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Abstract

Electrochemical studies on the interaction of He(With proton pump inhibitors (PPIs) (omeprazofmntoprazole, esomeprazole and
rabeprazole) in acetate buffer solution were cdroat at gassy carbon electrode (GCE) at varioug35, 4.0 and 4.5). In presence of
omeprazole (Ome), the anodic and cathodic pealerufor Fe(lll) decreased in comparison to solellf). However, in some cases both
the peaks were almost disappeared. Moreover, amodicathodic peaks shifted significantly towardgative potential. This is an indication
that a strong interaction occurred between Fegh) Ome. The maximum interaction is found at 1:2amatio of Fe(lll) and Ome at above
mentioned pH. The electrochemical interaction dfljeand other PPIs was found as identical wit behavior of Ome. The electrochemical
study of the interactions between metal ions anld RBuld provide important information for the tedtogical application of PPIs in human

body.
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|. Introduction

Proton pump inhibitors (PPIs) are used extensifetythe
treatment of gastric acid-related disorders becaihsy
produce a greater degree and longer duration dfigaeid
suppression and, thus, better healing rates, thgantine
H, receptor antagonists PPIs are the most potent
inhibitors of gastric acid secretion, with a potahtto
increase intragastric pH by several units, as wadl
hydrogen ion concentration by several hundred ¢aghnd
fold>. Their mechanism of action involves inhibition the

ligand has been investigated in our laboratory i@mpbrted

in detai®* * We have therefore, started a wide ranging
electrochemical studies of metal complexes of RRiag
cyclic voltammetry. Here we report a study of cgcli
voltammetric redox behavior of transition metal,ié(lIl)
and its interaction with PPIs such as Omeprazolmd)l)
Pantoprazole (Pan), Esomeprazole (Eso) and Ralmgraz
(Rab) in acetate buffer solution at various pH.

[1. Experimental

H'/K* ATPase enzyme which is presenting gastric mucosa{Yl""te”aI and Methods

parietal cells. This enzyme is responsible for bgen ion
secretion in exchange for potassium ions in thetrigas
lumerf. As a result, PPIs can modify the bioavailabitityd
absorption of essential vitamins and minerals batlihe
stomach and duodenum, which may also affect maldi
absorption. Proton pump inhibitors act by irrevelssi
blocking the hydrogen/potassium adenosine triphaisse
enzyme system of the gastric parietal ¢elghe proton
pump is the terminal stage in gastric acid seanetieing
directly responsible for secreting”Hons into the gastric
lumen, making it an ideal target for inhibiting diiecretion.

Several transition elements are important to therdstry of
living systems, the most familiar examples beingnijr
cobalt, copper, and molybdenum. Most of the firgwvr
transition metals are important for enzyfhétey have one
or both of two important properties: (i) some réadhange
oxidation state, (ii) acting as critical redox cta Iron is
by far the most widespread and important transitioetal
that has a function in living systems; proteins taoring
iron participate in two main processes, oxygendpant and
electron transfer reactiohsThey are biologically important
and can form complexes with different ligands. Samp
chemical interaction of Fe(lll) and other metal owith
PPIs has also been rarely carried out elsevfiEre

Analar grade Iron(lll) perchlorate hexahydrate was
purchased from Sigma Aldrich and used without ferth
purification. Analytical grade omeprazole powdeaniopra-
zole sodium powder, esomeprazole magnesium powddr,
rabeprazole sodium powder (all PPIs from Sigma iahjr
were used in this study. Potassium chloride washased
from BDH, England. For the preparation of acetaiéfdn
solution, extra pure acetic acid (BDH England) andium
acetate (Merck Germany) were used for maintainimegpH

of the solution. All agueous solutions were pregarede-
ionized water obtained from Milli-Q water purifitan
system. The experiments were carried out at
temperature.

Equipments

A three electrode electrochemical system consistdassy
carbon electrode as working electrode, Ag/AgCIdsKICI)
as reference electrode and platinum wire as counter
electrode was used. Cyclic voltammetric measuremexst
performed using computerized electrochemical system
Model CHI 620D, Electrochemical Workstation by CHI
Inc., USA. Solution pH was measured by pH metertllgie
Toledo, Germany.

Preparation of Stock Solution

Cyclic voltammetric method has been chosen for thisThe buffer used in this study was acetate buffeickvlis

present study because of its potential abilitynwestigating
the redox behavior of electroactive species. Thelicy
voltammetric study of various metal ions in preserud
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prepared by mixing requisite volume 0.1M {HDONa.
3H,0O and 0.1M CHCOOH solution. 0.1M CECOONa.
3H,0 and 0.1M CHCOOH solutions were prepared using

room
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50% ethanol-water mixer individuallystock solution of reversible reaction rather than a reversible reacti
1.0 mM Fe(lll) was prepared with analytical gradé o Moreover, the shifting of the peak potential atimas scan
respective salt with acetate buffer solution. 1.0M,m rates indicates quasi-reversibility of the redooqass,
2.0 mM, 3.0 mM, and 4.0 mM solutions of omeprazolewhich is also characterized by the shape and séparaf

pantoprazole sodium, esomeprazole magnesium arg+ab the cathodic and anodic peak.

razole sodium were prepared by using acetate buffer 16
solution. The metal-ligand solutions for complex reaction (a)
were prepared by adding identical volume of metad a
ligand solution to get 1:1, 1:2, 1:3 and 1:4 ratslesired

pH.

Preparation of Working Electrode

-
N
!
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1

This electrode preparation includes the polishingd a
conditioning of the electrode. At the beginning edich
experiment, the working electrode was polished with
alumina slurry on the surface of water resistartshimg
cloth. Then it was rinsed with plenty of de-ionizedter
and the whitish alumina was wiped off with a cld@sue 08 04 00 04 08 12
paper. E(V) vs. Ag/AgCI (satd. KCI)

Peak Current, ip (uA)

[11. Resultsand Discussion 164

Electrochemical redox behavior of Fe(lll) in acetauffer
solution and their interaction with PPIs such agprazole,
pantoprazole, esomeprazole and rabeprazole weferper
med at GCE at various molar ratio and differeninscate.
The effect of pH (3.5, 4.0 and 4.5) in acetate dqu$blution
was also examined in this study.

Cyclic Voltammetric Investigation of Fe(l11) and Its Interac-
tion with PPIs

Cyclic voltammetric studies of Fe(lll) in acetate buffer 7
solution: Cyclic voltammetric study of 1.0 mM Fe(lll) in o8 o4 oo
acetate buffer solution at different pH value was
investigated at GCE within the potential window+df000

to -800 mV. Fig. 1(a) shows a CV of 1.0 mM Fe(lih) Fig. 1. CV of (a) 1.0 mM Fe(lll) in acetate buffer solutiat pH
acetate buffer solution with scan rate of 100 fﬁ\m pH 40W|th scan rate of 100 m\}lsand (b) CVs (E)f 1.0 mM Fe(“l) at
4.0. In the forward scan a cathodic peakat about -78.1  Various scan rate: 50, 75, 100, 125 and 150 8t GCE.

mV and in the reverse scan an anodic pegkati about |n Fig. 2(a), it is apparent that the peak currémt the
511.9 mV were observed. The cathodic peak resttts f electrochemical redox reaction of Fe(lll) has lineslation
the reduction of Fe(lll) to Fe(ll), and the anogieak is for  with square root of scan rate. This observatioagain in
the oxidation of Fe(ll) to Fe(lll). The above ressiliggests  favor of the fact that the electrode process igusion
that at pH 4.0 Fe(lll) undergoes one electron feanedox  controlled. The ratio of the oxidation peak currand its
reaction. The possible mechanism of the redoxi®act as  corresponding reduction counterpart has a linetatioa

-
s foe] N
1 1 1

Peak Current, ip (HA)
o

0.4 08 1.2
E (V) vs. Ag/AgCI (satd. KCI)

follows: with scan rate (Fig. 2(b)). Also the peak potergigparation,
For reduction half-reaction: Fe(lll) + e>Fe(ll) AE, is linearly increased with scan rate (Fig. 2(c)heSe
For oxidation half-reaction: Fe(I¥}> Fe(lll) + € results suggest that the redox process is quastsible

reaction rather than a reversible reaction.
Effect of scan rate: The effect of the scan rate on the

electrochemical response of Fe(lll) under the idaht (@)

condition (1.0 mM Fe(lll)at pH 4.0) was examined by 6 10)
taking the cyclic voltammograms of Fe(lll) with sceate of
50, 75, 100, 125, 150 m¥sas shown in Fig. 1(b). With the
increasing of scan rate, the cathodic and anodik parrent
increased. The observation suggests that the edectr
process is diffusion controlled in acetate buffeediom.
The ratio of the oxidation peak current and itsesponding
reduction counterpargdip is about 0.305-0.498. It is found \\\
that the peak current ratio is decreased withrtheeasing of 37 (ii)

scan rate. Also the peak potential separatidi, is in 8 10 12
between 536.1-628.1 mV. It is increased with theati@n Square root of scan rate, v (mvs?)¥2
of scan rate. These suggest that the redox prasegsasi- 2(a)

Peak Current, ip (HA)
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Fig. 2. (a) Plots of cathodic peak current (i) and anooéak
current (i) as a function of square root of scatey (b) Peak

Effect of pH on the cyclic voltammograms of Fe(lll): The
effect of pH (pH 3.5, 4.0 and 4.5) on the CVs of tedox
reaction of Fe(lll) in acetate buffer solution hasen
investigated as shown in Fig. 3. It is found thathwhe
increase of pH a distinguishable cathodic peak iatehse
anodic peak with larger peak height were found. @h&a
from the voltammograms are shown in Table 1.

——pH35
----pH40

=
o
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Peak Current, ip (uA)
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E (V) vs. Ag/AgCI (satd. KCI)

Fig. 3. CVs of 1.0 mM Fe(lll) in acetate buffer solution @it
(a) 3.5 (solid), (b) 4.0 (dot-dashed) and (c) 4i&tted).

current ratio (i, dependence on scan rate and (c) A plot of peak

potential separation with scan rate for 1.0 mM Fegt pH 4.0.

Table 1. Data obtained from the voltammograms of Fe(l11) at different pH.

Solution pH s (UA) ina(MA) () Epe(MV) (9 Epa (MV) AE, (mV)
35 4.570 2.520 293 532.1 561.4
4.0 5.670 2.541 78.3 513.6 591.9
45 6.923 3.453 96.2 530.3 626.5

Cyclic voltammetric response of PPIs. Cyclic voltammetric
response of Ome, Pan, Eso and Rab were recorcgeetate
buffer solution in identical condition as for meiahs. In

almost disappeared for all ratios at pH 3.5. With increase
of Ome concentration the cathodic and anodic peaks
significantly appeared and shifted towards negative

this condition except Ome and Rab, PPIs showed n@irection. From the data analysis it was found thate is a

significant peak. For Ome a cathodic peak at -434and
an anodic peak at 211 mV, and for Rab a cathodik pt -
481 mV has been observed.

Cyclic voltammetric studies of Fe(lll) in presence of

omeprazole: The electrochemical study of the interaction of

Fe(lll) with Ome in acetate buffer solution at pkb34.0
and 4.5 has been studied. The CVs recorded fotl;e(hd
Fe(lll) in presence of various molar concentratioh©©me
(molar ratios of Fe(lll)/Ome; 1:1, 1:2, 1:3 and J:dre
shown in  Fig. 4. The CV recorded for each rafiée(lll)
and Ome, the peak current for both anodic and datho
peak decreases than those for solely Fe(lll). Mageat is
apparently found that the cathodic peaks are $jigthifted
towards negative direction (1:3 and 1:4) howeveryas
disappeared for 1: 1 and 1:2; while the anodic pemle

strong interaction between Fe(lll) and Ome, and the
maximum interaction was occurred at 1:2 ratio ofah@®n
and Ome at this pH.

54 . (a) o

)

Peak Current, i

E (V) vs. Ag/AgCI (satd. KCI)
4(a)
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is obvious that a strong interaction occurs atricd®ar ratio

—— Fe(u) .
(b) i of Fe(lll) and Pan for all three pH, since both geak are
e disappeared at this molar ratio.
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Fig. 4. CVs of Fe(lll) (solid), and Fe(lll))Ome with diffent ratio E (V) vs. Ag/AgCI (satd. KC)
(i) 1:1 (dot-dashed), (c) 1:2 (dotted), (d) 1:3n@ledashed), and (e)
1:4 (medium-dashed) in acetate buffer solution &) pH 3.5, (b)
pH 4.0 and (c) pH 4.5. 20 © ——Fe()
Similar behavior was also observed in the integactdf T
Fe(lll) and Ome at pH 4.0 and 4.5. However, at pbilabth T
cathodic and anodic peaks are almost disappeareal at im-
ratios of metal ions and Ome. In these pH (4.0 &) ]
maximum interactions were found at the metal iott @me s
ratio of 1:2. In more acidic medium (pH 3.5 and)4dine i;
showed large peak current compared to less acidiium &
this is because in more acidic medium the protonatf
Ome is facilitated than in less acidic medium
Cyclic voltammetric studies of Fe(lll) in presence of * E (V) vs. Ag/A%CI (satd. KCl)

p?r|1:top|r|<’la\zolt?t:hTSe e.leCtrOCthtem;JC?][ Stu?y :'f;he gtzricgon Fig. 5. CVs of Fe(lll) (solid), and Fe(llly/Pan with diffent ratio
of Fe(ll) with Pan in acetate buffer at pH 3.50@nd 4.5 ™ 1 (qor.dashed), (ii) 1:2 (dotted), (iii) 1(ong-dashed), and

has been carried out. The CVs recorded for Fe(dd (i) 1:4 (medium-dashed) in acetate buffer soluton (a) pH 3.5,
Fe(lll) in presence of various molar concentratiofis?Pan  (b) pH 4.0 and (c) pH 4.5.

are shown in Fig. 5. The CV recorded for each rafio Cyclic voltammetric studies of Fe(lll) in presence of
Fe(lll) and Pan, the peak current for both anodit & eqomeprazole: The voltammetric investigation of the
cathodic peak decreases than those for free Fe(lll)nteraction of Fe(lll) with Eso in acetate buffer\arious
Moreover it is apparently found that the anodic kpé® pH 3.5, 4.0 and 4.5 has been carried out. The @¥srded
disappeared in all pH; while the cathodic peakniséme for Fe(lll), and Fe(lll) in presence of various rmol
cases (1:3 and 1:4) shifted towards negative direand in  concentrations of Eso are shown in Fig. 6. For eatb of
other cases (1:1 and 1:2) disapproved. The resuligest Fe(lll) and Eso, it is apparently found from the at the
that there is a strong interaction between Fe@iiji Pan. It ~cathodic and anodic peaks are disappeared in @l o&
Fe(lll)/Eso. In more acidic medium (pH 3.5 and 413 Eso
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contributing to the faradic current therefore, ¢hodic and  apparently found that a larger cathodic and an ianpebks

anodic peaks was found and it was more pronounted @as appeared, these peaks are due to the RabeStisr
higher concentration of Eso while at higher pH the

contribution of Eso is negligible to the faradiarent. The
results suggest that there is an interaction betwes111)
and Eso and strong interaction occurred at 1:2 mmatéo.
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Fig. 6. CVs of Fe(lll) (solid), and Fe(lll)/Eso with diffent molar
ratio (i) 1:1 (dot-dashed), (ii) 1:2 (dotted), )il:3 (long-dashed),
and (iv) 1:4 (medium-dashed) in acetate buffer tsmhuat (a) pH
3.5, (b) pH 4.0 and (c) pH 4.5.

s

Cyclic voltammetric studies of Fe(lll) in presence of

suggest that there is an interaction between Feftitl Rab
and maximum interaction occurred at 1:2 molar ratio
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Fig. 7. CVs of Fe(lll) (solid), and Fe(lll)/Rab with diffent ratio

(i) 1:1 (dot-dashed), (ii) 1:2 (dotted), (iii) 1{®ng-dashed), and
(iv) 1:4 (medium-dashed) in acetate buffer solutidn(a) pH 3.5,
(b) pH 4.0 and (c) pH 4.5.

IV. Conclusion

rabeprazole: The electrochemical study of the interaction of The cyclic voltammetric studies of the redox bebavbf

Fe(lll) with Rab in acetate buffer at pH 3.5, 4rilat.5 has
been investigated. The CVs recorded for Fe(llly &e(lll)
in presence of various molar concentrations of Rab
shown in Fig. 7. The CV recorded for each ratid-eflll)
and Rab, the peak current for both anodic and dathmeak
decreases than those for free Fe(lll). Moreover,isit

Fe(lll) has been investigated in acetate buffeutsmh at
various pH (pH 3.5, 4.0 and 4.5) at GCE. CVs ofliBe(
showed a cathodic and an anodic peak in aboveomerti
pH and the redox couple Fe(lll)/Fe(ll) showed quasi
reversible behavior. Electrochemical studies on the
interaction of Fe(lll) with proton pump inhibitorfPPIs:
omeprazole, pantoprazole, esomeprazole and rah®pjoz
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in acetate buffer were studied. In presence of camge, g
the anodic and cathodic peak current for Fe(lligrdased
than those of solely Fe(lll). However, both the lgeaere
almost disappeared in some cases. Moreover, aratic
cathodic peaks were found to shift significantlwéods the
negative potential. Therefore, a strong interactbie(lll)

and omeprazole was occurred. The maximum interactio
was observed at the molar ratio of 1:2 betweenllfefhd g
omeprazole at pH 3.5, 4.0 and 4.5. Almost identical
behavior was noticed for the electrochemical intéoa of
Fe(lll) and other PPIs (pantoprazole, esomeprazoid
rabeprazole). These results could guide us deéghingmto

the interactions of metal ions with the PPls thatavtaken o,
in human body quite regularly.
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