


Objectives   

• Three systems of energy transfer. 

• ATP as energy source. 

• Aerobic metabolism : red muscle fibers. 

• Anaerobic metabolism : white muscle fibers.  

• Cori cycle. 

• Glucose-alanine cycle. 

• Muscle fatigue and endurance in athletes. 

 



Three systems of energy transfer 

• Aerobic 
• Fatty acids 
• Continuous exercise 
• Hours 

• Anaerobic 
• Glucose 
• High intensity exercise 
• 15 sec. to 2 min. 

• Anaerobic 
• Phosphocreatine (PCr) 
• High intensity exercise 
• 3-15 sec. 
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 ششس نهسٌُذ انسآبق 

Muscle fibers produce ATP three ways: 
1. Creatine phosphate 
2. Aerobic metabolism 
3. Anaerobic metabolism 

يٍ  ATPتكوٌ فً بذاٌت انتًشٌٍ انقوي صٍج ٌخشد : انطشٌقت اَونى •
 ٍ ٍ وًٌتذ نفتشة « انزي ٌعتبش يصذس نهطاقت»انفسفوكشٌاتٍ بعذ تضونّ نهكشٌاتٍ

 .  ورٍضة 
ِ ولا َضتاد إنى : انطشٌقت انخاٍَت • ٌكوٌ بعذ انسابقت فً انتًاسٌٍ انًًتذ

و  ATPكًصذسٌٍ نهطاقت لاَتاد  glucoseو  glycolysisأكسزٍٍ صٍج ٌستخذو 
lactate . 

كًصذس  Fatty acidٌستخذو انـ , بعذ انطشٌقتٍٍ انسابقتٍٍ : انطشٌقت انخانخت •
نو قًُا بتًشٌٍ يعٍٍ : فـ عهى سبٍم انًخال . نهطاقت ورنك فً ورود الاكسزٍٍ 

حاٍَت إنى دقٍقتٍٍ بانطشٌقت  15حاٍَت تكوٌ بانطشٌقت الاونى حى يٍ  15فؤٌ أول 
  « يخال فقط نتوضٍش انسابق». انخاٍَت ويٍ حى بعذْا َستخذو انطشٌقت انخانخت 



ATP as energy source 

• The nucleotide coenzyme adenosine triphosphate 
(ATP) is the most important form of chemical energy 
stored in cells. 

 
• Breakdown of ATP into ADP+PO4 releases energy. 
 
• This energy is used for all body functions 

(biosynthesis, membrane transport, muscle 
contraction, etc.). 

 



ATP as energy source 
 

• The main pathway for ATP synthesis is oxidative 
phosphorylation catalyzed by the respiratory chain. 

 
• ATP synthase catalyzes the synthesis of ATP. 
 
• ADP  +  Pi        ATP. 
 

 .انطاقت انًستخذيت لاي تًشٌٍ تعتًذ عهى قوة ْزا انتًشٌٍ ويذتّ •
 



Energy metabolism in muscle 

• Muscle contraction requires high level of ATP 
consumption 

 
• Without constant resynthesis, the amount of ATP is 

used up in less than 1 sec. of contraction 
 
• Muscles typically store limited amounts of ATP  
      enough to power 4-6s of activity . 
 
 



Energy metabolism in muscle 
 

Skeletal muscle  

Red fibers  

Type I 

Suitable for 
prolonged effort   

Aerobic 
metabolism  

With o2 supply 

White fibers  

Type II 

Suitable for fast , 
strong contraction 

Anaerobic 
metabolism  

Without O2 supply 

قذ تورذ عضهت •
واصذة تضتوي 

 .  انُوعٍٍ 



Overview of Energy Metabolism in Skeletal 
Muscle 

انزهوكوص ٌُضل نهذو •
إرا , وٌشوس نهعضهت 

فٍّ تًشٌٍ فآَّ ٌبذأ 
بانزلاٌكولاٌسض 

بذوٌ  ATPوٌتضول نـ 
انـ »ورود الاكسزٍٍ 

Lactate  ٌشرع نهكبذ
حى « نٍصُع رهوكوص
فً صانت انـ 
contraction   سآس

  ATPaseٌشتغم انـ 
وٌضونّ نطاقت حى 

  ٌشرع فً صانت انـ 
relaxation   , أيا إرا

يا فٍّ تًشٌٍ فإَّ 
 . ٌتضول نزلاٌكورٍٍ 



Aerobic metabolism in red fibers 

• Suitable for prolonged effort 
• Red fibers obtain their ATP mainly from fatty acids 

“aerobic” 
• Fatty acids are broken down by 𝛽-oxidation, TCA cycle, 

and the respiratory chain ETC 
• Red color is due to myoglobin 
• Higher O2 affinity than hemoglobin 
• Releases O2 when O2 level drops 

 
*𝛽-oxidation = the form of Acyl-CoA molecule 
* TCA cycle = Kreps cycle  

 



 تهخٍص نهسٌُذ انًآضً 



Anaerobic metabolism 
in white fibers 

• Suitable for fast, strong contractions 
 
• During intense muscle activity (weightlifting, etc.) O2 

supply from blood quickly drops 
 
• White fibers mainly obtain ATP from anaerobic glycolysis 
 
• Glycogen  glucose-1-PO4  glucose-6-PO4  glycolysis 
 ATP 

 
• White because they don’t have myoglobin 

 



وتضذث انكبذ انُاتذ الاخٍش انزي َشاِ فً انعضلاث ْو انلاكتٍك انزي یزْب انى 

 ,  انعضلاث انى حى یشرع رلاكونٍسٍض انتً تعٍذِ انى رهوكوص نّ عًهٍت 
عائذ انى بم ٌكوٌ بانكبذ وسبب عذو تضول انلاكتٍك انى رهوكوص فً انعضلاث 

وْزِ انعًهٍت تضتاد بعكس انعضلاث  ATPانـعهى كًٍت كبٍشة يٍ انكبذ اصتواء 

 .تُتزّ انعضلاث يًا أكخش كى 



Anaerobic metabolism 
in white fibers 

• NADH+H+ is reoxidized to maintain glucose degradation 
and ATP formation. 
 

• Lactate is formed and converted to glucose in liver (Cori 
cycle). 

 



The Cori Cycle 

• White muscle fibers obtain ATP from anaerobic glycolysis 

 

• In anaerobic glycolysis, the glucose is converted to lactate 

 

• Lactate in muscle is released into blood 

 

• Transported to the liver 



 
Liver converts lactate into glucose via 
gluconeogenesis  
  
The newly formed glucose is 
transported to muscle to be used for 

energy again. 



The Cori Cycle 

Why muscle can’t produce new glucose from lactate? 

 

Because: 
• Gluconeogenesis requires much more ATP than is supplied by glycolysis 

  in muscle 

 

• O2 deficiencies do not arise in the liver even during intense exercise 

 

• Therefore, liver always has sufficient(كافي) ATP for gluconeogenesis 

 



The glucose-alanine Cycle 

 

  Muscles produce:  

 
• Pyruvate from glycolysis during exercise. 

• Amino nitrogen (NH2) from normal protein degradation. 

• Pyruvate is converted to alanine in muscle. 

 ( Pyruvate + NH2    Alanine ) 

 



 
 فالعضلات

 Pyruvateيتحلل ويعطينا   Glucoseالـ
 

 NH2 الـيتحد مع  pyruvateالـ 
 (جايه من تحلل البروتين NH2الـ )

 
 Alanineلنا الـ مكونين 

 

 

 فالكبد
 

  على صورة  NH2يترك الـ  Alanineالـ 
Urea 

 

 Pyruvateويقى لنا 

 
 Glucoseالـ لنا يكون   Pyruvateالـ 

 (gluconeogenesisعن طريق )

 

 وهكذا تستمر الدائرهـ
 



+ 

Glycolysis during 

exercise  

Normal Protein 

degradation  

Alanine 

Muscle 

Blood 

Liver  

Alanine 
Pyruvate 

NH2 

Glucose 

Urea  

Pyruvate NH2 

 توضيح للرسمه اللي قبل



The glucose-alanine Cycle 

• This alanine is transported to liver. 

• Liver converts Alanine back to Pyruvate ( Alanine – NH2 = Pyruvate ). 

 

  

• Pyruvate is used in gluconeogenesis. 

 

• The newly formed glucose is transported to muscle to be used for 

energy again. 

 

 



The glucose-alanine Cycle 

  Transaminationهنا انزيم يسوي
 

  pyruvateلل  α Amino acid يدخل 
 

 Alanineيصبح عندنا 



Muscle fatigue and 
endurance in athletes 

Muscle fatigue:  
Inability of muscle to maintain a particular strength of contraction over time.  

 

 

 

 Causes of Muscle fatigue :  
• muscle damage 

• accumulation of lactic acid (new study shows the opposite) 

 

 

Athletes are trained to achieve high endurance and delayed fatigue 
 



Qs: 
  

1) in anaerobic metabolism, the source of energy anaerobic metabolism is : 
1. FA 
2. Carbohydrates 
3. Proteins 
4. Lactic acid 
  

2) Slow fibers : 
1. Take short time to contract after stimulation 
2. use glycolysis to produce energy 
3. contract for long periods 
4. Easily fatigued 
  
  

3) Anaerobic metabolism is inefficient due to :  
1. Small amount of Glucose and ATP  
2. Large amount of ATP  
3. Lactic acid is produce  which contributes in muscle fatigue 
  

4) In the glucose-alanine cycle, alanine converted to pyruvate in : 
1. Kidney  
2. Intestine  
3. Liver 
4. Muscle 



 تم بحمدالله 
 

 

 وخاصةكل من أفادنا من الدفعات الماضية نشكر 

   ).. 430دفعة  
 


