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Abstract . Frozen sections of skeletal muscles were histochemically stained for capil-
laries by an amylase-PAS procedure and for histochemical typing of muscle fibres by a
myofibrillar ATPase method in autopsy samples from 9 mammalian species : Norway rat,
squirrel monkey, racoon dog, nutria, blackbuck, red kangaroo, western grey kangaroo,
California sea lion and western lowland gorilla. Using a computer-aided image-analysing
procedure the capillarities of the muscles were analysed by means of the “capillary domain
area (CDA)”, muscular cross area diffusionally governed by one capillary, and the Krogh-
ian radius (Rx) computed therefrom. Myoglobin contents (Mb) of the muscles were
spectrophotometrically determined. As for the CDA (Rg) we found evident species differ-
ence, muscle difference in any one species, and also regional difference in any one muscle,
the facts suggesting that the capillarity might reflect functional and metabolic characteris-
tics of muscles. We found also that the capillarity was highly correlated with muscle fibre
cross area (FA) and Mb, and less and reciprocally correlated with oxidative muscle fibre
contents in the muscle. California sea lion, a long-diving mammal, was quite different from
the other 8 terrestrial species in that it exhibited much higher Mb and much poorer capillary
supply. All these special characters could be reasonably understood in view of its diving
behavior, in which, during diving, the blood supply to the muscles is almost completely cut
off and the metabolic property swings rapidly from oxidative to glycolytic.
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Fig. 2. Histochemical typing of m

ammalian muscle fibres by a myofi-

brillar ATPase stain method (Brooke and Kaiser'®). M.
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cf. Table 1.
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ER-18D X hPET 5. 1mM EDTA %4t 10 mM
Na,HPO, 0.8ml(CO &, K& &%, K& T
Physcotron =4 7 m k2 5 1 % —(NITI-ON) % i\~

| CHE{, RmEEROT, 15,000 rpm) T 5. EILLE

% 5o microfuge itk H, 7w w74 A 0.2ml %N
2, CO0%75valicth IOBHRLIIEETS. &
ERERELLT2bhb EER I 7t h, =7
—eZ2R—=2% COT7 % va Lict, dithionite f5f
¥or#mm 2 CEERRER, RARoB#LE ¥ 5T, 530-580
nmFDO A7 b AR ERSN 4B X bR L
538nm ¥ & O°568nm T D’ K ECE h £ A 556,
Asee) 200, 5 Mb &8 (mg/g £FDXTRICL h EH
ns.
5.696(Asss— Ases) (0.8+0.75W) . 6D
w

SHAED R

Amylase-PAS HemiEAKZ, FR 2B (2L, =vr
—5 v F=Y 50 SOL ROEDL (110 f%, GAS - Lk
132 5 CHEMEEEYBRE L, Ibicch® 10 512k
K UFNERR I BE A e, & D X 5 I FUEA D 100~250 f
CHEARLEE B, BMlME RS L OBEEBFE v
— AL, UEEVHRLIcavEa—s—-TrSTF
& (Enoki et al. | RFEF)I X b EGRMENF L. bv—
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AMBL2HMOELE LD, 1HIZ O FEEEE O B/
BRREEY Yy PELT, £y P OEEEY TS &4
% — (GRAPHTEC digitizer KW 4300) % fi\~CT= v e
2 — & —(NEC PC9801 RADICA I L, BEEES % EMim
EERESBSOER 2 S5HRICE > CTHERCHEE, T
b & FH MM E o Bk & R H R(Capillary
Domain) W& @4l L (Fig. 3), FOEE (LT CDA)
#EH L7 (Voronoi tessellation #). * 7z, CDA 235
Krogh SEBFIE¥E#EMBCI T RO EH L2, &
OBE, BHME»DOIBIZH L) 7 - L b &%
2 bh A EEEESRME ZaUHRFig. DI OY
A4 vEBETS BB 2 bhise b LV — 2 FTE
EGAEI X Y, B SOCHEN LYK L .
Pry—2Dh 5 1R, BHRENERECIT FA R
Hizfvic, FAR N v —2 T 55 L oFE
BEAGDS 10 AN D) OEEEY Lo T2 4 45
—TCANL, LEOTrIFacEhavea—g—5

= ¥

B L%. CDA, Ry, FA BX O EREFhoEIzoW\T
2 bhifERE, AROERIEOLEA M/ F4LLTT
4 ATVARRER, k0Tl EkFx, TR
EXEE, 7V VAR -ToDF — 2 #HFIEE L.
REtETE

PE Lic T — £ 1%, F#fE (Mean) +EEERF2E(SD) T
/R L (Tables 1 & 2), #EHUETIXZ OFHEL AT

7 — & OFEE, B, BWELZ B0, ZERBRE
(BT APV v 7P ERER L. 'k, T8 0%5
B & Rice o4, Welch 5o EBAt BERERL

’ fe.

2EB D% 4 % o, Pearson OAIBIfRE A B H
Lic. HHBIDEREMRE R, MRHEYERL, F0&
HEAHHEEn 20t FMERES S EXFIHLTT-
7229, [EIRERL, BTSRRI X bk ks, BE
KEXP<0.05 & L7

Fig. 3. Schematic representation of method for constructing the capil-
lary domains. The capillary domain is the area surrounding
each capillary (small open circles) by equidistant boundaries

from the adjacent capillaries.

Five stippled polygons, for

example, are the capillary domains as for the capillaries a-e. -
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& xR

IBDOBABW IOV T 2 bhfER(CDA, Ry
FA, % Mb &8, i+ 1 7O % Tablel s X O
2WMBIE L. F, kRS 1 7LD, oxidative
(T +TTA% S EH Ui,
SHRFEMIE D7 (CDA, Ry & L UHREY (1 X
(FA) niE=

LMEE O AT 7 4 BE o (DP, EDL, SOL,
GAS « L)Izo\WC, J v b &fifE & 0 FHfE%L ik L
fz.

DP(Tables 1&2) : HE O LB A EEWI>
WTDTF = ZRFESNTT o Iely, THIVINV—BX
W=7 vy v Hr—oBaiE, FHmEOL okRc
DONWTITF o, £9BDOFTHRAD CDA(L7hio T
ROMBERRLIDER — Y 7 (FRFh 2089.0 um?,
25.2 um)'C, W/ANEX T 5 v 73y 7 D 658.5 um?
4.3 um)THote. T v MEE B L7854, CDA,

n
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|
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RaFMEE ST HH IV —EHR LB TERE
wERDHTI(P<0.001). %7z, FA fHico\WTix, =9 T
Bk (4658.8 um?), X — + U 7 (3464.8 pm?) 23 Z HITK
€, B/MEL, 5 v 1 (1600.3 um?)T, YV AFARIOS
Sv 7 Ay 2 ERBEL6EBIRNT, Fv MEEDOMICE
BENLZORIEGRY F & 2+ 1P<0.02, ixP<
0.001).

EDL(M)(Tables1 & 2, Fig. 4@ 9 CDA, Rg
DEREEZRLEDE=vr -5V 2 5 T(4229.4
um?, 35.9 ym), FAMEZA Y F & 2 F(1038.7 um?,
17.9 ym)B I OF 5 v 7 -4 v 7 (1063.1 um?, 17.9 pm)
ThH bt (Fig. 4. 7 v MEELOHETIX, x— V7
KBIOTHHVIL—D2BREE, o6 BZOWT,
B 5 hhInE 5k bt (P<0.001). FA OBAMEE Y
5(9752.9 um?), BAMEIZAY F &2 % £(2248.5 um?)
T, R Ty b EORIREEE() AFL, RV R
% % P<0.05 f#ETP<0.00D)s %5 hic(Fig. 4.

SOL(Tables1&2): HAYFZXFBIVHY 7 x

n

25¢ [m“mh R
0

200f h SM
0

5ot n” RD
0

254 NT
0

Mo s, o
8000 12000 16000

FA(um)

Fig. 4. Species differences of the capillary domain areas (CDA),
Kroghian radii estimated therefrom (Rx) and muscle fibre
cross area (FA) in m. extensor digitorum longus (middle
region). Nine species (cf. Tables 1 and 2) were compared.
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=TT vhREL TECOWCHRREOVDIE L
BL7eh, 73 v 27y 7 DREBW)DRERIZOWT
H#E L7, CDAROOBAMEIR=>r—5 Y F=) 5
D 6076.8 um>(42.8 ym) T, T/ANMEIZ Y X F 1 D
1173.8 um?(19.0 pm), 77 v 7 A v 7 BB LMk
W, 7y MMEEDHIZEL M RERNADbhEPL
0.001). FA fEizoWTh =V F THRA5159.4 um?),
TSy 7 Ay 7 CRANCATE. T pmD &Y, Ty F i
BLCeBTEBERRD(P<0.00D. biiic, 1
= O[EEE, & = F HERIIC SOL 23K\ L T e,
GAS « L(S)(Tables 1&2): VA%, X—1 Y
7, ThHvIrL—FE 6 EicownT B L. CDA
(RODFEAMEILT Y T 4916.0 pm>(38.8 xm) T, &/
fEZ v b @ 1339.1 xm2(20.3 yum) &7 H, T v MEK
X BRESETHREEN A LR A(P<0.001, 7R L+
VIFERXFDALPL0.02). FAEORKIZTY 50D
7668.6 um?, H/MEIRZ X F D 2381.7 um?T, T v ME
LoMIiE, £FIOoWTHEREEY A (P<0.00D.
ks, SERELLHEEEYE L CRkADFH CDA
ROEE=>r—35 v F =1 50 SOLOM)T(6076.8
um?, 42.8 ym), HMEILT T v 2 Sy 2 DP(W)T
I te 658.5 um?(14.3 um) TH 7. ¥ FA DK
KFEHMEE, =V F SOLD)TD 15464.1 pum?, H/ME

z A

135 v + BF(D)®D 1397.0 um?>ThH - e
BRHEMLES T (R & & UHigHEY 1 X (FA) O
I2& 3%

EEMELI N FRiICoOWT, DPOW (LT H A v

Hn—b=vrapvHFr—ZonTikDPL) & o
T & BRI E 2545 CF#) Ref) &8 X OV FA SFHEBI L
TH#BE L #-(Tables 1 & 2, Fig. 5).
RZDWTHB &, HRMEZDPW)D
17.1 ym, BeAMEEZ SMOM) D 24.5 ym &7 b, DP(W)
CH U BRED)HE < 4 8T b BEEERL 7 (P
<0.001). FAix >\~ Tix, BFOD)A £/ 0 1397.0
um?, SOL(M)CRA®D 3714.7 ym? & 72 », DP(W) ikt
BT Tho 5 B EEE LR L (P<0.00D.

Y AP Rele o \Cid DP(W) TR/ (18.4 pm),
EDL(M) TEA(22.0 um) & 72, DP(W) & o Il T i,
fb 25 & b BEZE %R~ L7(EDL ©P<0.001, SOL
TP <0.05). FA {12 DP(W) T # /N(1660.3 gm?),
SOL(M) THxA(2993.4 um?), DP &flio 2 iz s
BEEYRD 7 (P<0.00D).

AV F & %% RglEDL(S)TH&/N16.9 m),
GAS « L()TEKXQL.0xm) &7 b, DPOWICKL,
EDL(M) #BR< THTHEBZE 2 A7 (P<0.001, &L,
BF(MD @ % P<0.002). FA 122\, DP(W) TR/

7w ko

n n n
100 DP (L) 100 Hﬂ L DP(L) P DP (L)
o -I-l-l-».\ C" L o [a¥u™ =
M EDL(S) 100 N 20| -
o f 1l EDL(S) T EDL(S)
o J—{- l ‘ |1 P o J'dr ]hm o .-.—.n'll l | W ﬂTh'»l'In—.—.
T, GAs-L(S) 50 T 6As-L(s) M. GAS-L(S)
25 1’ | 10 q1{H
0 _rr[ .h-l-l'k 0 J"l-[ ]TI—-_ 0 [ =l ’TLVWJ-[JJ ” W
25 | SOL (S) " Ml soL(s) 20 SOL (S)
A‘lﬂ m}fﬂmgk n.rl'{ o= n,l'l'l,ﬂ"-l-l-” Tﬂ'l'l'hﬂh R
h 2000 4000 6000 v 20 40 2000 4000 6000 8000
CDA (i) Rk (¢ m) FA(u m)

Fig. 5. Comparison of the capillary domain area (CDA), estimated
Kroghian radii (R¢) and fibre cross area (FA) in four skeletal
muscles of western grey kangaroo.
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(1709.3 pum?), GAS -+ L(S)THA(2381.7um»D &7t h,
DP(W) & @l TI1E GR(S, MD %< 6 THEEEY
27z (P<0.00D).

2=+ V7 Re/IMEIZEDLOM)® 21.0 pum, &%
KfEIX SOLVD @ 28.1 ym T, DP & flhod 4 5 & D
13, ALHIEBENAZLNP<0.00). ¥4 FA
BY L TWX EDL(S), SOLOMDIZE W TE D kDK /ME
(2402.9 ym?), FAME6145.0 um» A% bh, DP &1l
& ORI TR FEREEY R A-(P<0.00D.

75y 7y 2 ReDEwmANAL.3 um) e b R
KIE23.3 umd, ThZh DP(W) & GAS-LOWD 23
WThbh, DPEL ORE TS HoL B\ WTEHE
BHERH-(P<0.001). FAowTd, DP(W), GAS
« LOVDIZ 38 > T 5% 7N(1686.0 um?), % Kk fE(4358.7
umdDn B b h, DP LM EEEZY R ic(P<
0.001).
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M)D 16.8 um, SOLM) D 26.9 gm T, FA I&oWTlk
DP(L) T % /n(2189.2 pm?), EDL(M)T #% K (4271.2
um? Eleote. DP LMD 4 5 & DRElIcit, Ry, FA &
Y EBER HT(P<0.00D.

=y e vHIr— " ReDE/N, HAMEZRDPL)
D 19.8 yum, SOL(M)® 29.6 um T, FA LD\ TH,
U < FfGTHR/N3242.9 pm?), HAME(7161.2 pm?)Hd
Zbhl. Rg, FA L% DP &l 58 & DI EEZE
&7 (P<0.001).

Y7 xN=TTTH L KRE 1S B0\ T OB
MR D, Ry, EAMEEThZh TMOD O 22.5
um, TEFAM)® 36.0 um & 7 - 7223, FA 22T
DP(W)T#H/N(1926.2 pm?, TB+L(M) T AfE(4034.0
umDER LK. 7B R(EDXRKTH - 7= TFAM) T
b, FEHCRZhEEDLRKRE it FA4025.1 4m?)
fERZ B, RefEicowTiy, TMO) %K< 1385 &

THhHVIL— ReDF, BAEZERERDP DPW)EOMTHELARERKLRIDIK LEP<
n n
NT-SOL (S) NT-SOL (S)
50 25}
0 0
20 NT-SOL () 10 NT-SOL (M)
. irm . o olbol I
! -
B | SL-PAS) % Ndl SLPA®
F- W
L ] . e _
oo ] sL-paan 2 1 SL-PAGM
0 . . 0 ' W Ly UL =
20 {0 60 2000 4000 6000 8000
2
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Fig. 6. Regional differences of the estimated Kroghian radii (Rx) and
fibre cross area (FA) in soleus muscle (SOL) of nutria (NT)
and pectoral muscle (PA) of California sea lion (SL). Superfi-
cial (S) and middle (M) regions were compared.
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0.001), FA =B L Tk, DP(W) &4 14 £ & DREic
BREEZRD(P<0.001).
=ve—5vFaY 5 ETihB~NicXk 51C Ry
FA & b fifEicthle L Tl TR E RER R TS 0%
Mot FPF R DWTADB &, F/AMEZXDP(W)D
20.5 um C, D DP(14.3~25.2 um)ic L THEIT
BELZWET, BLAX—FYVTD25.2um, 75
D240 um ETEbLBETH - DKL, SOLM) T
BN AMEU2.8 pm) i 8 EE B L TELL
RWETH - 7. e, DP(W) & fihd 9 £ & DRI Ry
SEHSME B LB B 2 72 23 B iz (P<0.00D). —37,
FA o/, &KXEEZh % DP(W)(4658.8 um?),
SOL(D)(15464.1 ym?® ¢, DP(W) & f#kliciz&chH

BEZRDP<0.00D).
BE—#RICE 1T 2 EMMED T (Ro) & & UBHIRIET 1
X (FA) mEfigie

TROBH(Z—L V7, kv F&RF, F5v 27y
V, THAHVIN—, =7 RAVFL—, BT 5N
=T TYH, =ve—5 VI ) )%, HFoB
K HHATEE LS. T, Re® X OFA OFR—#
RIRIHZE D\ TR X5 (Tables 1 & 2, Fig. 6). #HE
DBz WL, DP iz oWtz DPL) &, fiofizo
W, BHEBES) L 0EEYRE L.

Rk T, 7o DP(A), =9 5o EDL®D), SOL
D) BLOGAS « LD &R ZofldHise Ttk T
BEOWIREARH 2 (P<0.001. 771, P<0.005:
£22%DGRM), 2— V7D EDLM), =>2nrn%
v # A —o EDL(M) & SOL(M), 7 # o TB+L(OM)
& DTWD. P<0.02: 7H % v #ar—ao EDL(M). P<
0.05: =Y 5D GAS « LOMD).

FAwr-owtiy, #2%o0 DPM & GRM, 724 v
Fr—n SOLM), =27 mpvHr—n EDLOM), =
) 5D DP(A) & GAS « LD) THEREXRD e - 7.
Lil, 20MMOBTRETEI WV TEREEYRAD (P
<0.001. 7Z=7 L, P<0.002: 7+ #®DTMD. P<
0.01: 7% @ EDL(M). P<0.02: # % #o BFQ\)
& 75D DP(A)).

EMIME DT (Re) & BifgRigEY 1 X (FA) & HBYE (Fig.
7)

BV T an=T T AREL SEBIOWTDORERNLD,
Reé FARICH B RIEMHBE DL bR S & LoD
(y=15.42-+0.00199 x, r=0.880, n=>54, P<0.001).
rR—FVFTY) OB EREROER(G=20.82+
0.00149 x, r=0.696, n=12, P<0.02)i% ki 8 Fic>
WTORREEE FZEEXTRIRDDOD, DP USNDH

EOWTOLFETHIIEENE LA EEr OEIRER
(y=36.59+0.00019 x, r=0.327, n=9, BEEJE LM
zbh, B X L BIR T < —E OB ME A
BRTZ EDbho T,

" 10000 5000
FA (um’)

0 5000

Fig. 7. The relationship between Kroghian radii
(Rx) estimated from capillary domain area
and fibre cross area (FA) in skeletal
muscles of 9 mammalian species.

+ ; California sea lion, @ ; Norway rat,
V ; squirrel monkey, A ; racoon dog, [];
nutria, 4 ; blackbuck, <>; red kangaroo,
M ; western grey kangaroo, * ; western
lowland gorilla

y=15.99+0.00436x (sea lion, r=0.728,n
=17, P<0.00L)

y=15.42+0.00199x (8 species other than
sea lion, r=0.880, n=>54, P<0.001)

L
Y
*)*‘“—
—~ /A»O-
=] Prat
3 - [
N i
<
(3
30 40

Mb (mg-g)

Fig. 8. The relationship between the estimated
Kroghian radii (Rx) and myoglobin con-
tent (Mb) in skeletal muscles of 9 mam-
malian species. Symbols as in Fig. 7.

y=—4.76+1.007x (sea lion, r=0.701, n
=15, P<0.005)

y=12.57+1.967x (8 species other than
sea lion, r=0.723, n=49, P<0.001)
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—F, BV T AN=TTYARDNTDOT — Z TS
Pl 8 IOV TORER & ITEERICL, ERER
Kb y=15.99-+0.00436 x(r=0.728, n=17, P<0.001)
LT, HEHMbBO S OWTOEEOW 2L
T,

Mb & & EMIMES T (Re) & DBSHE (Fig. 8)

AV 7 xn=TT¥HDMbEENEDTE D,
AEDORLGMHNFELECIR. Lichieb Eisot. # V7
=TT HAPNOER 1 I — T LR TEHETSE,
ERERERE, y=12.57+1.967 x(r=0.723, n=49, P
<0.001) & 72 b B & 2 7= IEAHBIRAR A A B huic.

Fle, AV 7 A=T T HhDOHRDHSMIL, BEEER
y=—4.76+1.007 x(r=0.701, n=15, P<0.005) & =
S EWIEMEBEI R R L.

Oxidative fHfR#E( 1 +11A) % & EMME DT (Ra) & D
BE:& (Fig. 9)

SRS 1 TREDTE Iedr o e ) AFAEE
BB DOWTHAE DB R AT & &5, EREFOKE
B(y=39.82—0.171%, r=—0.486, n=67) 55, W&
IR BV bHMHEI(P<0.000DD0H 5 & & hib
Dote. FcF—ETHERA VCEIEES RO A S i
AV T N=TTADEE, y=38.15—0.111 xG=—
0.598, n=17, P<0.005)T, HEHIE\HEBIAAL LR
7o
FA/CDALL(FDR) & f5Mb& £ (Fig. 10)

FDR(Fibre/Domain Ratio) %, FAXCDA X Dk, L
Te i T 1B OB 2 IKEGE L3 5 PR E R (2
R E B2 bR ERT, EBELZHTENTES.

50 100
(I+OTAY%
Fig. 9. The relationship between the estimated
Kroghian radii (Rg) and oxidative (I +1I
A) fibre type % in skeletal muscles of 8
mammalian species. Symbols as in Fig. 7.
y=39.82—0.171x (r=—0.486, n=67, P
<0.001)
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Fibre/Domain ratios (solid circles) and
myoglobin contents (open columns) in
three skeletal muscles of 9 mammalian
species. A : Diaphragma, B: M. extensor
digitorum longus and C : M. gastrocnemius
(lateral head). As for gastrocnemius the
results of five animal species were
presented.
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Fig. 10 ARDP(W) (7c 2L, 7T AV AL —F L P=
7w v Hr—ixDP)), Fig. 11 BREDL(M) (%=
L, 79 v 73y 7 TIXEDL(S)), Fig. 10 Cizi3GAS
LI oWT 2 b i-FDREFHMbE B DR ZR L
o, 3B LCAHADhAEERKRELLT, 1D #
7 N=T T h EELAMERYIC S TIEE WFDR
fE(DP : 2.16+0.66, EDL : 2.27+0.55, GAS+L.: 1.95
F0.45) BB BbNDDERL, 7 h TIEXHELMTE
FDRfE(DP : 1.02, EDL : 0.94, GAS+L : 0.90)% %5

nBIE, 2 —F, MbERRBLTE, 7yhiekls

THE»CE\WEDP : 31.0mg/g, EDL : 34.5mg/g,
GAS-L:33.2mg/@) A bh bk L, iy
THIhEZEBHET EHHEMEDP :5.9£1.7mg/g,
EDL : 4.9+2.4mg/g, GAS+L :5.6+3.3mg/g) D%
bRABZENDITFOND. ToIRBIFBZDL S el
BREEN, oKL EECEBET b 0LE LR
5.

B, 7o ORHMbEED, MACHLEL &
EENEH IS (Table 2). 82 H<, 7oA iLBNT
HALCENZOE EHNELI DD, BHVAE
BEAEBNRWCERIBEE2DND. BE&db
MBI 38\ CULRHERE T H3E D CAREL A Fe fo b, 4,
EAMAE ST, BRMERTEES o COMEMBLEKR
Riifrbleh ot BWEEARATILIBER L.

% =

FERSEMRILE RO EEMBRITEICOWT

1 Krogh® 72 ERy ! M) % BMIMLE S 10
%, B0, % OMIEE OEHE, Mk b ORBEY
WHARET BERNBERO—DT, Lo, Uik
HBOBELHETHPERE LTI RIEER ODO—
DTHD. DL RBEND, AT 5BM0E
SARCEE A ARERBIZE, & <117 D, Malpighi
®Van LeuwenhoekiZiZ U % h %< OHERH 5. L
»L, BT 5 ERNEITY, SiicmE, 4AEs
#KroghW###E Erlang D0 % 15 TR H U 7B iRIE
BEe 7 AR LTRREL, TRTREh%.

AP=P.~P, =M B, X X0 g

2L, Pe @ BAIMAE M Po,(torr), Py © EMIMAE LD
BAMAl x WALE T 5 EBAER ST k15 Po,(torr),
Mo, : BA7RSR B 7 b B M 5 S MM~ D O,BTE
T, EERET AR O HFEIE L\ (ml 0,/cm*@
#/min), K : Krogh O#L#fRE, Rk ¥ % Krogh
MR, r! BHMEFE. T7obb, H5EMLE

Zz A

BT A IBCT RIS & LT, YUHEMOE RO T
5¥E Ry DA EME TS Z & 225, ‘Krogh o
gEeFEMIEN %, Krogh-Erlang €5 1%, i
FiFB 7 AMEBE &b CHEMLL CER L 0T,
Z D, FORRFCDOWTE < ORLHIRFHE (7o & 213,
Wb 5 Kreuzer’s list?®) kB 5 d 00, BED KB
DRI BT BPFROELRET LV E L COMMEPHR- T
W5,

@RS L7 X 51, Krogh 28 (R 3
BB F ALY EENCID H 5 HE 0K S ERN
RTGRA=FZ—D—DTH5bH. £LITHT, Ry iR IC 1T
HEMMESMAMEEICL > THEIhS DIXERDO
LTHhoT, TZRBMNESHEETHEENT — %
DEEUERD 5.

2) BMOELSMOEENEE | /K @l
W2 bhBBFENT — 200, BHOESHAEER
FICRBLT B 7D, WAWABRRTLTOREIAVSR
T &7,

0 XToHeiE T HicEMmMER T, 505 BAHEMR
WIERE D7 h OBMMER E LRSS, T, HoO
%6, R—H¥EcOmRMER L OH(C/F ) & LTk
Bahao 340 RLEMAREL LTI RS
SRTW2 0, KERIIIAE E OBIE TEE /I EHRIT
BEAEE 2T, ¥, BBCEERREDL D 2 b 0EM
MESHOTREBERCO T SES &AMk
n2729),

IRTGIRE . T & 2 P B8 =5 0 44 R 2R g
(Intercapillary Distance, ICD). &%z i% Closest Indi-
vidual g:72 EVH BRI B Y. YRR, kTR
LEMMESME OBIBEIBL Th—EDHEHRE DD
L, EleZh & BEBIRT 5 BMMES M5 — v R
BEMECOWTOBHE L5 2 505, KK, »5EMME
D ET BN 1 RTGH R TOHRBZ %S DTl
TEMnDbY, ToRIEEL V2.

2RTTHE . 4 E e Capillary Domain'®29%
CREDIDH. KR, EBATOIEL 3 RTHRESR
Th 52, Krogh-Erlang € 713, Ty 2 XIGOKIE
ERWTHRZBITL T 5, T, ETORME5E
MMM S, HMEAF 50 20h5 2 RTERyEL
LCwb. Zoff, Fakds k5, YkisEcifmo
EEIHEL TV onnBERi AR bR, SE, T
FrELTIREA V.

IRTIGEE . HEMRIRTORERTHHC &, Ei,
Krogh & 7 VORI DO—2TH % BMME & HiRiED
PR ARECIATLIRMZL VBRI DB



HEHEBRBICB T 2 BHEMESHICOWT

& (tortuosity) 73 9m b4 T, 3 RTCIRE A BT ICE ¥
LWZ ERE S EThnwv. BEE, W% Stereology
FEERAVCIEYEEEYB 03 I L TE#ETEV
LEBbINAR, ZHETDEIAZDEDOREITIZEA
ERE&RhTuwinesy,

3) Capillary Domain i&2\W\C: MFEEBEL2 R
B\ =1k Hoofd & (1985)19¢, % 0% Egginton —
TRICL BERDERIBE IR T2, ZOHEEOF
mEL T,

Q) BBl % 2 XEERE 5 25 1 HREEE,
FZEMME & A0 & LS AR (Capillary Domain) iz
X o, Bl poEBEE T Lictibi(Fig. 3), £
FE(CDA)Y b Ryl EMEL R T& 5.
Rx=vCDA/z +++(3)

(2) CDA 72\~ L Rz B34 % SD fE (LogSD fiE) 2 b,
EMMESHORNHERCHET 2ERE2ON 5 !
Hoofd Bz X 1 X', CDARK X » 1%, Lo D510
BDEDERSMSENEDZ ETHBHD, SEOHEME
EOWTHERE ZARIEZALTLE LS LIEE
TeWERN L bR, (3) CDAROMEND, 1 XTLIEE
THHICD DHEEMEV 25D, Tibb,

ICD=2 Ry=2y/CDA/7 -+ @
W5 FTh7<, Voronoi tessellation B5ic X % EFE T,
FBEEMOE 2D LT HINBHEER T, APo(Lic
Do THBOEEIICZE N T2\ & W S BIHRIZIL - T B, &
DHREEM T B EETRERRT — £ TBAEL WD,
FREEP Mb @ O,BIFIE » HHEE L 7=l P Po,2s
BB —ThHDH LV IFERNL, REEENLIhETY
BIaBilleiinn 22X 5.
TEILERRERIC B T 2 BHNE ST

ek, EELThlR0XTHIEC L 2HH1G, Wb
@ % 7k 5 (oxidative) i 1 5 B MG HE XA S
(glycolytiooie B A L hdmn & ¥ T& 7. HER
fERE LT, BiEIEF A C/F =2 xL, #ET
1 EVSEYR, X<FIAERTWA. oz ki, R
it A8 X 23 oxidative 7e(L 72 28 » T, Vo,0 & ) I
(S0), NTAFOG %R % < FLHRBICE T, Ok
dre bR L s BMMEOKE S URFE L, L)
ZETAL —BIEEBIhTE .

Lol, LEokR, HERRO BB
T, o, BMMELSMOFEEE LTATLIER T
B ERE LWL EKIL L7 b D TH ST, Bk, B
BEOKRMED B L EHLI B 2BV, SEOKFI,
LR EMED BECEBELCAE L. Tihbb, BHE

(365)

LT, A4 XOKIBIZERS0.15 225 113.3 kg)6
HOBAREEL, FhERIELOWTERE~REEEDL
NOBBOHEIBE Lictiid T, Bk - TR
—HAD R HHIRE OB R R AT i, BEO
FEE LT, BRATRMER TV EBbh s Cap-
illary Domain #1%20% F\~fe.

ZTDRER, Vs &b 4B (DP, EDL, SOL, GAS
LI ownTiE, S EnfINRERE, BMmES R
CRALTHLrCEED DD &, FRKZEBEEL, &
BHTLHLMCEMMESFEDOLLNB L, &b
BRI ES 1RV, A—HRomBc L -
Th, BMMESMCEDLLRDC EENbh o
(Fig. 4-6). Zhb—HEOfERIL, 48 EDIL, ThbH
DRERURRAE DT RBERFERL, RE ~ Rt e o T
DOREERET B LIIE 2, &M OREE KL CEMiM
BRI S EDET B ERTR LI DE VLS.

F T, BHIMESHANED L 5 RERIC L - THRE
ENDHDO0%E 505 BT, R SERIE U 2 7oRER
HIRRMEARE MR T & DB B4R A L 72 (Fig. 7-10).

T OFER, BMME SR RO & TRRME Y 1 X (FA),
* 7w € vEaRE(Mb) & ORIIZh s ) iR IERBIA,
¥ 7 oxidative 7o fBERHEY & DRI IZER W HAEEI D & 5
haZ kot i, Egginton 52923, Capillary
Domain {5 X AEHTRERICESERR B L AHIC
Iy, Bk 3 EMOESMERET 5HE—FNE
T, BRMEOY A X ThHo T, HREEELELLR
T & TR OB (Vo) i3, T LA 2 5B 7x
BEEL M, L), Bk CERMIME D i
S CHRRERIED Al E LCRET B Z &b %E L hil,
COFERIISR OB TH - T, SEOKEL, SHIT
L OBME LB OVWTIhEHR LI LRERTEC
LATE B, fofd L—ilEh & LT, oxidative ik
A4 7 (1 38X OILA) DIFHMEY 1 X5 glycolytic s %R
FECIBIIREL, 2 /AEVWEWSEREIDHBHC &
b, Ry—FARNCH b5 EAEBRRICIiz 0 X 5 /e
e ORISR S W TV A TR S BET
&, (I +ITA)% & Re & ORICH B % HAHEIBI fR
(Fig. DXz DX 5 eBArbEMET S Z L BFRTH
B, WThic® X, FOoFS0BREIBDTCH LS
& %% 27\ @=—-0.486). Rg& Mb & DA bR
S IEMEBIBIfRIC D WTh, FEEROBELLRT S L
TE L 5. T iabb, fEkn b oxidative e 2 1 7
(I, MAIBWTE, —RIZE LV Mb 8824 R bR,
CDTENT R BBEHE S 14 71tk b “oxidative 72
B —EH T B tc 5B\ IE” & ] 5 2D B



(366) # X

HEafFoL &N TW5, &M, Fig. SAKERIL, &
Mb #12 £ RefB(EBMMERE) 2R L, B0
DD T & & b MERA O BAIIMAE 5 A D — IR E
HFThanwE EE2REBL TV,
TR MRS B R R DR

SEMNONRE LI IBOFIAED S B, H V.7 x
N=T T Ao 8T L, BRI RS AIRL
7o (Fig. 4, 7-9). Fig. 10 13 & OBRMH X DR
LT\wa. 27, fli 8 F(Z < mREWEKRREZL X — b
V7 wERE, £TEEA) LR D, REMHO 170m 0
REETHEKTAZEDTEBI )V 75 L=TT¥H
(good diver)*¥ T, o KEEM CBECHEINT
W3 X 5P E D TE Mb &8, BHUAOER
Hicabhi(Table 2). X b, SEIFH B bR
MR E LT, 7¥H )% FDR fEMBEC 15 (H
D#y 1/2, BE T L, B R BCI i T % BRI EE
ERABD TEWEENER SIS, EOEBE KL
Mb &E813, MREILETOEKFICETS O, store 1Y

FEVWOIFER DD TZERE I ETTHRNS, —F

WK b s B REREEIE LT, O 0E
L\ ME T (diving bradycardia)ic & % R LIAHE DK
T L RS ROBERES*ONER SR Tw5b. T
b, WKRCIXE, MY, BRSO TSR
CIETFL, O, B, M~omBEMfBEEES EhHiERE
5. BT BB~ OMB IR E ORI RS &
bhTwb, SERH LT v O Rd 5EEMIL
EELE, KR TFHE SR 5 EE s hypoxia &\ 5 &
2EHZNE, —RFETEHCHR BN, YUHEET

W15 MK AR EAHEL T3 2 & bR iiEn
FLLRBZE I, 20X 5 RFHIRET, FhEs
CETBH=XVF —1EMb A O 2\ ich OMERH
CMINKTE T B 23, 03T O, MMBERBNC A 7 4 »
FENBY, Fi, R@rate b, PWKFIO Vv izl
BNV N TETT B & 50,

ES & )
6 HIBMOMWAEY(F 7R X3, X—=+ V7, &V F
BRF, TS59v I RNwr, ThHhhAVIHN—, =vrnDh

VIHN—=, BV T FN=TTH, VAT, =vr—
IV Y 7LD, B I3EOBRG LR, &
KR E2IFR L, amylase-PAS Fefapkic X b BRIME
Yfh, mATPase efaikic X W iigH &2 1 750 %%k
Tigote. &, SHENHECIVFHIArnevg
EMb) ZHIE L.

1. EBMMEREEREBECHRE LB -5

=z 7

A X D EBENTL, A BT B Ik I
DK % X (capillary domain area, CDA) ¥ X Ot wr
HEEAREH L. X5z, CDA 235 Krogh #L#H
KON E RO ZHE L.

2. P CDAEB L O RER, 75 v 7y 7R
iR 5 L 658.5 um?F X O 14.3 um b, =
VIDe T ABICEFS 6076.8 pm2k L 0 42.8 ym &
KEBEERRLI. e, A—EBTIHCL 5, X
BICE—# T EIRIC X BEEIR L.

3. CDAfE(R«fE) & FA % X 0 Mb fE & O RFic i3,
&\ IF MH BE BE 4% 2%, oxidative 7o 5 f5 4% ((1 + 11
A)%) & DRNZIERVHEHEBIBIMRA T h T ha b hi.
COEER, BHEMSCRTHEMMNES ML RET SE
ERHBFHEDO Y 1 XTH - C, Bifpit RGO
513, BHELTHIFEML & & 2RET 5.

4. T HIDOBRBICE T, OB ESD 3~
15 f5 123 5 Mb & 1/2~1/3 BE DR\ E/IE 25
i &SI o T o DA IR Lic, BIZ IRt
5 OB DB, $3E (TKRFIZ 313 5 AT O
Bia (e sV % B EERE M & 0, BEA~ D EESEIF) Xt i
U, MR o oKl L BB BRI s b0k
Bbihs.

5. Ty AOREL, BEh ZORMBIEL T,
Z DB D > TEBISENCE - Mb(8 mg/g) # 7R L
fo.

E| i

TR ZBIEHIcy, KIREEE, R & E
LiclE REBFCHEEOBBELRLET. ik, BHE
R 7 » 75 ADBRIE DI, BAHEHEPE WLV,
AERFHREEBEEEB TS L ET. B, T
— Z DFFENTCHIBI I N 7E & & LISREB, BIarHsE
DOFEICEH N LETE LI, THEXBYELL
BEHLIMCE BSILBE L ETFET

AL O—ELL, £ 70 [B] B ARAEEEFEA KA (1993 4F 4
A, WD mRWTHEEKLK
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