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ABSTRACT

Electrochemical methods have been widely used for the determination of electro active compounds due to their
simplicity, sensitivity, stability, and low cost. A carbon paste electrode was used for the electro analytical
determination of ampyrone in real sample by cyclic, linear sweep and differential pulse voltammetric techniques.
The oxidation of ampyrone was irreversible and exhibited a diffusion controlled process. The oxidation mechanism
was proposed. The dependence of the current on pH, the concentration and scan rate was investigated to optimize
the experimental conditions for the determination of ampyrone. It was found that the optimum pH for the
determination of ampyrone was 3.0. The current measured by differential pulse voltammetry presents a good linear
property as a function of the concentration of ampyronein the range of 1.0x10® to 1.0x10° with a limit of detection
0.102 x 10 M. In addition, the reproducibility, precision and accuracy of the method were checked as well. Electro
analytical determination of ampyrone in human urine and plasma samples was carried out using differential pulse
voltammetry. The method finds its applications in quality control laboratories.
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INTRODUCTION

Ampyrone (4-Amino-2, 3-dimethyl-1-phenyl-3-pyraZ®lone, structure as given in Scheme 1 AMP) is an
analgesic, anti-inflammatory and antipyretic drAgapyrone residues in the environment pose a patiethitreat to
human health. Ampyrone stimulates liver microsoraed is also used to measure extracellular watevielw of
health hazards due to the presence of ampyrondetésmination becomes important tool for drug yalontrol.
The attention of most of the electrochemists towaedlectrochemical methods, electrode material based
carbonaceous compounds has been widely appliedestr@achemistry. This is due to their special prtipe
including low resistivity, chemical inertness, amique surface chemistry, large sensitivity, exalistability, low
cost, which make them a proper choice to deterraimgéde range of substances in electro catalytie ared has
been widely used to study the redox behavior oftedeactive compounds. Several analytical methadse tbeen
described in the literature for determination of pgnone, including liquid and gas chromatography/
spectrophotometry [1-3], liquid chromatography [#lass spectrometry [5], solid-phase spectrophotgniig}, and
different high-performance liquidchromatographicthoels [7-9]. The main problems encountered in ushege
methods are time consuming, extraction and separgiocedures. Determination of ampyrone by voltame
techniques, we have undertaken the present inegisiig
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Scheme 1. Chemical Structure of ampyrone

The electroanalytical method for the determinatémmpyrone using carbon paste electrode has et Eported
yet. The aim of this study is to establish theahl# experimental conditions and to investigatevibigammetric
behavior and oxidation mechanism of ampyrone abarapaste electrode by cyclic, linear sweep anidrdintial
pulse voltammetric methods for the direct detertidmaof ampyrone in real samples.

MATERIALS AND METHODS

2.1. Reagents and chemicals

Ampyrone was purchased from Sigma - Aldrich andiuge0.01 M (M = mol/dm) stock solution was prepared in
double distilled water. The phosphate buffer sohg from pH 3.0-8.0 (ionic strength 0.2 M), wenegared
according to the method of Christian and Purdy.[20]other chemicals used were of analytical oeriical grade.
All solutions were prepared with double distilledter.

2.2. Instrumentation

Electrochemical measurements were carried out @Hba630D electrochemical analyzer (CH Instrumemts.,|
USA). The voltammetric measurements were carridgdiroa 10 ml single compartment three-electrodsgleell
with Ag/AgCl as a reference electrode, a platinuirevas counter electrode and a self-made carbde p#ctrode
(CPE) as a working electrode. All the potentialshis paper are given against the Ag/AgCl (3 M KJlhe pH of
solution was measured with an Elico LI120 pH mégico Ltd., India).

2.3. Preparation of carbon paste electrode

The carbon paste was prepared by thoroughly miing of graphite powder with 1.8 ml of paraffin olil
homogenously by hand for 30 minutes in a mortah wistle [11]. The homogenized paste was allowedsofor a
minimum period of 24hrs, and then the paste wakqzhinto the tip of the plastic syringe. The soefaf the
electrode was smoothened on weighing paper urtihdt a shiny appearance. The electrode body wasrooted
by pressing a small rod of stainless steel (diantam) inside a micropipette tip (1 ml volume ceipg leaving a
depression at the surface tip approximately 1 mnhéwsing the carbon paste, and a thin wire wasrted through
the opposite end to establish electrical contatte Tarbon paste electrode was immersed in the sgimgpo
electrolyte placed in the cell and several sweepevapplied to obtain a low background current. paste was
carefully removed prior to pressing a new portiatoithe electrode after every measurement.

2.4. Area of the electrode
The area of the electrode was obtained by the cyditammetric method using 1.0 mMKe(CN) as a probe at
different scan rates. For a reversible processfall@ving Randles - Sevcik formula was used [12].

od= 0 .4463 (BRT)" n*? A, D,"2Cov'? 1)
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where |, refers to the anodic peak current, n is the nunatbexiectrons transferred,(As the surface area of the
electrode, B is diffusion coefficient,y is the scan rate, and, @& the concentration, respectively. For 1.0 mM
KsFe(CN)in 0.1 M KCl electrolyte, T =298K, R = 8.314 J'Knol*, F = 96480 C md}, n =1, = 7.6 x 10° cn?
s then from the slope of the plot ggl/svl’zthe electroactive area was calculated. In our éxpsatt the slope was
9.75 x 106pA (V sh*2and the area of electrode was calculated to b&7@.64f.

2.5. Experimental procedure

The carbon paste electrode was first activatechmsphate buffer (0.2 M, pH=3.0) by cyclic voltamnetweeps
between 0.0 and +1.0 V until a stable cyclic voltamgram was obtained. Then electrodes were traesfénto
another 10 ml of phosphate buffer (0.2 M, pH=3.0htaining proper amount of ampyrone (AMP). Aftereap
circuit accumulation for 180 s with stirring andléeving quiet for 10s, potential scan was initiatadd cyclic
voltammograms were recorded between 0.0 and + Q\8it¥f a scan rate of 50 mV’s All measurements were
carried out at room temperature of 25+0.1 °C.

2.6. Plasma Sample Preparation

Human blood samples were collected in dry and eatgclitubes (which contained saline and sodiumteitra
solution) from a healthy volunteer. The samplesendendled at room temperature and were centrifémeto min

at 1500 rpm for the separation of plasma within Iofhcollection. The samples were then transferred t
polypropylene tubes and stored at°@0until analysis. The plasma samples, 0.2 mL, wiemrotonised with 2 mL
of methanol. After vortexing for 15 min, the mixéuwas then centrifuged for 15 min at 6000 rpm, suqgernatants
were collected. The supernatants were spiked withwk amounts of ampyrone. Appropriate volumes dd th
solution were added to phosphate buffer pH = 3.Gwgporting electrolyte and the voltammograms when
recorded.

RESULTS AND DISCUSSION

3.1. Cyclic voltammetry of ampyrone

The electrochemical behavior of ampyrone at cagsie electrode was investigated using cyclic areht sweep
voltammetry. Ampyrone was oxidized on carbon pastectrode between pH 3.0 and 8.0. The cyclic
voltammograms of ampyrone at pH 3.0 in phosphapaffer was as shown in Fig. 1.

The blank solution was shown by curve (b) and anpdiak corresponding to ampyrone oxidation appearatiout
+ 0.482 V as shown in curve (a), which correspotudshe oxidation of the amine group. On scanninghi@
negative direction, no reduction peak was obsergbdwing that the oxidation of ampyrone is an iersible
process.

3.2. Influence of pH

The effect of pH of the buffer solution on the ¢techemical behavior of ampyrone was studied inpgHerange of
3.0 to 8.0 in phosphate buffer at a scan rate@8 ¥'s*. With the increase in pH of the solution, the ppatential
linearly shifted to less positive value (Fig. 2A)e relation betweenEand pH according to the equation (1) (Fig.
2B).

E, (V) = 0.586 - 0.036 pH;r(= 0.975) 1)

The slope of the plot Frersus pH was found to be 36.0 m V which is closthe theoretical value of 30 mV which
indicates the involvement of two electrons andatqr transfer in the rate determining step [13-15].

The plot of J, v/s pH (Fig. 2C) clearly shows the peak currerdffected by the pH value. Ampyrone showed the
sharp and highest peak intensity at pH = 3.0, #m®ithe pH concentration increases peak intensityreiot/},)
decreased continuously. Best result with respedetusitivity accompanied with higher peak resolutabtained
with pH=3.0, so it was selected for further expens.
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3.3. Influence of scan rate

The useful information involving electrochemical chanism generally can be acquired from the relatigm
between peak current and scan rate. The voltanoristhavior of ampyrone was examined at differeahsates
from 0.025 mVs'to 0.50 mVs' using linear sweep voltammetry (LSV) (Fig. 3A). Baeate studies were carried to
assess whether the process on carbon paste eteatrasl diffusion controlled or adsorption controll€the
influence of square root of scan rate on the peatent (Fig. 3B) showed a linear relationship ia thnge of 0.025

to 0.50 mV §'or L
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The relation can be expressed as equation (2)
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loal(uA) = 19.98V2 (V s7)+ 1.883;  (r=0.978) (2)

The peak potential shifted to more positive valaesncreasing the scan rate. The linear relatignbbiween peak
potential and logarithm of scan rate for LSV (RB§.),

1.6

-2 -1.5 -1 -0.5 0
logv/Vs?

which confirms the irreversibility of the oxidatigprocess can be expressed as equation (3),
E,(V)=0.03 logv (Vs™) + 0.506 ; (r=0.993) 3

For an irreversible electrode process, accordirigatoron [17], E is defined by the following equation (4),

2.303RT RTKO 2 303RT

E, = E+|——— | log———
p anF onF an

log

where ' is the transfer coefficient, %k the standard heterogeneous rate constant of théarean’ the number of
electrons transferred, the scan rate arfd i€ the formal redox potential. Other symbols héwrtusual meanings.
Thus the value ofin can be easily calculated from the slope gfsHogv. In this system, the slope was 0.030 for
LSV, taking T = 298 K, R= 8.314 J¥nol*, and F=96480 Cmdl

According to Bard and Faulkner [18 ‘can be given as, (5)

47.7 5
o=— mV ®)

Ep 'Ep/2

where Ey, is the potential where the current is at halfiieak value. So, from this we obtained the valuerofThe
number of electron (n) transferred in the electsadation of ampyrone was calculated using linearegwv
voltammetry. The value of’kan be determined from the intercept of the abdweifithe value of B is known. The
value of E'in Eq. (4) can be obtained from the intercept ©VE v curve by extrapolating to the vertical axis/at
0 [19]. In our system the intercept fog ¥&s. logv plot was 0.506 for LSV method. The valuesaf’*‘'n’ * o ‘e
and ‘K obtained from linear sweep voltammetry are tabdlaierable 1.
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Parameter§ Values using LSV
‘an’ 1.9707
‘n’ 1.818
‘o 1.084
‘o 0.467
K" 1.421x18

3.4. Mechanism

In the proposed method, the electro-oxidation opywne involves two electron and one proton tranpfecess.
The electro oxidation takes place at the amino guhe dipyrone ring as reported in the earlierkwof dipyrone
derivatives [20, 21]. The probable mechanism istemvn in Scheme 2.
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Scheme 2. Probable electrode oxidation mechanism afnpyrone

3.5. Calibration curve and detection limit

In order to develop a rapid and sensitive voltanmimehethod for the determination of ampyrone, tliféecential

pulse voltammetric method (DPV) was adopted aspteks obtained are better defined at lower conatorr of
ampyrone than those obtained by cyclic voltammetrigh a lower background current, resulting in ioyed

resolution. According to the obtained results, diswpossible to apply this technique to the quangaletermination
of ampyrone. The phosphate buffer solution of pH3.®6 was selected as the supporting electrolytetlier
quantification of ampyrone as it gave a maximumkpearent. Differential pulse voltammograms obtalineith

increasing amounts of ampyrone showed that the peaknt increased linearly with increasing conaidn, as
shown in Fig. 4A. Using the optimum conditions désed above, linear calibration curve was obtairfied
ampyrone in the range of 1x%® 1x10° M as shown in Fig. 4B.

-1.8 L L L |f\ 1 1 L L 3
e ) / \\(i) 4
14 1 / 2.5
1.2
2 4
F10
=08 <151
g 0.6 E::
= : _Q l 4
© 4
0.2 051 ¢
0 0
0.2 - - : : . ; T .
020 025 030 035 040 045 050 055 060 065 0 200 400 600 800 1000
Potential / V [AMP]/ uM

388
Scholar Research Library



Sharanappa T. Nandibewooret al Der Pharmacia Lettre, 2015, 7 (12):383-391

The linear equation (6) was,
lpa(MA) = 1.238 [AMP] uM + 0.371,; r €0.993) (6)

Deviation from linearity was observed for more centrated solutions, due to the adsorption of diddgproduct
of ampyrone on the electrode surface. Relatedsstati data of the calibration curve were obtaifresn the six
different determinations. The limit of detectionQD) and quantification (LOQ) were 0.102x 1M and 0.341x 10
° M, respectively. The LOD and LOQ were calculatsihg the following equations:

LOD = 3¢m LOQ = 1Gm

where, ‘s’ is the standard deviation of the pealtents of the blank, and ‘m’ is the slope of thélwation curve
[22].The comparison of detection limits for ampyeoat different other methods related to derivatf@mpyrone
are tabulated in Table 2. The proposed method wterbtas compared to other reported earlier metf®d0, 21,
23].

Methods Detection Reference
limit

Dipyrone(DP),(1-Phenyl-2,
3-dimethyl-5-pyrazolone-4-methyl aminomethanesidterSodium)
1.Flow injection amperometric

Determination 2.78 x 10°M 03
2.Diffusion layer titration at dual band electrootieal cell

3.Nano-riboflavin-modified glassy carbon electrgdeltammetry) 3.6 x 10°M 20
4.Ttitanium phosphate/nickel

Hexacyanoferrate modified graphite 0.502 x 10° 21
electrode (voltammetry) M

Ampyrone 23

6. A simple and sensitive analytical tool for detgration of ampyrone and its application in reanpe | 3.75 x 10°M

analysis using carbon paste electrode

0.102 x 10 Present
M work

3.6. Repeatability and reproducibility of the carba paste electrode

To study the reproducibility of the electrode prgpi@n procedure, a 0.1mM ampyrone solution wassonesl with

the same CPE (renewed every time) for several haiitsn the day, and the RSD of the peak currens @d %

(number of measurements = 5). As to the reprodityilbietween days (RSD of peak current = 1.9%\yak similar

to that within a day if the temperature was kephadt unchanged. Owing to the adsorption of ampymmmits

oxidative products on to the electrode surface ctireent response of the electrode would decrefésesaiccessive
use. In this case, the electrode should be prepayaid.

3.7. Effect of excipients

For the possible analytical application of the megd method, the effect of some common excipies&sl un

pharmaceutical preparation was examined. The toterdimit was defined as the maximum concentratibthe

interfering substance that caused an error less #3860 for determination of ampyrone. The effectstludse
excipients on the voltammetric response was catriednalyzing sample solutions containing a fixasoant of

ampyrone (1.0 pM) spiked with various excess amofieach excipient under the same experimentaditons.

The experimental results showed (Table. 3) thatfb@Dexcess of citric acid, ascorbic acid, dex¢rsogum acacia,
lactose, oxalic acid, uric acid, starch, sucrosel &rtaric acid did not interfere with the voltaetnic signal of
ampyrone. Thus, the procedures were able to aseayrane in the presence of excipients, and hencaritbe
considered specific.
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Excepients(1 .0 mM) + Drug (1.0 uM)| Potential (V)| %) Signal Change
Only AMP 0.428

AMP + Citric acid 0.424 0.934~
AMP + Dextrose 0.424 0.934
AMP + Gum Acacia 0.440 -2.803
AMP + Lactose 0.428 0.000
AMP + Oxalic acid 0.428 0.000
AMP + Starch 0.428 0.000
AMP + Sucrose 0.416 2.803
AMP + Ascorbic acid 0.424 0.934
AMP + Tartaric acid 0.424 0.934
AMP + Uric acic 0.042¢ 0.93¢

3.8. Detection of ampyrone in urine samples

The applicability of the DPV to the determinatiohampyrone in spiked urine as a real sample wassiiated.
The recoveries from urine were measured by spikdngg free urine with known amounts of ampyrone. A
guantitative determination can be carried out byiraglthe standard solution of ampyrone into thectesystem of
urine sample. The calibration graph was used fed#étermination of spiked ampyrone urine samplhs.récovery
determined was in the range from 97.55 to 99.4818d,the RSDs are listed in Table 4. Thus, satisfgcecoveries
of the analyte from the real samples make the dpeel method applicable in clinical analysis.

3.9. Detection of ampyrone in Spiked Human Plasmaa®ples

The applicability of the DPV to the determinatiohampyrone in spiked human plasma sample was investigated.
The recoveries from human plasma were measureg@iking drug free plasma with known amount s of aropg.
The plasma sample was prepared as described im$@6. A quantitative analysis can be carried lmpadding

the standard solution of ampyrone in the detedesyf plasma sample. The calibration graph wasl fsethe
determination of spiked ampyrone in plasma samflbs. detection results obtained for four plasmam@asnare
listed in Table 4. The recovery determined washi tange from 98 .06% to 100. 14% and the RSD iaengn
Table4.

Sample Added(1('M) | Found(1('M)° | % Recover | R.S.D(%
urine sample 1 2.0 1.9896 99.48 0.1573
urine sample 2 4.0 3.902 97.55 2.6208
urine sample 3 6.0 5.886 98.10 2.6877
plasma sample 1 1.0 0.9946 99.46 0.5177
plasma sample 2 3.0 2.942 98.06 2.7038
plasma sample 3 5.0 5.007 100.14 0.2896

aA;/erage of five determination.
CONCLUSION

A carbon paste electrode has been successfully fasettie oxidation of ampyrone in phosphate bufelution
(pH=3.0). Ampyrone is irreversibly oxidized at ajhipotential on a CPE. There were two electronsapdoton
transfer in electrode reaction and was a diffugiontrolled process. A suitable oxidation mechanigms proposed.
The peak current was linear to ampyrone conceatratbver a certain range, under the selected ¢onslitThis
helps in voltammetric determination of selectedlygraas low as 0.102 x TOM and can be used successfully to
assay the drug. The proposed method offered thansalyes of accuracy and time saving as well aslisitypof
reagents and apparatus. In addition, the satisfactsults obtained in the determination of ampgrom spiked
urine samples demonstrated the applicability ofrtteghod for real sample determination. Furthermtbre present
method could possibly be adopted for pharmacoldrsttidies as well as clinical and quality contatidratories.
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