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ABSTRACT

Clarithromycin is biologically active compound which is belonging to the class of antifungal
compound. This is used for the treatment of HIV patients. In present study the electrochemical
parameters of clarithromycin has been carried out through cyclic voltammetry technique. These
parameters have been studied in presence of Briton Robinson buffer pH range (2-6) has been
selected according to the appropriate solubility of clarithromycin. Voltammograms of the
clarithromycin have been recorded at six different scan rates of 20, 100, 200, 300, 400 and
500mV/s. Different electrochemical parameters such as peak potential (Ep), peak current (Ip),
transfer coefficient (a), number of electron (na), diffusion coefficient (D), and heterogeneous rate
constant (KO) were determined. Moreover, diagnostics tests have also been applied to define the
electrochemical properties of these compounds. In case of Clarithromycin irreversible oxidation
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diffusion controlled.

process with two electron transfer has been identified and electrode processes were shown to be

Keywords: Clarithromycin; biologically active; antifungal; treatment of HIV; cyclic voltammetry;

electrochemical parameters.
1. INTRODUCTION

Clarithromycin  (CAM) is semi synthetic
antimicrobial 14—membered macrolide
compound exhibiting a broad in vitro antibacterial
spectrum [1]. It is a white crystalline solid and
partially soluble in water. Its molecular formula is
C35HgoNO43 and molecular weight is 747.96 gm.
Molecular Structure of CAM shown in (Fig. 1). Its
common name is Clarithromycin (CAM). lts
IUPAC name is (3R, 4S, 5S, 6R, 7R, 9R, 11S,
12R, 13S, 1S)-6-{[(2S, 3R, 4S, 6R) -4-
(dimethylamino)-3hydroxy-6-methyloxan-2-
ylloxy}-14ethyl, 12, 13dihydroxy-4{[(2R, 4S, 58S,
6S)-5-hydroxy-4-methoxy-4,6-dimethyloxan-2-
yilJoxy}-7-methoxy-3,5,7,9,11,13-hexamethyi-1-
oxacyclotetradeceane,10 di-one [2].

Fig. 1. Structure of clarithromycin

Clarithromycin  (CAM) is partially synthetic
macrolide antibiotic [1-3]. It has good stability in
gastric acid and isolated from erythromycin [4]. It
acts as anti-infective, gastrointestinal and
antibacterial agent. Recently, it is commonly
used for therapy [5] with various clinical benefits
such as better oral bioavailability, with broad
spectrum activity, higher tissue concentration
and improved tolerability. The combining effect of
Clarithromycin with a variety of other drugs for
the treatment and preventation of disseminated
mycobectrium avium-intracellular complex (MAC)
infection in patients with Immune deficiency
syndrome (AIDS) is also under investigation
[6-8].

Reported investigations have indicated that
variety of techniques related to qualitative and
quantitative determination of Clarithromycin

(CAM) has been used. For instance UV-
spectroscopy [9-11], electrochemical methods
[12,13], sensitive liquid chromatography (SLC)
technique were used for the analysis of
Clarithromycin (CAM) in human serum [14]. In
addition, high performance liquid
chromatography (HPLC) with electrochemical
detection (ED) has also been applied for CAM.
Recently determination of electrochemical
behavior of Clarithromycin by single- sweep
oscillopolarography [15] and electrochemical
activity of (CAM) were reported at gold electrode
with 0.05 M NaHCO; [16].

Aim of this work is to focus on the application of
cyclic  voltammetry  technique  for the
determination of electrochemical parameters
such as peak potential (Ep) half peak potential
(Ep112), Peak Current (l,), transfer coefficient (a),
diffusion coefficient (D), number of electron
transfer (n) and heterogeneous rate constant
(K°) and chemical nature of different biologically
active drugs [17-21]. For the electrochemical
investigation of biologically active compound,
gold as test electrode has been selected to
understand its applicability as non toxic test
electrode as compared to the other mostly used
electrodes like a Hg dropping electrode and
carbon paste electrode. These investigations
would also be helpful to evaluate the
pharmacological effect of other different
biologically active compounds in vivo and vitro
studies.

2. MATERIALS AND METHODS

2.1 Experimental

Analytical grade reagents were used in present
research work. A stock solution of Clarithromycin
(4 mM) was prepared by dissolving 0.298 gm in
100 ml volumetric flask which was filled with B-R
buffer (used as supporting electrolyte) at 30+1°C.
Same procedure was repeated for the
preparation of the solution with different pH of the
B-R-buffer solutions.

2.2 Instrumentation

Recently, pH- meter (Jenvay-3510) and
conductivity meter (Romania) HANNA (HI-8633)
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were also used for monitoring the pH and
conductivity of the electrolytic system throughout
the experiment. The Cyclic Voltammetry (CHI-
700c) with three different electrodes system, a
gold electrode was used as working, a calomel
electrode (Hg/Hg,Cl,) as reference and platinum
wire (Pt) as counter electrode respectively.

2.3 Determination of Cyclic Voltammo-
gram of Sample

Residual or back ground currents were estimated
in the determination of base line in each
supporting electrolyte to minimize the effect of
non faradic contribution in total current. This was
done before each cyclic voltammogram taken
either in quantitative or qualitative studies. After
recording the base line in B-R buffer used as
supporting electrolyte, the electrochemical cell
assembly was rinsed thrice with the solution of
these analyte being prepared in the same
supporting electrolyte. After this 10 cm® of
analyte was transferred to the cell and ensured
the removal of air bubble (argon (99.99%) gas
was purged for 20 minutes to have inert
atmosphere) from the surface of gold electrode
and adjusted the electrode assembly in the cell.
This procedure was similar as followed for the
base line determination. Voltammograms were
recorded at different scan rates like 20, 100, 200,
300, 400 and 500 mV/s. Same procedure was
repeated with other biological active compounds.

3. RESULTS AND DISCUSSION

In the present study electrochemical behavior of
Clarithromycin was examined by using B-R
buffer as supporting electrolyte within the range
of pH 2-6. The cyclic voltammograms of
Clarithromycin (3mM) were recorded at gold test
electrode between the ranges of the (0 to +1.6V)
potential window and scan rates were (20, 100,
200, 300, 400 and 500 mV/s).

The voltammogram of Clarithromycin represents
one cathodic peak and two anodic peaks.
(Fig. 2). The anodic peaks were observed in
potential range of 1.0- 1.6 V/s and cathodic peak
was appeared in the range of 0.2-0.6 V/s. In
previous liteturer showed that cathodic peak in
this range of potiential has also been reported
due to reduction of gold electdrode surface
[22,23]. Therefore, it can be concluded that the
Clarithromycin undergoes irreversible oxidation
and as result anodic peak appeared, while the
observed cathodic peak is due to reduction of

gold electrode surface which was confirm with
blank shown in (Fig. 3).
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Fig. 2. Cyclic voltammograms of 3 mM
Clarithromycin with different scan rates in the
presence of 0.04 M B-R buffers (pH= 3.0) at
gold electrode vs. SCE reference electrode
at 30x1°C
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Fig. 3. Cyclic voltammograms of 0.04 M B-R
buffers at gold electrode vs. SCE
reference electrode with 100 mV/s at 30£1°C

3.1 Stuggested Reaction Mechanism

As the voltammogram of Clarithromycin showed
two anodic peak (Fig. 4) which indicate the
occurrence of oxidation process most prbably to
the two exposed OH- groups as shown in
structure of Clarithromycin. Due to the removal of
hydrogen, “OH” groups have been oxidized and
negative charged has appeared as O- after the
oxidation in Clarthromycin.
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Fig. 4. Suggested Reaction mechanism

3.2 Digonestic Criteria for Irreversible

System

To verify the irrversible transfer mechanism,
diagonistic test for irrversibility has also been
applied. Clarithromycin showed peak current is
propotional to the square root of scan rate.
(Fig. 5) and Epc shifts -30/acn, mV for each
decade increase in scan rate (u) as describe the
third criteria of irreversibility while the difference
of E,- Epp is against the reported criterion for
total irreversibility [24,25] and it varies from 20 to
500 mV. However, by following the maximum
point of irreversible diagnostic test, the electro
oxidation process of Clarithromycin considered
as irreversible.
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Fig. 5. Plot of I, vs. u"? of 3mM Clarithromycin
in the presence of 0.04M R-B buffer (pH = 3.0)
at 30+1°C

3.3 Effect of Scan Rate

The Effect of scan rate (u) on peak current (Ipa1
and 1)) has also been studies for
Clarithromycin. The plot of peak current
lba'(R*=0.99) and and I,°> (R*=0.99) showed
strong correlation with square root of scan rates
(u”z) as shown in (Fig. 3). The plot of log of peak

current Ipa1 and, Ipa2 verus log of scan rates (log
u) gives slope values 0.55 and 0.57 respectivly,
which closed to the theoritical value 0.5 for
diffusion controlled process rather than
adsorption [23].

The peak potientials (Epa1 and Epaz) were showed
linear corelation with log of scan rates (log u) as
shown in (Fig. 6) and this behaviour was
consistent with electrochemical nature of the
reaction in which electrode reaction is coupled
with an irrversible follow- up chemical step [22].
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S 7= 0.081x + 0.9557 WEpa2 (V)
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°
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log v (V/s)

Fig. 6. Variation in log Ep*' and log Ip™ vs.
Logu of 3 mM Clarithromycin in 0.04 M B-R
buffer

The linear relation between E,, and log of scan
rate (log u) can be represented by following
equations.

E,>' = 0.182logu + 1.011 (1)
E,** = 0.085 logu + 0.949

In case of irrversible process (E,) peak potiential
is defined by Laviron and expressed in equation

(1).

The values of a n was calculated from slope
values of E, vs log u. Slope of first plot slope is
0.18 and a n is 1.08 and for second plot is 0.08,
therefore a n is 1.07. Moreover, the value of a
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was calculated according to Bard and Faulkner
by using (2). The value of a (0.71) and a (0.6) for
first peak and second peak respectively. Thus,
the number of electron for first peak is 1.4~1 and
for second peak 1.3~1 have been observed
which showed the transfer of two electrons in
electro oxidation process of the Clarithromycin.

47.7 mV (2)

= Ep—-Ep/2
3.4 Effect of pH

The voltammograms of Clarithromycin at
different pH showed variations in anodic peak. At
pH (2.5, 3 and 3.5) two andodic peak were noted
(Fig. 2). At pH 4 and pH 5 only one anodic peak
have been observed (Fig. 7). This variablity in
peaks and peak currents (Fig. 8) shows the
solublity of Clarithromycin is affacted by the pH
and as result variation in voltammogramms have
been observed.
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Fig. 7. Cyclic voltammograms of 3 mM
clarithromycin with different scan rates in the
presence of 0.04 M B-R buffers (pH= 4.0) at
gold electrode vs. SCE reference electrode
at 301°C

3.5 Effect of Concentraction

The peak current (I,%) was directly proportional to
concentration of analyte (1x107°- 3x10™M) at pH
2.5 (Fig. 9). This linear dependence of peak
current (I,") on concentraction of Clarithromycin
represents diffusion as rate limiting step as
explained by the A. Bard and Faulkner [26].

3.6 Transffer Coefficents

The values of charge transfer cofficients (a) were
calculated by using the value of the potential
difference E,-E,., as described before [24,25].
This charge transfer coefficients is given in
(Table 1), lies within the range of 0.5 to 1 as
defined for totally irreversible reaction . The value

of (a) is also dependent on the potential
difference |E,-Ep12| in case of irreversible
systems.
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Fig. 8. Effect of pH on Peak current of 3mM
clarithromycin (I, vs. v ’2) with different scan
rates at 30x1°C
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Fig. 9. Plot of I, vs. concentration
(1 mM — 3 mM) of clarithromycin at 100 mV/s
in the presence of 0.04M B -R buffer (pH=2.5)
at 301°C

3.7 Heterogenous Rate Constant

The values heterogeneous rate constant of (k°)
was determined by using the value of E°. The
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value of E° were obtained from the intercept of E, <4
versus U curve by extrapolating to the vertical
axis at u = 0 [23]. Reinmuth reported an
alternative simple expression shown in given
equation.

Ip
C,K°

nFA

Current (uA)

(©)

The value of heterogenous rate constant for mm;:::mmm
Clarithromycin were shown in (Table 2). Conc.= 3mM
3.8 The Repeated Cyclic Voltammogram Wl 0h s ER AR A2 ke o

Potential 'V vs SCE
A gradual decrease in peak height (current) (Ip°)
as a result of repeated voltammograms at 100 Fig. 10. Repeated cyclic voltammograms of

mV/s in R-B buffer (Fig. 10) indicates slow or 3 mM Clarithromycin at gold electrode vs.
weak adsorption or desorption of analyte at gold  SCE reference electrode with 100 mV/s scan
test electrode as reported in literature [27]. rate in the presence of 0.04 M B-R buffer

(pH =3) at 30£1°C

Table 1. The values of peak potential (E;), Peak current (l,), Half peak potential (E/),
Difference of peak potential and half peak potential (E,.- E;12), Transfer coefficient (a) and
Diffusion coefficient (D) from the cyclic voltammograms of 3 mM Clarithromycin in the
presence of 0.04 M B-R buffer (pH =2.5) with different scan rates at 301°C

S. No Scan rate pH=25
(mVI/s) First peak (Anodic)
Epa (MV) L. (MA)  Epe(mV)  Ep-Epep 2a "Dx10°cm’/s
(mV)
1 20 1103427  3.0+1.2 1030+15 94416 1.0+0.5  1.5+0.3
2 100 1115425  6x1.2 1253424 138+13 0.7£0.8  2.0%1
3 200 1123£28  1320.1 1282418 159+16 0.6£0.2  3.442
4 300 1141428 1743 1310427 169£15 0.6£0.1  3.6%1.1
5 400 1155+74  20%2 1334424 179416 0.5¢0.1  3.7#1.2
6 500 1178427 232 1350£12 172411 0.6£0.2  4.0+1.0
Second peak (Anodic)
S.No Scanrate E,,’(mV) I, (MA) Epe(mV) Ep-Eppe a °Dx10°cm?/s
(mV/s) (mV)
1 20 1251£17  7.0£0.1 1178416  73#5 0.7#0.1  0.940.1
2 100 1387£25  12%0.1 1314417 734 0.7¢0.8  6%2
3 200 1414£27 17011 1340%16  74+6 0.6£0.2  10#2
4 300 1452426  24%0.3 1375419 7749 0.6+0.1 104
5 400 1490+21 30+0.21  1412+#17 7848 0.6+0.1 102
6 500 1514422  34#0.22  1428+15  86+9 0.6£0.2  11#3

Table 2. Values of heterogeneous rate constant (K°) with 100mV/s at different pH

S. No pH First peak " (Anodic) Second Peak * (Anodic)
K°x10”* (cms™) K°x10”* (cms™)

1 2.5 1.01 2.03

2 3.0 1.18 2.54

3 3.5 1.44 3.01

4 4.0 1.52 -

5 5.0 3.0 -
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4. CONCLUSION

The exploration of electrochemical properties of
the biologically active compounds has been
carried out by cyclic voltammetery technique to
investigate the different parameters such as peak
current (lp), peak potential (E;), Diffusion
coefficient (D), transfer coefficient (a) which are
used to reveal the nature of electrochemical
process , number of electron transferred (n) and
type of reactions.

According to the recent work Clarithromycin is
represented irreversible oxidation process in B-R
buffer. It was observed Clarithromycin during
oxidation process two electrons were transferred
while the electrochemical process is diffusion
controlled. Effects of concentration, pH and scan
rates on electrochemical process have also been
observed.

These parameters explain in this study by CV
technique would be helpful for formulation or
evaluation drug dosage with the consideration of
physio-chemical parameters such as pH and
concentration. This method is appropriate for
quality control laboratories as well as
pharmacokinetic  studies. Moreover, this
technique is proper alternative due to easy
handling, time saving and cheaper as compare to
other  techniques such as HPLC or
chromatography.
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