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Abstract

Changes in muscle mass and strength across the adult age span
are variable and related to the ciliary neurotrophic factor
(CNTF) genotype. In particular, a single CNTF haplotype (1357
G—A) is important for neuronal and muscular developments
and may be associated with muscle strength response to resis-
tance training. We examined whether CNTF genotype differen-
tially influences the effect of resistance training on neuromuscu-
lar improvement in male college students. Resistance training of
the upper extremities comprised 3 sets at 75%—-85% intensity per
1 repetition maximum, 3 times a week, for a total of 8 weeks.
We measured isokinetic muscle function of the elbow joint with
regard to strength (60°/s) and endurance (180°/s) by using an
isokinetic dynamometer. The biceps brachii (BB) and brachio-
radialis muscles were studied using surface electromyography
with spike-triggered averaging to assess surface-detected motor
unit potential (SMUP) area. After resistance training, the SMUP
of the BB increased significantly at 60°/s (p < 0.05), but no
difference in the CNTF genotype was observed. The SMUP of
the BB at 180°/s increased significantly in the GG/AA genotype
group compared with that in the GA genotype group (p < 0.05).
The average power of the elbow flexor at 180°/s increased sig-
nificantly after resistance training (p < 0.05), but again, no
difference in the CNTF genotype was observed. Thus, im-
provements in muscle strength and endurance may have resulted
directly from resistance training rather than from genetic factors
related to nerves in muscle tissue.

Key words: Resistance training, muscle strength, muscle endur-
ance, motor unit, ciliary neurotrophic factor genotype.

Introduction

Resistance exercise pertains to a wide range of activities
leading to muscle contractions as a response to resistance
to an external force. Several previous studies have con-
firmed the various effects of resistance training; overload
stress following resistance training reportedly increases
muscle strength and the cross-sectional area of muscle
fibers, improves muscle function (Moore et al., 2004), and
delays the aging-related process of sarcopenia (Johnston
et al., 2008). Therefore, resistance training serves as the
driving force for a healthy life and is the main reason for
improving athletic performance in various sports (Beh-
ringer, 2010). In response to resistance training, muscle
strength increases (Bandy et al., 1990; Kraemer et al.,
1988; Rose et al., 1982) with increases in motorization of
muscle motor units, which are affected by changes in

nerve effectiveness (Chestnut and Docherty, 1999; Hak-
kinen, 1989; Sale, 1988; Wojtys et al., 1996). Muscle
contractions are regulated by the central nervous system
and influenced by the fast or slow twitch of fibers, or
neural reinforcement patterns (Buller et al., 1987). Im-
provement in muscle function with resistance training is
much more effective through activity of the nervous sys-
tem.

Neurotrophic factors are proteins that act as bio-
chemical change factors to help neuronal existence,
growth, division, and protection (Lewin and Barde, 1996);
they also play essential roles in various stages of repair of
damaged neurons (Connor and Dragunow, 1998). Ciliary
neurotrophic factor (CNTF) facilitates motor nerve func-
tion (Sendtner et al., 1992). CNTF is also a cytokine be-
longing to the interleukin (IL)-6 family, and when com-
bined with the CNTF receptor, performs the role of a
chemical messenger for target tissues such as motor
nerves and skeletal muscles (Ip et al., 1993). Its function
as a myotrophic factor has also been investigated (DiSte-
fano et al., 1996; Forger et al., 1993; Helgren et al., 1994),
and, according to Guillet et al. (1999), the concentration
of CNTF in the sciatic nerve in mice was positively corre-
lated with swimming capacity as well as the twitch and
titanic tension of muscles. In addition, when CNTF was
exogenously injected in the soleus muscle of elderly mice
with underexpression of CNTF, muscle strength and
cross-sectional area increased (Fraysse et al., 2000).

Since Takahashi et al. (1994) first reported the sub-
stitution of the human CNTF gene 1357 G—A single-
nucleotide polymorphism (SNP), several studies have
investigated the relationship between CNTF polymor-
phism and muscle function. Large-scale, cross-sectional
studies have demonstrated that individuals possessing
CNTF variants showed greater muscle strength than those
with the G1357G genotype (Arking et al., 2006; De Mars
et al.,, 2007; Roth et al., 2001). However, the effects of
resistance training varied depending on the CNTF gene
polymorphism, i.e., women with the GG genotype
showed a greater increase in muscle strength after 12
weeks of training than those with the AA genotype,
whereas men showed no difference in strength based on
genotype (Walsh et al., 2009). Walsh et al. (2009) ex-
plained that these sex-related differences may be attribut-
able to hormones such as androgens and suggested the
need for further investigation on the effects of resistance
training.
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It has been suggested that variations in the results
of resistance training are due to CNTF polymorphism,
which is regulated by hormones and the mobilization of
nerve roots. Conwit et al. (2005) reported that an increase
in muscle force in participants with the GA genotype,
compared with those with the GG genotype, was associ-
ated with a more effective force per motor unit size mobi-
lization. During resistance training, the increase in muscle
strength in the early phase is attributable to neural adapta-
tion rather than from changes in the muscle size. Any
further increase thereafter is mostly attributable to muscu-
lar hypertrophy (William et al., 2001). CNTF sustains the
survival of motor neurons in vitro and in vivo (Oppen-
heim et al.,, 1991), and because differences in muscle
function or the effects of resistance training are associated
with CNTF polymorphism, it can be assumed that there
may be a difference in neural adaptation during the initial
stage of resistance training.

Previous studies have compared differences in
muscle strength and hypertrophy (Klausen et al., 1981;
Roth et al., 2001) as well as nerve root mobilization
(Conwit et al., 2005) during resistance training. However,
studies on the mechanism of muscle strength based on
nerve root mobilization are limited. Therefore, in this
study, we conducted an 8-week resistance exercise pro-
gram in healthy male college students to examine; i) dif-
ferences in nerve root mobilization units and muscle
strength every 2-weeks across the 8-week resistance exer-
cise program, and ii) to determine the role of CNTF pol-
ymorphism in muscle strength and endurance and the
adaptation of nerve roots.

Methods

Subjects

The study population included 83 healthy male college
students in their twenties (average age, 22.56 [SD, 1.38]
years). The subjects were recruited after responding to an
advertisement in college newspapers in Chungman. After
explaining the purpose and procedure of the study, we
collected blood samples, which were subjected to CNTF
polymorphisms. Of the 83 subjects, 73 (87.9%) exhibited
the GG genotype, 9 (10.8%) exhibited the GA genotype,
and 1 (1.2%) exhibited the rare AA genotype. Results of
this screening were used to classify subjects into the GG
genotype group (n = 8) or the GA/AA genotype group (n
= 10). We selected participants who showed no differ-
ences in age, weight, muscle mass, or body fat percent-
age. The exclusion criteria used before selection of the
participants also included the following: participation in
any specific diet, smoking, use of medication, use of
steroids, and medical deviations. We then applied resis-
tance training in the 2 groups of subjects (Table 1). To
decrease the influence of previous exercise on the training
results, we asked subjects to refrain from exercise of any
type for 4 weeks prior to the study. It has been reported
that the effects of training and muscle capillary density
decrease significantly 4 weeks after training cessation
(Klausen et al., 1981; Mujika and Padilla, 2001). To con-
firm that they do not participate in the exercise, we tele-
phoned the subjects every day during those 4 weeks.

Following this, during the 8 weeks of the study, subjects
were prohibited from engaging in intense physical activ-
ity, taking medication, or drinking alcohol. It has been
reported that neuromuscular adaptation and muscle fiber
size increase significantly after 8 weeks of resistance
training (Henneman et al., 1965; Moore et al., 2004).
Subjects also were asked to complete a diet questionnaire
and maintain their current diet and amount of food con-
sumed. Informed consent was obtained from all the sub-
jects prior to their participation. The present study was
approved by the Institutional Ethics Committee of Physi-
cal Education of Dankook University.

Table 1. Subjects’ physical characteristics. Data are
means (£SD).

Groups
Variables NN NM+MM t
(n =8) (n =10)

Age, y 23.00 (0.76)  22.20 (1.69) 1.341
Height, cm 17525 (4.86) 175.70 (5.31)  —.185
Weight, kg 73.61(8.49) 71.41(8.82) 535
Muscle mass, kg 59.86 (5.97)  57.69 (6.83) .708
Fat-free mass, kg  63.63 (6.42) 61.41(7.40) .668
Body fat, % 14.10 (2.29)  14.53 (3.40) -.306
Waist-hip ratio 0.83 (0.02) 0.81 (0.03) 1.241
BMI, kg/m? 23.79 (1.79)  23.02 (2.39) 752

BMI, body mass index; MM, mutation homozygote; NM, mutation
heterozygote; NN, normal homozygote

Anthropometrics

Using bioelectrical impedance (Inbody 7.0; Biospace,
Seoul, Korea), we measured weight, muscle mass, body
composition, and body fat percentage. Body mass index
(BMI) was calculated as the ratio of weight (kg) over
height (m?).

Genotyping

To decrease the influence of the components of blood on
genotyping, subjects were asked to fast for 12 h prior to
blood collection. After subjects underwent mind and body
relaxation for 30 min, approximately 3 mL of blood was
drawn from the median antebrachial vein using a dispos-
able vacuum-sterilized syringe. The collected blood was
transferred immediately into tubes containing EDTA,
gently mixed to avoid breaking blood corpuscles, and
stored in a freezer at —70°C until analysis. To extract
genomic DNA from monocytes, a blood SV kit (GeneAll
Biotechnology, Seoul, Korea) was used. The concentra-
tion of the extracted DNA was measured using a spectro-
photometer, and the A260/A280 absorbance ratio was
calculated. For samples that did not reach the threshold of
1.8-2.0 DNA purity, DNA extraction was repeated. Po-
lymerase chain reaction (PCR) was conducted according
to the method described by Takahashi et al. (1994). Brief-
ly, 20 pL of DNA, 28 pL of distilled water, 1 pL of for-
ward primer (50 pmole-uL™), and 1 uL of reverse primer
(50 pmole-pL™") were mixed with an a-Taq premix (Ge-
neAll Biotechnology). The base sequences of the primers
were as follows: forward, 5'-
CCTTGGCCAGTGAGATGAG-3' and reverse, 5'-
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CTTGAAGGTTCTCTTGGAGT-3'. We used Multigene
and performed 1 cycle for 5 min at 95°C (duration); after
that, we conducted 30 cycles of 40 s at 94°C, 2 min at
55°C, 3 min at 72°C (annealing step), and, finally, left it
for 1 min at 72°C (final extension) before we stopped the
reaction at 4°C. To 10 pL of reaction solution, we added
7 uL of distilled water, 2 uL of 10x M Buffer, and 1 pL
of restriction enzyme Haelll, and allowed the mixture to
develop for 3 h at 37°C. After incubation, 10 puL of reac-
tion solution was loaded onto a 3% agarose gel containing
red safelight—emitting solution, and electrophoresis was
performed for 70-80 min at 50 V. The PCR products
were visualized using a UV transilluminator.

Resistance training program

Because the lower extremities are used daily for walking
and supporting the body (Rose and Gamble, 2006), this
study implemented exercises that involved only the upper
extremities to compare changes in the mobilization of
motor units and muscle strength. Subjects participated in
resistance training, which was supervised by experienced
physical education instructors, for a period of 8 weeks;
the training was conducted 3 times a week, on alternate
days (Monday, Wednesday, and Friday), at the same time
(2 h 30 min after lunch). The 70-min program consisted
of warm-up exercises (10 min), resistance exercises (50
min), and cool-down exercises (10 min). Warm-up and
cool-down exercises included dynamic and static stretch-
ing. After measuring 1 repetition maximum (RM) for
each subject according to American College of Sports
Medicine (ACSM, 2010) guidelines (Berger, 1962), resis-
tance training was performed at 75%—85% intensity of
individual RM in the form of 3 sets of 8—12 repetitions
each. The rest time between sets was limited to 3 min
(Westcott, 1982). After every 2 weeks of resistance train-
ing, | RM was measured again, and intensity was re-
established. Upper body resistance training involved 8
exercises that included shoulder press, bench press, lat
pull-down, arm curl, hammer curl, triceps extension, dips,
and crunches.

Surface-detected motor unit potential

An isokinetic device using surface electromyogram sen-
sors attached to the biceps brachii (BB) and brachiora-
dialis muscles was used to measure opposing muscle
strength for each angular velocity (°/s) of the elbow joint.
After subjecting the raw data to filtering (recursive digital
filter, MATLAB elliptic filter; MyoResearch v4.0;
Noraxon USA, Inc., Scottsdale, AZ, USA; 350-Hz low
pass, 10-Hz high pass) and full-wave rectification using a
surface electromyogram analysis program (MyoResearch
v4.0), smoothing and analysis were performed.

Isometric strength testing

We measured isokinetic muscle function of the elbow
joint using Cybex (Humac Norm; Computer Sports Medi-
cine Inc., Stoughton, MA, USA). We used only the axial
joint and examined the skeletal muscle before measuring
its activity during simple stretching and warm-up to avoid
fatigue after the examination. The chair was located at a
90° angle, the slope at the back of the chair was 180°, and

the dynamometer was positioned in front of the face. To
obtain maximum activity of the elbow joint, the other
upper extremity was fastened to the chair using a con-
nected belt. After gripping the handle, the lateral humeral
condyle was aligned to the axis of the dynamometer. We
entered the angles after maximum extension and after
bending at 140°, and selected the appropriate working
range of the joint for each subject. To exclude the influ-
ence of the force of gravity, we measured and compen-
sated for gravity effect torque. To measure muscle
strength and endurance, 3 rounds of exercises at 60°/s and
26 rounds of exercises at 180°/s were conducted. To regu-
late intensity before the actual exercise, subjects were
asked to perform 3 rounds of practice exercise at the ac-
tual exercise speed. To collect exact data, we verbally
encouraged the subjects as moral support. For muscle
strength, the maximum muscle strength of each weight
group was recorded in Nm units, whereas endurance was
recorded as the average power in Watts for each weight

group.

Statistical analysis

SPSS version 20.0 for Windows (IBM Corporation, Ar-
monk, NY, USA) was used for statistical analysis. Mean
and SD of all results was calculated, and, to confirm dif-
ferences in body composition based on gene polymor-
phism, an independent ¢-test was conducted. To verify the
effects of 8 weeks of resistance training on body composi-
tion and muscle function factors based on CNTF poly-
morphism in each 2-week period, two-way analysis of
variance (ANOVA) with repeated measurements was
conducted. For post-hoc testing, we used the Tukey test.
The level of statistical significance for all results was set
at a = 0.05.

Results

Body composition

Changes in body composition after 8 weeks of resistance
training are presented in Table 2. Before resistance train-
ing, baseline body composition values showed no differ-
ences between genotype groups (p > 0.05). After 8 weeks
of resistance training, weight and BMI showed no signifi-
cant changes based on time, group, or the interaction
between time and group (p > 0.05). Post-hoc analysis also
showed no significant difference in exercise duration (p >
0.05).

Muscle mass changed with time and demonstrated
significant growth after 8 weeks of resistance training (p
< 0.001). However, the effect was not different based on
the duration of exercise, group, or the combined interac-
tion between duration and group, and no difference based
on genotype was observed (p > 0.05). Post-hoc analysis
showed a significant increase in muscle mass compared
with that before resistance training at week 2 (p < 0.01),
week 4 (p <0.001), week 6 (p < 0.001), and week 8 (p <
0.001). There was a significant increase from week 2 to
week 4 (p < 0.05), week 6 (p < 0.001), and week 8 (p <
0.01). There was also a significant increase from week 4
to week 6 and week 8 (both p < 0.001).
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Table 2. Changes in body composition after 8 weeks of resistance exercise. Data are means (£SD).
Variables Groups Pre Week 2 Week 4 Week 6 Week 8 Posthoc
GG 73.68 (8.19) 73.83 (8.63) 74.10(8.34)  73.54(8.29) 74.15(7.65)
Weight, kg  GA/AA  72.25(9.65) 72.86 (9.70) 72.42(9.32) 7294 (9.85) 73.34(9.67) NS
F T 1.093 G .066 TG 2.048
GG 23.99 (1.76) 24.00 (1.87) 24.11(1.83)  23.91(1.85) 24.11(1.69)
BMI, kg/m*> GA/AA  23.39(2.62) 23.53 (2.43) 23.35(2.31)  23.53(245) 23.62(2.34) NS
F T.971 G .282 TxG 1.550
Muscle mass GG 58.46 (5.59) 58.80 (6.94) 59.98 (6.59) 61.36(6.69) 61.51(7.18)
ke > GA/AA  56.11 (6.41) 57.88 (7.25) 58.39(6.35)  60.36 (6.61)  60.57 (7.77)  0<2<4<6,8
F T 34.461 * G.183 TxG 2.195
GG 62.00 (6.26) 62.44 (7.35) 63.84(6.98) 64.76 (7.50)  64.66 (7.58)
fn?;:rf{; GA/AA  60.04 (7.22) 61.38 (7.63) 61.99 (7.52)  63.88(7.21) 63.84(8.11) 07)2;:‘;6
? F T 19.649 * G .162 TxG .668 ’
GG 15.15(2.93) 15.38 (2.97) 14.33 (2.51) 13.29 (2.19) 13.28(1.90) 0.2>4>6
Body fat, % GA/AA  16.27 (3.57) 15.78 (2.73) 14.89 (3.19) 14.16(3.63) 14.13(3.34) ,02>8
F T 12.531* G .266 TxG .337 ’
*p <0.001. Abbreviations: 0, pre; 2, week 2; 4, week 4; 6, week 6; 8, week 8; BMI, body mass index; G, group; NS, not significant; T, time.
Fat-free mass also changed over time and im- Changes in surface-detected motor unit potential

proved significantly after 8 weeks of resistance training (p
< 0.001). However, no interaction effect between duration
and group was observed, and no significant difference
based on genotype was detected (p > 0.05). According to
the results of post-hoc testing, significant improvements
were observed at week 2 (p < 0.05), week 4 (p < 0.001),
week 6 (p < 0.001), and week 8 (p < 0.001), compared
with that before resistance training. There was a signifi-
cant increase from week 2 to week 4 (p <0.01), week 6 (p
< 0.001), and week 8 (p < 0.01); there was also a signifi-
cant increase from week 4 to week 6 (p <0.001).

Body fat percentage also changed over time, show-
ing a significant decrease after 8 weeks of resistance
training (p < 0.001). However, no interaction between
group and duration was detected, and therefore, no change
related to genotype was observed (p > 0.05). Post-hoc
analysis showed a significant decrease in body fat per-
centage compared with that before resistance training at
week 4 (p < 0.001), week 6 (p <0.001), and week 8 (p <
0.05). There was also a significant decrease at week 4 (p
<0.01), week 6 (p <0.001), and week 8 (p < 0.05), com-
pared with that at week 2, and a significant decrease at
week 6 compared with that at week 4 (p < 0.05).

Surface-detected motor unit potential

(SMUP)—an indicator of mobilization units of nerve
roots (Stashuk, 1999)—after 8 weeks of resistance train-
ing are presented in Table 3. The SMUP of the biceps
brachii muscle increased significantly over time at 60°/s
(p < 0.05). However, no affect based on group, exercise
duration, or the interaction between group and duration
was observed, and therefore, no difference based on geno-
type was detected (p > 0.05). Post-hoc analysis showed a
significant increase at week 2 (p < 0.05) and week 6 (p <
0.05), compared with that before resistance training. The
SMUP of the brachioradialis muscle at 60°/s showed no
significant change based on group, exercise duration, or
the interaction between group and duration (p > 0.05).
Post-hoc analysis showed a significant increase at week 2
compared with that before resistance training (p < 0.05),
and a significant decrease at week 4 compared with that at
week 2 (p < 0.05). At 180°s, the SMUP of the biceps
brachii demonstrated an interaction effect between group
and duration of exercise (p < 0.05), but no effect based on
group or duration was observed (p > 0.05). Post-hoc anal-
ysis showed a significant increase at week 2 compared
with that before resistance training (p < 0.05), as well as a
significant decrease at week 6 compared with that at week
2 (p < 0.05). The SMUP of the brachioradialis at 180°/s
showed no change based on group, exercise duration,

Table 3. Changes in SMUP area after 8 weeks of resistance exercise. Data are means (£SD).

Variables Groups Pre Week 2 Week 4 Week 6 Week 8 Posthoc
GG 9.06 (2.50) 10.05 (2.56) 9.91(2.70)  9.86 (3.62) 9.85 (2.52)
Bf’ W GA/AA  7.92(3.32) 9.95 (4.67) 9.08 (3.01)  10.79 (3.73) 7.80 (1.57) 0<2,6
€0°/scc sec F T 5.685% G 361 T<G 1.891
BR, WV GG 5.90 (1.26) 6.42 (1.46) 6.03(1.48)  6.41 (2.32) 6.40 (3.24) 0
*sec  GA/AA 637 (1.73) 7.29 (1.79) 621 (1.61)  6.11 (1.29) 5.98 (1.09) 9=d
F T 1.451 G .001 TG .286
GG 39.51(11.33) 41.40(13.57) 35.31(8.85) 32.66(10.67) 39.46 (11.58) 0<2
Bf’ W GA/AA 3639 (13.62) 44.32(15.58)  36.90(9.98) 44.93(11.66) 39.57 (16.47) 2>6
180°/sec se¢ F T 3.812 G .043 TxG 4.188 *
GG 23.95(5.99) 27.82(10.43) 2525(7.57) 2641(791) 2551 (15.24)
Bf’ L GA/AA 2243 (741)  26.55(6.83) 2429 (6.14) 21.75(427)  23.66 (5.62) 0<2
se¢ F T 1.266 G .378 T*G 211

*p<0.05.0, pre; 2, week 2; 4, week 4; 6, week 6; 8, week 8; BB, biceps brachii; BR, brachioradialis; G, group; SMUP, surface-detected motor unit

potential; T, time
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Table 4. Changes in muscle strength and endurance after 8 weeks of resistance exercise. Data are means (+SD).

Variables Groups Pre Week 2 Week 4 Week 6 Week 8 Posthoc
GG 61.00 (6.48) 61.33 (7.00) 62.40 (7.50)  64.00 (7.07)  63.20 (5.45) 0<8
Weight, kg  GA/AA  64.14(9.70) 65.14 (8.97) 61.86 (6.09) 67.29(5.19) 71.71 (12.91) 4<6.8
F T2.520 G.772 TxG 1.297
GG 44.40 (4.10) 43.60 (4.93) 51.20 (4.66)  59.20(6.30)  58.20(7.26) (<4.6.8
BMIL kg/m*  GA/AA 4757 (11.50)  54.71(19.96)  58.43(13.70) 63.43(12.31) 65.14(14.09) , 4<6 8
F T 27.648 *G 1218 T*G .587 -

*p<0.001. Abbreviations: 0, pre; 2, week 2; 4, week 4; 6, week 6; 8, week 8; EF, elbow flexor; G, group; T, time

or the interaction between group and duration (p > 0.05).
Post-hoc analysis demonstrated a significant increase at
week 2 compared with that before resistance training (p <
0.01).

Isometric strength testing

Changes in isometric strength following 8 weeks of resis-
tance training are presented in Table 4. The maximum
muscle strength of the elbow flexor at 60°/s showed no
relationship to group, exercise duration, or the interaction
between group and duration, and no correlation with gen-
otype was observed (p > 0.05). However, the results of
post-hoc testing showed a significant increase at week 8
compared with that before resistance training (p < 0.05),
as well as a significant increase at week 6 (p < 0.05) and
week 8 (p < 0.05) compared with that at week 4. The
average power of the elbow flexor at 180°/s was influ-
enced by exercise duration, and increased significantly
after 8 weeks of resistance training (p < 0.001). Group
and the interaction between group and duration showed
no effect, and therefore, no change based on genotype
was observed (p > 0.05). The results of post-hoc testing
showed a significant increase at week 4 (p < 0.001), week
6 (p <0.001), and week 8 (p < 0.001), compared with that
before resistance training. Week 6 (p <0.001) and week 8
(p < 0.01) also showed a significant increase compared
with that at weeks 2 and 4.

Discussion

The results of this study involving CNTF genotypes dem-
onstrated that body composition, muscle mass, and fat-
free mass increased and body fat percentage decreased
with resistance training in healthy male college students;
however, these effects were independent of differences in
the CNTF genotype. Resistance training is characterized
by high-intensity movements that stimulate the secretion
of growth hormones. When metabolized, these hormones
undergo decomposition in the body and increase fat-free
mass (Kraemer et al., 2001). In addition, the increased
amount of growth hormone in the blood stimulates the
release of fatty acids from neutral fats in adipose cells,
which imparts a positive effect on lipid metabolism
(Mgller et al., 1990; Quisth et al., 2005). By week 2 of
resistance training, body fat percentages started to de-
crease, with a significant difference observed at week 4.
Resistance training uses muscle glycogen as the main
source of energy (Singh et al., 1999), and because the
subjects were asked to not change their diet, the decrease
in body fat percentage occurred slower than the increases
in muscle mass and fat-free mass. In addition, the mainte-

nance of weight and BMI is attributable to the simultane-
ous increases in muscle mass and fat-free mass and the
decrease in body fat percentage. Changes in body compo-
sition were not associated with any CNTF genotype,
which is consistent with the findings of Walsh et al.
(2009), who reported no significant difference in muscle
cross-sectional area in relation to genotype after 12 weeks
of resistance training. Therefore, the CNTF genotype does
not influence changes in body composition factors such as
muscle mass and fat-free mass. Although this study did
not identify differences in body composition associated
with CNTF genotype, we acknowledge that the use of
bioelectrical impedance may have been a limitation.
However, the measurement of body composition in asso-
ciation with CNTF genotype was not a primary aim of the
study. Therefore, further studies evaluating the effect of
resistance training on body composition associations with
CNTF genotype using gold standards such as DEXA are
required.

Changes in motor unit potential and muscle
strength and endurance occurred after 8 weeks of resis-
tance training, with the greatest increases observed at the
beginning of the exercise program. Both 60°/s peak
torque which was the value for muscle strength of the
elbow flexor, and 180°/s average power which was the
value for endurance, demonstrated peak values at weeks 6
and 8.

Physiological responses to resistance training occur
predominantly in the nervous system, which plays an
important role in the initial adaptation of muscles (Kra-
emer, 1988; McCall et al., 1999). The effects and adapta-
tion of nerve roots may be responsible for the successful
motorization of motor units, thereby providing more mus-
cle power (Kraemer et al., 1993). The 90% increase in
muscle strength during resistance training in the initial 2
weeks and the 40%-50% increase in the following 2
weeks are attributable to neural adaptation (Earle and
Baechle, 2004). Even without structural changes in mus-
cle, it is possible to increase muscle strength through
neural adaptation (Enoka, 1988), with further increases in
strength resulting predominantly from muscular hypertro-
phy (William et al., 2001). According to Staron et al.
(1994), men who participated in 8 weeks of resistance
training showed a significant increase in 1 RM, which
serves as an indicator of muscle strength, with the largest
increase observed 2 weeks after the initiation of training.
In the study by Wilmore et al. (2007), the cross-sectional
area of muscle tissue did not increase significantly after
resistance training, and the increase in muscle strength
may be attributable to improvement in nerve adaptation.
In this study, which involved 60°/s and 180°/s isokinetic
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exercises controlled by a dynamometer, the biceps brachii
muscle demonstrated a higher motor unit potential at
weeks 2 and 6, whereas the brachioradialis muscle
showed the highest potential at week 2. Accordingly, the
highest level of nerve adaptation after resistance training
was observed at week 2.

Conwit et al. (1999) reported that greater muscle
strength during isokinetic knee extension is associated
with higher mobilization of motor units. The highest peak
torque, which represents maximum muscle strength, was
observed during isokinetic 60°/s exercises for 8 weeks,
whereas motor unit potential decreased from week 2 to
week 6 and from week 4 to week 8, despite the increase in
muscle strength. These changes may be attributable to the
increase in load after 2 weeks of resistance training; nerve
adaptation occurs by week 2, and at week 4, a few motor
units exhibit high muscle strength. Nerve adaptation,
which is for further increasing exercise load, increases
motor unit potential, as supported by measurements of
maximum muscle strength at week 6.

The 180°/s exercises, which are for endurance mo-
tor unit potential, were the highest at week 2, and the
average power steadily increased from week 4 to week 8.
During the 180°/s exercises, despite the increase in aver-
age power, motor unit potential decreased after week 2,
because even if extensive exercise is performed for a long
period of time, only a few motor units are mobilized, and
their effectiveness increases. Previous research also dem-
onstrated that resistance training increases the capacity of
muscle tissue to store energy and increases the secretion
of neurotransmitters; in addition, the smoothing of neural
facilitation results in an increase in muscle endurance
(Fournier et al., 1982; Sale, 1988). The results of this
study are consistent with these previous findings.

CNTF is a neurotrophic agent that supports the ex-
istence and division of various kinds of neural cells that
are part of motor nerves (Sendtner et al., 1994). It has
been reported that the CNTF genotype is associated with
functional differences in the motorization of nerve roots
as well as muscle strength and endurance (Takahashi et
al., 1994). However, this study showed that increases in
muscle strength and endurance after resistance training
were not associated with the CNTF genotype; however,
difference in motor unit potential of the biceps brachii
muscle based on the CNTF genotype was observed during
isokinetic 180°/s exercises.

Roth et al. (2001) reported that women with the
GA genotype exhibited more muscle strength in untrained
arms at low muscle strength units (3.14 rads/s), but no
difference was associated with the CNTF genotype in
arms at high muscle strength units (0.52 rads/s). On the
other hand, both men and women with trained arms dem-
onstrated no differences in the effects of resistance train-
ing based on the CNTF genotype. In this study, peak
torque in isokinetic 60°/s exercises was higher in those
with the GA or AA genotype than in those with the GG
genotype; however, this difference was not significant.
Average power in isokinetic 180°/s exercises was also
higher in those with the GA or AA genotype than in sub-
jects with the GG genotype; however, this value was also
not statistically significant. Guillet et al. (1999) suggested

that women with the A allele have lower levels of func-
tional CNTF protein than women with the GG genotype,
and hence, the CNTF receptors in muscles have lower
activity. Accordingly, in untrained arms, the neurotrophic
and myotrophic effects of CNTF were lower, and there
was a difference in the extent of increase in muscle
strength (Roth et al., 2001).

These neurotrophic and myotrophic roles of CNTF
do not present themselves in trained arms. In particular,
men showed no differences in terms of the adaptation of
muscle characteristics after resistance exercise in both
trained and untrained arms (Roth et al., 2001). This result
is consistent with the study of Guillet et al. (1999), in
which female rats received CNTF treatment; older rats
exhibited growth of muscle fiber area, whereas younger
rats showed no change in muscle fiber size. CNTF pre-
vents the degeneration of motor nerves (Sendtner et al.,
1990; Sendtner et al., 1997); thus, 24-month-old rats re-
sponded to CNTF treatment because levels of CNTF
decrease with aging, but there was no such effect in 6-
month-old rats. Accordingly, the neurotrophic and myo-
trophic effects of CNTF can be influenced by age or the
need for restoring function, and the CNTF genotype may
regulate muscle strength and motor unit function in aging;
however, they have no influence in young and healthy
individuals. Thus, resistance training results in good mus-
cle adaptation capacity.

Conwit et al. (2005) reported that the mobilization
of motor units based on muscle strength showed differ-
ences in the size of motor units and potential patterns
according to the CNTF genotype. It was reported that
when subjects with the GA genotype exhibited high mus-
cle strength, motor unit mobilization per level of muscle
strength was small, indicating that motor unit function
was effective. When performing 60°/s isokinetic exercises
in this study, no differences were associated with motor
unit potential and the CNTF genotype. On the other hand,
when performing 180°/s isokinetic exercises in the biceps
brachii muscle, those with the GA or AA genotype had a
higher motor unit potential than those with the GG geno-
type, which is different from the results of a previous
study. The discrepancy may be because this study meas-
ured changes in muscle strength and endurance following
resistance training; the resistance load steadily increased
during the training period, resulting in nerve root adapta-
tion and an increase in motor unit potential. If the motor
unit potential was measured strictly at the same muscle
strength units during training, we believe that it could
provide information on the effective functioning of motor
units based on the development of nerve adaptation and
the mobilization of fewer motor units. Accordingly, dur-
ing 180°/s isokinetic exercises in the biceps brachii mus-
cle, subjects with the GA or AA genotype exhibited high-
er motor unit potential than those with the GG genotype;
however, this difference was not significant and can be
attributed to the fact that this group also exhibited higher
average power during resistance training.

In summary, muscle strength factors and motor
unit potential improved after 8 weeks of resistance train-
ing, but these changes were not associated with CNTF
polymorphism. One reason for this could be the small



686

Training and SNPs in muscle

number of subjects included in the study. Another reason
may be the influence of functioning of leukemic inhibi-
tory factor (LIF). The structure and function of LIF are
similar to those of CNTF (Haas et al., 1999), and accord-
ing to the results of in vitro experiments and animal ex-
periments, it is, along with CNTF, a necessary protein for
the existence and functioning of motor nerves (Arakawa
et al., 1990; Banner and Patterson, 1994; Hughes et al.,
1993; Sendtner et al., 1990; Pennica et al., 1996), and
plays a major role in motor endplates (Holtmann et al.,
2005). Accordingly, even if the level of CNTF is low,
LIF, which supplements CNTF, is activated and can have
a similar level of adaptation and development of function-
ing as the nervous system. On the other hand, when per-
forming 180°/s exercises, the motor unit potential of the
biceps brachii muscle was related with the interaction
between duration of exercise and group after 8 weeks of
resistance training. This result is difficult to generalize
because it was not observed with any other variable; how-
ever, it can be assumed that in the variant group that lacks
CNTF, substances such as LIF and similar proteins per-
form a supplementary function. The other reason may be
the influence of motor-related genes. The angiotensin-
converting enzyme gene is related to physical strength,
and many studies have reported that polymorphisms of
this gene are associated with differences in muscle
strength, rapidity, and cardiopulmonary endurance (Char-
bonneau et al., 2008; Giaccaglia et al., 2008; Pescatello et
al., 2006; Sahlen et al., 2010; Thompson et al., 2006;
Williams et al., 2005). The a-actinin-3 gene also has been
suggested to influence muscle strength and rapidity, and
plays an important role in the arrangement and function-
ing of myofibrils (Macarthur and North, 2005). It has
been reported that increases and differences in muscle
function are associated with polymorphisms of this gene
(Zanoteli et al., 2003). Apart from that, there is also the
influence of numerous motor-related genes (Rankinen et
al., 2004). The same results involving CNTF polymor-
phism were difficult to verify in this study, and therefore,
there is a need to further study CNTF along with related
substances and motor-related genes. Finally, we did not
measure the difference in CNTF levels before and after
resistance training. Guillet et al. (1999) reported that
CNTF level was associated with sports performance and
muscle strength in rats. Therefore, if the CNTF levels
differ between CNTF genotypes after resistance training,
it could affect body composition, muscle performance,
and motor unit function. Thus, further studies on the ef-
fect of resistance training on CNTF level are required.

Conclusion

We conclude that 8 weeks of resistance training resulted
in improvements in motor unit potential and muscle
strength and endurance, and no differences were associ-
ated with the CNTF genotype, except for the biceps
brachii muscle during 180°/s exercises. Therefore, im-
provements in muscle strength and endurance after resis-
tance training in healthy male college students are a direct
result of the training program and are not related to a
genetic factor involving motor nerves.
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Key points

e Resistance training improves muscle strength and en
durance in young men.

e This improvement in muscular strength and enduran
ce is irrespective of CNTF genotypes.
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