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Abstract
We evaluated changes in myostatin, follistatin and MyoD mRNA gene expression using eccentric
exercise (EE) and concentric exercise (CE) as probes to better understand the mechanisms of muscle
hypertrophy in young women. Twelve women performed single-leg maximal eccentric (n=6, 25±1yr,
59±7kg) or concentric (n=6, 24±1 yr, 65±7kg) isokinetic knee extension exercise for 7 sessions.
Muscle biopsies were taken from the vastus lateralis at baseline, 8hrs after the first exercise session,
and 8hrs after the 7th exercise session. In the EE group, there were no changes in myostatin and
follistatin (p≥0.17), however, MyoD expression increased after one exercise bout (p=0.02). In the
CE group, there were no changes in myostatin, follistatin, or MyoD mRNA gene expression (p≥0.07).
Differences between the EE and CE groups were not significant (p≥0.05). These data suggests that
a single bout or multiple bouts of maximal EE or CE may not significantly alter myostatin or follistatin
mRNA gene expression in young women. However MyoD mRNA expression appears to increase
only after EE.
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INTRODUCTION
The process of exercise induced skeletal muscle damage involves multiple signaling
mechanisms that ultimately influence muscle hypertrophy. Using isokinetic dynamometry, it
is possible to provide controlled muscle stimuli from external forces utilizing exclusively
concentric or eccentric contractions. Concentric exercise (CE) and eccentric exercise (EE)
elicit different adaptations in skeletal muscle (6,9). Skeletal muscle loading via high intensity
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EE produces more muscle damage (5) compared to CE, thus leading to greater hypertrophy
(6). Prior investigation describes the effects of these forms of exercise in mediating muscle
hypertrophy by inhibition (7) or reduction in myostatin (a negative regulator of muscle mass)
mRNA expression. Myostatin may be downregulated after specific types of exercise stimuli
(14,27) and follistatin, a putative inhibitor of myostatin (1), may be upregulated (30) by binding
to the ACTIIB myostatin receptor site (16), allowing for greater muscle hypertrophy.
Furthermore, myostatininhibits expression of the myogenic regulatory factors, (Myf 5 and
MyoD), thus inhibiting differentiation of skeletal muscle myoblasts, inducing early cell cycle
arrest and reduced myogenesis (1,15,27,30). Conversely, lower concentrations of myostatin
may allow greater activation of myogenic regulatory factors and satellite cells (21) responsible
for muscle hypertrophy.

Greater knowledge of the mechanisms of muscle hypertrophy following resistance exercise
are important to our understanding of potential anecdotes for increasing muscle mass in women.
It is likely that gender differences in muscle mass may be attributed to the influence of sex
hormones. Higher testosterone levels are associated with increased muscle mass in men.
However, testosterone levels in women are approximately 1/10 that of men; therefore,
endogenous testosterone is probably not an influential factor in increasing muscle mass in
women. Anabolic hormones are responsible for muscle mass in men, but the precise factors
involved in regulating muscle mass in young women are unknown. Understanding the role of
myostatin and follistatin in skeletal muscle will help to determine the mechanism(s) by which
women regulate muscle mass.

We hypothesized that EE and CE would down regulate myostatin mRNA gene expression and
that follistatin and MyoD mRNA gene expression would be upregulated and that there would
be a blunted response in the CE group due to the lower exercise-induced muscle damage
associated with this type of stimulus. Therefore, we designed a study to investigate the
influence of high intensity concentric and eccentric resistance exercise on myostatin and
follistatin in young women. The primary goal was to quantify changes in myostatin, follistatin,
and MyoD mRNA expression eight hours after a single resistance exercise bout and following
seven training sessions using high intensity EE or CE.

METHODS
Experimental Approach to the Problem

All subjects were recruited from the USC Health Science Campus. All clinical procedures were
conducted at the University of Southern California General Clinical Research Center (GCRC)
except for the exercise testing, which was performed in the Clinical Exercise Research Center
of the Division of Biokinesiology and Physical Therapy. Subjects were screened for health
conditions prior to entry into the study. All subjects participated in 7 exercise sessions
supervised by a certified strength and conditioning specialist.

Subjects
Subjects provided written informed consent approved by University of Southern California
Institutional Review Board. We included women 21 to 35 years of age who were recruited
from the USC Health Sciences Campus. The subjects were in good health, had negative
pregnancy tests, were recreationally active, and completed medical history screening for
eligibility to assure absence of underlying medical conditions that could confound results.
Exclusion criteria included acute infections, recent surgery, trauma or chronic illness (e.g.
diabetes, liver disease, kidney failure, cancer, musculoskeletal disease or injury) that would
prevent resistance exercise. Women that did not have regular menstrual cycles (28–32 days),
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were using oral contraceptives (OCs) that contained anabolic androgens, or had performed
regular lower extremity resistance exercise in the preceding 6 months were also excluded.

Procedures
Dual-energy X-ray Absorptiomtry (DEXA)—Prior to biopsy #1, all subjects underwent
a total body DEXA (model DPX-IQ 2288 with Smart Scan version 4.7e; Lunar Radiation
Corporation, Madison, WI, USA) to assess body fat percentage and lean body mass. Quality
assurance was performed using a single acrylic block three times per week to confirm the
accuracy and precision of the DEXA system. The same experienced investigator was
responsible for performing and analyzing all scans.

Maximal Eccentric or Concentric Exercise—The women were randomly assigned to
either the eccentric (n=6) or concentric (n=6) training program (Table 1). Single-leg maximal
eccentric or concentric (knee extension) isokinetic loading was performed on the right leg using
the Cybex Norm™ dynamometer (Cybex International Inc. Ronkonkoma, New York) at 60°/
s. The Cybex was calibrated immediately before the exercise bout. Subjects were coupled to
the Cybex by visually aligning the placement of the lateral femoral condyle with the axis of
rotation for the Cybex. A strap was placed distally on the dominant leg at the level of the load
cell. The load cell was positioned 3 cm proximal to the talocural joint. During the maximal
loading, a shoulder harness, hip restraint, and thigh strap (exercised leg) were used to limit
excessive movement and secure the participant to the device. The settings were recorded to
ensure exact placement for each exercise bout.

Before completing the exercise protocol, the tester determined the subjects’ eccentric and
concentric 1 repetition maximum (1RM). Each participant was familiarized with the equipment
immediately prior to the exercise. The 1RM was determined to assess whether the subjects
were generating maximal effort during each set. Ten sets of ten repetitions were completed by
each participant. Each participant completed 7 exercise bouts beginning one week after their
initial muscle biopsy. Each exercise bout was completed in the morning. The subjects typically
exercised on a Monday, Wednesday, Friday, unless scheduling conflicts occurred, where the
exercise days were slightly modified. A similar training protocol was used in a previous
eccentric exercise study (8); this training protocol was less intense; however, the exercise
elicited muscle damage as measure by creatine kinase and satellite cell number.

The exercise protocol consisted of maximal repetitions with the group assigned to eccentric
exercise performing the eccentric component while the investigator performed the concentric
component by moving the limb back to the starting position (15 degrees before full extension);
whereas for the concentric group, the participant extended her leg against the load while the
tester lowered the load. Each repetition was separated by the time it took the testing investigator
to manually return the lever arm back to 75 degrees of knee flexion (i.e. starting position). Each
of the ten sets was separated by 20 seconds. Biofeedback was provided on the computer monitor
where subjects were instructed to generate as much torque as generated during the 1-RM test.
Additionally, verbal encouragement was provided by the investigator during each maximal
contraction. Subjects filled out and orally confirmed a rating of perceived soreness scale before
each exercise bout.

Muscle Biopsies—Three muscle biopsies of the vastus lateralis were obtained from the right
leg. One week prior to the baseline biopsy #1, subjects were required to abstain from
recreational activity and did not perform rigorous activity until participating in the maximal
eccentric or concentric exercise bout. Biopsy #1 was taken one week before the first exercise
bout. Biopsy #2 was performed 8 hours after the participant completed the first exercise bout
of unilateral maximal EE or CE of the right quadriceps muscle group. Biopsy #3 was taken 8
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hours after the final exercise bout (Table 1) to assess mRNA gene expression (17). Additional
ubiquitin proteins will be analyzed with the remaining muscle tissue.

Muscle biopsies were performed between 4:30 and 5:30 pm after vitals were measured and
blood specimens were collected. Biopsy specimens were collected using sterile conditions via
a 5-mm Stille biopsy needle (Micrins Surgical, Lake Forest, Illinois) from the mid-portion of
the vastus lateralis muscle (under local anesthesia) approximately 18 cm proximal to the patella.
Biopsy #2 and #3 were performed at a distance of 2–4 cm proximal or distal (randomly
assigned) to the pre-exercise biopsy site. Approximately 100–250mg of muscle tissue was
obtained from each biopsy. None of the participants experienced adverse events as a result of
the muscle biopsy. The participants experienced subtle bruising and muscle soreness that
disappeared after a few days.

Muscle Biopsy Specimen Processing—Muscle tissue samples were immediately flash-
frozen in liquid nitrogen and stored at −80° C until being processed for analysis. All muscle
biopsies were assigned a participant identification number to eliminate investigator bias.

RNA extraction—Total RNA was extracted from muscle using a commercially available kit
(Qiagen Kit). The manufacturer’s instructions were followed using the RNeasy fibrous mini
protocol for isolation of total RNA from muscle tissue. Briefly, approximately 10 mg of muscle
was removed from the freezer and immediately samples were lysed in a guanidine-
isothiocyanate-containing lysis buffer (Buffer RLT) and β-Mercaptoethanol (β-ME). The
tissue was homogenized using a polytron homogenizer (Kinematica Polytron PT1200C,
Switzerland). After dilution of the lysate, the sample was treated with proteinase K for 10
minutes at 55°C before pelleting debris by centrifugation. Ethanol was added to the cleared
lysate and RNA was bound to the RNeasy silica-gel membrane. Contaminants were washed
away with simple wash spins (Buffers RW1 and RPE), and total RNA was eluted in RNase-
free water. The concentration and purity of the RNA was determined using a UV
spectrophotometer (Beckman Coulter DU 640, Fullerton, CA) by measuring absorbance at 260
nm and 280 nm.

Reverse Transcription and cDNA synthesis—500 nanograms of total skeletal muscle
RNA was reverse transcribed to synthesize cDNA using Taqman reverse transcription reagents
(Applied Biosystems, Branchburg, NJ). A reverse transcription (RT) reaction master mixture
for one reaction was 50μl total volume (0.5μg of cellular RNA; 5μl 10x reverse transcription
buffer; 11μl MgCL2; 10μl deoxynucleotide 5′-triphosphate (dNTPs); 2.5lμl Random Hexamer;
1.25μl RNase inhibitor; DEPC H20 to a final volume of 50uL) and was incubated at 25°C for
10min, 48°C for 30min, 95°C for 5min, and 4°C infinite (reaction done in the Mycycler,
BioRad, Hercules, CA).

Oligonucleotide primers for PCR—Oligonucleotide primers were used to amplify the
mRNA expression of myostatin, follistatin, and MyoD. Primer sequences were designed using
Primer3 program (29). The primer sequences for the specific target mRNAs and melt curve
temperatures are shown in Table 2 (18). Melt curves were determined for each primer set to
ensure amplification of pure PCR products.

PCR amplification—A quantitative real time PCR (qRT-PCR) method was applied in the
present study using 18s ribosomal RNA as an internal standard to determine relative expression
levels of mRNAs for myostatin, follistatin, and MyoD. A total of 10ng of cDNA were added
to each of the 20μl PCR reaction for myostatin, follistatin, MyoD, 18s rRNA. Specifically,
each PCR reaction contained the following mixture: 10μl 2.5x iQSYBRgreen supermix
(BioRad, Hercules, CA); 7ul RNase free water, 10ng cDNA and 10 pmol of each primer (F
and R) of interest. Each PCR reaction was amplified using BioRad iCycler iQ thermal cycler
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(BioRad, Hercules, CA). A melting curve analysis was generated by the following
amplification profile: 95°C for 3 min, and 60 cycles as follows: 95°C for 15 sec and ramp to
56°C for 1 min, followed by an increase in set-point temperature by 0.5°C every 5 sec for each
sample. All cycle threshold values were less than 30. A single melt curve was detected to
exclude primer dimmers from real time analysis. Primer efficiency was determined to be
between 80–100%. To help control for differences in amplification efficiency during
thermocycling, all PCR reactions were prepared from the master mix stock solution. After the
melt curves were determined, the amplification profile involved the denaturation step at 95°C
for 3 min, and 60 cycles as follows: 95°C for 15 sec and ramp to 56°C for 1 min, followed by
a predetermined melt temperature for 10 sec (Table 2).

mRNA Quantification—mRNA expression levels were normalized to the 18s rRNA control
gene after determining that there was no change in 18s RNA in response to the exercise bout.
Real-time RT-PCR analyses of the following housekeeping genes were also tested: GAPDH
and β2- microglobulin (β2M). Exercise appeared to alter gene expression in each of these
housekeeping genes; therefore we did not use these controls to normalize the data as
demonstrated by a prior studies (12,14). All data were determined by normalizing the cDNA
measured in 8 replicates (4 replicates repeated) for each participant sample to 18s rRNA
(internal control) and then averaging the data to account for the change in mRNA expression
as a result of the exercise stimulus. The data were then normalized to biopsy #1 (pre-exercise)
for each participant to determine the fold change of mRNA gene expression after exercising.
All participant samples were then averaged to determine the average mRNA expression prior
to and following exercise.

Statistical Analyses—Statistical analyses were performed using SPSS, version 14.0 (SPSS
Inc., Chicago, IL). To our knowledge this exercise protocol was not used by other investigators,
thus we powered this study from prior literature investigating myogenic factors via muscle
biopsy. A priori analysis determined that a sample size of 6 participants in each group would
have 80% power to detect a difference in means for myostatin mRNA expression of 1.5 (the
difference between group 1 mean (μ1) of 2.8 and group 2 mean (μ2) of 1.3) assuming that the
common standard deviation is 0.8 with an effect size of 1.88 using a two group t-test with a
0.05 two-sided significance level. The independent variables included the muscle biopsy time
points (biopsies #1, #2, and #3) and the type of exercise (EE and CE). The dependent variables
included myostatin, follistatin, and MyoD. A 2 (group) × 3 (biopsy) factorial repeated measures
analysis of variance (ANOVA) was used to compare changes in mRNA gene expression
between biopsy time points and for each exercise group (EE and CE). Independent t-tests were
performed to test group differences (EE versus CE). The alpha level of significance used was
P ≤ 0.05 with Bonferroni adjustments. Data were normalized to biopsy #1 (pre-exercise) for
each participant to determine the fold change of mRNA gene expression after exercising. All
participant samples were then averaged to determine the average mRNA expression prior to
and following exercise. Furthermore, the data were log transformed (Log10) to demonstrate
both positive and negative values. The statistics were performed on the log transformed data.
A priori, a power analysis for change in myostatin demonstrated that a sample size of 6 subjects
in each group would have 80% power using a two sided alpha of 0.05 to detect a mean difference
of 1.5 and an effect size of 1.88 for myostatin mRNA gene expression.

RESULTS
Twelve healthy women 23–28 years of age volunteered to participate. Baseline characteristics
of the study subjects were similar (Table 3). Leg extension 1RM torque was similar between
groups (EE group 144±26 Nm; CE group 146±20 Nm). The study results indicate that the fold
changes for myostatin and follistatin mRNA gene expression were not significantly different
between biopsy #1 (pre exercise) and #2 (after one bout of exercise) or between biopsy #1 and
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biopsy #3 (post training) (p≥0.14); for all paired comparisons, (Fig. 1); whereas, MyoD gene
expression increased significantly between biopsy #1 and biopsy #2 in the EE group (p=0.05)
but was not significantly different between biopsy #1 and biopsy #3 in the CE and EE groups
(p=0.2, p=0.3 respectively) (Fig. 1).

Although changes in myostatin, follistatin, and MyoD mRNA expression did not reach
statistical significance, except for MyoD expression between biopsy #1 and biopsy #2 in the
EE group, there were interesting individual changes in each group (Fig. 2–4). Changes in
mRNA gene expression were compared to biopsy #1. Error bars for each individual were
generated after duplicating the results by running the sample in 4-plicate two times. Myostatin
mRNA gene expression decreased in biopsy #2 (in two subjects) and biopsy #3 (in three
subjects) after CE (Fig. 2a). Whereas, in the EE group, three subjects demonstrated increases
in myostatin mRNA gene expression in biopsy #2 and one in biopsy #3 (Fig. 2b), and three
subjects showed decreases during one of the two post exercise biopsies. Follistatin increased
in three subjects in either biopsy #2 or biopsy #3 after CE (Figure 3a). Follistatin increased in
three subjects but decreased in five subjects at either biopsy after EE (Figure 3b).

MyoD mRNA gene expression was also elevated after both EE and CE in some subjects at
biopsy #2 or biopsy #3 (Fig. 1 and Fig. 4). MyoD gene expression increased in five subjects
in the CE group and four subjects from biopsy #1 to biopsy #2 in the EE group; one subject
also had an increase at biopsy #3 with EE. There were no significant differences between the
EE and CE groups (p≥0.11) (Fig 1).

DISCUSSION
Our study is unique in that we have examined skeletal muscle myostatin, follistatin, and MyoD
mRNA gene expression in response to either exclusively EE or CE in young women. After a
single bout of EE, MyoD mRNA expression was significantly elevated, however, MyoD did
not respond to a single bout of CE or multiple bouts of EE and CE. Although myostatin and
follistatin mRNA gene expression levels were not different following one or multiple bouts of
EE or CE, there were some large individual changes. An unexpected increase in myostatin and
follistatin mRNA expression in the EE group was observed, while the CE group experienced
a decline in myostatin mRNA expression (three of six subjects) and an increase in both
follistatin and MyoD mRNA expression.

Contrary to our findings in young women, several studies report that young and older trained
and untrained men down-regulate myostatin mRNA expression after resistance training (7,
11,19). Although we did not directly compare men and women, it is possible that differences
between gender may be attributed to the increases in myostatin mRNA expression in women
demonstrated by our findings. Moreover, myostatin activity could differ between men and
women if there are differences in any of the proteins that process, bind, or mediate myostatin
signal transduction. Skeletal muscle fiber type may also contribute to gender differences.
Myostatin mRNA gene expression is more specific to Type II fibers (20) and there is a greater
ratio of Type II fiber mass to Type I fiber mass in men (2) with myostatin mRNA expression
being further modified by sex hormones (29). It is possible that some of our subjects had a
lower proportion of type II fibers in the vastus lateralis, consequently leading to minimal
changes in myostatin mRNA expression (20), in turn affecting follistatin and MyoD mRNA
expression. Furthermore, both EE and CE are effective in promoting protein synthesis (33,
34); however, diet and in particular, amino acids and to a lesser extent carbohydrate ingestion
have a substantial influence on skeletal muscle hypertrophy (23,26,33,34). Unfortunately, we
did not control the subjects’ nutritional status and this could have altered mRNA gene
expression in individual cases.
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Gender differences in skeletal muscle mass appear to be mediated by higher testosterone levels
in men, which has an anabolic effect (3) and exerts its effects by influencing gene expression.
Men generally have higher expression of genes encoding mitochondrial proteins, ribosomal
proteins and translation initiation factors (31). This supports the contention that anabolic
hormones influence gene expression and may explain the differences in findings between our
study in young women and other studies in men.

Microarray analyses provide information about gender differences in gene expression. Women
have two-fold greater expression of the myostatin ACTIIB receptors than men (31). These data
suggest that greater ACTIIB receptors could contribute to increases in myostatin mRNA gene
expression which would further support our findings. The ACTIIB receptor genes may also be
altered with exercise as some studies indicate that the ACTIIB receptor is either downregulated
after resistance training in men (14); or unchanged in a cluster analysis of both men and women
(10). Perhaps the ACTIIB receptors in men and women respond differently to resistance
training, thus leading to alternate changes in myostatin mRNA expression. These findings may
indicate that increased myostatin activity contributes to gender differences in muscle size
(31). The results of our investigation were unexpected as previous studies have reported that
load mediated myofiber hypertrophy inhibits myostatin gene transcript (13,28). We utilized a
higher intensity exercise protocol than prior studies that elicited satellite cell activation after
one bout of eccentric exercise (7,8) and reductions in myostatin mRNA expression after one
bout of conventional resistance exercise (14,17) yet changes in mRNA expression for each
gene were minimal throughout the experimental period. Similar to previous studies that showed
decreases in myostatin mRNA expression after a single exercise bout or nine weeks of training
(13,28), we observed a trend in decreasing myostatin mRNA expression in the CE group. In
contrast, there was a trend to increasing myostatin and follistatin mRNA expression in the EE
group similar to other studies (24,32). However, the trend of increasing MyoD mRNA gene
expression that is typical of increase muscle protein synthesis and hypertrophy was not
associated with significant reductions in myostatin mRNA expression as hypothesized. One
mechanism that could account for these observations is the individual differences in gene
expression that may be based on the inherited organization of genes (25).

A plausible explanation for our findings may be the trend of increasing follistatin mRNA
expression in the CE group. Because follistatin acts as an antagonist to myostatin and inhibits
myostatin from binding to the ACTIIB receptor site, this may be affecting myostatin’s role as
a negative regulator of muscle mass (30). Further, myostatin could be a chalone for skeletal
muscle tissue (4,7), in that skeletal muscle regulates its growth and regeneration (22). Indeed,
it is possible that a resistance exercise stimulus might complement myostatin down-regulation
to enable skeletal muscle to achieve optimal repair and growth (6) following high intensity
exercise. Once muscle repair and growth are successful, skeletal muscle would likely
upregulate myostatin expression in order to avoid excessive muscle growth. Thus, it may be
that the increased myostatin mRNA expression in our subjects occurred to modulate or prevent
excessive muscle cell growth.

In summary, a single bout and multiple bouts of either maximal EE or CE in young women
did not significantly alter myostatin or follistatin mRNA expression. Whereas, MyoD mRNA
gene expression was significantly elevated after one bout of maximal EE, it was not
significantly increased after multiple bouts of EE or CE. Therefore, the type of exercise
stimulus did not appear to differentially alter mRNA gene expression of hypertrophic myogenic
regulators with the exception of MyoD. Regardless, outcomes of this study suggest that high
intensity resistance exercise may not down-regulate myostatin and up-regulate follistatin in
young women as we had hypothesized and has been demonstrated in previous studies with
men.
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PRACTICAL APPLICATIONS
Although skeletal muscle regulators did not differ with eccentric and concentric exercise,
results suggest that gender differences may exist in regards to hypertrophic gene expression
regulation following resistance exercise. For example, in men, following resistance exercise,
myostatin is down-regulated while follistatin is up-regulated. This indicates that resistance
exercise promotes muscle hypertrophy in men. However, our findings indicate that this is not
the case in women. Gender differences in skeletal muscle regulators must be considered when
coaches are designing a hypertrophic resistance training program. Also, it is important to
determine the mechanisms of muscle hypertrophy in both men and women, because eventually
these concepts will be applied to exercise programs that aim to prevent or reduce muscle
wasting as a result of disease and/or aging.
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Figure 1.
Myostatin, Follistatin and MyoD mRNA gene expression normalized to 18s rRNA after each
muscle biopsy. Biopsy #2 and biopsy #3 compared to biopsy #1 for each protein. The data are
expressed as fold change. (*) indicates significant change in mRNA gene expression compared
to biopsy #1 (P≤0.05). The corresponding P-Values are in the table below each figure. The
data was Log10 transformed with biopsy #1 equal to zero (mean ± SE).
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Figure 2.
a) represents the individual myostatin mRNA response for each participant after concentric
exercise b) represents the individual myostatin mRNA response for each participant after
eccentric exercise. The data are expressed as fold change, however it was Log10 transformed
with biopsy #1 equal to zero (mean ± SE). Error bars were generated after duplicating the
results by running the sample in 4-plicate two times.
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Figure 3.
Follistatin mRNA gene expression normalized to 18s rRNA after each muscle biopsy a)
represents the individual Follistatin mRNA response after concentric exercise b) represents
the individual Follistatin mRNA response after eccentric exercise. The data are expressed as
fold change that was Log10 transformed with biopsy #1 equal to zero (mean ± SE). Error bars
were generated after duplicating the results by running the sample in 4-plicate two times.
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Figure 4.
MyoD mRNA gene expression normalized to 18s rRNA after each muscle biopsy a) represents
the individual MyoD mRNA response after concentric exercise b) represents the individual
MyoD mRNA response after eccentric exercise. The data are expressed as fold change; that
was Log10 transformed with biopsy #1 equal to zero (mean ± SE). Error bars were generated
after duplicating the results by running the sample in 4-plicate two times.
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Table 2

Primer Set Sequences used for real-time PCR

Target mRNA PCR Primer Sequence 5′ → 3″ Melt Curve Temperature

MyoD F: AGC ACT ACA GCG GCG ACT 82°C

R: AGG CAG TCT AGG CTC GAC AC

Myostatin F: CTG TAA CCT TCC CAG GAC CA 82°C

R: CCC ATC CAA AAG CT CAA AA

Follistatin F: AAG ACC GAA CTG AGC AAG GA 84°C

R: TTT TTC CCA GGT CCA CAG TA

18s rRNA* F: CGG CTA CCA CAT CCA AGG AA 82°C

R: TGC TGG CAC CAG ACT TGC CTC

*
18s rRNA Sequence (20)
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