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Profound and the Superficial Parts of M. biceps femoris

Hisao IwaMoro, SHOJ1 TAaBATA, YOsHITAKA ONO,
HirosHi KawAIDA and HiTosHI TAKAHARA
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WA ORI 3 BEY LoinEs SEBRE
f, THhoEMPENIKS, HENIORLIHHE
ZHETZEBHSHTH D, BRARKCENICD
REWMER IS TV S (Dubowitz, 1970; Khan,
1976; %K, 1977a). Khan (1976) |3 myosin
ATPase {FHEA B, BUKRBER Bl OB VBRI
% [-red &, myosin ATPase jG¥:a5 <L, Bik®%
BEEE LB VgL T-red &, myosin ATP-
ase JEHNE, BKRBEABEOBOHRMEL T-
white &z L T\ 2. Edgerton and Simpson
(1969), Peter et al. (1972), Ashmore et al.
(1973) & X ot Suzuki (1977b) it myosin ATP-
ase JEHE o &0 T B BHRMED AT 1k id slow-
twitch §a#tic, myosin ATPase EMtOH T RY
WM (ATico O-red BB Ly D-white MOWH %
&) A fast-twitch ¥t ichEIGT 3 LIBT3,

B DS B LUHREORE S IE 4 OB
HELCA—-HARNTSEOHADOBNICIDEFLL

*ERBREEARS
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B 3 (Gillespie et al., 1970; James, 1971). ¢ ®
&N, BLADERBTD, TBRGORMATO
BREZBIVEBALLTORGELKE pHIZEIRL
(Lawrie and Gatherum, 1962; Beecher et al.,
1968), WHICHBRLTVI2bDEEZI LN A,

Bo B_gify M. gluteobiceps |3 KEB_FWEH M.
biceps femoris E¥iRyE; M. gluteus superficialis
BELEELbDOTHS (Nickel et al., 1968;
Zietzschmann er al., 1974; fnEk, 1979). zoB—
HH R ABRoAEREE LY, AALEELTERN%
BRIIRELBREO—2THD, ZoH8HIK
BoHEfiick>ThvehTns.

EHE S R KRB HEH 2B R L IcRE L,
BHBEROERIASBLUTBHOKR S X2
SURGEMThHERF T2 L L L. BRELHE
BRLUTV2HBEOERIFEBE - RBEFHNTROK
ENC EMHESNATHS (George and Berger,
1966; Fitts et al., 1973; Vaughan et al., 1974; Su-
zuki, 1978). 2T, 4ERKBEGOHEEE
BT, SBREHOBREE LHREOXE S5,
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Table 1. Construction of 2x3 contingency table.
Parts Nied fio Wred foo Mowhite Rber | Total
wriProf ounrdw’ o E)l o AI;:_ e b—; B
Superficial (a) a, a, a, A
_ﬁi;tal (n) . n n, n, N )
pi=ay/m | A F

P2 P |

EIEE & 18 PR T 12 D B RATRT hERET L,
ETORREBOTHRET 2.
ARl L O

HEEK: HAKIERBRSERRE TAKKA L
i¥1- Duroc BELB I35, M1 FHo 45, Land-
race AR 28, M| HOMNIHB, K THTSH
2.

WEIPAREGR : RmBRE, BHL, AK =
fE (F) UTEBEL, ¥hogRiELF2dD
»S, BHBRTHEGEHH L. BRoEHOERE
WE L, 3058kkKic gEL:. BZHEHH» SR
Z“HEBOGHEohREEHHL, EXO0FLVERE
& RO 2 BALE K Lie. TEALD hREH
S5, # lem? OMBARFZTOHL, BIEZERTH
¥L, —30°C TRELL. BEIRIEEDO DT
b2 EEEBAL PO

HBEPEL: BERRA D24 R4y M %
AT, —20°C T 10~15 4 OHEGEHEYT£ED, 2
4 FF3RiICIED DT, A0S EEL
fob, KICORTHAMLENTEEZROC TBEOREM
=fFote.

anyg BKERFKZ (BUF, SDH LEEd) o
ALY (1965) oFEiciE, KEEMR % 37°C ©
10~15 R ER D TRIGS ¥

myosin ATPase (DI, ATPase t#83) OB
i3 Padycula and Herman (1955) oFiicitn,
Mo id 7 ovd Y THRESR, 37°C T 15 ARMRIEK
thTRIGS ¢, BREOMERIE pH 4.3, 0.IM
@ Walpole Frf—Eei> b U o 2BHRER, 4
Fr#%& 20~21°C T7~ 8 4R§iR& L 7= (Brooke and
Kaiser, 1969; Khan, 1976). 7.v# U ¥ iR #E
2 0.IM kg —veFrYma 20ml, 2%
CaClykis# 10ml, #EA 70ml 2®AL, 0.IN
KB+ FYw AT pH 10.6 o L-b0%E H
W, B % 20~21°C T 30 53[5 BiE L7 (Brooke

Table 2. Body weight and muscle weight
(M. gluteobiceps) in the pig.

Body Muscle

Breeds A{l}g‘al Sexes| weight | weight

’ (kg) (€3]

1 3 93. g } 160

2 5 92. 260

Duroc 3 % 94.2 | 1440
4 ? 92.8 1690

S % 101. 4 1500

Landrace 6 5 96.0 1410
7 2 97.6 1260

and Kaiser, 1969; Suzuki, 1976, 1977b).

B ORBAlE PTEORER © HRENO FE
EEBEOEERDOHANL, TIFS0MHE0 BEMBEEESY
BEL, LAERE:ZEOL, ZEHHHKOVLTIE
B fibhie. EKELERE BLU BEETE
heh 300~400 8o BHIRHER 2= HE L, BRI H
W~FNTEICE U 2 MR OB KEREZEAIL /2
(Brooke, 1970).

7530 #5213 Snedecor and Cochran (1956)
DOFEICRED, %2 test 2 BT T2tk kA
Table 1 3L, %2 test BRI k7.

X% =( 2171“1—;/4)/5‘;
fet2l, g=1-p.

f ES

GRS LIVB_BHER: HHRROKE X UB
#HEE % Table 2 jt7Rd. Duroc B 0ikE XL 8%,
HEEH 92.8~94.2kg T, RMEMTIELALEL
Moz, Landrace BOEE I LM, HEd 96.0
~101.4kg T Duroc BDZh L D PPEN O, B
“HEfEEE Duroc BTRIETROEL, 1,690g
2RL, 28O IETIE 1,160g,1,260g, 1,440¢g
TELVEEZERL 2. fit, Landrace BT3B
“HHERIIEBHE2HT 1,410g, 1,5008 EARL,
o 1,260g HESBNMETHD .
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Table 3. Percentages showing the muscle fiber distribution in the profound and
the superficial parts of the M. biceps femoris and the values of x? test.
Animal Profound part Superficial part
Breeds Sexes - =  x* test
No. I-red II-red II-white I-red II-red II-white
1 F3 32% 9% 29% 23% 40% 3% 10, 240
Duroc 2 F 24 28 48 21 34 45 4.4]1
3 3 30 31 39 10 33 57 43, 59
4 ) 37 34 29 18 29 53 55.27v
5 3 28 34 38 17 32 51 19, 751
Landrace 6 3 32 32 30 28 33 39 10, 12V
7 2 27 27 41 15 25 60 38. 991
b Significant at 1 % level.
Table 4. Muscle fiber diameters of the three types in the profound
and the superficial parts of the M. biceps femoris.
Animal Diameters of muscle fiber (x) ~
Breeds Sexes Profound part Superficial part
No. I-red Il-red  Hl-white I-red Il-red  II-white
1 3 53+12% 56+ 15% 71 19% 48+ 13* 51t17% 73+20%
Dur 2 5 5814 6417 71£20 50+ 14 6016 7220
oc 3 3 60£15 59+19 68+22 54+13 6623 87+20
4 ) 58+17 6221 75+18 6312 63+17 69122
5 F3 5313 45+ 14 61+19 54+14 5316 75+£25
Landrace 6 3 55+13 57x£20 68425 54x12 5217 80123
7 2 5313 57x16 7018 54+13 50+14 67+20
* Mean % the standard deviation.

EEROME: BERMARLENTIE XD SRS THEEL, BIHMHTTEH RS/, SDH &
N e Pl 1—-Figs, 1~6 Rd. HiRiE Z Eric Uik &, T-white B ) Gamwdic,
ATPase 27 v VAT CAREH L &hz T B& O-red BAsFREHGMECHY L, I-red Bi3chigh
TA Y BILER bIEESES TR IR s i (PL TRMEICHEINT 5 b LHBT S hle.

1—Figs, 3,6). 1Zf#tiad~7T SDH EHhow
v I-red Bchh (Pl 1—Figs. 1, 4), %/, #
@ ATPase JEiid BATMIRS bRETH D (PLI
—Figs. 2, 5). MEHK#MEE SDH FHoFE VW 11-red
B LB T-white BEgMcRAsni (PL 1-—-
Figs. 1, 4). 1 -white Bt ATPase |34
TRALE T REELL, T-red iMooz hd
KEADOSOTRBETH 2. LrL, D-red B
MHET R BRATLE%R & ATPase [FH DK 2 bW
3%%EHDT.

KFRTIE I-red B & T-red BGgELELL
SDHZEM DB 5k #Eic L 1zas, Pl 1—Figs. 1,4 i
AT &Sz, SDH FHEZRTERMOERP, 20K
ISEAL R TBR TR DTV . 1 -red B 4 #o
SDH i B /hN& <, @Eic—Ric#EL T
7o M5, TM-red Hhipito SDH RS BRLIZE K

RO Sn: BHRERNOBREIS L xtest O
% Table 3 Icid. EEI & BEEE TR BT
B EABRELIEIPERT X2 test DIEI,
Duroc fE@£#% | 5 (No. 2) 2T, T XTEE
(p<0.01) THD7z. 2D END, BHHHER DY
AR EEBL EBRETRLI b & Hiani.
Table 3 & X ' EBER L BEHD 1 -red BEHBHEK
%W L7 Pl 1—Figs. 7, 8 /v, EBHETIR 1-
red BYREPZELETLCEBPOHITHS. H
iZ, BEWTIE I-white B fHEEdS { BEL ..

B oER: EENIEETNTORBGBEDE
%% Table 4 5k L7, I-white BfimgoERE
BOFNOBETOIRRTH 2. M-red B ik
OEZIZ Duroc BTt I-red Bfimozhkd
3, PPREVEEARL A, Landrace Tid
DI BBEMERSLHOT.
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FERPLEEHETHE T 5 &, EB D I-
white I FifEER AWM L SERBEET K &VE
[ZRL, $IHTREBETAE VEIZERL .
%7z, Duroc ECTRIEEH D I red HHRMEOER
A, BEHOZzhEDRKEVERBERL .

BRI LN EEZ O TOBHBHER ORHE X
MEBCE>THEATHY, i, TOoMBHEORL
=% % (Edgerton and Simpson, 1969; Peter eral.,
1972; 85K, 1977a). myosin ATPase & DiHiE
HRRAMED AP ED LR &L UMD T L], 9T
K ELOMAKELLD WohREN/ LIAHTHS
(Edgerton and Simpson, 1969; Peter et al., 1972;
Ashmore et al., 1973; Suzuki, 1977a, b). F4%b
b, Tk INECARER(LS NS ATPase &H
75 I Birieitid slow-twitch cdho, 7o
Y FTALERR bzt ATPase 249 2 I B
fast-twitch #i#tTdH 3.

FARRHE U = x Vv F — A E & L TIFRHRBHic X
DTHTH S, RAKMERBICE> T30 0RH
EOMBIc L2 TRAT 2L bTE S (Peter o
al., 1972; Ashmore et al., 1973; §K, 1977a).
TROLE, FRAORBEED B RS RE (red)
BmETH, HLSHEABEED & RES A8
(white) it TH 3. Pboz &hd, AHETR
myosin ATPase & a7 BBi/kERE SDHZAH
WT, BRASMLENCHREMOREZTO . &
to, COMEBERERWIBEO HRERO G4k
Khan (1976) oFHESRIEY EBDH5H, KR
THZRIHED T

Fitts et al. (1973) % Edgerton and Simpson
(1969) 3, 5 F B ELEY P O BEHTR
ATPase G0 B I Bfhs#Ls, SDH BT ¥H
Wrl7c& & hEBBRHET 5 &L BT3E. L
mL, Fitts et al. (1973) B I =KOKRB_FEHHT
ATPase [FH: DBV b DWIREMHBHETH 2 LBNT
W%. %7z, Davies and Gunn (1972) 34150
B O RER T, ATPase iFHDEW B 2 #EH
ATPase B DOHE NSO XD & 5icE ™ SDH EH: %
R’ &BT 5. Evorsole and Standish (1970)
27 v b OFERKEG T, ATPase Rk f#3 #d
NTHEGRIS MM T D 205, PRIZG R ATP-
ase FHOFE SOOI EEE LML, B
BHBREO Bo A—Fx Bl T, XifRo

BARB_EH TR 70 ) pE © FElL sh3
ATPase 259 5 [ Bfikp#As, SDH FEHEEROLT
L& o pHEGHRE CHLYT b0 Bb
7 (Pl 1—Figs. 1~6). LA L, Evorsole and
Standish (1970) »s#EfL7cCc L2 £ X 3 & &, AW
RTRFEG RS PRBGREELS L RO
ELUTHHL, 2hix &5k ITred B BXU -
red HGRMIcIN T 2 C &BRY LBbhi. Th
& Khan (1976) o a8H: & b—HK LT 5.

I-red RFHRMEGERATILET ATPase 2RiEHAL
chsdnd, ATPase IEHM K2 b o Licpks
N, BEIW3IBTHo. Khan (1976) i F#ko
CEEEHL, wvRET v OB TERATNLE
thb ATPase [EHED BIHRMESK20% o &
BRTWE. COBBERAHAOBERB_EHOZ N
LD bHELPICKED.

DD ERIHNITE O TR RER OREEREIS M
BIREBENW TR AT &I, 1B (George and Ber-
ger, 1966), % (Suzuki, 1978), = v = (Vaughan,
et al., 1974) DEBHTITiciEfashT3. %
7z, Fitts er al. (1973) 323 =KD K TH
BRORRER~, slow-red BIfGRHEAGEREET29.74
%, BT 13.74 %, fast-intermediate BIRG#5
HEBIT 31.90 %, BELT 24.56 %, fast-white
IR MEDS LRI ERC 38, 46 %, EBIBEBT 61,68 %4 5
» 2 EBR~xT2. Fitts et al. (1973) © slow-red,
fast-intermediate i Xy fast-white BIFGRRMEIL,
APFED I -red, M-red Xy N-white B fris ik
RENLENHETEHDEELONEDT, 4EOH
BEROToORBII =Koz hiciBiF—FKT 360
PARY R

Fitts et al. (1973) X I =K ORKB_EHHBMED
ARESHEEBEBEPCERERSLNC LAY
T3, AL TlE, Duroc i L7 Landrace &
DAY T, M-white By k'] ~red BHH
DORESHRBEH EEEHRTRELICE, BBTKE
NoRRIBENIICEEHSHiCL. UL,
DoOHRMEOREIIKREFLVEKZNEZC LD
BHONZDT, 5B OREMTRANE2ET S0
LEDbLIZ.

Beecher er al. (1968) 3F oYtk M. semi-
tendinosus %ANT, HEMEFRELOBRELZDH,
BETO2THWS. 2hicks &, ARBHAIIIE 14.8
%D, FRETHARICIEI2L TS K EHBEEESAT
W, ABSHRTIRAR, BE SRtAGE0S
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BOEL, FEBHATRIF ey, X4, B
8, BOSGEVHO EEREL TV AHROK
AKEZEG T LERN L EBTECHREEROE L
WERBRONLDT, TOENERLRELI LD
LI hg.

Piorkicky, BABIED OBRHERERHEE
EEE EERHTELL BR3P HL IR
7o Atk, BIEHORE (RBHKRE, KBZ3EH
OB &L BRE) HTOBREHBRKOEZR, &bk
BRABEMOZRS IV TRENZEDIFETH .

= )

BABZHEB BT, SHREHNOBRESHER
W& BERE TS 2 ERERTOERE L. #
Rz Duroc fE & Landrace EoE#BlEs LU
ORKETH DI £, MRULZMAEZRNT, B
BHEEZ I 0BIKRAI L. £h 5 ik myosin ATP-
ase 37 % ) BILETRERIS L, BAILETE
LETHY, a7 BBKEERE (SDH) SEL Gt
2Ry 1-red Rk, ATPase 7Y Al
BTRET, BILECTIAEE/Lsh, SDH fE:
DE M-white ZiFgHE, SX 07k ) BILET
gzsg s ATPase L HW SDH EM2E+ 3 I-red
g chd o, M-red BB oI, B
METRIE®/LEN 2 ATPase 2H>dD &, LE
13 ATPase 2> b0 it Rl iz, $HHF T -red
b obe eI BELEDLIRTELLDE.

HEREIME BRI B3 HiRESH O HEERYT
x? test O, THD6HOKTHR (pL0.01) T
bot. BEWICIE I-white B BIED, VicER
Wicid I-red S E Tl LD ELE
fEL 7.

I-white iMoo ER I MREE bETIERE
WOHT, BTREBHOLFTERETWMIBALE DK
ot I-red BEREOEZE I Duroc B £%
KD AT, BREMOFHBEBIELD K&,

AKFAETSichicb, KRBTEEOHERIUC
BROBEEXEA SN ERBRZERRBOHKIC
BATRHOBRERT 5.
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Summary

Muscle fiber distribution has been studied in the profound and the superficial
parts of M. biceps femoris of castrated males and females of two breeds (Duroc,
Landrace) of pig. The results show that fiber types in the M. biceps femoris of
pig can be conveniently classified into three categories on the basis of histochem-
ical reaction; those are type I-red fiber with an alkali-labile and acid-stable myosin
ATPase and a high succinic dehydrogenase (SDH) activity, type II-white fiber
with an alkali-stable and acid-labile myosin ATPase and a low SDH activity, and
type II-red fiber with an alkali-stable myosin ATPase and a high SDH activity.
Type II-red fiber was moreover divided into two groups, fiber with an acid-labile

myosin ATPase and fiber with an acid-stable myosin ATPase.

about 3% of all type II-red fiber.

The latter was only

The values of %* test showing the difference of fiber type distribution between
the profound and the superficial part were significant (p<{0.01) in the six pigs of

seven.

There are more abundant type I-red muscle fibers in the profound part, re-

ciprocally more abundant type II-white muscle fibers in the superficial part than

each another part.

Type II-white fiber had a larger diameter in the superficial part of castrated
males, and in the profound part of females than each another part in both breeds.
The diameter of type I-red fiber of the profound part was larger than that of the
superficial part in the Duroc castrated males.



Explanation of Plate 1

Figs. 1-3. Serial sections of the profound part of M. biceps femoris in the Duroc castrated
male (No. 3). x 100. Succinic dehydrogenase activity (fig. 1), myosin ATPase activity
following acid preincubation at pH 4.3 (fig. 2) and myosin ATPase activity following
alkaline preincubation at pH 10.6 (fig. 3) are shown. Muscle fibers can classified into
three types, namely type I-red (Ir), type ll-red (IIr) and type II-white (Il w) muscle
fibers.

Figs. 4-6. Serial sections of the superficial part of M. biceps femoris in the Landrace castrat-
ed male (No. 6). x 100. Succinic dehydrogenase activity (fig. 4), myosin ATPase activity
following acid preincubation (fig. 5) and myosin ATPase activity following alkaline preincu-
bation (fig. 6) are shown. Ir, IIr and Il w are the same as the explanation of figs. 1-3.

Figs. 7, 8. Type I-red muscle fibers with alkali-labile myosin ATPase of M. biceps femoris
of the Duroc castrated male (No. 3). X 50. There are more abundant type I-red muscle
fibers in the profound part (fig. 7) than the superficial part (fig. 8).






