
Introduction 
The brain consumes about 20% of oxygen and 25% of 
glucose taken by the human body1; 50 % of which is spent 
for recovery of transmembrane ionic gradient2. Even 
though the majority of ATP is produced through oxidative 
metabolism, glycolysis and glycogenolysis can serve as 
fast energy source in state of high neuronal activity3. The 
astrocytic neuronal lactate shuttle hypothesis postulates 
that lactate produced in astrocytes gets shuttled to 
neurons through monocarboxylate transporter 2 (MCT2) 
and serves as fuel substrate during high energy demand4. 
However, the role of lactate shuttle for ionic homeostasis 
has not been investigated before. 

In this study, we evaluated the effect of lactate shuttle on 
ionic homeostasis and energy metabolism using the 
MCT2 inhibitor, 4-α-cyano- hydroxycinnamate (4-CIN) in 
rat hippocampus.  
   

 

Materials and methods 
DC coupled field potential and extracellular ion transient 
recordings was done in CA3 pyramidal layer of rat 
hippocampus while stimulating the Schaffer collateral 
fibers antidromically with 20 HZ, 2 sec train stimuli, every 
4 min. 

 

 
  

 

Results 
 
We found that application of 4-α-cyano-hydroxycinnamate resulted in prolongation of half decay time of stimulus induced K+ and Na+ 
transients in CA3 stratum pyramidale region, indicating slower uptake of K+ and Na+ efflux. Moreover, there is less efficient synaptic 
transmission during MCT2 inhibition. Decrement in oxygen consumption and sharp overshoot phase of FAD signal indicate a decline in 
oxidative metabolism .  

 
MCT2 inhibitor resulted in decreased synaptic transmission                        4-CIN prolonged K+ half decay time  

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig 1. Effect of 4-CIN on population spike (A) . (A) Field potential response in                         Fig 2. Effect of 4- CIN on extracellular K+ transients.    
 control, 4-CIN and wash out conditions (B) Amplitude of orthodromic                                      (A) K+  transient. (B,C) 1st and 2nd  half decay time prolongation. 
 population spike was significantly reduced upon application of the drug                                   P*** < 0.001 
P** < 0.01 
 

4-CIN increased Na+ half decay time and decreased influx                           4-CIN decreased oxidative metabolism 

Conclusions 

Lactate shuttle supports excitatory synaptic 
transmission. 

Alteration of Na+ and K+ homeostasis indicate that 
Na+/K+ ATPase is partly dependent on lactate shuttle. 

There is overall decrement in oxidative metabolism 
which might support the hypothesis that  lactate could be 
a substrate for oxidative metabolism. 

The overall  oxidative shift in FAD signal could be due to 
compensatory overactivation of Complex II from electron 
transport chain. 
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Fig 3. The effect of 4-CIN on Na+ transient.(A) Na+ transient (B) decreased 
Na+ influx (C,D) prolongation of 1st and 2nd half decay time. P** < 0.01 

Fig 4. The effect of 4-CIN on FAD transient and tissue O2 level (A) 
 FAD undershoot phase shortened and shifted towards oxidation  
(B) Decreased O2 consumption, increased extracellular O2 tension 
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