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ABSTRACT 

This study experimentally investigated the influence of Nickle, Silver and Cobalt nanoparticles materials 

electrochemically and biologically for medical applications. In vitro, electrochemical corrosion resistance has 

been used to analysing the behaviour of the nanoparticles materials selected by simulation body fluid (SBF) as 

corrosive media at 37 °C. In vitro, the biological tableted method at 37 °C for 24 hr has been applied on laboratory 

white mouse skins to evaluate the effect of nanoparticles diluted solutions with normal saline on the growth of 

Candida-Albicans. The results showed that the nanoparticles materials used have a low tendency to corrosion 

electrochemically, and the Cobalt nanoparticles material has better corrosion resistance than that of Silver and 

Nickel in the same conditions. Furthermore, the growth of the C-Albicans decreased in the presence of 

nanoparticles material compared with another one, which gives the possibility to use the nanoparticles as a fungal 

antagonist. 
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INTRODUCTION 

Nanotechnology is the field of applied science that studies materials on the scale between of (1-100) nm. Today, 

it has abroad submission in biology, electronics and medicine. The extended development of nanotechnology and 

its science led to creating the motivation to develop the industries [1, 2]. This progress development leads to 

innovative nanomaterials which have a new property. The small size and large surface area of these nanomaterials 

increase the chance of passing through cell membranes. The similarity of the size of nanoparticles with cell 

components (such as the ribosome) may result in vacuum overlap with proteins and nucleic acids [3]. These 

interactions can disrupt vital processes in the body, and increase the chemical activity, which results from the 

enormous surface area of nanomaterials, so can make these substances a vector of contaminants [4, 5]. Living 

organisms are built of cells that are typically 10 µm across. However, the cell parts are much smaller and are in 

the sub-micron size domain. Even smaller are the proteins with a typical size of just 5 nm, which is comparable 

with the dimensions of the smallest manmade nanoparticles. The simple size comparison gives an idea of the use 

of nanoparticles as very small probes that will allow us to spy on cellular machines without interference 

introducing [6]. Understanding biological processes on the nanoscale level is a strong driving force. 

Nanotechnology is available to anyone interested in the practical side of nanomaterials [7].  

Qilin Yu et al. (2016) [8] studied the inhibitory effect of Au nanoparticles (AuNPs) on pathogenic growth, biofilm 

formation and invasion. His results showed that the synthesized AuNPs had no significant toxicity to the tested 

pathogens, C-Albicans and Pseudomonas aeruginosa, the nanoparticles strongly inhibited pathogenic biofilm 

formation and invasion to dental pulp stem cells Hilda et al. (2018)[9] point out that the most cases of Candida 

infection are confined to the skin and membranes infections in the physically destitute include the oral cavity, 

pharynx, oesophagus, gastrointestinal tract and urinary tract. The symptoms are limited to itching and redness, 

although the widest may be severe and deadly in a certain class of patients (people with immunodeficiency). 

Seyedeh et al. (2018) [10] determines the effect of zinc oxide nanoparticle (ZnO-np) solution in the surface 

catheter on C-Albicans adhesion and biofilm formation by the disk diffusion method. Results showed that both 

https://www.nature.com/articles/srep26667#auth-1
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isolates adhered to biofilm formation on the catheter surfaces.  .  Priyanka  et al.(2018) [11] analyses and reviews 

the conventional antibiotic actions and the benefits of using nanoparticles to combat infectious diseases. Jiahao et 

al. (2019) [12] reviewed that hybrid bio-nano materials can also be applied to build novel bioelectronics, 

optoelectronics furthermore to memory devices. Nuzhat et al. (2020) [2] studied in his review paper the effect of 

Nanoparticles on drug delivery system, where Nanoparticles are used to transport drugs proteins, DNA, vaccines, 

polypeptides, nucleic acids, etc. Yolanda et al.(2020) [13] presented that Silver has innumerable applications in 

various branches of science, especially in the medicinal field as antimicrobial agents, since Silver has a known 

antimicrobial function against pathogens. Also, Nickel is a good example of a reactive which is highly redox-

active. 

After a careful looking into the literature review related to the nanoparticles materials behaviour, it reveals that 

few studies have used Nickle, Silver and Cobalt nanoparticle materials electrochemically and biologically. For 

that, this study aims to investigate the behaviour of Nickle, Silver and Cobalt nanoparticle materials 

electrochemically in vitro by analysing the electrochemical corrosion resistance using SBF at 37 oC.  Also, 

biologically in vivo by studying the effect of nanoparticles diluted solutions on the growth of C-Albicans in 

laboratory white mouse skins. Also, our future work on this direction that includes a number of different 

nanomaterials with various medical conditions in order to cover the shortcomings of this study. The following is 

how the current paper is put together. Section 2 describes the experimental setup as well as the process. Section 3 

examines and describes the conclusions. Finally, in Section 4, the findings of the current research are presented. 

EXPERIMENTATION WORK 

Materials and Procedure 

Silver, Nickel, and Cobalt antimicrobial nanoparticles materials are used in this study which obtained from 

Hongwu International group Ltd-Chain. Where, the nanoparticles materials used have 99.98%, 98.5% and 

98.986% of purity for Silver, Nickel, and Cobalt respectively with an average particle size of 100 nm. Its Particle 

size distribution and chemical composition have been examined by Unique-Tech company-Turkey using Malvern 

laser particles size analyser instrument and Bruker S8 Tiger XRF spectrometer respectively.  

Also, (C and S) elements contents have been detected by the NCS C-S analyses instrument according to ASTM 

E1019 C-S which has been made by Metal Quality Control Laboratory/Istanbul-Turkey. The main tools have been 

used are tubes, Petri dishes, culture media (Sabrods Dextrose-agar), Wattman paper (0.5mm), medical gloves and 

swab. The C-Albicans sample obtained from the Public Health Laboratory in Kirkuk- Iraq for collecting, isolating 

and diagnosing the sample. For the preparation of the electrochemical Corrosion test, Silver nanoparticles 

materials have been mixed with organic binder and water to form a mould of Silver. Then pressing the Silver 

mould at 400 Mpa. before sintering at temperature of 770 ºC for 2 hours using an electric tube furnace with an 

argon flow rate of 2 L/min.  

The same procedure of mixing and pressing has been done to the mould of Nickel at 1160 ºC sintering for 2 hours, 

and mould of Cobalt at 1200 ºC sintering for 2 hours. The samples shaped by mould to a dimension of 10*10 mm2 

with 2 mm thickness according to ASM Vol. 2000. The surfaces of samples have been prepared, cleaned with 

acetone methanol and deionized water, and then dried. For electrochemical Corrosion test, potentiostat method 

has been used by WINKING M Lab 200 Potentiostat/ from Bank-Elektronik. Where, each of Nickle, Silver and 

Cobalt moulds are working electrodes, the Platinum metals are the auxiliary electrode, and saturated calomel 

electrode (SCE) as a reference electrode. Electrochemical software with a potentiostat at a scan rate of 1.0 mA.sec-

1 completed in electrochemical measurements. Table 1 shows the composition of simulation body fluid used from 

Sigma-Aldrich Company / USA as a corrosive media. Open circuit potential  (E OCP), Tafel extrapolation and 

cyclic polarization in the artificial saliva solution at 37 ±1 oC have been carried out in this study. Corrosion current 

density (i corr), corrosion potential (E corr), re-passivation potential (E Rep.) (or E pitting) and breakdown potential (E 

Break) are results have been obtained. 

 

 



 
 
 

Electrochemical Corrosion Resistance and In Vivo Bioactivity of Nickel, Silver and Cobalt Nanoparticles Materials for Medical 

Applications 

 

364 

 

Table 1. Composition of simulation body fluid (SBF). 

 

 

 

 

 

 

 

 

 

 

 

For biological tests, the sample has been diagnosed by planting in a container dish on Sabrods Dextrose-agar with 

the cotton swabs planted on the food medium. Three replicates of the planting have been made to confirm that the 

growth of the fungal has been not contaminated during the planting process. The dishes have been incubated at 

37 ° C for 24 hours to ensure that the sample has been grown on the dish and its microscopic properties as well as 

through the composition of the bacterial tube. The nanoparticles test of Nickle, Silver and Cobalt on the C-

Albicans fungi has been done by using the concentration of 0.001mg/ml diluted with Normal Saline solution for 

each type of nanoparticles to study its effect on the skin of laboratory animals (white mouse). The discs have been 

made of wattman paper 0.5 mm diameter (5mm), and placed for 24 hours in the solution. Finally, the Candida 

sample has been applied to the medium and the tablets have been placed to determine the test result before putting 

it in the incubator for 48 hours. 

RESULTS AND DISCUSSION 

Figure 1 shows the corrosion current density (i corr.) and corrosion potential (E corr.). The open-circuit potential  

(E o.c.p.) values for Nickle, Silver and Cobalt Nanoparticle materials are (+263, +272, and +276) mV respectively 

as shown in Table 2. This means that the electrochemical corrosion tendency for Cobalt Nanoparticle material is 

less than that of Nickle and Silver respectively. The results obtained indicated that there are increases in the 

potential values of E corr. from +225, +228, to +245 mV for Nickle, Silver and Cobalt Nanoparticle materials 

respectively in SBF. Also, noticed from the results that there are decreases in the corrosion current density values 

of i corr. from (1.9*10-1, 1.6*10-1, to 1.2*10-1) µA.cm-2 for Nickle, Silver and Cobalt Nanoparticle materials 

respectively. The results obtained showed that the Cobalt has better electrochemical corrosion resistance, where, 

the α-Cobalt single-phase improves the corrosion resistance due to a passivation effect. Besides, Silver 

Nanoparticle has less corrosion resistance than Cobalt although the surface of Silver has an inhibitor effect. For 

Nickel results, the grain refining and strain that occurred in the Nickel lattice led to enhance the performance of 

electrochemical corrosion resistance, but in this study is less corrosion resistance than that of Silver and Cobalt 

Nanoparticle as obtained from the results. 

Table 2. Electrochemical corrosion results 

Formula g / liter 

Sodium chloride (NaCl) 9.00 

Potassium chloride (KCl) 0.43 

Calcium chloride 6H2O (CaCl2) 0.24 

Sodium bicarbonate (NaHCO3) 0.20 

Corrosion Parameters Nickle Nanoparticle Silver Nanoparticle Cobalt Nanoparticle 

E o.c.p. (mV) +263 +272 +276 

E corr.(mV) +225 +228 +245 

i corr.(µA.cm-2) 1.9*10-1 1.6*10-1 1.2*10-1 
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Figure 1. The corrosion current density (i corr.) and corrosion potential (E corr.) results for Nickle, Silver and 

Cobalt Nanoparticle 

Figure 2a shows that Colonies growing in the middle of a steroid dextrose acre appeared in white colonies to 

cream-coloured smooth circular form colonies. Indicate the Candida colonies exhibit these microscopic 

characteristics when inserted in the medium referred to above. This finding is consistent with the emergence of 

smooth, smooth and round-coloured cream colonies to provide the conditions for planting. Figure (2 b) gave 

positive contact to an isolated specimen with the pigment, where oval-shaped cells tended to be circular or 

rectangular oval or cylindrical, this correlates to what Boon and his group found. The presence of the blue C- 

Albicans cells has been the result of the peptidoglycan layer being preserved in the cell wall. Figure (2 c) indicates 

the composition of the Germ Tube, where the test results showed that the sample of C-Albicans forming a bacterial 

tube at 37 ° C for 2-3 hours in 0,5 ml of human serum at 37 ° C. This result is consistent with Albicans which only 

can form a microbial tube and this result is conformed to the results of the researchers [11, 14]. This test features 

the presence of the serum catalyst shaped around the characteristic cell. The bacterial tube plays an essential part 

in penetrating the epithelial layer that covers the body and tissues and enters the bloodstream. 

 

Figure 2. a) The agricultural characteristics, b) Microstructure observation, and c) composition of the Germ 

Tube results 

Figure 3 (a, b, and c) shows the effect of nanoparticles on candidiasis isolated from wounds and the inhibition 

zone. It showed that there is a difference in the results of the inhibitory diameter of nanoparticles used, the highest 

effect of Nickel nanoparticles with a diameter of 10.5 mm as shown in Figure (3 a), followed by nanoparticles of 

Cobalt with a diameter of 10 mm inhibition which shown in Figure (3 b) and finally nanoparticles of Silver with 

a diameter of 8.5 mm inhibition as presented in Figure (3 c) and Table 3. Although Silver is dependent as 

Antifungal Against C-Albicans with a good activity as resulted by the researcher [2, 15]. These results are 

confirmed with the researchers [16, 17]. The small size and large surface area of these materials increase the 

chance of passing through cell membranes. The similarity of the size of nanoparticles with cell components (such 

as the ribosome) may result in vacuum overlap with proteins and nucleic acids. These interactions can disrupt 

vital processes in the body, and increase chemical activity, resulting from the enormous surface area of 

nanomaterials [18], which can make these substances a vector of contaminants [19, 20]. 
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Figure 3. Effect of nanoparticles on C-albicans fungi; a) Nickel, b) Cobalt, c) Silver 

Table 3. The growth effect of Candida resulted 

Types of 

nanoparticles 

Concentration of 

dilution (mg/ml) 

Duration of 

incubation (h) 
Result of culture 

Installation 

diameters (mm) 

Nickel 0.001 48 positive 10.5 

Silver 0.001 48 positive 8.5 

Cobalt 0.001 48 positive 10 

CONCLUSION  

This study experimentally investigates the influence of nanoparticles materials of Nickle, Silver and Cobalt for 

improving the electrochemical corrosion resistance and decreasing the growth of Candida albicans (C-Albicans). 

From the obtained results, the following conclusion can be addressed: 

1. Cobalt, Nickel and Silver nanoparticles materials have a good corrosion resistance respectively. 

2. The nanoparticles materials used in this study have a detrimental effect on the growth of the C-Albicans, 

good bioactivity of Nickel, Cobalt and Silver respectively. 

3. Possibility of using the nanoparticles diluted solution with normal saline of 0.001 mg/ml as an antagonist for 

the growth of skin fungi. 

STATEMENT ON DATA AVAILABILITY 

Since the raw/processed data needed to replicate these results is part of an ongoing review, it cannot be shared at 

this time. 
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