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71884 WS F3F Q4F (Uric acid) F 284S Y3l =84 ZEA (hydrogel polymer)
E WA e 2F LA sd= O*J 28} & 4 (Uricase), 7t E 98 PEGDGE
(poly(ethylene glycol) diglycidyl ether)7} &3t &8-S ~3d =AYHE w4 = (SPCEs)
el FHste] S48 L2 F 3’—1"?7(]'9] A91E 24a] S8l 2Rk=]l FedE
41 X T E A71e8Ee] 2878 Zhe O8F IwA SHES AT dE e
F IEA sRRFE2 PAA-PVI (Poly(acrylic acid)-poly(vinyl imidazole)-[osmium(4,4’-
dichloro-2,2’-bipyridine),C1]"?"), PAA-PVI-[osmium(4,4’-dimethyl-2,2’-bipyridine),C1]"**,
PAA-PVI-[osmium(4,4’-dimethoxy-2,2’-bipyridine),Cl]"**o]t}. A ZHE G2H1FS £3AYAF
M (cyclic voltammetry)S 53l uric acidol] €3 S 2F IEA} FEE9] 48 ) AF
(oxidation catalytic current) 243k uric acid?] FEE FFHOo=R l"fc”f% F UL 2
285 ZEA AFEE F 0215V AH3tEd A 9E 2HE PAA-PVI-[Os(dme-bpy),Cl1] "
(PAA-PVI-osmium(4,4’-dimethyl-2,2’-bipyridine),C1]"*") 3}E-S o]-&38l] tE < 722
Q1 k22 HAL (AA)F EET (glucose)?] AF3) Alse] MiasE 9d & U ol o

|3t Azt d—:LS 033V AgolA st %9 uric acid (1.0, 1.5, 2.0, and 5.0

~

mM)2] ARE 24 A3 2 =0.99862] T AFAHE zh= AL RIS ol ExsiA|
2 Zhekel W U3 ASS ARESE7] W] ddA] AL (point of care; POC)O|
Aoek QAEA R vl QAN EA 9 ThEAS E9 T & AT

Abstract : Screen printed carbon electrodes (SPCEs) with immobilized osmium-based hydrogel
redox polymer, uricase and PEGDGE can be used to apply uric acid electrochemical detecting.
The osmium redox complexes were synthesized by the coordinating pyridine group having dif-
ferent functional group at 4-position with osmium compounds. The synthesized poly-osmium
hydrogel complexes are described as PAA-PVI-[Os(dCl-bpy),Cl]"**, PAA-PVI-[Os(dme-
bpy),CI]"**, PAA-PVI-[Os(dmo-bpy),CI]"*". The different concentrations of uric acid were
measured by cyclic voltammetry technique using enzyme-immobilized SPCEs. The prepared
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SPCEs using PAA-PVI-[Os(dme-bpy),Cl]"*" showed no interference from common physiologic
interferents such as ascorbic acid (AA) or glucose. The resulting electrical currents at 0.33 V
vs. Ag/AgCl displayed a good linear response with uric acid concentrations from 1.0 to
5.0 mM. Therefore, this approach allowed the development of a simple, point of care in the
medical field, disposable electrochemical uric acid biosensor.

Keywords : Uric acid, Electrochemical biosensor, Poly-osmium hydrogel complex, Uricase, Medi-

ated electron transfer (MET)
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82 (Uric acid; UAYS A9} A Abh F4=
o]FolR gHEo|3, Al (kidney)Z} “d(intestinal
tract)?] F UAEZZ wjdEE HF AHEo|g!?
Uric acide= 2% 3 ol} Awia) 72 A9 QoA
AL E 83 AT EX=ZA AR AEE
o] AW uric acid FX& A 0.13-0.75 mM, &
Hol X 149-446 mM A% EA)3Ti 9sA] ok
T A 2 olshe HEE ol e FAR
Al o] HHAE "ot vAGAR] uric acid®] A
7t A&EE o8 71 Ay Eo] et x4l
gy, A, 3EY, 9=y

T, =,

o] St} 2R A
FAE AAAEE &
A&EH o7 FAsk= A 4
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Uric acid®] 215 S4shs WPH-2 HAY, shehig,
353, HPLC (High Performance Liquid Chromatography),
TR, BAlE A7lolE 3 o] vheFsk Whol
AME 7FEsIe ) e 9o e SAHES
73t 34, AA7F (time-consuming), 283} EA|
o2 Qlal] ARge] BHEA|TE, A7)ste WS o]&-
3 uric acid®] &AL w23, 7S, Ao
=2 A9 s Zhe vlo] LAXEA A|Zstr
7F #1918 A7) HolR|aL Qi e

71818 g o] &3 uric acid®] S8 T
A YollA @4 glo]l & &2, nonenzymatic)
He W §45 X3St (enzymatic) S5
o2 Uk Uric acide A71318H 24
ZH FEAolA] AT FH AA 4R 7] wllE
of &4 glo] A7kt A E Aol 4 Sk 1
22 0% A5 % U=3F (metal nanoalloy),
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polymer) 2 A&5t uric acid?] =5 7dsl,
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o] &A= oI 2HAF (ascorbic acid ; AA)O]
2betEls 99 uric acide] AtslEl= A7 =435k
3o, A7) At HA EAe] AdeAde] "oR=
A7 AL olgjgt e FE] fal A5 %
H 9o ¥4 U=x=YA (metal nanoparticles)tr
conducting polymers g3t AAS] 7HiadE 9
= A7 FAHAA R, o2 Q18| uric acide] 4Fs)
AF7F 228k nonenzymatic A713}8 HPHS o)A
3] EAHES 7KL ek wbEo) enzymatic 27
AL 2 Auds AEE 2] di&ed $19] £4
£ AT F U= FHE 7L U Z2AE o]
3t uric acidE A3 W2 uric acid7} 84F
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2ksl 919k HA = A Ak ko] Gl <
3] e AePde] EAFo] Atk oljg A
S A8 $80 uric acid7} uricaseol] ]3] AtshE
o HAEE AAE J1FAR1 AtshER iZRA]l (redox
mediator)’} A=OZ WO 2H redox mediator]
A7 A5 A eR SAske Wie] Aol R
. Redox mediatorg ©]&3% W% (Mediated
electron transfer; MET)2 #7|3}8hy w1 Al
(glucose sensor)ollx] o] ALE-Eo]zl HHO T FA
o YF =2 &R AL e Y T A
= Ale] ARAY whe-S wEA AP 5 QY0
TS uric acid7b 2 =2 Akl AR ¢ @2
kel A9E ZHe redox mediators ©]8-31ed uric
acid®] T ZAAY o] WA Wl SAlshk= el
EHEREL] S I F UL B2 AEye =
£ A4S F Ak AAA uric aciddFS 9IS MET
W F redox mediatorZA= Q. 2F 3F5HE (osmium
complexes), ¥ 24 (ferrocene), tetracyanoquinodimethane
(TCNQ) 3 Flgjrlehol= (ferricyanide)’t AF=o] £k
o} 3039 ey} 2R BAEEe] redox mediators AF
(diffusion)& 7 VFERtaL gasote] Az A wkg
o] golslA]l &b, A= W ol 243 e W




27181884,

23 S Bealr] 98k 2
22} (h ydrogel polymer)& HISJAIZ
SRHEES SHelel Agelsic A
# 9_/\% FE2} 3F5HE-S Poly(acrylic acid)-
poly(vinyl imidazole)-[osmium(4,4’-dichloro-2,2’-
bipyridine),CI1]""?>* (PAA-PVI-[Os(dCl-bpy),Cl]),
Poly(acrylic acid)-poly(vinyl imidazole)-[osmium(4,4’-
dimethyl-2,2’-bipyridine),C1]"**, (PAA-PVI-[Os(dme-
bpy),Cl]), Poly(acrylic acid)-poly(vinyl imidazole)-
[osmium(4,4’-dimethoxy-2,2’-bipyridine),CI] > (PAA-
PVI-[Os(dmo-bpy),CI]) ©]2Z, &R Ajhe Q25
sheteS gEd"e] 44 Ao AxE ne 29
(electron-withdrawing substituents)-} RS F= 2|3k
7] (electron -donating substituents)& B} 913t &
fJxe] A lelA uric acid®] H71skekE whe-& wF
S AU PAE e 2F IEAL 5}3“: > 7}
A (cross-linking agent)?} uricaseE 94X H|EZ
4ol 43]8 (disposable)e] 2T AAWHOZ W=
Bk (screen printed carbon electrodes, SPCES)
Qo 37gs) siivk ARt A5 SR/
(cyclic voltammetry)ye 53l S 2F 31%11' siHes
9] 28} Zv| AF (oxidation catalytic current)E =
A3l uric acid®] F=5 JHFHoz EAT £ 9l
ATk =g O’\% .J-TX} shetEe] A9E o]8-shed
E% (glucose)e] 4ts}
SkoAck. oA A=}
= P’S% wE2] 2F3 uric
acidll ¥t AejH oz 7hgdivh= As SHAL, 5
o H5E AREEt
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3t npo] QAA EA Q] 7sAS Eel @ £ gt
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2.1 Algk 2 A=

2ol ARg-E A2kl ammonium hexachloroosmate(IV),
4,4’-dimethyl-2,2’-bipyridine, 4,4’-dimethoxy-2,2’-
bipyridine, ammonium persulfate, sodium hydroxide,
N,N,N’,N’-tetramethylethylenediamine, D-(+)-glucose,
poly(ethylene glycol) diglycidyl ether (PEGDGE), +
Aldrich (Milwaukee, WI) AFe] EA4IA12F F A& H
A glo] ZUE AME-SIATE Uricase (fiom Bacillus
SP. 539 U/mg) S4F L9 Toyobo Aol A
slsigit. RE Geole] Azst AAL dAste] 3%
4 (Millipore, Bedford, MA; A3 18M - Qcm,
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distilled water ; DW)& A3ttt Z7]8ket A g
A 2 HA=9=Z+=, OHP (overhead projector film)?
o screen printing machine (BS-860AP, Bando,
Korea)S ©]&3lo] B4 = (Electrodag, 423SS,
Acheson, USA)E <38l YHE SPCEs
(0.07065 cm*)E A3, At A=z 7E Ao
2= 9WH (Platinum)X 3 Ag/AgCl A= (ESA,
EE009)& &3ttt +=3F At AR (Cyclic
Voltammetry; CV)= S48 st=dl AMH-E 717]=
CH Instruments (Austin, TX, USA)2] model 660B
Elctrochemical workstationS ARE-3FAT}

2.2 T84 mediators2| &4

Ao A% mediatorE% Poly(acrylic acid)-
poly(vinyl imidazole)-[osmium(4,4’-dichloro-2,2’-
bipyridine),C1]"?*, PAA-PVI-[Os(dCl-bpy),CI1]"**,
Poly(acrylic acid)-poly(vinyl imidazole)-[osmium(4,4’-
dimethyl-2,2°-bipyridine),C1]*?*, PAA-PVI-
[Os(dmebpy),CI1]"?*, Poly(acrylic acid)-poly(vinyl
imidazole)-[osmium(4,4’-dimethoxy-2,2’-bipyridine),CI] /",
PAA-PVI-[Os(dmo-bpy),Cl]|*"E ©]d =EE5& =3
AR A3 A}_Q_O],oiy;]_.% 38) o4 10L S =
2kl 24.0g (0333 mol)2] acrylic acidE 2L 1-
vinylimidazole2 7.0mL (0.077 mol) 7S Y& &
DW 1500 mLE F7Isle] 40°Cel|x] mnk 3h =9ic).
o37]e 0.69 mL (4.6 mmol)2] 7}xA N,N,N°,N’-
tetramethylethylenediamines DW 50.0 mLell =<1 &
Srlst, & AZxE JWAIA ammonium  persulfate
(0.6 g (2.63 mmol) in DW of 150.0 mL) &S g
A HE ol 3082wk s} Eele w2 B
o} Wkgo] B & 4oColA] 2.0 LY methanoloﬂ A
5] "ol=gjm At IS AL st
FE3IATE FH1E Z2Fe] Os(dCl-bpy),Cl, (17.65 mg,
0.025 mmol), Os(dme-bpy),Cl, (15.73 mg, 0.025 mmol)
22]3 Os(dmo-bpy),Cl, (17.33 mg, 0.025 mmol)=
¥ PAA-PVI (5.0mg) <} ethylene glycol (5.0 mL)
FHe] o] 160°CNA] 10 7 @4 3t] PAA-PVI-
[Os(dCl-bpy),Cl]"**, PAA-PVI-[Os(dmo-bpy),CI] ",
Z28]3L PAA-PVI-[Os(dmo-bpy),CI|"*" & ztz+ 34
skt vhg & 8o 300 mLe| diethyl ether &<
of 3] "ojre A A stk A ¥d | =
A2 DWell o] Zelv] FH (10kDa)E ©]8-3to]
4E polymerdhS £ stk A 2z &
ANEL2 1.0 mgmLE LY3le] ARESIIT

l

= 4839 M

$18t uricase (25.06 mg/mL

ol

2.3 UricaseS =&t
Uric acid ¢ 4Fs}

mlm
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in PBS)®} redox mediator®] PAA-PVI-[Os(dme-
bpy),CI]"*" (1.0 mg/mL in DW) 28|32 o] E2ZE9]
7t A¢S 9% PEGDGE (5.0 mg/mL in DW)
< M2t 4:4:19] Fo) HE E3sle] EA8AS Az
AT AzE 489 100 uLE 239 =Y
® SPCEs #loll =" ste] 12417 B 204
AzEATE olw] AF 9o EZH uricase= 0.6
unit o)th 7S Wyo=w A7t thE PAA-PVI-
[0s(dCl-bpy),CI]"*" (1.0 mg/mL in DW)2} PAA-
PVI-[Os(dmo-bpy),CI]"** (1.0 mg/mL in DW)S =
ks A= AlRste] Aol AHg-alat

2.4 Uric acid s HM7|slsty 5

Borate buffer (pH 8.5) & ©|-&3td bt v=
9] wuric acid (1.0, 1.5, 2.0, and 5.0 mM)Z FH|a}
At Uric acidea=oll w2t A2e 44 oA
uric aciddl] gk ksl En] HF{FE CVE o] &3]
439 24E OV FAREEE 0.005 Vis He
o, A WeE -0.6~1.0V At}

2.5 W4 otMAM Uric acide] &3

HA718kehkg-S o3k SA oA Aol x4 W
8] S dolrr] 915t borate buffer (pH
8.5)2 o]&3td uric acid (1.0, 1.5, 2.0, 5.0 mM)
Az Al glucose £} ascorbic acid 2] FE=7F HE3F

o

HaCO. OCH;3
N A
- oo\@“ ’ -

ox

o2 747 55mM, 0.1 mMo] EAIE Yol F=H]5l
t}. Uric acid F=° wt A2k G445 $lolA]
uric aciddl] Ti3t 2H8} Fw] AFE CVE 0]&5l]
22X, oln FAREEE 0.005 Vis Fom, A9
o] HE -0.6~1.0V it}

+8Y 2AF 1EA siEtEse| TWISEY M

A" T84 2&F IEA 3%E PAA-PVI-
[Os(dCl-bpy),CI]"?*, PAA-PVI-[Os(dme-bpy),CI]"*",
I3 PAA-PVI-[Os(dmo-bpy),CI]"*'E &<l35l7] ¢
ste] 712 AT Ag/AgClol tiuEte], A9 -
0.4~0.9 V7HA] SRR eR A4S E Eklst
Atk olwe] =AL 7k o AF VEA IR FE
£ phosphate-buffered saline (PBS; pH 7.4)°] =<
05 mgmLE 24393, FAEEE 0.1 Vs ok
Fig. 19| 235 B3l 7} o2F 184 s13E9] 4t
sl HeE =H3 A3 PAA-PVI-[Os(dCl-
bpy),CI]"*" (E°=0.376 V vs. Ag/AgCl), PAA-PVI-
[Os(dme-bpy),CI]"*" (E°=0215V vs. Ag/AgCl) 28]
3 PAA-PVI-[Os(dmo-bpy),CI]"*" (E°=0.096 V vs.
Ag/AgCHE YERIRATE. PAA-PVI[Os(dCl-bpy),CI]"**
o] A7} PAA-PVI-[Os(dme-bpy),CI[>*¢] Z$]ell H]

-0.3 0.0

C P*/TSL\NK ]
NE HyCO S N
g -50
3. .
N d
2 ol
(72}
c
[}
©
) 50
‘d:’ —— PAA-PVI-[0s(dCl-bpy),CIT"™
- PAA-PVI-[Os(dme_bpy)zc”om
S PAA-PVI-[Os(dmo-bpy),CI]"**
¢ 100 1 . (

0.6 0.9

Potential (Volts vs. Ag/AgCl)

Fig. 1. Cyclic voltammograms of PAA-PVI-Os complexes (0.5 mg/mL in PBS) at a scan rate of 0.1 V/s on SPCEs.
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s oF 016V & A (positive potentia)Z YEN=
o= A+ 7] #8711 pyridine-Cl 2]7H=2] 4
°] 37, PAA-PVI-[Os(dmo-bpy):.CI]"**2] A7} PAA-
PVI-[Os(dme-bpy),CI]™" 2] Aol ®la] <F 0.12V
S %] (negative potentia)Z UERI= o]f= HAF
F7N 287191 pyridine-OCH; 27k=9] Q3ke]S 5ol
g UATEO

=

0

(]

3.2 gANI0Mel 2t +8M 248 1K}
9| MElFufdF

Scheme. 12] #'HE 531 uricase, T3E T84
928 382 183 7172AQ) PEGDGES Ry
4:4:19] V&2 EFE 89S SPCEs $lof] "oj=g
Aeor Azt aAAFE AZsiic AztE &
2= 9ol borate buffer (pH 8.5)F 40.0 uLE <
23, TEHGAFEeR sl gazlFe &
Aoz IAHHE 7} 584 7 IEA SFEe 4t
shE AEE 43It (Fig. 2. dot). B3t uric
acid®] ¥=7} FZ 2.0mMe] =HA borate buffer
(pH 8.5)% 53l €& A=slar A5x4 flo &8
ABEMAFE FSAT}H (Fig. 2. line). olwje] A
3 27 A9 -0.6~1.0V 7F] 0.005 V/se] FAE:
T2 Z2AFAT Fig. 2 (9 AFHE EHE 035V
2394 PAA-PVI-[Os(dCl-bpy),Cl]"?*¢] Zuj A7}
Uehd= AL g 4 3tk o= uric acid’t
uricasedl] 2J&f] AtslE W WAE= AAE 84 2

f

I

28 IZEA mediator’} 2o} poly-0s** oA poly-
0s*'2 Y= o D= AAE o] wol Zn)

A5 Uehhs Aol (eq. 1).

Uric acid + 2 0s*" complexes + 2H,0 + O,
uricase

- Allantoin + 2 Os*" complexes + H,0, + CO, (1)

Fig. 2 (b)2 A#Z HH 02V ZA A PAA-
PVI-[Os(dme-bpy),Cl]"**¢] Sl AF7F Yehhs 2e
18 4= Utk 0.6 Volidoll Ui 27ke] 5%
2= uricased] 98l uric acid7} AHEME w WAEE=
ksl pae] A7)8)skE Abskalset uric acid A
o] Jspilse] gFolat & 4 Ut Fig. 2 ()9
AF}E B PAA-PVI-[Os(dmo-bpy),Cl]"*"2] 2ka}/sh
2 A9 fX19] 0.09 VollA] 4tsl Sl AFrT A
A A, 02 VA A Ckzhe] Absl EwidFof
0.6 V ol’dellA uric acid A1) 4telil g7 AR
golg 4= 9t} o]+ uric acid’} uricaseo] &Jaf Ak
stEl= Ao fXEY ¥ e A8 H9E 2t
T84 S2F IEAF mediator7t HARENHSS

0717] 447 7] Wzel Vehls Azolr).

33 W4 OHOIM uric acide| AHSE0NEF

Fololu} AMollA uric acide] A o] thEZA
o] W& glucosest AAS] F3FS Lolrr] 2|
#% FX7F glucose 5.5mM, AA 0.1mM 12|31

Mediator Enzyme Cross linker
PAA-PVI-Os Complexes Uricase PEGDGE
1 mg/mL 40 mg/mL 5 mg/mL
4 4
~ -
-,
S o -
S o 2
N -’
N -,
N -,
RS - -,
) o« 720N
Y st !
; — ~
- 7 ~
f - ~ - S o
e =~
-~ - - ~ ~
P SN v
-
S Poly-Os**
Uric acid 4 S
)
e e e
Allantoin Uricase E
Poly-Os?*

Scheme. 1. The schematic of fabrication procedures and measurement of uric acid.



34 J. Korean Electrochem. Soc., Vol. 19, No. 2, 2016

uric acid 2.0 mM©] E|A borate buffer (pH 8.5)%
o] g3ty §AG AxIATENH) A FAHF 9
of 98 &3 A9 -0.6~1.0V 7HA 0.005 V/se] F
ARER SASIAT Fig 3 ()9 474E EH S35

-100

Uric acid of 2mM
—————— - Uric acid of 0OmM

&
S

o

Current density (pAlcm?)

50 -0I.3 OjO 013 0j6 019
Potential (Volts vs. Ag/AgCl)
(a)
A0t Uric acid of o

-50

50|

Current density (pA/cm?)

-0.6 -0I.3 OiO 0?3 0:6 0f9
Potential (Volts vs. Ag/AgCl)
(b)
Uric acid of 2mM
100+ Uric acid of OmM

Current density (nAlcm?)

1 1 L L
-0.6 -0.3 0.0 0.3 0.6 0.9

Potential (Volts vs. Ag/AgCl)

(c)

Fig. 2. Cyclic voltammograms of (a) PAA-PVI-[Os(dCl-
bpy);CI"**, (b) PAA-PVI-|Os(dme-bpy),CI|"**, (c) PAA-
PVI-[Os(dmo-bpy),CI|"?* (line) with and (dot) without
uric acid (2.0 mM) at a scan rate of 0.005 V/s.

= 84 <t glucose?t AAZF 02 W, uric acid7}
uricased]] 2J3l AtslEl= Als7F F7HES ERIE 5

Atk ol w2 A M9 de 78 02E L

Uric acid of 2mM with AA and glucose
——————— Uric acid of 2mM without AA and glucose

R

g -150

2

= 100

P

=

n

c  -50

(]
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=

o O

S

e

= I I I I I
© -0.3 0.0 0.3 0.6 0.9

Potential (Volts vs. Ag/AgCl)
(a)
Uric acid of 2mM with AA and glucose
-------- Uric acid of 2mM without AA and glucose
-100

-50

50 -

-0.6 -0.3 010 013 016 0.9
Potential (Volts vs. Ag/AgCl)

(b)

Uric acid of 2mM with AA and glucose
---- Uric acid of 2mM without AA and glucose

Current density (nAlcm?)

-100

-50

50 -

Current density (pAIcmz)

1 1 1
-0.6 -0.3 0.0 0.3 0.6 0.9

Potential (Volts vs. Ag/AgCl)

(c)

Fig. 3. Cyclic voltammograms of (a) PAA-PVI-[Os(dCl-
bpy)C1]*?**, (b) PAA-PVI-[Os(dme-bpy),Cl]***, (c) PAA-
PVI-[Os(dmo-bpy),CI|"?* in uric acid of 2.0 mM (line)
with and (dot) without interferences (AA of 0.1 mM and
glucose of 5.5 mM) at a scan rate of 0.005 V/s.
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A

-

AA-PVI-[Os(dCl-bpy),CI]"*7} uric acid®] 4F
ot #FAER] AL glucoseSt AA2] Atalol]
W= R ERIE 9l ol WelEEe]
o uric acid &4 A&7} T& (overlap)=
9&et uric acid®] F@e] Erbssitte 2SS
ted Fth Fig. 3 (b9 245 W ZAH= &
ool glucoset AAZF AT w] 0.6V ©]dolA
Zke] Abs} Ewl ARVE SU1ES ERIE 4 AUk
FA)9t uric acidZ} uricaseol] ol AFElEo] WAE=
S84 92F TEA PAA-PVI-[Os(dme-bpy),Cl] "
o] FnjdRF M= HeF dojuA] grol AdgA
OF uric acid® ¥ T & = AFE RAFTh
Fig. 3 ()9 A& 2¥ ZHHE §9 <t

M
o

T

mz:oagrm_.d
i 0% o
i

J&_I%o%.‘ll‘j\i oot
olr
0

i

O

glucose?} AA7F EAT wio} EAlSHA] &S o =
~—~ -300 |
N Uric acid of 5.0mM
E """" Uric acid of 2.0mM
g Uric acid of 1.5mM
————— Uric acid of 1.0mM
2 -
3 00
—
>
x
w 100~ |
c
[}
ye]
T o
s f
=
S 100 1 1 1 1
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Fig. S1. Cyclic voltammograms of 0OmM uric for (line) control electrode and containing (dot) 0.1 mM AA and (double
dot) 5.5 mM glucose at a scan rate of 0.005 V/s.




