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OBJECTIVES
 1-What are the types of muscles in our body ?

 2-what is the characters and functions of skeletal 

muscles?

 3-What is the functional histology of skeletal 

muscle?

 4-What is the tubular system in skeletal muscle?

 5-what is the mechanism of muscle contraction?

 6-what is the mechanism of muscle relaxation? 



Types of muscle tissue

The body contains three types of muscle tissue: smooth, 

cardiac and skeletal



SKELETAL MUSCLE



SKELETAL MUSCLE

Skeletal muscle

Characterized by: 

Striated, striated ms include also the cardiac 
ms.

Represent 40 % of the body weight. 

Under voluntary control. 

The skeletal ms. Consists of millions of ms.
Fibers (myofibers).

 ةططخم

يدارا

Muscles > muscle fibers > myofibers.



Function
1-Move the body maintain body posture

2-Heat production                                                                                                     

3-venous drainage                                                                              

4-lymphatic drainage      5- maintain body posture

Position

 امل كیھ ناشع ةرارح دّلویب contraction ھنلا
ةرارحلا دلوت ناشع ةفجر انبیصتب دربن

 و ةدرولاا رصعتب ضبقنت ةلضعلا امل تلاضعلا لخاد ةدوجوم نوكتب ةیوافمللا و ةیومدلا ةیعولاا
 main يف بصت ةیوافمللا ةیعولأا و بلقلا يف بصت ناشع قوفل اھعفدتو ةیوافمللا ةیعولاا

lymphatic duct



Connective tissue Connective tissue 
بیقسم العضلة الى 
 compartment

اھنم نییلاملا ىلع ةلضعلا يوتحت

Connective tissue

رغصلاا فایللاا

 يھ و myofilaments نم نوكتتب
 يھو ضابقنلاا ىلع ةرداق

actin&myosib

Muscle  consists 
of millions of 
muscle fibers 
which consist of 
thousands of  
myofibrill which 
is contain 
sacromere 
(actin&myosin) 



FUNCTIONAL HISTOLOGY
MUSCLE FIBRES:

Their diameter ranges between 10 - 100 um. 

They extend through the entire length of the muscle.

- Each ms. Fiber consists of  thousands  of 

myofibrils

اھتیاھنل ةلضعلا ةیادب نم دتمی



The Myofibrils: 

1 µm in diameter and extend through the entire 

length of ms. Fibers. 

Divided into functional units, sarcomeres by 

transverse sheets called Z discs .                          

ةیاھنلل ةیادبلا نم ةكسام وضرب

z protien نم



The sarcomere
 The sarcomere contains two types of interdigitating 

filaments, which are contractile proteins: 

1- Thick myosin filaments. 

2 - Thin filaments. 

 The sarcomere contains dark areas (A band) and light areas 

(I band). 

 The dark area (A band) : lies at the centre of the sarcomere 

& contains the  interdigitating myosin and actin filaments. 

The functional unit of myofibrill
لو حصل فیھا shortening تنقبض العضلة  یعني 

origin & insertion قربوا من بعض 

 z) 2 موجودة ما بین
lines ) و ھو عبارة 

عن بروتین 

Light

Dark

Overlap  part

Middle

نیلخادتم

ضابقنلال لباق نیتورب



THE SARCOMERE

H zone at the centre of A band contains 

myosin filaments connected by M line. 

The light area (1 band) : on either side of Z 

disc contain only actin filaments. 

Cross bridges project from myosin towards 

the binding sites on actin. 

actin یعني ما عنا

 contraction of muscle ریصی ناشع actin عم دحتت

Around z line

 m protein يف دوجوم



Pink

Blue & white





Thick filaments: 

Called myosin protein. 

Cross bridges extends from its surface towards 

the thin filaments. 

Each cross bridge contains actin binding site & 

ATP ase. 

 myosin طالعة من

یلي المفروض ترتبط مع  
binding site عشان یصیر 

 contraction عنا

 cross bridge & actin نیب داحتلاا ةیلمع متت ىتحل ةقاطلا رفوی ھتفیظو



THIN FILAMENTS: INCLUDES THREE 
PROTEINS

1) Actin: 

Formed of two chains of actin molecules 

forming a helix, each actin molecule has 

specific sites with which the cross bridge of 

myosin combine during contraction called 

binding site. 

Or row

نوزلح نیلماع نیتكلاا تائیزج نم نیتلسلس

Light band

لازم یتحدّ Binding site   مع 
cross bridge عشان یعمل 
 contraction of muscle



2) Tropomyosin: 

 Covers the binding sites on actin during relaxation. 

3) Troponin: 

formed of 3 portions: 

a) Troponin C: has strong affinity to bind with calcium.

b) Troponin T: has strong affinity to bind with tropomyosin.

c) Troponin I : has strong affinity to bind with actin.

Binding site during rest 
covering مھلماع tropomyosin ھمسا نیتورب انع يف

 هدنع مھنم دحاو يف types 3 نم نوكم troponin ھمسا ينات نیتورب انع يف ؟هدعبب يلی وش بیط ،نیتوربلا داھ دعبی مزلا ةلضعلا ضبقنت ناشع و
affinity of ca لا املca عم دحتی ةلضعلا لخاد دیزی troponin دحتت ف دعبی ھیلخی حر يلكش ریغت انع ریصب ف cross bridge عم binding 

site of actin

 conformational change انع ریصب
  عم  Troponin .دّحتی حر و troponin c عم دحتیھ ةلضعلا لخاد مویسلاكلا دزی ام لوا ف ،مویسلاكلا بّحیب

tropomysin لا نع هدعبی و هدّشی حر فactin 



Fig:(5) Cross bridges



The Tubular system 

1) The transverse (T) tubule: 

 They are invaginations of the ms. Memb at the junction of 

A and I band. 

Function: 

1)  surface area of sarcolemma many times. 

2) help movement of ions and other substances inside and 

outside the cell. 

3) Allow the depolarization wave to pass rapidly inside the 

ms. Fiber. 

 muscle contraction يف ةمھم ةجاح

actin & myosinلل يزاوم

بیشبھ الحفرة بتنزل 
لتحت على طول 

myofibril

 wave of depolarisation تدوز ينعی

Ca اصًوصخ ةیلخلا جراخو لخاد تانویلاا رورمب حمست



2) The sarcoplasmic reticulum "SR": 

 Formed of a network of anastomosing longitudinal 

tubules which run parallel to the myofibril. 

 The dilated ends of the tubules are called the terminal 

cysternae. 

 A group of t-tubule + two terminal cysternae on either side is 

called triad. 

. 

خافتنا نع ةرابع داھ

 contractionیلي انا بحتاجھ لل ca تخزن
طیب كیف بدي اطلعھ منھا عشان یتحد مع troponin؟

 action potential انع ریصی امل
 قیرط نع لزنی و muscle رادج ىلع

T tubule



Fig (4):Muscle structure



THE TUBULAR SYSTEM 

Function: 

 the terminal cysternae: 

▪ release Ca++ ions during ms. contraction. 

▪ store Ca ++ ions during ms. relaxation.



Process of muscle contraction

1- binding of cross bridges between actin and myosin: 

o Ca is released from the sarcoplasmic reticulum in 

response to passage of nerve impulse through the   T 

tubules through ca release channels

 The released Ca ++ binds to Troponin, which undergoes 

conformational change so that Tropomyosin moves away 

leading to exposure of the binding sites on actin. 

 The exposed actin binding sites immediately bind to the 

cross bridges of myosin. 

 انلق و neuromuscular junction نع انیكح امل نیركاف
 action potential on the surface of ریصب ھنا

muscle  لخاد ىلا دتمی داھ و T tubule دحل 
sarcopalsmic reticulum لخاد رشتنی امل T tubule 

 نم جرخی ف channels قیرط نع ca جورخب حمسی
sacroplasmic reticulum نم دحتی و troponin c 

 نع دیعب tropopmyosin دداش Troponin c لمعی موقی
actin filaments ف binding site ىقبی exposed ف 

 هاعم دحتت و cross bridgeلا يجیت

nerve impulse يجیت امل ریغ لصحیب ام

تغیر شكلي 





2- Cross-bridge cycling: the cycling occurs by the following 

steps: 

a) Binding: of actin and myosin. 

b) Bending: of the cross bridges ~ sliding of actin over 

myosin. 

 The force of bending is transmitted through actin to Z 

discs causing shortening of the sarcomere . 

 ATP is needed, Both ATP and ATP ase are attached to the 

cross bridges i.e. energy is needed for bending. 

actin يف binding site عم دحتت myosin نم head of cross bridge ينعی

ءانثنا اھلا ریصی ناشع

Is stored in 



c) Detachment: of the cross bridges from actin. 

It needs ATP. If no ATP is available, the thin and thick 

filaments can't be separated (ms. Contracture). 

3- Return of the cross bridges to the original position: 

Once here, they can participate in another cycle. 

Cycling continues as long as Ca ++ is attached to 

Troponin. 

Actin & myosin ضعب نع اودعبی مزلا  

 يفتخی ca مزلا relaxation لصحی ناشع



الcross bridge طالعة من 
 binding و تتحد مع myosin

site من actin ھاد اسمھ 
binding و بعد ھیك بصیرلھا 

bending یعني بتنعوج و 
بنستخدم ھون atp بتروح تشد 
 z لجوا ف actin molecules

discs  بقربوا لبعض و بصیر 
shortning of sacromere

عشان تبعد و یحصللھا cycle تانیة 
بتحتاج الى طاقة و اللي بساعدھا انھ ھي 

اول ما تتحد مع atp ھي نفسھا ما رح 
binding site تقبل ترتبط مع



Relaxation: 

 Is an active process (needs ATP). 

Occurs when Ca++ moves away from troponin. 

Active ca uptake by ca pump (Ca++ atpase) by 

terminal cistern

❑as a result troponin returns to its original state & 

tropomyosin returns to cover the binding sites of 

actin so cycling stops.

 ریصتب caلا يفتخی امل



SUMMARY
1-There are 3 types of muscles in our body :

a) Skeletal.

b) Smooth.

c) Cardiac.

 2-Skeletal muscle functions include:

a) Movement and posture.

b) Help venous return .

c) Help lymphatic drainage.

d) Maintain body temperature.



SUMMARY
3-Functional histology of skeletal muscles:

a) The sarcomere is the functional unit.

b) The sarcomere contain dark and light bands.

c) The dark band is formed mainly by myosin 

filaments.

d) The light band is formed mainly by actin 

filaments.

4-Skeletal muscle contraction:

a) Is triggered by ca release.



SUMMARY
b)Is caused by the process of cross bridge cycling.

c)Contraction causes approximation of the 2 Z 

lines and shortening of the sarcomere.

5-Relaxation :

a) Is caused by active reuptake of Ca into the 

sarcoplasmic reticulum.

b) And return of the tropomyosin to cover the 

active sites of the actin molecules.

c) And stoppage of cross bridge cycling.



MCQ
Which of these structures is considered the 
functional unit of the skeletal muscle?

a) The dark band.

b) The sarcomere.

c) The sarcoplasmic reticulum.

d) The T tubules.

e) The I band.



MCQ
Which of these proteins covers the active sites of 
the actin molecules of the skeletal muscle fibre 
filaments during rest?

a) The myosin protein.

b) The actin protein.

c) The tropomyosin .

d) The troponin.

e) The Z line protein.



MCQ
The skeletal muscle contraction is triggerd by 
release of which of these ions?

a) Mg ion.

b) Ca ion.

c) Na ion.

d) K ion.

e) Cl ion.



WHICH IS THE TYPE OF PROTEIN PRESENT 
IN THICH FILAMENTS OF MUSCLE FIBERS?

a) Actin
b) Tropomyosin
c) Troponin
d) M protein
e) myosin



TROPONIN IN MUSCLE FIBRILS HAS STRONG 
AFFINITY TO WHICH OF THESE IONS?

a) Na+
b) K+
c) Ca++
d) Mg++
e) Cl-



TROPONIN T IN MYOFIBRILS HAS STRONG 
AFFINITY TO WHICH OF THESE 
SUBSTANCES?
a) Tropomyosin
b) Ca++
c) Actin
d) Myosin
e) Titin



TROPONIN I IN MYOFIBRILS HAS STRONG AFFINITY 
TO WHICH OF THESE SUBSTANCES?

a) Myosin
b) Actin
c) Tropomyosin
d) Ca++
e) Titin



SHORT ESSAY QUESTIONS
1. Mention functions of skeletal muscles
2. Discuss mechanism of skeletal muscle 

contraction and cross bridge cycling
3. Mention components of tubular system of 

skeletal muscle and describe its functions
4. Describe mechanism of skeletal muscle 

relaxation
5. Mention protein making up the actin 

filaments of myofibrils
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You


