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The previously considered metabolic dead-end L-lactate has since been identified as a key metabolic
intermediate, formed under fully aerobic conditions and used by diverse cells as a metabolic fuel. In the
brain, lactate is the predominant glycolytic substrate exchanged between the distinct cell constituents and
plays also a role as an important signaling molecule. Furthermore, changes in lactate concentration dynamics
have been linked to situations of neural distress and disease. Hence, monitoring extracellular lactate
concentrations is of surmount importance to understanding its role in brain physio(patho)logy. In this work
we describe the development, evaluation and application in the brain of a lactate oxidase-based
microbiosensor for in vivo monitoring of lactate in anesthetized animals, using mass-fabricated multisite
microelectrode array (MEA).

In vitro performance of LOx-modified MEAs regarding lactate detection
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Materials and Methods

Analytical Performance (n = 4 MEA x 4 sites)

Lactate oxidase-modified ceramic-based multisite platinum arrays (MEAs)

Enzyme
immobilization by
coating with cocktail
solution
MEA tip with 4 Pt sites

Biosensor

MEA 1

MEA 2

MEA 3

MEA 4

Mean ± SD

KM,app (mM)

24.0 ± 2.8

6.5 ± 3.1

5.4 ± 1.0

5.6 ± 2.5

10.4 ± 8.4

Vmax(nA)

40.5 ± 6.9

17.7 ± 8.2

7.9 ± 1.3

9.1 ± 5.9

18.8 ± 14.6

Sensitivity
(up to 0.2
mM) (µA cm-2
mM)

3.2 ± 0.3

4.1 ± 0.3

4.8 ± 1.9

2.3 ± 0.6

3.6 ± 1.3

Linearity (up
to 2 mM)

0.998 ±
0.001

0.998 ±
0.002

0.994 ±
0.002

0.993 ±
0.007

0.996 ±
0.004

Calibration plot of the steady-state current as
function of lactate concentration for four Pt/LOxGA/PU MEAs. Data was fitted to the Michaelis–
Menten equation by using non-linear regression
analysis.

Representative recording of the calibration of the
Pt/LOx-GA/PU/PPD microbiosensor to lactate in the
presence of interferents. Red line represents the
response of LOx coated sites and black line represents
the response of sentinel sites.
Analytical Performance (n=8)

Ceramic-based Multisite
Pt Microelectrode Array
(MEA)

BSA protein
matrix (1)

BSA protein
matrix + Lactate
oxidase (2)

Polyurethane (2%) coating
by tip dipping
3 x 5 seconds dippings with 10
minutes pause in between

LOD (µM)

1.4 ± 0.7

Selectivity to AA

7.1 ± 6.4:1

In vivo lactate monitoring in anesthetized rats using LOx-modified MEAs
Experiment 1

Cocktail Solution
(1) – BSA (10%) + Glutaraldehyde (0.125%)
(2) - 1 mg/mL Lactate oxidase (LOx) (0.1 %)
+ BSA (10%) + Glutaraldehyde (0.125%)
Self-Referencing Recording

LOx coated sites

=

Phenylenediamine
electropolymerization

Net Lactate signal

5 mM m-PD solution
CV (0 to 0.5 V, 20 min)

Sentinel sites

In vitro evaluation of LOx modified MEAs

The performance of the LOx-modified MEAs towards lactate detection was
evaluated in vitro by constant voltage amperometry at +0.7 V vs Ag/AgCl
using a FAST-16 high speed electrochemical system (Quanteon, L.L.C, USA)
in a two-electrode configuration.
The sensitivity, kinetic parameters and selectivity against major
interferents, such as ascorbate and dopamine, was performed in a
phosphate buffer solution (PBS) 0.05 M at 37°C prior brain insertion.

In vivo experiments with LOx-modified MEAs in anesthetized rats
The recordings in the hippocampus of anesthetized Wistar rats
(urethane 1.25 g/Kg i. p.) were obtained after stereotaxic
positioning of the LOx-modified MEAs coupled to a micropipette
array to locally deliver solutions.
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Volumes of KCl 70 mM or KCl 120 mM were ejected
from the micropipette by a pressure ejection
system. Recordings were done using constant
potential amperometry at +0.7 V vs. Ag/AgCl using
the FAST-16 recording system.

Experiment 2
Representative recording of the
response of the MEAs-based LOx
microbiosensor in the hippocampus
in response to KCl solution with
different concentrations (70/120
mM) locally delivered to the close
proximity of the microelectrode.
Purple line represents the average
response of LOx coated sites and
black line the average response of
sentinel sites. Subtraction of both is
represented by the red line.

Conclusions
• The in vitro characterization of the MEA-based LOx microbiosensors exhibits a high analytical
performance, as revealed by their high sensitivity, selectivity and stability.
• The in vivo experiments supports the microbiosensor suitability to measure lactate concentration
dynamics in the brain extracellular space with high spatial and temporal resolution.

