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ia":.zz:tf;,d,,;’;tg is one of the most interesting a_:cas of a';umal phyismlngy_
The fibrillar nature of the muscles was l'{rst drfs,.cnbcd by uvirlman (1840),

Muscles are specialized for contractile ability. Musclchcc ls ria? change
i apidly and reversibly, exerting a mechanical lorce on
e o ok o hange is regulated by the central

neighbouring cells or environment. This ¢ ! ate :
nervous system and is initiated by the synaptic transmission. However, in

certain types of muscles contraction can be produced by the excitation of

the motor nerve action.
Although all muscles function on the same molecular basis, they differ
considerably in rate of shortening, amount of force produced and so on.
vide varicty of

There is a wide variety of muscle types because there is a wic
functions to be served by muscles including muvcme.u; of an anis na

environment, maintainance of body posture and ¢

movements, gastrointestinal (ract movements,

environment, different animals require differ
basic contractile machinery has been adapted

Muscle cells, in general contain special
myoftlaments, composed of strands of protein
myosin which can be differentiated into many
elongated, and the myofibrils are arranged | hroug

hrough
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Fig.14.1. Internal structure of the striated muscle fibre. Plasma membrane ::lundi
T-system and endoplasmic reticulum.

Muscle cells are capable of changing their Shaml very rapi
reversibly, exerting on the neighbouring cells or en ironment, a r
force. This change is usually controlled by the central nervous :
initiated by the synaptic transmission. However, in ¢ riai
contraction can be produced by the excitation of the mo

Muscle cells organized in the form of muscles are
functioning of many systems and occur in vand shap
cylinders, thin strands, hollow tubes or a loose netwg
different organs, and the organism as a whole, posture of th
functioning of the heart, blood vessels, acquisition of fo
of the mouth parts, swallowing, movement of the alim
of the secretory productsofthcghndx, and functi
are all controlled by the activity of the
contractile elements in the form of mye
Contractile epithelial cells or myocytes
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General Structure of Muscles of which many fuse and
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zgxm a whole muscle. Eﬂ size ute, Some of the lllusden:ibrcs are
tionship with the muscle J’m‘ﬂmlmdwmmlcm funning |

the whole length of the muscle. ver by a layer of collagen fibers |

fibres are covered OYET % 0 < by means of which
m Near the el:m;““ muscles are directly
are attached to the bones. In tissue fibres.
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957, arranged in a definite fashion in relation to the myofibrils, is present
iy the muscles. ; ; |

Muscles may be differentiated into smooth and striated types, though
i strict sense these terms are very narrow o accommodate all the different
arieties of muscles that exist. The smooth muscles include visceral muscles
of vertebrates and a few varieties of invertebrates. Striated muscles denote
ol muscles whose fibres contain fibrils showing a periodic structure of
repetitive parallel arrays of myofilaments. In this category are the skeletal
muscles of frog, tail muscles of ascidian larvae, muscles of the crayfish gut,
the muscle bundles of coclenterates etc.

Striped or striated muscles
The striated muscles exhibit an alternating arrangement of dark and light
bands crossed by thin dark lines. Under the polarizing microscope, the dark
bands are found to be dowbly refracting; and the light bands are singly
refracting (Weismann, 1913). Under the high power of a light microscope
the striated pattern is seen as a regular alternation of isotropic ‘I'-bands or
light bands, through which light passes equally in all directions and
anisotropic ‘A-bands or dark bands, possessing different refractive indices in
different directions. The length of a A-band of a vertebrate fibril is usually
about 1.5 microns and that of an I-band is 0.8 micron. In the I-band is a
dark line known as the ‘Z-line, derived from the term zwischenscheibe which

bisects the I-band. ,

In the middle of the A-band is another zone which takes a light stain
known as the ‘H'-band or ‘H’-zone, derived from the German name
“Hensen's” line. The portion of the muscle fibre from one Z-line to t

adjacent I-band is termed as the sarcomere. Lol ke

i
Examination under clectron microscope reveals that the myc
made up of two kinds of small filaments, one twice as thick as the o

dense A-band consists of the overlapping
lighter I-band consists of thin filaments, while | ¢ H-ba

| band A band ! hand o .
= atine { — ;:rﬂ A
H band tﬁf e
J ) Zline o O
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Fig 14.3. Arrangement of thick and thin filamen
through A-band. “\ 48
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thick filaments only. The thin filaments about i'n lhuhmlgili‘:’:r.:.!;‘iul::"g‘h
Pass through a narrow zone of dense material, the ) icker

filaments are about 100 A in diameter and 1.5 micrmfli: It(;:}?. E‘lil;:n::tﬁlll;inn?r
ones are 50 A in diameter and 2 microns long. Each thi at lies ip

between three thick ones (Fig. 14.3). A myuﬁ!!ril l}f 1 :u;;?l::l diameye,
contains about 5,000 filaments in cach cross section ol an :

Unstriated or smooth muscles .
Classic or visceral smooth muscle. The smooth muscles of the stomac'), gut,

rinary bladder, uterus, the retractor muscles of the cxtnwm:t of (he
;‘ip:::gjlid worms, penis muscles of molluscs :':md the phafbl"ﬂx are L“‘;"‘Iﬁﬁtd
of small muscle fibres (20-40 #m in length) with usually only one nucleys, 1,
longitudinally arranged parallel filaments, as they do '_‘E]l form reguly,
arrays, no optical pattern of dense and light bands arc visible. _

Helical smooth muscle. In this type, the m?’““!“ ils are h“"““.'f
arranged, and though the filaments are arranged longitudinally, do not Shﬂ_w
a periodic structure, A majority of the cephalopod molluscs and the somagic
muscles of annelids are examples of this type of muscle. :

Paramyosin muscle. Due o the presence of paramyosin or Lropomyosin
(Bailey, 1957, Kominz, et al., 1957) in addition to actin and myosin, the tonic
muscles of molluscs are termed as paramyosin muscles. Paramyosin in these
muscles is in the form or ribbons of diameters ranging from 15 to 150 my,
The paramyosin crystallizes during the contracted phase of the muscle and
under this condition the ribbons show an axial periodicity of 15 mu.

i1

Cardiac muscle O il
The cardiac muscle fibres are short, cylindrical cells with a single
They are striated both longitudinally and trans versely and are enclosed in i,

These muscle fibres are branched and interdigitate, The

unite with each other through the of the
The junctions, which always occur at 2-lines

The cardiac muscles are not structural i
Quickly in the muscle meshwork sugges
even though there are ng protoplasm
muscles are also composed of myof
mitochondria in contact. They are sup |
parasympathetic nerves. B

Innervation of the muscle -
The contraction of the muscles is y
Motor fibres are those nerves that initiate
inhibitory fibres prevent the contrac jon.
the - continuously contracting muscles

referred to as regulatory fibres. T,

!
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Fig. 144, Differeat types of inncrvation of muscic.

called its innervation. Myonewral junction or neuromuscular ;unﬂwn is the
point where a synapse of an cffercnt nerve makes contact with the muscle
fibre. The sensory merve supply to the muscle is known as the afferent
supply, while the motor supply is the efferent supply. ;
A single motor ncrve may supply several fibres of muscie or fibres of
different muscles. A polyneural junction (Hoyle 1957) is one in which muscle
fibres receive innervation from two or more cfferent axons. When a muscle

fibre is innervated by several branches of one or mere axons, the %;
is called as multiterminal innervation (Fig. 14.4). '

W N ¥
Motor unit o Tk S
Motor nerves that initiates the contraction of muscles |
number of muscle cells. One motor nerve fibre, with all ¢
supplies constitute a motor unit, The number of musc

unit may vary from as low as 3 to as high ‘as 3000,
those of hand (finger) and those concerned witl
the muscle fibres ar:3tn6permﬂ,=
120-162 fibres per unit are known in cat leg m S
3000 fibres per motor unit are found in the leg and ba

T b A :

-1
d".- n L -, 2
.

s

of man.

Infact the strength of a muscular contractio
:nn{ﬂr units activated at one time. If a stimul
esser motor units will contract resulting in a we:
stimulus strength is increased, more motor ‘\
a stronger contraction until all the motor units
any further increase in stimulus strength w
strength of contraction, =

i ¥

oy
-
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Simple contraction or muscle twitch .‘
The response of a muscle to a single bricf stimulus, suchuu:lcctnc
shock, is known as mwitch (Fig.14.8). A twitch can be divided into three
portions or phases.

Magnituge ot respons s

stimulus ¢
P s SosER

(2) A contraction period during whie

(3) A relaxation period in which
reach the normal level.
Latent period. By very

that the true latent per
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Period varies with the species, type of muscle, temperature ang
conditions of muscle. ; :
. 18e latent periog covers the time between thclstunulatmn and (he
on of the lever. This pcriod covers (wo mndil!uns over the muscle
hamely, the excitation wave due to the electrical -Lil.‘.lI.Ilhill'l'E-ES. and the
Opment of tension, which, according to Roos, ~"P"'“_'d5 5""“"'1“"*““51}’
With the electrical disturbance. Sandow (1944) has d:h“l.’i-t.‘.d‘ a method 1o
- Convert the mechanical energy into electric potential “"fl this "";:i“"dcd
Cathode ray oscillograph. It has been shown by this mcth- that the
] ic contraction of the frog sartorius muscle not only has a true latent
Pperiod, but the muscle actually relaxes a little (latency relaxation) before
- developing tension, If the total latent period is 3.5 m. sec., the quiescent
~ period is about 1.5 m sec, after direct excitation of the musclc’dunug_wh;ch
BO tension develops, This is followed by the latency relaxation period of
- about 1.5 m. sec. If the muscle is excited indirectly through nerves, the t‘f“““
period increases. Thus, if the latent period is about 3.5. m. sec. for direct
excitation of the muscle, it is 6.0 m. sec. for indirect excitation. _
Contraction period. During this phase, in isotonic contraction
‘shortening of the muscle filament takes place. The dark bands of the fibrils
lbecome shorter and wider. The light bands also decrease in length in
ic contraction and may slightly increase in length during isometric
antraction. During the phase of shortening of the muscle fibres, external
work is done. The work done by a muscle is dependent on the size of the
muscle, the type of muscle, its nutritive condition, and upon external
conditions such as temperature.The working power of a muscle can be
estimated by finding the weight or load the muscle fails to lift and dividing
t dis weight by the area of its cross section. The glycogen content of a muscle
is directly proportional to the work done by it. The height to which the
-muscle lifs a given weight under maximal excitation us e
first 5-15 contractions and after that a long resting period.
‘Phenomenon of a muscle is called as ¢ or staircase.
- The amount of external work done by a mu
amount of load which it lifts. With n a
The work done by a muscle is expre

n

!1

Bastrocnemius muscle can lift 20 m.':

performing 100 g. mm of work, With inereas

muscle is made to give a series of single co
an optimum at a certain weight above
decreases gradually.

Relaxation period. Relaxation phase
Phase and involves activity which is depen
changes within the muscle cells, Relax
the contraction process. It is ¢
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«le. Cold prolongs the relaxation process and during fatigue also this
H::r.c IS Pfﬂh‘"b',“d very much, The failure of a muscle to relax is known
.:S confrac fure. . s :

Tetanus. If a muscle fibre is stimulated before it relaxes for a s:.:nnd
(me, it can contract again, Therefore, a muscle can hn:* rfminla'im:d in a
continuously contracted phase, if stimulated frequently within a given time.
A continuous contraction of this type is known as “tetanus™ (Fig. 14.9).

T [eelend
113 por s
18 /"""‘

D o [
L / | 35 per s
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t LIV

8 per s

N

kilograms
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k-
F

80 160 240 320 400 480 560
milliseconds

Fig 14.9. Complete and incomplete tetanus due to stimuli on the gastrocnemius muscle.

simple muscla
and summatwon

Fig. 14.10. Showing sut

Summation. When the pre-synaptic portion
more than two times, it tends to have an additi
portion. In the case of muscles, the effects
clectrical; accordingly summation or
behaviour of the membrane of the
clements, However, as the cleel
duration, it is essential that the stimulation
muscles a series of stimuli causes contractic
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" traction, exci
the resulting final contraction is greater than a sl‘“!;-lgrzgl::-; a muscle, TE:
by a stimulus of greater intensity and excites al the ;::mmatinn (Fig. 14.10),
additive effect of repeated contractions is knuﬂﬁ‘::tinn. refers to the series

Facilitation. In contrast to summation, facl Facilitation is not a

of contractions resulting from repeated slimulil“““‘*m P o T
single phenomenon and various theories have been P

i i leascs
this process. (i) The stimulation of pre-synaplic portion re more

: S impulses are al close
transmitter substance with each stimulation if ‘hchTal:ncc is added to the

intervals, (if) with cach stimulus more transmitter St g
previous one as it is not completely inactivated, (iit) 'h'-"h“""'“:;:""’i: I:Ef:
activated by the pre-synpatic stimulation until the A< : P_:a]
arrives and may consist in the mobilization of certain chemic
earrangement of contractile

filaments and finally, (v) it may also be nﬁectnd_ by'lhc nwﬁn;:cﬂf ﬂ:hll'l:m
metabolic processes which supply energy. Flcil:liﬂ?“ takes place Tlau =
definite period of time and dose not proceed indefinitely. If thF stimulations
are rapeated for a longer time than the optimal value, contractions gradually
decrease and may altogether stop. . ]
Fatigue. The failurc of a muscle to contract is known as fatigue. Flt:lgue
may be observed if individual twitches are induced continually by electricity.
During fatiguc the muscle’s contraction capacity decreases gradually and the
individual muscle fibres fail to contract. The exact reason for fatigue is not
known, various cxplanations have been made : (1) the expenst the
metabolic sources of energy, (i) accumulation of waste product
of potassium ions from the post-synaptic cell and accumul:

L

in the extracellular space, (iv) increase in the ¢

=
= -

in the post-synaptic cell, and (v) expension of
substance in the pre-synaptic cells. Experiments
the waste products, formed during cont n b
muscle in a balanced salt solution, delays fatigue
During the contraction of muscle a number of char
physical changes are given below :
1. Shortening. During isotonic co e
shortened and the shortening (degree of g
number of motor units involved and therefo
2. Viscosity. Muscle contraction ¢

other words the viscosity of the cytop
contraction. i

3. Tone. Isometric contraction ¢
isotonic contraction,
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4. Production of heat. During muscle contraction heat is produced. In
fact the high energy bonds of phosphagenes and ATP release energy which
is used up in work done by the muscle. Considerable amount of this energy
.« converted into heat energy which is also helpful in maintaining body heat
in homeotherms. That is why we feel hot after excercise and the body
temperature shoots up after shivering in malaria.

Electrical changes. As recorded by two electrodes connected to an
oscilloscope the following sequence wise clectrical events occur during
muscle contraction. '

(1) Resting potential (-70 mv) is disturbed.
(2) The potential difference along two surfa

mv (depolarization).

(3) The potential difference reaches o +35 mv which suggests lhﬂ' the

inner surface of sarcolemma is positive by 35 mv (reverse polemau:n{).

A potential difference of —70 mv (resting potential) is sct in
repolarization.

As described already the functional unit of the muscle is sarcomere.
On excitation of the muscle, depolarization followed by repolarization

T-sarcotubular system to L-sarcotubular system. These ions bring about the
sliding (interdigitation) of actin filaments into myosin. During this process
energy is supplied by ATP. The degree of interdigitation of actin ar
is dependent on the amount of Ca**. The amount ol Ca™"
dependent on electrical events and finally on th - intensity of
certain extent, Thus the strength of such contraction
stimulus intensity to certain extent. o
Histological changes. The following histolo
during interdigitation of action and myosin
(1) The two adjacent Z-lines come closer.
(2) I-bands disappear. e
(3) There is no change in the A-band except th
All these histological changes in a sarcos
strength of its contraction. In a strong co
closest and H-zone disappears almost co
are very essential factors for muscle ¢

Biochemistry of the contractile pr
The bulk of the striated muscles i
actin 20.25%; and tropomyosit
mechanism are dependent upc

proteins. Actin and myocin

ces of sarcolemma comes 10 0.0
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light meramyesin

1 ure
By o

protomyosins

sublragment-2

: molecule. |
Fig. 14.11. Various subunits of the myosin

cal studies have shown the ﬁbl’ﬂl:ls

in. Biochemical and phySIUIUEi . L filaments. M)ros-m
Myosin. b1 t of the th.lﬂk clalinns_ Part of its

: . mai nstituen
protein myosin o be the main €O <+ divalent ' :
reacts with itsclf, other proteins, ATP “d[;:':uﬂ agth of the ionic medium,

iochemical properties are dependent on : ek lotase
I;'l{:m::n pussiJsscl:thc properties of the cnzyme Adcnousi;nc Thpmll:l-ﬂm
and can combine with actin to form the complex prote actomy

The molecular weight of myosin is 49?.0[9- It can be hydm?::cd al;::t:
variely of subfragments whose characteristics arc dependent upo e
and conditions used to break bonds in the .mui:culn. (Fig. 14.11). §
digestion with trypsin myosin yiclds two major subfragments, the light |
meromyosin (LMM) and heavy meromyosin (HMM). Light mt.mmmg,g?; -
treatment with alcohol leads to the formation of a soluble fraction LMM-L, -

Thus, LMM contains LMM-1 and other proteins. These subfragments " are
formed duc to the breakage of peptide bonds and are not suE nits of LM
from which a polymeric myosin is built up. Subunits of myosin are pre

on treatment with urea due to breakage of hydrogen bonds. HM:

possesses a globuldr head and a tail region. The properties ¢

fragments are shown in table 14.1 : ,

Table 14.1. Physical properties of some ¢ o

Prolein Molecul ig! . S | ' ||=:| .
Myosin (overall) 490,000 -
Myosin (tail) L r ]h
Heavy meromyosin 350,000

Globular head
Tail e '.
G‘Mﬁ.ﬂ . m

Scanned with CamScanner



Ll

{ the myosin molecule is the result of the arrangement of
l::;nl:;op:inumnlcculzs. There is one HMM molecule to one LMM in
i . As HMM combincs with actin, the bridges on the myosin molecule
m :h: pnlypcptidcs of HMM subfragment. These bridges are used to
o bine actin and myosin during muscle contraction.
wmaaim Actin occurs in (WO physical forms. Fibrous actin (F-actin) is a
mer of Globular actin (G-actin). G-actin has a molecular weight of
p{;lﬂ) The molecule is spherical  with a diameter of 55 nm. G-actin
ﬂ'lym;:rim into F-actin in the presence of salts. 1 mole of ATP is bound
P:r mole of G-actin and it is hydrolysed during the formation of the
; lymer, F-actin, Actin is soluble in 0.6 N KCl solution. It binds with
ﬁcium to form calcium actinate. _ -
Actomyesin. Actin and myosin combine together (o form actomyosin.
This is accompanied by a great increase in viscocity. The combination rate

is increased by ca*t or Mgz"' at ionic strength greater than 0.3M. The
addition of ATP to actomyosin solution leads to the dissociation of the
complex. At low ionic strengths the actomyosin is insoluble.

The processes of contraction and relaxation are controlled by a series
of complex interactions of the contractile proteins, ATF, ca**, Mg"" and
regulatory proteins. Pure myosin in the presence of ca®* and Mg“
concentrations similar to active muscle, shows a low ATPase activity but in
combination with actin, ATPase activity is much higher. - i

Mg?" is required for actomyosin ATPase activity which is ess
muscle contraction. It is also required for the dissociation
complex. Mg®* breaks the cross bridges
during contraction,

Under high magnesium concentration acton
bydrolysis is stopped and muscle contract
relaxation of muscle, Addition of minut
inhibition of contraction by favou
hydrolysis of ATP and thus musc}

Role of ATP. ATP is invo
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ckeletal n:msdc. Tm'n:tmyusin requires ten times greater Ca®* strength than
actomyosin for activity,

T?ﬂpﬂ'l}wﬁi“' Tropomyosin makes up about 5% of the dry weight of the
muscle. It is a rod shaped protein molecule about 41nm long and 2nm is
diameter. It has a molecular weight of about 70,000 and consists of two
chains in an a-helical coiled coil arrangement , Tropomyosin is intimately
associated with actin and lics in the grooves of actin  double helix

(Fig. 14.13) Tropomyosin A and Tropomyosin B are the two known forms of
Tmpom)min. It has no ATPase activity.

R v

ropomyosin  actin troponin complex 7

(a) /7 ope

—_— e e — —

Fig. 14.13. (a) Model for the structure of the thin filament. The tropomyosin molecule lies in
the groove of the double-helical actin. Two molecules of tropomyosin are present in
each period of the actin helix, and two molecules of the troponin complex are also
present in cach period. (b) Hypothetical model showing proposed relationships

among actin, tropomyosin, and components of the troponin complex. The solid circles
represent probable sites of binding, '

Troponin. Troponin is another protein associated with tropomyosin and
actin. Its molecular weight is 80,000 and it is a complex of three proteins.
Troponin-I or TN-I (mol. wt. 24,000), Troponin-C or TN- ol. wt. 18,(
and Troponin-T or TN-T (mol. wi. 37,000). TN-I is an inhib
component that prevents the modaﬁmﬁ d
specifically with Ca?? and TN-T combine:
TN-C combines with only one calcium ion, -
TN-1, a second binding site appears and probably
with two calcium ions (Fig, 14.13). |
Troponin-tropomyosin complex preve
between the actin and m ._'_.':
actomyosin-ATPase, in the absence of ¢
In the presence of calcium, TN-
actomyosin resulting in contra
d}m in Ihe : ” :
Tropomyosin shifts its posi
Pfﬂlﬂiﬂ Sitﬂ fﬂl‘ inte
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controlled through the myosin and not through actin ang tropog,
lmpﬂﬂiﬂ. M
Tropomyosin-A or Paramyo
muscles of molluscs. Its molec
species. Paramyosin is a dimer ©

Mechanism of Muscle Contraction

Sliding filament model
Eleciron microscopic studies have shown that lateral extengjon, o
outwards from the thick myosin filaments. These cross bridges alte ey

attach and detach from the thin actin filaments. At the time of
they move pulling the actin filaments past the myosin and d“mrm

A-band (Fig. 14.14),

sin is found in the invertebrage slow
ular weight is 220,000 and size , o
[ two a-helixes packed side by Eidl:nts i l|

:
I

| The
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Muscle Lonirutior

globular head region of the HMM
(s tail region lics parallel to
thick filament. HMM
es ATP and ATPasc
activity and also can mmb'im:
with actin. Therefore, this region
can form cross bridges which
interact with the actin filament
during contraction of muscle
(Fig,ld.lﬁ}.

Regarding the mechanism of
the sliding of the actin ﬁlam::-nls,
(he cross bridges al some time
during the process of contraction
attach to the actin and a cyclic
back and forth movement of the
cross bridges brings about sliding
movement. During this process,

and 1
the

B ———
==

fig 14.15. Model for the arrangement of

components in the myosin filament. Light
meromyosin forms the backbone of the
filament, and heavy meromyosin forms the
movable cross bridge.

the cross bridges make contacts
with the sites on actin filaments and break them and slide the thin filaments. 4

Myosin molecules are arranged with a different oricntation on cither side
of the center so that actin filaments from either side of the sarcomere can
be moved inward during the process of contraction. The arrangement of the
cross bridges on the myosin filaments is shown in (Fig. 14.16).

.

e —
~hry
I

Fig 14.16. (a) Showing the arrangement of myc
forms the backbone of the thisk filar
oricntation of myosin molecules is di :
filaments can move from both sides of the
filament showing the helical arrangement of

R
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-During contraction, there is no change in the volume of muscle but
distance between the filaments increases by 18%. In the resting muscle the
distance between actin and myosin is 21 nm which increases to 25 nm during
contraction. The reason for this increase in spacing is the long range
clectrostatic forces between the filaments. Any overlap between the twg
filaments alters the spacing, for example contraction of muscle, These
electrostatic forces provide a cushion along Which the filaments slide, so that
fﬂﬂf;:l between the filaments is minimized.
, '0e spacing between the cross bridges on myosin filament do p

m::th ﬂ“}ﬂllchmcnt‘sil:s on actin filaments. Therefore, rigid ;-,w::
array of nui:u;ntl:::r:ui Actin flameats are composed of a double helical

(Fig. 14.18),
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Fig. 14.18. Model for the arrangement of components in the myosin filament. LMM forms the

back-bone of the filament.

Inorganic ions. The inorganic ions present in the muscles are
potassium, sodium, ~ calcium, magnesium, sulphate, bicarbonate and
phosphate. The concentration of the potassium ions is higher in the muscles
than in the extracellular fluid but the reverse is the condition with sodium
ions. Chloride ions are present in much higher concentration in the outside
fluid. m
Immediate source of energy for contraction e
Actin and myosin when mixed together form actomyosin. ATE ‘when adde:
o a solution of actomyosin in 0.6 N KCl, dissociates the acto
actin and myosin. ATP itself is converted into AD
However, actomyosin is reformed when all the Al F
Szent-Gyorgyi (1942) has demonstrated that muscl
50% glycerol although no longer eclectrically e
placed in ATP solution, If inhibitors whicl

original length. ATP acts under these
actions can be attributed to .ATPT
contraction of the fibre and lh'
muscle, actin and myosin are

during reting state is suppressed in
T!H immcdiate energy for conl 3 h
with the release of an activator
!ﬂlﬂl'acﬁon mmn the i ~
interdigitation of the actin and mve
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2. relaxation SI2ES during which the m

: he
the ATP is respo

extends again-
Ultimate source

mwﬂmqﬂun
o energy for contraction mmsb:;;m:; the br dow,
Though the intmcdlil:uur“ is the metabolism of C-ii: A :Fh rate and
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o Y 1927 by Fiske and Subbarow in

first discovered in an
%ﬂﬂ?ﬂnd Eggleton in Britain. Its was fl.ll'[hel' suggested by dsgaany
that the energy released during glycoljals is uu.llz:—d'fnr the
creatine phosphate. However, now it 1s well established that e cnery

released by the breakdown of creatine phosphate is
regeneration of ATP from ADF, under the influence of ar
kinase. Some of the ATP formed reacts with creatine to re;
phosphate. £
All the chemical processes involved in the muscul
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(1) The immediate source of energy is from the b
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at once oxidized into carbon dioxide and water. However
converted into glycngcn by the reversal of glycolysis, Ac'c
pyruvate oceurs 1_[ the rate of glycolysis is very rapid and wh
supply is insufficient for its oxidation. Under these conditio
pyruvate 1s‘cuuvcrl:d into lactate, which is oxidized back into uvate
when sufficient oxygen is available. When the lactic acid cunlcn:}y;f the

muscle ihgrcasc!‘-. a large portion of it diffuses into the blood and is
converted into glycogen in the liver through Con'’s cycle.

Actomyosin system

When actin and myosin are mixed together actomyosin forms and a
shortening occurs in the molecular complex. This shortening is responsible
for the contraction and mechanical work is performed by the muscle.
Chemical energy is required for the formation of actomyosin and this is
transformed into mechanical energy and heat. The shortening period is
maintained by the paramyosin in the muscle, thereby avoiding P |
expenditure of energy. |

The formation of actomyosin requires ATP and Ca™ " ions together
with other phosphagenes such as creatine phosphate; claxationiel i
muscles is aided by an organic compound, “the e

presence of Mg ™ ions.

part of it is
umulation of

en the oxygen
ns, part of the

Excitation-contraction coupling .
The contraction of muscles poses some fundamen
chemical and electrical changes in the muse
communicated to the muscle contractile fi
mechanism by which excitation is transferred
Huxley and Taylor (1958) have studie
based on combined optical and clectro-g
movements of calcium ions. I
If weak electric currents are apphie
the Z bands in frog muscle, and
muscle fibres, contractions are
these sites, where the tubular membra
situated, tansfer excitation to the ¢o
factor is the role played by the Ca
Introduction of calcium ions into the
during the stimulation of a frog sar
increases 30 times more than
does not take place if the Ca
removed. An increase in ._-15*;“:'-1.
medium brings forward a long-lasting co
of Ca** ions takes place. Accordin
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comtraction produced by the increase in the K* ions in the external
& proportional to the influx of Ca* " jons. It has been believed now
cxcitation of the membrane causes influx of Ca** ions and this in
activales the contraction mechanism, 4
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ated guanidine derivatives. Creatine -phosphate is the
dominant phosphagen in the vertebrates, while in invertebrates arginine
Prf,_fphare either occurs instead of creatine phosphate or in combination
p“{;{h it In annclids, raurocyamine phosphate (Arenicola), glycocyamine
phosphate (Nereis), and guanidyl-seryl pha.rp:'mte (Lumbricus) have been
reported. Phosphagenes-act as storage for “high energy phosphate bonds.”
Phosphokinase enzymes help in the transfer of phosphate group to
Nucleotide diphosphate (ADP) to form Nucleotide triphosphate ATF.

N-phDﬁPh“rYi

O 0
o B Il
HN-lP—DH HN-P—-OH
I
OH OH
C=NH (I_:. NH
H H-C-H
I

I
CH;—=N—C-C=0

g
H OH

Creatine phospate
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i i d from ATP to “1:
ntraction, encrgy is transferred
& r:;mﬁhmnls.c s ar!:uis believed that, as Olldm . !l-f-ll';lﬂﬂl Rcu:p Up the
.W“lrlm f’- ATP. phpsphoryhtion of ATP by &the:: creatine Ehnsphale or
suppy. @ hos fmr.-. is essential. Another alternative is the donation _nf ener
arginine p - l:msphalc or arginine phosphate by dclphnsphurylalmn. Botj
by creatin pn.;ls arc again activated by mitochondrial A’!‘E formed €ithe
thc-z;:;;fpg:in the glycolysis. The lactic acid produced is partly “xidize,d
Lnd partly it is converted into liver glycogen.

les
";'1}::‘ x:s:ll :ct;:cb;i‘;: of the muscies may be summarized as follows,
ultimate energy for muscular contraction is derived from the Wbﬁhrd!m
and lipid metabolism, which involve .phusphnrylatlﬂn prm‘_”“sf;l“ Utilizg
glycogen and can build it from lactic acid. The energy required s d:]
by ATF, which is synthesized from the energy released in the citric 4
cycle. Thus, a part of the lactic acid is oxidized to _ylcld_ energy and (b
energy is utilized for the conversion of remaining lactic acid into
Muscles can perform work even in the absence of oxygen but lactic
accumulates. When oxygen is available, part of the lactic acid is ox:
into CO2 and H20 and a part is converted into glycogen, As
amount of energy is lost as heat and
the glycogen content of the muscle should be restored by nutrition, The
dmount of work done by a muscle is directly proportional to the glycos
used. 1 gm of glycogen under oxidation gj i ics of en

litre of oxygen yields 5 cal, in oxidative carbohydrate m r.“_.'f"‘:"i
of the total energy is available as mechanical energy and ¢
the form of heat. :

During the oxidation of carbohydrates, water is af
of glucose when oxidized completely yields 6 mole
molecule of oxygen utilized, one mole (19 ml) of
not understood whether the metabolic on
Regulation of myscje metabolism
Ir;1 the oxidative metabolism  of carbahod
Phosphate appears 1o be a rate lim ium' "

_ Another factor js the enzyme phocnk
inactive procnzyme g

Phosphorylase . 7
Phosphorylase q in the pﬂ:‘-s::!}:c of p

acy
+
U176
e .
nsiderak 3B

LN

glycolysis is an endoorganic reaction

Green 1943 ; Fischer and Krehe 1oe
::HISC!'ICT (1959}. phmphoqlm hs' l 1‘:{'
Czs+ilr=:alldy been pomlr.::l out thay
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nitiated. Though the exact roles played by the K*, Na* and CI™ ions are
qot known, there is no doubt that the internal ionic concentration is a
d',_.m-mmmg factor in muscle contraction.

Give the ultrastructure of skeletal muscle. Add a note on their innervation.
Give an account of different types of muscies found in animals.
Describe briefly the functions and propertics of muscies.
Describe the physical and chemical change in the muscle during its contraction.
What are the structural proteins of the muscles 7 Explain their role in muscular
contraction.
6. Wnte short notes on : (i) Muscle fatigue, (ii) Isotonic and inometric contractions,
(ii) Summation, (iv) Tcunut, (v) Treppy, (vi) Tonus, (vii) MWM-: |
coupling, (viii) Sliding-filament theory, (ix) Absolute refractive period.
7. Distinguish each of the following levels of muscle organisation — Myofilaments,
muscle fibres and muscle,

8. Draw and label the various compunents of the sarcomere.

bl o ol ol
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