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Glutamine as a modulator of the immune system of critical care
patients: Effect on Toll-like receptor expression. A preliminary study
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bstract Objective: We evaluated the expression of Toll-like receptors 2 and 4 (TLR-2 and TLR-4) in
circulating monocytes from peripheral blood of critical care patients treated with and without
glutamine. Because no research has been published to date on the effect of glutamine on TLR
receptors in critical patients, it was determined in an initial sample of 30 patients.
Methods: This was a prospective, randomized, single-blind study with 15 patients assigned to
receive parenteral nutrition with a daily glutamine supplement of 0.35 g/kg. The control group
received isocaloric-isonitrogenous parenteral nutrition. Blood samples were extracted before begin-
ning the treatment and at 5 and 14 d. Expressions of CD14, TLR-2, and TLR-4 were determined by
flow cytometry. Levels of TLRs were expressed as mean fluorescence intensity (mfi).
Results: Basal characteristics were similar in both groups. The expressions of TLR-2 in the
treatment group with glutamine were 4.67 � 3.82 mfi before treatment, 3.91 � 2.04 mfi at 5 d, and
4.28 � 2.47 mfi at 14 d. The expressions of TLR-2 in the control group were 5.49 � 3.20 mfi before
treatment, 4.48 � 2.15 mfi at 5 d, and 4.36 � 2.36 mfi at 14 d. The expressions of TLR-4 in the
treatment group were 1.65 � 1.89 mfi before treatment, 1.23 � 1.10 mfi at 5 d, and 1.77 � 1.97
at 14 d. The expressions of TLR-4 in the control group were 1.51 � 1.76 mfi before treatment,
1.36 � 0.99 mfi at 5 d, and 1.26 � 0.59 mfi at 14 d. Infections were detected in 11 patients who
received glutamine and 13 control patients (P � 0.51).
Conclusion: In critical care patients, parenteral nutrition supplemented with glutamine does not
increase the expression of TLR-2 or TLR-4 in peripheral blood monocytes. © 2008 Elsevier Inc.
All rights reserved.
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Various studies [1– 6] have demonstrated that using
lutamine as a dietary supplement for patients in critical
ondition decreases the incidence of infection, primarily
neumonia, bacteremia, and sepsis. According to recent
eports, the most beneficial results have been obtained
ith parenteral administration of high doses of glutamine

* Corresponding author. Tel.: �34-9711-5152; fax: �34-9711-75152.
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0.35 g · kg�1 · d�1) [7,8]. However, the mechanisms
nderlying the benefit observed have not been identified
n their entirety [9 –11].

The beneficial effect could be due to the fact that glutamine
s an essential amino acid for various cells in the immune
ystem, such as monocytes/macrophages and lymphocytes.
onocytes consume large quantities of glutamine but are in-

apable of synthesizing it, so they depend entirely on what is
vailable in plasma [12]. Therefore, in critical care patients, it
s possible that glutamine may be a modulator for the innate

mmune system. This system represents the organism’s first
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ine of defense against infection. Activation of the innate im-
une system relies on the recognition of structural motifs

xpressed only by pathogens, the so-called pathogen-associ-
ted molecular patterns [13,14]. These motifs are recognized
y pattern-recognition receptors, chiefly the Toll-like recep-
ors (TLRs) [13,15,16]. TLRs constitute a family of trans-
embrane receptors whose activation is also implicated in

haping adaptive immune responses resulting in antigen-
pecific immunity [13,15,16]. To date, 10 TLRs have been
dentified in humans, of which TLR-2 and TLR-4 have been
ost studied [17]. TLR-2 responds to a wide variety of

igands, whereas TLR-4 is the essential receptor for recog-
ition of lipopolysaccharide, a component that is present
nly in gram-negative bacteria. In addition to lipopolysac-
haride, TLR-4 recognizes other ligands, such as shock
roteins 60 and 70, extracellular A domain of fibronectin,
ow-molecular-weight oligosaccharides, and polysaccharide
ragments [18]. All these ligands, whether infectious or not,
re present in critical care patients admitted to an intensive
are unit (ICU). Several studies using knockout mice for
LRs have clearly established that the absence of these

eceptors increases susceptibility to infections [19]. Mech-
nistically, the evidence shows that an absence of TLRs
mpairs the activation of host defense mechanisms such as
ecretion of inflammatory mediators, phagocytosis, and pre-
entation of antigens [14,20,21].

A recent study has demonstrated that monocytes from
rauma patients express less TLR-4 than those from healthy
ndividuals, which in turn affects the recognition of pathogen-
ssociated molecular patterns by monocytes from trauma pa-
ients [22]. Therefore, it is tempting to postulate that an
ncreased TLR expression would have beneficial effects.
iven the well-known effects of parenteral nutrition (PN)

reatment supplemented with glutamine on the incidence of
nfections, we hypothesized that glutamine might increase
he expression of TLRs, which in turn may have beneficial
ffects to clear infections. In this report, we present our
nitial efforts to investigate this hypothesis. We evaluated
LR-2 and TLR-4 expression patterns in circulating mono-
ytes from peripheral blood of critical care patients treated
ith and without a glutamine nutritional supplement. Data

ndicate that PN treatment supplemented with glutamine did
ot affect expressions of TLR-2 and TLR-4.

aterials and methods

tudy design

We designed a random, single-blind, prospective study,
ith comparative therapeutic intervention, using two groups:

ritical care patients treated with PN supplemented with glu-
amine and those receiving PN without glutamine.

This research was approved by the clinical research com-
ission of Son Dureta University Hospital. As a randomized
rospective study, informed consent was sought from a patient p
r closest family member if the patient was unconscious. Ran-
om selection was based on a computer-generated list that
ssigned patients to groups consecutively. Those who pro-
essed samples did not know whether or not the patient had
eceived glutamine.

atients and study protocol

All patients 18 to 75 y of age who were admitted to the
CU and received PN as part of their treatment were se-
ected for inclusion in the study. Indications for PN treat-
ent were based on guidelines of the American Society of
arenteral and Enteral Nutrition [23]. The indication for PN
as a contraindication for enteral nutrition (mainly abdom-

nal surgery or abdominal trauma) or failure to achieve
utritional goals with enteral nutrition. The study excluded
atients whose life expectancy was �5 d, who were allergic
o glutamine, whose basic pathology included any serious
mmune system condition (diabetes, human immunodefi-
iency virus, lupus, etc.), or who, in their long-term treat-
ent before admission to the ICU, received corticoids or any

ther immunosuppressant medication. A negative pregnancy
est result was required before women of child-bearing age
ould be included in the study.

Of 30 consecutive patients who met the inclusion crite-
ia, 15 were randomly assigned to receive a daily glutamine
upplement of 0.35 g/kg of body weight as N2-L-alanyl-L-
lutamine (0.5 g · kg�1 · d�1; Dipeptiven, Fresenius Kabi
spaña, Barcelona, Spain) for 5 d. The treatment period of
d was chosen according to other clinical studies [24,25].
asic PN support for both groups was identical: StructoK-
biven (Fresenius Kabi España), with a caloric intake of
8 kcal · kg�1 · d�1 and the following distribution of
acronutrients: 0.28 g · kg�1 · d�1 of nitrogen, 3.5 g ·

g�1 · d�1 of glucose, and 1.08 g · kg�1 · d�1 of lipids,
n addition to standard vitamins and trace elements. The
ontrol group (n � 15 patients) received a supplemental
olume of the basic PN solution to achieve an isocaloric/
sonitrogenous formula with the study group. The total
uration of the PN, once the supplement with glutamine has
een finished after the fifth day, was based on clinical data
nd was decided by the clinician responsible for the patient.

Screening the literature, we found no previous studies
dentifying a correlation between TLR and glutamine in
umans. Therefore, it was determined that a sample of 30
atients would be sufficient for this pilot study.

In both groups, peripheral blood samples for the study of
LRs in monocytes were extracted before beginning treat-
ent (basal sample), at the end of glutamine supplementa-

ion (day 5), and at 14 d � 24 h after initiating treatment.

low cytometry

Expressions of CD14, TLR-2, and TLR-4 in peripheral
lood monocytes were determined by flow cytometry as

reviously described [26]. Briefly, blood samples (one sam-
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le per patient) were collected and 100 �L was incubated
ith a combination of anti-CD14 fluorescein conjugate

clone My4, 10 �/mL; Beckman Coulter, Fullerton, CA,
SA) and anti–TLR-2 (clone TL2.1, 10 �/mL; ebioscience,
an Diego, CA, USA) or anti–TLR-4 (clone HTA125, 10
/mL; ebioscience) phycoerythrin conjugate in the presence
f 25 �L of fetal calf serum for 30 min at 4°C. Two
illiliters of FACS lysing solution (Becton Dickinson,
ranklin Lakes, NJ, USA) was added to the samples, which
ere incubated for 10 min at room temperature. Samples
ere centrifuged in a clinical centrifuge (530 � g, 5 min,
5°C) and the cellular pellet was washed once with 1%
ovine serum albumin/0.1% sodium azide in phosphate
uffered saline. Cells were resuspended in 500 �L of Iso-
lowTM Sheath Fluid (Beckman Coulter). The analyses
ere carried out in an Epics XL flow cytometer using
xpo32 software. Monocytes were identified by gating on a
ide plot versus CD14 dot plot. Levels of CD14, TLR-2, and
LR-4 were expressed as mean fluorescence intensity mea-
ured in arbitrary units and non-specific binding was cor-
ected by subtraction of mean fluorescence intensity values
orresponding to isotype-matched antibodies. Five thousand
onocytes were analyzed in every experiment.

ata collection

Epidemiologic data were collected, including date and
ime of sample extraction, description of the event that
otivated hospital admission (diagnosis and scores of se-

erity to compare the control and experimental groups),

able 1
asal characteristics of patients included in study*

PN � Gl PN � Gl P
(n � 15) (n � 15)

ge (y) 44 � 18 52 � 14 0.32
ale/female 12/3 10/5 0.68
eight (kg) 80 � 7 81 � 11 0.9

urgical patients 3 3 0.69
rauma patients 9 7 0.69
edical patients 3 5 0.69

APS II 32.7 � 10.5 34.9 � 12.0 0.65
PACHE II 16.6 � 6.5 16.8 � 8.9 0.95
PACHE III 42.0 � 23.5 40.7 � 16.1 0.72
OFA pretreatment 8 � 2 7 � 3 0.3
N beginning† 3 (1–6) 4 (3–7) 0.83
otal PN duration (d) 11 (7–19) 7.5 (6.75–17) 0.33
orepinephrine
(�g · kg�1 · min�1)

0.26 � 0.13 0.25 � 0.27 0.8

APACHE, Acute Physiology and Chronic Health Evaluation; PN � Gl,
arenteral nutrition treatment supplemented with glutamine; PN � Gl,
socaloric/isonitrogenous parenteral nutrition treatment (control); SAPS,
implified Acute Physiology Score; SOFA, Sepsis-related Organ Failure
ssessment
* Data are presented as mean � SD, number of patients, or median

25th–75th percentile).
† Days of stay in the intensive care unit when patients were included in
Qhe study.
omorbidities of each patient (hypertension, cardiopathy,
ronchopathy, hepatopathy, alcoholism, tobacco habits, and
eurologic pathology), and the appearance of any compli-
ations during ICU stay (respiratory distress syndrome, re-
ntubation, septic shock, infections, renal insufficiency, he-
atic insufficiency, and hematologic insufficiency, and total
ays in the ICU and in the hospital).

With respect to infections, samples were analyzed for
atients in the ICU whenever there was a clinical suspicion
f possible infection [27]. The definition of nosocomial
nfection used in this study is that proposed by the Centers
or Disease Control and Prevention [28]. Blood and other
ultures were done at our institution according to standard
icrobiological procedures, including incubation in anaer-

bic atmosphere when applicable.
Among the data collected were all treatments patients

eceived during their ICU stay, especially all pharmacologic
reatments with known anti-inflammatory properties that
ould affect the study results. All members of the two
atient groups were handled and treated equivalently.

tatistical analysis

The quantitative variables are expressed as mean � stan-
ard deviation from the mean. The qualitative variables are
xpressed as percentages, with 95% confidence intervals.

ig. 1. TLR-2 expression (mean fluorescence intensity) changes in patients
ith and without glutamine in before treatment and at days 5 and 14 of

reatment. Boxes represent the 25th–75th percentile data interval. Horizontal
ines within boxes represent mean TLR-2 values. Error bars represent 95%
onfidence intervals. Pre, before treatment; TLR-2, Toll-like receptor-2.
uantitative variables were compared using Student’s t test
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or normal distributions and Mann-Whitney U test for those
istributions that were not compatible with normal distri-
ution. Qualitative variables were compared using chi-
quare or Fisher’s exact test. Statistical significance was a
5% probability of � error in the hypothesis testing.

esults

From October 2005 through October 2006, 30 patients
ere selected for inclusion in this pilot study: 22 men and 8
omen with a median age of 48 � 17 y. Of these patients,
6 were admitted for trauma, 6 after surgery, and 8 for a

ig. 2. TLR-4 expression (mean fluorescence intensity) changes in patients
ith and without glutamine before treatment and at days 5 and 14 of treatment.
oxes represent the 25th–75th percentile data interval. Horizontal lines within
oxes represent mean TLR-4 values. Error bars represent 95% confidence
ntervals. Pre, before treatment; TLR-4, Toll-like receptor-4.

able 2
oll-like receptor-2 expression in patients treated with and without
lutamine

PN � Gl PN � Gl P

asal sample* 4.67 � 3.82 mfi 5.49 � 3.20 mfi 0.23
-d sample† 3.91 � 2.04 mfi 4.48 � 2.15 mfi 0.24
4-d sample‡ 4.28 � 2.47 mfi 4.36 � 2.36 mfi 0.46

mfi, mean fluorescence intensity; PN � Gl, isocaloric/isonitrogenous
arenteral nutrition treatment (control); PN � Gl, parenteral nutrition
reatment supplemented with glutamine

* Taken before beginning PN treatment.
† Taken at end of treatment (day 5 � 24 h).

‡ Taken 14 d � 24 h after beginning treatment.
edical pathology. Of the 16 accident victims, 11 required
ome surgical intervention. All 30 patients received the 5-d
upplement of glutamine or the isocaloric/isonitrogenous
ormula used as the control. There were no statistically
ignificant differences with respect to comorbidity. Basal
haracteristics of both groups are summarized in Table 1.

Analysis of TLR expressions in peripheral blood mono-
ytes revealed that TLR-2 and TLR-4 expressions in the
xperimental group were not significantly different from
hose found in the control group at the beginning or end
reatment (Figs. 1 and 2). The exact values of TLR-2 and
LR-4 expressions are presented in Tables 2 and 3. Anal-
sis by subgroups (trauma, surgery, and medical patients)
lso produced no statistically significant differences in
LR-2 or TLR-4 expression. Table 4 presents complica-

ions during patients’ ICU stay.
Some type of infection was detected in 11 patients who

eceived glutamine and 13 control patients (P � 0.51). Like
ome other investigators [7] we did not observe any adverse
ffect due to the use of these doses of glutamine.

able 3
oll-like receptor-4 expression in patients treated with and without
lutamine

PN � Gl PN � Gl P

asal sample* 1.65 � 1.89 mfi 1.51 � 1.76 mfi 0.42
-d sample† 1.23 � 1.10 mfi 1.36 � 0.99 mfi 0.24
4-d sample‡ 1.77 � 1.97 mfi 1.26 � 0.59 mfi 0.18

mfi, mean fluorescence intensity; PN – Gl, isocaloric/isonitrogenous
arenteral nutrition treatment (control); PN � Gl, parenteral nutrition
reatment supplemented with glutamine

* Taken before beginning PN treatment.
† Taken at end of treatment (day 5 � 24 h).
‡ Taken 14 d � 24 h after beginning treatment.

able 4
omplications during ICU hospitalization

PN � Gl PN � Gl P
(n � 15) (n � 15)

eptic shock* 1 1 1.0
espiratory infection† 4 2 0.65
rinary infection‡ 1 0 1.0
lood culture§ 3 2 1.0
atheter infection� 2 5 0.39
ther infections¶ 1 4 0.47
otal infections 11 13 0.51
ays on MV 14 � 10 14 � 10 0.94

CU length of stay (d) 22.9 � 20.6 20.5 � 16.0 0.87
ospital length of stay (d) 35.5 � 33.6 42.9 � 28.8 0.39
ospital mortality (d) 3 0 0.22

ICU, intensive care unit; MV, mechanical ventilation; PN � Gl, isoca-
oric/isonitrogenous parenteral nutrition treatment (control); PN � Gl,
arenteral nutrition treatment supplemented with glutamine
* Development of septic shock after beginning PN treatment.
† Positive bronchial aspirate culture while in the ICU.
‡ Positive urine culture while in the ICU.
§ Positive blood culture while in the ICU.
� Positive catheter point culture while in the ICU.

¶ Positive culture from other locations while in the ICU.
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iscussion

The results of this study show that in this heterogeneous
opulation of 30 critically ill patients admitted to the ICU,
upplementing PN with glutamine does not improve expres-
ion of TLR-2 and TLR-4 monocyte receptors in peripheral
lood. As far as we know, no research has been published to
ate on the effect of glutamine on TLR receptors in critical
are patients.

A recently published meta-analysis [29] reviewed seven
tudies with 326 cases that included a complication of
nfection and found a significant reduction in the number of
nfections in the group of patients treated with glutamine
relative risk 0.80, 95% confidence interval 0.64–1.00, P �
.03). In this study, the treatment group also presented a
educed incidence of infection and a higher mortality, al-
hough neither finding achieved statistical significance.

oreover, given the small sample and the fact that this
tudy was not designed to answer questions regarding mor-
ality and efficacy, these data are not clinically relevant.

The mechanisms by which glutamine prevents the oc-
urrence of infection are not totally clear. It is known that
lutamine is converted to a conditionally indispensable
mino acid in situations of metabolic stress, because it
ontributes to improving various functions as a source of
ellular [30] and immunologic [31,32] energy, maintaining
he integrity and function of various organs [33], tissue
epair [34], homeostasis of the acid-base mean [29,30], and
itrogen transport [35].

Specifically, glutamine’s effects on the immune system
nclude decreased production of proinflammatory cytokines
36,37], improved bactericidal function of neutrophils [38],
nd increased levels of glutathione and oxidative capacity
39]. Nonetheless, the immune system is very broad and
omplex; therefore, we focused solely on the effect of glu-
amine on the innate part of this system. TLRs play a central
ole in the activation of the innate system due to the recog-
ition of bacterial pathogen-associated molecular patterns,
hich triggers the activation of different intracellular sig-
aling cascades involved in the activation of host defense
echanisms.
Not surprisingly, several studies have demonstrated that

decrease or even total lack of TLR expression is correlated
ith greater susceptibility to infection [14,19,20]. In addi-

ion, a recent study has demonstrated that monocytes from
rauma patients express less TLR-4 than those from healthy
ndividuals [22]. Therefore, it seems reasonable to believe
hat, if we could increase TLR expression by using a phar-
aconutrient such as glutamine, the molecular mechanisms

o detect micro-organisms might improve, resulting in a
educed incidence of complications involving infections.

There are various possible explanations for the lack of
onclusiveness in our results. The study population was
eterogeneous, although the basal characteristics between
he experimental and control groups were similar and com-

arable to those of other published studies of glutamine. In
ight of the published results of various studies and meta-
nalyses, it is reasonable to begin to select from subgroups
f patients where it appears that glutamine might be most
ffective, such as burn or trauma patients [40]. In these
ubgroups it is possible that a hyperinflammatory response
oexists with a dysfunction in the immune system. As has
een previously pointed out, TLR-4 expression is lower in
rauma patients than in healthy volunteers [22,41], whereas
n septic patients TLR expression is increased [42,43].

We also cannot rule out that the function but not the
xpression is positively affected by glutamine. It is tempting
o speculate that glutamine may facilitate the activation of
LR-dependent signaling pathways, resulting in the activa-

ion of host defense responses. Studies are currently ad-
ressing these issues.

onclusion

In this general population of critically ill patients, PN
upplemented with glutamine does not increase the expres-
ion of TLR-2 or TLR-4 in peripheral blood monocytes.
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