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Key Points

Intestinal barrier dysfunction may allow the penetration of luminal antigens such as bacteria and
their toxins, event known as bacterial translocation (BT).

L-Arginine is an important and versatile amino acid with several immunological and trophic prop-
erties under stressful situations.

It is believed that the main effects of L-arginine on bacterial translocation are due to nitric oxide
synthase (NO) and arginase pathways.

The L-arginine can prevent bacterial translocation due its effects by intestinal mucosa preservation
and enhancement of immune response.

L-Arginine supplementation is interesting for a number of critical clinical situations; however, in
cases of sepsis, the use of L-arginine should be carefully evaluated, because an overproduction of
NO can be deleterious to the patient.
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Abbreviations

PmTc-DTPA  99m-technetium diethylene triamine pentaacetic acid
PmTc-EDTA  99m-technetium ethylenediaminetetraacetic acid

AIDS Acquired immune deficiency syndrome
ARG L-Arginine

BT Bacterial translocation

CD4 Cluster of differentiation 4
CDS8 Cluster of differentiation 8
DNA Deoxyribonucleic acid

E. coli Escherichia coli

eNOS Endothelial NOS

IL Interleukin

INF Interferon

iNOS Inducible nitric oxide synthase
10 Intestinal obstruction

L-NAME NG- nitro-L-arginine methyl ester
L-NMMA NG-monomethyl-L-arginine

L-NNA NG-nitro-L-arginine

LPS Lipopolysaccharide

mRNA Messenger ribonucleic acid
NADPH Nicotinamide adenine dinucleotide phosphate-oxidase
nNOS Neuronal NOS

NO Nitric oxide

NOS Nitric oxide synthase

ODC Ornithine decarboxylase

SD Standard deviation

sIgA Secretory immunoglobulin A
SMCs Suppressor myeloid cells
TCV Total caloric value

TGI Gastrointestinal tract

Thl T-helper cell type 1

Th2 T-helper cell type 2

TNF-a Tumor necrosis factor
Introduction

The gastrointestinal tract (TGI) has a multitude of functions in addition to digestion. One important
function is the ability to serve as a barrier against living organisms and antigens within the lumen, the
so-called intestinal barrier function. The breakdown of this barrier may result in the crossing of viable
bacteria and their products to mesenteric lymph nodes and more distant sites, a process known as
bacterial translocation (BT) [1].

Localized and systemic disorders, such as ischemia, intestinal obstruction, shock, or sepsis, can
damage the intestinal barrier, increasing mucosa permeability and allowing for BT. These disorders
worsen the primary pathological event and may induce multiple organ failure and death [2, 3].

In order to avoid bacterial translocation, supplementation with immunomodulatory substrates
seems essential [4]. In this context, L-arginine has been extensively studied.
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L-Arginine or L-amino-5-guanidinovaleric acid (Fig. 46.1) is a basic conditionally essential
amino acid with four nitrogen atoms that plays an important role in the transport, storage, and
excretion of nitrogen and in the disposal of ammonia via the urea cycle. In catabolic states, L-argi-
nine may become essential because of alterations in the overall metabolism [5]. L-Arginine pro-
vided by diet proteins is metabolized by the enterocytes and is responsible for various functions in
the gut under stressful situations. It is well established that L-arginine can enhance morphometric
aspects, such as the stimulation of enterocyte proliferation, the number of villi, and their height
under such adverse conditions [6-9].

L-Arginine also plays a central role in the immune system, and it is especially important for mac-
rophage and T-lymphocyte metabolism [10, 11]. Dietary L-arginine increases the activity of macro-
phages and enhances the CD4:CDS ratio, the number of lymphocytes in Peyer’s patches, as well as
the levels of secretory immunoglobulin A (sIgA). It also increases the expression of the messenger
ribonucleic acid (RNA) for the production of Thl cytokines and Th2 cytokines, suggesting that
L-arginine acts both in the cellular and humoral immune response [7, 10, 12].

L-Arginine is also a precursor for the synthesis of molecules with enormous biological importance
including urea, ornithine, polyamines, nitric oxide, creatine, agmatine, and many others, besides
being a major nitrogen carrier and a component of proteins [13]. It is believed that the main effects of
L-arginine on bacterial translocation are due to nitric oxide (NO) and polyamines.

In this chapter we discuss bacterial translocation and the L-arginine mechanisms on this condition,
emphasizing the study of the metabolites NO and polyamines.

Bacterial Translocation

Bacterial translocation involves the initial contact of bacteria with the intestinal wall, leading to cyto-
kine production and subsequent inflammatory response. Once the bacteria enter the mucosa, they can
be transported to distant organs through the circulation [1].

There are several evidences that BT is associated with the increased incidence of septic complica-
tions. Macfie et al. [13] showed 14 % of prevalence of BT, in 927 surgical patients, and a relationship
with increased postoperative sepsis. In addition, Nieves et al. [14] observed a prevalence of 33 % of
BT when evaluating lymph nodes of patient victims of abdominal trauma.

On the other hand, BT also occurs in healthy individuals. Low levels of bacterial translocation can
be an important physiological event to prepare and alert the immune system of the host. Salzedas-
Netto et al. [15] showed significant reduction of BT in animals previously challenged with the same
bacteria used for BT induction. Therefore, it is possible that BT can occur to present lumen antigens
to TGI, generating immunocompetent cells, a process known as oral tolerance [1].

There are three mechanisms involved in BT (Fig. 46.2): modified gut microbiota, reduced intesti-
nal barrier function, and inadequate response of the host immune system [16].

L-Arginine
NH
Fig. 46.1 Chemical )J\ COOH
structure of L-arginine. HN N
L-Arginine chemical 2 H
structure, formed by two NH 5

amino groups and one
carboxyl group



592 M.L. Viana et al.

A‘\P \‘\\ V siga Mucus Intestinal

Microbiota

Intestinal
Epithelium

Dentric
Cells

Fig. 46.2 Mechanisms of bacterial translocation. The main mechanisms of bacterial translocation. In cases of bacterial
overgrowth, increase of the colonization leading to BT can occur; increases of paracellular permeability induce the
opening of the tight junctions with the passage of bacteria, which may lead to the excessive inflammatory response.
Lastly, the T cells induce the production of Th1 and Th2 cytokines with activation of B lymphocytes, thereby regulating
the production of antibodies. When the system fails, BT can occur

Gut Microbiota

TGI is a dynamic organ with direct or indirect influences in the translocation of intestinal particles
[16]. When the ecological balance is affected due to changes in the intestinal microbiota (e.g., use of
antibiotics, decreased in gastric acidity and mucus production, obstructive jaundice, and changes in
bowel motility), bacterial overgrowth is favored, increasing the colonization and leading to BT [16,
17]. Only a few strains of intestinal bacteria are able to translocate to the mesenteric lymph nodes,
these include Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, enterococci, and
some streptococci [16].

Parenteral nutrition with disuse of the TGI, malnutrition, diabetes, cirrhosis, and endotoxic shock also
induce bacterial overgrowth, promoting subsequent translocation [17]. A recent study showed that 10 of 32
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cirrhotic patients had bacterial DNA-positive in blood when intestinal bacterial overgrowth was positive. In
a multivariate analysis, only the existence of intestinal bacterial overgrowth was the independent risk factor
for bacterial DNA. The authors concluded that the increases in plasma endotoxin and bacterial DNA were
directly associated with intestinal bacterial overgrowth in these patients [18].

Barrier Function

The normal intestinal epithelium acts as a selective barrier between the environment of the intestinal
lumen and the lamina propria. This barrier consists of a single layer of epithelial cells, which are con-
nected by firm junctions (tight junctions) [19]. The epithelium balance is also influenced by local
factors such as mucus, stomach acid, pancreatic enzymes, bile, and the intestinal motility [17]. These
factors together acting prevents the invasion of bacteria to the epithelium.

The tight junctions allow the selective paracellular permeability, which excludes passive move-
ment of uncharged hydrophilic compounds, such as bacteria and macromolecules. The increase in
paracellular permeability induces the opening of the tight junctions with the passage of bacteria,
which may induce the excessive inflammatory response. Furthermore, damaged epithelia also
allow the access of microorganisms to the bloodstream or lymph nodes through the transcellular
pathway [20, 21].

These effects can be observed in critically ill patients and are associated with the high incidence of
bacterial and toxin translocation from the intestinal lumen to the systemic circulation, causing infec-
tious complications [22]. In a recent study, Founts et al. [23] showed increased intestinal permeability
and bacteria translocation in mice with liver injury. These alterations were accompanied by decreased
intestinal expression of the tight junctions and the protein occludin.

The evaluation of changes in intestinal permeability can be performed using specific tests designed
to measure the intestinal barrier function, such as large molecules (i.e., sugars and drugs) to determine
the paracellular passage from the intestine into the plasma and therefore into the urine [24]. Currently,
substances labeled with radioactive isotopes, such as ®"Tc-EDTA e *™Tc-DTPA, have also been used
as an alternative, with good results [24]. In a recent murine study, intestinal permeability of mice
undergoing intestinal obstruction was assessed by the determination of the percentage of 99mTc-
DTPA found in the blood of the animals. There was good sensitivity of the method to evaluate changes
in cell permeability [6].

Immune System

The intestinal tract is an active immune organ, containing several factors involved in the immune
response [17]. The gut-associated lymphoid tissue (GALT) is the largest immune organ in the body
containing 25 % of the total mucosal immune cell.

The GALT covers the epithelium, inside of the lamina propria and submucosa, including more
than a half of lymphoid cells in Peyer’s patches, follicle-associated epithelium (consisting of M
cells), intra-epithelial lymphocytes, macrophages, neutrophils, and dendritic cells [16]. The M cells
are a major component of the GALT and often constitute the first defense line against the passage of
microorganisms from the intestinal lumen into the epithelium. M cells are an unusual type of epithe-
lial cells, because they don’t have on their surface microvilli or glycocalyx. The M cells have very
long cytoplasmic extensions into the lamina propria forming a pocket within the antigens which are
phagocytized by macrophages and then penetrate into Peyer’s patches [25].
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When the intestinal immune system acts, the antigens are transported by M cells to the antigen-
presenting cells (macrophages and dendritic cells) into the mesenteric lymph nodes. Then, the processing
and presentation of antigens to CD4* T lymphocytes and inactive B cells occur. These cells are the second
line of defense against translocation and initiate the production of cytokines [26].

T cells induce the production of TH1 and TH2 cytokines. Thl cytokines (IL-2, INF, and TNF-o)
stimulate cellular immunity, resulting in activation of macrophages, neutrophils, and T lymphocytes,
especially CD8* T lymphocytes. Th2 cytokines (IL-4, IL-5, IL-6, IL-10, and IL-13) are responsible
for the activation of B lymphocytes, thereby regulating the production of antibodies [26].

It is widely accepted that cytokine levels after an inflammatory insult, such as lipopolysaccha-
ride (LPS), are characterized by an initial increase and subsequent decrease in TNF-a levels, fol-
lowed by IL-1, IL-6, and IL-10, respectively. However many septic patients exhibit high levels of
TNF-a, IL-1, and IL-6 until death [27]. The presence of sIgA immunoglobulin enhances barrier
function of the intestine, playing a key role in the formation of the immune response to microbial
colonization [28]. Mucosal secretions, rich in sIgA, can bind to bacteria preventing adherence and
mucosal colonization [28].

Nutrient-Related Prevention and Therapy Against Bacterial Translocation

A variety of strategies have been investigated for the treatment of bacterial translocation. Most of
them are linked with the ability of some compounds and nutrients to act in the immune system modu-
lation or preventing the bacterial overgrowth, thus maintaining the intestinal barrier.

Aydocan et al. [29] showed that enteral diets supplemented with L-arginine, nucleotides, and
omega-3 fatty acids reduce bacterial translocation. The investigators concluded that this effect might
be related to improvement in the immune function resulting from the use of immunonutrients.

Enteral diets with glutamine resulted in less intestinal lesions and weight loss, improved nitrogen
balance, and reduced bacterial translocation in a colitis model [30].

In a recent study, Sdnches et al. [31] showed that treatment with probiotics decreases bacterial
translocation, the pro-inflammatory state, and the ileal oxidative damage and increased ileal occludin
expression in rats with experimental cirrhosis.

Data of our research group showed that immunomodulatory agents such as glutamine, citrulline,
and L-arginine were able to reduce bacterial translocation in an animal model of intestinal obstruction.
The probable mechanisms involved are related to the maintenance of the intestinal barrier and the
regulation of the immune response [32-34].

Implications of L-Arginine Metabolic Pathways in Bacterial Translocation

L-Arginine is an important and versatile amino acid with several immunological and trophic proper-
ties under stressful situations. The L-arginine metabolism generates essential nitrogen compounds as
creatine, polyamines, agmatine, and NO (Fig. 46.3). L-Arginine can be converted in the liver into
creatine by L-arginine-glycine amidinotransferase. The creatine is transported into muscle tissue serv-
ing as a phosphate carrier and adenosine triphosphate regenerator [13].

The exact beneficial effects and mechanisms are still not well described. However, there are strong
evidences indicating that L-arginine metabolites such as polyamines and NO are related to its role.
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Fig. 46.3 L-Arginine pathways and metabolite. The main pathways of L-arginine metabolism. The nitric oxide synthase
(NOS) pathway with nitric oxide (NO) production of nitric oxide (NO) and arginase pathway producing proline and
polyamines, both with different actions in organism

L-Arginine and the Nitric Oxide Pathway

Nitric oxide (NO) is a short-live free radical and a very small compound that diffuses freely within
cells from its sites of formation to the sites of action. In solution, the NO has a half-life of 0.1-10 s
before its transformation into nitrite (NO,) and nitrate (NO;). It is an important intracellular signaling
molecule and it acts as a biological mediator similar to neurotransmitters in the neuronal system. NO
can also regulate the blood vessel tone in vascular systems, and it is an important host defense effector
in the immune system since it can act as a cytotoxic agent under pathological processes [35].

The biosynthesis of NO is carried out by L-arginine and the molecular oxygen, utilizing nicotinamide
adenine dinucleotide phosphate-oxidase (NADPH) as an electron donor. The overall reaction utilizes
NADPH, and Ca* as cofactors and consists of two steps. The conversion of L-arginine to NO and
L-citrulline via N*-hydroxy-L-arginine, that is an intermediate which may also function as a substrate for
nitric oxide synthase (NOS) [36]. The produced citrulline can be used in the synthesis of L-arginine in
the kidney, endothelial cells, macrophages, and cells of the peripheral nervous system [37].

NO is enzymatically produced by three different NO synthases (NOS). Neuronal NOS (nNOS)
(NOS1) and endothelial NOS (eNOS) (NOS3) are constitutive enzymes expressed in the plexus
myentericus and the vascular endothelium of the gut, respectively. They produce small amounts of
NO in response to increases in intracellular calcium. The third enzyme, inducible NOS (iNOS)
(NOS2), is normally not expressed, but is produced in larger amounts in macrophages and other tis-
sues in response to pro-inflammatory mediators, such as bacterial membrane lipopolysaccharides,
endotoxins, and inflammatory cytokines. It is also calcium-independent and produces NO over
prolonged periods of time [38].

NOS enzymes produce NO from L-arginine, and thus competitive L-arginine analogues may pre-
vent them from producing NO. These analogues include NG-monomethyl-L-arginine (L-NMMA),
NG-nitro-L-arginine (L-NNA), and NG-nitro-L-arginine methyl ester (L-NAME). These are nonselec-
tive inhibitors. Aminoguanidine was the first class of specific iNOS inhibitors; however, it is not a
potent inhibitor [39—42].
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Nitric oxide is involved in a variety of biological functions throughout the body. It is a potent vaso-
active regulator and the main factor of endothelium-derived relaxation. By promoting vasodilation, it
increases blood flow to injured tissues [3].

Furthermore, NO plays an important role in the immune response acting on cells of the innate
immune response such as monocytes, macrophages, microglia, Kupffer cells, eosinophils, and neutro-
phils. Therefore, during inflammation, it acts mediating cytotoxicity and supporting the nonspecific
host defense [43].

Nitric oxide appears to play a dual function in the body, its beneficial or destructive effects depend
on the amount produced [43]. The nitric oxide derived by activated macrophages is an important
mediator of the inflammatory response; however, when it acts as an oxidant, the excessive production
of NO is detrimental to the tissues [44]. Increased expression of iNOS has been demonstrated in dis-
orders such as destruction of the intestinal mucosa, sepsis, and clinical conditions associated with all
these disorders [45].

Sepsis and Nitric Oxide

Sepsis is defined as a systemic response to an infection. It is a major health problem because of its
significant morbidity and overall mortality rate of 30 % and it generally requires intensive care treat-
ment [36]. Sepsis can be a consequence of bacterial translocation with bacteria after bacteria having
penetrated the mucosa and being transported to distant organs through the circulation [20].

The role of nitric oxide on sepsis is controversial. Endotoxins and TH1 cytokines initiate the cas-
cade that causes increased expression of NOS, especially iNOS, in several tissues (lung, liver, intes-
tine) resulting in systemic hypotension. The reversal of hypotension has been the focus of septicemia
treatment since it is associated with increased mortality in septic patients. Thus, it is important to
evaluate the potential benefits of NOS inhibition in this context [40].

Different explanations may be suggested for the dual personality of NO during sepsis. First of all,
there is no doubt about the detrimental effect of excessive NO on vasorelaxation, hypotension, and
shock. The NO-mediated hypotension leads to severe hypoxia in peripheral vital organs, resulting in
progressive organ failure. Second, increased NO may also provide certain benefits to the patient dur-
ing sepsis. Increased NO release protects the kidney by causing local vasodilation and by inhibiting
platelet aggregation and leukocyte adhesion. In addition, NO may also exert protective effects in other
organs via its capacity to counteract oxidative stress, shut off apoptosis, prevent platelet aggregation
and leukocyte adhesion, induce anti-inflammatory gene expression, and kill pathogens [46].

Sundrani et al. [39] in a sepsis model demonstrated that nonselective NOS inhibition with L-NMA
actually reverses the hypotension but increases leukocyte adhesion and rolling. However, Petersson et al.
[41] used the same inhibitor on a colitis model and showed that nonselective NOS inhibition caused a
reduction in blood flow during acute inflammation. Thus, the NO was considered crucial for tissue perfu-
sion during the inflammatory process and contributed to the maintenance of microvascular flow, adequate
supply of oxygen and nutrients, as well as protection of the endothelium against oxidative stress.

Our group has assessed bacterial translocation (BT) in an intestinal obstruction model and seven day
treatment with L-arginine and L-NAME led to absence of L-arginine beneficial effects with increased BT
when NO is inhibited. These results point out that L-arginine acts on BT by the NO pathway [38]. Many
authors claim that NO synthesis is part of the inflammatory response, to minimize ischemia and exacer-
bated coagulation while concomitantly fighting bacteremia. Side effects of inhibiting NO synthesis may
be more pronounced than those caused by itself and its metabolites, as previously thought [11, 41].

Clinical studies were also performed to evaluate NO action. Avontur et al. [47] observed maintenance
of vascular tone and blood pressure in septic patients undergoing nonselective inhibition (using
L-NAME). However, there was no clinical improvement or reduction of mortality in these patients com-
pared to the control group. In a randomized, double-blind, placebo-controlled study, Lopez et al. [48]



46 L-Arginine and Bacterial Translocation: Implications for Health 597

evaluated the effects of the inhibitor 546C88, a nonselective NOS, and observed that septic patients
treated with this inhibitor showed a higher mortality rate than patients in the placebo group. On the other
hand, continuous supplementation of L-arginine (the NO precursor) in septic patients did not affect
hemodynamic, cardiac, and pulmonary parameters [41]. Latter, in 2009, Luiking et al. [38] observed that
septic patients had a reduction in NO synthesis because L-arginine was shifted to the urea synthesis. In
this context, it should be considered that increasing NO synthesis is only one of the many factors that
contribute to the septicemia process. The isolated inhibition of NO synthesis was not sufficient to stop
or reduce the cascade of events that lead to the exacerbated activation of the immune system.

The L-arginine/NO controversy will remain until more studies have consistently confirmed either
benefit or detriment of L-arginine supplementation. Zhou and Martindale [49], considering a review
from animals and human available data, concluded that L-arginine appears to be safe and potentially
beneficial for most all hemodynamically stable ICU populations, at doses delivered in immune modu-
lation formulas.

Arginase-Polyamine Pathway

The enzyme arginase hydrolyzes L-arginine to L-ornithine and urea. There are two types of arginase:
arginase-I and arginase-II. The arginase-I is a cytosolic enzyme present in the liver, related to the
detoxification of ammonia and urea synthesis. The arginase-II is found in extrahepatic cells’ mito-
chondria, such as macrophages, kidney, intestinal, and endothelial cells, and is involved in the regula-
tion of ornithine, proline, and glutamate cell synthesis [50, 51].

The enzyme ornithine decarboxylase (ODC), responsible for polyamines biosynthesis, is high in
the small intestinal mucosa and plays an important role in polyamine metabolism. Polyamines are
cationic molecules with low molecular weight. Putrescine, spermidine, and spermine are essential
composites for cellular proliferation and differentiation [52].

The usual Western diet daily provides adequate polyamines supply. Meats are rich sources of
spermine, while plant foods are high in putrescine and spermidine. Polyamines used by the human
body can be also originated from TGI secretions, enterocyte desquamation, or bacterial synthesis [44,
53]. Polyamines, both exogenous as endogenous, are completely absorbed and directed to tissue
growth or repair [53].

Polyamines regulate genic expression, signal transduction, ion channel function, DNA and pro-
teins synthesis, and apoptosis. Thus, they are essential in cell proliferation, differentiation, and func-
tion. Under cell growth stimulation, the induction of polyamine synthesis is a key factor, preceding
DNA replication and protein synthesis [44, 53].

Polyamines also act on fibroblasts, inducing wound healing and extracellular matrix proliferation [53].

There are few studies assessing the clinical effects of polyamines, especially in humans. Several
studies have been carried out with animal models, which are presented in Table 46.1. Most of them
have shown positive and encouraging results.

The correct L-arginine supply is essential to maintain the adequate immune function, considering
the intense activity of arginase in the suppressor myeloid cells (SMCs; immature cells of the myeloid
lineage that may differentiate into macrophages, dendritic cells, or granulocytes after stimulation).
This reduces the availability of L-arginine, and therefore, it inhibits the proliferation of T cells, in
addition to reducing the synthesis of IFN-y and interleukin-2 (IL-2), growth factors, to T-lymphocyte
function. The addition of L-arginine sharply increased the capacity for proliferation and the produc-
tion of IFN-y, IL-4, and IL-10 [8, 59, 60].

Thus, it is reasonable that the effects of the arginase-polyamine pathway in bacterial translocation
are connected with the ability to maintain the integrity and regeneration of the intestinal barrier rather
than the effects on the immune response, assuming that these are the two main mechanisms by which
L-arginine helps avoid bacterial translocation [61].
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Table 46.1 Summary of studies relating the possible associations between arginase and bacterial translocation
prevention

Pathology models Conclusions References
Colon anastomosis Arginase type I activity, protein, and mRNA expression were significantly Witte et al.
upregulated at the anastomosis, suggesting metabolism of L-arginine [54]

via arginase to polyamines and proline to provide substrate for collagen
synthesis and cell proliferation

Extensive intestinal L-Ornithine decarboxylation was markedly increased. The fact may be Lardy et al.

resection related to increased de novo polyamine synthesis in resected animals, [55]
suggesting an adaptation mechanism
Ischemia/reperfusion Ornithine alpha-ketoglutarate administration to rats did not prevent Duranton et al.
ischemic damage of the intestinal mucosa, but it accelerated the repair [56]
of the mucosa during reperfusion

Small bowel The addition of orally supplementation of ornithine alpha-ketoglutarate, De Oca et al.

transplantation significantly reduced bacterial translocation and improved the protein/ [57]
DNA index as well as the weight gain in rats

Colitis The results indicate arginase protection in colitis by enhancing the Gobert et al.

generation of polyamines in addition to competitive inhibition of iNOS [58]

L-Arginine in Bacterial Translocation

L-Arginine and Intestinal Barrier

The L-arginine effects in maintaining the integrity of the intestinal mucosa have been the focus of sev-
eral investigations [9, 62]. In the ischemia/reperfusion model, L-arginine improved the weight of duo-
denal, jejunal, and ileal mucosa. The rate of jejunal cell proliferation in rats reduced or prevented the
morphological and functional damage of the intestine and also worked on protecting the lipid peroxida-
tion and maintenance of tissue levels of glutathione, a powerful free radical scavenger [8, 59, 60].

Chang et al. [61] observed that this amino acid supplementation increased the number of villi
and reduced the intensity of the intestinal mucosa lesions in an intestinal obstruction model.
L-Arginine also presented a protective effect on the intestinal mucosa during endotoxemia caused
by LPS, inducing increased proliferation and maintenance of villus enterocytes [8]. In experimen-
tal models of radiation-induced enteritis, the number of animals with positive cultures and the
number of bacteria present in mesenteric lymph nodes were decreased when the L-arginine was
administered after radiation [9, 62].

A study conducted by our group [6] evaluated bacterial translocation and intestinal permeability in
mice after treatment with L-arginine. Mice were divided into three groups, treated for seven days
before surgical intervention with isocaloric and isoproteic diets. The L-arginine group (ARG) received
a diet containing 2 % L-arginine, while animals in the intestinal obstruction (IO) received no supple-
mentation and control groups (sham) received standard chow diet. In order to evaluate the intestinal
permeability, after the seven days, the animals were gavaged with radiolabeled diethylenetriamine-
pentaacetic acid solution and, after 90 min, they were anesthetized and the ileum ligated. At 4, 8, and
18 h, the blood was collected for radioactivity determination and permeability analysis. In others to
evaluate bacterial translocation, another group of animals, also treated for 7 days, was gavaged with
10® CFU/mL of 99m-technetium (99mTc) E. coli. After intestinal obstruction, BT was determined by
the uptake of 99mTc E. coli in the mesenteric lymph nodes, blood, liver, spleen, and lungs, 18 h after
the operation. The results are shown in Fig. 46.4 and Table 46.2. The data show that L-arginine supple-
mentation reduced intestinal permeability and BT to physiological levels [63].
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Fig. 46.4 Intestinal permeability. Intestinal permeability after 4, 8, and 18 h of intestinal obstruction (I0). The 10
group showed enhancement in intestinal permeability in the times of 4—18 h. The treatment with L-arginine was able to
prevent the increase of intestinal permeability. Errors bars show the SD. Data are expressed as mean+SD (n=5).
‘p<0.05

Table 46.2 Biodistribution of Escherichia coli labeled with 99m-technetium after 18 h of intestinal obstruction

Organ/blood Sham (cpm/g) 10 (cpm/g) ARG (cpm/g)

Blood 41.30° 175.79° 60.60*
Liver 204.8* 1154.49° 556.5v2*
Spleen 109.09* 1022.22° 390.00°
Lung 14.292 794.12° 110.52°
MLN 166.67* 660.00° 100.002

The results are expressed in SEM of counts per minute/g tissue (cpm/g). Different letters on the same line indicate
statistically significant differences (p <0.05). Mesenteric lymph nodes (MLN)

L-Arginine and Immune Response

L-Arginine supplementation increases the immune function in humans and animal models acting in the
host defense, inflammation, wound healing, and several other pathophysiological adaptations [8, 11].

L-Arginine has a central role in the immune system and its metabolism is important for macro-
phages and T-lymphocyte function. L-Arginine participates in the inflammatory response through two
principal mechanisms: NO production (via iNOS) in the macrophages and L-arginine utilization for
proliferation and activation of T lymphocytes. When TH2 immune response predominates, L-arginine
may also follow the arginase pathway. In the latter, the inflammatory modulation is due to the produc-
tion of ornithine (proline and polyamine precursors) and by the regulation of L-arginine availability,
thus modulating NO synthesis and proliferation of T lymphocytes [63].

The exogenous L-arginine supply increases lymphocyte proliferation, especially T-helper cells
which induce the appropriate cytokine production, and increases phagocytosis by enhancing the
activity of macrophages and natural killer cells [11, 65].

The L-arginine effect on the intestinal mucosal immunity is evident. Shang and colleagues [7], in a
study performed with septic rats, found that daily administration of enteral L-arginine, 2 % of the total
caloric value (TCV), increased the number of lymphocytes in Peyer’s patches, and secretory IgA
levels tended to be higher in the groups treated with L-arginine before the induction of sepsis, suggest-
ing the importance of L-arginine on the humoral immune response. The same research group showed,
in another study, that L-arginine supplementation increases the expression of mRNA for the produc-
tion of Th1 cytokines (INF-y and IL-2) and Th2 cytokines (IL-4 and IL-10) [64].

Kang et al. [65] developed a meta-analysis enrolling data from 11 trials involving 321 patients,
with the purpose to evaluate L-arginine effects on immune function in diseases like gastrointestinal
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malignancies, pressure ulcers, head and neck cancer, HIV/AIDS, head and neck cancer, unstable
angina undergoing angioplasty, older people undergoing vaccination against streptococcus pneumo-
nia, and burns. The data showed that the L-arginine-supplemented group had a significantly greater
CD4* T-cell proliferation; however, the CD4/CDS ratio was not statistically significant between the
L-arginine-supplemented and control groups. Furthermore, incidence of infectious complications was
lower in the L-ARG with statistical significance. The group also showed that patients with L-arginine
supplementation had a shorter length of hospital stay; however, this was not statistically significant.

Conclusions

Intestinal permeability changes are associated with higher bacterial translocation levels, commonly
associated with sepsis. Local immune response and cytokines are involved in modulating intestinal
permeability and BT to avoid increased inflammation. The host immune response plays a major role
in the overall process. Thus, alternative treatment with immunomodulator agents would be beneficial
in this clinical situation.

The L-arginine, due the arginase and NO pathways, can prevent bacterial translocation because
of its potential effects mediated by mechanisms of intestinal mucosa preservation, reducing intes-
tinal permeability and promoting tissue integrity and enhancement of immune response, consider-
ing its particular importance for macrophage and B lymphocyte production and the ability of
L-arginine in modulating the immune response to balance the serum production of pro- and anti-
inflammatory cytokines. In addition, L-arginine increases IgA secretion in the intestinal mucosa,
contributing also for local immune response.

Furthermore, it is important to consider that one size does not fit all, and L-arginine supplementa-
tion should individually be assessed considering the several clinical situations.

In this way, the use of L-arginine is interesting for a number of clinical situations such as surgery,
trauma, and burn patients, for example, potentially avoiding bacterial translocation. However, in
cases of sepsis, an overproduction NO state, the use of L-arginine should be carefully evaluated, since
the excesses of this metabolic intermediate can be deleterious to the patient.
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