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Introduction

Among the different modes of exercise,
resistance ftraining is known for its importance in
enhancing the performance of athletes as it contributes
to increasing speed, strength, power, and hypertrophy.
This type of exercise is common among bodybuilders
due to its efficacy in improving health and stimulating
muscular tissue [1]. Moreover, resistance training
can change the response of the endocrine system,
stimulate protein synthesis, and consequently
increase muscular mass in the long run. Among the
most important anabolic hormones are insulin-like
growth factor 1 (IGF1) and growth hormone (GH),
both of which play a significant role in the mechanisms
of anabolic adaptation to muscle tissue. It should be
noted that there is a sort of interaction between them
[2]. Strength exercises are well-known for their ability

AIM: The purpose of this study was to verify the effect of a resistance training program for 8 weeks on IGF1, gene
expression, and physical performance in male student-athletes.

METHODS: The population of this study was 20 male students divided to two equal groups. The parameters
estimated were IGF 1, gene expression, and muscle strength testing. Blood was drawn to verify the concentration of
the variables, using kits and Elisa method in addition to the PCR technique.

RESULTS: The results revealed that a significant increase in IGF 1, gene expression was different between students.
Furthermore, muscle strength testing revealed significant changes.

CONCLUSION: The results suggested that resistance training program may impact fitness and muscle strength as
well the anabolic activity through IGF1 increase accompanied by varied gene expressions.

to evaluate physical fitness, their relevance for specific
vocations, and the potential for athletic performance.

It is noteworthy that IGF1 is a 70-amino acid
peptide that has 70% homology with IGF11 and 50%
sequence homology with insulin [3]. IFG1 and IGF 1
are encoded by single large genes, the former being on
the long arm of chromosome 12, whereas the latter is
on the short arm of chromosome 11. Both IGFs, such
as insulin, contains A and B chains linked by disulfide
bonds. Their similar structure justifies the ability of IGF1
to bind to insulin receptors [1]. Barton-Davis et al. [4]
suggest that IGF 1 is constructed in the muscles and liver
and has some anabolic effects. Moreover, IGF 1 leads
to an increase in muscle bulk because its application
is based on GH concentration. The researchers have
noted that greater responses in muscle growth can be
stimulated by combining Mechano-growth factor or IGF
1 with strength conditioning programs or other anabolic
activities [4].

934

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index
https://orcid.org/0000-0002-0228-3003
https://orcid.org/0000-0003-3822-8329
https://orcid.org/0000-0002-8325-0456
https://orcid.org/0000-0002-6850-8041
https://orcid.org/0000-0002-0227-3884

Shalaby et al. The Impact of Resistance Training on Gene Expression of IGF1 and Athletes’ Physiological Parametersl

Furthermore, Ganguly [5] has shown that GH
can stimulate the construction of some small proteins
called somatomedin (IGF 1, 2) by the liver and some
other tissues. These proteins can increase all aspects
of growth in a way similar to the influence of insulin on
growth thatis why they are called growth factors. Many
researchers have demonstrated that Somatomedin C
is responsible for most, if not all, growth influences
made by GH, whereas the direct impact of GH on
muscle and tissues has not been attributed to this
role. A sufficient amount of Somatomedin C can be
released into the local tissue causing local growth due
to the effect of GH which may be directly responsible
for the increased growth. Thus, the somatomedin
mechanism can be considered as another method
to increase growth. About the mode action of IGF1,
Humbel [6] has detected that IGF1 has a crucial
contribution to the regulation of metabolism and
growth in many cell types. However, IGF-IR is utilized
to mediate the physiological effects of IGF1 [7].
In addition, it has been noticed that b- subunits of
IGF-IR have an intracellular tyrosine kinase domain
that is stimulated by ligand binding to b- subunits and
thus leads to phosphorylation of b- subunits [8]. This
kinase domain is necessary for the biological activity
of IGF1 because the deficiency in intracellular kinase
reception causes them to fail to mediate the effect of
IGF1 [9].

Mougios [10] demonstrated that areas of
gene expression and nucleic acids are considered
the most paroxysmal in modern biochemistry.
Although considered a relatively new area of study,
it has gained more intense research activity. Mougios
[10] also reported that nucleic acids consist of
nucleotides. It is noteworthy that the building blocks
of RNA are called ribonucleotides, whereas those
in DNA are called deoxyribonucleotides. Nucleic
acids are described here as the molecules that carry
the hereditary pattern as they are responsible for
storing and transmitting genetic information among
generations. The labor is divided between DNA and
RNA, the former is responsible for the process by
which genetic information is stored, whereas the latter
is responsible for the process by which this information
is transmitted. The protein is synthesized according
to the information carried by the gene; this process
is called gene expression and is primarily performed
at the level of transcription [11]. The purpose of this
study to examine the effect of resistance training
on changing gene expression for each player in a
different way through the concentration of IGF1 as
well as RNA expression. Some bodily modifications
resulted in response to training and the anabolic
hormone of IGF1.

Materials and Methods

Participants

The current study included 20 healthy
players who are accustomed to training regularly.
The participating volunteers were categorized into
two groups: the control group and the experimental
group. Height, weight, age, and study were determined
(Table 1) and the participants’ homogeneity concerning
the previous aspects. The Ethics Committee of the
University of Suez Canal approved the study, and
consequently, the subjects were informed about the
potential benefits of the life experiments research
method, the objectives of the study, and potential
discomfits before giving their written consent. The
descriptive method was applied due to its suitability to
the study.

Table 1: Basic characteristics and experimental and control
groups in age, height, and weight

Variable Experimental group Control group Sig
M SD M SD

Age (years) 20.4 2.7 211 1.9 NS

Height (cm) 175.3 4.2 173.2 3.8 NS

Weight (kg) 723 6.1 7.7 53 NS

BMI (kg/m?) 21.3 2.1 20.6 2.3 NS

BMI: Body mass index.

Experimental design

An inclusion protocol was used, consisting of
a physical examination of all participants. Researchers
attempted to make the subjects as familiar with the
procedures and equipment of the experiment as
possible. The experiment started over the following
8 weeks.

Procedures

Before starting resistance training, blood
samples are collected from participants in EDTA tubes.
This procedure is repeated after weeks of resistance
training. The estimations of the laboratory are as
follows:

1. Determination of IGF1 form one using a
commercial kit and Elisa technique
2. Gene expression: DNA was transcribed to

RNA as follows

a. Transcription of DNA to RNA

b. Conversion of primary RNA to mRNA

C. mRNA transport from the nucleus to cytosol
translation

d. Translation of mMRNA to protein.

First, the transcription generated from DNA
is reviewed by the synthesis kit (Roche diagnostic),
and then specific primers (according to the
manufacturer’s instructions) are used for polymerase
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chain reaction (PCR) to amplify the IGF1 gene.
Initial denaturation takes 2 min at 94 degrees in a
thermocycler, 0.35 cycles of amplification are done,
and then a final extension occurs at 78 degrees
for 5 min. The products of PCR are separated
through electrophoresis and the amplified reverse
transcription PCR (RT-PCR) products are cloned
and squirted using the Blastx program, by the
manufacturer’s instructions (Figure 1).

Figure 1: mRNA expression using reverse transcription polymerase
chain reaction

The training program

The program consists of 8 weeks of training
that includes specific medicine ball work (Table 2)
and free weight training exercises. Initially, the
experimental group is presented with accurate lifting
techniques. Subjects are required for nonconsecutive
training twice a week for 90 min. Every training day
consists of a medicine ball (3 kg) work (3 sets of 8
reps) and free weight resistance work (3 sets of 8 reps).
Each training session includes standardized warm-up
and cool-down periods; 10 min of pulse-raising and
dynamic/mobilizing flexibility activities. The warm-up
exercises are performed in a light circuit to mimic the
patterns of movement applied in the program. The
cool-down exercises are performed with five minutes
of low-level cycling then a static whole-body stretching
routine (1 set of 12 s per muscle group). Resistance
training has to be continued in a controlled manner
until failure. Each exercise starts with 3 sets of reps,
then the resistance increases by 5 kg after achieving
3-8 reps. Medicine ball exercises are performed
explosively, taking into consideration that the medicine
ball is released at the end of each movement to raise
the sequential acceleration of the chosen movements.
Each training log is assigned for each participant, and
a qualified fitness instructor is appointed to supervise
all training sessions. The training program is designed
after the Hat field (ISSA’'s certified fithess trainer
program 2013) in which the muscle training sets are
repeated (3 steps/8 reps) to reach hypertrophy, at
which time hormones move to the growth process and
muscle remodeling. Here comes the essential impact
of GH in adapting to the stress of resistance exercises,
considering that highly intensive resistance training
(8 repetitions at 75% of IRM) increases the level of
GH. Training includes 3 sets, each exercise of a total

high workload followed by a short 1-min exercise the
following period. Regarding upper-body speed and
strength, medicine ball exercises (3 kg weight) are
an excellent method of training. The ball is made of
rubber, leather, or stubbing so that it is held securely
when thrown. It is worth noting that compensatory
acceleration training can be done literally without inertia
due to medicine ball training as the stress created on
the joints is barless when the ball is released.

Table 2: The resistance exercises program

Resistance exercise  Equipment Sets/reps Medicine ball
exercise
Seated horizontal

Twists

Sets/repetitions
(reps)
3/8 reps

Bench press Olympic bar 3/8 reps
Squat Single-arm row  Olympic bar

Lunge

Shoulder press
Upright row
Abdominal crunch
Back extension
Side bends

Dumbbell
Olympic bar
Dumbbell
Dumbbell
Dumbbell

Standing horizontal
Twists

Standing back
Extensions

Muscular strength test

The participant’s posture, range of motion,
and starting position for selected activities should be
considered in the following strength tests: Handgrip
strength, arm strength, leg strength, back strength, and
abdominal strength.

To measure muscle strength, a dynamometer
was used. The determination of IGF1 hormones
was carried out using the commercial kit and Elisa
process. Gene expression: DNA was transcribed
into protein-translated RNA. Those proteins could
be hormones and proteins of the structure. Gene
expression assessment was conducted in the
following steps:

1. T-DNA isolation

2. Applying for the training program

3. Muscle strength measurements

4 The IGF1 hormone determination was
performed using the commercial kit and Elisa
method

5. Gene expression: DNA was transcribed in
the form of RNA which was translated into
proteins. These proteins could be hormones
and structural proteins

The measuring of gene expression was
performed in the following steps:

° Isolation of Total RNA from the target blood

o Selection of mRNA from the total RNA

o Conversion of mRNA into C DNA by reserve
transcription using oligo DT primers

° Enzymatic amplification of C DNA using
specific primers by PCR

o Quantitation of the C DNA level reflects the

level of MRNA that represents gene expression
of the target protein.
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Statistical analysis

SPSS software package is used to describe
and analyze data. Description of data reflects as:
means * standard error (M + SE), skewness. The
nonparametric Mann-Whitney U test is used to
compare the groups. A value of <0.05 is considered
statistically significant.

Results

In the previous table, the mean age for
experimental group is 20.4 and control group is 21.1,
mean BMI in experimental group 21.3 and control
group 20.6 and all demographic data show no
statistically significant.

In the previous table, the mean IGF (pre
resistance training) for experimental group is 82.9 and
control group is 77.3 and this data are significantly
increased, mean IGF (post resistance training) for
experimental group is 131 and control group is 106, and
this data are significantly increased.

In the previous table, the mean Handgrip
(pre and post exercises) for experimental group is
41.3 and 46.8, respectively, and control group is
40.9 and 43.4, respectively; this data is significantly
increased. Furthermore, mean Arm strength (pre and
post exercises) for experimental group is 22.1 and
26.4, respectively, and control group is 21.7 and 23.8,
respectively; this data is significantly increased.

Furthermore, mean Handgrip (pre and post
exercises) for experimental group is 41.3 and 46.8,
respectively, and control group is 40.9 and 43.4,
respectively; this data is significantly increased.
Furthermore, mean Leg strength (pre and post
exercises) for experimental group is 73.9 and 78.7,
respectively, and control group is 72.6 and 75.3,
respectively; this data is significantly increased.

Furthermore, mean Back strength (pre and
post exercises) for experimental group is 52.1 and
58.4, respectively, and control group is 52.2 and
54.9, respectively; this data is significantly increased.
Furthermore, mean Abdominal strength (pre and post
exercises) for experimental group is 33.7 and 39.4,
respectively, and control group are 32.8 and 35.6,
respectively; this data is significantly increased.

(Table 3) revealed the individual gene
expression of an experimental and control group,
Experimental (GR) mRNA show higher gene expression
than control group meanly in variable 1 and 9 with 20.2
and 17.2 as shown in Table 3.

Table 3: Individual gene expression of the experimental and
control groups

Variable 1 2 3 4 5 6 7 8 9 10
Experimental (GR) mRNA 20.2 123 98 109 7.7 112 910 68 172 X
Control (gr) mMRNA 91 73 81 67 74 96 75 63 95 70

Discussion

After 8 weeks of resistance training, IGF1 levels
were elevated as illustrated in the (Table 4). The same
result is obtained by Grocott et al. [11] and is consistent
with Hedelin et al. [12]. Moreover, it was reported by
Bloom et al. [13] that GH has a direct lipolytic influence on
adipose tissue, which consequently triggers the release of
ketone bodies, glycerol, and free fatty acids (FFA) in turn
from metabolic signals. An example of such metabolic
signals is endogenous FFA that plays an essential role in
the neuroendocrine control of GH secretion.

Table 4: IGF 1 concentration pre and post programs:
Experimental and control groups
Variable Experimental Sig Control Sig
pre post pre post
M SE M SE M SE M SE
IGF 1 (mall) 829 +8.1 131+ 9.1 S 773+62  106%75 S

IGF: Insulin-like growth factor.

A study conducted by Hedelin et al. [12]
demonstrated that IGF1is primarily on GH dependent
and affects GH secretion through a negative feedback
system. IGF1 serum is inversely related to body fat
percentage. Furthermore, Bloom et al. [13] noted that
the concentration of GH is increased due to incremental
exercise. However, the authors expressed the difficulty
of explaining the increase in the concentration of GH
during intense training. Thus, it can be concluded that
the main function of GH is to inhibit glucose uptake by
peripheral tissues and elevated FFA. As a result, greater
stimulation of muscle glycogen synthesis is created by
maintaining blood glucose. This process is reinforced
by rapid increases in skeletal muscle lipid catabolism
and an increase in IGF.

Garcia-Lépez [14] reported an improvement
in RNA response due to electrostimulation of muscle
cells. That study provided evidence regarding the
physiological role played by the IGF1 hormone in
skeletal muscle adaptation to exercise and gene
expression regulation. In general, muscular strength
is the maximal force performed by a muscle or muscle
group at a specific velocity. In addition, Bloom et al. [13]
illustrated that strength measurements contribute to
monitoring improvement during a resistance training
program. Accordingly, these programs are adopted by
persons of all ages and health states. This finding is
displayed in the (Table 5), which shows a significant
improvement in back, leg, arm, grip, and abdominal
strength after the following resistance training
program.
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Table 5: Variable changes pre
experimental and control groups

and post exercises of

Variable Experimental Sig  Control Sig
Pre Post Pre Post
M SE M SE M SE M SE
Handgrip, Kg 413+27 468+91 S 409+1.8 434+23 S
Arm strength, Kg 221+12 264+11 S 21.7+15 238+14 S
Leg strength, Kg 739+28 787+42 S 726+26 753+37 S
Back strength, kg 521+36 584+42 S 522+29 549+34 S
Abdominal strength, kg 33.7+2.7 394+36 S 328+18 356+19 S

Denegar and Perrin [15] suggested that there
is a wide range of strengths at a certain age or gender.
Strength differences within an age group may be due to
many reasons, for instance, the variation in maturity as
every child matures at a different rate. That is why the
X-ray measurements of two 12-year-olds may indicate
that their biological or maturation age is 10 years old
and 15 years old, respectively. This was proven by a
study conducted by Hedelin et al. (2000) in which he
has noted that a 12-year-old who has not matured
rapidly is likely to have less development of nerves,
lower secretion of male sex hormones- in males- and
smaller muscles.

Another study by Shalaby et al. [16] reported
many acquired health benefits gained from resistance
training. In addition to improving muscular performance
and strength, the effects of resistance training include
improved body composition, lower blood pressure,
reduction in serum lipids, increased flexibility, and
improved  cardio-respiratory  function.  Anabolic
secretion is affected by several factors that are reported
by Lyu et al. [17]. Such factors include low-mid intensity,
resistance training with high volume, high-intensity
aerobics in shorter duration, and pre-workout nutrition.
In pre-workout nutrition, carbohydrates should be
avoided 60 min before the workout, whereas in post-
workout nutrition fast-acting carbohydrates should
be consumed in a 2:1 carbohydrate-to-protein ratio.
The authors also considered sleep patterns such as
having plenty of sleep and frequent naps, in addition to
supplementation by combining arginine and glutamine.
It has been noticed that age influences the secretion
of the anabolic hormone, which decreases by 14%
every 10 years after the age of 20. Another influence
on anabolic hormone secretion is credited to gender
as males’ recorded higher hormonal secretion than
females.

A study by Impellizzeri et al. [18] has suggested
that the relation between muscle types and muscle
performance can be detected from muscle fiber types.
Muscle types are divided into fast-twitch fibers and
slow-twitch fibers, and both types are influenced by the
intensity and type of exercises performed. Furthermore,
RNA variability was detected among the participants, in
1-9 players, in terms of gene expression, and one blood
sample has been clotted.

Buzi et al. [19] have presented a scheme for
muscle regeneration through agents that promote
growth and consequently increase the size of both
existing and newly generated muscle fibers. Therefore,

IGF1 can take advantage of this to enhance the
function of muscles. The authors have also tackled
the efficiency of growth-promoting agents such as
IGF 1 and anabolic steroids. For successful muscle
generation, IGF1 activates myoblast proliferation and
subsequent differentiation [20], [21]. GHs can enhance
and increase fat utilization, bone, and connective tissue
formation, as well as protein synthesis. The release of
IGF is spontaneously stimulated by the release of GH
in the bloodstream. Produced mainly in the liver, IGFs
then bind to receptor sites in muscle cells where they
perform many anabolic impacts [22], [23]. The effects of
hormonal responses are not determined not only by the
amount of IGFs and GH released in the blood but also
by the type of training [24].

In 2006, Mougios [10] pointed out that
gene expression is greatly affected by exercise
at different stages such as the transcription stage
which is considered the most important control point.
Mougios [10] added that initiation requires a group
of proteins called eukaryotic that are released after
resistance training. Garcia-Lopez et al. [14] illustrated
thatRNAresponseis enhanced by the electrostimulation
of muscle cells. This is demonstrated by the study
supporting the physiological role of IGF1 in gene
expression regulation and skeletal muscle adaptation
to exercise. In addition, a significant increases in
handgrip, leg, back, arm, and abdominal strength after
resistance training (Table 5). The increased data for
the experimental group exceeded that of the control
group at the end of the experiment [25], [26].

Other researchers have noted the importance
of stem cells in muscle hypertrophy and strength.
Shalaby and Fadl, [7], [27] noticed skeletal muscle
hypertrophy after resistance training due to increased
protein synthesis. The increased secretion of gene
expression in muscle fibers due to the high content
of DNA, and RNA resulted from stem cells of muscle
leads to the emergence of satellite cells which are
considered myoblasts associated with skeletal muscle
fibers. The so-called satellite cells have a significant
impact on muscle strength and growth, particularly after
resistance training, as these cells divide and one of the
resulted cells provides an additional nucleus for muscle
fibers.

Notably, IGF1 has a significant role in the
diving process of satellite cells and thus leads to
increased IGF1 concentration in muscle fiber after
resistance training. Therefore, the presence of
satellite cells in addition to the action of IGF1 may
lead to skeletal muscle hypertrophy. Mougios and
Neuhausen et al. [10], [28] demonstrated the impact
of resistance training on gene expression and muscle
function. Another study conducted by Gaur et al.
[25] referred to the impact of resistance training on
muscle performance and structure. It was reported
that six maximal contractions of muscle in 3 sets
per week can lead to an optimal increase in muscle
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strength without being associated with chronic
muscle fatigue. Furthermore, it was reported that
performing resistance exercises for 6-8 weeks can
increase the strength of the muscle by 30%, and
increase muscle mass in an equal percentage. This
is called muscle hypertrophy, which is associated with
increased mitochondrial enzymes, increased number
of myofibrils, in addition, to increase in phosphagen
metabolic system and stored glycogen by 60-80%,
besides an increase in stored fat by 70-100%, and
increase in the efficacy of oxidative metabolic system
by 45% [29].

Conclusion

The current study investigated the significance
of employing a resistance training program in light of the
results obtained. The study suggested that the program
should be uncomplicated at first with greater variation
as progression. Then, the resistance can be maximized
through progressive specificity and overload. The
different gene expressions obtained after training
reflect individual variations in response to resistance
exercises. At the end of the program, several significant
changes have been reported in muscle strength tests
such as anabolic adaptation to muscle tissue, and
significant change in IGF1 with satellite cells especially
in inducing muscle hypertrophy and strength.
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