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= Importance:

— Related to neurological disorders including Parkinson’s
disease, Huntington’s disease, Tourette’'s syndrome and
schizophrenia.

= Detection

— Desired features:
= High spatial and temporal resolution
= Minimal tissue damage
— Electroactive
= Electrochemical detection
— Similar structure
= Difficult to differentiate < 0-1000 =

Catecholamines as
Neurotransmitters
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Modeling Framework

aC1 — szcl _ kbbC1C4 + kfbczcs _ kbbC:LCS + kbe2C7 Initial Conditions:

ot Cea(X,y,0)=C., =0.01mM
oC Coo(X,y,0)=0

2 = DVv2C, —k,C, +k,C, + k., C.C, —k,C,C, +k,,C,Cs —k,C,C, 00
oC Cuc(X,y,0)=0

—2 = DV2C, + k,C, —k,C, + k., C.C, —k,C,C, + Kk, C.C, —k,C.C,
8C4 — DV2C4 _ kbbC1C4 + kbe2C3 _ kbbC5C4 + kbeGCS Boundary Conditions:

ot Cea(00,0,0)=C;, =0.01mM
oC Coo(0,20,0)=0

81:5 = DVZC5 — KppCsCy + K, CeCy — Ky CsC, + K, CCs Cch(oo,oo,O)ZO
oC 2 Cpc(0,%0,0)=0

8t6 =DV°C, - k,C, +k,C, +k,C.C, -k, C,C, +k,,C.C, -k, C,C,
a; - DV2C, +k.C, —k,C, +k,,C.C, —k,C.C, +k,C,C, —k,C,C,
acC Definitions:

&8 =DV?*C, — k,,C.C, +k,C,C, — k., CC, +k,C,C, Cy = [Conon¥:)]  Cy =[Come (61)]

C, =[Cooon (Y1) | Cg=[Cogue (X.1) ]
G, = [CLACDA(X’y!t)] C, = [CLACNE (X,'[)]

C, = [CACDA(X’y’t)] Cy = [CACNE (X’t)]
I
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Previous Work

Application of Electrochemical Redox Cycling: Toward
Differentiation of DA and NE
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Generator Potential /V vs Ag/AgCl saturated KCI

Modified figure, reprinted with permission from Hu, M.; Fritsch, I. “Application of
Electrochemical Redox Cycling: Toward Differentiation of Dopamine and
Norepinephrine”, Anal. Chem., 2016, 88 (11), pp 5574-5578. Copyright 2016
American Chemical Society. Figure has been modified from original

DA and NE exhibits
different
concentration
profiles based on gap
width and can be
differentiated using
this technique.

NE has a greater
dependence on gap
width than DA.
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1000 pm

Physical Description

2000 um

Electrochemically reversible .y e o
CA = OQ+ 2e- «  Width=4 pm

CA: Catecholami_ne (DA and NE) oQ CA o Length =100 pm

0Q: Catecholamine-quinone Height: 100 nm

CA 5 CA
o CA Q CA CA
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d =(5x4um wide elctrodes)+(4xGap) = 36um
d =(5x4um wide elctrodes)+ (4 xGap) =100um
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E CA= 0OQ + 2e + 2H*
C 0OQ —LAC
C LAC + OQ -CA+AC

Redox Cycling of Catecholamines
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E mechanism

E Mechanism at 4mm
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E Mechanism at 20mm
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Generator Potential/mV vs Ag/AgCl Saturated KCI

The collector efficiency of NE has a greater dependence on the gap width than DA.
The different shape in the collector electrode response is due to the longer
distances allowing the solution to diffuse away from the electrodes.

DA and NE present a peak shape in the generator electrode due to mass transfer

restrictions.
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DA and NE rate constant differ by a factor of 7.5. This provides the opportunity to
differentiate them because NE is almost silent.

» Hysteresis appears. Phenomenon that occurs when OQ diffuses away from the
electrode to the solution resulting in no OQ at the surface to be reduced allowing
OQ to be converted into LAC
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* ki, and k,,, were estimated using an equilibrium constant.

 Based on the estimated K,,, C mechanism shows no effect to the overall reaction.
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Experimental vs

Results

Experimental vs Computational Data

Computational Data at 4mm Gap

Experimental vs Computational Data at 20mm Gap
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Conclusions

U The catecholamines can be distinguished based on their
different cyclization rates by redox cycling methods.

d C mechanism can be considered the most predominant
mechanism, allowing the differentiation between the
catecholamines.

U Additional studies are being developed to further minimize
the probe dimensions to achieve lower detection limits.

U Adaptable for analysis in small spaces—probes for in vivo
applications

4 Electrochemical generation-collection at arrays:
Investigation of chemistry through the relationship of space
and time resulting from mass transfer and reaction kinetics

U Experimental verification of equilibrium constant is
needed to refine simulations further
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