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Currently, for the treatment of gastric acid-related disorders, proton pump inhibitors (PPIs) are 
used extensively because they can produce a greater degree and longer duration of gastric acid 
suppression and, thus, better healing rates, than histamine H2 receptor antagonists (Blume et al. 
2006). PPIs are the most potent inhibitors of gastric acid secretion, with a potential to increase 
intragastric pH by several units, as well as hydrogen ion concentration by several hundred to 
thousand-fold (McColl 2009). Their mechanism of action involves inhibition of the H+/K+ ATPase 
enzyme which is presenting gastric mucosal parietal cells. This enzyme is responsible for 
hydrogen ion secretion in exchange of potassium ions in the gastric lumen (Sheen and 
Triadafilopoulos 2011). As a result, PPIs can modify the bioavailability and absorption of essential 
vitamins and minerals both in the stomach and duodenum, which may also affect more distal 
absorption. PPIs act by irreversibly blocking the hydrogen/potassium adenosine triphosphatase 
enzyme system of the gastric parietal cells (Zajac et al. 2013). The proton pump is the terminal 
stage in gastric acid secretion, being directly responsible for secreting H+ ions into the gastric 
lumen, making it an ideal target for inhibiting acid secretion. 
 It is highly important to the chemistry of several transition elements such as iron, cobalt, 
copper and molybdenum, because of their functions in living systems. Most of the first row 
transition metals are important for enzymes (Dlouhy and Outten 2013). They have one or both of 
two important properties: (i) some readily change oxidation state, (ii) acting as critical redox 
couples. Recently, it was found that nickel complexes with ligands of the salen type can 
selectively modify DNA and RNA (Sigel and Sigel 1996). They are biologically important and 
can form complexes with different ligands. Simple chemical interaction of Ni(II) and other metal 
ions with PPIs has also been rarely carried out elsewhere (Golubov et al. 1991).  
 In this work, cyclic voltammetric method has been employed because of its potential ability in 
investigating the redox behavior of electroactive species. The cyclic voltammetric study of various 
metal ions in presence of ligands has been investigated and reported elsewhere (Shaikh et al. 2005, 
2006). Here, we are reporting cyclic voltammetric studies of redox behavior of Ni(II) and its 
interaction with PPIs such as omeprazole (Ome), pantoprazole (Pan), esomeprazole (Eso) and 
rabeprazole (Rab) in acetate buffer solution at various pH. 
 A three electrode electrochemical system consisting of glassy carbon electrode as working 
electrode, Ag/AgCl (satd. KCl)  as  reference electrode and platinum wire as counter electrode was  
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used. Cyclic voltammetric measurements were performed using computerized electrochemical 
system (Model CHI 620D, electrochemical workstation by CHI Inc., USA). pH of the solutions 
were measured by pH meter (Metller Toledo, Germany). Cyclic voltammetric study of 1.0 mM 
Ni(II) in acetate buffer solution at different pH (3.5, 4.0 and 4.5) was investigated at GCE in the 
potential window of +1200 to –1000 mV. Fig. 1(a) shows a CV of 1.0 mM Ni(II) in acetate buffer 
solution with scan rate of 100 mVs-1 at pH 4.0. In the forward scan one cathodic peak ipc was 
observed at about – 810.7mV, while in reverse scan no anodic peak was found. 
 

 
Fig. 1. (a) CV of 1.0 mM Ni(II) in acetate buffer at pH 4.0 with scan rate 100 mVs-1 and (b) CVs of 1.0 mM 

Ni(II) at pH 4.0 with scan rate: 50, 75, 100, 125 and 150 mVs-1 at GCE. 
 
 The electrochemical response of Ni(II) under the identical condition (1.0 mM Ni(II) at pH 4.0) 
was examined by taking the CVs of Ni(II) with scan rate of 50, 75, 100, 125, 150  mVs-1 as shown 
in Fig. 1(b). With the increasing of scan rate, the cathodic peak current increases which indicate 
the electrode process is diffusion controlled (Huo et al. 2009). Ni(II) shows only one cathodic 
peak which means an irreversible electrode process occurred in the redox process, which is also 
characterized by the shape. It is apparent that the peak current for the electrochemical redox 
reaction of Ni(II) in acetate buffer has a linear relation with square root of scan rates (Fig. 2(a)). 
This observation further suggests that the electrode process is diffusion controlled (Tan et al. 
2007).  
 The effect of pH on the CVs for the redox reaction of Ni(II) in acetate buffer solution has been 
investigated at GCE. The CVs at different pH are shown in Fig. 2(b). It is observed that the peak 
height increases with the increase of pH. It indicates that the electron transfer process is more 
pronounced at higher pH.  
 The electrochemical study of the interaction of Ni(II) with Ome in acetate buffer solution at 
pH 3.5, 4.0 and 4.5 have been studied. The CVs recorded for Ni(II), and Ni(II) in presence of 
various molar concentrations of Ome (molar ratio of Ni(II)/Ome; 1 : 1, 1 : 2, 1 : 3 and 1 : 4) are 
shown in Fig. 3. The CV recorded for each ratio of Ni(II) and Ome, the peak current decreases and 
slightly shifted toward positive potential than those for only Ni(II). The results suggest that there 
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is an interaction between Ni(II) and Ome. It seems that a relatively strong interaction occurs at 1:2 
molar ratio of Ni(II) and Ome at all pH values. 
 

 
 

Fig. 2. (a) A plot of cathodic peak current as a function of square root of scan rate at pH 4.0, (b) CVs of 1.0 
mM Ni(II) in acetate buffer solution at pH 3.5 (solid), 4.0 (medium dot) and 4.5 (dotted).  

 

 
Fig. 3. CVs of Ni(II) (solid), and Ni(II)/Ome with different ratio (i) 1 : 1 (dot-dashed), (ii) 1 : 2 (dotted),    

(iii) 1 : 3 (long-dashed), and (iv) 1 : 4 (medium-dashed) in acetate buffer solution at (a) pH 3.5, (b) pH 
4.0 and (c) pH 4.5.  

 

 The electrochemical study of the interaction of Ni(II) with Pan in acetate buffer solution at pH 
3.5, 4.0 and 4.5 have also been carried out. The CVs recorded for Ni(II), and Ni(II) in presence of 
various molar concentrations of Pan are shown in Fig. 4.  
 The voltammogram recorded for each ratio of Ni(II)/Pan, the peak current decreased and 
slightly shifted toward positive potential than those for free Ni(II) in all pH media. The results 
suggest that there is an interaction between Ni(II) and Pan and relatively greater interaction was 
found to occur at 1 : 2 molar ratio of Ni(II) and Pan.  
 The cyclic voltammetric study Ni(II) was carried out further in presence of Eso in acetate 
buffer solution at identical pH media. The CVs recorded for Ni(II), and Ni(II) in presence of 
various molar concentrations of  Eso (Figure is not shown). The CV recorded for each ratio of 
Ni(II) and Eso, the peak current decreases and the peaks are slightly shifted toward positive 
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potential than those for free Ni(II). The results also suggest that there is an interaction between 
Ni(II) and Eso at all pH and the interaction is relatively strong at 1 : 2 molar ratio. 
 

 
Fig. 4. CVs of Ni(II) (solid), and Ni(II)/Pan with different ratio (i) 1 : 1 (dot-dashed), (ii) 1 : 2 (dotted),      

(iii) 1 : 3 (long-dashed), and (iv) 1 : 4 (medium-dashed) in acetate buffer solution at (a) pH 3.5, (b) pH 
4.0 and (c) pH 4.5.  

 

 
Fig. 5. CVs of Ni(II) (solid), and Ni(II)/Rab with different ratio (i) 1 : 1 (dot-dashed), (ii) 1 : 2 (dotted),     

(iii) 1 : 3 (long-dashed), and (iv) 1 : 4 (medium-dashed) in acetate buffer solution at (a) pH 3.5, (b) pH 
4.0 and (c) pH 4.5.  

 

 The electrochemical study of the interaction of Ni(II) with Rab in an identical condition has 
also been performed. The CVs recorded for Ni(II), and Ni(II) in presence of various molar 
concentrations of Rab are shown in Fig. 5. The CV recorded for each ratio of Ni(II) and Rab, the 
peak current also decreases and a slight shifting of the peaks was observed than those for free 
Ni(II). Additionally, a cathodic and an anodic peak (for Rab) are produced in presence of Rab in 
these media. The results suggest that there is also an interaction between Ni(II) and Rab.  
 In summary, the redox behavior of Ni(II) has been investigated in acetate buffer solution at 
various pH (pH 3.5, 4.0 and 4.5) at GCE using the cyclic voltammetric technique. CVs of Ni(II) 
showed a cathodic peak in above mentioned pH and it showed irreversible behavior. 
Electrochemical studies on the interaction of Ni(II) with proton pump inhibitors (PPIs: 
omeprazole, pantoprazole, esomeprazole and rabeprazole) in acetate buffer solution were studied. 
In presence of omeprazole, the cathodic peak current for Ni(II) decreased than those of Ni(II) 
only. However, the peak almost disappeared in some cases. Moreover, cathodic peak was found to 
shift significantly towards the negative potential. Therefore, a strong interaction of Ni(II) and 
omeprazole occurred. The relatively strong interaction was observed at the molar ratio of 1 : 2 
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between Ni(II) and omeprazole. Almost identical behavior was noticed for the electrochemical 
interaction of Ni(II) and other PPIs (pantoprazole, esomeprazole and rabeprazole). These results 
encourage us for further study the insight into the interactions of metal ions with the PPIs.  
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