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Reperfusion with glucose and lactate as the main energy-
providing

Leucine
Fatty acids

Ketone bodies

Essential and non-essential fuels for energy production: glucose,
lactate and pyruvate provide both substrates for the citrate synthase

reaction : acetyl-CoA and oxaloacetate.
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=>CoASH+2CO2  +3NADH+FADH2    +GTP4-         +2H+
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CO2

• Is an endproduct that we (mammals) cannot use
(only plants can incorporate CO2 into biological molecules)

• It must be first hydrated into bicarbonate
• This spontaneous reaction is rather slow
• However it is considerably activated by carbonic anhydrase

=> Hypercapnia will affect processes and tissues according
to carbonic anhydrase activity and distribution



CO2 + H2O ⇔ H2CO3 ⇔ HCO3
- + H+

• The resulting effect is pH modulation
• However in a highly compartmentalized and channeled way:

tissues and pathways are differently affected according to CA activity
⇒hypercapnia is a way to induce acidosis toward specific targets
⇒ acidosis induces a slowdown of energy metabolism (i.e. ATP turnover and

oxygen consumption)

⇒hypercapnia leads to tissue specific (CA) decrease energy-dependent
processes: it is a way of inducing tissue hibernation.

CA Spontaneous

Permissive Hypercapnia
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ATP turnover = 70 kg / day

Total  adenine nucleotides = 100g

Autonomy  = 2 - 3 min

ATP

ADP x  Pi
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Myofibrillar CK compartmentation

Veksler et al, Cardiovasc Res  1997
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glucose palmitic acid standard protein
molar mass (g)

180 256 2257.4
O2 consumed (l /g) 0.747 2.013 1.045
CO2 produced (l /g) 0.747 1.4 0.864
H2O produced (g/g) 0.6 1.125 0.427
RQ 1.00 0.70 0.83
energy potential (kcal/g) 3.87 9.69 4.704

energy equivalent O2 (kcal/l ) 5.19 4.81 4.50
CO2 (kcal/l ) 5.19 6.92 5.44

synthesized ATP
mol/mol 38 129 450
kcal/mol 456 1548 5400
yield 0.65 0.62 0.51



Korvald, Am J Physiol, 2000



Favier, et al, J Appl Physiol, 1991

Additive effect of training and High Fat diet on energy metabolism during exercise
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James et  al , J Clin  Invest  1996; 10: 2388-97

B

A : caecal ligation
B : ip LPS injection

LACTATE sepsis and Na/K ATPase
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Interconversion rates of lactate to pyruvate and pyruvate to lactate occuring in
the forearm muscle tissue of Control individuals and NIDDM patients after a 10 -
12 h overnight fasting
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Protection by Lactate
of Cerebral

Functions during
Hypoglycemia

Maran et al, Lancet, 1994 343: 17-20
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Schurr et al, Brain Res., 1997, 744, 105 -11

• Slices with lactate showed a significantly higher degree of recovery

• Slices with anaerobic lactate production by pre-hypoxia glucose exhibited functional recovery

• 80% recovery even glucose utilization was blocked during the later part of the hypoxic period and reoxygenation

• Slices in which anaerobic lactate production was blocked during the initial stage of hypoxic did not recover

Lactate and brain recovery from ischemia-reperfusion injury
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The steady state of the “milieu interieur” results from
the metabolism of each and every cell

A compromise between cell and organ priorities?

Glucose
Lactate

FFA, etc. 


