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Abstract – Aim: Exercise elicits adaptations in several physiological systems, such as the gastrointestinal tract. We 
evaluated the effects of an acute strength exercise (acute-SE) on gastric satiety and its correlation with creatinine 
kinase (CK), lactate, and plasma cytokine levels in humans. Methods: Anthropometric parameters, body composition, 
muscular strength, and satiety (drink test protocol) at rest and exercise were assessed. Results: In the squat, bench press, 
and T-bar row exercises, we observed a significant decrease (p<0.05) in muscular strength in the second, third, and 
fourth sets compared with that in the first set. Compared with rest, we observed a significant increase (p<0.05) in CK 
and lactate levels after acute-SE. In the drink test, acute-SE significantly increased (p <0.05) the total intake, calories 
ingested, and a total time of ingestion. Concerning cytokines, there was a significant increase (p<0.05) after acute-SE of 
IL-1β and IL-6 levels at the beginning of the test and a decrease in IL-6, -10, -13, and TNF-α levels after acute-SE at the 
end of the test (p<0.05). There was a correlation between CK, lactate, and total intake after acute-SE (p<0.05) as well as 
between IL-6, 13, TNF-α, and volume ingested in the last score of the drink test after acute-SE (p<0.05). Conclusion: 
Acute-SE decreases satiety associated with changes in lactate, CK, and plasma cytokine levels in healthy humans.
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Introduction

Nowadays, the benefits of regular physical exercise are well 
known1. According to the American College of Sports Medicine, 
exercise is equated with medicine, since it helps prevent or 
ameliorate common diseases such as diabetes and arterial hy-
pertension, besides promoting well-being and quality of life2. 

Physical exercise is often prescribed for people with gastro-
intestinal motility problems for the amelioration of symptoms 
and complaints such as bloating and constipation3. However, 
prolonged strenuous exercise, possibly involving thermal stress, 
can provoke symptoms such as diarrhea, vomiting, intestinal 
inflammation, and gastroesophageal reflux4.

The gastrointestinal tract also plays a key role in controlling 
hunger and satiety. Gastric and intestinal tissues release orex-
igenic and anorexigenic hormones, which interact with neu-
rotransmitters via the central nervous system (CNS), modulating 
satiety, and food consumption. These hormones regulate the 
appetite and energy intake that occur with changes in hunger 
perception and satiety5.

Acute physical exercise has an important association 
with fasting and eating patterns. Recently, we demonstrated 

in experimental models that acute exercise decreases gastric 
emptying and increases gastric compliance, depending on the 
exercise intensity4. In humans, recent evidence suggests that 
exercises above 75% of maximum oxygen consumption (VO2 
max) can suppress hunger by regulating appetite hormones, a 
phenomenon known as “exercise-induced anorexia,” which 
may restrict energy intake6. Thus, exercise intensity appears to 
be an important determinant of appetite regulation in humans7. 
In a meta-analysis, Horner et al.8investigated the effect of acute 
exercise on gastric emptying and reported controversial results, 
because the training protocols analyzed were mostly aerobic. 
However, few investigations have evaluated the impact of re-
sistance training on gastrointestinal parameters.

Strength exercise (SE) is a form of anaerobic exercise that 
includes voluntary contractions of the skeletal muscles of a 
specific body part against some external resistance, a force 
that opposes movement9. SE with load increments increases 
the strength and cross-sectional area of muscles. This process, 
called muscle hypertrophy, increases the size and possibly the 
number of myofibrils in the muscle fibers10.

Strength exercise can result in localized damage to muscle 
tissue. This damage can be observed in the sarcolemma, basal 
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lamina as well as in the contractile elements and the cytoskel-
eton11. Usually, this damage is accompanied by the release of 
enzymes such as creatine kinase (CK), lactate dehydrogenase, 
and myoglobin, as well as other proteins into the blood. Serum 
CK has been proposed as one of the best indirect indicators of 
muscle damage, due to its ease of identification and the relatively 
low cost of assays to quantify it12.

Another important biochemical marker is lactate. It increases 
in skeletal muscle exponentially with exercise intensity, accumu-
lating in the plasma when the rate of production exceeds the rate 
of removal13. This accumulation may be an important mediator 
of the effects of high-intensity exercise on appetite-regulating 
hormones. In gastric mucosal cell cultures, ghrelin-producing 
cells were found to contain abundant G-protein coupled receptor 
81 (GPR81), which binds with lactate to inhibit ghrelin release14, 
suggesting lactate’s role in appetite suppression. This association 
between lactate and GPR81 can suppress ghrelin despite the 
increased activity of the sympathetic nervous system. The an-
orexigenic effect of lactate is observed in both rats and humans, 
where peripheral lactate administration suppresses energy intake15. 
Whether exercise-induced alterations in circulating lactate directly 
stimulate the release of anorexigenic hormones (PYY, GLP-1, PP) 
is yet to be determined6.

In addition, neuromuscular and metabolic changes stimulated by 
SE are associated with an inflammatory response. After performing 
SE, pro-inflammatory cytokines are primarily released, particularly 
IL-6, whose levels increase fivefold after 30 min. After this period, 
IL-6 stimulates the secretion of anti-inflammatory cytokines, IL-1 
receptor antagonist (IL-1ra), and IL-10 by blood mononuclear 
cells16. These inflammatory responses are efficiently coordinated 
and stimulate tissue repair in skeletal muscles. Cytokines such as 
interleukins (IL-6, IL-10, and IL-1β) and TNF-α are secreted by 
macrophages in skeletal muscles. These cytokines can influence 
appetite and satiety by regulating hormone secretion17.

In relation to the gastrointestinal tract, recent reports have 
shown that increasing interleukin IL-6 concentrations delays 
gastric emptying, leading to reduced postprandial glycemia18. In 
addition, cytokine enhancers such as IL-1β, TNF-α, and IL-6 are 
reportedly associated with decreased gastric emptying and altered 
gastrointestinal functions19. Thus, we hypothesized that acute SE 
(acute-SE) alters satiety and food ingestion, and this phenomenon 
may be related to plasma cytokine levels.

Methods 

Sample

This experimental study included 15 healthy males, aged 
18–30 years, who practiced strength exercise for at least 3 
months (1 hour a day and 3 days a week). Participants diag-
nosed with gastrointestinal tract or metabolic diseases, such 
as diabetes, as well as cardiovascular or musculoskeletal 
disorders, were excluded. 

Supplementary materials S1. summarizes the experimental 
protocol, which consisted of three visits over 14 days. On day 0, 

basal anthropometric and body composition measurements were 
performed, along with the first evaluation of satiety (drink test - 
rest) and blood collection. On day 7, the 1-RM was conducted. 
On day 14, the acute-SE protocol, second evaluation of satiety 
(drink test - exercise), and blood collection were conducted. 
This study was approved by the Research Ethics Committee of 
the Federal University of Piauí (UFPI) under protocol number 
1.698.573).

Anthropometric Evaluation

Two days before the evaluation, all participants received the 
recommendations to follow for body composition assessments. 
Initially, we determined body mass (Kg) and height (m). The body 
mass index (BMI) was calculated as the mass (Kg) divided by 
the square of the height (m2) of the individual. Body composition 
evaluation was performed using the electrical bioimpedance 
method with an InBody S10® tetrapolar system (DSM-BIA). 

One-Maximum Repetition Test (1RM)

The muscular strength of the participants was evaluated by 
the 1-RM test. One repetition maximum testing in the order of 
bench press, squat, and T-bar row occurred one week before the 
experimental protocols. All participants performed a warm-up 
(jogging) for 5 min and then one set of 15 repetitions of the 
respective exercise at approximately 50% of the 1 RM prior to 
1 RM testing. The load was increased gradually (15%) during 
the test until the participants were no longer able to complete the 
movement, allowing 3–5. A rest interval of 5 min was allowed 
between attempts20. No rest was allowed between the concentric 
and eccentric phases of the movement, and the participants 
were encouraged verbally to exert maximum effort. Two fitness 
professionals oversaw all testing sessions.

Exercise Protocol

 After one week of the 1RM test, the participants returned 
to the laboratory to execute the exercise protocol. Each partic-
ipant performed four sets of bench press, squat, and T-bar row. 
The recovery between sets was 30 seconds and the interval 
between exercises was 2 minutes. Each set was performed with 
overload equivalent to 70% of 1RM and the participants were 
encouraged to execute the maximum repetitions in each series 
until muscle exhaustion.

Assessment of Satiety by Drinking Test

To asse15ss satiety, we used a drinking test according to 
the previous study5. All fifteen participants were studied in 
two situations: (1) at rest (control) on day 0; and (2) just after 
acute-SE on day 14. Briefly, all participants were instructed 
to eat their last meal at 10:00 PM the previous day. At 6:00 
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AM, the participants were instructed to ingest a standardized 
breakfast consisting of 200 mL of orange-flavored juice (108 
Kcal, 26 g carbohydrates, 0.90 g proteins, and 0 total fats) and 
1 packet of 26 g of salted crackers (121 Kcal, 2.2 g protein, 17 
g carbohydrates, 4.8 g total fats). This meal was standard for 
all participants, considering that everyone underwent an equal 
period of fasting and that differences in the amounts of nutrients 
could lead to a misinterpretation of satiety. Two hours after 
eating, the participants remained at rest for another 40 minutes, 
corresponding to the control situation (day 0), or performed the 
acute strength exercise session (day 14). After both periods, 
the participants were requested to drink the standardized liquid 
meal, chocolate milk (Nescau®, Nestlé, Vevey, Switzerland), 
containing 9.77 Kcal, 1.5 g carbohydrates, 0.375 g protein, and 
0.2625 g fat. The meal was ingested at a constant rate of 15 
mL/min as measured by a peristaltic pump. At 5-min intervals, 
the participants scored their satiation level by indicating verbal 
descriptors on a 0–5 scale (0 = I do not feel anything, 1 = I’m 
starting to feel full, 2 = I’m a little bit full, 3 = I’m full, 4 = I’m 
very full, 5 = I can’t take it anymore). The test was completed 
when the participant reported a score of 5.

Blood Biochemical Analysis

During the drink test, blood samples were collected from the 
antecubital vein of each participant at two different points (in first 
and last scoring of drink test), in both phases (at baseline and on the 
day of exercise). The blood samples were centrifuged at 3,500 rpm 
for 12 minutes at 4 °C. The serum and plasma were separated into 
microtubes (1.5 mL) and were stored at −80 °C. The blood lactate 
levels (mg/dL) were measured using a biotechnology kit. Creatinine 
kinase (CK) levels were assessed with Labteste kits using a Labmax 
Plenno automatic analyzer. The plasma cytokine level was assessed 
using the Bio-Plex Pro Human Cytokine kit and processed using 
the Bio-Plex 200 System, with one analyzer per suspension assay.

Statistical Analysis

Initially, all data were analyzed for normality using the 
Shapiro–Wilk test with the GraphPad Prism software, version 
6 (GraphPad Software, San Diego, CA). For the statistical 
comparison of the data obtained during repetitions of the series 
of acute-SE, one-way analysis of variance (ANOVA) was used 
for repeated measures followed by the Tukey test. The levels of 
cytokines at baseline and after the exercise were analyzed by 
two-way ANOVA, followed by the Tukey test. Linear regression 
analysis was conducted, and curves were plotted, starting from 
the single values of each group to comparison and interaction 
between satiety and blood cytokine levels. The results are 
presented in Tables 3. The Pearson linear correlation test was 
applied after confirming the normal distribution of the data. We 
used correlation to study the inter-relation between the IL-6 
pro-inflammatory cytokine and anti-inflammatory cytokine 
IL-10 in the balance of the inflammatory process. *p<0.05 was 
considered statistically significant.

Results

Anthropometrics Parameters

In this study the participants presentation mean values 
of weight (kg) 78.9 ± 10.2, age (years) 22.8 ± 2.8, estature 
(m) 1.7 ± 0.07, BMI (Kg/m2) 25.8 ± 2.3, body fat (%) 16.15 
± 6.7, fat mass (kg) 13.4 ± 5.9, lean mass (kg) 61.8 ± 7.5 
and basal metabolic rate (Kcal) 1785 ± 173.4. In relation 
of the squat, bench press, T-bar row in the 1RM test, pre-
sented the mean values were (104.0 ± 15.7, 81.3 ± 19.71 
and 90.6 ± 16.29 Kg).

Figure 1 shows the mean values of repetitions performed 
in the acute-SE in a squat (box A), bench press (box B), 
and T-bar row (box C) exercises. We observed significant 
decreases (p<0.05) in the repetition numbers after muscle 
fatigue in series 2, 3, and 4 compared to the first set in all 
three exercises (squat, bench press, and T-bar row). In squat 
exercise, the mean values of the repetitions in the 1st, 2nd, 3rd, 
and 4th sets were 12.2 ± 3.5 vs. 8.2 ± 2.4, 6.8 ± 2.8, and 5.6 
± 2.2, respectively. In bench press exercise, the mean values 
of the repetitions in the 1st, 2nd, 3rd, and 4th sets were 10.4±2.1 
vs. 7.4±1.4, 5.1±1.5, and 4.0±1.2, respectively. In the T-bar 
row exercise, the mean values of the repetitions in the 1st, 
2nd, 3rd, and 4th sets were 10.7±3.7 vs. 7.8±1.9, 6.8±1.5, and 
5.9±1.2, respectively.

Response of the Drink Test

Table 1 shows the results of the drink test at two different 
moments: at rest and after exercise. A significant increase 
(p<0.05) in the total volume was observed after acute-SE 
(1866 ± 531.5 mL) in comparison with the baseline value 
(1410 ± 424.0 mL, box A). In relation to total time (box B), 
a significant increase (p<0.05) was observed after acute-SE 
(137.6 ± 53.9 minutes) in comparison with baseline (104.4 
± 34.6 minutes). In box C, a significant increase (p<0.05) 
of ingested calories was observed after acute-SE (1193 ± 
384.0 kcal) in comparison with baseline values (vs. 985.9 
± 345.4 kcal).

Plasma Cytokine Levels

Table 2 reports the plasma levels of all pro-inflammatory, 
and anti-inflammatory cytokines assessed in the scores 0 and 
5 (“I don’t feel anything” and “I can’t take it anymore”). In 
relation to IL-1β, a significant increase (p <0.05) was obtained 
after acute-SE compared with the basal state at score 0. In 
the case of IL-6, a significant increase was found at score 0 
(p <0.05) and a significant decrease at score 5 (p <0.05), both 
after exercise training. The values of TNF-α significantly de-
creased after acute acute-SE at score 5 (p <0.05). Considering 
anti-inflammatory cytokines, a significant decrease was found 
for plasma IL-10 and -13 after acute-SE at score 5 (p <0.05).
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Linear Regression Analysis 

Table 3 shows the results of the linear regression of blood CK and 
lactate, inflammatory cytokines, and total baseline intake and after 
acute-SE from the beginning to the end of the drink test. We found 
a positive relationship between CK and total intake after acute-ST 
at score 5 (r =0.519, p <0.05) and for blood lactate and total intake 
after acute-SE at score 0 (r =0.758, p <0.01). No correlation was 
found between plasma cytokine levels and total intake (p >0.05). 

In relation to the biochemical parameters. we evaluated 

two different satiety test scores (“I don’t feel anything” and “I 
can’t take it anymore”) at rest and after the acute-SE session 
until muscle exhaustion. A significant increase (p<0.05) was 
observed in the values of CK and blood lactate after acute-SE 
at the score “I don’t feel anything” and for glucose at the score 
“I can’t take it anymore” after the exercise session (p<0.05). 
However, we observed a possible relationship between IL-6 
and IL-10 values at rest and after exercise at two points of the 
drink test. At both points (scores 0 and 5) there was a positive 
correlation between the two cytokines (p<0.05).

Figure 1 - Number of repetitions of the exercises performed in the acute session of strength training by the 15 participants. (70% of 1RM). Data expressed as 
mean ± SD values. Statistical analysis was performed using one-way ANOVA followed by the Tukey test. Value of * p <0.05, between 1st, 2nd, 3rd, and 4th 
series.



Motriz, Rio Claro, v.26, Issue 4, 2020, e10200176 

5Carvalho et al

Table 1- A. Mean values of total intake (ml), Table 2-B, Ingested calories (Kcal) and Table 2-C, Time (minutes) at rest (day 0), or after exercise 
(day 14) during the drink test. Data are expressed as mean ± SD, Percentile (25% and 75%), and 95% CI (lower and upper). Statistical values 
were computed by the Student t-test for paired data. * p <0.05 vs. rest.

(A) Total Intake (mL)

Rest Exercise

Percentile 95% CI of mean Percentile 95% CI 

Mean SD 25% 75% Lower Upper Mean SD 25% 75% Lower Upper

1410 424 1024 1721 1141 1679 1866* 532 1489 2396 1529 2204

(B) Ingested Calories (Kcal)

Rest Exercise

Percentile 95% CI of mean Percentile 95% CI

Mean SD 25% 75% Lower Upper Mean SD 25% 75% Lower Upper

985.9 345.4 688.7 1138 777.2 1195 1193* 384.7 928.1 1549 961 1426

(C) Total Time (min)

Rest Exercise

Percentile 95% CI of mean Percentile 95% CI 

Mean SD 25% 75% Lower Upper Mean SD 25% 75% Lower Upper

104.4 34.6 72 121 85.2 123.6 137.6* 53.9 76 185 107.7 167.5

Table 2 - Mean values of pro and anti-inflammatory markers at rest and after exercise. Data expressed as mean ± SD. P-values or significance 
levels * (p <0.05) for IL-6, IL-10, IL-13, and TNF-α (I can’t take it anymore) and IL-1β and IL-6 (I don’t feel anything) vs. baseline, applying 
Student’s t-test (n = 13). Subtitle: IL-1β, IL-6, IL-10, IL-13 and TNF-α (interleukins 1 beta, 6, 10, 13, tumor necrosis factor-alpha); (“I can’t take 
it anymore” rest / “I can’t take it anymore” exercise) pg / mL (picograms per milliliter).

Rest Exercise

Pro-inflammatory cytokines

(Score 0) (Score 5) (Score 0) (Score 5)

IL-1β (ρg/mL) 0.720 ± 0.08 0.864 ± 0.09 0.953 ± 0.09* 0.683 ± 0.12

IL-6 (ρg/mL) 2.481 ± 0.29 3.858 ± 0.40 3.607 ± 0.41 * 2.528 ±0.40*

TNF-α (ρg/mL) 14.36 ± 2.4 17.94 ± 2.8 17.71 ± 2.1 9.521 ± 1.4*

Anti-inflammatory cytokines

IL-10 (ρg/mL) 1.362 ± 0.14 1.916 ± 0.16 1.542 ± 0.19 1.260 ± 0.24*

IL-13 (ρg/mL) 0.9985 ± 0.16 1.069 ± 0.12 0.8977 ± 0.09 0.686 ± 0.06*
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Table 3 - Linear regression analysis for CK, blood lactate, pro- and anti-inflammatory cytokines and total intake at score 0 and score 5. *Signifi-
cance was found for blood lactate at score 0 and CK at score 5 with p <0.05 significance level. Subtitle: CK (creatinine kinase); Score 5 (“I can’t 
take it anymore” rest / “I can’t take it anymore” exercise) pg / mL (picograms per milliliter); mmol/L (millimole per liter); U / L (unit per liter).

Rest Exercise

Parameters
 (Score 0) (Score 5)  (Score 0) (Score 5)

R² p R² p R² p R² p

CK (U/L) 0.127 0.312 0.047 0.519 0.125 0.316 0.519 0.012*

Lactate (mmol/L) 0.038 0.612 0.337 0.101 0.758 0.011* 0.038 0.642

Pro-inflammatory cytokines

IL-1β (ρg/mL) 0.011 0.771 0.025 0.658 0.004 0.860 <0.001 0.942

IL-6 (ρg/mL) 0.069 0.461 0.018 0.711 0.071 0.456 0.070 0.458

TNF-α (ρg/mL) 0.038 0.590 0.061 0.490 0.027 0.646 0.031 0.627

Anti-inflammatory cytokines

IL-10 (ρg/mL) 0.036 0.591 0.003 0.884 0.005 0.840 0.012 0.759

IL-13 (ρg/mL) 0.002 0.910 0.069 0.462 0.991 <0.001 0.002 0.893

Discussion

In the present study, acute-SE promoted an increase in GA 
as well as altered biochemical parameters and plasma cytokine 
levels. In relation to the anthropometric parameters, the studied 
group had an average BMI classified as excessive weight, but the 
body fat percentage was within the reference values proposed 
in the literature21. The characterization as the excessive weight 
was probably due to the high values of muscle mass in this po-
pulation because they all engaged in strength training. The basal 
metabolic rate was similar to that obtained in the study of Sharp 
et al.22, who also found mean values of about 1700 kcal/day in 
white and African American young men. It is possible to affirm 
that these results are directly influenced by their fat-free mass.

The results of the 1-RM test showed low mean values for 
the squat exercise compared with the data obtained by Pearcey 
et al.23, who studied a similar population of young men. For the 
bench press exercise, the results were similar to those obtained by 
Calatayud et al.24 and higher than the values observed for bench 
press and T-bar row exercises performed by young men studied20.

During the series of acute-SE until muscular exhaustion, a 
decrease in the number of repetitions throughout the series was 
observed. Muscle fatigue can occur due to changes in homeosta-
sis in the skeletal muscle itself or alterations in the neural input 
that reaches the muscle, resulting in a progressive decrease in 
the speed and frequency of repetition25. In addition, the sample 
evaluated in this study could perform more repetitions of the 
squat exercise than the other exercises. 

CK concentrations have been used as markers of exercise-re-
lated stress26 and are causally related to muscle damage as well 
as lactate levels27. CK concentration is individually and markedly 

elevated 1–4 days after exercise. Thus, it is an indicator of an 
athlete’s training and recovery status25. In the present study, we 
observed that the increase CK response accelerated during the 
acute-SE session compared to the rest state in the first score. 
The rise of CK levels can be a positive adaptive response to 
induced muscle damage, and its levels remain high in subjects 
adapted to SE26. 

Similarly, we observed a significant increase in blood lactate 
during exercise compared to the rest state, which seems to be 
an effect of the acute-SE training, as previously reported in 
the literature28. However, the ingestion of the chocolate milk 
beverage did not affect blood CK and lactate levels.

A significant decrease in glucose concentrations was also 
observed after exercise at the end of the drink test, which can 
be a response to an acute-SE stimulus. A possible explanation 
for this result is the rise in glucose uptake due to increased 
activity of glucose transporter proteins (GLUTs) in response 
to increased AMP concentrations, commonly observed as an 
adaptation to training29. Kyröläinen et al.30 also observed that 
SE diminished glucose concentrations in healthy young women 
as we observed in our study. 

Concerning the influence of exercise on GA, an increase 
in total intake, ingested calories, and total time in males was 
observed after the acute-SE session. These data demonstrated 
that acute-SE promotes increases in GA and decreases satiety 
in healthy males. A possible explanation for these results is that 
acute-SE leads to the activation of the vagal cholinergic pathway, 
which in turn increases gastric tone and the release of nitric 
oxide, promoting GA31. In addition, the varied and contradic-
tory responses to the effects of different intensities of physical 
exercise on food intake and energy intake can be explained by 
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differences in sex and nutritional and fitness statuses32.
Our data showed that acute-SE also appears to increase the 

serum levels of inflammatory markers such as IL-6, which can 
influence GA and appetite. IL-6 is secreted during exercise in a 
contraction-dependent manner and can be related to the release 
of appetite hormones, such as ghrelin, GLP-1, and PYY, which 
influence food intake. However, the role of cytokines in the 
secretion of these hormones is not well understood15.

In our study, acute-SE modified the plasma cytokine profile. 
These results are similar to those observed by Ihalainen et al.33, 
who reported an increase in the circulating concentrations of 
IL-1β, IL-6, IL-1ra, and resistin. The increase in cytokine con-
centrations is an adaptive response to the elevated production 
of reactive oxygen species generated by the respiratory chain 
during exercise as well as the immune response, causing muscle 
damage and microlesions generated by acute-SE, which are 
directly affected by the physiological demands, volume, load, 
and intensity of the exercise34. At the score of 0 in the drink test, 
an increase in IL-1β was noticed after the acute-SE session. 
These findings corroborate the results obtained by Rosa Neto 
et al.35, who reported that a single moderate-to-high intensity 
resistance exercise can promote an increase in the levels of IL-6 
and IL-1β cytokines.

An increase in IL-6 levels was observed immediately after 
the training at the 0 score and a significant reduction occurred 
at the last score. A possible explanation for these effects is that 
muscles secrete IL-6 to allow the body to maintain its energy 
status during exercise by acting as an energy sensor to contract 
muscles and stimulate glucose production. In the recovery phase, 
with adequate rest and nutrition (glucose ingestion during the 
drink test), the IL-6 response to exercise can be attenuated36. 
Forti et al.37 also observed a decrease in IL-6 concentrations 
after SE. However, more research is needed to comprehend the 
behavior of IL-6 in exercise and its influence on energy status.

During exercise, the secretion of IL-6 also stimulates the 
production of anti-inflammatory cytokines, such as IL-10. 
Therefore, if there is an increase in IL-6 concentrations, IL-10 
also increases, and if there is a decrease in IL-6 concentrations, 
IL-10 secretion also decreases38. These data were confirmed in 
our study by the correlation analysis, which showed a positive 
result between IL-6 and IL-10 at two points of the drink test, 
but only after acute-SE.    

The anti-inflammatory cytokines IL-10 and IL-13 seem to 
be upregulated after acute-SE36, but we observed a decrease in 
IL-10 and IL-13 concentrations after acute-SE. The decrease 
in anti-inflammatory IL-13 can also be related to the attenuated 
inflammatory response observed at score 5 seen in this study, as 
occurred with IL-10 cytokine, mentioned previously.

In relation to the response of TNF-α, its levels were lower 
at score 5 compared with that at the basal time score, thus dis-
playing a profile similar to other pro-inflammatory cytokines 
of this study, such as IL-6. These results can be related to an 
initial increase of the IL-6 cytokine level, which may act to 
suppress the release of TNF-α by stimulating the expression of 
anti-inflammatory cytokines like IL-10 and IL-1ra39.  

 We also investigated the interplay of CK, lactate, cytokine 
profile, and total intake or GA at each score of the drink test. 

A correlation was found for CK at score 5, for lactate at score 
0, and cytokines IL-6, -13, and TNF-α and volume ingested at 
score 5. These results reinforce the role of exercise in the control 
of GA. Both CK and lactate are markers related to the intensity 
of exercise, in turn, related to mechanisms of gastric emptying 
and accommodation8. In the sense, Islam et al.15 found that 
blood lactate was correlated to the area under the curve (AUC) 
values for ghrelin and IL-6 to AUC values for GLP-1, both with 
hormones involved in appetite control. Regarding TNF-α, its 
relationship can be explained by its role in the secretion of the 
other pro-inflammatory cytokines39.

Conclusion

In the study, we showed that acute strength exercise in-
duces a decrease in gastric satiety. In addition, acute strength 
exercise alters some biochemical parameters as well as the 
plasma cytokine levels. We suggest more studies to clarify 
other possible mechanisms involving acute strength exercises 
and gastric function
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