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A Basic Study on the Skeletal Muscle
from the Standpoint of Sports Aptitude
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Estimation of Muscle Fiber Composition Using Performance
Test in Untrained Men

by

Shigeru Katsuta and Shin-ya Kuno
University of Tsukuba, Institute of Health and Sports Sciences

ABSTRACT

This study was undertaken to investigate whether or not fiber composition

(% area FT) of M. vastus lateralis from untrained men could be estimated

from the results of performance test, in which they performed a 50m

dash and a 12min running. As a result, there was a significanct positive

correlation between % area FT in the M. vastus lateralis and 50m dash

velosity/12min running mean velosity ratio (r=0.763, p<<0.05).

Thus, it appears that there is a good possibility of predicting muscle

fiber composition in untrained men from the results of performance test

used in this study.

=
=]

3

T = VAT A OREED S —EA DS
I DR (% area FT) OH#E " 62
EIDICDOTHE Lc. 10AD— B FHEK
WHl=—FuNf 37V —FEE2HNT, ThZh
OHRMMR LTIz Fhe, T4 —v VRF
ZMELT, S0miE, 120EEZER L. HE

DEF VI, HRMEERE HE B 0 (1=
0.763) 50m 7 DEIGMEE & 1240 7 DI
Dk (50mV/12minV) & O EEHER ¥ =64.807
X —52.42 2R\ . EEBITE LN I EHERR
LHEICK » TR O NIHREER DR 2R, P
BHT7.5£4.0% THY, HAN13.2%, HF/hds
3.3%ThH 1. BREMN10% LI LEER U HRE
3, 2HHEECBOTEDOHRREINLE M-



___4_.._

AR S N,

TNODRREY, —f A DAL D IR He
MR EHET A LRFAETHLLEBEALONS.

i =

W ONDOEED AR~V BT RERNHE
MR ZR O IV NI TIRHEIREEINT
WL btk B &, BARCEERE
PELHEINZBFOEHBICIIEHRED LD 5
BEBBOOIE L, EREICRRIZRESLT
ZREFICE, EHBRHEDO 5D ZEABENT &M
BHONTWE. S/, HRHEHERIZERICH
EXNTHY, BROCBELLIC WESRT
WahP. cockid, bErAR—vEHICHEL
KRR BEET 2 CEERLTEY, R
MR DS A R—v @EHEZE 59 LTEER T 7 7 4
—D—2NRDEBETEEZRLTNS.

AR R s EEE TR LD IKE, =—F
WA F Py —RERHLRFNITELEL. Th
X, BEERDSHEAZBONG &0 D FEDN
bBH—F, BHEICETET, TFESCRER
LIEK WEWSIEEND 5. TDcw, FhikHE
MRz RENIcRkY 2 FEREE NS . Katsuta
and Takamatsu!®{Z, 7 4+—= X7 & b (50
miE L 12RE) & E O TEEE OBEHEEED
WEERATBY, ZOHE, ThoD/T 4 —
T YRF R MK - TEOBE THRMERZEH
ETEXLAMRHERE L. UL, #HRERLE
HEOALDLAWTE ST, EREETH IR
AT BREHIIE ST,

ZLTAMER, —BAERRICNT 4 —<
AF A MERWT, HREEKOHEEDTRETH
BIE DI DNTOREZIT» 7.

p;] &

a) gk
WkE & UT, EBEE S THRANCRRIR b

V==Y 7L TRy, $hkEE2FHRE LR
WBTEREE (RS vF 0 7) 108E2H . ik
EEBEAOER, BE, hE, BLULBOTY
BiTo20Tik, B1ITRLE.

% 1 Physical characteristics of subjects

No. Subjects Age Height Weight
(yrs) (cm) (kg)

1 A K. 18 170.3 63.4
2 H.I. 19 178.9 66.4
3 H.S. 20 170.6 61.8
4 M.A. 18 177.6 66.4
5 S.H. 19 183.1 74.5
6 K.U. 20 172.9 57.9
7 A.O. 20 169.4 59.5
8 K.T. 19 173.5 62.1
9 M.1. 20 167.8 58.3
10 M.N. 18 160.5 53.9
X 19.1 172.5 62.4

S.D. 0.9 6.5 5.8
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F i, ERMES 4 RIS B A B W
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%, 53.5% L FIXAMKLEEAR L. ¥5ic, &
WkEDWBFT, %areaFT OHIFHIZ, 37.6~71.4
%, 39.7T~T4.6 B LILWTH~Tc. DT &

D, ABIEOHMRE R, BRESHRMERERKZRD
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AR HEREER (%FT & %areaFT) &7 4 —=
YATAIDENRT A =R LOBRFEERIICRL
oo MRRHERLER & WARB R IR LTc ¥ 5 A — & —
1%, VO,max (%FT ;r=-0.823, p<0.01, %
areaFT ; —0.784, p<<0.01) & 50mV/12minV
(%FT ;r=0.728, p<0.05, %area FT ;r=
0.763,p<C0.05) TH~ 7.

% 2 Histochemical characteristics and results of performance

test of individual subject
No. | Subjects %FT %areaFT| 50mV 12minV | 50mV/12minV VO,max
: (%) (%) | (m/sec) | (m/sec) (m!/kg/min)
1 A.K. 71.4 71.1 7.34 4.10 1.79 48.8
2 H.I. 70.4 74.6 7.65 4.05 1.89 49.2
3 H.S. 69.1 76.1 7.76 4.32 1.79 56.8
4 M.A. 53.1 54.1 7.50 4.43 1.69 63.2
5 S.H. 61.4 64.6 152 3.75 2.01 53.6
6 K.U. 57.6 60.8 7.51 4.52 1.66 66.4
7 A.O. 43.7 44.3 7.06 4.46 1.45 60.2
8 K.T. 38.4 41.2 7.59 4.72 1.58 64.1
9 M.T. 62.3 64.6 7.13 4.10 1.74 53.2
10 M.N. 37.6 39.7 7.14 4.52 1.61 72.6
X 56.5 59.1 7.42 4.34 1.72 58.8
S.D. 12.9 13.7 0.24 0.34 0.16 7.8
3% 3 Correlation coefficients between muscle fiber composition
and results of performance test
50mV 12minV  |50mV/12minV| VO,max | %FT
50mV 1
12minV —-0.216
50mV/12minV 0.511 —0.,945%*
VO;max —0.206 0.654* —0.646*
%FT 0.425 —0.724* 0.728* ~(.823%%
%areaFT 0.504 —0.710% 0.763% —0.784%% | (,900%*

*: p<0.05 #k : p<0.01
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B1 Relationship between %areaFT fibers in
M. vastus lateralis and 50mV/12minV

% 4 Differences of measured %areaFT and
estimated %areaFT

No. Subjects | %areaFT | Estimated | Difference
P%areaFT

(%) (%) (%)
1 A.K. 71.1 63.6 7.5
2 H.I. 74.6 70.1 4.5
3 H.S, 76.1 63.6 12.5
4 M.A. 54.1 57.1 3.0
5 S.H. 64.6 77.8 13.2
6 K.U. 60.8 55.2 5.6
7 A.O. 44.3 41.0 3.3
8 K.T. 41.2 50.0 8.8
9 M.I. 64.6 60.3 4.3
10 M.N. 39.7 51.9 12.2
X 59.1 59.1 7.5
S.D. 12.9 10.5 4.0
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Muscle Composition by Myosin
Heavy Chains Isoforms
Takashi Kitaura
College of Liberal Arts,
Kanazawa University

ABSTRACT

Muscle compositions were determined by the fast and slow myosin

heavy chains isoforms and were compared to the histochemical muscle

fibers compositions reported.

Muscles were obtained from a 9-week-old male Sprague-Dawley rat

(310g).

The soleus, the extensor digitorum longus, the plantaris, the

red portion of the gastrocnemius, the white portion of the vastus lateralis

the diaphragm, and the left ventricle muscles were examined with SDS-

polyacrylamide gel electrophoresis.

The fractionated myosin heavy chain

isoforms were quantified with the densitometric method.

Muscle compositions determined with heavy chain isoforms were similar

to the reported results with histochemical methods.

These biochemical

results support the use of the histochemical method to examine the sports

aptitude.
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—>TATPase Th s 14 v? OEBUTH 5.
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AV VOSTFHEBCRT A EMEMRESSDE
F LY, 2 0 RENREREEDBHRS D
BOTRD NGB CEBED- KDY, L L,
Billeter 5 2SN FEIC X ZBRIBTL
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2. RBRA &

Rk A v T 2 — i K DIRERE Uiz 9 B
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VL ABERR A TREL I 4 ¥ v iilE (50
mM NaPPi pH 8.8, 5mM DTT, 0.4M NaCl,

— g —
5mM EGTA, 100unit/ml, 0.05¢g/ml
Leupeptin, 0.1mg/m! PMSF) i< CHii (4°C)
2, HOT0AMEE 0 E (3000xg, 4°C0)
EfFote. AV Y FEHRRRKRE 2mM
SPS, 125mM Tris-HCl(pH 6.8), 5%2-ME&
755 & SIS REWERIARKICT 95°C T 54 OM
LA T - fo. BEI%I150ng @ 2 4 ¥ VY HE
BURA DA DI SDS-RY 72 YT I F
7 v OEBKEEICAN S L.

BRIKENI I =2 7 7 VERIKBIEEER L
Carraro & Catani OFHEY Kit-TiT-7. &
S VOBER4BTHEY viZ5 % (RIBER
2.6%)Th »fc. WKEIZHKEN SN~ — 71 — DYRHE
2340V, S vhid 140V O EBETH
SEEEBTbhb. 4 v vESRS O
Dt DB b » TIrbh 7o EIORTT
ck > THRES NI, KBy vid Oakley 50
P - THGREBEIN. ZORIA Y
VEHRAMRT vV b A — & — (650nm) ITTE
BINK.
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hfET T vEEEL LTRES N,

TR MERL R 2 R IR LR IR T & B BRI
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WA TRBERAINTVS I 4 Y YHFOER
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F1 HEBEENFECEIBREIF Y VYOV T2y F EOBED
(Liu®d FG - FOG - SO: Ao TF 1+ TS RBEHAME)
Single Human skeletal muscle fiber
(by Billeter, R. et al. 1981)
Fiber type! I Myosin heavy chain l l Myosin light chain |
| i | .
FG | 1B | HCfastB | fLC1,{LC2,fLC3 “TLTF
' i |
A | HCfast A | fL.C1,{L.C2,fL.C3 —
, X
FOG | IIC | HC fast(A?)+HC slow | fLC1,fLC2,fLC3,sLCL,sLC2 ["TI
1 |
! : i
I HC slow | fLC1,{LC2,{LC3,sLCl,sLC2, !
! ! | !
; ! fLCL{LC3,  sLCL,sLC2, | |
SO | : # 4 |
: ' fLC1, sLCI,sLC2, |_.i
5 | !
| g sLCL,sLC2  |----TS
1 1

R2 1XVVOYTaA=wbDTAVT 4 — LD
Heavy Chain | Light Chain
Source No. No.
Skeletal muscle
Fast 2 3
Slow 1 3
Neonatal 1
Embryonic 1 1
Cardiac muscle
Ventricular 2 2
Atrial 1 2
Smooth muscle 1 2
Nonmuscle 2

B LEHHO I 4 v v OABITEERKS (LCL,
LC2, LC3) OBV L DITHONTHTEHRKS
(HC) TRRBIHDHEETH - 7. Billeter 5% 22
HREUHEBEENFECIAEREIA VYYD
YTa=y P EOBRFEERTICRL. TRHE
FCRPEEINTOEIA Y YOHT2=y L O
TAVT7 4+ —LDEER2IWCRLU. 4EfT-7
BANEICH J 3 AEERIE ORI L D — 1%
B2 iRk Uic. 2rEEBRIGSE 1 B CILEGR &8

FRORMNINETHS. L L, 3EEBRTIR
BREWRIDBERREE 1o, 2B 0k ES

R3wnrlic. #fFLEbn s EDL TRIZIESE
SREHHEO I A Y Y OEBERDIE I TH B DIT
X U—RIGEFHOREL EN B & 5 A HRAES
DEHBED I A YV TH B BETEGRS HRAE
LTOEDMNHATES. BEEBHHOIA VY
EHULIbDELTEZGNALHDOIA YV
BEHRSBC LAEHEO D E X PBEH
ZRUTOLOBEHNTH 5.

D DER UIHER EMOIERYS® LD
H U7 SRS R BRI & B SR e R Dt R %
RICFELDTRL.

4. & %=

AFBICBNTIA Y VEHRRSOHICET S
5345 D FIADRERDP SFIH I TV 2 LR
HEEIC & 2 R & IS DA VEERT C &
D) MO TARY). I A Y VOEHBRSDOEESR
ZOATFREEOREIEZZLLBAEIA Y v ET
SICEBLTOE(E1)OTZOEFRIA Y Y
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1) EDL; 2) SOL; 3) WVL; 4) PLA; 5) RGA

3 BB BD A4 v VERRSOELINENC X oM.

R OB A DOEBFEER

OEEHOEZCELNWEELLZCENTES.
CATZOHBCE T BEE ORI EEE R
URkBRIA Y VYOERE SIRITHFEROMRET
B 5B OEATRD 515 AR 1R
BRTHOARBRETFET 2 BERENSD
ZHECRN U TAHDLEND S .
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Tbb, &5 —DONOREEFEET 2 M
ICEERI R R R (B %STarea) TH
3. ChR2ERTHEHRTH D, HREIHOR
KEOHBKRTHNLONZBEITIMBERARDOH
EHRFTHZ. —ROUHMMENICE T B4
DHHBTXTOREOGRMEICB N TH~T



®3 HOIF v UESRSOEE LR LSRR
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KA LA R 2 b SR V1 X DB LS
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A Comparative Mechanical Study of Shortening Velocity
in Subgroup of Fast-twitch Fiber

by

Norikatsu Kasuga
Aichi University of Education
Hiroaki Takekura
Tokai University

ABSTRACT

The effects of temperature, concentration of ATP and pH in solution
on shortening velocity of skinned muscle fibers were examined. The
skinned fibers were prepared from tibialis anterior muscle of adult male
rats. The fibers were classified into myosin subgroups by its reaction for
The both
histochemical fiber classifications were in good agreement. The shortening
volocities for SO fibers were quite below those obtained from fast-twitch
fibers, and the velocities for FG fibers were about 1.2—1.5times greater

myofibrillar ATPase and for enzymes of energy metabolism.

than that of FOG fibers. There were no characteristic differences between



FG and FOG fibers with respect to the shortening velocity changes

depending on the temperature, concentration of ATP and pH.

The results indicate that there are no differences of ATPase properties

between the subgroups of fast-twitch fibers.

However, FG fibers had

ATPase activity that were consistently higher than that of FOG fibers.
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~1.5EFBEER L. CDZEDDL, D ATP
ase FEHEIX, FG 0B FOG L EFEICE N &
ZRTHDEZZ SN,

i

i

FERHIE, ECEBMFENFERID, 2~6
BOBHEMEL A TICHEINE . THILBERHRHE
LRGRHE, S SWCHEBREE DL 2Oy TS
W—TFERETE LR LBBDTHES. £2LD
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Bd1 A.Schematic illustration of expermental setup.
B. Record of tension (upper trace) response to
length step (lower trace) applied during
activation.
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2 Dependence on temperature of shortening
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WITNOREIENTS, BHLA 7LD 3~4
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Rate =A+e~Ea/RT

(A =constant, Ea=Arrenius activation
energy,

R =8.317]-K™!, T =absolute temperature)
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V/Vo

Incubation time (sec)

Bl4 Time couse of the shortening velocity. The fiber were incubated in a
solution containing 0.05M potassium acetate and 18mM CaCl, (pH4.6).
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Bl5 Three-dimensional diagram sammarizing the metabolic enzyme profiles.
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Histochemical Fiber Typing of Single Fibers
Isolated from the Rat Skeletal Muscle

by

Hideki Matoba
Laboratory of Biomechanics and Physiology,
Department of General Education, Yamaguchi Universily

ABSTRACT

An attempt was made to improve upon the methods for identifying
histochemical fiber types of single fibers in the skeletal muscle.

Single fibers were isolated from the rat lateral gastrocnemius and
soleus muscles in a relaxation solution containing 5mM EGTA. Isolated
single fibers were quickly frozen and serial cross-sections were cut in a
cryostat. A preparation of the cross-sections in sihgie fibers was the
most important point in the present methods; it is possible to perform
multiple stainings on a single fiber of short length, and similarity of the
section thickness allows us to evaluate the staining intensity as a true
reflection of enzyme activities.

The cross-sections of single fibers were stained for succinate dehydroge-
nase and for myofibrillar ATPase after a preincubation in alkaline, acid
or copper solution. For reference, the cross-sections of the freshly frozen
rat plantaris muscle were stained under the same conditions as those for
the single fibers.

The staining pattern of the isolated single fibers was basically the
same as that of fibers in the reference muscle except that the difference
in the acid sensitivity of Type II fibers exist. This allowed us to classify
the isolated single fibers into Type I A, Type I B or Type I on the
basis of histochemical profiles established from the multiple stainings.

The alteration in the acid sensitivity of myofibrillar ATPase in Type
I single fibers was suggested to be brought about by an immersion of

single fibers in the relaxation solution containing 5mM EGTA.
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% 1 Staining intensity of single fibers and reference fibers

Staining Intensity
Single Fibers Reference
Staining Condition

TA B 1 ITA IB I

Myofibrillar ATPase
preincubation at pH 10.2 10min 4 4 0 4 4 0
preincubation at pH 4.60 1min 4 4 4 2 3 3
2min 4 3~4 4 0 3 4
3min 3 3~4 4 0 2 4
4min 3 2~3 4 0 1 4
preincubation in 1mM Cu?* 1min 4 1 2 4 1~2 2
2min 4 1 2 4 1~2 2
3min 4 1 2 3 1~2 2
4min 4 1 2 3 1~2 2
Succinate Dehydrogenase 3 1~2 2 3 1~2 2

Staining intensity is rated subjectively on a scale of 0 to 4. Arbitrary units of 0 and 4 indicate light and
dark stainings, respectively. Arbitrary units of 1 and 2 show the two ranks of intermediate stainings
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X1 Cross-sections of the rat plantaris muscle stained for myofibriilar ATPase

after acid preincubation (a,b,c) and for SDH(d). Section ¢ was immersed
in a relaxation solution of Mizusawa et. al. (1982)" for 60min. before
preincubation while séctions a and b received no such treatment. Pre-
incubation of sections a,b,c lasted 2, 4, 4min respectively
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ABSTRACT

Fifteen male and fifteen female Sprague-Dawley rats were randomly
assigned to three groups respectively.

They consisted of untreated control rats bone and raised at sea level
(male SL-CO, female SL-CO), swimming training rats at sea level (male
SL-SW, female SL-SW), and swimming training rats under intermittent
hypobaric exposure (male Hypo == SL-SW, female Hypo = SL-SW).

The intermittent hypobaric groups were exposed on alternative two
weekes to 460torr and sea level for 14weeks beginning at five weeks of
ages.

The swimming program consisted of endurance swimming at 30minutes
a day, 3days a week for 14weeks.

At nineteen weeks of age, fiber composition of three hird-limb muscles
were histochemicalley studied. Sample of the soleus, EDL and plantaris
muscles were sectioned (10p#m thiok) by cryostat at —20°C.

In soleus muscle, male hypobalic swimming group induced significant
increase in FOG fibers and decrease in SO fibers. ,

EDL and plantaris muscles had a higher percentage of FOG fibers in
the male hypobaric swimming group than in the sea level control group.

There were no statistically significant differences in fiber composition

of all muscles among female any of groups.
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