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Fig.1 Perfusion curve. Perfusate is 80%

Ringer's solution+20% 0.25 mol/L sucrose,

conductivity of perfusate is 9 mS/cm
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Fig.2 Frequency dependence of relative permittivity
(A) and conductivity (B) for isolated frog skeletal
muscle. Each point represents a mean of data from
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Table 1 Fitted values for the parameters of Eq.1

Fiber orientation Dispersion As f{(kHz) B K (mS/cm) e, AatMHz" m
1 150000 4 0.9
Perpendicular( L) 0.55 70 12.5 1.18
60000 112 0.96
500000 1 0.88
Parallel( I ) 4.6 70 11.5 1.30
100000 20 0.98
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Fig.3 Dense ellipsoidal shell models of skeletal mus-
cle cells. (A) an ellipsoidal shell model (E-S model);
(B) an ellipsoidal shell model in intracellular space in-
cluding ellipsoidal myofibrils (E-S-MF model); (C) an
ellipsoidal shell model in intracellular space including

ellipsoidal myofibrils and vesicles (E-S-MF-V model)

0 PR S5 088 50 TR R PR [ S BRAR B Y (E-S
model), WIE 3 T A; B, EERLGI A AH S L
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e, WK 3P C. @t ihZU5AaE 2 4.
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Fig.5 Equivalent radius histogram of frog

skeletal muscle cells. n=865, R=51 pum

Fig.6 Transmission electron micrograph of

transected frog skeletal muscle myofibrils
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Fig.7 Illustration showing the procedure
for curve fitting based on E-S model in
Fig.3. Experimental data, same as in Fig.2
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Fig.8 Fitting of the experimental data (same as
in Fig.2) with the theoretical curves calculated
using the E-S model(curve a), the E-S-MF model
(curve b), and the E-S-MF-V model(curve c)
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BELAN M N A S LR AT 2 RRIREAAD) Ok )5 2R B A
B 5tk EH A (E-S-MF model), F(fiih5H H
b Bk, e 8 & th&Pls, #ix ik 2-1
MR 2-2 240, MBI WUREF4ESMH & R ] 5E £
f, B e, =85+ Ky m=1.5 mS/cm.

Kl 8 1 b B 2 T [ 5 9 A 78 2 TR IR
PRI A4, PLATEOLLE a B 26 4F, w5
Kk I ZEEE LR RT3 B i B A H B 2 L
YT B B VL A0 P S LR AT 4 . RN AR 105~
108 Hz Ao [ N IR AR X A FUH B0 2219 (residual

error, R[e]) HIa FLig ) R[£]=5.73 % N B4 %]
b HIC I R[e]=3.41%. {HJE, #E3E 1 J5 A =
BEHL SR i, 1 b BEAE 26 04T 58 4 1 S 00 B
Wt ZHK 6 v WL A4 I AMT A7 E — Sk
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K HT B 3C i 8 LA M 9 A7 5 DU 2R 4 (R 1
PO FIBR/INERE RE7E) R B 3R B 5 5 75
PSR (E-S-MF-V model), £8id fh£k 40l & 0
x 234

Table 2 The parameter of dense an ellipsoidal shell model in intracellular space

including ellipsoidal myofibrils and vesicles (E-S-MF-V model)

Table 2-1 The parameter of ellipsoidal shell model

Fiber Morphological parameter Phase parameter Computational
orientation  d(nm) L(m) R(wm) & K &n K & K, ¢ result
1 8 13000 50 il 8 107 85 9 0.75 &'y
Il 8 600 50 il 8 4x107° 85 9 0.75 &
Table 2-2 The parameter of ellipsoidal myofibril
Fiber Morphological parameter Phase parameter @, Computational
orientation  [,(jm) R(pm) Eint Kimt Eomt Kot result
1 13000 0.5 75 7 . 0.75 il
[ 600 0.5 75 7 fe 0.75 £
Table 2-3 The parameter of a vesicle
Fiber Morphological parameter Phase parameter
) ) @, Result
orientation  J(nm) a(um) b(pm) c(um) & Ky  Em  Km  Ea K
Random 10 0.1 0.2 0.6 60 2 8 107 78 9 065 &
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DIELECTRIC SPECTROSCOPY (100 Hz~100 MHz) OF FROG SKELETAL MUSCLES:
A THEORETICAL ANALYSIS WITH AN ELLIPSOIDAL-SHELL MODEL

MA Qing',

WATANABE Makio?,

SUZAKI Toshinibu?

(1. Department of Physiology, Medical School of Ningbo University, Ningbo 315211, China;
2. Department of ophthalmology, Kochi Medical School, Kochi 783-8505, Japan;
3. Department of Biology, Faculty of Science, Kobe University, Kobe 657-8501, Japan)

Abstract: The dielectric spectroscopy of the frog skeletal muscle fibers in the 100 Hz~100 MHz range was

analyzed with a dense ellipsoidal-shell model, and the model's parameters were put forward. The difference

between parallel conductivity (k, ) and perpendicular conductivity (k, ) at high frequency was discussed.

The analytical results clearly indicate that the dielectric data of the frog skeletal muscles at high frequencies

(10°~10® Hz) come primarily from the myofibrils, and secondarily from cytoplasmic vesicles, i.e. mitochondria

and sarcoplasmic reticulum.

Key Words: Skeletal muscle; Dielectric spectroscopy;

Permittivity

Dense ellipsoidal-shell theory; Conductivity

Bt AURSE H AR B W R 2 AR AR S BRI NS I 2 (Irimajir A)ZER ISR DI3E 3 AHE ).
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