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ABSTRACT

OBJECTIVE

To elucidate the effect of oral L-glutamine (Gln) supplementation, associated or not with the regular practice of combined-exer-
cise training (CET), on glycemic and lipid profile and systemic inflammatory status in elderly subjects.

METHODS

84 elderly subjects, non-practitioners (NP, n=31) and practitioners of CET (n=53), were supplemented with Gln [0.3g/kg of weight plus
10g of maltodextrin, groups: NP-Gln (n=14), and CET-Gln (n=26)], or placebo [10g of maltodextrin, groups: NP-PL (n=17), and CET-PL
(n=27)]. Anthropometric and physical data were assessed. Blood sampling was collected pre and post-30 days of supplementation.

RESULTS

NP subgroups showed higher BMI and serum IL-6 levels than CET subgroups before and post-supplementation. Higher serum levels
of IL-10 with lower IL-6 and IL-6/IL-10 ratio were observed post-supplementation in the CET-Gln subgroup than pre-supplemen-
tation. When the volunteers were separated according to their BMI, higher IL-6 levels were found in all obese (OB) subgroups
than in the adequate weight (AW) subgroups before supplementation. This difference was not maintained between OB CET-Gln
and AW CET-Gln subgroups post-supplementation. Higher levels of IL-10 with lower IL-6 and IL-6/IL-10 ratio were found in the OB
CET-Gln subgroup post-supplementation than pre-supplementation. No differences were found in the glycemic and lipid profile.

CONCLUSIONS

Oral Gln supplementation when associated with the regular practice of CET can modulate the systemic inflammatory status,
especially in obese elderly subjects.
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INTRODUCTION

Aging is a natural and multifactorial process that, in a gen-
eral way, is characterized by an evident progressive loss of
several systems activities, which affect the physiological abil-
ity to maintain homeostasis, resulting in cognitive, physical,
psychological, and social deterioration. The consequences of
aging for the individual and the society have been widely dis-
cussed, especially due to the increase in the growth rates of
the elderly population in the world1.

In this sense, studies have shown the manifestation of a
chronic, systemic, sterile low-grade inflammation associated
with aging, which according to Franceschi et al.2, is a phenom-
enon named inflamm-aging. It is noteworthy to mention that,
whereas pro-inflammatory cytokines are essentials to prevent
the occurrence of infections during many stages of life, partic-
ularly in elderly subjects, the systemic elevation of the same
cytokines plays an important role in increasing the risk of the
development of diseases and comorbidities. For instance, it
has been demonstrated that inflamm-aging can favor the loss
of lean mass, cognitive decline, the development of athero-
sclerosis, insulin resistance, among other diseases3,4.

Based on the literature, the elevation of pro-inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-α) and the
interleukin (IL)-6 in elderly subjects is often associated with

the evident increase in the accumulation of body fat, mainly in
the central, abdominal, and visceral adipose tissue. In this re-
spect, World Health Organization (WHO) warns that significant
alterations in the body mass index (BMI) due to the body fat
accumulation in the elderly are closely related to the manifes-
tation of diseases and comorbidities5.

To prevent the deleterious effect of aging in the health of the
elderly subject, which includes the delay in the inflamm-aging
development, some interventions such as a nutritionally ade-
quate diet, protein or amino acids supplementation, as well
as the regular practice of physical exercises has stood out in
recent decades1.

Particularly in terms of the regular practice of physical ex-
ercises, especially at moderate intensity, is worth citing that
it can act by increasing the levels of anti-inflammatory cyto-
kines, such as IL-10. Thus, it is evident that this remarkable
capacity of exercise training to induce an anti-inflammatory
status consequently provides a reduction in inflamm-aging,
which leads to a decrease in the triggering of chronic diseases
and comorbidities clearly seen in the elderly2.

As former cited, in addition to exercise training, amino acid
supplementation is an intervention routinely applied in clini-
cal nutrition, in special for elderly subjects. Among the several
amino acids, glutamine, which is the most abundant and versa-
tile amino acid in the body, shows the property to improve the
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recovery of patients, as well as to restore immune functions
in elite athletes and modulating the inflammatory response6.
Furthermore, recently our group has been demonstrated that
L-glutamine supplementation was able to improve the anti-
body response to Influenza virus vaccination in a population of
elderly subjects7,8. It is noteworthy to highlight that glutamine
is widely utilized by several cells, in special enterocytes and
immune cells, as a substrate for the synthesis of the nucle-
otides (both purines and pyrimidines), nicotinamide adenine
dinucleotide phosphate (NADPH) and antioxidants, as well as
for many other biosynthetic and energetic pathways involved
in maintaining cellular integrity and function6.

Considering the previous pieces of information presented,
it is evident that inflamm-aging can be considered one of the
corollary phenomena that leads to the negative effect of ag-
ing on the elderly´s health. Moreover, non-drug intervention
such as the regular practice of physical exercise that, besides
providing the reduction of body fat, is also characterized as
an anti-inflammatory agent, as well as nutritional supplemen-
tation with amino acids that can modulate the inflammatory
response must be studied in the inflamm-aging context. There-
fore, in this study, we aimed to investigate the effect of oral
L-glutamine supplementation, associated or not with the reg-
ular practice of combined-exercise training, on nutritional sta-
tus, evaluated by body mass index, lipid profile, and systemic
cytokines level in elderly individuals.

METHODS
Subjects and study design

Eighty-four elderly subjects, aged 60 to 85 years, were en-
rolled in the present study by voluntary adherence. The elderly
volunteers were initially separated into 02 groups: non-prac-
titioners of a combined-exercise training program (NP, n=31)
and practitioners of a combined-exercise training program
(CET, n=53). It is worth clarifying that the elderly participants
in this study were the same that participated in the recent ar-
ticle published by our group7 and in a similar way to previously
presented in this report, both the recruitment and the selec-
tion of all participants were performed by the co-author CAFS,
a geriatric physician and coordinator of the Aging Health Pro-
motion Program belonged to the Discipline of Geriatrics and
Gerontology at the Federal University of São Paulo (UNIFESP).
It was performed clinical and physical examinations and it was
assessed anthropometric characteristics (weight, height, and
body mass index (BMI), physical activity level, dietary protein
consumption, and amino acids supplementation. None of the
elderly volunteers presented chronic infections, cancer, type
I diabetes mellitus, thrombosis, renal, liver, and neurological
diseases, or other diseases that prevented the regular prac-
tice of the exercise training program. All volunteer partici-
pants signed the informed consent form previously approved
by the National Research Ethics Committee (CAEE number:
18170619.3.0000.5505) and by the Research Ethics Commit-
tee of the Federal University of São Paulo (UNIFESP) under
number 3.623.247, and Research Ethics Committee of Meth-
od Faculty of São Paulo (FAMESP) under number 03/2019. It
is also noteworthy to declare that the study agreed with the
Ethical Standards defined by Harris and Atkinson9, and with the
Declaration of Helsinki. After that, the volunteer groups were
randomly divided into L-glutamine supplemented group (Gln)
and placebo supplemented group (PL).

Anthropometric Characteristics and Physical Activity and
Nutritional Evaluations

Data concerning height, weight, body mass index (BMI), and
body composition by bioimpedance (BIOSCAN 920-2-S Maltron

International Limited, UK) were assessed. In addition, data
regarding the nutritional consumption of proteins and antiox-
idants per day, as well as amino acid supplementation were
obtained by the Food Frequency Questionnaire and Mini Nu-
tritional Assessment. The physical activity level was obtained
using the International Physical Activity Questionnaire (IPAQ),
which was validated for the Brazilian population10,11.

Body mass index (BMI) assessment

The presence of underweight, adequate weight, overweight,
and obesity were determined following the cut-off points for
the body mass index (BMI, kg/m2) presented by Adams and col-
laborators13, especially for elderly subjects: underweight = BMI
<18.5kg/m2; adequate weight = BMI between 18.5 to 24.9kg/
m2; overweight = BMI between 25 to 29.9kg/m2; and obesity =
BMI> 30kg/m2.

Combined-Exercise Training (CET) Program

The exercise training program was composed of a combina-
tion of aerobic and resistance exercises performed in moder-
ate intensity. As previously reported by our group7, 12, 13, the
exercised elderly volunteers performed their exercise training
during 60-75 min per session, 3 times per week, on nonconsec-
utive days, for at least 12 months. In addition, it is also worth
emphasizing that the same experienced physical education
professional supervised all the volunteers.

Non-Practitioners (NP) Elderly Group

As former mentioned, the volunteers of the non-practi-
tioners elderly group (NP) were recruited by the co-author
CAFS through the database of the Geriatrics and Gerontology
Discipline of the Federal University of São Paulo (UNIFESP).
After the invitation to participate in the study, the elderly sub-
jects were submitted to the clinical and physical examinations
and all of them were inquired concerning the daily routine.
Despite they were independent and active, none of them de-
clared to be engaged in a regular exercise training program for
at least 12 months. All volunteers were oriented to maintain
their normal routine during the study.

Physical Activity Level Assessment

The difference in the physical activity levels between the
volunteer groups was assessed using International Physical
Activity Questionnaire (IPAQ)10, previously validated for the
Brazilian population14. The IPAQ is a useful tool to estimate
weekly time spent on physical activities of moderate and high
intensity as well as sitting state. The IPAQ results can be pre-
sented in METs (metabolic equivalents) or minutes per week.
In agreement with WHO recommendations, elderly subjects
who present values of more than 150 min per week of physical
activity are considered physically active15.

Supplementation with L-Glutamine or Placebo

Both elderly volunteer groups of this study divided into 2
subgroups in accordance with the type of supplement. In fact,
L-glutamine supplementation groups (NP-Gln, n=14; CET-Gln,
n=26) were oriented to ingest daily a dose of 0.3g/kg of body
weight of L-glutamine (Tongliao Meihua Biological Sci-Tech
Co. Ltd., Tongliao, China) plus 10g of maltodextrin (PR Netto
Indústria e Comércio de Alimentos Ltda., Sao Paulo, Brazil),
whereas the placebo supplementation groups (NP-PL, n=17;
CET-PL, n=27) were oriented to ingest daily a dose of 10g of
maltodextrin. All the volunteers received 30 sachets contain-
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ing the supplementation, which presented the same appear-
ance and taste.

Collection of the Blood Samples

Blood sample collection was carried at 7:00-9:00 AM, after
a 12 hour fast, on two different occasions: before (pre) and
30 days after (post) of supplementation. It is noteworthy to
clarify that the volunteer of CET groups were oriented to per-
form their last exercise training session 24 h beforehand of
blood sampling. Aliquots of 1 mL of plasma and serum, ob-
tained after centrifugation (5 min, 800xg) of blood samples,
were stored at -80°C in order to evaluate the glycemia, lipid
profile and systemic cytokine levels.

Determination of glycemia and lipid profile

Plasma glucose concentration and the lipid profile (total
cholesterol, HDL, and triglycerides) were determined using
colorimetric commercial kits (BioClin, São Paulo, Brazil), fol-
lowing the manufacturer’s instructions. Intra- and interassay
coefficients of variance were 2.5-5% and 5-7%, respectively. In
addition, plasma LDL concentrations were determined using
Friedewald's formula8.

Determination of systemic cytokines concentration

The serum concentrations of pro-inflammatory (IL-6) and an-
ti-inflammatory (IL-10) cytokines were determined using the ELI-
SA test (Invitrogen Human Uncoated ELISA kit, California, USA),
following the manufacturer’s instructions. Intra- and interassay
coefficients of variance were 3-5% and 5-7.5%, respectively.

Statistical Analysis

The results obtained in this study were initially analyzed us-
ing the Kolmogorov-Smirnov test to verify its normality, and
the homogeneity of variance was subsequently assessed using
the Levene test.

Due to the observation that the data presented a homoge-
neous or parametric distribution, thus the results were pre-
sented as means and standard deviations.

The Student's t-test was used to evaluate the occurrence
of statistically significant differences between the results ob-
tained before (pre) and post-supplementation period in both
volunteer groups (intragroup analysis). The two-way ANOVA
test for repeated measures with Bonferroni´s post hoc test
was used to evaluate the occurrence of statistically signifi-
cant differences in the results obtained before (pre) and the
post-supplementation period between the volunteer groups
(intergroup analysis).

The Chi-square test was used to determine whether the
difference in the number of elderly subjects with adequate
weight, overweight, and obesity was significant.

The level of significance was set at 5% (p <, 0.05).

RESULTS

As formerly mentioned, the elderly population enrolled in
this study was the same that previously participated in the
study published by our group7. Therefore, some data showed
in Table 1 are similar those presented in this article recently
published. It was observed that height and weight found in the
NP-Gln group were higher than the other groups. Particular-
ly, higher BMI values were observed in NP-PL and NP-Gln sub-
groups than the CET-PL and CET-Gln subgroups, respectively.
Concerning the glycemic and lipid profile, no differences were
found between the subgroups (Table 1).

In addition, Table 1 also presents the results obtained using
IPAQ. In this respect, it was found that NP subgroups presented
not only lower physical activity levels but also higher sitting
times than the values observed in the CET subgroups, respec-
tively. It is worth pointing out that, although the NP subgroups
presented lower physical activity levels, the values observed
were above 150 min of physical exercise per week (min/w),
which classify these volunteers as active elderly subjects.

Table 1 - Anthropometric characteristics [age (years), weight (kg), height
(cm), body mass index (BMI, kg/m2)], glycemic index (glucose, in mg/dL), lipid
profile [total cholesterol, HDL, LDL, and triglycerides, in mg/dL), and physical
activity level (IPAQ, in minutes per week - min/w) of elderly volunteers in the
NP and CET groups supplemented with placebo or L-glutamine (Gln). All data
are presented in mean and standard deviation statistically evaluated by two-

way ANOVA test for repeated measures with Bonferroni´s posthoc test.
The level of significance was 5% (p <0.05).

Table 2. Separation of the elderly volunteer groups in accordance to their Body
Mass Index (BMI) classification (adequate weight = BMI between 18.5 to 24.9kg/
m2; overweight = BMI between 25 to 29.9kg/m2; and obesity = BMI> 30kg/m2).
All data are presented in absolute number (n) and it was statistically evaluated

by Chi-square test. The level of significance was 5% (p <0.05).

To respond to our objectives, we evaluated the nutritional
status of the participants of each volunteer groups in accor-
dance with their BMI classification [adequate weight (AW) =
BMI between 18.5 to 24.9kg/m2; overweight (OW) = BMI be-
tween 25 to 29.9kg/m2; and obesity (OB) = BMI> 30kg/m2].

Table 2 shows the number of volunteers presenting adequate
weight (AW), overweight (OW), and obesity (OB) in each volun-
teer group. No differences were found between the values found.

Table 3 shows the results obtained in the evaluation of gly-
cemic and lipid profile (total cholesterol, HDL, LDL, and tri-
glycerides) of the volunteer subgroups, classified according
to their BMI, in adequate weight (AW), overweight (OW), and
obesity (OB), both before (pre) and post-supplementation pe-
riod. Interestingly, no statistical differences were observed.
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Table 3. Data related to the glycemic and lipid profile of elderly volunteers,
from the NP and CET groups, supplemented with placebo (NP-PL and CET-PL) or
L-glutamine (NP-Gln and CET-Gln), both before (pre) and after 30 days (post)
of supplementation, separated by their BMI classification (adequate weight -
AW = BMI between 18.5 to 24.9kg/m2; overweight - OW = BMI between 25 to

29.9kg/m2; and obesity - OB = BMI> 30kg/m2). All data are presented
in mean and standard deviation statistically evaluated by two-way ANOVA

test for repeated measures with Bonferroni´s posthoc test.
The level of significance was 5% (p <0.05)

In relation to the evaluation of the concentrations of the 
systemic cytokines found before (pre) and post-supplemen-
tation period in the elderly volunteer groups, in figure 1A is 
possible to observe higher IL-6 levels in the NP subgroups (NP-
PL and NP-Gln) than CET subgroups (CET-PL and CET-Gln) both 
pre- and post-supplementation period, regardless of the sup-
plement. In addition, only the CET-Gln subgroup showed a sig-
nificant reduction of IL-6 levels post-supplementation as com-
pared to the baseline (pre) values. Concerning systemic IL-10 
levels, Figure 1B shows a significant reduction of the levels of 
this cytokine post-supplementation in the CET-Gln subgroup in 
comparison to the values found in the pre-supplementation pe-
riod. To improve the understanding of the effect of L-glutamine 
supplementation on these cytokines evaluated here, we per-
formed the analysis of the ratio between serum concentrations 
of cytokines IL-6 and IL-10 (IL-6/IL-10 ratio). As shown in figure 
1C, a significant reduction in the ratio between these cytokines 
was observed post-supplementation in the CET-Gln subgroup 
as compared to the values found pre-supplementation period. 

In addition to the analysis above described, we also evaluated 
the concentrations of the systemic cytokines found before (pre) 
and post-supplementation period among the volunteers of each 
group separated by their BMI. In Figure 2A is showed that be-
fore the supplementation began, all the subgroups classified as 
obese (OB) showed increased IL-6 levels as compared to the val-
ues found in the subgroups classified as adequate weight (AW). 
Interestingly, after the supplementation, it was observed that 
the subgroups composed of obese elderly subjects (OB) supple-
mented with placebo maintained higher IL-6 levels than the 
subgroups with adequate weight (AW), whereas the subgroups 
composed of obese elderly subjects (OB) and supplemented 
with Gln, the IL-6 levels observed did not show significant dif-
ferences as compared to the values found in the subgroups with

Figure 1. Serum concentration of IL-6 (A) and IL-10 (B), as well as the ratio between IL-6 and IL-10 (IL-6/IL-10, C) in the elderly subjects groups, supplemented with
placebo (PL) or L-glutamine (Gln) before (pre) and after (post) 30 days of the supplementation. All data are presented in mean and standard deviation and it was

statistically evaluated by a two-way ANOVA test for repeated measures with a risk value of 5% (p <0.05). * p <0.05; ** p <0.01, and *** p <0.001.
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elderly subjects presenting adequate weight (AW). In addition,
a significant reduction in the IL-6 levels was observed in the
subgroup with obese volunteers and supplemented with Gln
(CET-Gln) post-supplementation in a comparison with the val-
ues found pre-supplementation. Concerning the systemic IL-10
concentration, Figure 2B shows a significant increase in the lev-
els of this cytokine post-supplementation period in the obese
volunteers of the CET-Gln subgroup as compared to the values

obtained pre-supplementation. In a similar way to the previous-
ly presented, we performed the analysis of the ratio between
serum concentrations of cytokines IL-6 and IL-10 (IL-6/IL-10 ra-
tio). As shown in Figure 2C, a significant reduction in the ratio
between these cytokines was observed post-supplementation
in the obese volunteers of the CET-Gln subgroup as compared
to the values found pre-supplementation.

Figure 2. Serum concentration of IL-6 (A) and IL-10 (B), as well as the ratio between IL-6 and IL-10 (IL-6/IL-10, C) in the elderly subjects groups, supplemented with
placebo (PL) or L-glutamine (Gln) before (pre) and after (post) 30 days of the supplementation, and separated by their BMI classification in adequate weight (BMI

between 18.5 to 24.9kg/m2), overweight (BMI between 25 to 29.9kg/m2), and obesity (BMI> 30kg/m2). All data are presented in mean and standard deviation and it
was statistically evaluated by a two-way ANOVA test for repeated measures with a risk value of 5% (p <0.05). * p <0.05; ** p <0.01, and *** p <0.001.
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DISCUSSION

In order to investigate whether the oral L-glutamine (Gln)
supplementation would be able to modulate the metabolic
profile as well as the systemic inflammatory status in elderly
subjects groups who practice or not of a combined-exercise
training program, which were subsequently separated in: ade-
quate weight (AW), overweight (OW), and obese (OB) in accor-
dance with their BMI, in this study we evaluated the glycemic
and lipid profile and also systemic concentrations of IL-6 (a
pro-inflammatory cytokine), and IL-10 (an anti-inflammato-
ry cytokine), as well as the ratio between these cytokines.
The results obtained by us showed that the elderly volunteer
groups (NP and CET groups) did not show differences in the
glycemic and lipid profile both pre- and post-supplementation
period, regardless of the supplement provided. In contrast, it
was found significant differences in the systemic inflammatory
status. In this sense, higher IL-6 levels were observed in NP
subgroups than CET subgroups before and after the supple-
mentation period, whereas, specifically, the CET-Gln showed
not only higher IL-10 levels but also lower IL- 6 levels with a
significant reduction of IL-6/IL-10 ratio post-supplementation
as compared to the baseline values found. In terms of the re-
sults obtained when the elderly volunteer subgroups were sep-
arated in accordance with their BMI, higher IL-6 levels were
found in all OB subgroups than in AW subgroups in the pre-sup-
plementation period. However, after the supplementation
period, this significant difference in IL-6 levels was not main-
tained between OB and AW subgroups supplemented with Gln.
In addition, only the obese elderly subjects who composed the
CET-Gln subgroup showed not only a significant reduction of
IL-6 levels but also an increase in IL-10 levels post-supplemen-
tation period as compared to the values pre-supplementation.
These last observations had a direct impact on the ratio be-
tween these cytokines leading to a significant decrease of the
IL-6/IL-10 ratio in the CET-Gln subgroup composed of obese
elderly subjects.

Based on the literature, is broadly accepted that IL-10 is a
classical anti-inflammatory cytokine, which presents the main
function of the regulation of the immune system, particularly
by inhibiting the expression and/or synthesis of pro-inflamma-
tory cytokines16. Interestingly, it was reported that individuals
with adequate weight presented IL-10 secretion from immune
cells, especially by macrophages with M2 profile, that infil-
trating adipose tissue2. In fact, the production and release of
IL-10 from adipose tissue to the circulation can act regulating
the systemic inflammatory status and consequently minimize
the development of chronic inflammatory diseases, including
in elderly subjects17.

In a different way from that observed in individuals with
adequate weight, the accumulation of fat in adipose tissue,
the main factor that leads to obesity, is closely associated
with the induction of a systemic inflammatory status and the
manifestation of several disorders, such as insulin resistance,
hypercholesterolemia, dyslipidemia, vascular disturbances18.
Although we did not evidence differences in relation to glyce-
mic and lipid profile in the volunteer subgroups, which can pu-
tatively be explained by the fact that all volunteers enrolled in
this study were physically active, a significant increase in IL-6
levels was found in all subgroups composed of obese elderly
subjects in relation to the values observed in all subgroups
composed of elderly subjects presenting adequate weight.

According to the literature, elderly subjects who present
BMI above 30 kg/M2 are classified as obese19 and the increased
fat accumulation in adipose tissue promotes atrophy of adipo-
cytes due to the intense increase in their cell volume20,21. In
consequence, the death of the adipocyte elicits the infiltra-
tion and activation of immune cells, especially macrophages,

in the adipose tissue in order to eliminate the dead cell22,24.
However, as shown in histological sections, there is a promi-
nent presence of macrophages around the dead cells, originat-
ing an arranged cell known as "crown-like structures - CLS"25, 26.
In response to this infiltration and activation of immune cells
inside the adipose tissue, there is a significant increase in the
secretion of pro-inflammatory cytokines, such as IL-6 to the
circulation, which chronically, can induce a remarkable alter-
ation in the systemic inflammatory status from a regulatory
profile to a pro-inflammatory status1.

Interleukin 6 not only is one of the most studied cytokines
but also it is widely accepted that this cytokine has an im-
munoregulatory function with evident pro-inflammatory and
endocrine actions29, depending on the origin and situation by
which its production and secretion was stimulated. According
to Guimarães30, IL-6 shows the ability to act in different situ-
ations in several tissues, both in peripheral tissues and in the
central nervous system. Particularly depending on its systemic
concentration, the IL-6 can influence the maintenance of body
weight, energy homeostasis, sensitivity insulin, and the devel-
opment of atherosclerosis30. Regarding the latter influence, for
instance, it was reported that the chronicity of high systemic
levels of IL-6 acts enhancing the formation of foam cells and
atheromatous plaque due to its inhibitory action on the enzyme
lipoprotein lipase, an enzyme responsible for the hydrolysis of
the triglycerides of very-low-density lipoproteins (VLDL), as
well as by favoring increased lipid uptake by macrophages31-33.
Therefore, taking into account these pieces of information,
there is no doubt that decreasing serum IL-6 concentrations,
especially in obese individuals, is extremely important.

Beyond its remarkable pro-inflammatory action, another
IL-6 hallmark is the ability to act on body energic regulation.
By the way, this metabolic action is closely associated with
the practice of physical exercise, in which it was demonstrat-
ed that the plasma concentration of IL-6 can increase up to
100 times during and after an exhaustive physical exercise
session34. There is a consensus in the literature showing that
systemic elevations of IL-6 observed after an exhaustive ex-
ercise session occurs in response to the skeletal muscle fibers
contraction35. Especially in this situation, the IL-6 is classified
as a myokine, and its secretion from skeletal muscle has met-
abolic actions not only in local, by eliciting the increase of
glucose uptake by skeletal muscle, but also systemically, by
inducing glycogenolysis in liver and lipolysis in adipose tissue
36, which increases the bioavailability of glucose and fatty acid
to the skeletal muscles, besides can contribute to reducing the
fat body accumulation37-39. Interestingly, the myokine IL-6 is
also associated with the regulation of inflammation, since this
cytokine precedes the release of anti-inflammatory cytokines,
such as IL-1ra and IL-10, during and after the physical exer-
cise session34,40. Therefore, it is noteworthy to point out that
the elevations in the systemic anti-inflammatory cytokines in
response to physical exercise sessions are associated with the
well-accepted anti-inflammatory property of regular practice
of exercise training34, 36.

Based on these pieces of information, our findings that CET
subgroups presented lower BMI and systemic IL-6 levels than
NP subgroups, both before and after the supplementation pe-
riod, regardless of the supplement, not only reinforces the lit-
erature13 but also allow us to suggest that the regular practice
of combined-exercise training by elderly subjects is able to
minimize the development of inflamm-aging.

Interestingly, when the elderly volunteers in each subgroup
(NP-PL, NP-Gln, CET-PL, and CET-Gln) were separated in ac-
cordance with their BMI classification, a statistically signifi-
cant difference was found between the obese and adequate
weight subgroups in relation to the systemic IL-6 levels before
the supplementation period. These observations were expect-
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ed and corroborate our former pieces of information in which
the accumulation of body fat is related to the induction of
a systemic pro-inflammatory status by increasing circulating
levels of pro-inflammatory cytokines, such as IL-631, 41. Partic-
ularly in this study, the higher IL-6 levels found in the obese
subgroups can putatively indicate that, in those elderly sub-
jects, the inflamm-aging phenomenon is in course.

Beyond the evaluation of the influence of regular com-
bined-exercise training in the inflamm-aging occurrence, as 
former cited it is widely accepted that amino acids supplemen-
tation can ameliorate the deleterious effect of aging, including 
by preventing or delaying the inflamm-aging development6,42,43. 

Regarding the literature, the association of Gln supplemen-
tation with the practice of physical activities can act as a 
regulating factor for inflammatory processes. It is well-known 
that Gln is the most abundant non-essential amino acid in the 
circulation. By the way, although its production and secretion 
occur in different tissues, the major source of Gln is mainly 
associated with its synthesis by the skeletal muscle. However, 
in situations of catabolism, such as in reduced consumption of 
carbohydrates, development of diseases, stress, and obesity,
plasma Gln concentration is reduced6.

Among many effects of Gln44,4, it has been reported that this
amino acid has the capacity to modulate cytokine production
by immune cells, both in vitro and in vivo. For instance, the
production of TNF-a by mononuclear cells obtained from pe-
ripheral blood and stimulated with LPS was suppressed by the
addition of Gln46. On the other hand, it was documented that
Gln increased the IL-1 beta and IL-6 production by peritone-
al macrophages stimulated with LPS47. In relation to the Gln,
physical exercise, and immune response, it was demonstrat-
ed that during a strenuous and prolonged physical exercise
session, plasma glutamine concentrations are reduced by 20-
25%48. Furthermore, recently our group reported that oral Gln
supplemented was able to improve not only the salivary redox
indexes13, as well as the antibody responses to Influenza virus
vaccination and lymphocytes activation7, in these same group
of elderly subjects practitioners of the combined-exercise
training program participating in the present study.

Here, our findings that oral Gln supplementation not only
significantly decreased the systemic IL-6 levels but also in-
creased systemic IL-10 levels, which directly impacted the re-
duction of the IL-6/IL-10 ratio, only in the CET-Gln subgroup,
corroborate the data showing that Gln is able to modulate in-
flammatory processes, especially when associated with regu-
lar practice of exercise training. Interestingly, when the elder-
ly subjects subgroups were separated in accordance with their
BMI classification, this prominent capacity of Gln to modulate
the inflammatory processes when associated with exercise
training was highlighted, since it was observed that only the
CET-Gln subgroup composed of obese elderly subjects showed
a significant reduction of IL-6 levels in opposite to significant
elevation of IL-10 levels. It is utmost to point out that, al-
though it was not statistically different, the systemic levels of
IL-6 and IL-10 found in the NP-Gln subgroup also composed of
obese elderly subjects followed the same trend of IL-6 reduc-
tion and IL-10 elevations post-supplementation period. These
last observations allow us to putatively suggest that an oral
Gln supplementation for a period longer than 30 days by obese
and active elderly subjects, but non-practitioners of a regular
exercise training program, could lead to a remarkable regula-
tion of systemic inflammatory status.

Taken together, the results presented in this study showed,
for the first time, that oral Gln supplementation for 30 con-
secutive days when associated with the regular practice of
combined-exercise training can induce a systemic anti-inflam-
matory status, which can prevent or delay the development of
inflamm-aging, especially in obese elderly subjects.
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