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Fatigue , Exhaustion, Oxidative damage,
through

Plasma Purine profile
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Hypoxanthine & allantoinare purines  those are different from the other fatigue 
markers such as lactate, ammonia, muscular enzymes… etc.

Specific markers  for muscular fatigue, energy & oxidation, they obtain directly 
from other purines such as ATP, ADP, AMP, IMP, the major cellular energy 
actor  whose internal flux in the cell control the energy capacity.

�� When effort is  intense or repeated, the reconstitution of  ATP pool is 
blocked. Hypoxanthine, resulted from this energy loss, will increase,synonymous 
with the fatigue and insufficient recovery. 

�� When the effort generates an oxydative damage , allantoin, the muscle 
oxydative waste , will increase issued from tissue microtraumatisms.

The quantities ofHypoxanthine & allantoin can be measured in plasma and 
urine. Since, they are so closed and related with the effects of  muscular exercise. 
Why don’t they  become biochemical visa of the effort in athlete. 
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PCr pool is 4 times more 
abundant.  It is on the other

hand charged with 2/3 
(PCr / Cr) and completely 

depend on ATP for its
reconstitution

ATP pool is 4 times less 
abundant but only  95% has its
maximum energy level (ATP / 
ADP+AMP) and its own 
regeneration battery

« Purine cycle ».

The biochemists individualize these 2 metabolically homogeneous and
superposables pool.
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Plasma HYPOXANTHINE 
released from muscle allow  
us to know the total
nucleotide  composition in
muscular cell, and its 
repletion energy level.
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When the effort is short &/or moderated (40% VO2max), the stock 
of total intramuscular ATP  is quickly reconstituted. IMP produced
by Adenosine Deaminase can be  converted to ATP by 2 enzymes
Adenylo Succinate Synthase (ASS) & Adenylo Succinate Lyase
(ASL). 
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Rest
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The restoration of total adenylic nucleotides   (TAN) in the muscle, is 
completed.  In absence of deficit energy, a very small  amount of
Hypoxanthine is formed in muscle and released in plasma (1 to 5 µmol/l) 



6

� � � � � � ��� � 	
 � � � 
 � � � � � � � � � � � 	� 	� 


� � � ���� 
 � � 
 � � 
 �

� � � � � 
 � � � � � � � � � � � � � � 
 � � �

� � � ���� � � � � � � � � � � � � � � 
 
 �

� � 	
 � � � � � � 	� 
 �� � � � � 
 � � �
� � � ���� 
 � � 
 � 
 � � � � � �

15

'	�	��	
'	�	��	
'	�	��	
'	�	��	
 ���)��	�
	����)��	�
	����)��	�
	����)��	�
	�*�	���
	*�	���
	*�	���
	*�	���
	

Since the exercise is intense, prolonged or repeated (100% VO2 max),, 
the restoration of total adenylic nucleotides (TAN) is  not completed.
It stabilizes at about 80% of the initial value.

This energy loss pass through a metabolic pathway whose final product
in the muscle is hypoxanthine, then released in plasma. 



0 
20

40
60

80

0

5

10

15

20

µmol/l Hypoxanthine (Effort intense)

����

������
�������	

(�
��	

���
��

7

���"��� +	�	������ '	������ !	� 		����
������������	�� �����������	�
��
�����������


��
��	����������

����
����������

14

Plasma .hypoxanthine (Hx) is thus mirror image of the energy 
deficit of the muscle 

Res
t

recovery

Hypoxanthine , by-product  of fatigue, is an antidote for the oxydative damage

Hypoxanthine released from  the fatigue muscle is converted by hepatic 
Xanthine Oxydase to uric acid, which is used as an antioxydant sponge of the
muscle 

(hepatic Xanthine Oxydase is 20 times more abundant thanin the muscle) 
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Hypoxanthineis ATP catabolite of the muscular cell.

Released directly of the degradation of  non regenerated ATP, it is 
the result of muscular energy deficit 

(very strong negative correlation  r = -0.83) 
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Intense exercise(10 of cycling with 100% VO2 max). 

� increase of 300% of allantoin whereas the rate of 
MDA does not vary. 

Moderate exercise(40 min. of cycling  with 40% VO2
max) = > Allantoin and MDA do not vary. 

Time (min)

Time (min)
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Allantoin is the final product of the purine metabolism pathway in  
animals. It  results from reaction of uricase or urate-oxydase on uric acid. 

The uricase loss in the Primates in  a few million years ago coincided 
with a considerable lengthening on the duration of species. It depends on  
uric acid which is  powerful antioxydant 

The muscle medium uses uric acid as an antioxydant sponge and  
eliminate its oxydation product , allantoin,

Allantoin,as an oxydative waste of muscle, is an ideal marker of the 
oxydative damage in sportive.

*  Specific and exclusive of oxydative attack.(fig. 1) 

*  Sensitive to the difference of all the other markers (fig.2) 

*  Privileges on muscle (absorbent medium which has an intracellular
pool and import  of plasma) (fig. 3) 

Plasmatic hypoxanthine can multiply by 20 of its average 
according to the intensity of fatigue.
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