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ABSTRACT

Blood flow restriction (BFR) training has been suggested as an effective method
to improve muscle hypertrophy and for rehabilitation. The present study aims to investigate the effect
of resistance training (RT) with BFR on serum levels of sirtuin-1 (SIRT-1), visfatin, and nitric oxide (NO) in
elite male athletes after anterior cruciate ligament (ACL) reconstruction.

[VIETIEE Twenty elite male athletes voluntarily participated in the study and were randomly divided into
two groups of RT-BFR (n=10) and RT (n=10). Subjects in both groups participated in 12 weeks of RT at an
intensity of 30-70% of 10-repetition maximum (2-4 sets). The subjects in the RT-BFR group performed
resistance training by placing a blood pressure cuff in the upper thigh with a pressure of 120-180 mm
Hg. Blood samples were collected before and 48 hours after the last training session to measure serum
levels of blood markers. Data analysis was done by the analysis of covariance (ANCOVA) and paired t-test.
P<0.05 was considered statistically significant.

[T Twelve weeks of RT-BFR significantly increased serum levels of SIRT-1 (P<0.001(, visfatin (P=0.02),
and NO (P=0.01) in the post-test phase, compared to the pre-test phase. Furthermore, the between-
group analysis results showed that RT-BFR significantly increased serum levels of SIRT-1 (P<0.001) and
NO (P=0.002) compared to the RT group.
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Introduction

nterior cruciate ligament (ACL) injury

is one of the most common knee injuries

in athletes. Consequent weakness in the

quadriceps is one of the most important

obstacles for athletes to return to the pro-
fessional level of sports performance. To increase muscle
mass and strength, high-intensity resistance training at an
intensity of about 70-85% of one repetition maximum
(1RM) is usually recommended. However, there are limi-
tations to exercise at this high level in cases with ACL
injury. Blood flow restriction (BFR) exercises apply ex-
ternal pressure over the proximal portion of the upper or
lower extremities. The external pressure applied is suffi-
cient to maintain arterial inflow while occluding venous
outflow of blood distal to the occlusion site. BFR training
results in muscle strength and hypertrophy by initiating
cellular signaling such as visfatin and Sirtuin 1 (SIRT1).
The latter is one of the regulators of autophagy and energy
metabolism during myogenesis. SIRT1-induced endo-
thelial nitric oxide synthase (eNOS) overexpression can
stimulate mitochondrial biogenesis and increase satellite
cell proliferation, which is essential for skeletal muscle
hypertrophy. On the other hand, SIRT1 is dependent on
Nicotinamide adenine dinucleotide (NAD) level, and the
availability of visfatin is critical to maintaining NAD lev-
el and, consequently, SIRT1 activity.

It has been suggested that BFR training in combination
with low-intensity resistance training can be used in post-
operative rehabilitation and increasing muscular hyper-
trophy, similar to traditional resistance protocols. Marissa
(2018) showed that BFR training increases the strength
and muscle mass of individuals after ACL reconstruction.
In contrast, Iversen et al. (2016) showed that the BFR
training in the first 14 days after ACL reconstruction did
not prevent quadriceps muscle atrophy. Although some
studies have shown the effect of BFR training on the ex-
pression of atrophy-related genes in healthy individuals,
the cellular pathways associated with atrophy following
BFR training in athletes with ACL reconstruction have
not been investigated. Therefore, this study aims to evalu-
ate the effect of 12 weeks of BFR training on serum levels
of SIRT1, nitric oxide (NO), and visfatin in elite athletes
following ACL reconstruction surgery.

Materials and Methods

Twenty elite athletes (aged 35-38 years) in the fields of
volleyball, football, futsal, and basketball with a history of
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ACL reconstruction surgery from Khorasan Razavi prov-
ince of Iran were selected by non-random purposive sam-
pling method and entered the study voluntarily with a writ-
ten informed consent. The inclusion criteria were: Having
surgery for at least three months and undergoing similar
physiotherapy treatments during this period, having only
the ACL injured and other ligaments be healthy, no previ-
ous injury in the lower extremities, and no history of mus-
culoskeletal and cardiorespiratory diseases. The subjects
were divided into two groups of 10, including resistance
training + BFR (RT-BFR) and resistance training (RT).

Before the training protocol started, 10 RM of each sub-
ject was determined at one session, pre-test blood sampling
was taken, and pre-test anthropometric indices were mea-
sured. Post-test measurements were done 48 hours after
the last training session. Subjects in the RT-BFR training
group performed 2-4 sets of RT at intensity of 30-70%
of 10RM with the blood pressure cuff closed in the up-
per part of the thigh with a pressure of 120-180 mm Hg.
The subjects in the RT group performed RT with the same
sets and intensity without a pressure cuff. The RT included
wall squats, stretching in four directions, Smith-machine
squat, Hog-machine Squat, sitting and standing on a chair,
step-up, lunge, adduction inner thigh machine, abduction
inner thigh machine, Smith machine seated calf raise, leg
extension, leg flexion, machine leg extension, and machine
leg flexion. Each training session consisted of warm-up
(including stationary and elliptical bikes exercises, and
stretching exercises) and cooling-down (including bicycles
and stretching exercises) sessions. In the pre-test and post-
test phases, 5-CC blood samples were collected from the
brachial vein at rest and fasting conditions. Serum levels of
SIRT-1, visfatin and NO were assessed by human ELISA
kit (Cusabio, China). The Shapiro—Wilk test was used to
examine the data distribution normality, and the Levene’s
test was used to examine the homogeneity of variances.
Analysis of covariance was used to compare the differenc-
es in dependent variables between the two study groups.
Paired t-test was used to assess the differences in the de-
pendent variables between post- test and pre-test phases.
The statistical significance level was set at 0.05.

Results

Twelve weeks of RT-BFR significantly increased serum
levels of SIRT-1 (P<0.001), visfatin (P=0.02), and NO
(P=0.01) in the post-test phase compared to the pre-test
phase. No significant differences were reported in the RT
group (P>0.05). Furthermore, the between-group analysis
showed significant increases in serum levels of SIRT-1
(P<0.001) and NO (P=0.002) in the RT-BFR group com-
pared to the RT group.
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Conclusion

The results of present study showed that 12 weeks of
RT-BFR resulted in significant increases in serum levels
of SIRT1 compared to the RT alone. Koltai et al [28] and
Suwa et al [29] also reported significant increases in SIRT1
level following aerobic training in rodents. Activation of
the mTOR signaling pathway is one of the most important
cellular mechanisms to increase muscle protein synthesis
in response to BFR training. Since SIRT1 can up-regulate
cellular protein synthesis through the mTOR signaling
pathway, it can be assumed that BFR training probably
resulted in muscle hypertrophy through an increase in the
SIRT1 level and consequent activation of the mTOR sig-
naling pathway. Moreover, considering the significant in-
creases in NO level in the RT-BFR groups, it is possible
that BFR training may play a role in muscle hypertrophy
after ACL surgery via the satellite cell signaling pathways
such as SIRT1 and NO. The NO causes the proliferation of
satellite cells, which is a vital process in muscle regenera-
tion, and SIRT1 can affect the signaling activity of NO and
eNOS. Koltai et al. [28] showed that 6 weeks of endurance
training significantly increased Visfatin through SIRT1-
dependent pathway. Increased levels of visfatin, eNOS, and
SIRT1-regulated AKT were also observed in hypertrophied
muscles which had a significant negative relationship with
SIRT1 and Visfatin. Regarding the mechanism of interac-
tion between SIRT1, NO and Visfatin, it has been shown
that increasing Visfatin increases SIRT1 and thus stimulates
various cellular cascades, increases NO and glucose trans-
porters, and reduces myostatin and protein kinase B caus-
ing increased protein synthesis, decreased cellular apopto-
sis, and declined mitochondrial function.
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