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I

t is well known for using acetylsalicylic acid (ASA) as tablets of aspirin, one of medicines for chronic diseases and for
the benefit of the desired of this medicine and in particular the older ages in life to prevent blood clotting and for stroke.
The aim of the study was to finding the affected of aspirin as chemical composition in blood medium using cyclic
voltammetric method by glassy carbon electrode. It was found that the oxidative current peaks of ASA in both normal
saline and blood medium appeared in voltammograms, also many reduction current peaks in normal saline and blood
medium was found. The oxidation current peak of ASA in blood and normal saline medium was reduced in present with
each of AA and FA, also enhanced the reduction current peaks by these reagents (AA and FA). The chemical composition
of both AA and FA acts as antioxidant reagent in blood medium in present with ASA, so patient can be taken aspirin in
safety using with these reagents.

Introduction
In the last ten years ago scientists was changed the electrochemical studies of the chemical and pharmaceutic compounds by
cyclic voltammetric method in blood medium to finding the oxidation and reduction properties and studying the effect of
oxidative current peaks on the blood decomposition [1-6].
Acetylsalicylic acid (ASA), or aspirin, was introduced in the late 1890s and has been used to treat a variety of inflammatory
conditions. The electrochemical method for indirect determination of ASA has been utilized to analyses pharmaceutical drug.
It was found that all determination of detected salicylates directly without any pre-treatment, hydrolysis and so on at high
resolution values [7].
Cyclic voltammetry was used to investigate the oxidation of salicylic acid at a planar glassy carbon electrode. The electrode
reaction was found to be dependent on the pH and ionic strength of the acetate buffer, which contained 35% methanol. The
developed stripping voltammetric method was successfully applied for quantitative analysis method in pharmaceutical
formulations and spiked human serum, without the necessity for samples pretreatment and/or time-consuming extraction steps
prior to the analysis [8].
Antioxidant activity of a number of small (low molecular weight) natural compounds found in spices, condiments or drugs
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(gallic acid, sesamol, eugenol, thymol, carvacrol, vanillin, salicylaldehyde, limonene, geraniol, 4-hexylresorcinol, etc.) has
been evaluated using electrochemical measurements [9].
A novel electrochemical sensor based on molecularly imprinted polymer film has been developed for aspirin detection. The
molecularly imprinted sensor was characterized by electrochemical impedance spectroscopy (EIS), differential pulse
voltammetry (DPV), and cyclic voltammetry (CV) [10].
Differential pulse voltammetry and chronoamperometry were used to detect and determine acetylsalicylic acid (ASA) at a
mildly oxidized boron-doped diamond electrode in a neutral sodium sulphate solution as supporting electrolyte. The limits of
detection were situated around 1 µM. The association of differential pulse voltammetry and chronoamperometry techniques
with standard addition method represented a suitable option for the determination of ASA in real samples such as
pharmaceutical formulations [11].
The use of an amperometric biosensor for the salicylate determination in blood serum is described. The biosensor is
based on salicylate hydroxylase electropolymerized onto a glassy carbon-working electrode with polypyrrole and
glutaraldehyde, to improve the biosensor lifetime. Blood serum samples analyzed by this biosensor showed a good
correlation compared to the spectrophotometric method (Trinder) used as reference, presenting relative deviations lower
than 7.0% [12].
The electrochemical oxidation of salicylic acid (SA) has been studied on a glassy carbon electrode using cyclic voltammetry
and differential pulse voltammetric (DPV) method. SA gives a single irreversible oxidation wave over the wide pH range
studied. The method was successfully applied for the analysis of SA as a hydrolysis product, in solid pharmaceutical
formulations containing acetylsalicylic acid (ASA) [13].
The developed stripping voltammetric method was successfully applied for quantitation of irbesartan in pharmaceutical
formulations and spiked human serum, without the necessity for samples pretreatment and/or time-consuming extraction steps
prior to the analysis. Moreover, pharmacokinetic parameters of irbesartan in plasma of healthy volunteers followed an oral
administration of a single dose of Aprovel [14].
In this study, cyclic voltammetric method was used to finding the effect of ASA as aspirin tablet in blood medium by redox
current peaks of ASA appearing in the blood medium.

Experimental
Reagents and Chemicals
Acetyl salicylic acid (ASA) aspirin from, Normal saline (0.9% NaCl W/V) from Alcon Parenterals (India) Ltd, Ascorbic
acid (AA) from Technicon chemicals Co. (Oreq. Tournai Belgique), Folic acid (FA) from Actavis, Barnstaple, EX32 8NS, UK,
healthy human blood samples and other chemicals and solvents were of annular grade and used as received from the
manufacturer. Double distilled water was used for the preparation of aqueous solutions. All solutions were dried with oxygen
free nitrogen gas for 10-15 minutes prior to making the measurement.
Apparatus and Procedures
Instruments: EZstat series (potentiostat/glvanostat) NuVant Systems Inc. pioneering electrochemical technologies USA.
Electrochemical workstations of Bioanalytical system with potetiostate driven by electroanalytical measuring softwares was
connected to personal computer to perform Cyclic Voltammetry (CV), an Ag/AgCl (3M NaCl) and Platinum wire (1 mm
diameter) was used as a reference and counter electrode respectively. The glassy carbon working electrode (GCE) was used in
this study after cleaning with alumina grand.
Procedure: cyclic voltammetric cell was used in this technique by adding 10ml of electrolyte (human blood samples) in the
quartz cell and immerse three electrodes in the blood medium (GCE as working electrode, Ag/AgCl reference electrode and
counter electrode), then the electrodes was connected with potentiostat to finding the results by the cyclic voltammograme
using personal computer.
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Results and Discussion
Study ASA in Normal Saline
In the study of aspirin in the normal Saline as an electrolyte was found one oxidation current peak at 1.25 V and two
reduction current peaks at 0 and -600 mV of the ASA as shown in Figure 1. It is noted that the aspirin acts as an oxidizing
agent by the anodic current peak as shown in Figure 2. In addition to consider that aspirin compound as antioxidative reagent
in normal saline. Many studies confirm that there is an oxidation and reduction peaks of ASA in the neutral medium [15].

Figure 1. Cyclic voltammogram of ASA in normal saline using GCE at scan rate 100 mVsec-1 versus Ag/AgCl as reference electrode.

Figure 2. Voltammogram of oxidative current peak of ASA in normal saline using GCE at scan rate 100 mVsec-1 versus Ag/AgCl as reference electrode.

Study the Effect of AA on ASA in Normal Saline
Figure 3 shows that it can be seen the effect of oxidation current peak of ascorbic acid at 750mV [16, 17] on each of the
oxidation and reduction current peaks of aspirin in normal saline by enhancement the oxidative current peak of ASA about
three times and causes to reducing the two reduction current peaks of ASA to single reduction current peak at -600mV.

Figure 3. Cyclic voltammogram of ASA in present of AA in normal saline using GCE at scan rate 100 mVsec-1 versus Ag/AgCl as reference electrode.
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Study the Effect of FA on ASA in Normal Saline
The results showed that ASA in presence of folic acid with normal Saline didn't affect the oxidation and reduction current
peaks of aspirin as evident in Figure 4.

Figure 4. Cyclic voltammogram of ASA in present of FA in normal saline using GCE at scan rate 100 mVsec-1 versus Ag/AgCl as reference electrode.

Study ASA in Blood Medium
By studying the composition of aspirin in the blood medium in vetro studying by electrochemical method and its effect,
which shown that aspirin acts as oxidizing agent effective on the blood component with appearing the oxidation current peak at
1.5V and also acts as antioxidative agent by reduction current peak at -600mV as shown in Figure 5. In all studies of aspirin in
blood medium, we do not get the results of a study in this regard.

Figure 5. Cyclic voltammogram of ASA in blood medium using GCE at scan rate 100 mVsec-1 versus Ag/AgCl as reference electrode.

Study the Effect of AA on ASA in Blood Medium
It is known scientifically that AA is antioxidative agent to the human body and in particular its effect on blood composition.
AA not only possesses antioxidant activity, but also can generate cytotoxic activity at higher concentrations [18]. The current
study has been adopted using AA as an important factor with the presence of aspirin in blood medium to see its impact on the
oxidation-reduction current peaks of the ASA. Figure 6 and 7 show the oxidation current peak of AA at 600mV enhanced both
of oxidation –reduction current peaks at 1.5mV and -750mV respectively.
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Figure 6. Cyclic voltammogram of ASA in present with AA in blood medium using GCE at scan rate 100 mVsec-1 versus Ag/AgCl as reference electrode.

Figure 7. Cyclic voltammogram of ASA in present with AA in blood medium using GCE at scan rate 100 mVsec-1 versus Ag/AgCl as reference electrode.

Study the Effect of FA on ASA in Blood Medium
It was found in clear as shown in Figure 8 the effect of folic acid on the redox current peaks of the ASA compound in the
blood medium. It was noted that the FA reduce the oxidative current peak of aspirin and enhancement the reduction current
peak, so FA is giving importance to using with aspirin tablet.
FA appears to reduce the risk of stroke, which may be due to the role FA plays in regulating homocysteine concentration. It
was indicated the risk of stroke appears to be reduced only in some individuals. It was observed stroke reduction is consistent
with the reduction in pulse pressure produced by folic acid tablet of 5 mg per day, since hypertension is a risk factor for stroke
[19].

Figure 8. Cyclic voltammogram of ASA in present with FA in blood medium using GCE at scan rate 100 mVsec-1 versus Ag/AgCl as reference electrode.
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Analysis of ASA in Blood Medium
The determination of AA concentration in blood samples with ASA using GCE. Recoveries experiment were evaluated
using direct calibration of 99.6 ± 2.09% was obtained after the addition of 0.02 mM AA in to blood sample with ASA as in
table 1 while recovery of 99.03 ± 2.1% was obtained after the addition of 0.03 mM AA into blood sample with ASA as in table
2.
Table 1. Recovery rate of 0.02 mM of AA added in to the blood sample with ASA.
No. of sample
1
2
3
4

Concentration of AA (mM)
0.0205
0.0199
0.0198
0.0195

Recovery Rate%
102.5
99.6
99.0
97.5

Mean Recovery%
99.6

Relative Standard Deviation%
2.09

Table 2. Recovery rate of 0.03 mM of AA added in to the blood sample with ASA.
No. of sample
1
2
3
4

Concentration of AA (mM)
0.0305
0.0290
0.0295
0.0299

Recovery Rate%
101.6
96.6
98.3
99.6

Mean Recovery%
99.03

Relative Standard Deviation%
2.1

Conclusion
The electrochemical study was used for aspirin compound in human blood medium in presence of both AA and FA. The
results were given that aspirin has oxidation and reduction current peaks in blood medium. It was considered that aspirin
compound interest of human body during the impact on the blood medium as antioxidative by the cathodic current peak and
in the same time aspirin has oxidation current peak which causes an oxidative the blood component. The importance of
aspirin compound to the human body especially in the prevention of stroke, so it was address the impact of oxidative stress
of aspirin in blood medium by using AA or FA with aspirin tablet. It was noted that each of AA and FA effected on the
oxidative and antioxidative currenr peaks of aspirin in blood medium by reducing the anodic peak and enhancement of
cathodic peak.

■

Muhammed Mizher Radhi
As assistant professor, Dr. Muhammed Mizher Radhi received his Ph.D from university Putra of Malaysia
(UPM) at 2010 in Electrochemistry, Nanotechnology. He has publications in electrochemistry (cyclic
voltammetry) and grafted polymer with nanodeposit. Also, he has one international patent and eight Iraqi
patents. His research is focused the high conductivity of grafted polymer with nano deposit and fabrication
sensors by nano materials to study the drugs in blood medium by electrochemistry analysis.
Department of Radiological Techniques, Health and Medical Technology College-Baghdad, Middle
Technical University, Baghdad, Iraq
mmradhi@yahoo.com
Yousif Kadhim Abdul-Amir
Department of Chemistry, College of Science, Al-Mustanssiria University, Baghdad, Iraq
As assistant professor, Dr. Yousif Kadhim Abdul-Amir received his Ph.D from Baghdad university at
1988 in surface and electrochemistry. His publications are in catalysis and electrochemistry.

ISSN: 2375-3803

158

Maysara Samer Khalaf
Department of Radiological Techniques, College of Health and Medical, Technology-Baghdad, Middle
Technical University, Iraq
As a lecturer, Dr. Maysara Samer Khalaf received her Ph.D from college of Medicine / Department of
Microbiology/Al-Nahrain university in Baghdad. Her publications include molecular biology,
microbiology, and genotyping.

References
[1]

Muhammed Mizher Radhi, Wee Tee Tan, Mohamad Zaki B. Ab Rahman and Anuar Bin Kassim, Voltammetric Detection of Mn (II) in
Blood Sample at C60 and MWCNT Modified Glassy Carbon Electrodes. American Journal of Applied Sciences 7 (3): 439-445, 2010.

[2]

Muhammed M. Radhi, Dawood S. Dawood, Nawfal K. Al-Damlooji and Tan W. Tee, Development of Electrochemical Sensors for the
Detectionof Mercury by CNT/Li+, C60/Li+ and Activated Carbon Modified Glassy Carbon Electrode in Blood Medium Sensors &
Transducers Journal, Vol. 146, Issue 11, November 2012, pp. 191-202.

[3]

Muhammed Mizher Radhi, Nawfal Khalid Al-Damlooji, Baquir Kareem Abed, Dawood Salman Dawood, and Tan Wee Tee,
Electrochemical Sensors for Detecting Mn (II) in Blood Medium Sensors & Transducers, Vol. 149, Issue 2, February 2013, pp. 89-93.

[4]

Muhammed Mizher Radhi, Nawfal K. Al-Damlooj, Mahmood Radhi Jobayr, Dawood S. Dawood, Electrochemical Sensors of Cyclic
Voltammetry to Detect Cd (II) in Blood Medium Sensors & Transducers, Vol. 155, Issue 8, August 2013, pp. 150-154. 1. Muhammed.

[5]

Muhammed Mizher Radhi, Hanaa Naji Abdullah, Sura A. Al-Asadi, Emad A. Jaffar Al-Mulla, Electrochemical oxidation effect of
ascorbic acid on mercury ions in blood sample using cyclic voltammetry, Int J Ind Chem, 6 (4), 311-316, 2015.

[6]

Eder Tadeu Gomes Cavalheiro & Christopher M. A. Brett & Ana Maria Oliveira-Brett & Orlando Fatibello-Filho, Bioelectroanalysis
of pharmaceutical compounds, Bioanal Rev (2012) 4: 31 53.

[7]

Veronika Supalkova, Jiri Petrek, Ladislav Havel, Sona Krizkova, Jitka Petrlova, Vojtech Adam, David Potesil, Petr Babula, Miroslava
Beklova, Ales Horna and Rene Kizek, Electrochemical Sensors for Detection of Acetylsalicylic Acid, Sensors 2006, 6, 1483-1497.

[8]

Denley Evans, John P. Hart and Glan Rees, Voltammetric behaviour of salicylic acid at a glassy carbon electrode and its determination
in serum using liquid chromatography with amperometric detection, Analyst, 1991, 116, 803-806.

[9]

Jesus F. Arteaga, Mercedes Ruiz-Montoya, Alberto Palma, Gema Alonso-Garrido, Sara Pintado and Jose M. Rodriguez-Mell,
Comparison of the Simple Cyclic Voltammetry (CV) and DPPH Assays for the Determination of Antioxidant Capacity of Active
Principles, Molecules 2012, 17, 5126-5138.

[10] Zhihua Wang, Hui Li, Jing Chen, Zhonghua Xue, Bowan Wu, Xiaoquan Lu., Acetylsalicylic acid electrochemical sensor based on
PATP-AuNPs modified molecularly imprinted polymer film. Talanta. 2011 Sep 15; 85 (3): 1672-1679.
[11] Codrut¸ Cofan and Ciprian Radovan, Anodic Determination of Acetylsalicylic Acid at a Mildly Oxidized Boron-Doped Diamond
Electrode in Sodium Sulphate Medium, International Journal of Electrochemistry, Volume 2011, Article ID 451830, 9 pages, doi:
10.4061/2011/451830
[12] Laercio Rover Junior, Graciliano de Oliveira Neto, Joao Roberto Fernandes, Lauro Tatsuo Kubota, Determination of salicylate in blood
serum using an amperometric biosensor based on salicylate hydroxylase immobilized in a polypyrrole–glutaraldehyde matrix, Talanta
51 (2000) 547–557.
[13] Angel A. J. Torriero a, Juan M. Lucoa, Leonides Sereno b, Julio Rabaa, Voltammetric determination of salicylic acid in
pharmaceuticals formulations of acetylsalicylic acid, Talanta 62 (2004) 247–254.
[14] Hanaa S. El-Desoky; Mohamed M. Ghoneim; Allia. D. Habazy, Voltammetry of irbesartan drug in pharmaceutical formulations and
human blood: quantification and pharmacokinetic studies, J. Braz. Chem. Soc. vol. 22 no. 2 São Paulo Feb. 2011.
[15] Edyta Wudarska, Ewa Chrzescijanska and Elzbieta Kusmierek, Electroreduction of Salicylic Acid, Acetylsalicylic Acid and
Pharmaceutical Products Containing these Compounds, Port. Electrochim. Acta, vol. 32 (4) 2014.
[16] Zekerya Dursun, Levent PEL˙ IT, Isao Taniguchi, Voltammetric Determination of Ascorbic Acid and Dopamine Simultaneously at a
Single Crystal Au (111) Electrode, Turk J Chem 33 (2009), 223–231.
[17] J. K. Goh, W. T. Tan, F. T. Lim and N. A. M. Maamor, electrochemical oxidation of ascorbic acid mediated by carbon nanotubes /Li+ /
carbon paste modified solid electrode, The Malaysian Journal of Analytical Sciences, Vol 12, No 2 (2008): 480–485.
[18] González MJ, Mora E, Riordan NH, Riordan HD, Mojica P. Rethinking vitamin C and cancer: an update on nutritional oncology.
Cancer Prev Intl. 1998; 3: 215–24.

159

2016; 3(3): 152-159

[19] Terwecoren A, Steen E, Benoit D, Boon P, Hemelsoet D, Ischemic stroke and hyperhomocysteinemia. Acta Neurol Belg 109 (3): 181–8
(2009).

