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Support and Mave__men_ts
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Animal¢ ani plants’ stio'v-a-variety of phy5|cal and biochemical activities. The main

ditfaience hehwesn animals and plants is in their locomotion. Animals show movement
“while piants do not show movement.

Need and advantage of movement

Movement is required to get food, shelter and to escape from the danger.

Need of support

(i)
(i)

Both plants and animals need support against gravity for support following things are
needed.

Support to baby plant is provided by collenchyma cells and to adult plants by sclerenchyma
cells.

Support to animals is provided by muscles, cartilage and bones. They are also involved
in movement.

16.2 SUPPORT IN PLANTS

Main support to the plant is provided by stem, which also acts as supply line between
roots and aerial parts of plant.

Mechanisms Involved To Support Plant

Several mechanisms are involved in providing support to plant. Some are described
below.

Turgor Pressure

The living cells of epidermis, cortex and pith take in water by osmosis. This water produces
an internal hydrostatic pressure, called turgor pressure. This turgor pressure keeps cells
turgid and thus stem remains rigid and resistant to bending. If there is loss of turgidity,
herbaceous stem wilts.

Generation of Turgor Pressure

Turgor pressure is generated by high osmotic pressure of vacuale Ir this-Case, me/rbr wn'
of vacuole, tonoplast is very important. Cuttzrent steps |.1\lf)|\»f:'1 I gevieral iottaigor
pressure are described below, \ \ -

There is active transport ot ions m @ tne viict oIz de:r |te tﬁe r .ugh oncentration than that
of extraceifuiar fluid <= |V \ -

These 1573 calde ingreass in\coniceritiation inside the vacuole.

Higher ipnij¢, concentradcn-taases entry of water into the vacuole.

~ InGreased! wigter increases turgor pressure.
|| ircreased turgor pressure provides turgidity and mechanical support to the soft tissues of

plant.

Stiffness by Lignified Cells

Collenchyma cells of cortex and sclerenchyma of xylem tissue are with heavily lignified
cells. They also give support to the plants.
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ii)

Ring Arrangement of Vascular Bundle

Most of the terrestrial plants are tracheophytes (vascular plants). N

They have vascular bundle contalnlng xylesiy which is tsuah end mex'telnsi'.;le e-Laorm
the same function as steel reds in 12inforces conerete. |

These vascular bundles forn iirgg vithin (he stzin. i

This ar réngem_ent Jrovices Very effectivelresistance to wind stress and increase weight-bearing
ability. L =

3 ST igtherting lly 'Sn'n'dle-Cap

il e stem of some plants e.g. sunflower, the vascular bundles are strengthened by

additional sclerenchyma fibers, which form bundle cap. It is also important for support.

CELLS INVOLVED IN PROVIDIG SUPPORT TO PLANTS

A)

Cells, which provide support to the plants, are following.

Sclerenchyma Cells

Different features of such cells are following

These cells have thick secondary cell walls, usually impregnated with lignin (an organic
substance that makes walls tough and hard).

Mostly are non-living.

Their primary function is to provide support to the plant parts.

Types of Sclerencyma Cells

i)

B)

Sclerenchyma cells are divided into three types.
Fibers (Tracheids)
They are long and cylindrical and they may exist as a solid bundles in the xylem or as
bundle caps.
Sclereides
They are shorter than fibers and are found in seed coats and nut shells and provide
protection.
Vessels (Tracheae) =
They are long, tubular structures Jomed end t9 end to form oY ng(ul‘ .,ondl ctunn pipdsin
xylem. o~
Collenchyma Cells
They s.m N fe Ilovv Ag Teaturas!
They he) Ve prctnpﬁds _

1ey ustally leck daca |dary walls.

| [ Hew Halve angular thickening in their primary walls.

They are usually grouped in strands or cylinders.

They are elastic and elongate with the growth of stem and leaves.

Collenchyma cells provide support to young herbaceous parts of the plant.

Young stems, for instance, often have a cylinder of collenchyma just below their surface.
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Fig. 16.1 Specialized plants cells

QUESTIONS RELATED TO ABOVE ARTICLE
What do you know about collenchyma cells?
Explain different mechanisms involved to-provide support i pr'n s

Write a note on sclerenchyvma ce lls land - »llmc]uy m ) cnlks N f(l_'HR 2021)
Write down a note on sclereénch wina, cel's anui detail. | (S (GRW 2021)
lefereﬁflatv between swlererch vnig C’i]lS ana’ collenchyma cells and sketch
dla rant A H‘ (RWP 2021, LHR 2022)

Ezlﬁim

Secc*. dary (,; rowth

N | ,'\.n inCriase in plant girth due to the activity of vascular cambium and cork cambium is
] called secondary growth.
Types of Cambium
Secondary growth in plants occurs due to cell division in
0] Vascular cambium
(i) Cork cambium
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Role of Vascular Cambium in Secondary Growth
Vascular cambium first time appears as a cylinder of actively dividisig cdls bz,
primary xylem and phloem. Vascular cambium give rise twe-reww tissus.~

o One is the secondary xylem, whiciwlies next ts-inier \»urrau_‘.e ov.the| vescitar cambium.
Main increase in thickness is\due to3itis x\ig v -
o Other is.seccndary phleam! which lies next to tne oLter surface of tne vascular cambium.

This predess'continuesiara viascular vasium produces secondary xylem, layer upon
layer. Cueith tis, A wandy ﬂwte".lgets thicker and thicker.
Overall Fur ctiend of “ambium
D) L it is Ineoived in secondary growth.
i) ' Itis involved in formation of callus.
Callus
A Callus is a soft parenchymatous tissue which is rapidly formed on or below the
damaged surface of stem and roots.
Significance of Callus
() Formation of wood tissue on or over the wound.
(i) Callus unites the branches during budding and grafting.
Special Structures Produced Due to Secondary Growth
i) Annual Ring
Layers of xylem are visible as rings. Since one ring is formed in one year, it is termed as
annual ring. A count of these rings at the base of trunk indicates the age of trees at the
time it was cut.
i) Sapwood
With age, conduction of water and solutes becomes limited to the outer or younger
portion. The outer region of secondary xylem of tree trunks which is the active portion
is called sapwood.
iii) Heartwood
Inner, inactive, non-conducting wood is called heartwood.
Significance of Secondary Growth
o In most species, the heartwood accumulates a variety of chemicals such as resins, oils.
gums and tannins. These provide a resistant to decay and msect af*’i"K . g red T
and conifers. . e
o Wood is also formed due to canjiial actmtv “Wdo( of d. fftl’e'lt soen iesvaries in |ts
suitability for specific uses, Hensitvhaid REss,| 1‘Ie.<|b|I['t5_', shick re sistance, compression
strength.anu fexture. Vol I
o Cork is-slen 'esul* of céamb! aI f‘tlw A% I1 s formed from bark of trees such as Quercus
suber. \
[ _ l IONS RELATED TO ABOVE ARTICLE
Xz -m'-'DeLme aecondary growth What is its significance in plants?
Describe significance of secondary growth.
Explain the type of growth in plants due to which diameter of stem increase.
(GRW 2022, RWP 2022)
Define secondary growth. Explain its significance. (Exercise Question viii)
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Fig. 16.2 Dicot woody stem

16.3 MOVEMENTS IN PLANTS -
Organisms respond to external as well as internal stimuli, but thPrP 1S differgiies’ fiv ) !
response in animals and plants. _ PR N R R '
Major differences are: - ' 'y AN AL
. Animals change their location while: llams are fJxéd WAVY Y T
o Animals show movement in reupr)rse th ext=r|’a| sumu s, while flants show movement
relatecto)the’r arewin patiern. '
TYPES OF PIZANT MGV EE\/I*I‘I“’S
There arg two ‘yoes of plent IAovements.

A x Aﬁpnon |cr1m'ements

PN | s Phratoriic movements.

1) AUTONOMIC MOVEMENTS

Definition
Movements performed by plant, which are spontaneous movements due to internal causes
are called autonomic movements.
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Types
These are further divided into three types.
A) Tactic movements
B) Turgor movements
C) Growth movements
A) Tactic Movements
Definition
Movemarnitd, of anlentile ceH ol an-grganism i.e. locomotion due to internal stimulus are
callzdl tacticimovernents.

| s Thése are further divided on two basis.

a) According to direction of movement

b) According to nature of stimulus.

a) According To Direction of Movement
On this base, they are again divided into two types.

i) Positive Tactic Movement
If tactic movement is towards the stimulus, it is called positive tactic movement.

i) Negative Tactic Movement
If tactic movement is away from the stimulus, it is called negative tactic movement.

b) According To Nature of Stimulus
On this base it is again divided into two types.

)] Phototactic movement
It is a movement in response to stimulus of light.
It may be towards the source of light (positive) or away from the source of light
(negative).

Example
Passive movement of chloroplast is due to cyclosis is the best example of positive tactic
movement.
This movement helps the chloroplast to absorb maximum light for CO; fixation. The light
intensity and direction both affect the intra cellular distribution of chloroplasts.

i) Chemotactic Movement
The movement in response to stimulus of chemicals is called chemotactic movement

Example .

The movements shown by sperms of livergwcyts, mosses-and 1‘@_.‘*13 f,bwa,a‘ 5 .1rc.|“&'pii!a in
response to stimulus of nuclmc aciil releacﬂd by, th= uvum "

B) Turgor Movements

Definition . | - VWL W W
Moveriieats Uz 16 -di';fere.n_ial._Ch"aﬁ;age‘ li-turgor and size of cells as a result of gain or
loss of Vyaigr ar calizd|turoni-iovements.

Typﬂ" o Turgoy Moww nes

4 Tese Qleriurther divided into two types.

a) = Sleep Movements
Bean plants and some other plants of legume family lower their leaves in the evening and
raise them in morning. These are known as sleep movements.
These sleeping movements are due to daily changes in turgor pressure in pulvinus (place
of attachment of leaf with the shoot).
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Pulvinus
Pulvinus is swollen portion of the petiole composed of parenchyma (‘F":a Wi fh relsii iy,
large intercellular spaces and central strand of vascular tisste.

Mechanism ;

o When turgor pressure on t'ie\lower 3:de ot nulvinus Incréasas, the I=aes rise and become
horizontal, A SR - T

o When tturgor 'pressure sacie 3ses G the, iowei“side of pulvinous, the leaves lower and go

sleepin@ phsition. .
b) Rapid Mo'/errient ot Learlets
| itisdlse atuigor movement shown rapidly after touch.
a_x-unp S
Rapid movements of leaflets shown by ‘touch me not’.
Mechanism
When the compound leaf of sensitive plant Mimosa is touched, the leaflets fold together.
o Touch acts as stimulus.

o Touch stimulates K* ions, which move out of cells of pelvinous.

o K* ion movement causes water to leave the cells by exosmosis.

o This response takes about 1-2 seconds resulting in loss of turgor pressure and drooping of
leaflets.

It takes about ten minutes to regain the turgor and restore the internal turgidity of leaf.

C) Growth Movements

Definition
Movements shown due to unequal growth on two sides of plant organs like stem, root,
tendrils, buds etc. are called growth movements.

Types
There are further three types of growth movements.

a) Epinasty
Such type of movement in which upper surface of leaf in bud condition shows more
growth as compared with lower surface is called epinasty.

Example
This movement is shown by leaves, buds, petals etc. It leads to opening of these
structures. .

b) Hyponasty | s
If growth in the lower surface of the-leaf irl bud wn'jluon 13 more tha 1 the Upsei su'rface,
then bud remains close. It S ¢ aIIed ,001 lasty. ! Vol

C) Nutation / \

The giowing' tip-Of | ymng tem lﬂp /e\ N ﬁ Zig- zag fashlon due to alternate changes in
growthdn LpLCSI‘P sidz of tHe #pex-The mode of growth is called nutation.

2) PARATONIC I/IOV':I\/H:NTS

Doi i

NN nviovement of plant parts induced by external stimuli are called paratonic movements.

I'ypes

These are of following types.
A) Tropic movements
B) Nastic movements
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A) Tropic Movements
Definition _
The word tropic is derived from Greek word ‘tropos’ meaning “Lum’l', |
It is the movement in curvature of whole| oigan tgwardscr ewway fioin the stauius is
called tropic movement (trsism) uen as-ught, gravity'anditauch.
These are in actual case grewthaespors 3s to'externalstimiul.
These sty uI  may-b BeAIghit, qruvnv ‘ouch s,
Types \ -
Following'are ‘comm. ony tioric movements.
a) o Phototropism
LM GVRrRenT of plant part in response to stimulus of light and is caused by the differential
growth of part of a plant like stem or root.
Example
Movement of stem towards light or of root away from light.
b) Thigmotropism
Movement in response to stimulus of touch is called thigmotropism.
Example
Movement shown by climbing vines.
When they come in contact with some solid object, the growth on opposite side of contact
increases and the tendril coils around the support.
C) Chemotropism
Movement in response to some chemicals is chemotropic movement.
Example
The hyphae of fungi are chemotropic.
d) Hydrotropism
Movement of plant parts in response to stimulus of water is called hydrotropism.
Example
Growth of root towards water is positive hydrotropism and of shoots away from water is
negative hydrotropism.

e) Geotropism
Movement shown in response to gravity is called geotropism.
Example

Roots show positive geotropism, while shoot shows negative geotropism.

B) Nastic Movements g

Definition PN A\
Non-directional movements of plasnt parts n es; sriselth extarrarstinuli are-calied nastic
movements (nasties). = SAARIERE N
Types of Nastic Movemenb | |
These dre of (we. fypbs- '

a) NthInaa‘L\/ L ]

Thes? aie nasticmoveme: .Ls |n'response to external stimuli leading to differential growth.
Uy Rese arg ane-o wrgor and growth changes.

These are further divided into two types.

) Photonasty

Nastic movement shown by plant parts in response to stimulus of photoperiod is called
photonasty.
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Example

i)

Example

b)

Opening and closing of flowers due to light intensity.
Thermonasty
Nastic movement shown in response-to ten perature s callq, ther mun sy,

Closing of flowers of tulip At ughL

In therh, &, night;+apid wrcvth on thi: Io\, Jer side causes upward and inward bending of the
petals. -

Hapionasty

INastic mowviraents shown in response to contact.

')-,an"

Action of Venus fly trap.

QUESTIONS RELATED TO ABOVE ARTICLE

Give an account of autonomic movements in plants.
Define paratonic movements in plants. Describe nastic movements in detail.

(MTN 2019)
Explain the phenomenon of turgor movements in plants. (SWL 2019)
Describe paratonic movements in plants. (FSD 2019)
What are turgor movements? Write significance of predation. (FSD 2021)
Relate the concept of turgor movement in plant with turgor pressure changes by
given example? (DGK 2022)

16.3.1 Role of Plant Growth Substances in Plant Movement

Plant movements are mainly controlled by different hormones. Important hormones,
which play role in this context, are auxins (indole acetic acid 1AA), abscisic acid and
gibberellins.

Phototropism

Phototropism is mainly controlled by auxins. It is believed that unequal distribution of
auxins in the cleoptiles stumps produces unequal cell enlargement causing a bend in the
organ towards source of light.

Gravitropism

Auxins are also responsible for positive gravitropism of roots and negative grawtroplsm
of stems.

Auxins inhibit growth of root cells and stimulate growth of sters CP”a

They inhibit growth of root cells at_lower Sur Facp the c’=I|c af wpner SJrfaL" elo: yare and
thus the root curves downvvard. 4 A \

They stlmulate growth of stonw rel.; at b\/\er Sur .acL Th e loeils eI \'“gate and stem curves
upward:” _— .

Nastic Miovernants) |

Nastic rnovéméaints are die to some balance or ratio between growth inhibitors (abscisic

(1wl and aicwadstimulators (gibberellins).
“Crewth Movements

It has been observed that epinasty is due to auxins and hyponasty due to gibberellins.
QUESTIONS RELATED TO ABOVE ARTICLE
Explain the role of plant growth substance in plant movement.
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16.4 SUPPORT AND MOVEMENT IN ANIMALS

Skeleton _
It is tough and rigid framework of the body of animals, which srey: des P"ute(th ), sb i
and support to the body organs.

Composition \

It is composed of i morganl(, Ol graa; icisubstances or ooﬁ

Production [~

. In protGzCa it is Sacreved by sinalecell.

. In multicelluleriarirnals,-it'is composed by specialized cells.

“ | [N eees of Skeleton
Following are important types of skeleton

1) Hydrostatic skeleton

2) Exoskeleton

3) Endoskeleton
In animals that lack a hard skeleton, a fluid filled gastrovascular cavity or coelom can act
as hydrostatic skeleton.

Major Functions
It mainly provides support and resistance to the contraction of muscles so that motility
results.

Examples
It is found in cnidarians (sea anemone), annelids (earthworm) and other soft-bodied
invertebrates.

Mechanism in Sea Anemone
The sea anemone has hydrostatic skeleton.

)] Its cavity is filled with sea water to extend its body and tentacles.
i) It closes its mouth and constricts its muscle fibers that are arranged in circles around the
body.

iii) Contraction of circular muscles puts pressure on liquid of body cavity and that pressure
forces the body to maintain upright stature.

Mechanism in Earthworm
In earthworm, the hydrostatic skeleton consists of fluid filled compar**mnts ‘epara- 7 Jy-

septa. [ |
. Contraction of circular muscles causes comoa tments 1n! elomale -
. Contraction of longitudina? muscles-<auses.cornpaitrier:ts to shortet. |

Alternatina.waves of elong 1t| M and coutr. action move the-carthwoi'rii through the soil,
aided hy Daired-seilae’ inean N senm nrt
ARG 515N\ HPLATED TO ABOVE ARTICLE
Wriie a'detailzd rioweon nydrostatlc skeleton.
_ [ Define-hyorssiatic skeleton, How it helps in support and movement? Explain with

L elaimples.

' How is support provided to those animals, which lack a hard skeleton? Explain your
example with two examples. (FSD 2022)
Explain in detail the significance of hydrostatic skeleton in animals having no hard
part such as bones. (SGD 2022)
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16.4.2 Exoskeleton

Definition _ .
Such type of skeleton, which lies outside the body and prevides at h ient’ to m'W"m
internally, is called exoskeleton. '

Support and Movements

Composition

. It is inert a5 non-living.-. |

o It is secreted 0¥ ectoderin iarimat.celis.

. It is coriipea ¢f twn layers )

1) ]he epicuticleliz-he outer most layer. It is made up of waxy lipoprotein. Thus it is

|14 | Nimperraeable to water and serves as a barrier to microorganisms and insects.

1) Bulk of exoskeleton below the epicuticle is called the procuticle. It is composed of chitin,
tough and leathery polysaccharide and several kinds of proteins. It is further hardened by
sclerotization and sometimes by impregnation with calcium carbonate.

Example

Exoskeleton of Mollusca
Shell of Mollusca is simplest example of exoskeleton.

o It generally consists of one or two pieces.

o Some marine bivalvia and snail have shell composed of crystals of calcium carbonate.

o Shell of land snail generally lack the hard minerals and are much lighter.

o Molluscan shell can grow as the animal grows and growth rings are apparent on the shell.

The soft body parts of the molluscan body have a hydrostatic skeleton as well.
Exoskeleton of Arthropods
The most complex exoskeleton is found among the Arthropods.
Adaptations Exhibited By Arthropods
Arthropods have made variety of adaptations to live and grow within their exoskeleton.
Some are given below.
)] The invagination of exoskeleton forms firm ridges and bars for muscle attachment.
i) There is formation of joints in the exoskeleton. At the level of joint, exoskeleton becomes
thin, soft and flexible and thus allows easy movement.

iii) Exoskeleton has developed sensory receptors called sensilla that are in the form ef 1"~

bristles, and lenses.
iv) Their exoskeleton permits gaseous exchan"b o NN |
Advantage of Exoskeleton _ AR
The exoskeleton in arthropnas \ I
. Protects-tfe ¢nimal.agairnst their €nemin; anf;' ro J(.,"‘ eivironment.
o Protects-¢mi ory'uﬂ
Dlsadvantaqe of =xosk elaton| |
~i$ingle disaifvartsge of exoskeleton in arthropods is that it restricts growth and movement

NI AlG-<nitnal cannot grow larger and cannot move faster. They over come this problem by

ecdysis.

Ecdysis (Moulting)
Arthropods need to shed off their exoskeleton periodically and replace it with one of the
larger size. This process is known as ecdysis or moulting.
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Stages of Ecdysis
Ecdysis is divided into four stages. . .
1) Enzymes secreted from hypodermal glands, begin digestiiig *he (ulc e |(Jf\CLt|ﬁP S

digestion separates hypodermis anditpe exozkelzien.
i) Digestion of endocuticle ic followaity secra tion of rev nrociutic Ie \and epicuticle.
i) Old exeekgieton is solitand phres are Tormian.
iv) Finally =8y exoskeieton is hardened.hy deposition of calcium carbonate.
Durmg the lhardening proce 55, the arthropod is vulnerable to predators and remain hidden.
. A! tliese|cliangas-are controlled by the nervous system and hormone ecdysone.
INB
DISCUSS the composition of exoskeleton. Compare the exoskeleton of arthropods with
mollusks.
Why arthropod exoskeleton is considered as advanced type of exoskeleton?
Explain about exoskeleton in arthropods.

Write the process of ecdysis in arthrodesis (FSD 2021)
What are the disadvantages of exoskeleton? (Exercise Question i)
Definition

Such type of skeleton, which lies inside the body and provides attachment to muscles
externally, is called endoskeleton.

Composition
It is made of rigid connective tissue. This connective tissue consists of living cells
embedded in the matrix of proteins called collagen.

BONE

Definition
It is rigid form of connective tissue.

Composition
Its collagen fibers are hardened by deposition of calcium phosphate

Types of Bones

Bones supporting our arms and legs consist of an outer shell. of ‘Ci:mact’ borje; wu*h'

spongy bone in the interior. Bones can alsciit divided, ifito hwoyi: wpes. | [ ) \o~~
)} Compact Bone \ i 1! \ '
Compact bone is dense str)nq nn nrc\ |d s Anfatta ..mtr'r ‘It(: for 'nuscles
i) Sponcv Ne - : B
Spongy mne i ligat,\rich! in nlu‘” vessels and highly porous. The cavities of spongy
banz|contair bnne marfow where blood cells are formed.
i el1< ABdrec
Three cells are associated with a bone.
)] Osteoblasts (bone-forming cells)
i) Osteocytes (mature bone cells)
iii) Osteoclasts (bone dissolving cells)
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T X

Stem'z| | O'tentilali - T Osteocyte Osteoclast
| rig. 16.3 Cells of bone

_ g5 403 b1 KK

Role o .C‘e\ls = BorE Development
[ Y !—ar.y In development, when bone is replacing cartilage, the osteoclasts invade and
dissolve the cartilage. Then osteoblasts replace it with bone. As bones grow, the matrix of
bone is hardened and the osteoblasts are gradually entrapped within it.
CARTILAGE
Definition
It is softer form of connective tissue.
It mostly covers ends of the bones at the joints and also supports the flexible portion of
nose and external ear.
Composition
It is also a form of connective tissue. It covers ends of the bone at the joint and also
support the flexible and external ears.
Cells of Cartilage
The living cells of cartilage are called chondrocytes. These cells secrete flexible, elastic,
non-living matrix collagen that surrounds the chondrocytes.
Types
There are two main types of cartilage.
)] Hyaline Cartilage
It is the most abundant type in human body. It is found at the moveable joints.
i) Fibro Cartilage
It contains bundles of collagen fibers. It forms an external pinnae of ears and in the
epiglottis.

QUESTIONS RELATED TO ABOVE ARTICLE
What is endoskeleton? Describe bone and cartilage.
What are the main differences between exoskeleton and endoskeleton?

(Exe frise Queft ori M" I W

MAJOR FUNCTIONS OF SKELETAL SYSTE:v ~ v N o Vo=
Some major functions of skeletal c,/sLem are aevulbed belgw o~
)} Support & Shape '- \ |
Bones suppart soft thc"es ard serve s ettekchneent "*es for most muscles and provide
shape lo fhiz bogly ™~y ) o)
ii) Proteciion’ \ VL)
Bonzp puote(tcntlcal |n1er..ai organs such as brain, spinal cord, heart, lungs and reproductive
(k' _?nq AriS.
“hlGvement
Skeletal muscles attached to bones help in movement.
iv) Mineral Homeostasis
Bones serve as reservoir for calcium, phosphorous, sodium and potassium. Through
negative feedback mechanism, bones can release or take up minerals to maintain
homeostasis.

40



..Il
I

Chapter—16

Support and Movements

V) Blood Cell Production

Red and white blood cells are produced in bone marrow (a connectlve tISSUE_ ff"ul iU 'Vlthll" —r; A, 1\

bones). A
cmm |
Give importance of skeleton | . (LHR 2017)
Describe major functions of huinan/s! e'etal s fst=m '_ VL \ (G _W 2021, LHR 2022)
How the e:\'c"t ta! svst'"r play a cv .,ra rorn & .ml’g ariterent function of body?
Al (MTN 2022)
List the main [_art of chf‘ll eke.c[on (Exercise Question x)

s 44343 " 165 HUMANSKELETON

» Hurrait-skeleton can be d|V|ded into two parts i.e.
u Axial Skeleton

2 Appendicular skeleton
16.5.1 AXIAL SKELETON

The axial skeleton includes;

a) Skull
b) Vertebrae
C) Ribs
d) Sternum
a) Skull
Frontal bone
Parictal bone

Sphenoid bone

Temporal bone 4 nd Ethmoid bone

2 ; = vf'-,' Lacrimal bone
Om'ﬁmmc—A. P T, 4,

External
anditory canal ¥

- L 5
- et ; \ 1
> 1 1 f o
3 " i N O 1

A
It is made up of cranium ard faua; nol ws- \ Wi W = L
i) Craniymm | T - -
The cra,.mm cansisis Gf’% kones \R ‘ef Whlch 4 are unpaired and 2 are paired.
o Pairaed Lones ars pametal arid temporal

J-.,i-]):nll"Pd bm c5 are frontal, occipital, sphenoid and ethmoid.

*-.‘yi;*,:'_ _ ‘“!,—lau Al Bones

There are 14 facial bones, out of which 6 are paired and 2 unpaired.

o Paired Facial bones are maxilla, zygomatic, nasal, lacrimal, palatine and inferior concha.
o Unpaired bones are mandible and vomer.
Function

Major function of cranium is protection of brain.
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b) Vertebral Column
It extends from skull to the pelvis to form backbone. It consists of 33.wertebrae-These,
vertebrae are named according to their Iocatlon in the body i.e- cervical; tharacic, lumhar
and pelvic.

o There are 7 cervical vertebras, whi h lie ir-: he ireck €g ion. First, tvv) (EI’Vu..dI vertebrae are
atlas and axis. - |
There a2 i2\thoracicvertenras Mcated\in'the thorec.c region.
There &r< £ IUrnbas vertebliae [cated it Itidar region.

o There are 9, pervi¢, veriearae-tucated in pelvic region, which form two sets. Anterior 5
verteprag jor nto formisacrum and posterior 4 vertebrae join to form coccyx.

[Fnqealn

b/%_ | ‘vertebral column protects spinal cord.

o Vertebral column has four curvatures, which provide strength than the straight column.
c) Rib Cage

o It is also called as thoracic cage.

o It is composed of 12 pairs of ribs that articulate with the thoracic vertebrae.

o 10 of them connect anteriorly with sternum either directly or through the costal arch.

. Lower 2 pairs of ribs do not attach with sternum and are called ‘floating ribs’.
Function

Rib cage provides support to a semi-vacuum chamber called ‘chest cavity’.

d) Sternum
A long flat bone in most vertebrates that is situated along the ventral midline of the
thorax and articulates with the ribs. The manubrium of the sternum articulates with the
clavicles in humans and certain other vertebrates, also called breastbone.

16.5.2 APPENDICULAR SKELETON

The appendicular skeleton consists of;

a) Pectoral girdle and appendages (fore limbs).
b) Pelvic girdle and appendages (hind limbs).

\uu”—

g

Mandible
Clavicle
Scapuly

Stemum
Humerus

Rib Vertehral
column |
Pelvis
; | - =
ity | Sitenen '._ i | s i —=
Cocoyx Lt L =
tl:|lhn ) 1= ”'.|
b L1
Carpulsl ¥ 1~ Raltiod] '\ |
2 / -
- |' 1 L lx‘nun i Y h _.-\
\ r 1
5 AT -" Nicmcmpsls Y Puhes
o |l '1l‘n &“-\ '.
| i
1 |
- Hatt Femur
1|
.'I ¥ |
N, Yy ) Tibta
Taesals Fibula
Mctatarsals

Phalanges

Fig. 16.5 Human skeleton
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a) Pectoral Girdle and Fore Limb

0] Pectoral Girdle _
It comprises of scapula, suprascapula and clavicle. The clavizie C)nm:tf' st apuh with
sternum. \ [ \

Function
Pectoral girdle connects forelfmi yuithi t unk

(i) Fore Limib
The forztimnb) consists, of hm erus; radiis and ulna, 8 carpals, 5 metacarpals and 14

phalangzs.
o .~ Humerud at prcx"’*al end forms ball and socket joint (shoulder joint) with scapula.
IR Hurraius at distal end forms hinge joint (elbow joint) with radius and ulna.
o "' The radius and ulna at their distal end form multistage joint (wrist joint) with eight wrist
bones called carpals.
o Five metacarpals form the framework of palm of the hand. Five rows of the phalanges are

attached to the metacarpals. They support the fingers.

b) Pelvic Girdle and Hind Limb

0] Pelvic Girdle
It consists of two coxal (hip) bones. Each bone is formed by fusion of three bones ilium,
ischium and pubis.

Function
o Pelvic girdle supports the pelvic region.
o Pelvic girdle attaches the hind limb to the vertebral column.

(i)  Hind Limb
It consists of 1 femur, 2 tibia and fibula, 7 tarsals, 5 metatarsals and 14 phalanges.
Femur at its proximal end forms ball and socket joint (hip joint) with hipbone.
Femur at distal end forms hinge joint (knee joint) with proximal ends of tibia and fibula.
Distal ends of tibia and fibula form multistage joint (ankle joint) with eight tarsals.
Tarsals are attached to 5 metatarsals. Five rows of the fourteen phalanges of the toes are
attached with metatarsals.

QUESTIONS RELATED TO ABOVE ARTICLE
Write a note on human appendicular skeleton.
Discuss arrangement of vertebrae in vertebral column. Also describe rib cage. (LHR 2018)

Draw and label the human skull. (Exercise Question vi),
List the main parts of axial skeleton. (E)”‘f"’lqp (tues'rur‘w SDIRLR

Definition - Y IR
Place where two or more t! i two Benesmeet I‘ C. 1II =d jmrfr N
Major Functions \
. They hold'our clm.cmh.
o They h(.p In mnb I y
Classification |
os ith ar¢ classified in two ways;

AN | Alce< rding to amount of movement

E) According to basic structure
A) According to amount of Movement

On the basis of the amount of movement allowed, joints are classified into three types.
)] Immovable Joints

Joints, which do not allow movements, are called immovable joints.
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Head of
humerus

Humerus

. Ball-and-socket joint H]nge joint ~ Pivot joint
Fig. 16.6 three kinds of joints |

Example
Joints of skull.

i) Slightly Movable Joints
Joints, which allow slight movements are called slightly moveable joints.

Example
Joints of vertebral column.

iii) Freely Movable Joints
Joints, which allow free movements, are called freely movable joints.

Freely movable joints are of two types i.e. hinge joints and ball and socket joints.

Example
Knee joint, hip joint, shoulder joint and elbow joint.

B) According to Basic Structure
On the basis of basic structure, joints are classified into three types.

)} Fibrous Joints
These joints are held together by short fibers embedded in connective tissue are called
fibrous joints.

Examples
Joints of skull, they fix teeth into the jaws.

i) Cartilaginous Joints
Hyaline Cartilage formed joint between growing bones or such ieint} viiacre: hyalil ¢
cartilage is present and they allow little movements A= cailed ca t||ﬁ'g| GUS !an e —" '

Example \

Joints of vertebral column mdj i where cox(Ji bc I’]tS lme i inI“[ (.fthe peIV|s

iii) Synovml joints \ \

Joints iz nichi cawity isifirled ’\,'th“ /nnv.aE rIU|d are called synovial joints.

Joint is wulrounde( Ly a layeret 7 connective tissue called ‘fibrous capsule’ and their inner
Y e the, sno vial ‘membrane. Synovial membrane produces synovial fluid, which fills
\ 't/ and-educes friction between moving joints.

Some parts of capsule may be modified to form distinct ‘ligaments’, holding the bones

together.

Classification of Synovial Joints
Based on structure and movements allowed, the synovial joints can be classified further
into two major categories.
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a) Hinge Joint
Joint that allows movements in two directions is called hinge joint : _
At these joints, muscles are arranged in the same plane as. ‘fiat, (f joint. Theselinnis
usually have a pair of muscles. - ;

Example
Elbow and knee joint

b) Ball & Socket 1oiie
Joint, witizh allows mcvements, &t séveial directions is called ball and socket joint.
Suck, jounts have at izast #wo pairs of muscles present perpendicular to each other. They
proyide maximarn flexibility.

|Zorample
Hip joint and shoulder joint.
Describe different types of joints.
What are joints? Explain various types of joints.

(LHR 2017, BWP 2019, MTN 2019, BWP 2021)

Define joints. How they are classified? Explain. (Exercise Question iv)
Distinguish between fibrous, cartilaginous and synovial joints. (Exercise Question xiii)
Human skeleton supports an upright body. Sometimes our skeletal system becomes weak
and results in deformities.
The causes of deformation are variable. Some are described below.
Some of the deformities caused by genetic causes are;

i) Cleft Palate
It is a condition in which palatine processes of maxilla and palatine fail to fuse.
The persistent opening between the oral and nasal cavity interferes with sucking. It leads
to inhalation of food into the lungs causing aspiration pneumonia.

i) Microcephaly
It is a condition with small sized skull caused by some genetic defect.

iii) Arthritis
Arthritis includes inflammatory or degenerative diseases of joints that are of more than
100 different types that damage the joints. \
Osteoarthritis (O.A.) is the most common chronic arthr|t|< ki ncn iia or—‘generat.va Igir
disease also caused by genetic defem‘s -

-

Osteopor03|s \
Itisa (tro 1 Of digeases.in yi hl(‘h oor e e:orp“f‘ 1 out paces bone dep05|ts
In this Gage! bhie masy is reducet-a#id-chemical composition of matrix remains normal. It
mostly dcours i aged wowien. Its major causes are

o [ T Dadreesed asirogen level.

Bhn | estificient exercise

0 Diet poor in calcium and protein

. Smoking
Estrogen replacement therapy (ERT) offers the best protection against osteoporotic bone
fracture.
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16.6.3 Nutritional Causes|

There are two important nutritional diseases related to skeletal system

1) Osteomalcia .
Osteomalcia (soft bones) includes-a number &+ O'ISCHEIS in v»hu,r the beres receive
inadequate minerals. IR \
There is decreased derasition/ or calziur) ralls. lead ﬁg 10 softening and weakness of
bones."Most timimon'y, weighi-bearing tenes of legs and pelvis bend and deform. The
main symj:tont is the pun viter, weight is put on affected bones.

Support and Movements

i) Ricksts

0.5 | it s litZase in children with bowed legs and deformed pelvis.

o It is caused by deficiency of calcium in diet or vitamin ‘D’.

. It 1s treated by vitamin ‘D’ fortified milk and exposing skin to sunlight to cure disorders.
) Disc Slip

Intervertebral Disc
Each intervertebral disc is a cushion-like pad composed of

o An inner semi-fluid ‘nucleus pulposus’, which acts as rubber ball to give a disc its
elasticity and compressibility.

o A strong outer ring of fibrocartilage ‘annulus fibrosus’, which holds together successive
vertebrae.

Major Function of Whole Disc
The disc acts as shock absorber during walking, jumping, running and to lesser extent to
bend laterally.

Disc Slip & Its Complications

o Major cause of disc slip is severe or sudden physical trauma to spines for example from
bending forward while lifting a heavy object.

o It usually involves rupture of annulus fibrosus followed by protrusion of spongy nucleus
pulposus. Protrusion of nucleus pulposus is called herniation.

o This herniated disc (commonly known as slipped disc) may press spinal cord or spinal

nerves exiting from cord. It may generate severe pain or even destruction of these- |

nervous structure. | [
Treatment ) T AN —
Disc slip is usually treatec-with bed resf tfaciion ai‘d oalr kl”‘l‘ 'f it faus dISC may be
removed surgically. -
i) Spono‘ylwls _ :
It is a dF: Sease, \,/h chy cmse uslm Y vertebral joint and immobility.
iii) Scigvica \ )
sl e harum 2rized by stabblng pain radiating over the course of sciatic nerve.

It usually results due to injury of proximal sciatic nerve due to
° Fall
o A herniated disc
o Improper administration of an injection into the buttock.
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Complications
Injury to nerve may result in a number of lower limb impairments rJcpeu ding.<ms e,
precise nerve root injured.

o When sciatic nerve is completely transected, the "=9> Le“o ng n2a *Iy useless.-They cannot
be flexed. ! \

o All foot-ankle movements ¢re, 10st. L\

J Recovery Trom seiatic inju; VY is wsmﬂy siewand incomplete.

iv) Arthritis
Itis/én mfhmrmto y\si degeneratlve disease that damages joints.

ovrhstans

e s major symptoms are pain, stiffness and swelling of the joint.

Types

1) Acute arthritis, which results from bacterial invasion.

i) Chronic arthritis, which is prolonged process and includes osteoarthritis, rheumatoid
arthritis and gouty arthritis.
In both cases, synovial membrane, which lines the joint, is thickened; fluid production is
decreased, which consequently leads to increased friction.

Treatment
Bacterial infection is treated with antibiotics, pain is treated with pain-killers and
functional activity is maintained with physiotherapy.

QUESTIONS RELATED TO ABOVE ARTICLE

Discuss various deformities of skeleton in human.

Write note on disc slip and sciatica. (MTN 2021)
How is human skeleton deformed by trauma? Justify your answers using special
reference of disc slip. (SWL 2022)

16.7 REPAIR OF BROKEN BONES

Despite remarkable strength, bones may break and the most common cause is fracture.
Causes of Fracture

Most fractures result from trauma that may twist or break the bones such as sports

injuries, automobile accidents, falls etc.

In old age, bones become thin and weak and hence fractures occur more frequently.
Treatment of Fracture \

A fracture is treated by reduction followed by reallgnmpnf )r thz Jm'\en borlé. er a5,

Immobilization is also important in thls cor’ te (t 1) - LT

)} Reduction & Realignmert™ .
There are two types of reductio)i ie! cic sed and ¢pes rec Lct.on

o In clos eo redustion; ftqcu (e Qoa“e is taduced’ and bones ends coaxed back to normal
positiot b} 701’1\/»1(,18.*1 hand)

o In cjgen reducticn, \bone » erids are secured together surgically with pins and wires.

iy, | (5 drarokilization

' fter reduction, fractured bone is immobilized by a cast or by traction to allow healing

process to begin.

Healing Time
Normal healing time is 8-12 weeks, but it is much longer for large weight-bearing bones
and for elderly people (due to poorer blood circulation).
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Repair Process (Healing of Bones)
The repair of a simple fracture takes place in four phases.

1) Hematoma Formation .
Hematoma is a clotted mass of blend at fracture sitz, Wiznia.bene hreaks.! tie blood
vessels in bone and its suirpundings are wrry ani rESJ't n he"no rtlage and hematoma
formation.
Immeciagly after-i-Hene: "'-‘”b du)r veg ot inad] begin to die and the tissue at the fracture
site becaies vrollen and hnce paitii.

2) Soft-Callus'Farmatior.

7 W IN2av bane 1hrmaed at fracture site is called callus. Initially it is soft, so called ‘soft callus’.

| 14| it beygins to form in 3-4 weeks. During this phase;

. Capillaries grow into the hematoma and clear up debris.

o Fibroblast and osteoblast migrate into the fracture site and begin to construct bone.

3) Bony Callus Formation
Bone formation begins 3-4 weeks after injury and continues until a firm bony union is
formed within 2-3 months.
During this phase, osteoblast and osteoclasts continue to migrate inward, multiply rapidly
and gradually and convert soft callus into bony callus.

4) Remodeling
After several months, bony callus is remodeled by the excess material on the outside of
the bone. Final structure of remodeled area resembles that of the original unbroken bone
because it responds to the same set of mechanical stimuli.

QUESTIONS RELATED TO ABOVE ARTICLE
What is bone fracture? Discuss healing process of a simple bone fracture.
What is the structure of bone? How does repair of broken bones take place?
Describe the mechanism of repair of broken bone.
(DGK 2019, BWP 2019, DGK 2019, SGD 2021, MTN 2021, LHR 2021)

Explain the role of osteoclast in remodling of bone and describe the structure of compact

bone. iExercise Question xii

Definition
Muscles are contractile units of body. _
These are associated with multicellular organisms and contaln numersus fllamcu. o,
special proteins i.e. actin and myosin. \

Types \ ' -
Vertebrates possess three t,pPs of musclra :
1) Smooth muscles
2) Skeletiividstles " _
Cardiacituscles ) |

Mﬁh‘i’t’i

5 _m)uth inuseles are V|sceral non-striated and involuntary muscles.

' -|,|,_ | | % hiess are considered as earliest form of muscles.

1) They are present throughout animal kingdom.

iv) Smooth muscle cells are long and spindle shaped with each cell containing single nucleus.
V) They have no striations.

vi) They are not under voluntary control.

vii)  These are found in blood vessels, digestive tract and many other organs.
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Muscle appearance Unstriped Irregular striped - Pe@ll_ar_aglgn_c[ \
Cell shape Spindle — L.'l'd'”](‘h“d'- -,_-_-.__ SpJnJII'= D) @v“n.drlcal
Number of nuclei One per ¢eit - Une! per cell |\ 4 I\/har-y per cell
Speed of contraction | Slow '\ /| -lmemﬂdmtp f o Slow to rapid
(4 _.\aphntanecus S{Q‘e:cf".," Spr‘nianeous Nervous system
Contraction caisud b/ | metvaus || -.I“:*ys.;m,
_ L hofmenne =
NITARE Niovement of | Pumps blood Moves skeleton
T |I I’"|CLI'QIII| = substances  through
hollow organs
Volu ntary control No No Yes

Chapter—lG
16.8.2 Cardiac Muscles

1) They are striated, involuntary cardiac and related to heart. B e ||

Support and Movements

{ 1'%,

i) They constitute most of the mass of heart walls. AN

iii)  They are composed of chains of single cell, each-wiin t, wn HJLleUS W

iv) Chains of ceIIs are organiz=u, mto 1.’ws tiar arn br'-m had afld lrrIert ol Inected.

/
These are 1he rnf\,neﬁ,, «/hm are atto ch d to °. sieton and assomated W|th the movement of
bones. 71! -

1) Them ale cansciolsly ¢ (o; L.oned so are voluntary.

1 RN ﬁe_lsa halse atteriiate light and dark bands, so called striped or striated muscles.

i | ihey are usually attached with bone through a bundle of collagen, non-elastic fibers,

known as tendons.

iv) Biceps and triceps are examples.

Fia. 16.7 Tvnes of muscles |
DIFFERENCES BETWEEN THREE TYPES OF MUSCLES

-m

QUESTIONS RELATED TO ABOVE ARTICLE
Describe the three types of muscles.
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16.8.4 Structure of A Skeletal Muscle

1)

2)

D

i)
i)

3)

i)
i)
i)
4)

)
i)
i)

iv)

5)

Muscle Bundles i

Each muscle consists of several muscle bundles [ |

Muscle Fiber - '

Each muscle bundle is corapgsed n&5juscle-fiters ricells.

Muscle fibsi is basic unit 6f rauscle .

Each rouscle fiber.is long . 3I|r*ima colimastnmultiple oval nuclei arranged just beneath
its sarccleirime {mizrabiane 0 ruscle flber)

Sen of thair 1= tLresare;

LTey e uge cells,

1heir diameter is 10-100 um.

Sarcoplasm of muscle fiber is similar to cytoplasm of other cell but it contains usually
large amount of stored glycogen and unique oxygen binding protein called myoglobin (a
red pigment that stores oxygen).

Myofibrils

When a muscle fiber is seen under high magnification, it is seen to contain a large
number (1000-2000) smaller fibrils called myofibrils.

Some of their features are;

Diameter of a myofibril is about 1-2 um.

Myofibrils run in parallel fashion and extend entire length of cell.

Bundles of these fibrils are enclosed by muscle cell membrane or sarcolemma.
Sarcomere

The myofibrils consist of smaller contractile units called sarcomere.

“A sarcomere is the region of a myofibril between two successive Z-lines and is the
smallest contractile unit of muscle fiber”.

In each sarcomere, a series of dark and light bands are evident along the length of
myofibril. They give striped appearance to muscle. These are described as;

The dark bands are called A (anisotropic) bands because they can polarize visible light.
The light bands are called I (isotropic) bands because they are non-polarizing.

Each A band has a lighter strip in its midsection called H-zone (H for ‘hele’ meanlng .

bright).

The H-zone is bisected by dark line called M-line. - L1

The | bands have mid-line called Z- llne (Z ’[0 ‘zwisk 1heaning betie: r) ) O
Myofilaments \ \ \ '

Each myofibril is composed )f al erndln [|gnt dl‘d 'urk Lards con‘f'iutlng thick and thin
filameits) |\ .~ - ! :

Thick Fitamerit 1 L

It exdiends the erltira ian jtirof A band.

| Mt inade U ot myosin.

1t isabout 16 nm in diameter.

Each myosin molecule has tail terminating in two globular heads. Myosin tail consists of
two long polypeptide chains coiled together. The heads are sometimes called cross-
bridges because they link thick and thin myofilaments during contraction.

Each myosin filament is surrounded by six actin filaments on each side.
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i)

“Zala
N

g

J|‘~~l

Thin Filament
It extends across the | band and partly into A band.

It is made up of actin molecule. » LAY B et R A S

It is about 7-8 nm diameter. - L hen T O AN LA

The actin molecules are anamged n wvo’chams, Whl’ h'-,are -‘w.lsiPd 1rrbund each other like

twisted doukle strand of pearls./ '. \ . Y\ \ = .

TW|stmg __.Ii' ou no-tie ar%'n Hrams a-r twp strat. of_ another proteln called tropomyosin.

Anothef, I'i[HjC'.IT' pLo' en |n thln slament is troponin. It is actually three polypeptide

corm lex; |

J |JI'“'J>1'J actin’
Sheond binds to tropomyosin

Th|rd binds calcium ions.

T-Tubule, Triad & Sarcoplasmic Reticulum

Endoplasmic reticulum present in muscle fiber is called sarcoplasmic reticulum.

Sarcolemma forms an invagination at Z-line. This is called T-tubule. Thousands of T-

tubules of each muscle cell are collectively called T-system.

T-tubule alongwith its adjacent terminals of sarcoplasmic reticulum is called triad.

Sarcoplasmic Reticulum (S.R) is continuous system of sarco-tubules extending

throughout the sarcoplasm around each myofibril. It is like endoplasmic reticulum but

devoid of ribosomes and exhibits a highly specialized repeating pattern.

||||_-

Nudeus caicium storage sacs
T tubule Mitochondrion

o

Muscle fiber has
many myofibrils

Myofibril has many
sarcomeres

relaxed '

'|II I| '| . "'. |II I'IIII I'-II

"I. '.'.. '| ".-_II L

,“".J | -'-\.III- _I| l'-.

[N

T

Sarcomere
is contracted

Myosin
filament pctin

filament

M-line

Thick
Thin Filament

filament

Fig.16.8 Ultrastructure of skeletal muscle fiber
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16.8.5 Mechanism of Muscle Contraction
Sliding Filament Model

Sliding filament model of muscle contraction was presented by<:H Jley & A F. Huxiay.

According to this theory, “the thin filamdnts (ectin) slide’ pasi fin¢ thick: Hilamients

(myosin) so that actin and myosin filamenrtc overlcp 0 g ‘eater d=g1°e Thws

Z-lines are brought close t¢ gtth -

I-bands-chireen. LU

H-zone-£is! ppears:.

In thIS mecnanism. erase, by ngs of thick filaments become attached to binding sites on
Zctir, filament ! T cross bridges then contract to pull the actin filament towards

\ -*( mer of'sai'comere.

QUESTIONS RELATED TO ABOVE ARTICLE

Give structure of skeletal muscle.
Give a detailed note on sliding filament model.
Give sliding filament model for muscle contraction.

Describe the structure of a skeletal muscle fibre. (GRW 2017)
What is the sliding filament model of muscle contraction? What does it explain?
(LHR 2018)
Explain sliding filament model. How the bridges are controlled? (LHR 2019)
What are skeletal muscles? Discuss their structure in detail. (SWL 2021)
List the major parts of skeletal muscle fibre and write the function of each part.
(BWP 2022)
What is the sliding filament model? What does it explain? (Exercise Question ii)

Controlling the Cross Bridges

i)
i)

When muscle is at rest
Tropomyosin is disposed in such a way that it covers the sites on the actin chain where
the head of myosin becomes attach.

When muscle is required to contract

Calcium ions bind with troponin molecules and cause them to move slightly.

It displaces the tropomyosin and exposes binding site for myosin head.

Myosin head is attached to actin filaments, ATP is hydrolyzed and bridge goes to its
cycle. This ATP is provided by large number of mitochondria present in each muscle cell.

Above description shows that ATP is needed to break link between the Myosin Brldge .

and actin.

After death, the amount of ATP in the body falls and thus cross bridges/caiinst, bg, braksii and'
so they remain firmly bound. This results in-t e body ber‘ miing, stit, [ ccj.ld"lon L as
rigor mortis. s

Control of Actin-Myosin Intera¢tian by e lons

i\

| .i||¢ |

|l])

iv)

vi)

Muscle contraction is lnltlotEj DV rerish impulse arrrin, g at the nearomuscular junction.
All the fl-)vrs I"..ﬁervott':d bv a °lngle MOIr rewvon constitute a ‘motor unit’ and contract
simulta: 1e0us| fin'resporise to artienpotential fired by motor neurons.

Diffzrerit sieps.invalyed e

(1 WNenve impulée-spreads over the sarcolemma of muscle fiber.
“Nervse impulse is carried through T-tubule to sarcoplasmic reticulum.

Sarcoplasmic reticulum secretes Ca** ions into the cytosol.

Ca™* ions bind with troponin.

Tropinin displaces tropomyosin.

Binding sites are exposed and cross bridges with myosin develop, which result in
contraction.
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All or None Response
Muscle contraction is based on ‘all or none principle’. According _‘m i a ;nusc’.c-f:bcn‘_
contracts, all of its myofibrils participate in contraction.
The degree of contraction deperds upcn thn nunt Ler cf ﬂcerg thatpariicipate in
contraction. . \

Energy for Muscle.Contraction
Energy for mysele Contractinn coime: flom ATE.

. Stored ‘Jlycogen in' muscle ‘cells-produces glucose. Aerobic breakdown of glucose in
mugdle celis\produsesATP.

o | Vheh fisere energy s required due to high metabolism, it is provided by another energy

' storing substance called creatine phosphate.

° Sometimes at high metabolism, ATPs are provided by anaerobic breakdown of glucose
into lactic acid. Lactic acid accumulation causes muscle fatigue. At rest, 1/5 lactic acid is
broken aerobically. Energy of this breakdown is used to change remaining 4/5 lactic acid
into glucose.

Effect of Exercise on Muscle
When muscles work actively and continuously, they increase in size or strength and
become more efficient and fatigue resistant.

Aerobic exercises such as swimming, jogging and fast walking result in several changes
in skeletal muscles.
Different changes due to which muscle strengthening occurs are as follows.

i) Capillaries surrounding muscle fibers increase taking more nutrients.

i) Mitochondria increase in number.

iii) Muscle fibers synthesize more myoglobin.

These changes make muscle more efficient and fatigue resistant.
Complete immobilization of muscle leads to muscle weakness and severe atrophy.

1) Muscle Fatigue

Definition
It is a state of physiological inability to contract.

Cause
Muscle fatigue is mainly caused by o

. Deficiency of ATP - NN Y

. Excess accumulation of Iactlc acid:~ VA ARRN N

. lonic imbalance =, AERIRR '

Mechanism _ o 1 ]

o When ‘rd \ATI i awaﬂaL I'. l')ﬁf“chwlrtN or states of continuous contractions result
because, theicrays br dgeg aun whable to detach.

o I_Qr > adid! \which-causes muscle pH to drop and muscle to ache, causes extreme fatigue

N L)/ Jle Lirg glucose.

2) T'etany

Definition

Condition related with twitching and convulsions of muscles is called tetany.
Cause
Major cause is low calcium level in blood.
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Mechanism
Low calcium level first causes excitability of neurons and results in loss. s1sensatieis)
If tetany is untreated, system progresses to spasm of larvnx; lt'SFIr(tul" paralysls G
ultimately death occur.
3) Cramp
Definition . , .
Tetanigtontiaction-af entire niuscle'is called crimip:
Cause \! .
Major cauzes ¢ficrarapara.
o Lo blobd sughrevel.
| sElectraiyte depletion
. Dehydration
o Irritability of spinal cord and neurons.
4) Tetanus
Definition
It is an infectious disease resulting in persistent painful spasm of some skeletal muscles.
Cause
Major cause is anaerobic bacterium Clostridium tetani.
Mechanism
This disease usually starts with stiffness of jaws and neck muscles and progresses to fixed
rigidity of jaws (lock jaw) and spasm of trunk and limb muscles. This disease becomes
fatal when involves respiratory muscles leading to respiratory failure.
This disease is rare in developed countries and major killer in developing countries where
the mortality rate is 40%.
QUESTIONS RELATED TO ABOVE ARTICLE
Explain the following conditions. Muscle fatigue, tetany, tetanus, cramp.
Parts of Muscle
A skeletal muscle has three parts;
)] Origin
It is the end of muscle, which remains fix when muscle contracts.
i) Insertion
It is the end of muscle that moves the bone.
iii) Belly I _
It is the thick part of muscle between origi and insertion. “if\is tlhe| partwihich. Sievs
contraction. ' o
Examples of Skeletal Muscles | \ \
o Biceps _bracitii muscle-arisys Dy fwa heads 1ro Ti scer,u.a and is mserted into the medial

surfacé.of fadjusbone \
o Brachialis|takes origin friom, humerds and is mserted on ulna.
o _ Brathioradiclu; takes origin from humerus and is inserted on lateral side of radius.
o 60 [ TTiCeps takes origin by three heads from scapula and humerus and is inserted on
J DD Giecranon process of ulna.

Role of Connective Tissue in Musculoskeletal System
Connective tissue binds other tissues and helps to maintain body form by holding the
various organs together.
Connective tissue fibrils have two specialized kinds.
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)] Ligaments

These attach bone to bone and are slightly elastic.

i) Tendons

These attach muscles to bones and are non‘alistic

16.9.1 Movement of Bones

. Majority of muscles tissues, ir, odr/tacly/is bt sk° eta "mL seles,

o Musclgs piocuce ricvemen:s by Pulunq hories. arough tendons.
o Most nragcles passicross joints and-are attached at bones forming joints. When these

muscles| contradt, | novenenis
areorodicenat joints.
it Lg'o_h‘istic Arrangement of
Nuscles
Such arrangement of muscles
in which when one member of
pair contracts, other relaxes
and vice wversa is called

antagonistic arrangement of muscles.

At joints, these muscles work
against each  other by
contraction. In this
arrangement, one  muscle
reverses the effect of the other
but does not contract
simultaneously.

Out of total 650 muscles in
human body, most of which
occur in such pairs.

Example

Best example of movement by
antagonistic muscles is the
movement of elbow joint by
flexors (Biceps, Brachialis and
Brachioradialis) and extensors
(Triceps).

Biceps is superior
while brachialis

muscle
and

Levered movement. Rigid external or internal
skeletons are attached to muscles, which move parts
of the skeleton at movable joints. Each bony “lever”
is moved by an antagonistic muscle pair. One muscle
reverses the action of the other, so that the lever can
return to its original position.

ps  Triceps |
(relaxed) (contracted)

Movement

Biceps

\ (Comract~

—

Triceps
(relaxed)

717.16.9 Warkiiig of r.{'n*qéftl')ir*'t Flltf:‘:'L_‘OV;.'_ a\,

brachioradialis lie below biceps. - \
o When blcpp\, brachialic arrd )~ach|)rc.L ialis con racf, H |ey I|ft rad.us and ulna and bend
the arrh al ‘|b‘D.7v o e N
o When ti |cop s ¢t aﬁ"ts I' st ram htc. iS the arm at elbow.
Yy h‘"t A ntagonlstlc muscles? Explain its working with the example of muscles at
2ibow Jomts
Define Antagonism. Discuss the case of Elbow joint with their phenomenon.
(GRW 2019)
Describe a hinge joint and how it is moved by antagonistic muscles.
(Exercise Question iii)
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16.10 LOCOMOTION IN PROTOCTISTA AND INVERTEBRATES

There is an immense variety of organisms with different mode of Iocome o
LOCOMOTION IN UNICELLULAR ANIMALS
Introductlon VA
Euglena is a protist. The cherat teu % ravemeni of euglem Iy, catied 2ujlenoid movement.
Locomotory Structure '
Locomiation nieug'ena is '\ (o]ife ht A0out £y wmppmg action of single flagellum located
at antesior’ el ‘Ewgiera lis big to change its direction by the active contractile
myorienies: 'vhuh ‘ua-along the length of its body.
fviec ianizm
b WWhen flagellum moves backward, euglena moves forward but when flagellum moves
forward, euglena does not move backward.
o Wave of activity is generated by flagellum itself and it passes in spiral fashion from its
base to its tip. During this passage amplitude and velocity is increased.
This movement of flagellum also causes euglena to rotate forward about its axis.
Change in direction is caused by active contractile myonemes. When they contract, the
shape of the body is changed as well as its direction. First body becomes short and wider
at the anterior end then in middle and later at the posterior end.
16.10.2 Locomotion in Paramecium

Introduction
Paramecium is unicellular ciliate belonging to kingdom Protista. Movement in paramecium is
called ciliary movement.

Locomotory Structure
Paramecium moves with the help of cilia.

o Cilia are short, fine thread-like extensions of cell membrane.

o Length of cilia ranges from many microns to many hundred microns.

o Diameter of cilia ranges from 0.1 to 0.5 microns.

Structure of Cilium

o A cilium consists of nine peripheral double fibrils giving the appearance of 8-shape
figure and two central smaller fibrils.

o All these fibrils run longitudinally through the cilium.

o These are covered with the extensions of membrane.

Mechanism

o The exact mechanism of movement of cilia is not known. Howevgijan-1955 BrJUIO d'

suggested that movement of cilia is due to-si multaneouC f‘\JIIL.a"tIOI'l qr, our‘wnu ol Gaiitie
fibrils in two groups one after the oiier. -

)} Five out of nine (5/9) doudle, fibrils Zoniract cr shde Sin u[*anec Jus! y and bend or shorten
cilium. 1t issalled effective stioke.

i) Four cut ¢f nine- ucuhln nrnq WC) amtra 2 and C|I|um becomes straight. It is called
recovery ¢tioke

o Enerqy fof, mcveantent of \,||Ia is provided from ATP. Enzyme present in cilia break up

K Ar“ fto.rizleare-2iergy.

ARIRIE Alithe cilia do not move simultaneously, a bunch of cilia move in a progressive wave-

like manner at a time. The wave starts at the anterior end and progresses in the backward.
The action of cilia is coordinated and they beat together in a sequence to propel the
animal in one direction.

QUESTIONS RELATED TO ABOVE ARTICLE
Describe locomotion in Paramecium. (SGD 2019)

56



Chapter—lG

Support and Movements

16.10.3 Locomotion in Amoeba
Introduction -
Amoeba is unicellular organism belonglng to phylum protezea ')f 'mg’Jom nrctlsu ;
Locomotory Structure A
In amoeba, movement takes place Fy-meanrs.of pse JC opodm A
Pseudonodia are finger-like, pigjestion; throvun it the-direction of riovement in which the
cytoplasn flows ard body mioves i, Jhat direction.
Mechanism \ )
Tingl¢ xact r1*=c| anismof pseudopodla is still debatable.

Ectoplasm

Nucleus

(om =

Pseudopodiam

Endoplasm

Fig 16.10 Amoeba showing amoeboid movement

QUESTIONS RELATED TO ABOVE ARTICLE

Explain locomotion in Amoeba.
LOCOMOTION IN SIMPLE MULTICELLULAR ANIMALS
16.10.4 Locomotion in Jelly Fish
Introduction

Jelly fish belongs to phylum coelenterata. It has an umbrella-like body called bell.
Mode of Locomotion

Movement of Jelly fish is known as jet propulsion.
Locomotory Organs

Muscles are involved along with hydrostatic pressure of water.
Mechanism

First water enters in the bell. Then bell contracts and water is forced out Illm a jet and the, 170 '

animal moves forward. — [

Fig. 16.11 Jelly fish showing
Movement by jet propulsion

QUESTIONS RELATED TO ABOVE ARTICLE
Explain locomotion in jellyfish.
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16.10.5 Locomotion in Earthworm

Introduction i
Earthworm is an annelid (segmented worm) AN N

Mode of Locomotion ' '
Earthworm shows accordior.-like 1asveinent. .

Locomotory Orgars -
Both s tak > andl; imdscies aré anolvui

Mechanism
Different signsicoc lr'mg durlng locomotion are as follows
] arhvioray becomes long and thin. The setae present on the lower side of anterior end

| [%. ‘come out, anchor and hold this end firmly.
1) Now longitudinal muscles contract and circular muscles relax and body shortens thus
pulling this portion forward.
iii)  Then setae of posterior end come out and fix the animal on the ground.
iv) Now circular muscles contract, longitudinal muscles relax and body becomes thin and long.
In this way, earthworm moves from one place to the other.

Longitudinal  Circular Circular Longitudinal
muscle muscle muscle muscle

relnxed contracted relaged contracted
(extended) L

"\
o e

Fig. 16.12 An earthworm crawling, by peristalsis

QUESTIONS RELATED 1.0 ABOVE ARFET ||

Explain locomotion in Earthworr, '_ e AR RN R
16.10.6 Locomotion in Cockroadhil = - ARIRRS '
Introduction _ \ A ™ .

Cockroar“h is'ai ﬂncec'r L°|UI gl g Te phylcm AT [nropoda
Mode of Locoinctior, .

.\ o] ol of’ Iocorr o*lo H cockroach is swift walking and flying.
=y L cr-cmcﬂ,m Organs
J [ %] Locomotory organs for walking are legs and for flying are wings.
*“ Mechanism of Walking

In walking, the legs are used on one side. The foreleg pulls the body forwards and hind

leg pushes it in same direction. The middle leg of the opposite side acts as prop (lever).

In the mean time, remaining three legs begins to move together and the process is repeated.
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Mechanism of Flying
Out of the two pairs, the posterior pair of wings brings about the fliakt “Thess beai—# «ir,
in such a manner that they support the body-vyeight and drive it thraugh the '1II’

16.10.7 Locomotion in Snail

Snails and mussels are mo;lu: kc, viuch craw, l dr\mbve cry sles vly oy ‘foot’.
16.10.8 Locorvct! or in Starfisn™
Introduction | ;
Starfish'belcngs to paviuirechinodermata.
L-acdmig oy Crgan-
| Star fish move with help of tube feet. Tube feet are present on both sides of radial canal
that extend upto tip of arm.
Mechanism
Tube feet extend when water is pumped into them. Then they fix themselves by suction
cup with some object. Later on they shorten and pull the body in that direction.
In this way starfish moves in any direction.
Arms of the starfish also help in swimming.

16.11 LOCOMOTION AND SKELETON IN VERTEBRATES

In vertebrates, skeletal muscles and skeleton help in locomotion.
Swimming in water presents very different problems from walking on land like man or
flying in air like bird.

Adaptation for Swimming
Different adaptations developed by fishes are described below.

1) Streamlined Body
Body of most of the fishes is streamlined, being tapered at both ends. Due to it water flows
readily over the body surface and dragging is reduced to a minimum. Only fins project
outward from the body.

It should be remembered that faster the fish is, more perfect is the streamlined.

2) Moist Scales K :
Dermal denticles of cartilaginous fish and-scales of bony ri:;*; ar=-k-'=p rw'aiit hy3itivy
exudation from mucous or oil gland 5. | concldewol / rlduces fr. ctnn 'r)et/ve*“ fisn and water.

3) Fins |

o Dorsal &rf ventra' anpairea. f|.|s .mlp tG wtaull"Z* tive fish.

o Paired [leLtL)l’d aml pelvic tits areLsed for steerlng and balancing the animals.
. Caycpal or teil fms_,, in-toordination with paired fins, provide forward movement of fish

o [ i g Tvssder.

4) Air Bladder

Swim bladder in bony fishes provides buoyancy to them in water.
QUESTIONS RELATED TO ABOVE ARTICLE

Explain different swimming adaptations in fishes.
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16.11.2 Locomotion in Amphibians

Their body is generally fish-like. They have two means of locomotion- Y
o They wriggle along the belly on the greand with. the nel;, ofgeqgmerially girangeu

Support and Movements

muscles as it ‘swims on land’. .
. Few raise up their body on'th¢ lzas ‘wriththen '.’_J.'Op’li the‘m. alc')hg as-rnovable levers.
In anurais, theentire sl%p'et'r\n anil musciia system has become specialized for the
pecuhan swimi |n1 and wump-rg methods of locomotion by means of extensor thrust of
=, hiGth Kinds b7 Im hs am:ung together.
(BN ] }- '0gs @id toads also walk and hop on land due to their strong hind limbs.
Write note on locomotion in Amphibians.
16.11.3 Locomotion in Reptiles
They move better than amphibians due to evolution of skeleton. They use method of
walking and running.
Prehistoric Reptiles
Many prehistoric reptiles were bipedal i.e. they walked on hind limbs.
o They had a narrow pelvis and heavy outstretched tail for balance.
o Their front appendages were free to capture prey or fight with other animals.
Evolutionary Changes in Skeleton
)] Skeleton is highly ossified to provide greater support.
i) They have cervical vertebrae. First two cervical vertebrae (atlas & axis) provide greater
freedom of movement for head. The axis is modified for rotational movement.
iii) Ribs are highly modified. In snake, they have muscular connections to large belly scales
to aid locomotion.
QUESTIONS RELATED TO ABOVE ARTICLE
Explain locomotion in Reptiles.
The skeleton of birds is modified for fllght y -' {
Evolutionary Adaptations in Birds - '. ARRN
)} They have bones with larg? air °pues i hrur miake'thzn' lig: m' ’

i) Forelimizs, ave Ived 'n+0 erq’ Vvith vey BLrorig g, neltGial muscles, WhICh pull the wings up and
down. © :

iii) Sterium is| moduﬁed 1 form keel Keel is needed for the attachment of muscles.

"._'!B,u_)_ 1si¢evered with feathers which gives the wing a large surface area to keep the bird
In air. They also keep their bodies warm, so that they can produce enough energy to fly.

V) The body is streamlined to reduce resistance of air. Feathers lie smoothly against body.

Mechanism of Flight in Birds
A bird can fly either passively by gliding or actively by flapping of wings.
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A)

B)

Passive Flight
When birds glide, the wings act as aerofoil (An aerofoil is any sfiguth-surface wllith)
moves through air at an angle to the air-strearn). |
The air flows over the wings in such a way that the!bird i gqvvn it The amount of lift
depends on-the angle at.whicky wirig'is feld relaiive 10tk gir-streari.
Active Eiight, . :
It occurd with tiaoping cf ! NS, Durlng lift air flows more quickly over curved upper surface
Loy
Describe locomotion in air. (GRW 2018)
Discuss methods of locomotion in fish, land vertebrates and birds.

(Exercise Question xiv)

16.11.5 Locomotion in Mammals|

They have most efficient way of support to body.

Modes of Locomotion

1)

2)

Mammals have following modes of locomotion due to modification in limbs.
Plantigrade

Such mode of locomotion in which mammals walk on their sole with palm, wrist and
digits all resting more or less on ground is called plantigrade.

Examples are monkeys, apes, man and bear.

Digitigrade

Such mode of locomotion in which mammals tend to walk on their digits only is called
digitigrade.

In them first digits is usually reduced or completely lost.

They run faster than plantigrade.

Examples are rabbits and rodents. - = | |
Unguligrade - VA N
Such mode of locomotion | in 'v'nrn mainrhais walk an th= +.ps Oft?Co modified into hoof
is calldd drgu, ligrade” '

It is the mest sip; ift type cf I)wmotlon

T Eeniples are-geef and goat.

QUESTIONS RELATED TO ABOVE ARTICLE
Give different types of locomotion in mammals.
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16.11.6 Evolutionary changes in the arrangement of bones and related mode of Iocomotlon
in major groups of vertebrates

All vertebrates have common body plan with many differences.ir-skel: =tc rriue to cha |q9 iy
habitat. - - \

Adaptation in Fishes

Most fishes are propelled or\varc by rheins of MUs Ie contractor which pass along the
body fioni antericr-£o_pusieridr-producing‘a_tharacteristic S-band locomotion, due to
alternatz=suntractions 'on Loth'sides.nroducing lashing movements which drive the fish
forwardith:¢ugl: the 'water -

This type of 'acgrotion is seen in cartilaginous fishes like dog fish and sharks.

ik 1|J1'-1uom. . Tetrapods (Amphibians and Reptiles)

In them legs emerge from the sides of the body and S-wriggle is retained as a part of the
body. Girdle and limbs of tetrapods show clear cut homologies in fundamental structure.
Tetrapod pelvic girdle is firmly attached to sacral region of the vertebral column.

It is associated with three cartilaginous bones i.e. ilium, ischium & pubis.

Acetabulum is located at junction of these bones which has articular surface for femur.
Limbs (forelimb & hindlimb) are fundamentally similar.

Adaptations in Mammals

In them legs project beneath the body providing more effective support.

In running mammals e.g. horse, stride length and power are increased by arching the
spine first upward with the limbs fully extended. In this way, the force produced by the
back muscles is transmitted to ground.

Adaptations for flying in flying Vertebrates

\7. e o

Flight has evolved in three types of vertebrate i.e.

Pterodactyls

Birds

Bats

Flying requires more muscular effort than swimming and walking or running. They have
wings with powerful pectoral muscles. Lifting action is possible because the tendon of
the supra-coracoid muscle passes through an opening ‘the foramen triosseum’ formed
between the scapula, coracoid and clavicle bones and is attached to the upper surface of
humerus.

They have decreased number of bones and many are fused to increased streizgth. _
Shape of wings also influences speed and type of flight. For examp!'—: |Grainarron V.:V\}i(1g°.
(qulls, sea birds) are ideal for gliding i @ir. Shevt,biead: weings | (gari: en \lirGs)~are
effective for slow flappina-flight.! Bats have diffe rent tor e patein hut “saine adaptatlon

B L7 0N e A D L6 ADOVE ARTICLE

Werite tiz= *najot evaition 1r:, nd‘ ptation in tiieiines of tetrapod. (Exercise Question vii)
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KEY POINTS

Collagen

The collagen is an inelastic protein presertin the collagen igers w";e_reas' ti‘_e COnAYen
fibers are connective tisstcs in v.'P-vich fivers are cuspenced in the matrix of collagen
protein._ ' —

Ligament
Thejwo' bcries'are atiached at Jomt by ligament.

'J'-y:l)(:s r;f- sribnitis

I There are three type of arthritis.

(1) Osteoarthritis
It is @ common type of arthritis. It mostly occurs in person with heavy body and older
person. Mostly weight bearing joints like knee joints are affected by this arthritis. It can
be simply treated by reducing the body weight or using of painkiller medicines.

@) Rheumatic arthritis
It is chronic arthritis. It is causes by autoimmune reaction. The immune system of the
body destroys the cartilage over bones of joint. Thus bones of joints become naked.
These rub each other. Thus it causes inflammation of joint. It causes severe pain. This
arthritis cannot be cured permanently. The painkillers give timely relief.

3 Gouty arthritis
It is caused due to increase of uric acid level in blood. This uric acid deposits in the joint
and causes extreme swelling and pain. It can be controlled by not using the diet rich in
uric acid. Antiuric acid tablets can easily reduce the uric acid level in the blood.

Estrogen Replacement therapy (ERT) —{
In this case, the old female are given mtrogen horm,..b _r'egu.'al:'ly it r'edu':b_e__zhe
deposition of calcium from the bor Ie Ay

Myonemes in Euglena Y . 3
The pe."f*le of; iiodly y Wdll 01 ¢ 1gi ena 5 d| ncd’into plates. These plates overlap each other.

Thess overlapping'plates ‘are Called Myonemes.

o e ke s sles

| Y
Mluscles that decrease the angle between bones on each side of a joint. They help in bending the

elbow or knee. Flexors of forearm at elbow are: Brachialis, Brachioradialis and Biceps brachii.
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EXERCISE .

Q1

Fill in the blanks.

i)

vii)

viii)

Ans

Q2

Each muscle is enclocea by &
membrane-— known ' 4 5 e

Osteopdrcs's | is ' tatsed ' \by e~

decrgase, ir the! lavil 'hf

e [“mcdting™ 1s controlled by a

hhrinone )
is stored in the muscle
cell as reserve food.

Collenchyma cells lack in
their primary wall.
There are vertebrae in the

neck region of mammals.
The most abundant protein in the
muscle is :

connect a muscle to a
bone.
Thick muscle filament is composed
of

i) Epimysium

ii) Estrogen

iii) Ecdysone

iv) Glycogen

v) Secondary wall

vi) 7

vii) Actin & myosin

viii) Tendon

ixX) Myosin

Write whether the statement is
true or false and write the correct
statement if false. '

The shoulder joint is a hinge foint; !
- | (I-aise) |

The shigwicer|joiit-is a hail & sacke:
joint. L LA
Tanddns, coanect_hoies together at

| [N (False)

cigaments connect bones together at

joint.

Arthritis often accompanies aging.
(True)

V)

vi)

Q3

i)

Calcium wrovides ~enargy- 16 live
mudclé contrastion. " (False)
ATF, proVvicies lerlergy to the muscle
carniraction

Most of the sclerenchymatous cells

are non-living. (Ture)
Visceral muscles are striated,
involuntary and smooth. (Flase)

Visceral muscles are non-striated,
involuntary and smooth

Each question has four options.
Encircle the correct answer.

Which of these is a direct source of
energy for muscle contraction?

(a) ATP

(b) Creatine phosphate

(c) Lactic acid

(d) Bothaand b

When muscle contracts?

(a) Sarcomere increases in size

(b) Actin filament slides past myosin
filament

(c) Lactic acid is produced

(d) Bothaand b

Which of the following changes
occur when skeletal muscle
contracts?

(@) The A band shortens

(b) The I band shortens

(c) The Z line slide farther apart

(d) The actin filament contract

Thin filament in-payofiiarils ¢aa5ist,

of: ,

(@ 'Actin, trepomycsili; trossnin

(b}, Onlyaciin
) Mysiin

“(d) Sarcomere

The contraction of striated muscle is
initiated by the release of energy in the
presence of:

(a) Acetyl choline

(b) Calcium ion

(c) Chloride ion

(d) Iron
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vi) In the mammalian skeleton there
is a distinct synovial joint between
the:

(a) Bones of the cranium
(b) Humerus and ulna
(c) Sacrum and ilium
(d) Sternu 1iand floatingriks
vii)  Which.o
axial skeleton?
(2) Rib
Y Shewider girdle
{c) Felvis
(d) Femur
Vertebral column includes:
(a) Sacrum
(b) The coccyx
(c) Cervical,
vertebrae
(d) All of the above

iX) In mammals the
cervical vertebrae are:
(a) No definite number
(b) Seven
(c) Eleven
(d) Varies with the size of neck

X) Brain is protected by:

(a) Cranium
(b) Skull
(c) Orbits

viii)

thoracic and lumbar

number of

i The, | onr“f\/mgJ Is| ¢ boneor

Xiv)

_xv)

Q4
1)

AnS.

i)

Muscle fatigue is caused by:

(@) CO2

(b) The.accarau atioi of Lact|dacid
) Fumarig acid

(dj tthyl alcotinl

Caldiac riuscies are:

@) Voluntary

(b) Involuntary

(c) Bothaand b

Edi None of these

b RN a |

i [} viii R xiii
iv [EY ix ¥ xiv

Short Questions.

What is the cause of cramp?

It is caused by:

e Low blood sugar level.
Electrolyte depletion.
Dehydration

Irritability of spinal cord and
neurons.

What is difference between tetanus
and muscle tetany?

Tetanus Tetany

Xi)

(d) All of the above
Which of the
plantigrade?

(a) Rabbit

(b) Monkey

(c) Horse

following is

It is an infectious

disorder.

It is a biochemical
disorder.

It is caused by
Clostridium tetani.

It is caused by
hypocalcemia.

It results in painful
spasms of some

It results in loss of
sensation,

(d) Carnivores
xii)  Brachioradialis causes the up I|ft
of:
(a) Radius
(b) Ulna
(c) Bothg.and h-.— -
(d) Hurieius 10 10
Moutltirigecdysls |
oarihiopeds at e
|| s {@)ainimature stage
(b) Mature stage
(c) Both stages
(d) Do not undergo moulting

L 0CssksT N

skeletal muscles.

.CC'nV'.,ublr)n >

[ 1t can e tatal due to ['1f Untieated; it leads |
| respiratory; faiture. |

“tp spasm of larynx,
,_respiratory paralysis
| and ultimately death.

,t‘:\-_'i_tcning —~ahd!

muscle.| T

i) What is ngament’)

Ans. Ligaments: It is a form of connective
tissue that attaches bone to bone and is
slightly elastic.

iv) What is nutation?

Ans. Growth of tip of young stem in a

zigzag fashion due to alternate
changes in growth on opposite side
of the apex is called nutation.
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v)

Ans.

Vi)

AnNSs.

Vi)

viii)

Ans.

iX)

Aine:

How many ribs do not attach with
the sternum?

Last four ribs or lower two pairs of

ribs do not attach to sternum. These
ribs are known as floating rias
How is rickets produced?, '
It is usualiy jrroduced due,tp calciura
or vitarsia |D'\ceficiensy, it children
It is_treated Ly, vitemin' [ ortified
ik anaisun expssure.

+ Wit is the cause of tetanus?
The term tetanus is used for an acute
infectious  disease
anaerobic  bacterium  Clostridium
tetani resulting in persistent painful
spasms of some skeletal muscles.
How is muscle fatigue produced?
Muscle
physiological inability to contract.

Muscle fatigue results from relative
deficit of ATP. When no ATP is
available, contractures or states of
continuous contraction result because

the cross bridges are unable to detach.
Excess accumulation of lactic acid and

ionic imbalance also contribute to

muscle fatigue. Lactic acid, which

causes muscle pH to drop (and the
muscle to ache) causes extreme fatigue

by breaking glucose.

Distinguish between the following.
Axial skeletal

includes the skull, | skeleton consists of
the vertebrae, ribs | pectoral girdle and
and sternum. appendages  (fore
limbs), and pelvic-

girdle L angd,
appendagf\s ’hl‘ld
- limbsy. ™, |\

stimulus § % m
The maver ']EltwO'f The__tncvements  of
(renticel | cell | oy entire cell or
| | eriiumsm in | organism in response
! response to|to  stimulus  of

stimulus of light. | chemicals.

caused by

fatigue is a state of

Appendicular
The axial skeleton | Appendicular

1

Example: Passive | Example:

movement of | Movements shown
chloroplast due to | by  sperms  of
cyclosis. liverworts, mosses,

\ | once it is dissolved
by osteoclasts.
Brachialis ' Brachioradialis

The muscle below
bicep brachi
involved in
flexion. They are
inserted in ulna.

Origin
The end of muscle
which remains

fixed when muscle
contract.

Bone

It is the most rigid
form of
connective tissue.
The collagen
fibers of bone are
hardened by
deposition of
calcium

phosphate. Bones
supporting  your
arms and legs
consists of an
outer shell of
compact bone, the
spongy bone in
the interior. Blood
vessels can pass
through  spongy
bone.

A mamr prct ;'n .m

- tlin| filamien

blurd, % 4 to
tropolrtvosin—it is
actuaily a three
polypeptide

complex, one
binds to actin,
another binds to
tropomyosin  and
third binds
calcium ions.

!emm"’ill

(twisting around the

ferns towards |
archsgonia.
Osteocytes o (ESepihsts| AL
These—.are+™ thal| [Thdse-ara the 5oie
niatlire borig celis. | forming- cells.
' \ These replace

cartilage with bone

The muscle below
bicep brachi
involved in flexion.
These are inserted
in radius.

Insertion

The end of the
muscle that moves
the bone when
muscle contract.
Cartilage

It is much softer
than bone. It covers
ends of the bone at
joints and also
supports the
flexible portion of
nose and ears. No
blood vessels
penetrate into the
cartilage.

Jdnd _of \thel mizc:
THSL,.(-‘ - ,;rotelns

actin chains in the
form of two
strands.
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Support and Movements

Q5
i)
Ans
i)
Ans
iii)

Ans
il\.'", |

Ans
V)

Ans
Vi)
Ans
Vii)
Ans
viii)

Ans
iX)

Ans

Ans
Xi)

Ans
Xii)

Ans
Xiii)

Ans
Xiv)

Extensive Questions.

What are the disadvantages of
exoskeleton?

(see article 16.4.2)

What is the sliding filamant mooﬂl"
What does it explain?

(see article, 155.8.5)

Descrik==a\ hinge fuint ¢nc, noww-it §s—

moved Iy antagonisiic muscles?
(see drticle 16,95

Dekine joints? How they are

classified? Explain.

(see article 16.5.3)

Explain appendicular skeleton with
the help of a diagram.

(see article 16.5.2)

Draw and label the human skull.

(see diagram 16.5)

Write the major evolutionary
adaptation in the lines of tetrapod.
(see article 16.11.6)

Define secondary growth. Explain its
significance.

(see article 16.2.1)

What are the main differences
between exoskeleton and
endoskeleton?

(see article 16.4.2-16.4.3)

List the functions of skeleton.

(see article 16.4)

Explain the role of osteoclast in
remodling of bone and describe the
structure of compact bone.

(see article 16.7-16.4.3)

List the main parts of axial skeleton.
(see article 16.5.1)

Distinguish between "\ fibrous;, .

cartilaginous and synowal Jomt) .
(see ari |c-€ 16.53 ~ '
Discuss. Tnbth) st ¢f loso. TLOtr0|‘ i
fish-land Vertebrates ard'siras.

3 (l<~ article 15.1171-16.11.5)
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