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Effect of Neuromuscular Electrical Stimulation(NMES)

on the Ultrastructure of Skeletal Muscle in Rats

Park, Jang Sung, P.T., Ph.D.
Department of Physical Therapy, Seonam University
Park, Chun Man, Ph.D.

Department of Public Health, Keimyung University

ABSTRACT

This study conducts electrical stimulation to male white rat of
Sprague-Dawley which 1s 7 weeks, has the weight of 240 g and is
seemingly healthy for one or two weeks by means of neuromuscular
electrical stimulator in order to examine the effects of neuromuscular
electrical stimulation on its gastrocnemius, measures change of weight of
gastrocnemius, serum and enzyme activity and then obtains the following
conclusions.

There is little difference in AST and CPK of weight and serum of
gastrocnemius after one or two weeks of conducting neuromuscular

electrical stimulation in all experimental groups.
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On the one hand, as a result of histochemical observation, NMES [ group
showed hypertrophy of perimysium and increase of sectional diameter of
muscle fiber compared to comparison group, but NMES II group showed a
similar result to comparison group.

When ultrasubstructure was observed under electron microscope, [-type
muscle fiber of NMES I group showed well-arranged mitochondria and it
was similar to comparison group. II-type muscle fiber showed a large
quantity of glycogen granules within sarcoplasmatic and the extension of
luminal of T-tubule.

[-type muscle fiber of NMES II group had small mitochondria and showed
the wvacuolar degeneration of mitochondria and extended T-tubule. II-type
muscle fiber showed the extension of agranule cytoplasma reticulum with
T-tubule and the reduction of amount of glycogen granule within partial

sarcoplasmatic.

Key Word : Neuromuscular Electrical Stimulation(NMES); Ultrastructure;
Skeletal Muscle
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Table 1. Effect of NMES on the body weight in rats (unit: g)

Group
Control NMES I NMES I
Week
0 week 235.58+24.79 238.00+32.37 237.50+£33.04
1 week 254.50+10.72 253.50+ R.58 249.25+ .46
2 week 264.17+ 5.42 263.00+ 4.24 248.00+ 2.83

Values are meanxSD of 6 rats.
NMES I : Group with neuromuscular electrical stimulation I

NMESI: Group with neuromuscular electrical stimulation I

Table 2. Effect of NMES on the weight(wt) of GCM in rats

1 week 2 weeks
Groups GCM wt(g) GCM(%) GCM wt(g) GCM(%)
Control 1.87+0.06  0.71%0.01 1.85+0.10 0.70+0.04
NMES I 1.9240.03  0.74%0.01 1.85+0.10 0.70£0.05
NMES I 1.76+0.08  0.69%0.01 1.71+0.06 0.69+0.02

Values are meanxSD of 6 rats.
GCM(%): GCM wt/body wtx100
GCM: Gastrocnemius Muscle

Other abbreviations are same as described in Table 1.

Table 3. Effect of NMES on the AST and CPK in rats

1 week 2 weeks
AST CPK AST CPK
Control 35.33+4.37 319.44%£115.59 35.66+4.91 319.26%£115.80
NMES I 28.96x+5.40 253.89+ 98.99 29.92+£0.97 247.22+ 96.64
NMES I 29.37£2.90 294.17+153.60 36.75+3.67 309.44+ 54.21

Values are meanxSD of 6 rats.
AST: Asparate aminotransferase
CPK: Creatine phosphokinase

Other abbreviations are same as described in Table 1.
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Table 4. Effect of NMES on the volume density(um®/mm®) of myofibrils in the

muscle cell of rats

Parameter 1 Week 2 WeekS
Groups Type I Typell Type I Typell
Control 0.70%£0.08 0.78+0.04 0.72%0.06 0.82%+0.04
NMES I 0.76x0.06 0.89+0.06"% 0.75%0.11 0.78%+0.03
NMES I 0.73%£0.08 0.8740.03" 0.73%£0.06 0.78%+0.02

Values are meanxSD of 6 rats.

Type I: Type I muscle cell
Typell: Typell muscle cell

Other abbreviations are same as described in Table 1.

@ Significantly different from control group

(; p<0.05, ™; p<0.01)

Table 5. Effect of NMES on the volume density(um’/im®) of mitochondria in the

muscle cell of rats

1 week 2 weeks
arameter
Groups Type I Typell Type I Typell
(unit><10) (unit<10) (unit><10) (unit<10)
Control 1.66+0.07 0.42+0.07 1.64£0.31 0.47£0.05
NMES I 1.82%0.11 0.46£0.05 2.17+0.12" 0.51£0.07
NMES II 1.58+0.14 0.38+0.06 2.024£0.18%  0.59+0.05

Values are meanxSD of 6 rats.

Type I: Type I muscle cell
Typell: Typell muscle cell

Other abbreviations are same as described in Table 1.

@ Significantly different from control group

(*; p<0.05)
Astgith, 23U ARTANATE A ARUEE RE AP = o
NG A vz wwstel AgAe  mold Wt

23%(NMEST, p<0.05) +938tA Z71%
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Fig 1. Histochemical reaction of gastrocnemius in rats, NADH-diaphorase, original

mag. <100

a) Control

; Muscular bundles are divided by perimysium(arrow). Type [

muscle cells(I) are the strongest reaction to NADH-diaphorase, type IIb

muscle fibers(IIb) are rarely reacted with NADH-diaphorase. e) NMES I

The perimysium in three groups is thickened compared to that of control. f)

NMEST ; Muscular bundles and perimysium are similar to control.
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Fig 2. Ultrastructure of myofibrils of control in rats, uranyl acetate and lead citrate,
original mag.x6,000
a) Type I fiber ; The structure of myofibrils is intact and their arrangement
is regular. Mitochondria(M) are moderately dense and T-tubules(T) are
clearly observed on the A-I bands. b) Type II fiber ; The length of
sarcomeres is regular and cross-striation structure is clear. T-tubules(T)

are clearly observed on the A-I bands.

Fig 3. Ultrastructure of myofibrils of NMESI in rats, uranyl acetate and lead
citrate, original mag.<6,000
a) Typel fiber ; The tissue structure is intact. T-tubules(arrow) are shown
on the A-I bands. b) Typell fiber ; Glycogen granules(G) are increased in

the sarcoplasm, and dilatation of T-tubules(arrow) is shown.
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Fig 4. Ultrastructure of myofibrils of NMESI in rats, uranyl acetate and lead
citrate, original mag.x6,000
a) Typel fiber ; The size of mitochondria is smaller than that of control
and a few of them have vacuolar degeneration. b) Typell fiber ; Deposition
of glycogen granules(G) is partially decreased, and the luminal spaces of

T-tubule(T) and sarcoplasmic reticulum(SR) are dilated.
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