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UNIT — Il HUMAN ANATOMY AND PHYSIOLOGY

A - THE MUSCULO- SKELETAL SYSTEM
Very Short Answer Questions

1. What is a ‘motor unit’ with reference to muscleand nerve?
A. Motor unit is composed with a motor neuron artilaf muscle fibres innervated byall the

2. What is triad system? o

A. In a skeletal muscle each transverse tubule {Ubdle) is fla@meither side by several

telodendrites.

terminal cisternae of the sarcoplasmic reticulum.
T — Tubule and the two terminal cisternadisasia%f&@ne triad system. Most of the
stored calcium of the sarcocyte is present in ts%ae.

3.  Write the difference between actin and r@n:;

Actin Myosin

1.1t is athin contractil%pro 1. Myosin is a thick contractile protein. It|is
2. It is present in Iight% an isotropia motor protein which converts chemical

band energy in the ATP into mechanical energy.

3. Each actin 'I%w is made of two ‘R2. It is present in dark band/ anisotropic
actin molec Ically would around eadfand

othe actin is a polymer o08. Each myosin is made up of monomeric
m iIC "G’ (globular) actin molecules.| protein called meromyosins. Each
meromyosin has two parts namely a globular

head with a short arm (or) neck and a tail.
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Distinguish between red muscle fibres and whiteuscle fibres?

Red Muscle Fibers

White Muscle Fibers

1. They are red in colour as they contain They are white/pale in colour as th

large amount of myoglobin
2. They contain plenty of mitochondria

3. As mitochondria utilize large amount |agarcoplasmic reticulum.
oxygen for the production of ATP, thes8. Depend on anaerobioo ss for

muscles are known as Aerobic muscles.

release of energy
4. They carry out slow and sustainetl They carry out hig!Q’ nsity contractio

contractions for a long period

contain less quantity of myoglobin
2. They contain few numbers

mitochondria but more a nt

for short durati ¢
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Short Answer Questions

Write a short note on sliding filament theory ofmuscle contraction?

Sliding filament theory explains the processrafscle contraction.

It was proposed by Jean Hanson and HugHelluit states that contraction of a muscle
fiber takes place by the sliding of the thin filame over/in between the thick filaments,
which shortens the myofibril.

Each muscle fiber contains special contractilegins called actin and myosigy.

Actin is the thin contractile protein pees in the light band and is ny&s ‘I' band,
where as myosin is thick contractile protein présemark band and 4 m as ‘A’ band.
There is an elastic fiber called ‘Z’ line that liseeach ‘I’ band. CJ

The central part of the thick filament tiehot overlapped b@h?n filament is known as

‘H’ zone. . Q

During the muscle contraction, myosin heads bt & osed active sites on the actin
molecules and form cross bridge. It shows po

As a result the thin filaments are pulledvar, entre of the A band.

The ‘Z’ line attached to the action fil Bs2lso pulled leading to the shortening of the
sarcomere i.e., contraction.

During the shortening of the m the ‘I' bamd reduced in length, whereas the ‘A’

bands retain their length an@‘H’zone disappears.

Describe the impgwps in muscle contra@n?

During skelet le contraction, the thiraffilent slides over the thick filament by

repeated hi nd releases myosin along thadihd.

Im s in muscle contraction:

St - Muscle contraction is initiated by signals thavel along the axon and reach the
neuromuscular junction. As a result, acetylcholiseaeleased into the synaptic cleft by
generating an action potential in sarcolemma.

Step 2: The generation of this action potential releasdsiwga ions from sarcoplasmic
reticulum in the sarcoplasm.

Step 3:The increased calcium ions in the sarcoplasm eatigetroponin and tropomyosin

complexed to move away from the active sites ahautiblecules. Now the active sites are
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exposed and this allows myosin heads to attachitosite and forms cross bridges by
utilizing energy from ATP hydrolysis.

Step 4: The actin filaments are pulled. As a result, the Zone reduces. It causes the
contraction of the muscle occurs.

Step 5: After muscle contraction, the myosin head pulls #oéin filament and releases
ADP along with phosphate. ATP molecules bind anihale myosin and the cross bridges
are broken and decrease the calcium ions contracths a result masking the actin

filaments and leading to muscle relaxation.

Describe the structure of a skeletal muscle? O

. 1) Skeletal muscle is made up of numbemoiscle bundles (or) les. The fascicles
are held together by a common collagenous conrmﬁﬂsue@&led fascia.

2) Each fascicle contains a number of cylindr'ma:lscle sYEach muscle fiber is lined
by the plasma membrane called sarcolemma encI& oplasm.

3) Skeletal muscle fiber is a syncytium/multi%&s each fiber is formed by fusion of

many embryonic, mononucleate myob s attarsstically peripheral nuclei.

4) The endoplasmic reticulum also call rcopi@geticulum of muscle fibers is the
store house of calcium ions. ’6
5) A characteristic feature of t cle fibethis presence of a large number of parallel

filaments called myofilamentg in the sarcoplasm.

Write short notes ;ﬁluﬁtile proteins?

Actin and myosginS aré contractile proteins.

Actin:

1) h filament is made of two ‘F’ (filameuns) actin molecules helically wound

ungl each other.

2) Each actin is a polymer of monomeric ‘G’ (gla@ylactin molecules. Two filaments of
another protein, called tropomyosin also run closte ‘F’ actin molecules, throughout
their length.

3) A complex protein called troponin is distributgidregular intervals on the tropomyaosin.

4) Troponin is made of three polypeptides namely-Tih Th — | and Tn — C.
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Tn — T binds to tropomyosin. Tn — | inhibitetmyosin binding site on the actin, Th — C

can bind toCa®* when Ca®" ions are bound to troponin, which block the acsite of
actin. When calcium ions attaches to Tn — C, th@dmyosin moves away from the
active sites, allowing the myosin heads to binddtteve sites of actin.
5)Troponin and tropomyosin are often called taguy proteins, because of their role in

masking and unmasking the active sites.

Myosin:

1) Myosin is a motor protein that is able to comwremical energy in the ecules
into mechanical energy.

2) Each myosin filament is a polymerized proteionsists of monegffie roteins called
meromyosins.

3) Each meromyosin has two important parts, a galkhead@ghort arm and tail.

4) The globular head with arm is composed of hem in and the tail is made of

light meromyosin. }
5) The short arm / neck serve as a flexible li e head and tail regions.
6) There are about 200 — 300 molecules irihpek filament.
7) The head and short arm project o at aeglistance and angels from each other

from the surface of a polymei sin filamemd & known as cross arm.

8) Each head has two bindin 3, one for ATP @hdr for an active site on the actin
molecule. e é
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Thick filament

Myosin-binding
protein C

Regulatory and

essential light chains {-Myosin heavy chain

Thin filament Troponin | Troponin T

'

Thin Myofilament Structure
LA

Tropomyosin

Tropomyosin e
Myosin =Tnl
binding
sites
. Tropanin
Longitudinal View complex
Cross Section .‘MVOSII'I
B Troponin complex head

Z-line _ s
l Thick filament Bare zone Thin filament
- No
heads! @

sghi chain

Chreliae Herrpodin
Fesavy chain

Longitudinal section of filaments within one sarcomere
of a myofibril
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5. Draw a neat labeled diagram of the ultra structue of muscle fibre?

SArcomerce

Muscle fiber or cell

Myofibril

f Z line
ine

sarcomere

I Band

G, Thick Filament
‘---.- -
A S Thin filament
O
| Vg
Structure of a Skeletal Muscle
Perirmysium Blood vessel U

Bone

= Fascicle
Tendon Epimysium Endormysiurm

Z disc

H zone Z disc

Thin (actin) filament

Thick (myosin)
filament

(c)

Thin (actin) filament il

Elastic (titin) v—< sooct
filaments 0000

Thick (myosin)

filament
(d)
1 band H zone M line Outer edge of
thin filaments thick filaments thick filaments linked A band
only only by accessory proteins thick and thin
(e) filaments overlap

www.sakshieducation.com



www.sakshieducation.com

Bundle of

muscle fibers “Iband  Aband  Iband
iy -~

W

{“c:fe“ﬁ'}” muscle fiber Thick mamn!sﬁg:_.f’ i
(myosin) ~m o o e B
* Myofibril el e M ey I
Myoibe \\,-:'_' i Thin filaments — ww _ K
¥ 7 Light Dark (actin) T =

)\ band band I!Ina”L .|‘z line

6. Draw the diagram of a sarcomere W;| mubkeshowing different regions?

Sarcomere

s

£ line

Thick Filaments

-_._,.o-"

H
| band

7. Whatis Cori cycle? Explain the process?
A. Lactate produced by anaerobic glycolysis inrhescle, moves to the liver and is converted
to glucose by gluconeogenesis, which then returinéomuscles and is converted back to

lactate. This two way traffic between skeletal nieismd liver is called the Cori cycle.
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Cori Cycle: The lactate produced during rapid contraction k&fletal muscles under low
availability of oxygen is partly oxidized and a mapart of it is carried to the liver by the
blood, where it is converted into pyruvate and therglucose through gluconeogenesis.
The glucose can enter the blood and be carrieduscies and is immediately converted
back to lactate. If by this time the muscles hawoped contraction, the glucose can be

used to rebuild reserve of glycogen through glyceges.

The Cori Cycle

O

Glucose & (Glucose

| 2 ATP
\ 6 ATP

2 Pyruvate

|

2 Lactate

2 Pyruvate

2 Lactate ==

Blood

Liver Muscle
A A |
IN LIVER | IN MUSCLE
GLUCONEOGENESIS 1 | GLYCOLYSIS
Glucose | B Glucose
6 =P # I_ #" 2-~F
Pyruvate 0 Pyruvate
| O
L4
Lactate | 5) Lactate
\.‘: S
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Long Answer Questions

Explain the mechanism of muscle contraction?

Mechanism of muscle contraction is best explaibg the sliding filament theory. It states
that contraction of muscle fiber takes place bydiding of the thin filament over the thick
filaments.

Mechanism of Muscle Contraction:

1. Excitation of Muscle:

a) Muscle contraction is initiated by the signahtsby central nervous @ ila a motor

neuron

b) A neural signal reaching the neuromuscular joncbetweethyIcholine, which
generates an action potential in the sarcolemma Q.

c) When the action potential spreads to the trjmi‘i'esn @g Y — tubules, the cisternae
of the sarcoplasmic reticulum release caIciuK% sarcoplasm.

2. Formation of Cross Bridge:

a) Increase in th€a®" level leads to theg of calcium ions to ubunit Tn — C of
Is neskiroponin and tropomyosin complex

the troponin of the actin filament (
to move away from the active &tm molesule
b) In this stage the myosin h ches to thpesed active site of actin and forms cross
bridges by utilizing ¢h r@
3. Power Stroke: x
a) The cross bri the attached actin filss&owards the centre of the ‘A’ band.
b) The ‘Z’&ﬁt{ ed to these actin filamearts also pulled in wards from both sides,
C g

m ATP hydrolysis.

there shortening of the sarcomerecioatraction.
C) ingk shortening the muscle the, | bandsrgéuced in length, whereas the ‘A’
andg'retain their length.
d) As the thin filaments are pulled deep into théahds making the H bands narrow, the
muscle shows the effect contraction.
4. Recovery Stroke:
a) The myosin goes back to its relaxed state dedses ADP.

b) A new ATP molecule binds to the head of myosid the cross bridge is broken.
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5. Relaxation of Muscle:

a) When motor impulses stop, the calcium ions anaged back into the sarcoplasmic
cisterna it results in the marking of active siéshe actin filaments.

b) The myosin heads fail to bind with the activiesiof actin.

c) These changes cause the return of ‘Z’ lines bickheir original position, i.e.,

relaxation.
o Myosin heads
hydrolyze ATP and - =2 »
become reoriented sk d, .5 SaoS st
:"_: ca2t and energized e 4
= 9 Myosin heads
bind to actin,
forming

Contraction cycle continues if
ATP is available and Ca2* level
in the sarcoplasm is high

0 As myosin heads
bind ATP, the

Clﬂ'!!hl‘il:lgei detach

from actin e Myosin crossbridges
rotate toward center of
the sarcomere (power
stroke)

Relaxed

Z disk

Z disk
Contracted I* ATP, Ca?*
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List in sequence, the events that take place dag muscle contraction?

During skeletal muscle contraction, the thirafilent slides over the thick filament by

repeated binding and releases myosin along thedite.

The following events take place during muscle condction:

1. Muscle contraction is initiated by signals thegvel along the axon and reach the
neuromuscular junction (Or) motor end plate. Agsult, acetylcholine is released into
the synaptic left by generating an action potemtiagarcolemma.

2. The action potential spreads to the triad systewugh the T — tubules, isterna of

the sarcoplasmic reticulum release calcium iorstiné sarcoplasm. Q
3. Increase in the calcium ions level leads tohkimeling of calciub the sub unit

Tn — C of the troponin of the thin filament. Thisakes trop

complex to remove away from the active sites dhanm@O
4. In this stage, the myosin head attaches to §Ip0 jte”of actin and forms cross

bridge by utilizing energy from ATP hydrolysis,

5. The cross bridge pulls the attached actin '@ards the centre of the ‘A’ band.
The ‘Z’ lines attached to these actin ji @s als pulled inwards from both the
sides, thereby causing contract% Ipg the reatibn the ‘I’ bands get reduced in

eiffsize.

and tropomyosin

length, where as ‘A’ bands rétai
6. As the thin filaments are pu @ eep into tAePbands making the ‘H’ bands narrow,
the muscle shows the ef@ontraction.
Contraction is turned m}e following sequencef events:
7. Acetylcholine uromuscular junction reken down by acetyl cholinesterase
and this,ter i the stream of action potendil@isg the muscle fibre surface.

8. The sarc ic reticulum ceases to releasgunalions and immediately calcium
@mped back into the sarcoplasmic cisterna
9. absence of calcium ions a change in tbefiguration of troponin and

tropomyosin i.e., masking of the active sites @f &latin filaments.
10. The myosin heads fail to bind with active siésctin. These changes cause the return

of ‘Z’ lines back to their original position i.eglaxation.
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llIA -- THE SKELETON

Very Short Answer Questions

1. Name two cranial sutures and their locations?
A. 1.Coronal suture - Between the frontal and parietal bones

2.Lambdoid suture - Between the parietal and occipital bones

Normal Skull of the Newborn O

Metopic Suture o

Frontal Bones

Anterior Fontanelle
Coronal Suture

Sagittal Suture
Parietal Bones

Posterior Fontanelle

Lambdoid Suture

Occipital Bone

Coronal suture

Sphenoid T

Parietal Sagiftal sutures

Lacrimal
Ethmoid
MNasal
Iyvgomatic

Lombdoid sutures
Lateral suture

Cecipital
External auditory meatus

Maxilio
Mastoid process

Styloid process
Temporo-mandibular

2. Name the keystone bone of the cranium. Whereitdocated?
A. Sphenoid bongs thekeystone bonef the cranium, because it articulates with a8l dther

cranial bones.
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It is present at the middle part of thedbaf the skull.

Human skull is described as dicondylic skull. Gie the reason?

Human skull is described as dicondylic skullitasontains two occipital condyles one on
each side of the foramen magnum of occipital bone.

Name the ear ossicles and their evolutionamyiorn human beings.

Each middle ear contains three tiny bones cabadossicles. They are:

Malleus - Modified of articular

Incus - Modified quadrate

Stapes - Modified hyomandibula oo

Name the type of joint between (a) atlas / axis,(b) carpal 8arpa| of the human
thumb? . O

a) Joint between atlas / axis — Pivot joint /\

b) Joint between carpal / meta carpal of the h — Saddle joints

Name the type of joint between (a) @ — aal joint, (b) Femur — acetabulum
joint? 6
a) Joint between altanto — axial Pivain
b) Joint between Femup— a@)ulum of pelviclgij@int — Ball and Socket joint
N
Name the type of joi een (a) Cranial bones(b) Inter — tarsal joint.
a) Joint betwe %ial bones — Sutures (Fbjount),

E.g.: Corona e, lambdoid suture

b) f@él joint — Gliding joint
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Short Answer Questions

1. List out the bones of the human cranium?

A. Cranium, the brain box is formed by eight crafi@tened bones. They are:
1) Frontal Bone (1): Forms the forehead, anterior part of the cranaarfand roof of the
orbit.
i) Parietal Bones (2): Form the major portion of the sides and roofhef ¢ranial ity.

lii) Temporal bones (2): Form lateral walls of the cranium as well as rnal

ear
Iv) Occipital Bone (1): Forms the posterior part and most of the bQQnium.

v) Sphenoid Bone (1)lt is present at the middle part of the ba ghull. It is also

called keystone bone of the cranium. Q.
vi) Ethmoid Bone (1):1t is present on the midline gf thr r fdrthe cranial floor.
temporal bone, squamus par

superior temporal line

inferior temporal
line

coronal suture

— w.w,\,\

temporal line

parietal bone

squamosal
suture

occipital bone lacrimal

bone
lambdoid suture sphenoid bone
external acoustic nasal spine
meatus maxilla
mastoid process
condyle s
zygomatic process ;
zygomatic bone mandible

! ,

2.  Write sho the ribs of human being?

A. The ibsw , flat, curved bones that faprotective cage around the organs present in
th he

divideg-hto three categories:

st. They are comprised of 24 bonesged in 12 pairs. These bones are

1) True Ribs: The first seven pairs of ribs are called true.ribsrsally, they are attached to
the thoracic vertebrae and ventrally connectedhto sternum with the help of hyaline
cartilages (costal cartilages). These are vertédmael ribs.

2) False Ribs:The remaining ribs are called false ribs. THe®' and 18" pairs of ribs do
not articulate directly with the sternum, but jothe cartilaginous parts of the seventh rib.

These are called vertebrochondral (or) false ribs.
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3) Floating Ribs: Last two pairs (11 and 13") of the ribs are not connected ventrally either
to sternum or the anterior ribs, hence called iftgatibs.

The thoracic vertebrae, ribs and sternumttegdorm the rib cage.

Clavicle Jugular notch

Tme | : 5 & .-1 - : , ; !'\"Iﬂ!luhrj'l.m]
ﬂ"'hs A e - -.. . 5

ribs e U o ¢
N JVLE L
= NFloating
ribs @
A
First thoracic vertebra

First rib

Jugular notch
Clavicular notch

True ribs

(1=7) Sternum
Xiphoid process
Costal cartilage

False ribs

(8—12)

Twelfth rib

Twelfth thoracic vertebra
First lumbar vertebra

Floating ribs
(11 and 12)

Anatomy of the Thoracic Skeleton (Ribcage)
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List the bones of the human fore limb?

Each fore limb of human is made of 30 bones.yTdre:

Humerus: Long bone in the fore limb that runs from shoulaeelbow.

Radius and Ulna: These bones form fore arm. It is the region betwaedbow and the wrist.
Carpals: These are the bones of wrist which are 8 in number

Metacarpals: The metacarpals form the skeleton of the palmy®&re 5 in number.
Phalanges:These are finger bones, fourteen in number, thoeedch finger and,two for
the thumb. 2, 3,3,3,3 (total 14).

List the bones of the human leg? O

Each hind limb of human is made of 30 bones.yTdre:

Femur: Femur is the only bone in the thigh. It is thedest, héavi ?and strongest bone in
Tarsals: These are ankle bones, 7 in number.,

human body. . Q
Tibia and Fibula: Both of these bones form Iower& i.@the redrom knee to ankle.

Meta Tarsals: These are 5 short tubul , distal to thealsarand proximal to

phalanges.

Phalanges:Foot has 14 phalan ,’@foe has three phalamgmept for the first toe. 2,
3,3,3,3.
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Patella: It is a cup — shaped bone, covers the knee joiicedy,

NY

5. Draw a neat labelled diagram of the skelﬁw@fore limb of man?

Clavicle

Scapula
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Draw a neat labelled diagram of pelvic girdle?

Sacral promentory

lliac crest
i
fliac fossa

pubis (pubic bone)

Sactum

Sacrodliac jolnt - .

acetabulum

COCCyx obturator foramen

ischium

Aritarior
superkar
illae gpine

Anterior View

- %
ala~ 4 auricular surface 7
/ f\ é inferior
r 3 (
ic,
\ g

Coxa

gluteal line

Acatabulum

; A
ey ™

Oblurator T - . % ischial / /= superior ramus of pubis

feraman ! - s Ischium naayﬁﬁ poc gk ishium

; : gl Symphysie pubis ischial — N2 o cmsr\,{ >

: spine ) inferior ramus (8 i

( 3 of pubis L publs

Subpubic angls sr /" \ e 2 cvtrator oramen S

scialtic S
notch ischial tuberosity ey
Lateral View Medial View

&

Describe the structure of synovial joint with the help of a neat Iadeiagram?

Pubiz sciatic
/ acetabulum

Synovial joints are characterized by the preseoica fluid fj r?ovial cavity between

the articulating surfaces of the two bones. 0 Q

Structure of synovial joint: Synovial joint is ed™by a double layered syalo

capsule. The outer layer consists of dense ﬁ'&gular connective tissue with more
t

collagen fibers. This layer is continuoua iosteum and resists stretching and

prevents the dislocation of joints. So
called ligaments. ’6

The inner layer of synovial ca @ formed i&odar tissue and elastic fibers. It secretes

thefse membranes are arranged in bundles

a viscous synovial fluil whkichjcontains hyalurorcid, phagocytes etc and acts as a

lubricant for the fr@nt of the joints.
Synovial Joint

Tibrous layer of
the periosteum

)

articular
cartilage
[hyaling)

Synowial membrang

Articular cartilage
synavial

avticuiag | TR Fibrous joint capsule
capsule librous
e Jairt cavity filled
wiith synovial fuid
loint cavity i
{cantains Ligaments
aynovinl fiuid)

ligament
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Long Answer Questions

1. Describe the structure of human skull?
A. The skull is the bony framework of the headcdnsists of the eight cranial and fourteen
facial bones.
The cranial bones make up the protective frarh¢he bone around the brain called
cranium.
The cranial Bones are:

(i) Frontal bone (1): It forms the forehead, anterior part of the crhficeor, e roof of

the orbits,

(i) Parietal Bones (2):They form the major portion of the sides (Igght) and roof of
the cranial cavity. They are joined to the froriahe by a c@ﬁture and posteriorly to
the occipital bone by lambdoid suture. o Q

(i) Temporal Bones (2): The left and right te & es form the latevalls of the
cranium as well as housing the external ear. 'TK

(iv) Occipital Bone (1): 1t forms the poste:’ r and the most of theebafscranium. It

has large opening called foramen Medullangfata passes out through this
foramen and joins the spinal 0026

(v) Sphenoid Bone (1)lt is pre t the middle part of the base ofgkall. It is the
keystone bone of the crani cause it articsllatth all other cranial bones.

(vi) Ethmoid Bone £1); '%esent on the midline of the anterior mdrthe cranial floor.
Facial region i %p of fourteen faciahd® which form upper and lower jaw and

other faciajystr ct%

The facial %ﬂe:

(1) ﬁ\al@s (2)These are paired bones that form the bridgeseohdise.
axi

(i) e (2): Two maxillae join together and form the upper jaMaxillae bears
sockets for lodging the maxillary teeth.

(i) Zygomatic Bones (2):These are known as cheek bones.

(iv) Lacrimal Bones (2): These are smallest bones of the face.

(v) Palatine Bones (2)They form the posterior portion of the hard palate

(vi) Nasal Conchae (2):These are scroll like bones that form a part tdr&d wall of the

nasal cavity.
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(vii) Vomers (1): It is a triangular bone present on the floor cfalaavity.

(viii) Mandible (1): It is the lower jaw bone. It is “U” shaped andti®e longest and
strongest of all the facial bones. It is the oniyuaible skull bone.

Skeletal structures associated with sense organs:

() Nasal Cavity: It is divided into left and right cavities by viedl partition called the
nasal septum.

(i) Orbits: These are bony depressions, which accommodateyttealls and ociated
structures.

(i) Ear Ossicles:Each middle ear contains three tiny bones, namalje@ , Stapes,

collectively called ear ossicles.
(iv) Hyoid Bone: It is a single “U” shaped bone present at the Q]

between the larynx and the mandible. Hyoid borepkedhe I@ﬁen.

. O

e buccal cavity

paricial coronil uture
bone

frontal bone

sphenold bone

e eater wi
B, ¥ it sphenoid bone
- frontsl bone Besser wing
- ethimotd bone F'-h'“‘:“d P
ir orbital pixte e

ortital plate = tomporal bone

middie nasal 1
nasal bong Pl -

lacrimal bone perpendicuisr - . N rygomatic bone
zygomatic bone  PB'* ,

lacrimal bone

maxilla inferior muaxilie

occlpital aitiri nasal infraorbital
o K

bon ksl spane concha forarnen

temparal infraorbatal anterior

bona faramen sl spane

mandible

external Famis

Fo0ipEtic rgnibal foramen

sl

ranital foramen

N
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