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Introduction:Colloidal silver and nanoparticles (AgNPs) are used to 

disinfect fruits and vegetables as well as to purify water. Its 

consumption induces oxidative stress and activate antioxidant 

mechanisms such as catalase and heme oxygenase-1 (HO-1) at cellular 

level. The HO-1 attenuatesthe toxic effectsof metals andROSinvolved 

inchronic degenerative diseases.  

Objective: Analyze the effects of Fe++ and bilirubin, products of HO-

1 induction by exposure to Colloidal Silver (CS) and its association 

with oxidative stress parameters  

Methods: A primary human lymphocytes were exposed to different 

doses 0.036μg /mL, 0.36μg/ mL and 3.6 μg/mL of colloidal silver and 

after of 0.5, 2 and 24 hrs, and HO-1 and its productsironand bilirubin 

were measurement, also protein levelsby colorimetric methods. Data 

wereanalyzed usingSPSS software, version18,to determinethe 

association betweenthe parameters  

Results: TheCS increases HO-1 activity and was associated with 

bilirubin and iron R=0.518, p=0.0001. Moreover, ironwas associated 

with proteins levels, r=0.585 p0.0032, hydroxides r=0.390 p0.002, 8 –

Iso r= 0.254 p.054, HO-1 r=0.518 p.0001, bilirubin r=.569 p.002 and 

tend to associate with cell viability r=-0.227 p.082. Also, Fe at 

theconcentration of 0.036μg/mL and low time exposurepresents 

association almost with all markers.  

Conclusion: Colloidal silver at low concentration and times exposure 

induce HO-1 highly associated with bilirubin and Fe++, which plays an 

important role when triggering oxidation damage in the 

membranes,related with citotoxity. These results can be useful tools to 

study through Fe the OS development in the chronic degenerative 

diseases, by exposure to xenobiotics such as CS. 

 
Copy Right, IJAR, 2023,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
The main effect of AgNPs is due to their metal quality, which alters electron transport and the functionality of 

proteins, indirectly causing genetic damage, altering and destabilizing cell homeostasis affecting mainly membrane 

proteins involved in cell regulation, primarily by producing oxidative stress(OS) by oxygen reactive species (ROS) 

and free radicals such as sulphite type derivatives, the participation of biochemical processes in metabolism 
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degradation, increased synthesis of certain proteins such as HO-1, superoxide dismutase and catalase(1-3), in order 

to repair cell function.  

 

Colloidal Silver (CS) in lymphocyte culture induces oxidative biomarkers, such lipid peroxides (LOOH), 8-

isoprostanes and hydroxides (HO-), HO-1 and catalase, which impact both cell viability and proliferation, with a 

slightly higher protein concentration (3, 4). It is known that oxidative stress enables repairing mechanisms, one of 

which is the antioxidant enzymes production, such as HO-1, catalase and superoxide dismutase, which may be 

associated to protein synthesis. 

 

In addition, metals, due to their affinity and protein binding, can act as haptens, trigger immunological response, and 

be immunotoxin, which is associated with the generation of free radicals, reactive oxygen species (ROS) and 

oxidative stress, all of which are involved in the lethal effects of necrosis and apoptosis connected to inflammatory 

processes (5, 6). They also bind proteins including metallothionines, ferritin and others. Metals operate as 

transcriptional factors, regulating genes required for the synthesis or degradation of biomolecules implicated in 

metal damage(7). 

 

On the other hand, there is a strong association between HO-1 activity and 8 Isoprostane both increases (3). All 

isoprene’s, terpenes and prostanoids, as well as arachidonic acid, are molecules that can be oxidized by the presence 

of double ligatures and attacked by free radicals and metals, causing rearranged molecules and an oxidative stress 

cascade are produced, altering the viability and cell signaling(8).  

 

The HO-1 is an enzyme that converts the heme group, which is an essential component of hemoproteins 

(cytochromes and hemoglobin) to carbon monoxide (CO), and releases ferrous ion (Fe2) and produces biliverdin 

(BV), which is then converted to bilirubin (BR) by biliverdin reductase. These, HO-1 catabolized heme group 

products mediate the antioxidant, antiapoptotic, anti-proliferative, vasodilator and anti-inflammatory properties in 

humans (6), and may also mediate araquidonic oxidation(8). 

 

Excess iron is thought to cause oxidative stress, which is defined an increase in the steady- state concentration of 

oxygen radical intermediates. Fe+ is also accumulated and liberated from globulins such as hemoglobin, myoglobin 

neuroglobulin, and probably HO-1, which not only regulates oxygen concentration, but also modulates oxidative 

stress through iron and Fenton reaction(9). For that, the main elements of iron metabolism, and the role of iron in 

lipid membrane damage by oxidation, and their involvement in the generation of inflammatory mediators(10). HO-1 

is induced by a range of stressors, including medicines, metals, such as silver, ultraviolet radiation, hypoxia, 

hyperoxia, ischemia, and H2O2, as well as oxidative stress and glutathione depletion. Low expression has been 

detected in neuronal populations of the cerebellum, thalamus, hypothalamus, hippocampus, cerebral cortex and in 

the cerebral endothelium. However, it is the brain that colloidal silver, AgNPs and oxidative stress cause the most 

activation and erythrocyte lysis and heme release occur, while HO-1 expression in the brain is low (3, 6). 

 

Therefore, the purpose of this research is to analyze the effect of colloidal silver in the induction of HO-1 activity 

and its products such as iron and bilirubin levels, all oxidative biomarkers, and their association with protein levels, 

cell viability and oxidative markers, previously reported by Avila Lagunes et al., 2021.  

 

Methods:- 
Biological Sample 
A quantitative, experimental, multistage and analytical study was carried out in primary human lymphocyte culture 

from blood collection (10 mL) donated by one or several apparently healthy group O donors of both sexes, extracted 

with heparin anticoagulant. Lymphocytes were separated by centrifugation at 1500 rpm for 10 min and the donor 

serum were used to make the culture. Commercial colloidal silver at 0.36% was used. 

 

Protein quantification 
The Bradford method, standardized in microplates, was used. It was read at an absorbance of 595 nm. in a Spectra 

Max 190 Microplate Reader, where a standard curve of albumin at a concentration of 8 μg/μL was used. Data are 

expressed in μg/mL or mg/mL of proteins. 
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Enzymatic activity of HO-1 

The mouse monoclonal antibody specific for HO-1 is pre-coated in plate wells, where HO-1 is captured by the 

immobilized antibody and is detected using a polyclonal HO-1 rabbit antibody. Subsequently, the polyclonal 

antibody is bound by a conjugated horseradish peroxidase secondary anti -rabbit IgG antibody. The assay was 

carried out using the tetramethylbenzidine substrate, which provides a precise blue color to the amount of HO-1 

captured and was expressed in ng of HO-1 / mg of proteins. HO-1 activity was measurement by the indirect bilirubin 

quantification assay in the supernatant of the samples and bilirubin was detected at 450 nm. Data are expressed in 

mg of BB / mg of protein. 

 

Iron Quantification 

Quantification was carried out using the phenanthtronile technique, which measures free iron in the cell (Fe
+2

), a 

control curve with iron sulfate 400 μg/mL was used. Data are expressed in mM of iron/mg of proteins. 

 

Bilirubin quantification 

Indirect method of HO-1 activity was quantified by differences in the measurement of wavelengths in the 

supernatant of the samples. In addition, the indirect bilirubin has an absorption peak of 450 nm. Data are expressed 

in mg of BB/mg of protein 

 

Statistical analysis 

Each experiment was conducted three times and expressed as mean + standard error. The unpaired two-tailed t-

student statistical test was performed on the raw data before converting them into percentages. Values of *p< 0.1, 

**p< 0.05 and ***p< 0.001 were considered as significantly. Correlation tests between the variables by Pearson or 

Spearman correlations were performed, GraphPad Prism, version 4.0 and SPSS version 18 were used. 

 

Results:- 
Colloidal silver increases protein concentration in human primary lymphocytes cultures 

In the figure 1 it is shown that colloidal silver decreases significantly protein concentration at 0.5 hrs p<0.01 and 2 

hrs. p<0.008 compared to time 0, except the concentration of 0.36 µgr/mL, which showed a significant increase at 

0.5 and 24 hrs. While colloidal silver only increased at 0.5 hrs p <0.01, and significantly decreased p< 0.03 at 24 hrs 

vs control lymphocytes, all concentrations of colloidal silver showed a marginal increase p<0.08, mainly 0.036 µg / 

ml. These values are contradictory to those expected due to the low viability and proliferation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:- Levels of proteins (pp) after colloidal silver treatments at 0.5 to 24 hrslymphocytes cultures.Data 

are expressed as mg/mL of proteins (pp). *p<0.05; ** p<0.05; *** p<0.001 vs negative control, n=5 by duplicated. 
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Iron levels increases in lymphocytes exposed to colloidal silver  

In the figure 2 iron concentration was measurement and at 0.5, 2 and 24 hr, iron level increased in all the treatments 

including its negative control in relation to time O. The concentration of 0.036 µg / mL colloidal silver increased 

iron levels at 2 and 24 hrs p <0.005, and marginal with the negative control. The concentration of 3.6 µg / mL, at 0.5 

hrs and 2 hrs, increased and decreased, p< 0.050 significantly and marginally p< 0.08, iron concentration.The 

increased iron at 2 hrs with 036 µg / mL of colloidal silver, could be due to the slight increase in HO-1 at 0.5 hrs, 

while the increase in 3.6 µg/mL at 0.5 hrs could be due to the cell hemolysis by oxidative stress. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:-Levels of iron after of colloidal silver treatment at 0.5 to 24 hrs in lymphocytes cultures.Iron 

quantification are represented as millimoles (mmol) of Iron/mg of protein (pp). *p<0.05; ** p<0.05; *** p<0.001 vs 

negative control (vehicle), n=5 by duplicated. 

 

Effect of colloidal silver in bilirubin level in primary lymphocytes culture  

In the figure 3, due to the variability in the results and pronounced deviations, we found that at 0.5 and 2 hrs of 

colloidal exposition, bilirubin levels increases compared to negative control; in contrast with 3.6 μg/ml doses 

bilirubin levels decrease in all times, at difference to the 0.036 and 0.36 μg/ml doses of colloidal silver at 0.5 to 2 hrs 

due to tended to increase bilirubin levels p ≤0.09, similar to at 0.5 hrs compared with negative control and zero time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3:- Levels of bilirubin after of colloidal silver treatment at 0.5 to 24 hrs in lymphocytes 

cultures.Bilirubin quantification are represented as mg of bilirubin/mg of protein (pp). *p<0.05; ** p<0.05; *** 

p<0.001 vs negative control (vehicle), n=5 by duplicated. 
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The little significant values and variations in bilirubin concentration could be because this is the product of 

biliverdin and depends on the activity of biliverdin reductase, also bilirubin has antioxidant effect. Furthermore, they 

both are very unstable and can act as antioxidants, counteracting the effects of oxidative stress, which induces 

colloidal silver and released Fe+.  

 

Association between iron, bilirubin, protein concentration and parameters previously reported by (3), in 

primary lymphocytes cultures exposed to colloidal silver 

In the table 1 its is show a positive correlation with protein concentration with the exposition time R = 0.515, 

p.0001. The increase proteins were associated with iron levels (r= 0.585 p<0.032) and exposition time (r= 0.515 

p<0.001) and, as expected, they showed a negative association with viability (r= -0.391 p<0.001) and 8-Isoprostanes 

(r= -0.359 p<0.031) (this last results were previously reported in (3). Regarding induction of protein at 2 and 24 hrs, 

it does not correspond with the induction of 8-Isoprostanes, HO-1 and catalase due to colloidal silver effect, which 

only occurred at 0.5 h, with a decrease at 2 and 24 hrs. 

 

The iron levels were positively correlated with 8-Isoprostanes (R=0.254, p0.05), hydroperoxides (R = 0.390, 

p=0.002) and HO-1 activity (R = 0.518, p.0001) and with exposition time (R = 0.319, p.013), except colloidal silver 

concentration. However, iron levels were positively correlated with protein increase. Although the induction of 

antioxidant enzymes, such as HO-1 and catalase, does not correspond to the increase in the concentration of 

proteins.  

 

The bilirubin increase was associated positively with iron (R=0.569, p.002) and HO-1 (R=0.512, p .005) and 

negatively with exposition time (R= -0.308, p.005), viability (R = -.0 325, p=0.029), hydroxides (R = -0. 387, 

p=0.046), and marginally with proteins (R = -0.258, p=0.059 (Table 1). Iron might trigger oxidation damage in the 

membranes (lipid peroxidation hydroxides and 8-Isoprostanes), because the increased 8-Isoprostanes were highly 

associated with HO-1 (R =0.878, p<0.001) and iron (R=0.354, p<0.050).  

 

Table 1:- Association between iron, bilirubin, protein concentration and parameters previously reported by Lucerito 

2021. 

Discussion:- 
The results previously reported showed that short times and low concretions of colloidal silver exposure are the most 

effective, in most markers of oxidative stress, specially HO-1, whose iron products and bilirubin play a very 

important role as an oxidative trigger in function of time and concentration correlated with the majority of oxidative 

markers(1, 3, 5, 6, 11, 12). Perhaps colloidal silver contacting the membrane label is the first mechanism to induce 

oxidative stress in cascade through the induction of HO-1 and iron release. Iron was correlated positively with 

increase in proteins, although the induction of antioxidant enzymes, HO-1 and catalase, does not correspond to 

protein increase. Fe+ increase and shown a positive association with HO-1, probably related to its activity, and with 

the increase of hydroxides and 8-Isoprostanes, which destabilize the membranes by oxidative stress production, 

where at 24 hrs, could regulate negatively the genetic expression of HO-1, by its own products as bilirubin or 

increase its degradation. 

 

 Protein HO-1 Bilirubin  Iron  8-Iso Hydro 

peroxide 

MTT Viability  Doses Time 

 

HO-1 

Correlation  1 0.518** 0.518** 0.878**  0.267*  -

0.210 

-0.240 

p value   0.000 0.000 0.000  0.039  0.107 0.064 
 

Iron 

Correlation 0.585 0.518** 0.569** 1 0.254* 0.390  -0.227  0.319** 
p value 0.032 0.000 0.002  0.050 0.002  0.082  0.013 

Protein Correlation 1  0.258 0.585 -0.359* 0.230  -

0.391** 

 0.515** 

p value   0.059 0.032 0.031 0.07  0.001  0.001 
Bilirubi

n 

Correlation 0.258 0.518** 1 0.569**  -0.387* 0.325*   -

0.308** 
p value 0.059 0.000  0.002  0.046 0.029   0.005 

 * P= 0.05; **p= 0.01 
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However, there is evidence since 1890 that iron has been playing a key role in cell division, where an increase in the 

nucleus and in cells that have a high proliferative activity at the time of division is observed (13-15). Perhaps its 

electronegative effects may be involved in Chromatin remodeling, or as protein bound such as transferrin, 

metalations. They could act as a transcriptional factor or with the response elements to induce genetic 

expression.Therefore, one of the major antioxidant defense strategies in aerobic organisms is to hijack iron in 

proteins to avoid the reaction of Fenton. It is known that iron regulate genetic expression, induce protein synthesis. 

Transferrin and ferritin and are involved in its transportation and storage in order to attenuate the reactive effects of 

iron. Without proper synchronization in these mobilization and neutralization mechanisms, oxidative damage would 

be more serious and the development of a large number of chronic degenerative diseases associated with oxidative 

stress would be at stake., and could be responsible of the seriously damage(9, 13).  

 

The increase in proteins is most likely due to increased hydroxides, it is known that hydroxides induce protein 

synthesis and transcriptional factors such as NFKβ, which induces various mediators of the immune response such as 

interleukin, IL2, IL1 and the Kappa light chain of IgG,(16) which are involved in immune defense mechanisms, 

such as the induction of COX2. Increased 8-Isoprostanes is due to the non-enzymatic and non-specific oxidation of 

arachidonic because of silver andinflammatory lipid metabolites, prostaglandins, such as 8-Isoprostanes, have 

receptors that activate signaling pathways driving the development and progression of tumors(17, 18). 

 

On the other hand, the increase in hydroxides could also because of the effect of colloidal silver on the induction of 

quinolic groups of the leukocyte NADPH oxidase, which is involved in electron transfer from NADPH to oxygen, 

and in the generation of reactive oxygenated species (ROS) such as O
-2

 and H2O2. Thus, NADPH and NADP 

oxidase will also be responsible for increased hydroperoxides and proteins in lymphocytes, since NADPH, a 

quinolic derivative, could also be a target of silver because of its similarity to its target, the ubiquinone(5, 6).Still 

there are several open key questions regarding the role of iron in oxidative stress in both, plants and animals. For 

example, it remains unknown the sources for Fe-catalyzed ROS, specificity (tissue and subcellular level) of iron-

dependent oxidative stress, and the Fe-dependent oxidative stress signaling networks and antioxidant defense 

systems, as well as the previously exposure to contaminating xenobiotics that actives the chemistry defense and how 

are related. 

 

Besides, immune and chemistry defense might be related and regulated by the same transcriptional factor, because 

in culture lymphocytes treated with colloidal silver the light chain induction kappa has been detected, as well as 

CYP450 2D6(5, 6). In addition, they both have a high homology, which has allowed us to propose that colloidal 

silver acts as an antigen and xenobiotic, presenting an association between the immune and chemical defense 

mechanism(19, 20). 

 

When colloidal silver induces oxidative stress markers by iron release, then it represents a serious public health 

concern, since HO-1 induction and the presence of free radicals and ROS and 8-ISoprostanes are the common 

denominator in chronic degenerative non-infectious diseases, such as diabetes, heart disease, cancer and 

neurodegenerative diseases, Parkinson's, Alzheimer's, asthma and kidney diseases(21, 22). We must reflect on the 

consumption and abuse of colloids and metals given their interaction and activity with the cells of our organism and 

provide data about the reliability of their use, establish control and safety standards in silver derived products, which 

are marketed for bactericidal and therapeutic purposes indiscriminately(23). 

 

Iron is associated to cell death called ferroptosis that is an iron-dependent oxidative stress has been discovered in 

mammalian cancer cells, also ferroptosis is related with lipid peroxidation generated through the Fenton reaction 

(24, 25). However several genes required to synthetize or degrade the compounds involved in ferroptosis, such as 

polyunsaturated fatty acid metabolism, amino acids, phospholipids, iron, glutathione (GSH), NADPH, and 

coenzyme Q10 (CoQ10), have been established recently in mammalian cells, for example GSH peroxidase 4 

(GPX4) prevents ferroptosis by converting LOOH to non-toxic lipid alcohols (L-OH) and, thereby, reducing the 

accumulation of the toxic LO• that is generated from the LOOH reaction with Fe and CoQ10 oxidoreductase was 

identified as GSH-independent ferroptosis suppressor protein 1 (FSP1)(26). Also, this iron-dependent ferroptosis-

like cell death pathway was also observed in plants during heat stress and pathogen responses (27). 

 

The induction of oxidative stress by colloidal silver could represent a risk in the pathogenicity of microbes in the 

severe damage caused by the immune systems, such as in the pandemic by the SARS-CoV-2 virus, related to 

cytokine torment are associated to oxidative stress, such as IL1, IL6 as other, asking if that severity damage may 
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related with the previously exposure of NPs, which could have maintained mastocytes activation. colloidal silver has 

similar size to SARS-CoV-2 and other virus and it may be related with the ways to entrance to cells and the same 

signal related to oxidative stress(28-30).Regarding oxidative stress, more recent studies have shown that the normal 

accumulation and distribution of ROS acts as a redox-dependent signal to modulate many important biological 

processes such as cell division, cell expansion, cell differentiation, and immunity responses such as inflammation.  

Inflammation is an important contributor to the development and progression of human cancer. However, chronic 

inflammation causes the upregulation of a number of inflammatory cytokines, including IL-1β, IFNγ, and TNFα. 

The NFκB pathway is upregulated in many chronic inflammatory states, and evidence directly links the NFκB 

pathway to increased tumor formation and inflammation in experimental mouse models of intestinal cancer. 

 

The results showed there was an increase of iron associated to oxidative stress markers and cell viability. And when 

analyzing and correlating the data of 8-Iso with previous results reported (3, 12), in an equal model, regarding the 

content of TBARS marker of lipoperoxides, a negative association was detected (R = - 0.528 p.026), as well as with 

hydroxides (R= -0.323 p<<0.05). This means when TBAR´s increase and hydroxides decrease 8-Isoprostanes, 

possibly the initial damage is induction of 8-Isoprostanes and HO-1, increasing iron, which in turn favors 

lipoperoxidation. Therefore, an increased production of hydroxides and a decrease of 8-Isoprostanes may facilitate 

an exit of 8-Isoprostanes to the medium, or they are involved in COX-2 induction. Thus, its decrease in the cell is 

observed. In any case, the initial damage of colloidal silver occurs in lipids of the membrane with production of 8-

Isoprostanes and, consequently, of lipoperoxidation and hydroxides, which is in line with the significant induction at 

0.5 hrs of stress markers (8-Iso , of catalase and HO-1), where 8-Isoprostanes show particularly a negative 

correlation as a function of time (R = -0.610, quite significant p <0.00000232), and the concentration of (R=-0.325 

significant p< 0.0242), which suggests that the lower concentration, the higher concentration of 8-Isoprostanes. 

 

Although colloidal silver is a potent bactericide, a good skin regenerator and a stimulator of the immune system, its 

excessive use could also cause in the not-too-distant future bacteria resistance, as in the case of antibiotics it also 

induces immunopathology. Thus, all of this causes other health problems related to infectious diseases, such as the 

increase in drug resistant strains as mycobacterium tuberculosis coupled with the fact that the constant induction of 

oxidative stress would increase immunotoxicity, neurotoxicity and hormonal disruption and be involved in the 

aggressive form of the immune response against virus and bacteria, such as SARS-CoV-2. 

 

Conclusion:- 
The lower concentration and exposure time of colloidal silver showed the greater effect on oxidative stress markers, 

where the concentration of iron related with HO-1 induction is one of the major responsible for oxidation because of 

its association with oxidative markers and protein synthesis. It is actively involved in the response of cultured 

lymphocytes to the effects of colloidal silver. 

 

Competing interests 

The authors declare that they have no competing interest. 

 

References:- 
1. Ahamed M, Karns M, Goodson M, Rowe J, Hussain SM, Schlager JJ, et al. DNA damage response to different 

surface chemistry of silver nanoparticles in mammalian cells. Toxicol Appl Pharmacol. 2008;233(3):404-10. 

2. Haase A, Rott S, Mantion A, Graf P, Plendl J, Thunemann AF, et al. Effects of silver nanoparticles on primary 

mixed neural cell cultures: uptake, oxidative stress and acute calcium responses. Toxicol Sci. 2012;126(2):457-

68. 

3. Lagunes Lucerito E, Coutiño-Rodríguez EMR, Pedraza-Chaverri J, Arroyo-Helguera O. Colloidal Silver 

Exposition increases Heme Oxygenase-1 Activity and Oxidative Stress in Human Lymphocytes International 

Journal of Research Publication and Reviews 2021;2(3). 

4. Marín Llera JC. Determinación del efecto de la plata coloidal en el estrés oxidativo a través de la 

lipoperoxidación en linfocitos humanos [Investigación]: Universidad Veracruzana; 2009. 

5. Lagunes L, Arroyo-Helguera O, Coutiño-Rodríguez MDR. Hemoxigensasa 1: su importancia en los 

mecanismos de oxidación y su relación con enfermedades no infecciosas. UniverSalud. 2013;9. 

6. Lagunes l, Arroyo-Helguera O, Coutiño-Rodríguez MDR. Las nanopartículas de plata: Mecanismos de entrada, 

toxicidad y estrés oxidativo. Revista Educación Bioquímica. 2017;36(2):16. 



ISSN: 2320-5407                                                                             Int. J. Adv. Res. 11(02), 398-405 

405 

 

7. Epner DE, Herschman HR. Heavy metals induce expression of the TPA-inducible sequence (TIS) genes. J Cell 

Physiol. 1991;148(1):68-74. 

8. Juan CA, Perez de la Lastra JM, Plou FJ, Perez-Lebena E. The Chemistry of Reactive Oxygen Species (ROS) 

Revisited: Outlining Their Role in Biological Macromolecules (DNA, Lipids and Proteins) and Induced 

Pathologies. Int J Mol Sci. 2021;22(9). 

9. Nomani H, Bayat G, Sahebkar A, Fazelifar AF, Vakilian F, Jomezade V, et al. Atrial fibrillation in beta-

thalassemia patients with a focus on the role of iron-overload and oxidative stress: A review. J Cell Physiol. 

2019;234(8):12249-66. 

10. Avalos A, Haza AI, Mateo D, Morales P. Cytotoxicity and ROS production of manufactured silver 

nanoparticles of different sizes in hepatoma and leukemia cells. J Appl Toxicol. 2014;34(4):413-23. 

11. Asharani PV, Hande MP, Valiyaveettil S. Anti-proliferative activity of silver nanoparticles. BMC Cell Biol. 

2009;10:65. 

12. Coutiño-Rodriguez MDR. In Colloidal silver as inmunogen or xenobiotic activity.  19th Annual Meeting of the 

Society for Free Radical Biology and Medicine  Hilton Bay front in San Diego, CA Society for Free Radical 

Biology and Medicine; 2012. 

13. Le NT, Richardson DR. The role of iron in cell cycle progression and the proliferation of neoplastic cells. 

Biochim Biophys Acta. 2002;1603(1):31-46. 

14. Renton FJ, Jeitner TM. Cell cycle-dependent inhibition of the proliferation of human neural tumor cell lines by 

iron chelators. Biochem Pharmacol. 1996;51(11):1553-61. 

15. Flajsig I, Poljak-Blazi M. Influence of iron on proliferation and cell cycle kinetics on cultured malignant and 

nonmalignant cells. Oncology. 1990;47(5):443-6. 

16. Kasperczyk A, Dobrakowski M, Czuba ZP, Horak S, Kasperczyk S. Environmental exposure to lead induces 

oxidative stress and modulates the function of the antioxidant defense system and the immune system in the 

semen of males with normal semen profile. Toxicol Appl Pharmacol. 2015;284(3):339-44. 

17. Paoletti P, Chiabrando C, Gaetani P, Castelli MG, Butti G, Martelli L, et al. Prostaglandins in human brain 

tumors. J Neurosurg Sci. 1989;33(1):65-9. 

18. Bennett A, Berstock DA, Harris M, Raja B, Rowe DJ, Stamford IF, et al. Prostaglandins and their relationships 

to malignant and benign human breast tumors. Adv Prostaglandin Thromboxane Res. 1980;6:595-600. 

19. Zagoskina T, Kalinovskii AI, Merinov SP, Dokorina AA, Golubinskii EP. [Dot immunoassay with colloidal 

silver particles as a marker of specific antigen for testing human sera for brucellosis]. Med Parazitol (Mosk). 

2002(2):15-7. 

20. Shumakova AA, Shipelin VA, Efimochkina NR, Minaeva LP, Bykova IB, Markova YM, et al. [Toxicological 

evaluation of colloidal nano-sized silver stabilized polyvinylpyrrolidone. IV. Influence on intestinal microbiota, 

immune indexes]. Vopr Pitan. 2016;85(3):27-35. 

21. Esmaeili Y, Yarjanli Z, Pakniya F, Bidram E, Los MJ, Eshraghi M, et al. Targeting autophagy, oxidative stress, 

and ER stress for neurodegenerative disease treatment. J Control Release. 2022;345:147-75. 

22. Sumien N, Cunningham JT, Davis DL, Engelland R, Fadeyibi O, Farmer GE, et al. Neurodegenerative Disease: 

Roles for Sex, Hormones, and Oxidative Stress. Endocrinology. 2021;162(11). 

23. Feizi S, Javadiyan S, Cooksley CM, Shaghayegh G, Psaltis AJ, Wormald PJ, et al. Green synthesized colloidal 

silver is devoid of toxic effects on primary human nasal epithelial cells in vitro. Food Chem Toxicol. 

2021;157:112606. 

24. Yu Y, Li X, Wu X, Li X, Wei J, Chen X, et al. Sodium hydrosulfide inhibits hemin-induced ferroptosis and 

lipid peroxidation in BV2 cells via the CBS/H(2)S system. Cell Signal. 2023;104:110594. 

25. Barayeu U, Schilling D, Eid M, Xavier da Silva TN, Schlicker L, Mitreska N, et al. Hydropersulfides inhibit 

lipid peroxidation and ferroptosis by scavenging radicals. Nat Chem Biol. 2023;19(1):28-37. 

26. Yang M, Tsui MG, Tsang JKW, Goit RK, Yao KM, So KF, et al. Involvement of FSP1-CoQ(10)-NADH and 

GSH-GPx-4 pathways in retinal pigment epithelium ferroptosis. Cell Death Dis. 2022;13(5):468. 

27. Shui S, Zhao Z, Wang H, Conrad M, Liu G. Non-enzymatic lipid peroxidation initiated by photodynamic 

therapy drives a distinct ferroptosis-like cell death pathway. Redox Biol. 2021;45:102056. 

28. Pan X, Zhang Y, Zhao Y, Yao S, Guan C, Wang L, et al. Correction to: Inhibitory activity and mechanism of 

silver nanoparticles against herpes simplex virus type 1. Arch Virol. 2022;167(12):2923. 

29. Bognar Z, de Jonge MI, Gyurcsanyi RE. In situ silver nanoparticle coating of virions for quantification at single 

virus level. Nanoscale. 2022;14(6):2296-303. 

30. El-Sheekh MM, Shabaan MT, Hassan L, Morsi HH. Antiviral activity of algae biosynthesized silver and gold 

nanoparticles against Herps Simplex (HSV-1) virus in vitro using cell-line culture technique. Int J Environ 

Health Res. 2022;32(3):616-27. 


