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o T Fol¥ed 2emXlemXlom 278 A3
Aot

A 222 A A 2Tl F5 Y543 a0 JF
5 =233 P53 57| (Ames Tissue-Tek 1)+l &+
10p 52 d5H331E ghee] o5 28 2283 o
Z 2 33 d4E A5,

EEEE 9 ZEoEE H4Y

1) Hematoxylin-Eosin( H&E) €4 : U5 37
& eosin 3 o] 517 wifol F44 HEE o4+
= =] hematoxylinod+ 147h, 223 eosinell=
2~527F @A |4zl

2) Trichrome ™ 4 : Gomori trichrome % 4 2| £
#1860 g Harrig hematoxyline] 5374 d4slda
chromotrope 2R 3+ fast green FCF 5 & & sl &
Gomori % 4= (pH 3.4)ol 1052+ 43k 2 0.2%
Zabe g FA]A balsam ¥ 5h o,

3) PASHA : B4 e dduley o g g o A
of| A G484 75 qul 2 g,

4) Regular myosin ATPase{ATPase) &4 : Cal-
cium®*"E o|#dl5Ec), F calcium barbital buffer

(0.02M, pH 9.4)=14 15F7F, =2ja 37C ATP 714
B(0.06M, pH 9.4)¢l4 3057 F#AFHem 1%
calcium chloride®} 2% cobalt chloride® #+2} & Fha-
442l 5 1% ammonium sulfide2 24 FoF 444 3
ct,

5) Reversed myosin ATPase @A : Regular myo-
sin ATPase| <4404 5 S s}t 2 2% 7% calcium
barbital buffersi] 5% 4]7]7] # acetate buffer (pH
4.6)0l 537k A A A3,

6) Succinie dehydrogenase(SDH) ®4Y : Nachlas
£z e o]g-dled 10 ml phosphate buffer(0.2
M, pH 7.6)% 10mle 0.2M sodium succinate = 20
ml2] nitroblue tetrazolium(l mg/ml}e| 55 713
fofl 4 3TCE 1412} & 4]z7] & FAHez Aes)
Hrt,

7) Acid phosphatase( Ac-Pase)2t Alkaline phos-
phatase{Alk-Pase) % 4§ : Burstone ' #'¥2 =
Ac-Pase+ acetate buffer (pH 4.5) ¢ naphtol AS-TR
phosphoric acid®} fast red violet LB salt £%7] 2o}
oAl A 2217k Fab -2 A1 F F4be] whties A2
},

Table 1. Enzyme histochemical criteria of the muscle fiber types (1, [la and IIb) in the autopsied skeletal muscles

Stains Fiber types Type 1 Type lla Type 1Ib
ATPase(pH9.4)

Fiber size Small to medium Small to medium Large

Intensity of staining Weak Strong Strong
Reversed ATPase

{pretreated at pH4.6)

Fiher size Small to medium Small to medium Large

Intensity of staining Strong Weak Moderate
Succinic dehydrogenase (SDYH)

Fiber size Small to medium Small to medium Large

Intensity of staining Strong Moderate Weak
Another literatures

Stein & Padvkula (1962)* B C A

Padykula & Gauthier (1967)*"

Guth & Samaha (1969)* Red Intermediate White

Edgerton & Simpson (1969)*

Brooke & Kaizer (19700 I Ila ITh

Guth & Yellin (1971p%

Yellin & Guth (19702 g & el
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Table 2. The mean proportions (%) and ranges of muscle fiber types of autopsied human Gastrocnemius, Soleus,
Peroneus longus and Tibialis anterior muscles by H&E, trichrome and PAS stains (n=15)

. .. ~Muscle Gastrocnemius Soleus Peroneus longus Tibialis anterior
Stain  Fiber (1,362)* (1,374) (1,545) (2,014)
D
H&E L —Poorly classifiahle—
. I -
Trichrome L —Poorly classifiable—
5 12.3(2.0~41.2) 13.3(7.1~28.5) 15.8(4.9~27.0) 30.4(10.1~49.2)
PAS M 72.5(16.4~85.2) 66.30(28.3~82.4) 64.7(24.7~81.1) 48.8(30.2~70.5)
W 15.2(10.7~28.8) 20.4( B.8~40.9) 19.5(10.1~34.8) 20.8(12.9~33.7)
Ix Dark-stained L: light stained

5: Strong reactive M: Moderately reactive
{ 1* . Number of estimated muscle fibers
{ ) Range of individual difference in fiber types

W: Weakly reactive

Table 3. The mean proportions (%) and ranges of muscle fiber types of autopsied human Gastrocnemius, Soleus,
Peroneus longus and Tibialis anterior museles by regular-ATPase (pH 9.4), reversed ATPase (pH 4.3)

stains (n=15)

Stain Fibﬂ,_hh'[uﬂc]e Gastrocnemius Soleus Peroneus longus Tibializ anterior

Reversed
ATPase | 67.3(48.1~80.0) 72.9(57.5~80.0) 69.8(33.0~81.0) 74.5(61.0~89.0)
(pH 9.4) II 32.7(20.0~47.5) 27.1(20.0~42.5) 30.2(20.0~45.0) 25.5(14.5~39.0)

Regular
ATPasze I 30.7(26.7~34.9) 68.2(31.5~81.0) 23.2(16.4~31.4) 17.3(12.9~22.5)
ipH 4.3) Ila 48 .9(48.1~50.5) 31.8%(15.0~42.1) 53.3(33.0-70.2) 59.9(54.0~67.2)
Ik 20.5(16.9~25.7) 23.5( 9.0~44.2) 23.8(19.9~28.0)

{ J . range of individual difference
*  lincluding few proportion (%) of intermediate fibers between [Ia and IIb characteristics

cTHFE Exo 44H
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of Fi 442 FHo| FEldl A4 E el 40x
2 100x 2] #w|7 AlA1E 243 5 projector slided
ibEo] ol & Fddldy FosEe £ 2AFE Ay
on], B 14 AT 7| Fol we} & 455 FEilo
2 FEEF AAEgid,

ghal B Aol g 4R e ds A
Byl 59 A ol gl e Faza gl 208
Yalg o], Brooke2l Kaisers| & A4k 2442 2
AR atdstg,

oM es 372 &5

SDH #4of 28] F-isls 2 24FHE A4
Fx 7 ke FEe] FEHE FLey AD
micrometer® M, 7+ #4W S4wE 44, ol Ee A
&7 ch&E ASF3g,
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L ZEXEH g =X8H g4 o YW
9 FE

E 23} 3}, F H&E 94493 trichrome g4+l 4 &
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Table 4. The mean proportions (%) and ranges of muscle fiber types of autopsied human Gastrocnemius, Soleus,
Peroneus longus and Tihialis anterior muscles by SDH stain (n=15)

Muscle

Fiber ™ Gastrocnemius Soleus Peroneus longus Tibializ anterior

I 48.0(37.9~55.5) 62.3(51.0~68.4) 40.8(32.4~45.3) 39.8(27.7~47.8)
ITa 27.4(17.5~36.9) 37.7*(31.6~49.0) 36.6(32.6~40.4) 31.20(25.9~40.0)
IIb 24.60(18.0—~29.6) _ 22.7(18.5~28.5) 29.20(26.2~45.5)

( } - Range of individual difference

v} PAS 4ol M & oA dgle] ekl wal 371
F4o 2457 FEH e, 6&2, 7halo]E, B
E3, AAFE 25 32y %4 AEE Ze MA
#e| AlY s (Y= 3), v ok g Al
FHZoct ol 7} gleln 58 HA el 4 2
o] e SR 30. 4% = %aH o] i PASYE
Lookalel o) g} A F4 2] FAJu]i= Al ol alel A4l &
o] & ¥},

2. Regluar ATPase % reversed ATPase &4
of o o7 &

# 33} 3}, = regular ATPases]| 2|4 = type 1
3 M8 5712 8o 248kl FE=E A 42
v 5 ATPase 344 ofs}A 4=l type 1] 67.3
%ol 4 T4.5%7= TF o] F3 7sbA P45 type
I+ 25.5%14 32.7%7=8 +E494(F= 4,5),

221} reversed ATPases| 4 & 2hale| & 3| 9]s]
e B FAel e} 3712 F3 9 2447t T
oh, o8, Fu|EE, AAEFD UM 2L &
o] 7hak whe [la 457} 48.9%00 4 59.9% 72 = 4
Jd Be THFYE o FL B4 o] FFES 1LY
4] 20.5%~23.8% S X (Y= 6,7) 713 ek 2
A& dole type [ & HAETo] 713 Sof 17.3% %
oo (g §) v S22 30. 7% S5k, b 7t
u] 22 reversed ATPase 44 7hal 7hgh 412 W
o] type 1] Qo] & ko] 418t 68.2% 2 A
A EAF3F 2/30] A balsln gl es] Yo o
A 25Le 48 vely, S 11bs} [as) F3148
2| 447 A= 7= kvt b e] A ez o
 31.8%7 Ha¥« F3tdch5= 9. 5, reversed
ATPase 9494 & #lal=] & 4 &slze Jola] ¥
A2 type 1| 2455 1/30] 8] i 2/3¢ 42| type

: Including few proprotion (%) of intermediate fibers between [1a and [1b characteristics

[Ta = [Ibalcl ©]&te] regular ATPase % 4ol A= &
A 25 FfHol #Algle] type 1o FF o5+
regular ATPases} reversed ATPase 4ol 2§ &
AFge 752 ML 4G el 7} &€ oA

3. SDH gdof =2/# 24FHe FE

£ 49 3, SDH44 S22 4w3d
reversed ATPase o o2} Fo] zlalo] & A 2|8
TE(FE 10) 374A o FEES, F, 23 3
& A4S Yol Etype 1o Al 2ol M 62.3%E &
Afale 2/34 = E s v 52, AT 1A
Lo 4 48.0%, 40.8% = 39.8% oo 73 ¢
T P48 HolE type [Ibe 71ale| 2ol Bojz] g
oo, AAETEe| 29.2%2 MY =3 e ETe] 22.7
% % v,

a2 type Ma¥l & 7labe] Sl H = 33.7%0] 0 o
N, A EE oy A ESelM e 27.4%, 36.6% 2
31.2%= FAcH(F=E 11), ¢ SDH 4l &3 &
Afale] T4 g4 o2 o2} o] okt A
A5 ¥,

4. Ac-Pase ¥ Alk-Pase ZA8 40 2|¢t
47 &

Fd el gl FATd glelAd v Ac-Pasest
Alk-Pase G484, G4848 T4F2 T4 Hall=
Aol Fh=lo] AH 4L L B, AT SHAH
oll e EARAe] Tatsa] ghol £ F4el 2§ 24
32 FHE ErbEdhsd (e 12),

5 24w =27 &4

Z4 e8] o ale] 85 = SDH 94 E L4 type
I, Ila® ITbs 2443 27|+ & 5oll4 e 3, o
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Table 5. Cross sectional area (long axis X short axis)* of muscle fiber types in autopsied human Gastrocnemius,
soleus, Peroneus longus and Tibialis anterior muscles by 3DH Stain (mean+5D, n=15)

= ——

—_—

(zastrocnemius Soleus Peroneus longus Tibialis anterior
Type ™ Muscle (900) (271) (8,150) (982)
I T3.7£11.30> 93.1+17.16x 74.2+11.05x B4.7+10.35=
57.7+ B.99 B7.01+12.23 8. 7+10.03 2.6+ 533,90
fa 82.2414.25% 100.9+18.50 83.9+13.50 71.6% 9.26x
65.1+10.17 T8.2+14 .57 63.5+10.63 a8.d= T.67
b EH.2+13.15x B4.3+11.97 = Tr.2+10.85x
6.3+ 10.50 65.94+ 9. 48 1.0+ B 24
( )} : Number of measured muscle fibers
. > Unit, micron (g)

Table 6. Histochemical muscle fiber types of autopsied human Gastrocnemius, Soleus, Peroneus longus, Tibialis
anterior muscles by combination patterns of regular myosin ATPase, reversed ATPase, and SDH activities

in serially sectioned identical muscle fibers

J—— T

- Patten Gastroc- Soleus F]emnﬂns Tibialis

ype nemius Ongus anterior

Afilar  Beersed SDH (1, 088) (1, 426) (1,168) 170

Type 1 O @ e 40.8% 57.2% 42 . 0% 55.3%
Type I1a ® ] 9 2. 6% 10. (% 4.7% B.2%
Type IIb ® L ] O 5.5% — fi. 8% 1.8%
Subtotal 48.29% 67.2% M.4% 65.3%
Type Ilc ® ® L ] 9.2% B.1% 3.8% 3.4%
Other 42.6% 24.7% 41.8% 31.3%

( ) ¢ Counted numbers of individual muscle fibers, which are serially sectioned and stained enzymatically

() Weak enzyme activity
® | Moderate enzyme activity
@ : Strong enzyme activity

& FA 2ol vlge] 7labu]2e] A7)7) A gon T
A28 FFol we} o abols} Yot type I 24
el 7h4 aske o type llas $5 =93 type IIb
b 7hg fdslg (e 13),

6. 32 SHFTY BEH FLUMHo o
TdwE F&

Y THFel Wi regular ATPase, reversed
ATPase 5 SDHe ¥4+ @4deon 24588 70
T AHE F GelMe Re}, F type & FA2Y &
ol miel 40.1%04 57.2%71=2) 4= e g SDH el
FEAGY o T HRH FEYA Y A}l d)e)
7h ¢l et type Havt bell glo] 4= #a§ afo) 7} g)
o4 RYELEHAL A type [Taol sdsls 2
AL FATol ala} 2.6%0 4 8.2%] ¥2}sisln

type [T %4 1.8%-1 4 10. 0% = v}a] 2ko) type [1a
2 bz} A3 354 velFo] ooy Frodu
o g B4el 2454 tyep 1, Ma, [Ibs] = +
AYE B w5 48.2%, shAbe] 67.2%, Auz
= M.4% 2w HAHEEL 65.3%] S8t e
Ac 5H SHRH9 type [[c7} FAE 25| ate}
3.4%¢l 4 9.2%7} A= v 577} of2]§ o] 2q) 44
7F 24. 7% A 58] 42 6% 7= BAElgich L 14-A
B.C).

2 &
Aghe) BA 5 AYE ol Ash o] £4 22 3eH

el 2o 37bA] o] THFR PR 4 98 of
el Tatel] gldte] wasm gleh e blgte] Za
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gl 2pzl glalol 4 Al A AR o g T
Heae FAYT Y e wucke s} 7| E S Gl w
2} Abrkgh apo| 7 9l-2e] LA gl greniiNe| 3
A7 A= Ay AEae 2AFHe] TR B
o slel7} glebs v n¥E o ® v R o & AL s
Aze] A58 FANE A alslele BE TAA
o] glch, wheks A4 AT STAFY TA¥ e Y
A= e] sl ol 4b=lelg) shalendt B4dA ez 43
off 28l =22 Aol o)) F He] Bo} £ deilH
L Bzl fabd4den s,

W Hpe B2l 2 EF sl Fde| EAshe o8N
el 242 F5 o|F1n o FHFE FY F
2 233} g o] FFe Fhod g}, FlAe| 2L ¥ 52 A
e gl WAy Hud Tony 54 25
8] =alZ-Zo|c}, Fu|TLE Sulr 25024 2 7
o Zo) 3] abg o) S3E 5l Peddicha obeiA
o}, #H AAEFEL AT Suo HA = 2R
A &g wlZ23} 882 ol ghoan deiA gl
= w| B3, sjaje] o gu|Toae 7le4 Zelt gl
= Sl

2 ol o4 ghabgh abv] FAHTY S AFY TR
wr H&ES} trichrome & 4of 4= 44581 2] F-e]
2o glalgl ], ol gt AAE Fsb AW, A K7L
il el 2 AF2 shabe| el vlm SeldA 7ot
2] §He 2ARE F2E 4+ dcke A s Al
glgl ot vhsh #197} math Abghe] BaAToH THF
o] g3 5| Erpseted o A3 s Ak,
2 PAS G Aol & <17k 42 94 37HA F¥
2 2448 TE=9:d PAS o4 #3le F2 P24
hale] 2]} o] % el = 23 3 2h| mucopolysacchari-
des, glycoprotein, mucoprotein, glycolipids % phos-
pholipid 5] Zhed gheba b, T8 chIFTE 4
Honch 24 Gef a2 nal9 type [XHE type
Masll4 ¥ohe As= 9204 Ogata®™'& 29 =&
8| A& A4 5z gk, F AFH HldHe T8 F
goean pgoo) gl o) $galaniof we} el s B
g2 oba)gln gledl, £ ool DA A ze
1} & 54 PAS 4ubg A2 o] g4 o8]l £
ol 4] HES oo} § 2] Frt,

#1 myosin ATPase 940 2§ A5t S22 &
Med g ddubslo] wel Ahedgt ke #h gl

= regular ATPase % ¥oll4 & g4lal=e] w2} o4
Sl $hae] akgh type 1 A2 24l 24 type 11
Ko el FREgon] ofgd Al Al ot
aglm & EFEE g 3elr) dEE 2T T
A58 e] djial 2/304el, BAY FAT 2Tl
type 1 AF898 2ojFrh, 28|t myosin ATPase
ol4i 2] pH 4.62 % 212 %8 reversed ATPase 4ol
e 2algde] rhale] 24 Astie 37lA LR
Fagle] 37kA] TAFEF type Dast 73 B2 type
b, type 18 £49% BedFch, F type 14 24
a4l 7} reversed ATPasesii & 7ta}=]22] 68.2%
£ A2l stz #A 8 A stsle] AAETel M regular
ATPase 944 74,.5%0]4 17.3%2 wj#oi= i},

SDH s 4lol glelH Alghaad 2o F4 425 2wl
A1 %8 & reversed ATPasesi g} 3to] 7lale] 2% A
s slne 37lal e 4G T 4T EY 7
Aulof glof 4 type 19 4|7 HAE0] 39.8%%
el wha, 2hu|Ete] 40.8%, ¥]Eo] 48.0%¢°] 7}
Aju| & 62.3%F ¥of reversed ATPase¥ i+ type
[ 2] +4u]7} cht =00} regular ATPase 840 =
3 type 19 TAFYEce i+ 2odd 59 =74
o tiE 2R e FAuE o de] Ffel wel
Aekg) dle) 7t YeE HefFeh

ZHHHe) FAu s} o] FRoll ate} ate]s}
al-e-2 Pullen'®, fst 20w s} o, wisk 09 5
ol 28] ola] x5 v} gled o|gl ale]ol] Heje]
Pullen'®-& SDHeil 4] 4 5] 4= type [1a 47+ myosin
ATPase ¢l-4ol= type Il bz 37|
ol e} shgdel, el ol d ol fute s £ Aol
A B iagdd FRHd, 53 F93F myosin
ATPasesl]| 4 regular % reversed ATPase 944y 4]
o) zj=lgl ale| & A=ErlelE B ol el AU

HAzz e odae] 2¥ SAFYE WEHoE
TAF e S4ucke AuEe FFAAU €H
F dale] glge| AuiFel A o|cproa,

s Al A cle|u) WS fele] e 2EEe
J 24y dadls B4zl o THTES
2 ghe] BiFleienss 2 eldle 2EAAH o
g o|glef| = AR o|xtF ] A S, & B
gauzl edy o A AEFE A E
Holloszy**'s} Gollnick = King*" 5% &2 52
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T AR Y BAg4dE SRR dlgd o,
Dostill 5492 272 {4442 etAe] 4442 F
AT vlasled £ A A e dgolA type 11 45
7} g5 2rdlgdcl, =49 Henriksson*, Henriks-
sons} Reitman*®' % Thorstensson*®5& Z-2132] 4]
A3 Fal 2 type lla 459 v 2215 FrH47ga
Bl FAHT AT FFFl o E a4 wsle
gt 7|24 247 Fyd P4 dEE 5 98
+ AAE F4x,

G E Aol BAG FASE A=A}, F
AT AR ERE ST AL S FA e, 4]
Fake] gA7 Ao dElHE F49, ATPMSo| 3
{ft 2oz e glo} 54 ATPel 9§ 215743
Ao &3, § 2ol Ag7tao] F4PL A
ol ATP A §h42] Asla glate] ATP glake] 1/40]
e AElEglE « fgdsickn eteiwgleh, Myosin
ATPaser= 23 &4 ATPs Lol A4 R M ALgo]
of7| 5= ATP 7|34 8| ghtr] G40 G4 o] ghta
e TE 5 e Ao, @ Al W3l g
7428 pHF A BEs] o] Ala g 3 EAbee] wia} 3}
ol glent ekolof ojdpe AMF 2~39oll = A Y T
A9 pH7} 5.4~5.8 AFqlo] ¥ ngT g}, F &
Az alel glols F4 2 AL gle]l ATP2) # 32 ql
dle] ATPase B4 %4lc] Hae) =318 4 3129 4
g+ depn,

%3} myofibrillar ATPase $4-2 23} 7] = 4l4
Aol F3HZATL a3 2l Sl v &8 4 glo)
€ AMeR w|Fo| B oAFeH A regular
ATPasesl| M 8] ¥| 3 £ type 1 dF8=) 744] g}
reversed myosin ATPased| 42| type I 4542
HAF #ehe F23olde} A 5482 <8 myosin
ATPase $41 9| Aubael slol 7|qlgh 2 e}

4 2 4gelA type IIb 4671 etz deja 7}
Apu]Thiael Y reversed ATPasert SDH o 44}
type Ilas} [1bs] 5348 2] 47} drfo} Ea 4] =
o] £ AMEH Hol 2| g FH 2 AAEA AEHE 7
oluial glals] e 270},

TATYE 275 und type | 4R MY 2o
type Ilaz} $5= 2] type [Tb7} 713 27 alals)
Gk, el2h AL A e o2 ofE T4 A
o] FaEe ALrgwaeadan) falalecl

2] HEH “I%i’-f
<Ay g m4=alseba o

iAol &, Au]EF2 o HAHF 9
A o p—

Ac-Pasest Alk-Pase #4222 a4 Zxzs nag
¥ TEol e 2 e gl AuEa, TAa
Well Ac-Pase 3 Alk-Pase 9b4 49+ cpabay =4,
X-linked pseudohypertrophic dystrophyt} @lul=ie]
TR A st L gl Aot 244 4
.;_;|.11.Em_ ’

Abgt EA 2ol o 2AFEE v Baod dale] o}
Ak EagAlos Y] ¥ Eag type
I. Ila, b 44+ 7}4v| 23 AH4FEE 485
+ B e Alva] g uela] S458L type [e
o B Ef AR o) glc),

olg|§t AH-L FhzAalen e o9 <43
o G2 AlvlEle Al7e ol ek olua), 24#a] o)
AP 58 e gE 2T o Algaslel o8 a4
T dzz Agall TAREY G404 0] W)y
Us 7 Bl A 25 2478 49
At Aol E Al Fola, =8 ol B8 A of
o AT TR A= el gl Bobe Ao A
e ¥R Aol Foda) FE 4xelgic)

Z =

A EA Lol i AR §4 W 2HF Fa v
=F Haaa $3zaE dide g v 8BE, slape),
Bl ET W HATTA A7) =843 o AF 54
223tk 4E A sl ohga 2 dAg ddgl),

1) W 42 25 H&E, trichrome 4| 2% =
A2l e T2 9 gsigl e PAS o=
37k wH o s FREE,

2) Regular ATPase 4|4+ type 12 type II
o b SHFH R TR glsd ATPase §H4
7k type 117} o] 8- 32.7%, 7}Ado| 27,1%, =y
T 30.2%, AAEE 25.9%2 A 2AHZ B5 type
I 4fF8e] msict,

3} 1e|v} reversed ATPase % 4 of 4] = 7hapu] 22
A&l gt 3712 w82 type 1, Ha, ITha F45
Yo type [ 432 $2u)7 Al 2<lq type
Mazt #A|Y wake},

4) SDH o el = o 4] 7}=}e] 2ol 4 type [Tb7} 2
As]2] 4 gol e 37hn] 2AFYL FEY & ool
] type 12 447} 8|52 48.0%, ~t=l=]2 62.3
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%, AW|FT 40.8%°|gn AT E 39.8%5

5) AkA] TATY TAHAFY TAv e FHE T/
el s Aol wte} 2z E4gA FHe =fet A
g Ape] & Bt

6) =458 27|E type 19l 7t 28t type Ila
£ #5297 type Ibe & 473,

7 59 R g A isza] gA4E T
dlo] TAFEE T8 u §AzA AgEATL
type [1a % IIb7} #23 2= n, type 12} 7|&}
type llc % =47 4571 & o[ Fz 2gd ¢
gt A Al shE gl g Eb 44 H 5 53] myosin
ATPase E4 342 Aslel 344 Haie] sle do
2 AEE T,

REFERENCES

1) Dubowitz V, Pearse AGE: Reciprocal relationship of
phosphorviase and  oxidalive emzymes in skeledal
muscle, Natwre 185:701, 1960

9) Brooke MH, Kaiser KK: Muscle fiber lpes: Howr
many and what kind? Arch Neurol 23:369, 1970

3) Karparti G, Eisen AA, Carpenter 5: Subtypes aff the
histochemical tvpe I muscle fibers. | Histochem
Cytochem 23:89, 1975

4) Brooke MH, Kaiser KK: The use and abuse of
mueecle histochemistry, Ann NY Aca Sa 228:121,
1974

5) Schiaffino S, Hanzlikova V, Pierobon S: Relations
hetween structure and function in vat skeletal muscle
fibers. J Cell Biol 47:107, 1970

6) Close RI: Dwvnamic properties of skeletal muscle.
Physiol Rev 52:129, 1972

7y Climie ARW: Muscle biopsy, techingue and interpre-
tation. AJCP 60:753, 1973

%) Engel WK: Selective and non-selective susceptiblity
of muscle fiber itypes, a new approach lo huwman
nenromuscular diseases. Arch Newrol 22:97, 1977

9) Eisler T, Wilson JH: Muscle fiber type disproportion.
Arch Newrol 35:823, 1978

10) Engel WK: Selective and non-selective susceplibility
of muscle fiber types. Arch Newrol 22:97, 1970

11) HiHEEE, &5 . o E MEEe) et EaE B
2 Milbeey Broe. ol Rel eyl sl A 23:888, 1980

12) Brooke MH and Englel WEK: The Méfugm;:hfc iy
sis of hwman muscle biopsies with regard to fiber

types: Adult male and female. Newrology 18:221,
1960

13) Pullen AH: The distribution and velative sizes of
three histochemical fiber bwpes in the ral tibialis
anterior muscle. J Anat 123:1, 1977

14) 4%, WEE . a6 R shabel i HhEka
WAR srdrol $H4h MR (bBE R, HAdeivata
18:191, 1981

15) WA, S A B ek e B o
T, cale egl gl 29:89, 1986

16) Engel WK, Cunninham GG: Rapid examination of
muscle tssue. An improved Irichrome method for
flash frozen Biopsy sections. Newrology 13:919, 1963

17) Padykula HA, Herman E: The specificity of the
histochemical method of adenosine triphosphatase. |
Histochem Cylochem 3:170, 1955

18) Nachlas MM, Tsou KC, de Souza E, Cheng CS,
Selipman AM: Cwochemical demonstration of suc-
cinic dehvdrogenase by the wse of a new p
Nitrophenvl  substituted Ditetrazole. J Histochem
Cytochem 5420, 1957

19) Burstone MS, Kaplow LS: Cylochemicel dem-
onstration of acid phosphatase in hemapoietic cells in
healthy and in various hematological disorders using
azo dye technique. J Histochem Cytochem 12:808,
1964

20) Stein TM, Padvkula HA: Histochemical classification
of individual skeletal muscle fibers of the ral. Am [
Anat 110:103, 1962

91) Padykula HA, Gauthier GF: Morphological and
evlochemical characteristics of fiber types in normal
mammalian skeletal muscle. In exploratory concepls
in muscular dystrophy and relafed processes (ed. A.
T Milhorat), pp 177 ~ 128, International Congress
Series, no. 147, Amsterdam: Excerpla Medica Foun-
dation.

99y Guth L, Samaha FI: Qualifative differences belween
actomyosin ATPase of slow and fast mammalion
muscle. FExp Newrol 25:138, 1969

23) Edgerton VR, Simpson DR: The imizrmediate fher
of vats and guinea pigs. | Histochem Cytochem 17
528, 1969

24) Guth L, Yellin H: The dynamic nafure of the so-
called ‘fiber tupes’ of mammalian skeletal muiscle.
Exp Newrol 31:227, 1971

25) Yellin H, Guth L: The histochemical classification of
muscle fibers. Exp Newrol 26:424, 1970

96) Edwards R, Young A and Wiles M: Needle higpsy af

— 420 —



oA . g

FAZAAN Bug vida
24 #

. ZhAlo]

oL o AAEET

Yo gk oz ey o4

skeletal muscle in the diagnosis of moopathy and the
clinical siudy of muescle function and repair. NEJM
JOE-2aT, 1980

27) Goss CM: Anaiomy of the Human Bodv. 28th ed.
Lea & Febiger Co. Philadelphia. 1970, p 428

28) Swash M, Schwartz MS: Biopsy pathology of muscle,
Chaprman and Hall Medical Co, London, 1984, p 23

29) Tahenchi T, Sasaki M: Histochemical and eleciron
mucroscopic difference between nalive glycogen and
polyglucose synthesized by phosphorviase in  Hssue
cells. Acla Histochem Cyviochem 1:63 1968

M) Gillespie CA, Simpsen DR, Edgerton VERE: High
glvcogen comtent of red as opposed to white sheletal
muscle fibers of guinea pig. J Histochem Cytochem
I18:552, 1970

31) Ogata T: The differences in some labile constituents
and some enzymafic activities between the ved and
the while muescle. | Biochem 6:726, 1960

32) Bocek RM, Beatly CH: Glwogen syathefase and
phosphorylase in red and white muscle of ml and
vhesus monkey. [ Histochem Cytochem 14:549, 1966

33) Bocek RM, Peterson RD, Beatly CH: Glwogen
metabolism in ved and while muscle. Am J Fhysiol
2Ia:1,100, 1966

34) Stubbs 55, Blanchaer MC: Glyeogen phosphorvlase
and glycogen swmithelase activity in red and while
shelotal muscle of the puinea pig. Canad J Biochem
43:463, 1965

35) Lamb DR, Peter JB, Jebbress RN, Wallace H:
Ghcogen hexokinase and glvcogen synthelase adapla-
tions o exercise. Am J Physiol 217:1,628. 1969

36) Edgerton VR, Simpson DR, Barmard R], Peter JB:
Phosphorylase activity of aculely exevcised wmuscle.
Nature 225:866, 1970

37) Buller AJ, Eeccles JC, Eccles RM: Interactions
between mononeurones and muscle in rvespect of the
characteristic speeds of their responses. | Physiol
150:417, 1960

38) Karpati G, Engel WEK: Trangformation of the histo-
chemical profile of skeletal muscle by “foreigm tnner-
vafion’. Nafure 215:1 500, 1067

39) HA4, +5E 94 AAFT NS4 Aol B
Aga o7 difyy e etel =) 19:1,051, 1984

40y Holloszy JO: Biochemical adaplafion i muscle
Effects of evercise on mitochondrial oxygen uplake
and respivatory enzyme activily in skeleial muscle. |
Biol Chem 242:2,278, 1967

41) Gollnick PD, King DW: Effect of exercise and frain-

— 421

g on mitochondvia of val skelelal muscle, Am [
Flysiol 216:1,502, 1969

42) Costill DL, et al: Skeletal muscle enzyme and fiber
composition in male & female track athletes. J Appl
Physiol 40:149, 1978

43) Henriksson J: Human skeletal muscle adaplation fo
phvsical activity. Thests, Karolinska Instifule Sfock-
holm, 1976

44) Henriksson ], Reitman JS: Quandiitative measure of
gnzyvmie aclitities in fype T and fype 1T muscle fibers
af man after training. Acla Physiol Scand 37:392
1976

45) Thorstensson A: Muscle strength, fiber iypes and
ensyme activiies i oman. Acta FPlosiol Scan Suppl
443, 1976

46) =33 AT Rl Al 9 AR AR, —
gHM, 4§ 1981, p 31

47) Huxley AF: Muscular contraction. | Gen Physial
243:1, 1974

48) FE3 © AR A kel abE gl ) T A
el B A T

49) Pullen AH: The distribution and relafive sizes of
fiber types in the eclensor digitovum longus and
solews muscles of the adull ral | Anat 123:476,
1977

50) Englel WK, Cunningham GG: Alkalfine phosphaiase

posttive  gbnormal  muscle fibers of Humans, [
Histochem Cwlochem 18:55, 1970

&2l pH &

— Abstract =

Histochemical Muscle Fiber Types of
Autopsied Human Gastroenemius, Soleus,
Peroneus longus and Tibialis anterior Muscles

Jin Chul Yang, M.D. and Joo Yong Yoo, M.D,

Department of Clinical Pathology,
Chonnam University Medical School, Kwang-ju, Korea

This studvy was designed for the evaluation of the
mean proportions and range of individual difference of
muscle fiber types in human Gastroenemius, Soleus,
Peroneus longus and Tibialis anterior muscles, respec-
tively.

Flash-frozen muscle sections obtained from 15
cadavers were stained for H&E, trichrome, PAS, regu-
lar & reversed myosin ATPase, succinic dehvdrogenase
(SDH), acid phosphatase (Ac-Pase) and alkaline phos-
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phatase (Alk-Pase).

The results obtained were as follows,

1} Differentiation of muscle fiber types was not evi-
dent in H&E and trichrome stained specimen. Three
types of muscle fibers were, however, evident in PAS-
stained sections according to the degree of positivity in
observed skeletal muscles.

2} Two fiber tvpes (Type I and 1I) were only differ-
entiated and the predominant muscle fiber type was
type | by regular myosin ATPase reaction in Gas-
trocnemiuz, Soleus, Peroneus longus and Tibialis ante-
rior muscles,

3) Three muscle fiber types (Type I, I1a and 1Ib) were,
however, differentiated and the predominant muscle
fiber type was type Ila, contrary to patterns of regular
mvosin ATPase in skeletal muscles except for Soleus
muscle by reversed myosin ATPase stains. OUnly two
muscle fiber types (Type [ and Ila) and predominant
type 1 fibers were shown in Soleus muscle.

4) SDH stains showed three types of muscle fiber

except Soleus muscle. The mean proportions (%) of type
[ fibers were 48.0% in Gastrocnemius, 62.3% in Soleus,
40.8% in Peroneus longus, and 39.8% in Tibialis anterior
muscles, respectively.

5) The mean proportions (%) of muscle fiber types in
human skeletal muscles were markedly different,
according to individuals and various enzyme histo-
chemical stains,

6) The size of muscle fibers was relatevely small in
type 1 fibers compared with type IIb.

71 Evaluation for the combination patterns of various
enzyme histochemical activities showed that the com-
mon muscle fiber types (Type I, Ila and IIb) were
markedly reduced in the mean proportions and unusual
rare muscle fibers predominant.

This predominance of unusual muscle fiber types and
marked discrepancy in muscle fiber types between regu-
lar and reversed myosin ATPase seemed to be ascribed
to decreased muscle enzyme activities following post-
mortem period.



Figure Legend

Fig. 1. Non-discrimination of muscle fiber types,
Tibialis anterior, H&E =200

Fig. 2. No difference of muscle fiber types.
Peroneus longus, Trichrome X200

Fig. 3. Three muscle fiber types, strong (5), moderate (M) and light (L) reactive fibers, were evident accnrdii_'tg to
the PAS-positive reaction, Of three muscle fiber types, moderate (M) reactive fiber type was the predominant

one,
Gastrocnemiusg, PAS »100.

Fig. 4. Two muscle fiber types (type I and II) were shown, Type | was more prevalent than type 1L

Fig. 5. The majority of muscle fiber type was type I, which showed weak enzyme activity.
Tibdalis anterior, Regular myosin ATPase > 100

Fig. 6. Three muscle fiber types (type 1, Ila and IIb) were shown. Patterns of enzyme activities were reversed to
those of regular myosin ATPase; Type | showed strong enzyme acitivity, type lla weak and type IIb

moderate enzyme activities.
Gastrocnemius, Reversed myosin ATPase X100

Fig. 7. The most frequent muscle fiber type was [la and the least frequent one was type L
Peroneus longus, Reversed myosin ATPase X100

Fig. 8 The same pattern of muscle fiber types as Fig. 7.
Tibialis anterior, Reversed myosin ATPase ®X100

Fig. 9. Two muscle fiber types (type I and Ila) were only shown and type I fibers were more frequent.
Spleus, Reversed mvosin ATPase x 100

Fig. 10. Only two muscle fiber tvpes (type | and Ila) were shown. Type 1 showed strong enzyme activity and type lla

weak one.
Soleus, SDH x 100

Fig. 11. Three muscle fiber types were evident. Type Ila which showed intermediate enzyme activity were shown.
Peroneus longus, SDH €200

Fig. 12. No existence of alkaline phosphatase positive fibers were shown.
Tibializs anterior, Alkaline phosphatase X200

Fig. 13. Relative size of each muscle fiber type was as follows: Type I was smallest and type IIb the largest.
Gastrocnemius, SDH 200

Fig. 14. A,B,C: Reactive enzyme patterns of muscle fiber type were reciprocal or different in the same region of
muscle by three different enzyme stains. Patterns of myosin enzyme activities by regular myosin A'lTPase
stain (A), were partially or completely reversed by reversed myosin ATPase stain (B). Partially or nonrever-
sed muscle fibers seemed to be rare muscle fiber types (R).

Type 1 fibers showing strong SDH enzyme activities (C) was the most frequent one.
Soleus, Regular (A) myosin ATPase, Reversed (B) myosin ATPase, SDH (C) %100
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