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Abstract 

 

Direct electrochemical of cytochrome c in carbon paste electrode is easily obtained and 

a reversible pair of peaks that are similar, of Fe (ΙΙ) and Fe (ΙΙΙ) with the formal 

potential (E°) about - 0 /295 volts, appears. This electrochemical reaction occurred in 

phosphate buffer solution 0.1 M (PBS) at PH = 7. Bio-modified electrode that has been 

produced by our group has a good ability to redox H2O2 that is promising for the mass 

production the third generation of biosensors. Accumulating evidence suggests that 

hydrogen peroxide (H2O2) plays an important role in cancer development. Experimental 

data have shown that cancer cells produce high amounts of H2O2. An increase in the 

cellular level of H2O2 has-been linked, to key alteration in cancer. in this project we 

design a biosensor that can determine hydrogen peroxide produced white cancer cells. 

In overall This Biosensor diagnostic process, can be very important in cancer. 

 

 

Keywords: biosensor, hydrogen peroxide, cancer, cytochrome c, cadmium oxide 

nanoparticles 

 

 

1. Introduction 
 

A biosensor is composed of two elements: a biological recognition unit able to interact 

specifically with a target, and a transducer able to convert a change in property of the 

solution or surface, due to complex formation, into a recordable signal. In contrast with 

conventional bioassays, biosensors allow the detection of molecular interactions as they 

take place, without requiring auxiliary procedures, making them highly attractive for 

biotechnological applications. Initially, biosensor recognition elements were isolated 

from living systems1-3. However, many biosensor recognition elements now available 

are not naturally occurring, but have been synthesized in the laboratory. Biosensors can 

also meet the need for continuous, real-time in vivo monitoring to replace the 

intermittent analytical techniques used in industrial and clinical chemistry4-5. The 

sensing of targets, i.e. analytes of interest, is already being influenced by the emergence 

of engineered binding proteins.With the advent of nanostructures and new interface 

materials, these recognition elements will be major players in future biosensor 

development. Atoms and molecules are the essential building blocks of every object. 

The manner in which things are constructed with these basic units is vitally important to 

understand their properties and their reciprocal interactions. An efficient control of the 

synthetic pathways is essential during the preparation of Nano building blocks with 

different sizes and shapes that can lead to the creation of new devices and technologies  
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with improved performances6. To do this, two opposite, but complementary 

approaches are pursued. One is a top-down strategy of miniaturizing current 

components and materials, while the other is a bottom-up strategy of building ever-

more-complex molecular structures atom by atom or molecule by molecule7-8. These 

two different methods highlight the organization level of nanosystems as the crossing 

point hanging between the worlds of molecular objects and bulk materials9. The top-

down approach has been advanced by Richard Feynman in his often-cited 1959 lecture 

stating that “there is plenty of room at the bottom” and it is ideal for obtaining structures 

with long-range order and for making connections with macroscopic world10-11. 

Conversely, the bottom-up approach was pioneered and it is best suited for assembly 

and establishing short-range order at the nanoscale. The integration of the two 

techniques is expected to provide, at least in principle, the widest combination of tools 

for nanofabrication. Carbon-paste electrodes (CPEs), due to their ease of construction, 

renewability, and compatibility with various types of modifiers, have been widely used 

as a suitable matrix for preparation of modified electrodes. Further, they show rather 

low background current compared to solid graphite or noble metal electrodes [12]. We 

too used carbon paste electrode in this project and the modified electrode, is 

characterized based on scanning electronic microscopy (SEM) and cyclic voltammetry 

(CV). This modified electrode is applied for the electrochemical investigations. Many 

redox proteins are located on or in the biological membranes of living cells as a part of 

the electron transport chain [14-15]. Of these proteins, cyt c is a basic redox 

metalloprotein and Basic lysine residues are clustered around its active site, which is a 

heme iron porphyrin. The direct electron transfer reaction of cyt c has been the most 

widely investigated among all redox proteins. Since the first quasi-reversible 

electrochemistry of cyt c at a gold electrode was reported [16], many other compounds 

have been used to promote the electron transfer of cyt c on promoter modified 

electrodes [17]. More recently, lipids [18] and nucleic acid [19] have also been used as 

an electrode modifier to observe the direct electron transfer process of cyt c. The cyt c 

adsorbed in this way remained in its native form and gave well-defined redox peaks (11 

± 14). Beside this, cyt c could be covalently linked to the electrode surface and forms a 

more stable protein layer on the electrode surface [19]. One part of my research project 

was devoting to diagnostic hydrogen peroxide that product by cancer cells. Most of the 

energy that our cells need to live depends on a mitochondrial process that requires 

oxygen (O2). In this process, called oxidative phosphorylation, ATP generation is 

coupled with a reaction in which O2 is reduced to H2O. Under certain conditions, O2 can 

also be reduced to H2O via the ROS superoxide anion (O
- 2

) and hydrogen peroxide 

(H2O2) [20-21]. It is recognized that the cellular production of O
- 2 

and H2O2 favors the 

formation of other reactive oxygen and nitrogen species such as hydroxyl radical (OH
-
) 

and peroxynitrite (ONOO
-
) – and that an excessive production of these species causes 

oxidative stress and may play an important role in carcinogenesis [22]. Accumulating  
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experimental data suggest that an increase in the cellular concentrations of H2O2 can 

explain all these hallmarks of cancer. 

 

 

2. Materials and methods 
 

In the present work, we have synthesized cadmium oxide (CdO) nanoparticles by 

simple and low cost precipitation method using cadmium acetate and ammonium 

hydroxide as starting materials. All chemicals used in the experiment were of analytic 

reagent (AR) grade. Cadmium acetate was purchased from merck. (99.0%) and 

ammonia solution 25% GR  too from Merck. All chemicals were used as received 

without further purification. Deionized water was used during the experiment. Cadmium 

acetate (6.66 g, 0.5 M) was dissolved in 100 ml water and ammonia solution was added 

to above solution dropwise until pH value of about 8 was reached with constant stirring. 

The white precipitate was formed and it was allowed to settle for 5-6 hour and then 

filtered and washed 3-4 times with water. It was dried at 100°C and then grinded. The 

resulting powder was calcined at 400°C for 2 hour. It turned into yellowish colour 

which confirmed the formation of CdO. Below equation shows the schematic diagram 

for the preparation of CdO nanoparticles.  

(CH3COO) 2 Cd·H2O + 2NH4OH → Cd (OH) 2 +2H2O+ 2CH3COONH4     

During calcinations as prepared powder loses H2O, which is as follows: 

Cd (OH) 2 → CdO + H2O 

The temperature is 400 °C 

We received cytochrome c from sigma. Solutions were prepared from analytical reagent 

grade chemicals without further purification using double distilled water. Phosphate 

buffer solutions (PBS) (0.1 M) were prepared form H3PO4, KH2PO4 and K2HPO423. 

The pH of buffer solutions was adjusted with HCl and KOH solutions. Electrochemical 

experiments were performed with a computer controlled Autolab modular 

electrochemical system (palm sens, The Netherlands), driven with GPES software (Eco 

Chemie). A conventional three-electrode cell was used with a SCE (azar electrode co, 

The iran) as reference electrode, and a Pt wire as counter electrode. The working 

electrode was made by cadmium oxide nanoparticles modified carbon paste electrode. 

All measurements were conducted in a thermo stated temperature of 25±1 
◦
C. The 

surface morphology of modified electrodes was studied with a scanning electron 

microscope (SEM) in Tehran University. Unmodified carbon paste electrode was 

prepared by mixing 65% graphite powder and 35% paraffin wax. Paraffin wax was 

heated till melting and then, mixed very well with graphite powder to produce a 

homogeneous paste. The resulted paste was then packed into the end of an insulin 

syringe (i.d.: 2mm). External electrical contact was established by forcing a copper wire 

down the syringe. CPE modified with cadmium oxide nanoparticles complex was 

prepared by mixing 60% graphite powder and 30% paraffin wax with 1, 5, 10 and 15%  
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synthesized cadmium oxide nanoparticles. The surface of the electrode was polished 

with a piece of weighting paper and then rinsed with distilled water thoroughly.  

 

 

3. Results 
 

The XRD pattern Fig. 1 for CdO nanoparticles, the diffraction peaks are absorbed at 2θ 

values. The prominent peaks have been utilized to estimate the grain size of sample with 

the help of Scherrer equation [24] D = Kλ/(β cos θ) where K is constant(0.9), λ is the 

wavelength(λ = 1.5418 A°) (Cu K), β is the full width at the half-maximum of the line 

and θ is the diffraction angle. The grain size estimated using the relative intensity peak 

for CdO nanoparticles was found to be 30 nm and increase in sharpness of XRD peaks 

indicates that particles are in crystalline nature. The reflections are clearly seen and 

closely match the reference patterns for CdO (Joint Committee for Powder Diffraction 

Studies (JCPDS) File No. 05-0640).  

 

 

 

 
Figure 1. XRD pattern for CdO nanoparticles 

 

 

 

The UV–visible absorption spectra of CdO nanoparticles are shown in Fig. 2 although 

the wavelength of our spectrometer is limited by the light source, the absorption band of 

the CdO nanoparticles have been shows a blue shift due to the quantum confinement of 

the excitons present in the sample compare with bulk CdO particles. This optical 

phenomenon indicates that these nanoparticles show the quantum size effect [24]. 
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Figure 2. UV-Absorption spectra for CdO nanoparticles 

 

 

The SEM image of cadmium oxide nanoparticles with ×13000 magnification at room 

temperature are shown in fig.3 that indicate Diameter of synthesized nanoparticles is 

about 30 nanometer.  

 

 

 
Figure 3. SEM image of cadmium oxide nanoparticles with ×13000 magnification 

 

 

 

The electrochemical behaviors of cyt c/CPE/cdoNps molecules were examined by 

cyclic voltammetry and the results were shown in Figure 4.A pair of well-defined quasi- 
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reversible redox peaks appeared with the Epa = −0.244 V and Epc = −0.305 V (vs. 

SCE) and the ratio of Ipa/Ipc = 0.994. The formal potential (E0’), which is calculated by 

the midpoint of Epa and Epc, was got as −0.295 V (vs. SCE) and the peak-to-peak 

separation (ΔEp) was got as 145 mV at the scan rate of 200 mV s
-1

, which indicated a 

fast heterogeneous electron transfer process The results are in good agreement with the 

characteristics of the heme Fe(III)/Fe(II) redox couples. While no voltammetric peak 

appeared at bare carbon paste electrode. These results indicated that the CPE modified 

by cadmium oxide nanoparticles and cytochrome c provided a suitable 

microenvironment for the cytochrome c molecules and the presence of cadmium oxide 

nanoparticles in the electrode could enhance the electron transfer rate for cytochrome c. 

Then the direct electron transfer of cytochrome c in the modified carbon paste electrode 

was achieved successfully. Figure 4 indicate CV of bare carbon paste electrode with any 

peak (a) and too in this figure, part b indicate CV of modified carbon paste electrode 

with cadmium oxide nanoparticles and cytochrome c. in this measurement, the scan rate 

was 200 mv/s. 

 
Figure.4. (a) CVof bare carbon paste electrode, (b) CV of carbon paste electrode that modified by 

cadmium oxide nanoparticles & cytochrome c in 0.1 M phosphat buffer solution& pH . 7 ( the scan 

rate is 200mv/s). 

 

In the next study of electron transfer properties of cytochrome c on modified carbon 

paste electrode with cadmium oxide nanoparticles were investigated and the effect of 

scan rates on a cyclic voltammogram of cytochrome c was studied.in Figure 5 (a & b) a 

linear range between the cathodic and anodic flows of protein myoglobin with different 

scan rates is observed. Correlation coefficients were equal to: 0.9972 for cathodic peak 

and 0.9972 too for anodic peak. This phenomenon suggested that the redox process was 

an adsorption-controlled one and the immobilized cytochrome c was stable. 
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Figure.5. (a) Typical cyclic voltammograms of cytochrome c/ cadmium oxide nanoparticles /carbon 

paste electrode at different scan rates. The voltammograms (from inner to outer) designate scan 

rates of 50, 100, 200, 300, 400, 500, 600, 700 and 800  mV s
-1

, respectively. (b) Dependence of the 

anodic ( with red color)  and cathodic ( with blue color) peak currents on the scan rates. All the 

data were obtained at pH=7 and in 0/1M phosphate buffer solution (PBS). 

 

The relationships of the anodic and cathodic peak currents with the scan rate were 

investigated. In Both the redox peak currents increased with the scan rate and two linear 

plots could be obtained, which was the typical behaviors of modified carbon paste 

electrode electrochemistry. The results suggested that all the electroactive cytochrome c 

Fe (III) in the electrode was converted to cytochrome c Fe (II) on the forward cyclic 

voltammetric scan and then transferred back to cytochrome c Fe(III) on the reverse 

scan.. With the increase of the scan rate, the reduction peak moved negatively and the 

oxidation peak moved positively, and the value of ΔE was less than 200 mV. According 

to the Laviron’s equation for quasi-reversible modified carbon paste electrode  
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electrochemistry when the n × ΔE < 200 mV, the apparent heterogeneous electron 

transfer rate constant (ks) can be calculated with the following equations: 

 

 
where α is the charge transfer coefficient, n is the number of electron transfer and v is 

the scan rate. The relationships of Ep with logv were calculated. Form the slope and the 

intercept the value of n and α were got as 0.97 and 0.34, respectively. From the equation 

3, the value of ks was calculated as 1.013 s
-1

, which was also proved as a quasi-

reversible redox process of cyt c. The most important part of this research project is to 

measure the hydrogen peroxide. Sensitive determination of H2O2 is of great significance 

in biological, clinical and environmental and many other fields. Many analytical 

methods have been developed for this reason, such as electrochemistry, photometry. 

Among these methods, amperometric enzyme-based biosensors have received 

significant concentration due to its expediency, high selectivity and sensitivity [24-25]. 

As mentioned before a significant confront to development of sensitive and stable 

sensors comes from the effective immobilization of enzyme to solid electrode surface 

[12]. There are many materials have been used to immobilize enzyme on the electrode 

surface toward H2O2 sensing, such as quantum dots [1], polymers [7-8], mesoporous 

materials [11] and nanomaterials [7]. Among these, nanomaterials have attracted great 

research interest in biosensor because of their flexibility of the physical and chemical 

properties [26-27]. In addition, in order to retain the electrocatalytic activity and further 

modification onto the electrode surface, various methods have been used to enhance the 

electron transfer, such as electropolymerization [28], sol–gel [29], layer by layer 

assembly [30], covalent bonded immobilization [31] and direct embedded 

biocompatible membrane [32]. You can see the cyclic voltammograms of the 

cytochrome c-cadmium oxide nanoparticles modified electrode in PBS, at pH 7.0, 

containing different concentrations of H2O2 are shown in Figure 6. Upon the addition of 

H2O2 to the electrochemical cell, the reduction peak current of the immobilized cyt c  
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increased, indicating a typical electro-catalytic behavior to the reduction of H2O2. The 

calibration curve (Figure 6b) shows the linear dependence of the cathodic peak current 

on the H2O2 concentration in the range of 20-100 μM. The recent experiment has 

introduced a new biosensor for the sensitive determination of H2O2 in the solution and 

this important result, will have many applications in cancer therapy. 
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Figure 6. a) Cyclic voltammograms obtained at an cyt c-cdo nanoparticles modified carbon paste 

electrode in 0.1 M PBS (pH 7.0) for 0, 0.007 and 0.07 M concentrations of H2O2 and b) the 

relationship between cathodic peak current of cyt c and different concentrations of H2O2 (scan rate: 

100 mVs
-1

). 

 

As discussed above, there is evidence that H2O2 may have an important function in 

cancer development. However, there is also compelling evidence that have shown that 

increasing the cellular levels of H2O2 may be an efficient way of killing cancer cells. 

Figure. 7 represents that different concentrations of H2O2 can produce different cellular 

effects; this may contribute to explain apparently controversial studies that have shown, 

for instance, that H2O2 can both produce apoptosis resistance [33] and be an efficient 

inductor of apoptosis in cancer cells [34]. Numerous reports have demonstrated that 

H2O2 can induce cell death in cancer cells. It has been observed, that a significant 

increase in the intracellular H2O2 production and downstream acidification provides an 

environment conducive for apoptotic cell death in tumor cells [35]. 

 
Fig. 7. Different cellular effects by different cellular levels of H2O2. Low levels of H2O2 have a 

physiological role in cell signaling. A constitutive increase in the cellular levels of H2O2 has been 

associated with the carcinogenesis process. Higher levels of H2O2 can produce cell death. 
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 Recent data support that increasing the cellular levels of H2O2 by using H2O2-

generating drugs may be an efficient way of killing cancer cells. Thus, the anticancer 

effect of various chemotherapeutic agents currently used in the clinic (e.g., paclitaxel, 

cisplatin, arsenic trioxide, etoposide, doxorubicin) is mediated, at least in part, by an 

increase in the cellular levels of H2O2 [36–46]. There is experimental evidence that 

cancer cells are more susceptible to H2O2-induced cell death than normal cells [43–46]. 

Using several cancer and normal cell lines, it was observed that pharmacologic ascorbic 

acid concentrations selectively killed cancer cells; this effect was mediated by H2O2. 

Researchers showed, for instance, that a concentration of 50lM of H2O2 induced more 

percentage of cell death in Burkitt’s lymphoma cells than 250lM in normal lymphocytes 

and normal monocytes [44]. It is not clear why specific concentrations of H2O2 can kill 

cancer cells selectively. It has been proposed that, in normal cells, ROS are at low 

levels, originate from NADPH oxidase and the concentration of H2O2 is regulated by 

the glutathione system. By contrast, in tumor cells, high levels of ROS close to the 

threshold of cytotoxicity are produced through the mitochondrial respiratory chain, and 

H2O2 concentration is controlled by catalase [45]. On the other hand, Researchers found 

no correlation between H2O2-mediated selective cell death of cancer cells and 

intracellular glutathione concentrations, catalase activity, or glutathione peroxidase 

activity [44]. A possible explanation to the high susceptibility of cancer cells to H2O2 is 

represented in Fig. 8. 

 

 
 

 

Fig. 8. Selective killing of cancer cells by H2O2. There is evidence that cancer cells have higher levels 

of H2O2 than normal cells (represented in black) and that there is a threshold of H2O2 above, which 

cells, cannot survive. This might explain why specific concentrations of H2O2 (represented in 

striped black) can produce selective death of cancer cells. 
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4. Conclusion 
 

A new biosensor for H2O2 was prepared based on carbon paste electrode and 

cytochrome c. in this project the electrode was modified by cadmium oxide 

nanoparticles as facilitor. The amperometric experiments showed excellent 

electrocatalytical activity of the biosensor for H2O2. Direct electrochemical of 

cytochrome c in carbon paste electrode is easily obtained and a reversible pair of peaks 

that are similar, of Fe (ΙΙ) and Fe (ΙΙΙ) with the formal potential (E°) about - 0 /295 volts, 

appears. We hope with this designed new biosensor, we provide a new way to detect 

cancer cells. 

 

 

References  
 

[1] Yadegari, H.; Jabbari, A.; Heli, H.; Moosavi-Movahedi, A. A.; Karimian, K.; 

Khodadadi, A.; Electrochim. Acta , 53 (2008), 290-297.  

[2] Majdi, S.; Jabbari, A.; Heli, H.; Yadegari, H.; Moosavi-Movahedi, A. A.; Haghgoo, 

S.; J. Solid State Electrochem. (2009), 400- 407.  

[3] Liu, L.; Song, J.; Anal. Biochem. 13(2006), 354, 22.  

[4] Hajjizadeh, M.; Jabbari, A.; Heli, H.; Moosavi-Movahedi, A. A.; Shafiee, A.; 

Karimian, K.; Anal. Biochem. 2008, 373, 337.  

[5] Majdi, A.; Jabbari, A.; Heli, H.; Moosavi-Movahedi, A. A.; Electrochim. Acta 

(2007), 52, 4622.  

[6] Hajjizadeh, M.; Jabbari, A.; Heli, H.; Moosavi-Movahedi, A. A.; Haghgoo, S.; 

Electrochim. Acta (2007), 53, 1766.  

[7] Majdi, S.; Jabbari, A.; Heli, H.; J. Solid State Electrochem. (2007), 11, 601. 

[8] Shamsipur, M.; Jalali, F.; Ershad, S. Preparation of a diclofenac potentiometric 

sensor and its application to pharmaceutical analysis and to drug recovery from 

biological fluids. J. Pharm. Biomed. , 37(2005), 943-947. 

[9] H. Sun, H. Ma, N. Hu, Bioelectrochem. Bioenerg. 49 (1999)144-148. 

[10] He Huang, Naifei Hu, Yonghuai Zeng, Gu Zhou. Anal.Biochem. 308 (2002)141 

[11] P. George, G. I. H. Hanania, Biochem. J. 55(1953), 236-354. 

[12] P.J. Britto, K.S.V. Santhanam, A. Rubio, J.A. Alonso, P.M. Ajayan, Adv. Mater. 

11 (1999) 154-158. 

[13] Rurikova, D.; Kunakova, I. Determination of selenium in soils by cathodic 

stripping voltammetry after separation as gaseous selenium tetrabromide. Chem. Pap. 

53 (1999), 246-250. 

[14] Kalcher, K.; Kaufmann, J.M.; Wang, J.; Svancara, I.; Vytras, K.; Neuhold, C.; 

Yang, Z. Sensors based on carbon-paste in electrochemical analysis – a review with 

particular emphasis on the period 1990-1993. Electroanalysis, 7 (1995), 5-22. 



 

116                                                                                               Masoud Negahdary et al 

 

 

 

[15] R.H. Burdon, Superoxide and hydrogen peroxide in relation to mammalian cell 

proliferation, Free Radic. Biol.Med. 18 (1995), 775–794. 

[16] R.S. Balaban, S. Nemoto, T. Finkel, Mitochondria, oxidants, and aging, Cell 120 

(2005), 483 -495. 

[17] M. Reth, Hydrogen peroxide as second messenger in lymphocyte activation, Nat. 

Immunol. 3 (2002), 1129–1134. 

[18] M. Lopez-Lazaro, HIF-1: Hypoxia-inducible factor or Dysoxia-inducible factor, 

FASEB J 20 (2006), 828–832. 

[19] J.E. Klaunig, L.M. Kamendulis, The role of oxidative stress in carcinogenesis, 

Annu. Rev. Pharmacol. Toxicol. 44 (2004), 239–267. 

[20] S.L. Church, J.W. Grant, L.A. Ridnour, L.W. Oberley, P.E. Swanson, P.S. Meltzer, 

J.M. Trent, Increased manga- nese superoxide dismutase expression suppresses the 

malig-nant phenotype of human melanoma cells, Proc. Natl. Acad. Sci. USA 90 (1993), 

3113–3117. 

[21] S.E. Safford, T.D. Oberley, M. Urano, D.K. St Clair, Suppression of fibrosarcoma 

metastasis by elevated expres- sion of manganese superoxide dismutase, Cancer Res. 54 

(1994), 4261–4265. 

[22] T. Yan, L.W. Oberley, W. Zhong, D.K. St Clair, Manga- nese-containing 

superoxide dismutase overexpression caus-es phenotypic reversion in SV40-

transformed human lung fibroblasts, Cancer Res. 56 (1996), 2864–2871. 

[23] H. Ju, S. Liu, B.Ge, F. Lisdat, F.W. Scheller, Electrochemistry of cytochrome c 

immobilized on colloidal gold modified carbon paste electrodes and its electrocatalytic 

activity, Electroanalysis 14 (2002), 141–147. 

[24] Saeed Rezaei-Zarchi, Masoud Negahdary, Mohammad Doroudian, Mehrdad 

Hashemi, Saber Imani, Neda Rousta, Atefeh Kalantar-Dehnavi, Mojtaba Saadati.Direct 

electron transfer of Myoglobin on nickel oxide Nanoparticles modified graphite 

electrode. Advances in Environmental Biology, 5(10): (2011), 3241-3248. 

[25] Y. Yang, H. Yang, M. Yang Y. liu, G. Shen, R. Yu, Amperometric glucose 

biosensor based on a surface treated nanoporous ZrO2/chitosan composite film as 

immobilization matrix, Anal. Chim. Acta 525 (2004), 213–220. 

26 [5] S.Q. Liu, H.X. Ju, Renewable reagentless hydrogen peroxide sensor based on 

direct elecron transfer of horseradish peroxidase immobilized on colloidal gold-

modified electrode, Anal. Biochem. 307 (2002), 321-327. 

27 Langer R. Biomaterials in drug delivery and tissue engineering: one laboratory's 

experience. Acc Chem Res ; 33 (2000), 94-101. 

28 Bhadra D, Bhadra S, Jain P, Jain NK. Pegnology: a review of PEG-ylated systems. 

Pharmazie ; 57(2002), 5-29. 

29 Kommareddy S, Tiwari SB, Amiji MM. Long-circulating polymeric nanovectors 

for tumor-selective gene delivery. Technol Cancer Res Treat; 4(2005), 615-25. 

 



 

Design a hydrogen peroxide biosensor                                                                        117 
 

 

 

30 Lee M, Kim SW. Polyethylene glycol-conjugated copolymers for plasmid DNA 

delivery. Pharm Res ; 22(2005), 1-10. 

31 Vila A, Sanchez A, Tobio M, Calvo P, Alonso MJ. Design of biodegradable 

particles for protein delivery. J Control Release ; 78(2002), 15-24. 

32 Mu L, Feng SS. A novel controlled release formulation for the anticancer drug 

paclitaxel (Taxol(R)): PLGA nanoparticles containing vitamin E TPGS. J Control 

Release ; 86(2003), 33-48. 

 [33] S.L. Church, J.W. Grant, L.A. Ridnour, L.W. Oberley, P.E. Swanson, P.S. 

Meltzer, J.M. Trent, Increased manga- nese superoxide dismutase expression suppresses 

the malignant phenotype of human melanoma cells, Proc. Natl. Acad. Sci. USA 90 

(1993), 3113–3117. 

[34] S.E. Safford, T.D. Oberley, M. Urano, D.K. St Clair, Suppression of fibrosarcoma 

metastasis by elevated expression of manganese superoxide dismutase, Cancer Res. 54 

(1994), 4261–4265. 

 [35] Gaspar, S.; Habermuller, K.; Csoregi, E.; Schuhmann, W. Hydrogen peroxide 

sensitive biosensor based on plant peroxidases entrapped in Os-modified polypyrrole 

films. Sens. Actuators B, 72(2001), 63-68. 

[36] J. Alexandre, C. Nicco, C. Chereau, A. Laurent, B. Weill, F. Goldwasser, F. 

Batteux, Improvement of the therapeutic= index of anticancer drugs by the superoxide 

dismutase mimic mangafodipir, J. Natl. Cancer Inst. 98 (2006), 236–244. 

[37] Y. Jing, J. Dai, R.M. Chalmers-Redman, W.G. Tatton,S. Waxman, Arsenic trioxide 

selectively induces acute promyelocytic leukemia cell apoptosis via a hydrogen 

peroxide-dependent pathway, Blood 94 (1999), 2102–2111. 

[38] H. Mizutani, S. Tada-Oikawa, Y. Hiraku, M. Kojima, S. Kawanishi, Mechanism of 

apoptosis induced by doxo- rubicin through the generation of hydrogen peroxide, Life 

Sci. 76 (2005), 1439–1453. 

[39] B.A. Wagner, C.B. Evig, K.J. Reszka, G.R. Buettner, C.P. Burns, Doxorubicin 

increases intracellular hydrogen peroxide in PC3 prostate cancer cells, Arch. 

Biochem.Biophys. 440 (2005), 181–190. 

[40] J. Alexandre, F. Batteux, C. Nicco, C. Chereau, A. Laurent, L. Guillevin, et al., 

Accumulation of hydrogen peroxide is an early and crucial step for paclitaxel-induced 

cancer cell death both in vitro and in vivo, Int. J. Cancer 119 (2006), 41–48. 

[41] P. Sancho, A. Troyano, C. Fernandez, E. De Blas, P. Aller, Differential effects of 

catalase on apoptosis induction in human promonocytic cells. Relationships with heat-

shock protein expression, Mol. Pharmacol. 63 (2003), 581–589. 

[42] K. Kajiwara, K. Ikeda, R. Kuroi, R. Hashimoto, S. Tokumaru, S. Kojo, Hydrogen 

peroxide and hydroxyl radical involvement in the activation of caspase-3 in chemically 

induced apoptosis of HL-60 cells, Cell Mol. Life Sci. 58 (2001), 485–491. 

 

 



 

118                                                                                               Masoud Negahdary et al 

 

 

 

[43] K. Ikeda, K. Kajiwara, E. Tanabe, S. Tokumaru, E. Kishida, Y. Masuzawa, S. 

Kojo, Involvement of hydrogen peroxide and hydroxyl radical in chemically induced 

apoptosis of HL-60 cells, Biochem. Pharmacol. 57 (1999) 1361–1365. 

[44] S. Simizu, M. Takada, K. Umezawa, M. Imoto, Require- ment of caspase-3(-like) 

protease-mediated hydrogen per- oxide production for apoptosis induced by various 

anticancer drugs, J. Biol. Chem. 273 (1998) 26900–26907. 

[45] A. Gorman, A. McGowan, T.G. Cotter, Role of peroxide and superoxide anion 

during tumour cell apoptosis, FEBS Lett. 404 (1997) 27–33. 

[46] Y.S. Lee, Y.S. Kang, S.H. Lee, J.A. Kim, Role of NAD(P)H oxidase in the 

tamoxifen-induced generation of reactive oxygen species and apoptosis in HepG2 

human hepatoblastoma cells, Cell Death Differ. 7 (2000) 925–932. 

 

 

 

Received: December, 2011 


