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Abstract

Objective: The aim of this comparative experimental study designed is analyze the possible changes in GH
serum and lactate during the performance of resistance exercise-induced ischemia in young athletes. A possible
outcome will be to promote greater strength gains and muscle hypertrophy during the training protocol. 

Design: This survey was conducted with 18 male football players 18 years of age. The athletes were divided into
two groups; one group was subjected only to quadriceps exercises; the other group was subjected to quadriceps
exercises associated with vascular occlusion. Levels of lactate and GH were observed before and after resistance
exercise.

Results: Comparing intergroup data, there were no statistically significant results. However, when comparing
data within the groups, there was an increase in Group 2 obtained for both the lactate threshold and GH. Group 1
showed an increase in the lactate threshold, but a decrease in GH. 

Conclusions: This new method of resistance training should be analyzed, and further experiments are needed to
optimize the protocol to reach optimum high intensity resistance training in young athletes.

Keywords:  Ischemia; Growth hormone; Lactic acid; Resistance
training; Therapeutic occlusion

Introduction
Resistance exercise is defined as a type of active exercise in which a

dynamic or static muscle contraction is set against an external force.
This external force can be applied manually or mechanically [1], which
generally causes an increase in muscle size and strength. If the
objective is to gain muscle mass, both high and medium intensity
exercises must be utilized with a relatively short period of rest between
bouts of exercise [2].

During exercise, blood flow is an important factor in the transport
of oxygen to the muscle.  During sub-maximum exercise, it is
important to increase blood flow in order to meet the demand for
oxygen and remove waste products from the muscles. Therefore, any
type of vascular occlusion will have direct impact on the performance
of muscle activity [3].

In recent years, several studies have shown that lower intensity
exercise (20-50%) of maximum resistance (MR), combined with
resistance training at an appropriate level of compression on the limb
can lead to a partial ischemia; this phenomenon has also been
observed during high-intensity exercise [4].

Some researchers emphasize that a reduction in muscle blood flow
(RMBF) during endurance exercise has been widely used in order to

induce the muscle to improve strength and trophism; thus, achieving
results similar to those gained with high strength and high intensity
training. This exercise regime is viewed as an advantage because lower
loads are used during exercise [5].

We know that when dealing with resistance exercises, there is
induced ischemia due to dynamic contractions with and without
intensity greater than 30% of 1 MR. Of course, there is an increase in
intramuscular pressure, which increases linearly with muscle tension
and causes capillary collapse, therefore, exacerbating the anaerobic
metabolism [6].

The increase in muscle mass during strengthening exercises takes
place mainly by hypertrophy of each fiber present in the muscle due to
the increasing diameter of filaments and their myofibrils [7].

To improve the response to muscle training, recent studies
involving vascular occlusion with high-intensity exercise has shown
that this technique can induce biochemical changes favorable to arm
and knee flexor extensor muscles in young athletes; this is an
important tool in the process of muscle strengthening exercises [8].

The blood concentration in muscle interferes with various chemical
factors important in the strengthening process. Lactate, for example,
which is a metabolite of anaerobic glucose, alters its concentration
level due to exercise intensity. Studies indicate that the lactate
threshold (LT) is an invasive gold-standard in determining the
anaerobic threshold [9]. This threshold has been widely recommended
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in the assessment, prescription, and monitoring of exercise programs,
especially in cyclical activities like swimming, running, and cycling
[10].

Although there are several assumptions about the causes of lactate
accumulation during an accelerated non-resistance dynamic exercise
test [11], and during resistance exercises, the main factor during the
increased production of lactate is muscle hypoxia, because the demand
for oxygen decreases due to the collapse of capillaries [6].

In addition to lactate concentration, resistance exercises can also
increase concentrations of hormones such as testosterone, growth
hormone (GH) and IGF-1. The magnitude of this increase depends
on the intensity, volume, rest interval, and number of resistance
exercise sessions [12]. GH promotes the growth of organs and is an
important regulator of a healthy metabolism and promotes resistance
to disease. It is present in most tissues, including muscles, fatty tissue,
liver, heart, kidneys, brain, and pancreas [13].

This hormone is produced in the anterior pituitary gland located at
the base of the brain and its release is determined by the central
nervous system, which in turn controls the demands of the organism
as a whole [7]. In the case of the circadian rhythm of GH release,
healthy adults present a production of 0.5 mg/day, which is slow and
stable, followed by abrupt peak secretions (15-20 mg/l) [14]. However,
women demonstrate a more frequent release of GH, both at rest and
when under stress, as compared to males [15]. Physiologically, it is
only during sleep that men present more GH secretion, and in most
cases, this secretion is lower than the secretion observed in women
[16].

In the course of human development, GH secretion in both sexes
reaches peak concentrations during periods of growth, especially in
youth [17]. After this growth period, the secretions remain constant
because the amplitude, or the intensity reduces the secretion; it is not
difficult to find young people who secrete on a typical day more than
double the amount of GH than older individuals [18]. The
mechanisms responsible for these changes are not clear in the
literature. Nevertheless, many other factors can influence the
secretion of GH such as nutrition [19], excess body fat, stress, and level
of physical activity, or training [20]. After physical training, GH
secretion and reduced blood flow appear to be an important factor in
muscle hypertrophy and strength gain in young male athletes.

It is not difficult to find studies in the literature stating that RMBF
during resistance training induces hypertrophy and strength gains
similar to exercises performed in a traditional manner, with the
advantage of having lower intensities [5]. However, there are few
studies that document the increase in GH production and changes in
lactate threshold exercises associated with vascular occlusion in young
athletes. Thus, this study is important in order to ascertain whether
there is an increase in these hormones in muscle tissue that can lead to
direct tropism benefits.

The aim of this study is to check possible changes in serum GH and
lactate associated with induced ischemia in comparison with a control
group; and assess serum GH and lactate before and after exercise.

Materials and Methods

Experimental subjects
The survey was conducted with 18 male football players, all

participants were 18 years old. An explanation was given to the

athletes regarding the techniques that would be applied in the study
and that participation in the project was voluntary. Furthermore, the
participants signed a Consent form that had been approved by the
Research Ethics Committee UNIFEG under Protocol 201.

Standardization of the groups

The athletes were divided randomly into two groups, namely: group
1 (n=9) and underwent only exercise for the quadriceps without
occlusion; and group 2 (n=9): performed exercise for the quadriceps
associated with vascular occlusion.

Materials
Utilized during the performance of the exercises, was the leg

extension, sphygmomanometer, (Sankey ML017/2001®) whose cuff
measures 22 inches long and 12 cm wide, from the Physiotherapy
Clinic of Maria de Almeida Santos. In order to collect blood, we used
cotton, alcohol (70%), sterile and disposable needles, disposable
syringes (10 ml), a tourniquet, and a sterile tube without
anticoagulants.

Strengthening protocol
The athletes were submitted to a protocol to strengthen the

quadriceps muscle for the specific group which formed part of this
protocol and consisted of low-intensity exercise at 50% of 1 MR for the
participants in group 2 and high-intensity exercise for individuals in
group 1, with resistance equivalent to 80% of 1 MR.

Description of the exercise
Athletes from group 1 were positioned seated on a leg extension,

with their knees flexed at 90°. The exercise was performed isotonically
in knee extension, distal resistance was provided by a distal weight,
utilizing two sets of 30 repetitions with an interval of 30 seconds
between each repetition [2].

Figure 1: Exercise without vascular occlusion

 In group 2, the athletes were positioned as described above, and the
exercise was performed in the same way, with the difference being
determined by the vascular occlusion cuff, which was inflated to 100
mmHg, corresponding to an average of 1.3 times the diastolic blood
pressure for each individual [2].
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Figure 2: Exercise with vascular occlusion

Collection and assessment of lactate and GH

Before starting training for muscle strength and following the
recommendations of the Brazilian Society of Clinical Pathology and
Laboratory Medicine, a qualified nurse collected blood samples from
both groups [21]. After 15 minutes post-exercise, a new collect of
blood was made in both groups.

The method used for determination of serum GH was by
chemiluminescence (Siemens Medical Solutions, Los Angeles, CA,
with the IMMULITE analyzer 1000), with the specificity of detection
at 0.01 ng/mL and a coefficient of variation for inter- and intrasaio at
5.5%.

An automated enzymatic methodology was utilized to determine
the lactate dosage, with five absorbance readings taken to determine
the equivalent enzymatic activity of the analyses measured. The final
result was the calculated average of the results. To increase the
accuracy of the results, the samples were processed in duplicate.

The measurements were performed by the clinical analysis service
of Santa Casa de Misericordia in Guaxupé, MG.

Statistical analysis
For statistical analysis, 5.0 statistica version software was used; p

values <0.05 were considered statistically significant. The test used was
the 2-way ANOVA with a post-hoc Duncan for data analysis, and the
results are expressed as a mean ± SD.

Results
Comparing the initial values of variables, we observed that the

average lactate threshold showed no differences between the two
groups. Yet, when evaluating GH, changes were found.

Figure 1 and 2 illustrates the data relating to the pre and post
sample lactate threshold of athletes who underwent exercises without
vascular occlusion (Group 1) and vascular occlusion (Group 2). The
mean lactate observed was 12.88 ± 0.9 pre-exercise and 14.44 ± 0.7
post-exercise for (Group 1). The lactate mean was 14.88 ± 0.7 pre
exercise and 17.11 ± 1.25 post exercise for (group 2), showing no
statistical difference (p>0.05). For more details Graphic 1

 

Graphic 1: Lactate in both groups before and after exercise

Graphic 2 illustrates the data before and after GH in the sample of
athletes who underwent exercises without vascular occlusion (Group
1) and vascular occlusion (Group 2). The GH mean was 9.53 ± 1.8 pre-
exercise and 6.11 ± 1.5 post exercise for group 1. The GH mean was
3.63 ± 1.44 ± 6.38 pre-exercise and 2.5 post exercise for group 2,
showing no statistical significance (p>0.05).

 

Graphic 2: Growth hormone in both groups before and after
exercise

When comparing the data between the groups, there were no
statistically significant results (p>0.05). However, when comparing
data within the groups, group 2 obtained an increase in both the
lactate threshold as well as the GH; group 1, on the other hand, had an
increase in the lactate threshold, and a decrease in the GH.

Discussion
This study was conducted in order to assess changes in levels of

lactate and GH in male athletes submitted to muscular strengthening
with or without vascular occlusion.

Based on the results, we realize that some items assessed did not
present significant changes when comparing one group with another.
However, as shown, there were variations in group 2 with respect to
lactate and GH, which leads us to suggest that even exercise of short
duration and low intensity training, when combined with vascular
occlusion, can improve physical performance of young athletes
through biochemical changes. Moreover, this type of activity
associated with vascular occlusion had an effect equal to or superior to
high intensity resistance training exercise without occlusion.
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The correlation of exercise-associated vascular occlusion, lactate,
and growth hormone has already been discussed in the
literature. Studies show that due to a reduction in blood flow at the
time of exercise, lactate accumulates in muscles. Thus, even in a low-
intensity exercise, when combined with occlusion, the recruitment of
additional motor units is required, and large amounts of growth
hormone is released and subsequently deposited within the muscle.

However, studies show that GH has effects considered "anabolic",
among which promotes positive protein balance [22], increases the
amount of muscle mass dysfunction [23] and releases IGF-1 [24],
which is involved in stimulating muscle hypertrophy process [23.25].
However, changes in blood lactate will not always be predictive of
changes in GH, as can be observed in Chart 1. This chart illustrates pre
and post exercises related to the sample lactate threshold in athletes
who underwent exercise with and without vascular occlusion.

           In the majority of studies, blood samples were used to
determine the concentration level of GH and lactate before and after
physical activities, yet few research studies present exercise results
[26,27].

In a other study [28], designed to evaluate biochemical parameters,
plasma levels of GH and lactate were used with 11 subjects (3 men and
8 women) with a mean age of 65 who were submitted to low resistance
exercise associated with the restriction of blood flow ranging between
140-150 mmHg upon the proximal thigh. Similar to our study, blood
collection was performed before the session, and 15 minutes after the
session. With respect to the restriction of blood flow in this study, 100
mmHg presented an average of 1.3 times the systolic pressure for each
individual [2]. In the same work performed by Yokokawa [28], there
was a significant increase in GH as shown in the post hoc test
(p=0.010). Of the 11 subjects studied,one male presented an increase
in GH 293 times when pre-training was compared to post training
(pre-exercise: 0.1 ng/ml, post-exercise: 29.3 ng/ml).

Although we found some studies concerning this research topic in
the literature, we did not find a paper that compares two groups, as
was the aim of our research. However, when we compared the
intergroup data, there was not a significant effect (p> 0.05). But when
comparing data within groups, we observed that group 2 achieved an
increase in both the threshold and in lactate and GH levels. Group 1
had an increase in the lactate threshold, yet a decrease of GH.

This can be explained by the heterogeneity of the groups, which was
beyond our control, since the division of the groups in question
occurred randomly. In addition, variables such as level of training
[29], body composition [30], gender [31] and the age of
individuals studied [32] may also modulate the release of this hormone
[33,34].

Sumide [35] also reported that low resistance exercise
intensity associated with vascular compression may play a role in GH
secretion, but some factors may influence the proper concentration,
such as metabolic demand, hypoxia, and also different protocols
combined with the restriction of blood flow.

In relation to a reduction in serum levels of GH in the SO group, a
study [36] explains why athletes usually have lower GH release
induced by exercise in sedentary or poorly trained individuals; Silva
and Lengyel [37] in their studies, demonstrated that the synthesis of
GH is also regulated by negative feedback. In other words, the high
concentration of GH in circulation may lead to reduced stimulation of

its synthesis in the adenohypophysis and/or reduced interaction with
their receptors in body tissues, thus, attenuating its effects.

We believe that in order for metabolic stress to work effectively as
part of high-intensity exercise endurance, there needs to be greater
intensity in low-intensity resistance exercise associated with occlusion.

Although the pressure for restricting blood flow in this study was
100 mmHg, there was an average 1.3-fold by applying systolic pressure
to each individual [2]. Previous studies on this topic have employed
exercise intensity ranging from 20 to 50% of MR and a pressure of
50-250 mmHg [35]. Therefore, it is unclear if these training techniques
are safer and more effective than standard traditional exercise.

Conclusions
This study demonstrated that the limited increase in lactate

threshold and production of GH when compared to participants
without occlusion (G1) and with occlusion group (G2) was not
statistically significant.

However, the comparison of intra groups showed an increase in
lactate threshold and a production of GH in G2, while G1
demonstrated an increase in lactate threshold, but a decrease of
GH. These results suggest that the additional recruitment of GH
during low-intensity exercise endurance can occur with the restriction
of blood flow. This new resistance training method should be analyzed
and further experiments are needed to optimize the protocol to reach
an ideal level of high intensity resistance training in young athletes.
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