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AKTUBHOE OBUXEHne

OOHO 13 XxapaKTepPHbIX CBOUCTB BCEX XMBbIX
CUCTEM HayuMHasa OT NpocTeunlnx wu
3aKaH4MBas caMbIMU

opraHM3oBaHHbLIMW OpraHU3MamMu




buonornyeckoe ABMXXeHue

» CoKpalleHune pasrnnyHbIX MbiLLL
 [IBUXXEHNE NUCTLEB

* bueHwne pecHn4ek

 [IBMXKEHNE XryTUKOB

» [leneHune KNneTokK

 [1BU>KeHne npoTonnasmbl
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Bce pa3HoobpasHble popMbl NPOABNEHUS
OBUratefibHoM akTUBHOCTU UMEIOT OBLLYIO
yepTy — nMpeBpaLlleHne XMMUYECKON
QHEPIrUMN B MEXAHUNYECKYIO.



MbiwedyHoe aBmxeHne Hamobornee
9P PEKTUBHBLIN CNOCOD nepemeLleHns

©10,2 Mempa 8
‘ CeKyHOy

¢0,2 MUsIIUMEMpPa 8
CeKyHOy
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* MbllWeYHbIMY Ha3bIBAIOT BCE TUMbI KNETOK,
JdoYHKLUMSA KOTOPbIX COCTOUT B COKpaLLEeHUN.



Y MrnekonutaloLwwmx UMETCH TPU rMaBHbIX
TUNa KIIeToK, cneyuarnbHo
npucnocobrieHHbIX AN COKpaLLEeHUS:

* BOJIOKHA CKEeNEeTHbIX MbILLLL
* KNETKM cepaeyHON MbiLLLLb]
* rMagKOMbILLIEYHbIE KIETKMW.



MblilLeyHaa TKaHb

rnagkasa nornepeYvyHo-nosfiocartas

CKEJIE€THAA

CKereTHas  Myckynartypa,
A3blK,  MblWLUbl  [NOTKMY,
roptaHu, nvieBoaa,

Anadparmol.

BXOOAT B COCTaB  CTEHOK
KULLEYHUKA, KPOBEHOCHbIX

COCYAOB, AblXaTemnbHbIX MyTeN,
BblOENUTENbHBLIX U MOJOBbIX
OpraHos.

MWOKAPAO CEPOLA
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COeVHSATCA
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OTnnynTenbHble 0OCOOEHHOCTU
MbILLL

CTPYKTYPHAA EONHNUA
JNTOKATNMIN3ALINA
PEIYNAUUA
NMPONCXOXOEHWE

PEFEHEPALIA

PYHKLINN

CKEJIETHASA

3 mmotomoB

dusmnonornyeckas pereHepaums
nposiBNsieTcs B opme rmnepTpodum
MbILLEYHbIX BOJTOKOH, YTO
Bblpa)kaeTcs B YBENTMYEHUN NX
TONLWMHbI U Ja)ke ONUHbI
yBenu4yeHune yucna saep B
MbILLEYHbIX BONTOKHAX B YCNOBUAX
rmnepTpodun JOCTUraeTca 3a cyet
JeneHns KNneTok MmocaTennuToB
(noa capkonemmon) u
nocnegyLwero BXoXXaeHns B
MMUOCUMMMACT A0YEPHMUX KNETOK

MAOKASA

Me3eHxuma — M CTEHKM
BHYT OpraHoB, COCyZ0B
HedlpanbHoe -Mbilwbl —
pafyXKu - Cy>KMBaIOLLLYIO W1
pacLUMpSItOLLYIO0 3paqok
anuaepMarnbHoro
NPOUCXOXAEHMS -
MUO3NMTENUanbHble
KrneTku, metonecs B
psae xenés

Qu3uornoauyecKkas
MMnepTtpodus
KNeTok (maTka npu
BepemMeHHoCTN),
TpaHcdhopmauus
KNeTok
COE€OMNHUTESNbHOMN
TKaHW B rMagkme
MUOLMTbI
PenapamuegHas
pereHepaums:
MUTO3

(pybeu+runeptpodu
)

CEPOEYHAA

BucuepanbHbI MCTOK
CMNMIaHXHOTOMOB -
MuoKapamnanbsHas nnacTuHka

riocrie aKcrnepuMeHTanbHOro MHdapkTa
MuoKapaa eBoro xenyaoyka cepaua B
KINEeTOYHbIV Lukn Bo3Bpalyaetca 60-70%
npeacepaHbIX KaparoMUOLMTOB,
BO3pacTaeT YNCO NOMUMIONAHBIX KINETOK,
HO 3TO He KOMMEHCUPYET NoBpeXaeHNe
MuoKapaa. Ho ypoBeHb nponudepauum
KNeToK COeAMHUTENBLHOW TKaHW B obnacTu
noBpexaeHusi okasbisaetcs B 20-40 pa3
BbILLIE.



XapakTepUCTUKN TKaHW

* [1lpoucxoxgeHne — mesogepma

* CTpoeHme — B OCHOBHOM KJ1ETKWU,
MEXKITETOHYHOIo BewecTtBa Mario

* OYHKUMA — COKpaLleHune (ykopadmBaHue)
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OYHKLMM MbILLL

NMOMEPEYHO-
NMONMOCATbIE

MAAOKUE

[MNoonepxaHue
JaBrieHnsa B Nosblx
OopraHoB

Perynauus aasneHuns B
KPOBEHOCHbIX cocyaax

OnopoXxHeHme NonbIX
opraHoB

[1BuUraternbHas

ObecneyeHune
ObIXaHUs

Mumunyeckas
PeuenTtopHas
TepMoperynsatopHas
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:—:

CEPOEYHAA

® HacocHas

obecneveHne KpoBu No
cocygam




dunsnonornyeckne cBoncTaea

MALOKUE

Te e 4YTO 1 cKeneTHble+

HectabunbHbinn MI,
noaaepXxuearoLmnmy B
COCTOSAAHUM NOCTOSAHHOTO
TOHycCa

CamonpounsBorbHas
aBTOMarTmn4yeckas
aKTMBHOCTb

COKpalleHne B OTBET Ha
pacTaxeHune

Bbicokas
YYBCTBUTENbHOCTb K XUM
BelLlecTBam

MbILLILL

NMOMEPEYHO-
I'IOJ'IOCATI:IE

Bo3byamMmocTb (Huxe
4Yem B HEPBHOM
BOJTOKHE)

Hnakasa npoBoaMMOCTb
(10-13 m/c)
JTabunbHOCTb
CoKkpaTUMOCTb:
U30MOHUYeCKOe-

M3MeHeHune OJinHblI,
TOHYC HE MEHAETCA

MsomempuquKoe-

M3MEHAETCA TOHYC 6es3
M3MEeHEHUA OJTNHbI

ANacTUYHOCTb
(cnocobHoOCTb
pa3BuBaTb
HanpsixeHne nNpu
pacTarmnBaHum

i

CEPOEYHAA

® AsTOMaTu4

Amurnuyeckue
MbILLEYHbIE BOSIOKHA B
cepaeyHou Mbillue




CkeneTtHas
MblILULA



bnaropgaps paboTte ckeneTHbIX
MbILLIL, MPOUCXOOUT:

* [lepeasumxkeHne opraHn3ma B
NPOCTpaHCTBE (JToKoMoLMA)

* [lepemelieHne YacTen Tena apyr
OTHOCUTENBLHO Aapyra

 [lopoep>kaHmne nossbl

* BbipaboTtka Tenna, nogaepxaHue
NOCTOAHHOW TemMnepartypbl Tena
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Mwuodunbpunna cocTouT 13

Fascioull

Endomysium
(betwoen musde fibers)

e AKTUHOBBIX
donnameHToB
(TOHKKX)

* MnNo3nHOBbLIX
donnameHToB
(TONCTbIX)

e dunameHThbl
yrnakoBaHbl B
capKoMepbl




« A—30Ha (aHM30TpOnHasa, TEMHas) COaEePKUT
MWO3UNHOBbLIE U aKTUHOBbIE (PUNaMEHTDI

» H—-30Ha — nocepeanHe A-30Hbl (TOSIBKO MUMO3NHOBbLIE
dounnameHThbl)

* M-nunHua — nocepeanHe A-30HbI (CLUMBAET
MWUO3NHOBbIE PUNAMEHTHI)



* |-30Ha (M30TpoONHaga, ceeTnas) CoaepPXuT
TOJIbKO aKTUHOBbIE (PUNAMEHTHI

* /-NNHNA — nocepenunHe [-30HbI
(NpuUKpenneHne akTUHOBBLIX PUMaMeHTOB)
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Capkomep -

YyacTtok Mnodomndpunnbsl Mexay OByMS
coceaHUMU Z-NMNHNAMU

Sarcomere

Z disc M line Z disc
(a) Myofibril

Thin filament
Thick filament
M line

Ttin filament Z disc
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Mwuo3nHoBbIE HUTHU

Kaxgasa MMO3HOBasA HUTb COCTOUT U3
300-400 moneKkyn MMoO3nHa.




CTpoeHne Mmonekynbl MMO3nHa

Muo3nH — rekcamep (ABe TAXenble N YeTblIpe JfIerkue uenu).

ObnacTu
NpuUcoeanHsaLMECs K




ToncTtele dunameHThl

ToncTtble
dounnameHTbl
COCTOAT U3 berka
MWNO3NHA

Mornekyna
MWNO3NHa
HarnoMunHaeT
KITHOLLKY Ans
ronbda

[Tpn cokpalleHun ¢
aKTUHOM
B3aMmogencTeyeT
rorioBKka MMO3nHa
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CTpoeHne akTUHOBbLIX HUTEW
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TOHKMe dounameHThl
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(a)

Opening of transverse
tubule to extracellular fluid Muscle-fiber plasma membrane

Transverse Segments of
tubules sarcoplasmic reticulum

Myofibrils

(b)

Sarcoplasmic reticulum

Plasma
membrane

Transverse —<
tubules

Lateral sacs

Mitochondrion



MexaHn3m cokpalleHuns

Axon of Presynaptic
neuromuscular terminal .
junction Synaptic

/ .
Sarcolemma esicles

Muscle fiber

(a)

Myofibrils Mitochondrion Postsynaptic

membrane Syndiiic
Skeletal yn
muscle cleft
fiber
Neuromuscular
junctions

Axons

(b)



HEPBHO-MbIWEYHbLI CUHAMC
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BUpYyeMbIe
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Axonal terminal of
a motor neuron

Synaptic vesicles
containing acetycholine
Mitochondrion

Synaptic cleft

Junctional
folds of the
sarcolemma
at motor end
plate

Part of a
myofibril

(b)
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[locnepoBaTenbHOCTL NPOLIECCOB

rnpm MbilLEHHOM COKPalUEeHUNN

denonsapusaunsa NnocTCUMHaANTU4YeCKOM MeMOpaHbl n reHepauuns M.
PacnpoctpaHeHue N no nnaamonemme MB .

lNepepaya curHana B TpMagax Ha capkonnasMmaTU4eCcKum peTUKynym.
Bbibpoc Ca2+ 13 capkonfa3maTU4ecKoro peTukynyma.

CBs3biBaHMe Ca2+ TPONOHMHOM C TOHKUX HUTEMN.

B3anmoaencTBme TOHKUX U TONCTbIX HUTeN (hopmMmnpoBaHMe MOCTUKOB),

nosiByfieHNe TAHyLwero ycumnunsa n CKoJibxxeHume HUTEN OTHOCUTESIbHO apyr
nnvra.

LUukn B3ammoaencTeust HUTEMN.

PaccnabneHue.



Teopuna «CKoONb3ALLNUX HUTEN»

Mbila cokpallaetca bnarogaps YKOpPoOYEHUIO
MHOXXECTBa NocrieaoBaTenbHO COeANHEHHbIX
capkomepoB B Mmodomnbpunne

Bo BpeMA COKpaweHNA CaMin aKTUHOBbLIE U
MNO3NHOBbIE HUTU HE YKOPa41NBarOTCH

AKTUHOBBIE HUTU CKOMb3AT BOOMb
MWO3NHOBLIX K LIEHTPY CapKOMepa, 3a CYET
«FPEOHBbIX» ABUMXEHUIN rONTOBOK MMO3MHA

[OSTOBKU NEpPUOaMNYECKN NPUKPENIIAIOTCA K
aKTMHOBbLIM HUTAM, 0O6pa3sys T.H. K MOCTUKN»
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(1) Resting fiber; cross bridge is
not attached to actin

Thin
filament

(6) ATP is hydrolyzed, causing
cross bridge to return to its
original orientation

Myosin head Cross bridge

Thick filament (2) Cross bridge
binds to actin

(5) A new ATP binds to (3) P, is released, causing
myosin head, allowing conformational change
it to release from actin in myosin

L

(4) Power stroke causes
. filaments to slide; ADP
is released
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xkomnaekc [MK) ME-noC s

ATPasHon
aKTUBaAUWUMH

AxTuUHOBanA cnupanb
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YKopo4yeHne capKkomMepoB U COKpaLleHue
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I [he multiplying effect of sarcomeres placed
in series. The overall shortening is the sum of

the shortening of the individual sarcomeres.
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¢ |Length adjustment
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[ Time

A simple apparatus for recording isometric
contractions. The length of the muscle
(marked on the graph by the pen attached near its lower end) is
adjustable at rest but is held constant during contraction. The
force transducer provides a record of the isometric force response

to a single stimulus at a fixed length (isometric by definition).
(Force, length, and time units are arbitrary.)
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Isometric twitch

Rise of
I_I isometric
Force . force i .
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! . .
1 | | | | 1 | |
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Time
STl A modified apparatus showing the record- isotonic relaxation the force is constant (isotonic conditions), and
ing of a single isotonic switch. The pen at during the final relaxation, conditions are again isometric because
the lower end of the muscle marks its length, and the weight at- the muscle no longer lifts the weight. The dotted lines in the force
tached to the muscle provides the afterload, while the platform and length traces show the isometric twitch that would have re-
beneath the weight prevents the muscle from being overstretched sulted if the force had been too large (greater than 3 units) for the
at rest. The first part of the contraction, until sufficient force has muscle to lift. (Force, length, and time units are arbitrary.) (See

developed to lift the weight, is isometric. During shortening and text for details.)



I_I Isometric Completely
Force Isometric isometric
transducer 3 = Isotonic
Isotonic 1 .
Muscle 2.
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[Tt -3 A series of afterloaded isotonic contrac-

tions. The curves labeled A and A + B corre-
spond to the force and shortening records during the lifting of
those weights. In each case, the adjustable platform prevents the
muscle from being stretched by the attached weight, and all con-

tractions start from the same muscle length. Note the lower force
and greater shortening with the lower weight (A). If weight C (to-
tal weight = A + B + C) is added to the afterload, the muscle
cannot lift it, and the entire contraction remains isometric. (Force,
length, and time units are arbitrary.)
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Figu re 12.20 The length-tension relationship in skeletal muscles. Maximum relative tension 1.0 on the y axis) is achieved when the muscle is 100%
to 120% of its resting length (sarcomere lengths from 2.0 to 2.25 um). Increases or decreases in muscle (and sarcomere) lengths result in rapid decreases in

tension.
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[1BuratenbHasa eguHuua
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Normal nerve fiber Affected nerve fiber
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PeXXnmbl MblLLIEYHbIX
COKpaLleHUN

e I3omoHu4YeckKkoe — MblllLa NPy 3TOM
yKOopadunBaeTcs, T.K. 3aKpensieH TOoMbKO
OMH KOHeL Mbllwubl. Hanps»xeHune
ocTaeTcsd nocTtosaHHbIM. OcHOBa
ANHaAMU4YeCKoUu padboThbl

 UIsomMmempuvyeckoe — 06a KoHLa MblILLLLbI
3aKkpenreHsbl, AfIMHa MblLLEYHbIX BOSTIOKOH
NOCTOSIHHA, HaNpPsKeHne HapacTaer.
OcHoOBa cTaTU4eCcKoun padboThl



B uenocTtHomMm opraHmame
pasnNn4alroT PeXnMbI:

* I3omempu4eckoe

° KOHueHmpuquKoe — C YKOpO4EeHNeEM
MbliLLL bl

« JKCcueHmpu4eckoe — ¢ yarmmMHeHnem
MblLLLbI (paboTa No onycKkaHuto rpysa)
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WTemporal summation of muscle twitches. A,
The first contraction is in response to a single
action potential. B, The next contraction shows the summed re-
sponse to a second stimulus given during relaxation; the two indi-
vidual responses are evident. C, The last contraction is the result
of two stimuli in quick succession. Though measured force was
still rising when the second stimulus was given, the fact that there
could be an added response shows that internal activation had be-

gun to decline. In all cases, the solid line in the lower graph rep-
resents the actual summed tension.
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@Fusion of twitches into a smooth tetanus.
The interval between successive stimuli steadily

decreases until no relaxation occurs between stimuli.
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@The relationship between isotonic and iso-
metric contractions. The top graphs show the
contractions from Figure 9.11, with different amounts of shorten-
ing. The bottom graph shows, for contractions B, C, and D, the
initial portion is isometric (the line moves upward at constant
length) until the afterload force is reached. The muscle then
shortens at the afterload force (the line moves to the left) until its
length reaches a limit determined (at least approximately) by the
isometric length-tension curve. The dotted lines show that the
same final force/length point can be reached by several different
approaches. Relaxation data, not shown on the graph, would
trace out the same pathways in reverse. (Force, length, and time
units are arbitrary.)



Triceps  Biceps
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Muscle force _ e |
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0" 2 Hard movement
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@Antagonistic pairs and the lever system of
skeletal muscle. Contraction of the biceps
muscle lifts the lower arm (flexion) and elongates the triceps,
while contraction of the triceps lowers the arm and hand (exten-
sion) and elongates the biceps. The bones of the lower arm are
pivoted at the elbow joint (the fulcrum of the lever); the force of
the biceps is applied through its tendon close to the fulcrum; the
hand is 7 times as far away from the elbow joint. Thus, the hand
will move 7 times as far (and fast) as the biceps shortens (lever ra-
tio, 7:1), but the biceps will have to exert 7 times as much force as
the hand is supporting.



Classification of Skeletal Muscle Fiber Types

Fast Twitch Slow Twitch
Fast Fast Oxidative- Slow
Metabolic Type Glycolytic (White) Glycolytic (Red) Oxidative (Red)
Metabolic properties
ATPase activity High High Low
ATP sourcel(s) Anaerobic glycolysis Anaerobic glycolysis/ Oxidative
Oxidative phosphorylation phosphorylation
Glycolytic enzyme content High Moderate Low
Number of mitochondria Low High High
Myoglobin content Low High High
Clycogen content High Moderate Low
Fatigue resistance Low Moderate High
Mechanical properties
Contraction speed Fast Fast Slow
Force capability High Medium Low
SR Ca**-ATPase activity High High Moderate
Motor axon velocity 100 m/sec 100 m/sec 85 m/sec
Structural properties
Fiber diameter Large Moderate Small
Number of capillaries Few Many Many
Functional role in body Rapid and powerful Medium endurance Postural/endurance
movements
Typical example Latissimus dorsi Mixed-fiber muscle, such Soleus

as vastus lateralis



Cell-to-cell
Paired membrane-associated Myofilaments inserting ‘connective
in membrane-associated 1iSsue strands
dense body

dense bodies

Collagen and elastin

Network of fibers between cells
intermediate filaments _
linking dense bodies and Cytoplasmic
membrane-associated dense body
dense bodies

@The contractile system and cell-to-cell con-
nections in smooth muscle. Note regions of
association between thick and thin filaments that are anchored by
the cytoplasmic and membrane-associated dense bodies. A net-
work of intermediate filaments provides some spatial organization
(see, especially, the left side). Several types of cell-to-cell me-
chanical connections are shown, including direct connections and

connections to the extracellular connective tissue matrix. Struc-
tures are not necessarily drawn to scale. (See text for details.)



Calcium entry

% Calcium exit
4‘ Direct entry i ‘
Ligand-gated
Voltage-gated chanrg)e;2+
channelC 5 Ca ATPase
a
Leak" channel Q::)_\_, Ca?'/Na* exchange
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Ca Ca-induced S Ca2t
Carelease Na*
AN Ca®
g o+ Cat Sarcop'lasmic
Ca®* 2 reticulum }>
Myoplasm / Ca ATPase
p. N . 2+
3 b Ca
+

Phospholipase C

G Protein
Receptor

Agonist 7

PIP,

Na
\%\UI?& Na*/K*- ATPase
K+

ol

Via second messenger

.,
., .
.,
.,

e L R Major routes of calcium

entry and exit from the

cytoplasm of smooth muscle. The ATPase
reactions are energy-consuming ion pumps.
The processes on the left side increase cyto-
plasmic calcium and promote contraction;
those on the right decrease internal calcium
and cause relaxation. PIP,, phosphatidylinos-
itol 4,5-bisphosphate; IP;, inositol 1,4,5-
trisphosphate; DAG, diacylglycerol.
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i Figure [2.35  Single-unit and multiunit smooth muscle. In single-
unit smooth muscle, the individual smooth muscle cells are electrically joined
by gap junctions, so that depolarizations can spread from one cell to the
next. In muttiunit smooth muscle, each smooth muscle cell must be
stimulated by an axon. The axons of autonomic neurons have varicosities,
which release neurotransmitters, and which form synapses en passant with
the smooth muscle cells.
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Structure and
function
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Electr. coupling
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Potential e

Muscle

tension

Smooth muscle

None
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Few

1

None

Some (single-unit type)

Little developed

Calmodulin/caldesmon

Some spontaneous rhythmic activity
(1s7-1h™)

Change in tone or thy thmfrequency
Yes
Length-force cuve

Cardiac muscle (striated)

None

Branched

Many

1

Yes, length < 2.6 um

Yes (fu nctional syncytium)

Moderately developed
Troponin

Yes(sinus nodes ca. 1s7")
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efractory™® + > refractory
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Skeletal muscle (striated)

Yes

Cylindrical, long (< 15cm)

Few (depending on muscletype)
Multiple

Yes, length £3.65um

No

Highly developed
Troponin

No (requires nerve stimulus)
Graded
Yes

At peak of




(b)

Thick filament
Actin (thin filament)

Myosin head

Myosin (thick filament)

m Actin (thin filament)
(c)

 Figure 12.33  Smooth muscle and its contractile apparatus.

(a) A photomicrograph of smooth muscle cells in the wall of a blood vessel,
(b) Arrangerment of thick and thin filaments in smocth muscles. Note that
dense bodies are also interconnected by intermediate fibers. (¢) The myosin
proteins are stacked in a different arrangement in smooth muscles than in
striated muscles.
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A - MynbTUYHMUTapHas rnagkasa Mbiwua
B- BUcuepanbHas rnagkas Mmbiwila

1 — BereratMBHOe HeEpPBHOE BOJTOKHO; 2 — rmagKomblLLevyHasa KNneTka; 3
— BapuKO3bl; 4 — NOTHbIE KOHTaKThI (HeKCbeI)
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