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ABSTRACT: Gold nanoparticle 

(AuNP) is a well-known biocompatible 

structure with several biomedical 

applications for labeling, heating, and 

sensing, besides delivery of drugs to cells. 

Similarly, platinum nanoparticles (PtNPs) 

have important applications in medicine. 

Traditional applications of these 

nanoparticles in medicine/biomedicine 

depend on their physical-chemical 

properties. In this work, a preliminary 

study of the antioxidative properties of 

AuNP and PtNP was performed using 

electron spin resonance (ESR) 

spectroscopy. Antioxidant activity against 

DPPH (1,1-diphenyl-2-picrylhydrazyl) 

radical was found for both nanoparticles, 

but the PtNP was more reactive than the 

AuNP to reduce the DPPH ESR signal. 

The decay time for the signal intensity was 

T = 3.1 ± 0.1 min–1 for AuNP and T = 1.80 

± 0.07 min–1 for PtNP. 
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1. Introduction 
 

Metal nanoparticles have been known for a long 

time and have always called the attention due to their 

optical features. The photophysical properties of the 

particles or of nearby molecules (such as absorption, 

scattering, fluorescence, and Raman scattering) are 

enhanced due to the interaction of light with the free 

electrons on the metal nanoparticle surface. The 

electromagnetic field of light causes a coherent 

collective oscillation of the conduction band electrons 

giving rise to the surface plasmon resonance1. 

These nanoparticles can be synthesized by several 

methods. For instance, the most traditional protocol for 

gold nanoparticles (AuNPs) synthesis was proposed by 

Turkevich, consisting of the reduction of 

tetrachloroauric acid (HAuCl4) with sodium citrate at 

90–100 °C. Sodium citrate acts both as reducing and 

stabilizing agent, but other agents have been used, such 

as borohydrides, aminoboranes, hydrazine, 

formaldehyde, etc.2. Deraedt et al.3 observed that the 

ratio between salt and Borohydride during reaction 

alters the particle dimensions and, consequently, its 

optical and catalytic properties. For each proportion, a 

different color of colloidal suspension was obtained; 

the ratio 1Au:10 NaBH4 produced AuNPs with size of 

about 3 nm and high stability. 

Polymers can stabilize AuNPs; they are versatile 

and enable to control the size, solubility, 

amphiphilicity, compatibility among other 

characteristics with the use of specific ones2. Chitosan 

is a commonly used polymer employed to produce 

AuNP, it is a natural product and can be used as 

stabilizing and reducing agent, making a green 

synthesis of nanoparticles possible. Offering good 

biocompatibility and other features enabling 

applications in biomedicine and several others areas4. 

Similarly, alanine is an amino acid that can be used to 

stabilize AuNP. One of the important applications of 

alanine is as an ionizing radiation sensor and 

dosimeter5. When associated with AuNPs, this 

dosimeter becomes more sensitive, allowing the 

detection of smaller doses of radiation, which expands 

the field of applications in ionizing radiation 

dosimetry6. 

The fact that polymers and other molecules can bind 

to AuNP greatly expands its application. In the field of 

biological applications, Sperling7 explains in details 

several uses in which highlights labeling, delivering, 

heating, and sensing. For labeling, usually a molecule 

with a functional group that associates with specific 

sites in cells is linked to the nanoparticle. This bond 

can be directly on the surface of the nanoparticle or by 

partial replacement of the stabilizer. Thus, this 

molecule will direct AuNP to regions of interest in the 

material, concentrating AuNP, providing contrast at 

these specific sites. Subsequently, the visualization can 

be optical by the interaction of AuNP with light or by 

transmission electron microscopy (TEM), since Au is a 

metal with a high atomic weight, causing high contrast. 

It is also possible to obtain contrasted images with X-

rays. Gold nanoparticles are conjugated with specific 

antibodies or ligands, the solution is applied (in 

animals) and it is specifically uptake by the organ of 

interest. Thus, in X-ray tomography it is possible to 

visualize the region of interest with high contrast and 

resolution by the presence of AuNP. 

Nie et al.8 functionalized AuNP with Trolox, an 

antioxidant substance. Their results showed an 

improvement of chemical reactivity, enhancing the 

antioxidant activity, suggesting that the assembling of 

organic molecules on AuNP can endow these 

molecules with reactivity higher than the sum of the 

monomers. Other studies such as Rajan et al.9 used 

phytochemicals present in Areca catechu to synthesize 

AuNP and obtained a compound with antioxidant, 

antibacterial, and anticancer potential. 

Gold nanoparticles are also used as delivery 

vehicles for substances. These are attached to the 

nanoparticle surface, that are introduced into the cells. 

Inside the cells, the substances detach themselves. 

Similarly, in hyperthermia, nanoparticles are 

introduced in cells. They can be targeted, for example, 

to cancer cells through ligands that are specific to the 

receptors of these cells. Through absorption of light, 

AuNPs are heated, raising the temperature of the 

neighborhood, which can lead to the death of cancer 

cells. The heating triggered by light also allows AuNP 

to control the delivery of substances. In this case, 

AuNPs are associated with polymers that form small 

capsules, containing the substance. Thus, through 

interaction with the light, this capsule heats up, breaks, 

and then the substance is released. 

The use of AuNP as sensors in the colorimetric 

method is based on altering the wavelength peak of 

plasmonic absorption in the presence of the substance 

to be detected. Gold nanoparticles can be 

functionalized by molecules that specifically bind to a 

particular substance. In this case, the substance leads to 

the agglomeration of AuNP, shifting the plasmonic 

peak and consequently changing its color, from red to 

white or blue. In other techniques, fluorescent 

substances are used. When in close contact with AuNP, 

the fluorescence is annihilated and, when the 

fluorophores are far away, with the presence/absence 
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of analyte, the light emitted is detected and related to 

the concentration. 

In the last decades, platinum nanoparticles (PtNPs) 

have also been employed extensively in the field of 

chemistry and medicine, as glucose and gas sensors10, 

catalysts in fuel cells11,12 and in cancer treatment13. 

Also, PtNPs are a promising alternative as an agent that 

enhance the dose of ionizing radiation in cancer 

treatment13. In radiotherapy, the insertion of PtNPs 

could increase the probability of interaction with 

ionizing radiation due to its high atomic number and 

consequently increasing the local dose and the 

radiosensitization of the tumor tissue14–16. 

The anticancer drugs known as cisplatin and 

oxaliplatin have been employed in chemotherapy for 

quite some time with good results17,18. Platinum 

nanoparticles present low toxicity in human cells and 

are therefore used commercially in chemotherapy19. 

Studies about the toxicity of 5–8 nm PtNPs in human 

cells concluded that the toxicity can be passivated by 

coating their surfaces with polyvinyl alcohol (PVA). It 

is also shown, in cell culture, that the toxicity depends 

on the concentration of PtNPs (higher concentration, 

higher toxicity); and are independent of time and cell 

lineages. In addition, the functionalization of the PtNPs 

surface can reduce the damage in renal tissues caused 

by cisplatin; as demonstrated in the literature, the 

combination of an antihypertensive and antioxidant 

carvedilol (CV) with chemotherapy drug was able to 

reduce kidney damage without interfering in the 

biodistribution or genotoxicity of cisplatin20. 

The properties of PtNPs depend strongly on the 

size, shape and structure that can be controlled in the 

synthesis process. The most common routes for 

synthesis of PtNPs in colloidal suspension is through 

chemical reduction21, microemulsions22, green 

synthesis23 and gamma irradiation24 by the reduction of 

precursors, such as Pt4 + or Pt2 + ions in the presence of 

coating agent. In order to control size and morphology, 

polyacrylate and polyvinylpyrrolidone were used25; 

however, the use of NaBH4 is related as a faster 

reducing agent employed for the synthesis and control 

of size26. 

Moreover, PtNPs have been shown to a have 

potential antioxidant activity27. Platinum nanoparticles 

reduced the effect of reactive oxygen species 

(ROS)28,29. Due to this strong antioxidant activity, 

PtNPs have been effectively used in the pharmaceutical 

area, as antiaging formulations in the cosmetic sector. 

This antioxidant potential was used to prevent the 

effects of ROS lung diseases attributed to oxidative 

stress30. 

Electron spin resonance (ESR) is a powerful 

spectroscopic technique to detect and quantify free 

radicals in different mediums. In solid state free 

radicals created by ionizing radiation can be used for 

dosimetry5,31–33 and archeological dating34,35 for 

instance. In solutions, the nature of radicals created by 

different processes can also be studied36. The 

antioxidant effect of different substances can also be 

studied in a straightforward way37,38. Because it is not a 

colorimetric method, it can be useful for substances 

that are not colorless. Thus, antioxidant extracts of 

plants were studied allowing a fast selection of those 

with potential for pharmaceutical use39. In this work, 

AuNP and PtNP were prepared by reducing gold salt 

HAuCl4 and platinum salt (H2PtCl6.6H2O) by sodium 

borohydride NaBH4. The antioxidant activity of AuNP 

was studied by ESR, through the observation of DPPH 

(1,1-diphenyl-2-picrylhydrazyl) radical annihilation. 

These properties are important in the biomedical area, 

since free radicals are associated with several 

pathologies, including delay of the healing processes. 

 

2. Experimental 
 

2.1 Synthesis AuNP 
 

All chemicals and solvents used for the syntheses 

were of commercially available reagent grade and 

applied without further purification. 

Gold nanoparticles were obtained by chemical 

reduction of the gold salt, HAuCl4 (4 mmol L–1) by 

sodium borohydride NaBH4 (8 mmol L–1), under 

vigorous stirring. The system is kept under agitation of 

400 rpm, for 12 h in order to guarantee the total 

reduction of gold. The formation of AuNP can be 

confirmed by changing the color of the solution from 

yellow to red, indicating the formation of colloidal 

gold and the presence of the plasmonic peak in the UV-

Vis spectrum around 515 nm6. 

 

2.2 Synthesis PtNP 
 

Platinum nanoparticles were synthetized by the 

chemical reduction of the platinum salt H2PtCl6.6H2O 

(2 mmol L–1) in the presence of sodium borohydride 

NaBH4 (4 mmol L–1) using polyvinyl alcohol (PVA) as 

capping agent. The system was kept under vigorous 

stirring for 18 h for all reduction. The color of the 

system became immediately bright yellow, indicating 

the formation of a colloidal dispersion. The 

characteristic absorption peak of the PtNPs in the UV-

Vis spectrum is 260 nm40. 
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2.3 Anti-oxidative activity against DPPH 
 

The anti-free radical activity of the synthesized 

AuNP and PtNP was studied by ESR spectroscopy. For 

these tests, 200 µL of the nanoparticle solution and 

200 µL of the ethanol solution 200 mol L–1 DPPH 

free radical (1,1-diphenyl-2-picrylhydrazyl radical) 

were used. After the reaction, the resulting solution 

was transferred to a glass capillary tube (hematocrit 

tube), inserted in a quartz tube, and placed in the ESR 

resonant cavity to take the spectra. 

The ESR spectra were acquired sequentially every 

1 min on the ESR Jeol FA-200-Band X spectrometer, at 

room temperature, to study the kinetics of the reaction 

between the nanoparticles and the DPPH radical. 

The parameters of the spectrometer for spectra 

acquisition were: central field 345 mT, scan 10 mT, 

scan time 1 min, modulation amplitude 0.1 mT, power 

1 mW, modulation frequency 100 kHz and microwave 

frequency 9.5 GHz. 

 

3. Results and Discussion 
 

3.1 Anti-oxidative activity against DPPH 
 

In this work, ESR and DPPH were employed to 

determine the antioxidant activity of AuNP. The DPPH 

is widely used as a radical molecule to evaluate the 

antioxidative properties of various compounds, using 

ESR. The DPPH radical is able to accept an electron or 

hydrogen atom (proton) to become a stable 

diamagnetic molecule41. Nie et al.8 studied AuNP 

functionalized with antioxidant molecules through ESR 

DPPH radical scavenging tests. They observed an 

enhancement of antioxidative ability after 

functionalization. Esumi et al.4 showed the 

antioxidative ability of AuNP prepared in the presence 

of chitosan. The authors used the spin trapping method 

with DMPO (5,5-dimethyl-1-pyrroline-N-oxide) to 

monitor the elimination of hydroxyl radicals generated 

by Fenton reaction. They observed a decrease of ESR 

DMPO-OH signal when increasing the concentration 

of gold-chitosan. 

In this sense, by monitoring the signal intensity of 

the ESR spectrum, the radical scavenging activity of 

substances can be studied. The antioxidant activity of 

substances can also be assessed with DPPH and the 

optical method, since the DPPH solution has its color 

changed from violet to yellowish as the reaction 

occurs. So, the natural coloring of the substances can 

interfere in the procedure, which does not occur when 

using the ESR, since the radical is detected directly 

without color interference. Figure 1a shows DPPH 

ESR spectrum reacted with methanol and the App, 

Amplitude considered to monitor the reaction. After 

reaction with AuNP, the amplitude App decays, 

showing the free radical scavenging capacity (Fig. 1b). 

Experimental data points were adjusted with a 

single exponential curve decay (Eq. 1): 

𝐼 = 𝐼0. 𝑒
−𝑡/𝑇 + 𝑐 (1) 

Resulting in I0 = 3791 ± 65, T = 3.1 ± 0.1 min–1, c = 

552 ± 14, and adjusted R-square 0.993 for AuNP; and 

I0 = 3701 ± 51, T = 1.80 ± 0.07 min–1, c = 604 ± 10, 

and R-square 0.995 for PtNP, revealing superior 

antioxidative properties of PtNPs compared to AuNPs. 

 

 

 
Figure 1. (a) Electron spin resonance spectrum of 

DPPH 200 µmol L–1 and (b) decay of DPPH ESR 

signal amplitude after reaction with AuNP (circle) and 

with PtNP (square). 
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4. Conclusions 
 

Gold and platinum nanoparticles can be easily 

produced by reducing the salt with sodium 

borohydride. Both nanoparticles presented 

antioxidative properties, but the results suggest that 

superior antioxidative properties of PtNPs. These 

results can be of great importance for biological 

environments, evidencing that their antioxidative effect 

should be considered in biomedical applications. 
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