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Electron Microscopic Studies on Cardiac and Skeletal Muscle
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ABSTRACT

The author observed the normal structures of the heart muscle and femoral muscle of the
guinea pig and the toad through the electron microscopy applied to their ultra-thin sectioned
materials and isolated preparations of the heart muscle of the toad, and, further, observed
the changes caused to the heart muscle of the guinea pig by the injections of the toxic dosis
of diphtheria toxin, arsenious acid, digitoxin and phosphorus, through ultra-thin sectioned
materials.

In the isolated preparations of the heart muscle of the toad, the relaxed myofibrils are
seen to be of a distinct banding pattern with A, I and H bands and M, N and Z membranes,
while in the contracted myofibrils are seen Cz and Cm contraction bands. The myofibrils
are composed of one set of myofilaments, and in the longitudinal sections the myofilaments
are seen to be arranged parallel to each other, running vertically across A and I bands with-
out break, while in the cross-sections they are seen arranged in a thick and uniform order.
It is also observed that the myofilaments and interfilament substances are of a periodic struc-
ture. The myofibrils of the heart muscle and femoral muscle of the guinea pig and the toad
are found to be of the same structure fundamentally. The sarcosomes are of a structure
composed of a single outer membrane and a cristal double inner membrane running almost
parallel to each other. Compared with that of the toad, the heart muscle of the guinea pig
has a larger number of sarcosomes. In comparison with the femoial muscle the heart muscle
has by far a greater number of sarcosomes. The sarcoplasmic reticulum is of a vesicular
structure and connected with the sarcolemma and the Z membrane. The sarcolemma, which
is distinctly seen in the heart muscle as well, is of a structure composed of a double mem-
brane with an interzone of low electron density ; in the longitudinal section it is seen to be
plicate. The capillaries are seen existing very close to the sarcolemmas, in a larger number
of them in the heart muscle than in the skeletal muscle, while none of them are seen exis-
ting in the myofibrils. In the intoxication caused to the heart muscle of the guinea pig by
injections of diphtheria toxin, aresenious acid, digitoxin and phosphorus, conspicuous changes
are seen especially in the sarcosomes such as the swelling of them, a decrease in the inner
membrane and the lowering of the electron density of the matrix ; the other fundamental
changes seen are the fragmentation of myofibrils, discontinuation of myofilaments, a decrease
in interfilament substances, the appearance of lipide bodies and the swelling of sarcoplasmic
reticula.
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Gyorgyi, A., 1956, -£HEx, 1957, REE, 1954), IR
FRMESC SETH D ESYIC ZEAE BT EFIL T
% (Hodge et al, 1954, Hodge, 1955, 1956, Szent-
Gyorgyi, A., 1956). BRI RIILOEE, BLH
FURBHICBHSTEDON S,

IATAT Ay N OERTEKG I D> T Hodge
et al (1954) IWHHLEM, FEHET 100~1304, B
FA#E ¢ 100~6004, MBHIMH T 200~2504 %,
Chapman (1955) IFE~ DIBFRIAM ¢ 60~1004,
Ashley et al (1951) 2 125~170 4, Huxley (1958,
b) BERES, FRBES KB TRELYL T2
v hid 110~1404, MW7 47 A Fid 40~504
ThsHEHE LU T 2. LEICDOWLTIE Weinstein
(1954) ZHIE DHFAI 1004, SuEAT 150~250
A%, Kisch (1956, a) {3 270~3508 DI+ 74 5
AV MEHELTNS., CUOREEZDOHDOEE
BRBER M OREER I ERBEYOE T L 2 &
FEAoND, FOWEERBES TEK 2004, BRI
BTIA 1904 ARL, BLH TR 2304, HE
LTI 1508 THB. T 15 OEIR A Szent-
Gyorgyi (1958) OFEAEIGEL. 34745 4 b
(SBETHI T BEENC RARO BEFE R (FE
2). F#EskEEiz Hodge et al (1954), Huxley (19
53, b), Morgan et al (1950) Z &3 CL- 2. MEF
HETRIAT7474Y MCAMBBESEHONN L
AT A7 A PEBCHAST AMRGEOHRAEL <
Rifs o BERES Bvons (BES). R
TiZ Porter (1956) (& 230A&, Philpott et al (1953)
{3 870~4854, A. Szent-Gyorgyi (1951) |3 300~
4004, Hall et al (1946), Ashley et al (1951),
Robertson (1956) %23 4003 o FHEMEELEH T
»%. Hodge et al (1954) 3¢ @ 4004 OEIL
TATAV FORICHE 745 4w MEWEEEY D
TR D LR~ T x 3, ERICOE T Kisch (19
51) |3 5003 %, Hodge (1956) I 250~350A % #i
LT3, ROBEKRBEREY CI2H 5004, HEE
BTl 5204 THY, WELH TR 340~4304
O BRSNS H ON D, T b ORI I
ERBFEOREICEDT, ZOEINBERICEILL
SOTHPAINS (Hodge, 1956, Robertson, 1956).

IF T AT AV N RUOBEBHED LB LM TDS
D TIE Kovats (1949) @ 77 b3y v RE

BHEOEH BT LA SMOMAEEETL, LEOR
FEREED RIS 2D LEHFCALE TR SE L, X
ELTLBBROBERICEALETRT 2 b Ity Yy
BET/F v EFEPPROCEEZBELUNE. L
L Kisch (1951) WEBEMRICE L THERHED S
HROBRPLEH TREEZRD TIE. FOWER
LB THBEAESHRTHS.

HOWNMEICES L TIRAEIC ATP U4 4 v RU
T RIFVUMBRBFIERTH S ERILEN T
3 (Szent-Gybrgyi, A., 1956). LD 34> &7
7 F v OEAHRISEERERTHOLZNEFA—THY
(Szent-Gyorgyi, A., 1948), L7727 F3F4 v Ry
ATP CURHET 3 ¢ &> Tl>% (Robb et al, 195
3). REICHEAMEYSENERERBELBU OB
OTHY, BEBRMOERE LLERSTHEOEAR
FEED ATP ) Lo CEAEIERO KRR TEED
FILAERR T C &1 Ko BBHks (M4, 1953).
BRGEM OB A CBRRICE S EIC D T i)
Hodge (1955, 1956) (35 /B ik D 2 AHIEEIIHEC
EGTEHIR T 7 F v 74 5 AV b OBE—ERFIO
HTHEHOEE AR, COTA4F Ay MIAIGITE
DTHMNICEICHEA ST TNT, 14 vy RUMD
YR ABRET B, {0 THIERE TE0Ek
HUTHRKRL, 14V vRABOERITHCEERLT
w3, BICBHRRICE AR IBEE 2R 510
BICZFE~BEL, —EME~SBEH TS EEL T
%. Ashley et al (1951) &7RINKER O RARZLIZ
A g AT HEBTESR O ZEA~O BESHED
BELSIRY, BEREOEDRL DM, HEOHKR
RIS BN AT B LT B, fi5 Huxley (19
53) B * Hanson (1956) 35RO BRI 2D
TAT AV L EDIED, ASITH B~KESNDT AT
AV iR Iy ERA—Thy, ZIXEFIOTIFV
BARE ITHLICELL, BESCR IFRAFOH
WBAEN D LI ICEHL, ABYERNEZEZ
1WAz EARBH T 5, L3I Knappeis et al (19
56) LT A, 1T #HHICBARL T3 2D T
\»%. ¥ Philpott et al (1954) {3 3 A4 v D/NERAL
T#% % L-Meromyosin OFEEABIIC LI DT HZEL
% 420 A OEMHEOFELALTE,D, HO 4004 OF
JEME I EAR SR TH B L EZ U0 D, KOWEE
KEBE D RO ERIES O fRRME R BEEEEE T
ZE—DERHERE A T4 AV PhSED, BT
NAHICERET 2 AREESEDbeN 5. FRISH
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RIEZEBEMIOEDONS. Ch & OFfEl: Hodge
(1956) DA FE M ORI DL CORBIC—HT 3.
3 BURRHE D IHERS I I IE R BEELAR 12 B TR EI3D
m AT ERIUEHEL, B IB0BRRIERTH
5. ARBHIRIEREY, BEMCEDLHIED
THEHLND. THAERTOELHESHEOIHEG
W IRIEERICH U TR0 %EHE L, BB FEE O
MEEEAEHE LARU TERIERLTLE,. 2hbD
T R HHIE 12 & % BBz ko Knappeis et al (19
56) O RMRic—3d 5. Hodge (1955) OFFaEIs4IL
Philpott et al (1954) ¢ L-Meromyosin T X3 &®
ThBEEZONS.

Y3y — A iTDUT Kisch (1951, 1956, b) i

HREBRU BELFICD T, Cleland et al (1953)

&7 v 7.LHT, Hodge (1956) RE®EMICDLTE
NENHL LT 5. Eic Watanabe et al (1951) (3
BHEBFOY L2y — A% b R OB EAICHT
FL, Yray — sdEERS USROS b o
YRV TTHDH EEEPDTNE, FEI bav ¥
U TR SRR, K, BRRBoREER
B CEEE TR THIEEMES it I B3,
Palade (1952) &3 b2y FY FTI3—DOOBTHRAS
., T ORICFEITRBANE L S5, 718 Cristae
mitochondriales ZHF UEORE®S I tavy FY T
WD TEE LT 308 .0EERL w32 &
AHE LTS, —7 Sjostrand (1954) 3 3 by
) 7TRZOERICEAICEST 2 EEREEOR
[EEAsd O —s i3 SR 2 LMtk 1o U Tl G %
WELTHWS., LAL—BIRIE I Fay Py TOKE
RBRIEQHEE, EHIEIENLTH»E I bay K
) THIKEATHE _ERARCERS S RE LI
3 &2z 5N T3 (Howatson, 1956). iz 3 + 2
v FY 7T OREEEIC DN TZOMIC bBL2DED
#Ehsk 2. AL Cristae mitochondriales A3 YR
FoRZE M RS L T 384 (Low, 1956), &
TR¥EIE (Powers et al, 1956), LGRS (Kisch,
1956, b) DPEBHE IN T D, FO BAICIE
H3, 40 BITRAELL2BOI bay Ky 7
TG EAIC LA TR R IR SRS U TR
THENEE 1 BOMEIL L OBRINTHE, 2hd
DOFRABEICELMILUORBHCED NS, [
Bsp R Hodge (1955) 2R HFICHLTHEG LT
Wa, ZRSFNvaY — ADOREEDOHEEZEMIN S
T & 2 I3 BEICEET 5 RIS Uk

U,

P ay —n ORI ERLTEEN 0.27~
3.5, BEFERY 0.1~0.84, BH.LHCTREMN 0.4~1.
6/, BEER 0.2~0.84 TH D, WHEREBEN CER
#70.3~1.0/, #5#% 0.3~0.8¢, BERFH TERY
0.3~0.94, BEER 0.2~0.81 TH3. ZOBITMA
b £ R IPHETHS. Edwards et al (1956) (%
BRI RO B B HERHT 0.4~1.04 %,
Kisch (1951) 3HBROHT 0.7~1.6/4 ©¥ =
V- LERELTH S, O Fray -LOR
FJRBHBHARNDERSOLORESIZREN LML &
BTHD, MEFaY - ARBERED DL
EEIMT XN BB IC & D H 3R Uik,

Fay — s DIV ZBEOME THiE L
1o R R HE O R A TR S & B s BRRIC B — X
e s>TE L (Bdwards et al, 1956), U IZHE
D A% S B EEE L (& L (Cleland et al, 1953),
BOE<izd By 5T 5 (Weinstein, 1954). 4
OFTR-CIIFHBERRHMERT 12 B8 THENicEY U TERE
L, XMOEL RUHHEFHRGHERCO R D T
5.

P ay — AOSHIRDOHTRLHTERGICEL
TEHEL, ANBM L DELEYICS - ERIESN
T % (Kisch, 1956, a). [EIFTR &K ORI
BL, KBGOV ay - AORBITENTED S
0%, BoEEMCHIEELFCHLTH VI Y —ads
£, BRE, BLHRINEFLORBHCHELTEL
OFN Y - bDETE. LFEBERFILOLNLD
HERZOBBERCRBICHAR LT 2LEHBLI06N
% (Edwards et al, 1956, Kisch, 1952).

BRERNCHERERT v a Y — L EBERL
TEAT 28RNSR, Fri8 Palade (1955) @ endo-
plasmic reticulum [3EEFH THID T AIRNEBELEE L
THEDLNS D TINR/NERAFICEL T3S,
Sjostrand (1954) {3 ¢ OAMBZR % intracellular cyto-
plasmic membrane &FEFRL, /NER OB UM 2
Ay R T ROHRBGCE L, BROSOE» I
AT U DOSMIDIEICERE LTl 5 & &5 RE
LT, A (1957) i i fpiEah e e RS/
BREELRY, ChiZEEEZONEICNET 2/
TR 5 73 5 AR 400~1000A OE THB T L
EWSH TS, B (1953, 1956) |3 EEfEMmABTHEIC
AR, MERROR ZERFEE LY, WiEHE
WOREE RN B DR § 2 B R —F L THER
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LCED b 3 ERNTH5, FERIE 20 T
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PR AR, RO BT 2 MEEPHE
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Bennett (1956) K5 Edwards et al (1956) OFFR
LBE—H,T 3. Lh3ICROFRTRME L HEFHER
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FHE & DEISHEEMBR X DIEE LTl OmER E
#% 515 (Porter, 1956).

MK EE RSO EBEE L SO FREREH L
WS, MEEOREH D CHROBEM £
LT 3 8RBT EBEOSREEEEMICTED T
»WBAKEXXCH3 (De Robertis, 1955). Fiiiz Bk
B CRIEHENCBRCED O N T 5%, LHTIZ0
FERTREETH S LB 5N Thie (BN, 1954).
U UEBHIC B CLE RO B O8I IR
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ETHD. €O BHRI BELTIH 260~4604,
LT 890 A, ¥ERURRERELN CHY 6004, EREMT
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JETH DA SMIEE & B S B DR TR
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130>,
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