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Figure 4. Evaluation of oxygen-, temperature- and pH- dependencies of the LOx-GOx MBA. (A) Average
normalized current detected by LOx-PU and GOx-PU coated sites, respectively, to 1 mM lactate and 1 mM
glucose as a function of oxygen concentration. Data were fitted to the Michaelis—-Menten equation by using non-
linear regression analysis. (B) Effect of temperature variation on the recorded current of LOx-PU and GOx-PU
coated sites in the presence of 1 mM of lactate and glucose, respectively. (C) Effect of pH on the response of
LOx-PU and GOx-PU coated sites to 1 mM of lactate and glucose, respectively. The response towards glucose
was fitted to a Gaussian function.

measurements of lactate and glucose for those conditions. In this context, we must caveat that our experimental
paradigm of SD was associated with a hemodynamic response mainly characterized by a dominant hyperemic
response, which is typically observed in healthy and well perfused brain tissue. In injured brains, depending on
the type of injury and its severity, SD events may be instead associated to an inverse neurovascular coupling®-.

By using amperometric recordings in vivo with the same LOx-GOx-MBA array we successfully measured the
metabolic signature of SD simultaneously with pronounced changes in the spectral profile of LFP-related cur-
rents, in correlation with CBF changes induced by a needle prick model of traumatic brain injury. In spite of some
differences in the magnitude of the changes and the temporal profile, the variations in lactate and glucose here
reported followed the known metabolic signature of SD, globally characterized by a fall in glucose extracellular
concentration and an increase in lactate>~. The significant drop in glucose concentration occurs due to glycol-
ysis stimulation in response to a massive increase in oxidative phosphorylation to generate the ATP required to
restore the ionic gradients lost during the SD wave. In spite of the increase in glucose supply by the hyperemic
response, the energetic demands are such that this input is insufficient to meet demand. The accumulation of lac-
tate in the brain extracellular space, while accepted, is more puzzling to understand, particularly under conditions
of available O,*! The observed relative changes in lactate are in agreement with those reported using rsMD%%, but
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Figure 5. In vivo validation of lactate and glucose measurements by the dual biosensor. (A) Recording of basal
lactate (blue line) and glucose (orange line) concentrations with the LOx-GOx MBA implanted in the cerebral
cortex of urethane-anesthetized rats. The detection of lactate and glucose was hampered by anoxic conditions
created by forcing the animal to breath pure N, gas (downward arrow). The induced changes in pO, were
confirmed systemically by pulse oximetry (green line). (B) In vivo recording of O, changes (green line) and
cerebral blood flow (pink line) in the cerebral cortex of urethane-anesthetized rats in response to SD. SD was
induced by a needle prick at the time indicated by the downward arrow.

the higher temporal resolution of the LOx-GOx-MBA array revealed multiphasic and more complex fluctuations
in lactate extracellular concentration. In spite of different amplitudes, the biphasic change in lactate associated
with SD was previously detected using electrochemical biosensors directly implanted in the brain parenchyma®.
In turn, the magnitude of the changes here reported for glucose were higher than those revealed by rsMD®%. The
larger changes in metabolites detected using biosensors are suggested to occur due to a low-pass filtering of the
fast neurometabolic changes in rsMD>. However, it should be stressed that these comparisons are of relative value
considering the experimental differences, both the method for metabolites monitoring, but also in the anesthetic
used, the stimuli for SD induction and the strain and age of the rats studied. The matched drop in glucose and rise
in lactate, resulted in a transient increase of the lactate/glucose ratio which is suggested to be a biomarker of poor
outcome in TBI and other neuropathological conditions!® 4>43,

A major observation in this work was the marked alterations in the spectral profile of LFP-related currents
accompanying the metabolic changes during and after SD. Most significantly, we observed a synchronization of
the slow wave activity in the delta and theta range accompanying the period of metabolic disturbance. This time
window is within the range of the period of the depression of spontaneous and evoked synaptic activity following
SD*. Interestingly, alterations in delta and theta activity were also observed in the EEG of patients during attacks
of migraine with prolonged aura*, a condition associated to SD events*. Furthermore, we observed a significant
decrease in the power of the delta band during hemodynamic response. We speculate that this decrease is a finger-
print of the DC negative shift and may be used as surrogate marker for the SD wave. In agreement, it was shown
that >80% of SDs recorded from EcoG in brain trauma manifest as depressions of high-amplitude delta activity
in EEG recording?. This evidence supports the possibility of identifying SD waves by spectral analysis with-
out recording DC potential as suggested by others*. Yet, simultaneous measurements of DC and amperometric
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