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Abstract : A rapid and sensitive voltammetric method for the quantitative determination of
Clenbuterol on electrochemically activated glassy carbon electrode has been developed. Using dif-
ferential pulse voltammetry, the linear response range for the clenbuterol was between 1x1077 and
2x107°M, and the detection limit was 6x107° M (S/N = 3). The relative standard derivation was
4.3% for 1x107°M clenbuterol. Recoveries of 96% of the clenbuterol (n=3) were obtained
from urine spiked with different amounts in the ranges 5x10”7 M and 1x107 M by this method.

Keyword : Clenbuterol, Electrochemically activated glassy carbon electrode, Glassy carbon elec-
trode, Cyclic voltammetry, Differential pulse voltammetry
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Scheme 1. Structure of Clenbuterol.
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Fig. 1. Cyclic voltammograms of CLB on bare glassy
carbon electrode: (a) repetitive cyclic voltammogram of
2x10*M CLB in 0.1 M HCI, (b) cyclic voltammogram in
the supporting electrolyte; scan rate: 0.1 V/s.
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Fig. 3. Differential pulse voltammogram of 1x10°M
CLB on: (a) electrochemically activated glassy carbon
4 05 0 05 1 15 electrode, (b) bare glassy carbon electrode; scan rate:

E/V (vs. Ag/AgCl)

Fig. 2. Cyclic voltammograms of CLB on
electrochemically activated glassy carbon electrode: (a)
repetitive cyclic voltammogram of 2x10™*M CLB in
0.1 M HCI, (b) cyclic voltammogram in the supporting
electrolyte; scan rate: 0.1 V/s.
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Fig. 4. The relationship between the number of CV cycles
and the differential pulse voltammetric peak current due
to following chemical process of 1x10°M CLB. DPV

conditions: supporting electrolyte: 0.1 M HCI, scan rate:
0.02 V/s, potential range: 0.35 to 0.7 V (vs. Ag/AgCl).
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Fig. 5. Resulting plots illustrating the dependence of DPV
peak current as a function of CLB concentration.
Electrolyte solution: 0.1 M HCI; potential range: 0.35 to
0.7 V (vs. Ag/AgCl); scan rate: 0.02 V/s.

6x10°M (SN=3)Z 1=t} CLB ¢ F=7}
1x107°M ellx ] FiFEFAR= 4.3%10). 7159
CLB®| 271 s}eh4] A+ vl sigich. 7] 38t
A AL tdet Ao m9og HAo] o]Fo
EUl, Table 1o B Zefd — & Skl WE
=AE, B4 Ve FHO B3|, g Wl

=Yl ESA Fol A4 A=o2 A o
Sk SR o5 W 2 H=e] ERS IN
WS Aol s B Aol z7] skshE vy
2 GC #55 243t AA CLBE 243 A%

e

Mo £ %t

A

-

2 Aot o

S BEL 1x10° M FE9 CLBY #40] 9lojA]
thFat ole-9] 100 3 EAI stol AR} B A
AT W AN O] Bl & S UQiT) 28
U 1 o)) 70ule] ko] EAIEE CLBY] AZE
Aol & w3l

AMAES B9 85 AP &) e 2
of e tie BAS0] AF HHe] FHE] =
e g

Wald 4 217] wiiEell, Collins 5o 7iEsh ¥
Hoz FZapAe o) AAlsof g}

5x1077M oA 1x10°MEE Alo]e] CLB7} 23
2 AMES B AT o R w24 sle] 3]s}
Atk (n=3) L A3, st o] CLB7F 234 &
H WEZHE 96%2] 3582 eI (Table 2)

.48 B

2 A4 FEAEY ARl SA=A Y= CLB
£ A7|stetd] who R 7idhatal whe WhgoR &
Aat7] 9t 7] spetrer EAstE GC HA5E
olgsle] AjaF 2 HY-HF HOZ nFe] CLBS
A BT 715k 24 S8 GC EHE
M AL o2 HAS Bl A oS wWE
A st B2 FHE S A CLBE A7 4
kel 7129 GC AFHg ¢ 83452 dxs o
S F AN A eR F4 ® GC HFS
3l v=e]l CLBE A% 3] A% 2 HiA9
AGFAE AAL(1x107M ollH 2x10°M2] CLB)
AEIHIE 6x107°M (SN =30t Faz=z <l

=

CLB A8hhg Fo 7140 doluhe 3914

Table 2. Measurements of Clenbuterol spiked in urine
sample

tjoFsl o] &o] Exjgt CLBe A% B0 st Sample  Added/ Found/ Average/ Recovery,
4ol ael Yig Aol olFoiAry. mE Uge]  _No  10UM  10M_ 10M_ %
o]l&, ¢ghrFole Uz E F& ol (Ca¥, Mg®), 1 5.00 4.82,7.75,4.83  4.80 96.0
HolF&ol & (Fe¥, Cu®*, Mn?") Z8]a Lo]&(CrI, 2 6.00 5.81,5.77,5.76  5.78 96.4
C103_, NO3_, Sz—’ PO43_, CH;COO, 8042—)_8_ CLB 3 8.00 794,777,793  7.88 98.5
2ol glofA oW d 1M doluA etk ol d 100 981,985,980 58 %82
Table. 1. Comparison of different methods for the detection of Clenbuterol
Techniques Detection strategies Detection range(nM) LOD(nM) Ref.
DPV* Graphene oxide - Ag composites 0.036-36 0.025 [27]
DPV Platinum nanoparticles 100-800 43.93 [28]
DPASV* Multiwalled carbon nanotube composite 19.9-47600 1.38 [29]
LSV* Melamine functionalized Ag NPs 0.01-100 0.01 [30]
DPV Electrochemically activated glassy carbon 100-20000 6 This work

*DPV: Differential pulse voltammetry, DPASV: Differential pulse adsorptive stripping voltammetry, LSV: Linear sweep

voltammetry
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