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Abstract – Intense physical activity can increase oxidative stress and muscle damage in, causing 
fatigue and injury. Graduated compression stockings (GCS) can decrease these deleterious 
effects. The aim was to determine the acute effects of GCS on muscle damage and oxidative 
stress (OS) in garbage collectors. Thirteen garbage collectors, 25.4±5.2 years, participated using 
GCS or placebo stockings. Blood samples were collected at pre and post a working day and after 
16 hours of rest. Markers of OS and muscle damage were evaluated. Two-way ANOVA (two 
conditions and two moments) was used for the analysis of the outcomes No significant differ-
ences were found for creatine kinase, catalase and glutathione peroxidase between the time and 
groups. There was a significant difference for the total thiol content and superoxide dismutase 
only in the control group (pre and post, p = 0.004). The use of GCS exerted acute protection 
against the increase of markers of OS, but did not contribute to attenuate muscle damage.
Key words: Catalase; Creatine kinase; Glutathione peroxidase.

Resumo – Atividade física intensa pode aumentar o estresse oxidativo e danos musculares, causando 
fadiga e lesões. As meias de compressão graduada (MCG) podem diminuir esses efeitos deletérios. O 
objetivo foi determinar os efeitos agudos da MCG no dano muscular e estresse oxidativo (EO) em 
coletores de lixo. Treze coletores de lixo, 25,4 ± 5,2 anos, participaram usando MCG ou placebo. As 
amostras de sangue foram coletadas antes e após um dia útil e após 16 horas de descanso. Marcadores 
de EO e dano muscular foram avaliados. ANOVA de duas vias (duas condições e dois momentos) foi 
usada para á análise dos resultados. Não foram encontradas diferenças significativas para creatina 
quinase, catalase e glutationa peroxidase entre o tempo e os grupos. Houve uma diferença significativa 
para o conteúdo total tiólico e superóxido dismutase apenas no grupo controle (pré e pós, p = 0,004). 
O uso de MCG exerceu proteção aguda contra o aumento de marcadores de EO, mas não contribuiu 
para atenuar danos musculares.
Palavras-chave: Catalase; Creatina quinase; Glutationa peroxidase. 
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INTRODUCTION

The workers collecting manual garbage suffer from great physical exhaus-
tion during the task, as physical activity reaches levels greater than 3,800 
minutes per week, from this time more than 1,500 minutes in vigorous 
physical activities. Due to the excess of intensive work, musculoskeletal 
damages are frequent in these workers1. It has been well reported in the 
literature that intense and prolonged physical exercise may cause increased 
muscle damage and oxidative stress2.

Graduated compression stockings (GCS) are among the several re-
sources that science considers to mitigate the damages in the locomotor 
system3 in order to reduce impact from excessive physical activities. GCS 
aim to soften the impact that excessive physical exercise cause in the skel-
etal muscle fibers, favoring exercise recovery, lowering lactate levels and 
reducing trauma and post-exercise muscle pain4. Sports studies have shown 
that GCS reduce muscle fatigue levels in runners5 and decrease muscle 
damage markers such as creatine kinase (CK) and lactate dehydrogenase4.

Thus, using GCS may bring benefits to garbage collectors, since the 
physical activity demanded in the routine of these workers can be compared 
to the one of athletes6. To the best our knowledge, no studies have been 
performed to verify the efficacy of GCS in muscle damage and oxidative 
stress markers in garbage collectors. 

Therefore, the present study aims to investigate the acute effects of 
GCS on muscle damage and oxidative stress markers in a sample made 
up of garbage collectors. 

METHODS

Study population
A double-blind crossover design study was conducted. The subjects were 
randomly selected from a total of 76 city garbage collectors. The inclu-
sion criteria were: subjects who were active for at least two months in 
the collection routine and who did not present physical or psychological 
limitations. Sample size calculation considering beta of 80% and alpha of 
95% was performed according to previous studies7,8, totaling 12 subjects.

Ethical approval
The study was submitted and approved by the Research Ethics Committee of 
the Federal University of Pelotas under number 60777916.2.0000.5313. Ethical 
principles were ensured and all participants signed an informed consent form.

Experimental protocol
Before the participants started the working day, they answered a ques-
tionnaire containing sociodemographic and behavioral variables. Drug 
use, smoking and alcohol intake variables were collected according to the 
instrument proposed by the World Health Organization9. Next, 10 mL of 
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blood was drawn through venipuncture using a short catheter performed 
by a trained nurse, deposited in three tubes, two tubes with EDTA and 
one with clot activator for later analysis of CK and oxidative stress markers. 
The subjects were then randomized to perform the working day in one of 
the following conditions: using GCS (SIGVARIS®- Switzerland, mean 
compression between 18-21 mmHg) or placebo (conventional stockings of 
color and texture similar to GCS, KANXA®- Brazil, with no compression).

After the end of the working day, a second blood collection (eight hours 
after the first one) was performed to analyze the oxidative stress markers. 
After 16 hours from the end of the working day and before they start a 
new working day, the third blood sample was collected for analysis of the 
CK post working day. One week after the first randomized condition, the 
participants reversed the experimental condition: subjects who used placebo 
received GCS and vice versa. The participants and those responsible for 
the blood analysis were blinded (Figure 1).

Figure 1- Intervention schedule. GCS- graded compression stockings.

Creatine kinase and oxidative stress markers analysis
The blood samples were centrifuged at 3000 rpm for 10 minutes, the 1.5mL 
aliquots of plasma was placed in tubes. The erythrocytes were isolated, 
washed with a physiological solution, diluted in water and stored in an 
ultra-freezer (-80°C) for further analysis.

The CK activity was determined using a commercial kit (Roche® Cobas), 
according to the manufacturer’s recommendations and expressed in U/L.

The TBARS (thiobarbituric acid) analysis was determined according 
to Esterbauer & Cheeseman10. The analysis of total thiol content was per-
formed by the method of Aksenov & Markesbery11. The SOD (Superoxide 
Dismutase) activity was determined according to the method described 
by Misra and Fridovich12 using the commercial RANSOD® kit (Randox 
Laboratories, UK). The activity of CAT (Catalase) enzyme was verified by 
the method described by Aebi (1984) based on the decomposition of H2O2, 
measured by spectrophotometry at 240 nm, at room temperature13. The ac-
tivity of GPx (Glutathione Peroxidase) was determined by a commercial kit 
from Randox Laboratories Ltd (United Kingdom) according to the manu-
facturer’s recommendations. Activity was expressed in units/mg of protein.
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Statistical analysis
The scores were entered in the Epi Data 3.1 software. After checking 
for errors, data were transferred to the statistical software STATA 12.0. 
Initially, the Shapiro-Wilk test was used to verify the distribution of the 
variables and the Bartlet test to verify the homogeneity of the variances. 
Additionally, two-way ANOVA (two conditions and two moments) was 
used for the analysis of the outcomes, and the “Contrast” command of the 
Stata software was used to evaluate the interaction. Data are expressed as 
mean ± standard deviation and the level of significance was p <0.05.

RESULTS

Thirteen randomly chosen garbage collectors participated in the study. All 
subjects were adult males; most of them black skin color (76.9%), ranging 
from 21 to 35 years old (mean 25.4 ± 5.2 years). Most of the subjects were 
married or lived with a partner (53.9%) and did not complete elementary 
school (58.5%). The collectors had an average family income higher than 
two minimum wages (US$ 670.7 ± 115.7 dollars), and the majority had 
been working in the garbage collection company for more than 12 months 
(53.6%). All participants showed eutrophic body mass index and the ma-
jority did not smoke (84%), did not use medications (92.3%) and drank 
alcoholic beverages regularly (53.9%) (Table 1). During the study, there 
were three losses, which occurred due to work accident, family problems 
and difficulty in blood collection, respectively.

Figures 2 and 3 describe the results of the muscle damage and oxidative 
stress markers before and after intervention, intra and inter conditions of 
variables analyzed in the study, respectively. Regarding muscle damage 
marker (CK), no significant differences were found intra and between 
conditions. Additionally, the same lack of significance was observed in 
the oxidative stress markers catalase, TBARS and glutathione peroxidase 
enzymes. On the other hand, at the post-workday, the total thiol con-
tent showed a statistically significant difference between the conditions 
(p=0.04), and SOD enzyme presented statistically significant changes 
(p=0.004), increasing SOD levels in the placebo condition only.

DISCUSSION

The present study aimed to determine the acute effects of the GCS use on 
muscle damage and oxidative stress markers of the garbage collectors. Re-
garding the muscle damage marker, unlike the results of a study by Duffield 
& Portus (2007) which found a reduction in CK levels in cricket players 
24 hours after a 30-minute repeated sprint protocol, the present study did 
not find statistically significant differences between de conditions (GCS 
vs placebo)14. However, our results corroborate with the findings from Ali 
et al. (2010) and Bieuzen et al. (2014) while studying runners not garbage 
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collectors5,15. In the present study, the concentration of CK was measured 
16 hours after the end of the activity, respecting the peak of this enzyme 
in the blood that is from 12 to 24 hours for long runs, an activity that is 
closer to that of garbage collectors during work16. It is possible that the 

Table 1. Prevalence of sociodemographic and work-related variables of garbage collectors. (N=13)

Variables Prevalence N (%) or
Mean (SD)

Age (years) 25.4 (5.2)

Income (US dollars) 670.7 ± 115.7

Skin color

White 3 (25.1)

Black 10 (74.9)

Schooling (years)

Incomplete primary school 8 (61.5)

Complete primary school or more 5 (38.5)

Marital status

Married or with a partner 7 (53.9)

Single, with no partner or divorced 6 (46.1)

Smoking

No 11 (84.6)

Yes 2 (15.4)

Drink alcohol

No 6 (46.1)

Yes 7 (53.9)

Body mass index (kg/m²)

Eutrophic 13 (100.0)

Overweight/Obesity 0 (0.0)

Work time (months)

Less than 12 6 (46.1) 

12 or more 7 (53.9)

Medicine of continuous use

No 12 (92.3)

Yes 1 (7.7)

Figure 2 – Pre-and-post-workday activity of the creatine kinase (CK) enzyme and pro-oxidant 
markers using placebo or graded compression stockings (GCS). In A, CK activity in serum; in B, total 
thiol content (TTC); and in C, TBARS (Thiobarbituric acid reactive substances) levels are shown. * 
Significant difference between pre and post moments in the condition not using GCS (p = 0.04).
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adaptation of the workers to the labor activity and their physical fitness 
have influenced the results so as not to change the concentration of CK in 
both conditions and moments.

In addition, CK may also be influenced by demographic characteristics, 
such as sex and ethnicity, that is, men and individuals of African descent 
have higher concentrations than women and white, Hispanic and Asian 
descendants17. As the garbage collectors were men (100.0%) and mostly 
black (76.9%), the high concentrations of CK presented by workers in both 
conditions and moments are probably justified.

Oxidative stress markers were included in the present study considering 
that garbage collection requires higher physical capacity. Consequently, 
the work requires higher oxygen consumption than other labor activities18 
causing the production of reactive oxygen species (ROS), nitrogen (RNS) 
and free radicals simultaneously.

Thus, it was investigated whether GCS could reduce deleterious effects 
caused by oxidative stress19, using thiobarbituric acid reactive substances, 
total thiol content (glutathione and sulfhydryl concentrations) and CAT, 
GPx and SOD antioxidant enzymes20,21. Considering the results found 
in the present study, it is suggested that the use of GCS in a workday ex-
erted acute protection against oxidative stress - antioxidant enzyme SOD 
(p=0.004) and total thiol content (p = 0.04) - in the situation using placebo 
at the post-workday moment in relation to the initial measurements.

The SOD experienced a significant increase in the placebo situation. 
This antioxidant enzyme has a greater activity in muscles with high oxida-
tive capacities (high percentage of slow contraction muscle fibers), mainly at 
mitochondrial site. This is the place where cellular respiration occurs, a process 
in which organic molecules are used in the manufacture of ATP, the main 
energy source of cells. Therefore, it is likely that the type of labor activity of 
garbage collectors has induced energy production in a significant way22. A 
similar result was found in a study conducted by Brites et al.23 where 30 soccer 
adult players were involved in a training program against a control group of 
12 non-active subjects; blood collection was performed 12 hours after the end 
of one match and the authors showed a significant increase in SOD enzyme 

Figure 3 - Pre- and post-workday antioxidant enzymes using placebo or graduated compression stockings (GCS). In A, Activity of the 
enzyme superoxide dismutase (SOD) in blood samples from waste collectors. In B, activity of the enzyme catalase (CAT). In C, Activity 
of the enzyme Glutathione Peroxidase (GPx). * Significant difference between pre and post activity in the control group (p = 0.004).
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activity23. In this sense, the lack of difference in the GCS situation may indicate 
that this clothing item acutely attenuated the oxidative stress levels, since the 
use of stockings kept the levels of these enzymes near rest levels.

The oxidative stress marker total thiol content showed a significant 
increase in the pre-to-post workday in the placebo situation. Thiols are mul-
tifunctional molecules, and one of their functions is to play an antioxidant 
role, having the capacity to act as reducing agents, binding to ROS and 
neutralizing the oxidative potential of these molecules24. The concentra-
tion of this marker provides an overview of the level of oxidative attack to 
proteins. In the present study, besides the good physical fitness showed by 
collectors, the increase in the marker may have occurred due to an acute 
response, explained by the high exertion of the physical task required for 
the collection of garbage. This energetic expenditure triggers the increase 
of oxidative stress and the antioxidant response of the organism19. A similar 
response was reported by Quindry et al.25; 9 men aged between 18-30 years 
old completed a maximum exercise test and three additional submaximal 
tests with an interval of one week among them. Blood samples were col-
lected 1 and 2 hours after the tests. The demands from physical exercise 
were associated with dramatic elevations of biomarkers of oxidative stress. 
In this sense, considering the lack of significant difference in GCS situa-
tion, it is probably that the acute use of compression stockings prevented 
a thiol marker increase during the workday.

The TBARS marker together with the antioxidant enzymes CAT and 
GPx did not show statistically significant acute changes in both situations. 
This may have been due to the fact that although the work activity had a 
high volume, garbage collectors may have such a high physical fitness that 
the intensity and/or time of exposure to physical activity may not have been 
sufficient to trigger the increase of other antioxidant enzymes (CAT and 
GPx)26. These findings corroborate with the results found in similar studies. 
Powers et al.23, in their systematic review, concluded that aerobic endurance 
training did not alter CAT activity acutely27. In another study conducted 
by Djordjevic et al.28, no significant difference was found in the TBARS 
concentration shortly after a single adult handball match28. Groussard et 
al.29 when analyzing the effects of a maximal bicycle training on antioxidant 
enzymes, did not find differences in GPx after intervention29. Thus, these 
oxidative stress markers do not always respond to a single training session.

It is important to highlight that this study may present limitations. 
The garbage collectors had only one day off weekly, so it was impossible 
to assess the effects of the CK enzyme to respect its half-life, the peak of 
which seems to occur 48 hours after intense physical activity.

CONCLUSIONS

GCS use was efficient to improve acutely the antioxidant SOD and total 
thiol content activity in waste collectors. In this sense, we conclude that 
the acute use of GCS may contribute to minimize the deleterious effects 
of the high physical requirement from the garbage collection task.
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