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Scheme 1 Lercanidipine chemical structure 
and proposed oxidation mechanism. 

Fig. 1 AFM images in air of the CB–DHP/GCE:  
(A, C) topographical and (B) phase image.  
(D) CVs, at ν = 100 mV s-1 and (E) DPVs, at  
ν = 5 mV s-1, in a N2 saturated solution of  

1 mM K4[Fe(CN)6], in phosphate buffer pH = 7.0, 
at: (▬) bare GCE, and (▬) CB–DHP/GCE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

-0.2 0.0 0.2 0.4 0.6 0.8

 

500 nA 

E / V (vs. Ag/AgCl)

D

0.0 0.2 0.4 0.6 0.8 1.0

 

100 nA 

E / V (vs. Ag/AgCl)

E

C A 
B 

1µm 100nm 

100nm 

D E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-0.8 -0.4 0.0 0.4 0.8 1.2

 

200 nA

E / V (vs. Ag/AgCl)

P1c

P3c

P3a

P1a
P2a

-0.8 -0.4 0.0 0.4 0.8 1.2

 

200 nA

E / V (vs. Ag/AgCl)

P3a
P1a

P2a

P3c

P1c

B 

A 

0.4 0.6 0.8 1.0 1.2

 
E / V (vs. Ag/AgCl)

2 nA

P1a

P2a

C 

Fig. 2 Voltammograms at a 
GCE, in phosphate buffer pH 

= 7.0: (A, B) CVs, in 50 µM 
lercanidipine, N2 saturated 
solutions, at ν = 100 mV s-1; 
(C) DPVs baseline-corrected,  

in 25 μM lercanidipine,  
at ν = 5 mV s-1 (▬) first, (▬) 
second and (▪▪▪) third scans. 

Hypertension is one of the main risk factors of cardiovascular diseases, and occurs mainly at the aging population, causing a high number 
of premature deaths. The use of antihypertensive drugs is important to avoid cardiovascular illness and mortality, and the most 
important drugs, such as diuretics, calcium antagonists, β-blockers and others, are efficient in the blood pressure control. Lercanidipine is 
a third generation calcium channel blocker belonging to the dihydropyridine group of compounds, and is used to treat mild to moderate 
hypertension, chronic stable angina pectoris and Raynaud’s syndrome. The need for rapid, easy and low cost detection, and 
quantification of pharmaceutical compounds in pharmacological compositions, combined with the necessity of reducing the utilization of 
organic solvents due ecological considerations, are causing an increasing interest on voltammetric methods that are highly sensitive. The 
carbon black (CB) nanomaterial was used in many electrochemical studies, due to its interesting properties, that include high 
conductivity, chemical stability, large surface area, and very low cost.  
 
Lercanidipine electrochemical behaviour at different carbon electrode materials, in a wide pH range, was studied using cyclic, square-
wave and differential pulse voltammetry. A comparison was made between unmodified glassy carbon electrode (GCE) and boron doped 
diamond electrode (BDDE), and GCE and BDDE modified with a CB nanoparticles embedded within a dihexadecylphosphate (DHP) 
nanostructured film (CB–DHP/GCE and CB–DHP/BDDE). The lercanidipine oxidation, for 3.4 < pH < 9.5, was pH-dependent, diffusion-
controlled, irreversible, and took place at the N1 and C4 positions from the 1,4-dihydropyridine ring. Two consecutive steps were 
observed, each involving the transfer of one electron and one proton.  For pH > 9.5, both oxidation processes were pH-independent, and 
a pKa = 9.40 was determined. The lercanidipine reduction was irreversible, and the lercanidipine reduction products were also 
electroactive, following a reversible electron transfer reaction. 
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Fig. 3 (A) CVs, at ν = 100 
mV s-1, and (B) DPVs 

baseline-corrected, at ν = 5 
mV s-1, (▬) first, (▬) 
second and (▪▪▪) third 

scans, at (A, B) BDDE and 
(C) CB–DHP/BDDE, in 50 
μM lercanidipine, in 

phosphate buffer pH = 7.0. 
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Fig. 4 Voltammograms at  
CB–DHP/GCE, in 25 μM 

lercanidipine, in phosphate 
buffer pH = 7.0: (A) DPVs 

baseline-corrected, at  
ν = 5 mV s-1, (▬) first and  

(▬) second scans, and  
(B) SWV, at νef = 25 mV s-1,  

(▬) It – total current,  
(▬) If – forward and  

Ib – backward currents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.4 0.6 0.8 1.0 1.2

4

6

8

10
12

 

pH

10 nA

E / V (vs. Ag/AgCl)

P2a

P1a

2 4 6 8 10 12 14

0.2

0.4

0.6

0.8

1.0

1.2

 

 pH

E
p

/V
 (

v
s
. 
A

g
/A

g
C

l)

0

60

120

180

240

300

P2a

P1a

P1a

I p
/ 
n

A
 

P2a

B 

A 

Fig. 5 (A) 3D DPVs baseline-
corrected, at ν = 5 mV s-1, at a 

CB–DHP/GCE, in 5 μM 
lercanidipine, at different 

supporting electrolyte pHs.  
(B) Plots of Epa and Ipa vs. pH of 

the supporting electrolyte, 
oxidation peaks  

P1a () and P2a (▲). 

Based on the lercanidipine oxidation, and with no need for N2 purging, the lercanidipine electroanalytical determination at a 
nanostructured CB–DHP/GCE was achieved, showing a detection limit of 0.058 µM (3.58 × 10-5 g L-1) and a quantification limit of  
0.176 µM (1.08 × 10-4 g L-1), more than ten times lower than previous described. 


