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Abstract: Aim: This study aimed to investigate the relationship between the changes of muscle fibers and the 
changesof peripheral nerve functions (CMAP) with aging. Methods: Lewis rats enrolled in this study. Muscle biopsy 
and CMAP of tibialis anterior (TA) were measured. Results: CMAP amplitudes increased significantly in 6 months 
(P<0.05). CMAP latencies of peroneal nerves found to be significantly higher in older rats (P<0.05). In 6 months 
these two muscle fibers went through a significant decrease (P<0.05). Type IIb and type IIx muscle fibers increased 
significantly in 6 months when compared with those in 1 month (P<0.05). After 6 months, the percentages of type 
I and type IIa muscle fibers increased as the month increased (P<0.05). The percentages of type IIb muscle fibers 
and type IIx muscle fibers dropped significantly as the month increased (P<0.05). Type I and type IIa muscle fibers 
were negatively related to CMAP amplitudes (P<0.05). Type IIb muscle fibers were positively related to CMAP ampli-
tudes (P<0.05). Conclusion and discussion: There is a shift from the fast types (Type IIx and IIb) to slow types (Type 
I and IIa) in muscle fibers with agingwhich is consistent with changes in CMAP amplitude of peripheral nerves.
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Introduction

Skeletal muscle atrophy is inevitable with ag- 
ing. Age related skeletal muscle atrophy and 
force decline, which is also called sarcopenia, 
limits daily living activities and leads to morbid-
ity and mortality in the elderly. Atrophy is char-
acterized by active degradation, removal of 
contractile proteins, and a shift in muscle fiber 
isoforms. In other words, the transitions in mus-
cle fiber isoforms with aging is usually accom-
panied with decrease in strength and power [1, 
2], as well as an increase in muscle weakness 
(the strength per unit of cross-sectional area of 
muscle) and fatigability [3, 4].

Skeletal muscle composes of muscle fibers 
that differ in their speed of contraction and  
predominant type of energy metabolism [4]. 
Currently, four major fiber types, which include 
a slow-type fiber (Type I) and three fasttype 
fibers (Types IIA, IIB and IIX), are generally rec-
ognized in mature skeletal muscle. Muscle 
fibers can be classified as type I, slow-twitch 

fibers, and type II, fast-twitch fibers, base on 
their predominant myosin heavy chain (MHC) 
isoform content. Muscle fibers can adapt to dif-
ferent usage by transformation from one type 
to another, and such transformation can also 
occur with aging. It is known that type I can 
transform into type IIx fiber as illustrated: I↔I/
IIa ↔IIa ↔IIa/X ↔IIa ↔IIb/x ↔IIb [5]. The pro-
portion of each muscle fiber type in skeletal 
muscle defines the overall functional capabili-
ties which are also affected by neuromuscular 
activity, exercise training, thyroid hormone, and 
mechanical loading [6, 7].

To date, several questions with respect to the 
mechanisms underlying age-related muscle 
atrophy remain unresolved. Changes in each 
type of muscle fibers especially their relation-
ships with peripheral nerves degeneration have 
not been totally investigated yet.

In this study, it was hypothesized that the 
changes in peripheral nerves were correlated 
with the fast-to-slow type transformations dur-
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ing aging. Aging has definite effects on neuro-
muscular functions. Compound muscle action 
potential (CMAP) is a valuable assessment of 
routine nerve conduction (NCS). And NCS can 
directly reflect peripheral motor and sensory 
functions [7]. Commonly measured parame-
ters of CMAP include latency and amplitude.

Materials and methods

Experimental research has been approved  
by the Ethics Committee of Shanghai Tenth 
People’s Hospital. And the use of animals in 
experiments has observed the Interdisciplinary 
Principles and Guidelines for the Use of Animals 
in Research, Testing, and Education by the New 
York Academy of Sciences, Ad Hoc Animal 
Research Committee. 60 female Lewis rats 
were used (obtained from Central Lab of 
Shanghai TenthPeople’sHospital, Shanghai, 
China) with an average body weight of 100±5 
gat the beginning of the experiments. All rats 

trode was inserted subcutaneously in the dor-
sum of the foot.

The transcutaneous stimulating electrodes 
were placed along the course of the sciatic 
nerve. Supramaximum stimulation was applied 
to elicit a response. All tests were repeated 
twice to ensure reproducibility. ANOVA was per-
formed to compare CMAP values among differ-
ent groups. Tukey’s post hoc test was per-
formed when P<0.05.

Muscle fiber analysis by biopsy with triple im-
munostaining method

Frozen muscle specimens were transferred to 
the -20°C cryostat (Leica CM3050S, German) 
by dry ice. 10 um frozen sections were cut and 
fixed in absolute acetone at 4°C for 5 min.  
Four monoclonal primary antibodies including 
anti-myosin A4.74 IgG1, anti-myosin BA-F8 
IgGb2, anti-myosin BF-F3 IgM, and anti myosin 

Figure 1. Different muscle fibers’ distribution by triple immunostaining meth-
od. A. Different muscle fiber proportion in 1 month. B. Different muscle fiber 
proportion in 3 months. C. Different muscle fiber proportion in 6 months. 
D. Different muscle fiber proportion in 12 months. E. Different muscle fiber 
proportion in 18 months. F. Different muscle fiber proportion in 24 months.

were housed in a temperature 
and humidity controlled room 
with 12 h light and 12 h dark 
cycles. The room temperature 
was controlled at 26°C and 
rat body temperature main-
tained at around 35°C by a 
heating pad. The animals were 
offered standard chow and 
water ad libitum. All rats were 
housed two weeks before the 
experiments to adapt to the 
new environment. 10 rats we- 
re picked randomly every time 
at 1, 3, 6, 12, 18 and 24 
months for CMAP and histo-
logical analysis of tibialis ante-
rior (TA) muscle.

CMAP measurement

CMAP was recorded (Nicolet 
Viking IV; Shanghai Tenth 
People’s Hospital, Shanghai, 
China) in the peroneal mus-
cles of rats at the age of 1, 3, 
6, 12, 18 and 24 months. The 
ground electrode was inse- 
rted subcutaneously at the 
heel, the reference electrode 
was inserted subcutaneously 
at the fifth metatarsal joint, 
and the active recording elec-
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BF-F35 IgG1 (Developmental Studies Hyb- 
ridoma Bank, University of Iowa, Iowa City, IA) 
were used in this study.

For single immunohistochemicalimmunostain-
ing, frozen section was incubated with one pri-
mary antibody (1/5 dilution) for 1 hour at room 
temperature. After washed, the section was 
incubated in the peroxidase conjugated second 
antibody which was included in the ImmPRESS 
REAGENT Anti-Mouse Ig kit (Vector Lab) fol-
lowed by respective detection kits (Vector Lab) 
as follows: DAB kit (brown) for A4.74 and 
BF-F35, SG kit (grey) for BA-F8. The sections 
with BF-F3 antibody were incubated in the  
second antibody followed by ABC complex from 
the Alkaline Phosphatase Mouse IgM ABC kit 
(Vector Lab) and visualized using the Vulcan 
fast Red chromogen kit 2 (red) from Biocare 
Medical, CA. All immunostaining using the 

detection kit were performed following the 
manufacture’s instructions. The triple immu-
nostaining was performed using the polymer-
ized reporter enzyme staining system for the 
first two antigens and alkaline phosphatase 
labeling for the third antigen to avoid the non-
specific cross reactions between the different 
detection systems. All the sections were sca- 
nned by NDP machine (Nanozoomei Digital 
Pathology 2.0HT, HAMAMATSU, Inc). We sys-
tematically sampled and counted 33% of the 
whole muscle fibers on the scanned sections 
by the Image J software (NIH). The result 
showed in Figure 1.

Statistical analysis

Data collected were first entered in the Mic- 
rosoft Excel Worksheet and then statistically 
analyzed by using SPSS 20.0 version. Due to 
the non-normal distribution of data, Mann 
Whitney U test was applied to analyze NCS vari-
ables. P<0.05 was considered as statistically 
significant.

Results

Effect of aging on motor nerve conduction 
study variables

CMAP amplitudes of peroneal nerves in 3 
months were not significantly different from the 
first month (P>0.05). However CMAP ampli-
tudes increased significantly in 6 months when 
compared with that in 1 month (P<0.05). After 
that CMAP amplitudes showed a decreasing 
trend with aging, but without significance (P> 
0.05). CMAP latencies of peroneal nerves didn’t 
show any converse result with CMAP amplitude. 
CMAP latencies of peroneal nerves showed no 
significant changes in 3 months compared with 
1 month (P>0.05). Only were CMAP latencies  
of peroneal nerves found to be significantly 
higher in older rats (6-24 months) than that  
in 1 months (P<0.05). The datesareshowed in 
Tables 1-3.

Effect of aging on muscle fiber proportion

The percentages of type I and type IIa muscle 
fibers in 3 months were no significantly diff- 
erent from those in 1 month (P>0.05). In 6 
months these two muscle fibers went through  
a significant decrease when compared with 1 
month (P<0.05). Similarly the percentages of 
type IIb and type IIx muscle fibers in 3 months 

Table 1. Changes of CMAP during aging 
process
CMAP Amplitude (mv) Latencies (ms)
1 month 17.35±1.17 0.91±0.38
3 months 18.40±1.2 1.12±0.21
6 months 18.51±1.27 1.33±0.31
12 months 17.10±4.24 1.22±0.18
18 months 16.67±1.43 1.28±0.11
24 months 16.37±0.97 1.70±0.38

Table 2. P value of CMAP amplitude compari-
son between different time points
vs. 3 6 12 18 24
1 0.064 0.048* 0.863 0.262 0.058
3 0.837 0.375 0.01 0.001
6 0.337 0.007 0.001
12 0.767 0.608
18 0.592
Note: *P<0.05.

Table 3. P value of CMAP latencies compari-
son between different time points
vs. 3 6 12 18 24
1 0.151 0.014* 0.036* 0.014* 0.000*
3 0.085 0.242 0.044* 0.001*
6 0.345 0.639 0.029*
12 0.391 0.003*
18 0.007*
Note: *P<0.05.
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type IIa muscle fibers increased asthe month 
increased (P<0.05), except for the non-signifi-
cant change between 6 and 12 months of type 
I muscle fiber (P>0.05). Simultaneously, the 
percentages of type IIb muscle fibers and type 
IIx muscle fibers dropped significantly as the 
month increased (P<0.05), except for the cha- 
nges of the non-significant change between 18 
and 24 months of type IIx muscle fiber (P>0.05). 
The data areshowed in the Tables 4-8 below.

Results showed that type I and type IIa muscle 
fibers were negatively related to CMAP ampli-
tudes. (P<0.05), Pearson correlation: -0.408 
and -0.408). Meanwhile type IIb muscle fibers 
were positively related to CMAP amplitudes 
(P<0.05, Pearson correlation: 0.588). The data 
areshowed in the Figure 2 below.

Discussion

This study aimed to investigate the age-related 
changes on different muscle fibers and periph-
eral nerves. There were no significant changes 
on CMAP amplitudes of peroneal nerves within 
3 months. At 6 months, CMAP amplitudes in- 
creased significantly than that in 1 month. After 
that CMAP amplitudes showed a decreasing 
trend with aging. Buschbacher et al. also found 
decrease in CMAP amplitude of peroneal nerve 
in older age subjects as compared to the young-
er individuals [7]. In addition, Huang et al. found 
that the subjects with older age had smaller 
amplitudes compared to the younger age group 
[8]. Hennessey et al. also found similar dec- 
rease in CMAP amplitude of the median nerve 
in the elderly [9]. However, CMAP latencies  
of peroneal nerves showed different results. 
CMAP latencies showed significant increas-
esince6 months when compared with that in 1 
month.

Noteworthy, although a variety of experiments 
existed in terms of the comparison between 

Table 4. Changes of muscle types during aging process
Muscle fibers Type I Type IIa Type IIb Type IIx
1 month 3.31%±0.96% 12.27%±1.91% 59.69%±1.95% 24.73%±1.22%
3 months 2.96%±0.64% 11.40%±1.50% 60.32%±3.19% 25.33%±1.96%
6 months 2.35%±0.15% 7.03%±1.60% 63.75%±2.67% 26.89%±2.03%
12 months 2.66%±0.59% 14.99%±1.09% 60.24%±2.49% 22.12%±2.08%
18 months 4.80%±1.12% 18.67%±1.66% 57.89%±1.49% 18.63%±1.65%
24 months 6.16%±0.76% 22.40%±3.27% 53.71%±3.57% 17.73%±2.31%

Table 5. P value of Type I muscle comparison 
between different time points
I 3 6 12 18 24
1 0.347 0.006* 0.089 0.005* 0.000*
3 0.010* 0.297 0.000* 0.000*
6 0.125 0.000* 0.000*
12 0.000* 0.000*
18 0.006*
Note: *P<0.05.

Table 6. P value of Type IIa muscle compari-
son between different time points
IIa 3 6 12 18 24
1 0.273 0.000* 0.002* 0.000* 0.000*
3 0.000* 0.000* 0.000* 0.000*
6 0.000* 0.000* 0.000*
12 0.000* 0.000*
18 0.007*
Note: *P<0.05.

Table 7. P value of Type IIb muscle compari-
son between different time points
IIb 3 6 12 18 24
1 0.602 0.001* 0.059 0.034* 0.000*
3 0.018* 0.095 0.043* 0.000*
6 0.007* 0.000* 0.000*
12 0.022* 0.000*
18 0.003*
Note: *P<0.05.

Table 8. P value of Type IIx muscle compari-
son between different time points
IIx 3 6 12 18 24
1 0.424 0.011* 0.004* 0.000* 0.000*
3 0.096 0.002* 0.000* 0.000*
6 0.000* 0.000* 0.000*
12 0.000* 0.000*
18 0.332
Note: *P<0.05.

were no significantly 
different from those in 
1 month (P>0.05). On 
the contrary, type IIb 
and type IIx muscle fi- 
bersincreased signific- 
antly in 6 months when 
compared with those in 
1 month (P<0.05). Aft- 
er 6 months, the per-
centages of type I and 
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the elderly and younger individuals, there was 
no studyinvestigating change during the pro-
cess of aging.In this study, CMAP was com-
pared among the three different periods (neo-
nate, youth and elderly). It was defined that the 
neonate phase within the first 3 months, youth 
phase 3-6 months, and elderly phase 6-24 
months.

According to the results, CMAP underwent a 
growing process at the beginning. Initially, 
peripheral nerve function stood still in the  
neonate phase. In youth phase, the peripheral 
nerve function developed. The peripheral nerve 
functionwas lost partially after the youth phase. 
CMAP latencies showed no significant differ-
ence within first 3 months, and the reason 
might be the hyposensitivity of CMAP latencies 
or relatively small sample sizes of the study. 
CMAP measurement can assess the function of 

peripheral nerve by stimulating the nerve and 
recording the activities of the target muscle. 
The changes of CMAP in this study demonstrat-
ed that aginghad definite effects on peripheral 
nerve functions. Till youth, peripheral nerves 
developed. With aging, the reason why ampli-
tude showed a decreasing trend after youth is 
probably the decrease of the muscle mass and 
motor unit size. Besides, decrease in the num-
ber of nerve fibers might lead to the same con-
sequence as well [10-12].

In this study, the data were summarized into 
6age groups to simplify the presentation. The 
analysis of age effects on muscle fibers and 
NCS was performed (Figure 3). The transfor- 
mations of different muscle fibers were also 
assessed under the whole process of aging.

The percentages of type I and type IIa muscle 
fibers in 3 months were not significantly differ-

Figure 2. The changes of type I and type IIa muscle fibers were negatively related to the shifts of CMAP amplitudes. 
(P<0.05, Pearson correlation: -0.408 and -0.408). The changes of type IIb muscle fibers were positively related to 
the shifts of CMAP amplitudes (P<0.05, Pearson correlation: 0.588). The changes of type IIx fiber muscle were not 
related to the shifts of CMAP amplitudes (P>0.05).
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ent from those in 1 month (P>0.05). In 6 
months these two muscle fibers went through a 
significant decrease compared with those in 1 
month (P<0.05). Similarly, the percentages of 
type IIb and type IIx muscle fibers in 3 months 
were not significantly different from those in 1 
month (P>0.05). In 6 months, type IIb and type 
IIx muscle fibers increased significantly com-
pared with those in 1 month (P<0.05). After 
6months, the percentages of type I and type  
IIa muscle fibers increased significantly than 
before (P<0.05), except for type I in 12 months 
(P>0.05). Simultaneously, the percentages of 
type IIb muscle fibers and type IIx muscle fibers 
dropped significantly after 6 months (P<0.05), 
except for type IIx in 24 months. Kevin et al. 
[13] also found there was a shiftin the propor-
tion of different muscle fibers with aging in 
healthy people. After 20 years old, Type I mus-
cle fiber would decrease consecutively. And 
Type IIx muscle fiber would increase. They con-
cluded that older muscles required a longer 
period in translating adaptive responses at the 
gene-transcript level into changes in the expres-
sion of MHC protein isoforms. Xin Feng et al. 
[14] showed that aging had similar effects on 

monkeys compared with humans, which foc- 
used on the vastus lateralis muscle of monkey. 
Thus, there was a fast-to-slow transformation 
of muscle fibers during aging.

In addition, some researches in regard to invol-
untary muscle showed that Type IIb and IIx 
decreased consistent with selective degenera-
tion of peripheral nerves in the older rats, mice 
and humans [15-17]. Some researches con-
firmed the myofiber changes by immunohisto-
chemistry. Several studies revealed that the 
etiopathogenesis of myofiber changes mainly 
due to the degeneration of nuclei in muscles. 
Extensive DNA damage occurring with aging 
caused the transformation of different muscle 
fibers and the decrease of myofiber mass [18, 
19]. Transformation of type II muscle fibers 
caused by aging (23%) was more severe than 
Type I (57%) [20]. According to Mathieu-
Costello’s study [21], aging would cause the 
disproportion between capillary surface per 
fiber surface and fiber mitochondrial volume in 
muscles. Nevertheless, muscle fiber mitochon-
drial volume deteriorates always occurred pre-
dominantly in slow fibers. The reason may be 
that type I and type IIa muscle fibers were oxi-
dative, whereas type IIx and type IIb fibers were 
primarily glycolytic, hence type I and IIa muscle 
fibers have more oxidative capacity than type 
IIb and IIx [20]. In addition, the study of Gorza 
[5] identified that type I can be transformed 
into type IIx muscle fiber as illustrated: I↔II/IIa 
↔ IIa ↔ IIa/X ↔ IIa ↔ IIb/x ↔ IIb. Type IIa used 
to be defined as another relatively slow-twitch 
fiber [5, 20].

Others believed that the proportion of type I 
and IIa fibers increased, possibly reflecting rein-
nervation of neighboring denervated type IIb 
and/or IIx fibers by the most abundant type I 
and IIa fibers. Indeed, there was an increase in 
DNA damage of nuclei from older animals by 
oxidative stress [22]. That was to say the 
effects of denervation and reinnervationwere 
fulfilled in the whole process of aging.

The changes of MHC protein expression, the 
damage of nuclei, and the apoptosis of myofi-
bers may all decrease muscle strength and 
functions. In this study, the effects of NCS in 
the process of musculoskeletal degeneration-
were highlighted. In this study, with the process 
of aging, changes of CMAP amplitude were sig-
nificantly related to the transition of I, IIa, IIb 

Figure 3. Before 6 months the percentages of type 
I muscle fibers and type IIa muscle fibers gone 
through a decrease compared with the beginning of 
experiment (P<0.05). And the percentages of type 
IIx muscle fibers and type IIb muscle fibers have in-
creased compared with the beginning of experiment 
(P<0.05). After 6 months, the percentages of type 
I muscle fibers and type IIx muscle fibers have in-
creased significantly than 6 months before (P<0.05). 
Simultaneously, the percentages of type IIa muscle 
fibers and type IIb muscle fibers dropping significant-
ly than before (P<0.05).
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muscle fiber phenotypes (P<0.05, Pearson cor-
relation: -0.408, -0.408 and 0.588). Thus, it 
can behypothesized that peripheral nerves 
played a key role in the aging of skeletal mus-
cles. And the exception of Type IIx fiber muscle 
may due to the small sample size of this study. 
According to the results, it can be concluded 
that at the beginning of lifetime, the function of 
peripheral nerves and the quantity of musculo-
skeletal fibers developed. That is the reason 
why the amplitude of CMAP increased and the 
slow-to-fast muscle fiber shift existed in the 
first 12 months. After youth, either the muscu-
loskeletal functions or peripheral nerves degen-
erated. Consequently, the amplitude of CMAP 
decreased, the latencies of CMAP increased, 
and the majority of muscle fiber tended to be 
slow switch fibers.

Conclusions

In conclusion, the degeneration of NCS possi-
bly contributes to the changes of myofibers to a 
significant degree. Further investigation of the 
factors that can cause fiber type transitions 
during aging may be continued especially in the 
developing period before youth. Thus, proper 
factors may be available inmanagements of 
muscle atrophy.
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