
Aerobic and anaerobicAerobic and anaerobic
metabolism in musclemetabolism in muscle

•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

Musculoskeletal BlockMusculoskeletal Block || 1 1 Lecture Lecture || Dr. Dr. 
Usman GhaniUsman Ghani

With some notes!

done by biochemistry team



Three systems of energy transfer

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

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

•Aerobic
•Fatty acids
•Continuous exercise
•Hours

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



الماضي السلایدشرح للفھم 
من  بي تيالقوي حیث یخرج أي  الاكسرسایزیكون في بدایة :  الاولالنظام  

ویمتد لفترة وجیزة للكریاتینبعد تحولھ ) حیث انھ مصدر للطاقة( فوسفوكریاتین

حیث  لاكسوجینلا نحتاج  وایضا اكسرسایز الھايیكون بعده في : الثاني االنظام
ولاكتیت بي تيویستخدم الجلوكوز لیصنع أي  القلاكولایسزیستخدم 

الاكسجینبوجود  اسید الفاتيبواسطة  بي تيیكمل صنع أي : االثالثالنظام  

ثانیة تكون من النظام  ١٥اذا قمنا برفع شيء فانا طاقتنا المستمدة في اول : مثال 
ثانیة الى دقیقتین من النظام الثاني وبعدھا یتحول انتاج الطاقة  ١٥الاول وما بین 

)ایروبیك ( بالنظام الثالث 
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ATP as energy source

 The nucleotide coenzyme adenosine 
triphosphate (ATPATP) is the most important 
form of chemical energy stored in cells

 BreakdownBreakdown 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
total energy requirement for any contraction 

depending on exercise intensity & duration.



Energy metabolism in muscle

 Muscle contraction requires high level 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 FibersRed Fibers
(Type I)(Type I)

White FibersWhite Fibers
(Type II)(Type II)

Suitable ForSuitable For
Prolonged effortProlonged effort

Suitable for Suitable for fast, fast, 
strongstrong contractionscontractions

AerobicAerobic metabolismmetabolism
(With O(With O22 supply) supply) 

AnaerobicAnaerobic metabolismmetabolism
(Without O(Without O22 supply)supply)

You can found both of them in one muscleYou can found both of them in one muscle



Overview of Energy Metabolism in Skeletal MuscleOverview of Energy Metabolism in Skeletal Muscle

اذا فیھ اكسرسایز فانھ یبدا بالقالیكولایسز ویتحول لـ أي تي بي _الجلوكوز بینزل بالدم ویروح للمصل 
ثم في حالة الكونتركشن یبي یشتغل ) یرجع لللیفر لیصنع الجلوكوز: والـ لاكتیت (بدون وجود الاكسجین

أما اذا ما فیھ اكسر سایز یتحول لقلایكوجین .. الایتیبیز ویحولھ لطاقة ثم یرجع في الرلاكسیشن 



Aerobic metabolism in red fibers

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

acids because they are aerobic
 Fatty acids are broken down by b-oxidation, TCA 

cycle, and the respiratory chain (ETC)
 Red color is due to myoglobin
 myoglobin is Higher O2 affinity than hemoglobin
 myoglobin Releases O2 when O2 level drops 

the form of Acyl-CoA molecule
the Krebs cycle

b-oxidation :
TCA cycle :
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Anaerobic metabolism
in white fibers

 Suitable for fast, strong for fast, strong contractions
 During intense muscle activity (weightlifting, 

etc.) O2 supply from blood quick drops
 White fibers mainly obtain ATP from 

anaerobic glycolysis
 Glycogen glucose-1-PO4 glucose-6-PO4
 glycolysis ATP

They are white because they don’t have myoglobin.



جلوكوز ثم  الىالتي تعیده  جلاكولیسیزوتحدث لھ عملیة  اللیفر الىالذي یذھب  اللاكتیكالذي نراه في العضلات ھو  الاخیرالناتج 
العضلات الىیرجع 

بعكس  بي تي الايعلى كمیة كبیرة من  اللیفراحتواء  الىعائد  باللیفرجلوكوز في العضلات بل  الى اللاكتیكوسبب عدم تحول 
مما تنتجھ العضلات اكثرالعضلات وھذه العملیة تحتاج كم 



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

 Lactate is formed and converted to glucose in 
liverliver (Cori cycle)

Anaerobic metabolism
in white fibers



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





The Cori cycle

 Liver converts lactate into glucose via 
gluconeogenesisgluconeogenesis

 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 ATP for 

gluconeogenesis



The glucose-alanine cycle
 Muscles produce:

Pyruvate from glycolysis during 
exercise and

Glycolysis Pyruvate
Amino nitrogen (NH2) from normal 

protein degradation
protein degradation               NH2

Pyruvate is converted to alanine in 
muscle
Pyruvate + NH2  AlanineAlanine



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

Liver converts NH2 to urea for excretion 
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The glucose–alanine cycle
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  امینوالبروتین یحتوي على 
تحتوي  اسید والامینو..  اسید

كانت  اذاالقاتلة  الامونیاعلى 
بمفردھا 
 الامونیالذا یتم ارتباط 

لیتكون لدینا  بالبیروفیت
 اللیفر اليالذي یذھب  الالانین

التي بدورھا تتخلص من 
یوریا  الىوتحولھ  الامونیا
من الجسم  اخراجھالتي یتم 

الاخراجيبواسطة الجھاز 
فانھ یتم  البیروفیت واما

في عملیة  باللیفراستخدامھ 
الجلاكونیسیز



Muscle fatigue and
endurance in athletes

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

 Causes: muscle damage, accumulation of 
lactic acid (lactate)? (new study shows the 
opposite)

 Athletes are trained to achieve high
endurance and delayed fatigueendurance and delayed fatigue

endurance refers to person’s capacity and tolerance for lactic endurance refers to person’s capacity and tolerance for lactic 
acid accumulation acid accumulation 


