
and increases ornithine, leading to a potential chain of
reactions [89].

Excess NO production during viral infections can have
a negative impact on the host’s immune system, leading
to the suppression of the type 1 helper T cell-dependent
response. The biosynthesis of NO via iNOS expression
has been observed in several microbial infections, and
it has proved to have an antimicrobial effect on bacteria
and protozoa. Nevertheless, this effect is not transferable
to pulmonary infections caused by neurotropic viruses,
as it exhibits opposite effects. Prolonged activity of iNOS
leads to NO overproduction, resulting in the generation
of reactive nitrogen oxide species that cause tissue
damage via strong oxidative and nitration reactions [122].

The expression of iNOS in cells is strictly restricted
to situations in which a cell is stimulated by bacterial
lipopolysaccharides or pro-inflammatory cytokines [80].
Once expressed, iNOS is responsible for producing a
large amount of NO for an extended period of time [123].
It is widely acknowledged that NO has two opposite
effects [42]. When present in low concentrations, NO
can be protective against pathogenic intruders; however,
when present in high concentrations as a result of iNOS
overexpression, NO can be toxic and harmful to the
human body and be responsible for a variety of illnesses
[80]. The beneficial or detrimental activity of iNOS-
derived NO is contingent upon its concentration [124].

NO is a crucial signaling molecule in the development
of inflammation in the joints, intestines, and lungs.
It exhibits an anti-inflammatory effect under normal
physiological conditions, but its excessive production
in abnormal situations assumes a pro-inflammatory
role. Consequently, selective NO inhibitors represent
a significant therapeutic advancement in treating
inflammatory diseases [80].

Drugs that inhibit the synthesis or effects of NO, such
as arginine analogues that compete with endogenous
arginine for NOS and its transporters into cells, have
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been studied. Because of this competition, NO levels are
reduced, as are its pro-inflammatory effects [125].

Arginine depletion, a tumor treatment strategy,
may prove effective in treating COVID-19 due to its
association with the inflammatory process caused
by macrophage-released NO. Depletion of dietary
arginine or use of arginases attenuates the severe
inflammatory response of COVID-19, as well as other
pathophysiological and inflammatory conditions [44].
Grimes and collaborators suggest that this approach
has potential as a therapeutic strategy against the virus,
including SARS-CoV-2 [4].

It is known that a virus-infected cell absorbs more
arginine than other amino acids in the culture medium
[90]. This phenomenon could potentially explain the
decrease in plasma arginine observed in critically ill
patients with COVID-19 [120, 121].

Lower levels of this amino acid may be associated with
increased consumption by the multiplying virus during
the early stages of infection, when viral proteins are
produced in greater quantities. This is supported by the
findings of Melano and collaborators [97] and by other
pioneering investigation into other viruses [91].

Despite the studies presented, researchers endorse the
utilization of arginine for enhancing the prognosis of
viral infections, including COVID-19. They discuss the
evidence of its functional contribution, its actions on
endothelial cells and the immune system, as well as its
therapeutic potential [38, 119, 120].

Caution should be used when interpreting these
findings, as plasma arginine levels may be reduced during
early infection due to high consumption by infected cells
[90], thus promoting viral replication and disease severity
[91].

However, arginine may be beneficial in later stages of
the disease, as it affects other metabolic functions [66].
This supports the assertion that arginine depletion
should only occur for a specified period due to its
metabolic significance, but it ought to be avoided in the
initial stages of viral infections [3].

In this context, it is uncertain whether arginine
supplementation therapy is effective in severe cases
of COVID-19. The Arg-iONS-ON axis is believed
to contribute to the pulmonary inflammatory storm
that can result in fatalities [4, 79]. These findings raise
concerns as the mechanism in arginine remains unclear.
Additional research is necessary to investigate the role of
arginine dysregulation in COVID-19 [120].

L-lysine, an amino acid with similar biochemical
properties and acting as a competitive antagonist of
arginine [3], is assumed to be a viable complementary
therapy for COVID-19 cases rather than arginine, but
further investigation is required [4].
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Toxicology

When considering amino acid supplementation, it is
important to analyze the risks associated with both low
(deficiency or lack of benefit) and high intake (generating
toxicity). This risk—benefit approach should provide a
useful method of analysis that evaluates the potential
adverse effects of increasing dietary intake of individual
amino acids, as well as the adverse effects of excessive
supplement intake, especially for amino acids involved in
neurotransmitters [126].

Administration of isolated supplemental amino acids
in low doses consistent with normal dietary intake would
not require a risk assessment if absorption, metabolism
and excretion values are like the kinetics of protein diet
amounts consumed. Although there is evidence on the
negative health effects of supplementing with some
amino acids, not all have been subjected to extensive
toxicity testing [126].

Pharmacology  established the principles of
toxicokinetic, which refers to the link between the toxic
dose and the site of action, and toxicodynamic, which
concerns the relationship between the site of action of
the toxicant and the resulting consequences in the body.
However, these principles have not yet been applied to
amino acid metabolism. Given the direct correlation
between arginine and NO, and the subsequent impact of
NO on endothelial function, neurotransmitter signaling,
angiogenesis, leukocyte, platelet, and macrophage
functions, additional methods for investigating
relationships between amino acids and other relevant
physiological outcomes should be wused, such as
involvement in the production of NO. The dose—response
relationship of a specific amino acid, such as arginine, can
result in positive and negative effects depending on its
circulating concentration or intake levels. More research
is needed to identify the exact levels of amino acid intake
and their corresponding physiological effects, as well as
to establish risk—benefit thresholds that establish safe
intake ranges for the general population [127].

Arginine is generally considered safe for most
individuals when consumed in moderation. However,
excessive intake can potentially lead to adverse effects,
including nausea, vomiting, diarrhea, and headaches.
The recommended dosage may vary depending on the
medical condition being treated. The use of this amino
acid as a supplement entails a certain degree of risk and
potential benefit. Current scientific research indicates
that the recommended dosage of arginine can range from
2 to 15 g per day for a period of 2 to 12 weeks. Adherence
to these intervals can enhance the therapeutic benefits of
L-arginine while reducing any adverse effects [78, 128].

As previously discussed, arginine has been
demonstrated to possess a number of beneficial
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properties, including anticancer, antioxidant, anti-
inflammatory, and neuroprotective effects. Additionally,
it has been shown to confer protection against a
range of cardiovascular and liver diseases. However,
further research is required to elucidate the underlying
mechanisms of action, with a particular focus on
gene expression studies and the establishment of
recommended and effective doses. Furthermore,
additional research is required to investigate the safety
issues associated with arginine, including its potential
genotoxicity, —maternal toxicity, and teratogenic
consequences [78] and especially in the event of a viral
infection.

Future perspectives

Arginine is a crucial amino acid that plays a vital role in
regulating various cellular processes. Its supplementation
is necessary in several pathologies, while its depletion is
important in other diseases. Understanding the entire
cellular mechanism dependent on this amino acid is
necessary in future studies to obtain a greater overview
of the pros and cons of supplementation or deprivation of
this amino acid.

Conclusion

According to research, caution should be exercised when
supplementing or depleting the amino acid arginine.
Individuals with some pathology, especially those
caused by viruses and/or with latent viruses, such as
herpesviruses, and/or who have been exposed to other
studied viruses, should avoid arginine supplements and
the consumption of foods rich in arginine.

However, as prophylaxis or antiviral therapy, control of
arginine intake as well as the use of lysine supplements,
its antagonist, is recommended for short periods starting
after a possible viral exposure, or when faced with stimuli
that can eliminate viruses from their latent state, and/or
at the very beginning of the viral manifestation, in order
to avoid a large viral multiplication and consequently
control the infection. Long-term arginine depletion can
significantly affect cellular metabolism and its use as
supplemental therapy needs case-by-case evaluation.
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ROS Reactive oxygen species

RNS Reactive nitrogen species
iNOS Inducible NO synthase
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AST Serum aspartame transaminase
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