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Abstract The aim of this study was to assess the effects of an acute session of resistance exercise with blood flow
restriction in modulation of oxidative stress parameters at different moments. Eleven participants (23.72 + 3.49 years and
81.51 £6.10 kg) were recruited to perform a crossover design with three protocols: high intensity resistance exercise (HI 80%
1RM), low intensity resistance exercise (LI 30% 1RM), and with blood flow restriction (LI-BFR 30% 1RM). The oxidative
profile in an acute session at four moments was assessed: baseline, immediately after exercise, and 24 and 48 hours later. The
Ethics Committee at the Methodist University Center-IPA (Porto Alegre, Brazil) approved this study. The results did not
show statistical significance (p>0.05) among moments and among groups for TBARS and protein carbonyls. Likewise, for
the antioxidant activity there was also no difference (p>0.05) among moments and groups for sulthydryl groups. The
superoxide dismutase enzyme demonstrated a significant reduction (p<0.05) between baseline and immediately after exercise
in the LI-BFR group. After group comparison, the HI group showed a significant increase (p<0.05) in baseline and 24 hours
when compared to the LI-BFR. An equal increase was observed in the HI group at the moment of 24 hours later when
compared to the LI group. The catalase enzyme levels in the LI group were significantly higher than in the LI-BFR and HI
groups at baseline and 24 hours (p<0.05) later. Lastly, the low intensity resistance exercise with blood flow restriction in
maximum repetition appears not to have modified the oxidative profile in young and healthy subjects, suggesting that the
hypertrophy mechanism of that methodology of training occurred in other molecular ways.
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the literature that ischemia and reperfusion promote increase
1. Introduction of reactive oxygen species related to a rise in xanthine

. . . ) oxidase activity during vascular hypoxia (Korthuis et al.,
Resistance training is an important method for prevention 1985) [7]

and maintenance of quality of life. Therefore, exercises with
intensities between 60%-80% of one maximum repetition
(1RM)(Walter R. & Thompson, 2009) [1] are recommended
for strength and hypertrophy improvements. Nevertheless,
resistance training cannot be applicable for subjects who are

Nevertheless, in spite of the increase in the number of
articles demonstrating strength and muscle hypertrophy
improvements in subjects that carry out low intensity
resistance training with blood flow restriction, there are few
' i articles reporting the effects of this method on oxidative
}m,able to tolera.te the me.c}.1an1ca.1 stress generated ,m,the stress biomarkers (Takarada et al., 2000; Goldfarb et al.,
joints. Thus, resistance training with blood flow restriction, 2008) [8, 9]. On the other hand, it is well described that an
also Cal,led “Kaatsu Training”, arises as a possible training acute session of resistance exercise with intensities near the
alternative (Loenneke et al., 2011; Sato, 2005) [2, 3]. maximum causes a rise in the blood markers of oxidative

b E\éld;nce has Fler.nonstrate.j that resmiclancedtr}iunmg Wﬁh stress, furthermore, it can generate important adaptations
ood flow restriction provides strength and hypertrophy 3, e antioxidant system (Powers & Jackson, 2008; Finaud

improvements even when performed with lower intensities et. al.. 2006: Bloomer & Goldfarb. 2004: Bloomer et al
(20%-50% 1RM) (Kubo et al., 2006; Loenncke et al., 2012; o : ’ ’ ?

o : 2007) [10-13]. However, these acute and chronic adaptations
Patterson & Ferguson, 2010) [4-6]. Moreover, it is clear in

are not found in all studies (Selamoglu et al., 2000) [14].

) Therefore, the aim of this study is to assess the effects of
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2. Material and Methods

Eleven physically active males were recruited for the
study. The recruitment was done in the Methodist University
Center-IPA. The participants had to answer the Physical
Activity Readiness Questionnaire (PAR-Q). Participants of
ages between 18 and 30 years, with a body mass index
between 19-25 Kg/m®, who were classified as physically
active through the IPAQ (Craig et al., 2003) [15] and who
had not been involved in any resistance training in the
previous six months were included. Exclusion criteria
included the use of ergogenic resources, use of anabolic
agents or anti-inflammatory drugs, history of cardiovascular,
immune or inflammatory disease. The participants’
characteristics can be observed in Table 1. This study is in
accordance with the Declarations of Helsinki (1964) British
Medical Journal (1964) ii, 177-178; and the Ethics
Committee of the Methodist University Center-IPA, under
the protocol number 364.202, approved this study. All
participants were informed of the experimental procedures
and possible risks before they gave written consent.

Table 1. Subject characteristics (n=11) mean + SD

Variable Subjects

Age (years) 23,72+ 3,49

Height (m) 1,75+0,02
Biceps (1 RM) 18 +3,19

Leg Press (1 RM) 172,52 +£ 29,20

Body mass (kg) 81,55+6,10

Fat mass (Kg) 20,87 + 3,84

Muscle mass (Kg) 37,51 £ 3,63

SD = standard deviation, 1RM= one repetition maximum

During the first visit to the laboratory, the subjects
answered the PAR-Q, and besides that the determination of
blood flow restriction (BFR) and anthropometrics
measurements were made. In the following visits, three
familiarization sessions, separated by at least 48h, were done
before the one repetition maximum test (1RM). After the
IRM test, volunteers came to the laboratory on three
occasions, separated by at least one week, where they
performed one of the three protocols: resistance exercise
with high intensity (HI), low intensity resistance exercise
with blood flow restriction (LI-BFR), and low intensity
without blood flow restriction (LI). The protocols were made
with 80% 1RM and 30% 1RM, respectively. The order in
which the protocols were to be carried out was illustration in
the website randomization.com. Because of the exclusion of
some volunteers, the sessions do not have the same number
of participants. All the three protocols were performed
between 8:00 and 10:00 A.M.. Before, immediately after,
and 24 hours and 48 hours after exercise the blood samples
were collected. This study employed a randomized crossover
design.

The anthropometric assessment was made for subjects’
descriptions using a plicometer (Mitutoyo with precision of
0,1 mm — Cescorf-Porto Alegre), a scale with coupled
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estadiometer (brand Welmy, with capacity for 200 kg and
precision of 0,1 kg and 0,005 m). The breadth measurements
were made with a pachymeter and an anthropometer
(Cescorf- Porto Alegre Brazil). The body composition was
calculated using the five components methodology
(Marfell-jones; Stewart, et. al. 2006) [16]. The evaluation
techniques followed the standards of The International
Society for the Advancement of Kinanthropometry (ISAK).

To determine the blood flow restriction, the volunteers
attended the Laboratory of Exercise Physiology of the
Methodist University Center-IPA in the morning. The
participants remained in supine position during 20 minutes
for determination of the arterial pressure at rest. The blood
flow restriction used in the exercise was a blood pressure
cuff (width=17cm and length=70cm) for lower limbs, and
(width= 15cm and length=50) for upper limbs.

The maximum dynamic strength test was assessed through
one maximum repetition test (1RM) of elbow flexion and leg
press (table one). The volunteers performed a warm-up with
dynamic movements followed by one series of 10RM in
approximately 50% 1RM. After three minutes, tests with a
progressive load for IRM were performed in five trials,
using five minutes of rest between trials. The 1RM test
consisted of the heaviest load that the participants could
perform in one full range motion (concentric-eccentric phase)
in one repetition.

The volunteers completed a food record of 24 hours
(Fisberg et. al., 2009) [17] before the interventions and were
advised to follow the same diet during every day of study
participation so not to influence in the oxidative stress
parameters being analyzed (Table 2). This food record was
calculated to guarantee the supply of proteins, carbohydrates
and fats consumed by subjects.

Table 2. Food record of the subjects (n=11) mean + SD

Variable Subjects
Protein (g) 117,16 £38,29
Carbohydrates (g) 302,56 + 80,07
Fat (g) 74,63 + 33,32
Kcal daily 2350,55 + 690,37

SD = Standard deviation

The sessions of resistance exercise were conducted with
elbow flexion and leg press exercises. The warm-up
consisted of two sets of 15 repetitions using 50% 1RM for
each exercise. The HI group completed four sets of
maximum repetitions using 80% 1RM without blood flow
restriction with two minutes of rest between all sets. The
LI-BFR group completed four sets of maximum repetition of
each exercise using 30% 1RM and blood flow restriction, as
described above, with two minutes of rest between all sets.
The LI group completed the same exercises, but without
occlusion. A metronome controlled the duration of each
repetition so that the participants completed the repetition in
four seconds (two s. for the concentric and two s. for the
eccentric phase).

In the biceps curl exercise, the cuff pressure was attached
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to the most proximal portion of the arm and inflated to
20mmHg below the systolic blood pressure. In the leg press
exercise, occlusion occurred three minutes after the
removing the cuff from the upper limbs, and then occlusion
was performed at 20mmHg above the systolic blood pressure.
These values are in agreement with the study by Goldfarb et.
al. (2008) [9]. An oximeter (Nellcor NPB 195, Mallinckrodt
Inc., St. Louis, USA) was used after each set to ensure that
the blood flow was not completely halted. If the oximeter did
not detect a pulse, the cuff pressure was reduced to five-ten
mmHg.

The blood samples were obtained at four moments:
baseline, immediately after exercise, and 24 hours and 48
hours after exercise. Eight ml of venous blood without
anticoagulant were collected. The samples were centrifuged
at 1000G to obtain serum. The serum was aliquoted and
frozen at -20°C for further analysis.

The lipid peroxide was measured through the Reactive
Substances to Thiobarbituric Acid method described by
Wills [18], and the results were expressed in nmol/mg
protein. To determine the protein oxidation level, the
technique used was that of measuring the level of oxidatively
modified proteins: Protein Carbonyls, described by Reznick
and Parker [19], and the results were expressed in nmol/mg
protein. The total sulfhydryl groups were measured through
the technique described by Aksenov and Markesbery [19],
and the results were expressed in uM/mg protein. The
antioxidant catalase enzyme (CAT) (Aebi, 1984) [21] and
superoxide dismutase (SOD) (Misra & Fridovich, 1972) [22]
activities were also measured and expressed in UCAT/mg
protein and USOD/mg protein, respectively.
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The normal distribution was verified by Shapiro-Wilk test.
The repeated measures analysis of variance (ANOVA) with
Bonferroni post test was used. The level of significance was
set at p<0.05. Analyses were conducted using the Statistical
Package for Social Sciences (SPSS) 17.0.

3. Results

The descriptive characteristics of the participants and the
food records with mean and standard deviation are shown in
tables one and two, respectively.

Table 3 shows the baseline, post session, 24 and 48 hours
results of the acute exercise on oxidative profile in low
intensity with blood flow restriction (LI-BFR), high intensity
(HI) and low intensity without blood flow restriction (LI)
groups. There was no significant difference among moments
and groups to lipid peroxide and protein carbonyls (p>0.05).
In the antioxidant activity there was no significant difference
among moments and groups for profile plasma
concentrations of sulthydryl groups. The SOD levels in
LI-BFR group presented a significant reduction between the
moments of baseline and post (p<0.05). When the HI group
was compared to LI-BFR, it showed a significant increase in
SOD levels at the post and 24 hours moments; moreover the
HI presented a significant increase when compared to LI in
the 24 hours moment (p<0.05). The catalase levels in LI
group showed a significant increase when compared to
LI-BFR and HI groups in baseline and 24 hours moments
(p<0.05).

Table 3. Absolute values (mean+SD) for moments baseline, post, 24h and 48h in acute exercise of TBARS (nmoles/mg protein), Carbonyls (nmol/mg
protein), sulfhydryls (uM/mg), SOD (USOD/mg) and CAT (UCAT/mg). Low intensity resistance exercise with blood flow restriction (LI-BFR n=11), High

Intensity (HI n=10) and Low intensity without blood flow restriction (BI n=8)

Acute Exercise
Parameters Baseline Post 24h 48h
TBARS LI-BFR (nmoles/mg de pt) 7,32+1,03 6,05+0,72 5,26+1,04 6,34+1,39
TBARS HI (nmoles/mg de pt) 6,4+1,07 6,29+1,24 6,02+1,18 6,94+1,85
TBARS LI (nmoles/mg de pt) 6,77+0,93 6,47+1,03 4,85+0,48 6,06+2,27
Carbonyls LI-BFR (nmol/mg de pt) 65,11+25,72 54,33+14,77 63,94+18,98 81,28+29,72
Carbonyls HI (nmol/mg de pt) 52,97+22,75 69,65+26,81 50,87+21,24 67,66+32,4
Carbonyls LI (nmol/mg de pt) 63,07+29,53 55,84+28,00 63,62+26,35 56,67+30,04
Sulfhydryl LI-BFR (uM/mg) 4,09+0,33 4,23£1,17 4,52+1,56 3,88+1,47
Sulfhydryl HI (4M/mg) 4,43+1,39 4,60+0,61 3,9240,91 4,14+1,4
Sulfhydryl LI (1M/mg) 4,53+1,36 4,39+0,64 4,5142,24 4,3240,26
SOD LI-BFR (USOD/mg) 1,23+0,58t 0,37+0,15t8§ 0,87+0,648 1,09+0,86
SOD HI (USOD/mg) 1,24+1,01 1,25+0,83% 1,89+1,0281+ 1,39+0,84
SOD LI (USOD/mg) 1,13+0,78 0,68+0,35 0,50+0,05t+ 1,58+1,28
CAT LI-BFR (UCAT/mg) 3,53+1,885 3,99+2,02 2,95+0,865 4,13%1,61
CAT HI (UCAT/mg) 3,38+2,121+ 4,33+3,34 5,21+2,35tt 3,95+2,16
CAT LI (UCAT/mg) 13,00+5,79811% 8,3946,70 13,67£13,00§tt | 4,95+1,57%

Significant difference in acute exercise among moments: 1 Baseline and Post;  Baseline and 48h; Significant
difference in acute exercise between groups § and 17 ; (p<0,05).
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4. Discussion

The present study showed that a resistance exercise
session of low intensity with blood flow restriction compared
to high intensity and low intensity without occlusion
exercises did not demonstrate differences in most of the
oxidative stress parameters analyzed. Nevertheless, the high
intensity exercise without blood flow restriction (HI) showed
higher SOD enzyme activity than the low intensity exercise
with blood flow restriction (LI-BFR). Furthermore, the CAT
enzyme activity in low intensity without blood flow
restriction (LI) presented a higher level than the other
protocols at two moments: baseline and 24 hours later. This
study is one of the first that assesses and compares the
oxidative profile at baseline, post session, and 24 and 48
hours after an acute session of exercise.

The first study that demonstrated the effects of LI-BFR on
oxidative stress markers was the Takarada et. al. (2000) [8]
study. In this study, the authors did not verify a significant
difference for lipid peroxidation after the session with
LI-BFR. This corroborates with our results. However, in the
study of Takarada et. al. (2000) [8] the protocol of exercise
and sample (athletes) studied were different from the present
study, hence the comparison became difficult.

According to Loenneke et. al. (2011), oxidative stress
appears not to increase with LI-BFR in intensities below
30% IRM, regardless of the exercise performed [2]. In
accordance with this, the results presented in this study did
not indicate changes in plasma concentrations of the
sulthydryl groups in response to acute exercise with BFR,
which demonstrate maintenance of repair capacity as a
response to oxidative stress. In addition, that response was
not different from other groups indicating that LI-BFR
showed the same repair capacity of the HI despite the lowest
intensity.

Plasmatic concentration of protein carbonyls (PC) are
indirect biomarkers of protein damage. The present study
does not show any statistical difference among groups.
Goldfarb et. al. (2008) compared the effects of LI-BFR (30%
IRM), HI (70% 1RM) and occlusion without exercise (BFR)
[9]. The authors verified that there was a significant increase
in plasmatic concentration of protein carbonyls (PC) in HI
and BFR groups in comparison with LI-BFR. A study of
Garten et. al. (2015) [23] also demonstrated a significant
increase in PC in moderate intensity (MI 70% IRM) in
comparison with LI-BFR. Taking into account the data
presented above, it could be possible to state that LI-BFR
does not generate higher protein damage than the same
exercise performed without occlusion, even with a high
intensity. Because of the not increased PC, it is possible that
the LI-BFR reduces oxidative damage [9].

However, in the present study the antioxidant enzyme
SOD reduces after the LI-BFR protocol, but increases in the
HI protocol. The possible mechanism that explains this was
reported by Afolayan et. al. (2014) [24]. The authors
demonstrated that SOD dissociates from iHSP70 increasing
its mitochondrial concentrations as the ATP production in
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the mitochondria increases. On the other hand, when the
ATP concentrations are decreased and ADP concentrations
are increased the SOD does not dissociate reducing its
mitochondrial concentrations (Afolayan et al., 2014) [24].
Moreover, the authors reported that methylation in the
promoter region of DNA to SOD-2 diminishes its expression
(Afolayan et al., 2014) [24]. The reduction of the SOD
activity after exercise with blood flow restriction was an
unexpected response and its mechanism needs to be
elucidated. This fact probably occurs because the exercise
with blood flow restriction causes hypoxia. There are
mitochondrial oxygen concentrations reductions that could
reduce ATP production and increase ADP concentrations,
therefore contributing to reducing SOD activity combined
with hypermethylation of DNA. However, that is only
speculation and the mechanism needs to be studied.

The CAT enzyme reduces hydrogen peroxide to water,
thus avoiding the hydroxyl radical that can be extremely
harmful to tissues (Powers & Jackson, 2008) [10]. In this
study, there was no statistical difference among moments in
the three groups, but differences among groups were
identified. This can be explained, since the baseline values of
LI group were significantly higher than the other groups. At
the moment 24 hours after exercise, the difference could be
explained because the catalase enzyme has a greater activity
in oxidative muscle fibers than in Type IIb muscle fibers [10].
Loenneke and colleagues (2010) suggest that a potential
mechanism for low intensity resistance training with blood
flow restriction generates results that are similar to strength
and hypertrophy by recruiting type IIb fibers, albeit in low
intensities [25]. Lastly, the expression of the catalase enzyme
in anaerobic exercise is controversial (Powers & Jackson,
2008; Fisher-wellman & Bloomer, 2009) [10, 26]. Therefore,
this could explain the CAT values in HI and LI-BFR
protocols.

In general, exercises with BFR do not seem to generate
greater oxidative stress than traditional training. According
to Garten et. al., (2015) [23] this appears to occur because the
continued arterial flow may change circulating antioxidants,
reducing the accumulation in ROS proceeding from
vasculature and muscle. However, this mechanism is
debatable because the flow is constantly altered during the
contractions with or without occlusion. Moreover, Goldfarb
et. al. (2008) suggested an explanation for the unchanged
oxidative stress in resistance training with blood flow
restriction [9]. According to the authors the muscle
contractions during exercise with blood flow restriction will
be able to overcome the resistance of venous return, and then
the oxidative stress markers would be removed from
circulation [9]. We do not fully agree with this statement
because overcoming resistance to venous return could
generate a greater turbulent of blood flow causing greater
biochemical activity with greater oxidative stress response.
The explanation for an oxidative stress less than or equal to
the high intensity exercise without occlusion remains
speculative, requiring studies that verify each mechanism in
more detail.
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5. Conclusions

Lastly, low intensity resistance training with blood flow

restriction with maximum repetitions appears not to modify
the oxidative profile in young and healthy subjects,
suggesting from this point of view that vascular occlusion
training is as safe as traditional strength training.
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