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A Detection for Levobupivacaine by Using
Polypyrrole Material

XY REH - BAE
Ren-Jang Wu, Te-Chin Tsai, Hsiang-Ning Luk

RHF R IATALE P 47 7 R 2R BB £ 2 A 'L+ B (levobupivacaine hydrochloride) #4978 & » 37T {a8] £
1 ppm ° RXAERESF X > AFw& (pyrrole) Tk & kvl BBl 4 #HJ wik 4 (polypyrrole, Ppy) 5 B 4% B 74 &8 4%
o RA TR Ppy IR B IBE IR AR RN MM o 42 F 5T AL # 8% Material Studio software 4.0 >
st A AR bR B R B A BGRI AR 3 x 3 Ppy k@ 0 LRI AEE T 49 1.88 keal/mol Z R VTFEAE49 A 0.24
£ 026 nm T o Ak BRI E 0 IR T A ik T RAE & EBIZ b o AR B P F AR 6 IES R 0.9%
A PR BARESHRAE L IEE] 0 A TR IEEMN 1 & 10000 ppm X M 840 o £ 8 10 kHz 8 & k@i F
P4 $ R T AL e 42 0 AR AR 2 42148 B 12 3 R-square 24K A% T 4 0994 - métH &L E 0T
258 TAF A ATREAAHE R R L FHER -

An electrochemical impedance method to detect concentrations of the local anesthetics levobupivacaine was
implemented and the concentration could be detected to 1 ppm. Electropolymerized pyrrole to polypyrrole (Ppy)
was fabricated on gold electrodes and used as sensors. Cyclic voltammeter (CV) was applied to the characterization
of the sensing material Ppy. Material Studio software 4.0 was used to simulate the Levobupivacaine molecule on
the surface of the 3 X 3 Ppy, and the adsorption energy was calculated as —1.88 kcal/mol. The nearest distance
between the Levobupivacaine and Ppy is around 0.24 to 0.26 nm. Various concentrations of rocuronium from 1 to
10,000 ppm were prepared in DI water and medical injection 0.9% NaCl solution as the test samples. A 10 kHz
frequency was used in the analytical curve, and the R-square value was 0.994 in DI water system. Equivalent
circuits in the electrochemical system were determined in this study.
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levobupivacaine hydrochloride > H1 %418 By /2 iEfh
HEH 5 F=R CisHsN,O - HCI » SFER
324.9 g/mol > B§FHEE RO IRAETER » 791
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SRR AR B Rl e A e Ar L R IR E &
STE - B e EERAEETES (high performance
liquid chromatography, HPLC) ~ 2 G WHE T~
'BH#E# (liquid chromatograph/mass spectrometer,
LCOMS) %" SREHIEEE 1 % 10 ng/mL
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CH3
 -indicates the chiral center
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2. R &% pyrrole R & % Ppy X BALE R 4% -

NS 3 A48 > REHEAIASER® » LR
HHI=E 1 ppm - SRAESFE R — AR -

—BEAE

1. Bl R EE

el 2 s o FHER G ERFE (pyrrole) 22
BRI (polypyrrole, Ppy) » ] Au BEMEE {F
T{EEEMI (working electrode, WE) > Au FE it i {Eiif
BIEE1 (counter electrode, CE) 5z Ag/AgCl E{E2%
M (reference electrode, RE, RE1&RER) ° &5 EE i
PEHIE 40 mA/em’ » FEFRE R 0.1 M H,G,0, » AT
HIHEIE 2 R 001 M > TIERER=EE -

2. IR LA TE M RA A4 4

3 BURAIHTEERIRZE (cyclic voltammetry,
CV) EMERGHIMEL Ppy » B Au EfE(ET(EE
5 > Pt M (FifiBh BN Ag/AgCl E1E2EE
1% (reference electrode, RE, RE1&RE2) © fififik & =
40 mV/s > iR ERRE S 10 £ 15 V> ERE
Ry 0.1 M H,C,0, » IER IS 2 IRE R 001 M » T
TEIRE =0 -
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Jiehan 5000 Electrochemical Workstation
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4. RIS EREE -

5. TR SRR H,C0, Kk Ppy/Au & 45
HEZ AR -

MRS © (55 Ppy/Au B E (E T /E MK
Ag/AgCl EE2EEM - BIRE BIEMAR > B
rRZEfEAT R IRERE R 1 2 10000 ppm > T/ERE
Ry AE 4 FoR .

4.1 mEtE

5 T B Material Studio software -
Version 4.0 (Accelrys Software Inc., http://www.accelrys.
com/products/msstudio/) {5 72 fEAn EL AR IR FT 2
QIR R 3 % 3 Ppy ZRIAI W HTRER S BRRER/]N -
HIFHEEE S Discovery RAHAVRIKAER L » KEHE
AR EE-R AR RGRIRT#E 3 x 3 Ppy AR
UTHEEE N TR ERER

%n%&n nHH

EEBRGZ CV 14 ERE
& 5 BRAKIAE 0.73 V (FHEFER AgCl/Ag 2
EZEM o E' = +0.22 V) BRE—%/bI& (oxidation
peak) > FHEEMEHETE I FER +0.51 Vo RIILIE
HITE By H,C,0, VTR EALREY > 40 (1) 2R

H,C,0,— 2CO, + 2H" + 2¢
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2CO, + 2H" + 2¢ — H,C,0,
0 2
E'=-049V
2. gt LE R R F Ppy 5F
5/ Discover f&=ET5H /2 heAf Bb R R 72
Ppy 477 AJLUIS B R BE & T % 1.88
keal/mol » B7EfigAf b RIRIRE R E ki 7L Ppy »
WiE 6 s o e fEds EL RIR MY Ppy 3+ 0 H
e L RRHTLE 3 x 3 Ppy BUTBE FEEEXT B
0.24 £ 0.26 nm (B[E 6 FFkEET 2.4 2.6
em™) > FFLUHIE 5 TR FL AR S0 -

3. fvk P& AL iEf R te R &

[ 7(a) B~ LA Ppy/Au FEM T AL TEAR L
fERB KR HEL P B RS 330 > EiHPT (2) #
BERHTT (27) ZBREFER iR - mHEHT
(2 EiElATT (7)) ZEgEE R INmRL > IR
BAE et LR IR RS RS - AT Rk ~K BT i F
WA - 7£ 10 kHz R REHEET - FEHT
(2 Bt E ettt REEE 8 LIE 1 2 10000
ppm TEREHE > 20 7(b) A > "] LIS ER A
BAREOR R =0.9954 - HETH Al B H - FEHIKT
B AR LR EVRE 2 | ppm

i 6.

Jo A v F BRI 3 x 3 Ppy &
T 2ERRECET  gaxk
KEHRT  BERKENER
T &K EORT -
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& 1.7k Ppy/Au B 0H 2 3 A b B £ AB &K F
ZFHEHRSRAL

R. R C
AutPpy | (g @ ®
10000 ppm 16948 561 1.7757+107°
1000 ppm 124290 6417 24651°10°
100 ppm | 282390 11496 | 42053+10°°
10 ppm 355020 13447 50184+1077
1 ppm 417960 72534 | 2.4260+10°°
4. S EEKPEALEERLE TR

&l 8(a) F/LL Ppy/Au BRI/ iedn FE R
£ 0.9% NaCl KSR [ HTT AT ElRE 225 - BIH
P12y KEEIRDT (Z7) A8 & FE = = B i
{& - 1F 100 kHz FYZCEE =R | - (S EHPT (Z27) ¥
A tb-RERNE 2L 1—10000 ppm {Fhs&EHx -
A0fE 8(b) Frw > AT LASEIHR PEARRE (R0 R® =
09912 -

5. FWERZH
(1) EBHUKREPEIFHELR

& 9 B Ppy/Au FEM T/ fEAR L RIARE
7K R SRR RS - BB e 7(a) 8
(BT Ao BRI B > o s S EE  (E  FE B T
< BEmiE R EREEANR 1 For > £ 1 R TR
AT EILE (Q) 0 Cy RFREMER Y E Y
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[ 7. VA Ppy/Au &4 5 ¥ £ 5 voF B A 4K
Z > (a) WAL HE L > (b) Bt (Z) HiR
BB -

(double layer) AR EAESR (F) > R, AREMHT
ITHYEETATIERS ERH (Q) -

1 A] AR E e e L R R - =y
RUEs7K R EBE T80 E 2% > RItkiE Ry ERE
R, GEAK > ] B MR T A B T RS S E g
IR SL B R BT T B EE T i RS FE R R, B Z R - (2
ERBRE S - BREENIN > L EMmRENE
EEG T RME Cy g -

(2) FEIERE/KRBPHIENER
@ 10 2575 Ppy/Au BESHT e R

0.9% NaCl SAft 2 SRR - BN DLER S f i [
8(a) Hh#R o FERRE Y K3 B 51 FE R IT 1
Zfi B E AR 2 FR » & 2 1 R, fRFEK

WIRTPHEEE (Q) » Cy RFEMEENE LT

(double layer) FAZREARIER (F) R, (AFREMT
ITHYEERERL B (Q) © Wo-R ~ Wo-F F2 Wo-T {X,
7% Warburg #EHCHIE -

7 2 i BB AT DB L E e e R LR R
BEF R - RB/KFrIBE T8 8 5% - REkE

EHREEEE R, B - MM A AR
HE R0 > I BRI Y FE ey A BE P Rct

HpEZ K - (E2RA /K Na" & CI°
WefEREToR - REEEMHDIP BN - KIHLE
MR EAEEEEAE Cy SR E R - % 2
BRI IR LA TE 0.9% NaCl 5T » VB fEER
R TEECHE - & R ECNUE T 2 SERE
Warburg #EEETT © Nyquist [ElFEH - = FEE
IT—{E~EE - AT R 2T 45° #HE
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10. Ppy/Au "B A& 547 £ #% 47 lo B 5 0.9% NaCl
Rbr 2 EH T -

% SERHRTEERRE - BT PR
FERE M EZR ) - CLERIE TRt R (L

[ IE > # Warburg S BH T AN #ER 1 & b
SRR - RSB AL » MR- IRAL
BIZUEF - Warburg fRifH HibE 24 -

I - #558

A BRI A &R e et
(levobupivacaine) HYRREE » W AJ{EHZ 1 ppm -
AR Ppy MIEFHRGERRZELETE
M o EREREH > BT BT K ERARLZ
S R TEERE AR 09% £H A
BE/K ST E R VA TR o AT FH RO RHIR A Ry BE A LR
PEPERE - F B ARG R B e iR A R
EASS AT E AR (L > SR R R
1L - £ 100 kHz YRR EHERT » S EHT
(Z') EehEAn - RARE (L 1—10000 ppm {FH
AR MERR SRR R Tk R A
EIK B4 T 00 R = 09954 K R® = 09912 - £
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& 2.VA Ppy/Au EHE5H £k EH A 0.9%
NaCl ¥ Z 53 T 5 ¥ -

R, R. C
AutBpy | () @ ®
10000 ppm 1892 1124 1.0105+107
1000 ppm 2152 1699 1.1666° 107
100 ppm 2313 2329 1.0043 * 10°°
10 ppm 2449 239.6 27111107
1 ppm 2836 2745 | 15644107
Wo-R Wo-T W-P
Au+Ppy @ (F) @
10000 ppm 350.8 0.019 0.3668
1000 ppm 455.6 0.022 0.3964
100 ppm 516.1 0018 0.3828
10 ppm 358.1 0.023 0.4099
1 ppm 5537 0.029 0.3860

BT R A R ECRIT > PRI AR A
A FEERCHE R SRR -

EERMBEFEROAERAB TR ENEEMH
B o A KRBT RIBHR AT 0 B E %S TCVGH-
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