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A B S T R A C T   

The aim of this study was to systematically review the literature to investigate whether silver 
nanoparticles (AgNPs) have an anti-inflammatory effect in vivo. The guidelines of PRISMA were 
applied, and a registration was made in PROSPERO. A personalized search of the PubMed, Web of 
Science, Scopus, Embase, Lilacs, and Google Scholar databases was conducted in September 2023. 
For the data analysis, the inverse variance in the random effects model was used. The tools of 
SYRCLE and GRADE were used to assess the risk of bias and the certainty of evidence, respec-
tively. From the 9185 identified studies, 5685 duplicate studies were excluded; 52 were read in 
full text, and 7 were included in this review. Six studies were evaluated by the meta-analysis, and 
an increase in anti-inflammatory molecules (SMD -5.22; PI [-6.50, − 3.94]) and an increase in 
anti-inflammatory ones (SMD 5.75; PI [3.79, 7.72]) were observed. Qualitative analysis showed a 
reduction in pro-inflammatory proteins and in the COX-2 pathway. It was concluded that AgNPs 
present an anti-inflammatory action in vivo through mechanisms involving the reduction of pro- 
inflammatory molecules and proteins, the increase of anti-inflammatory molecules, and selective 
inhibition of the COX-2 pathway.   

1. Introduction 

Silver nanoparticles (AgNPs), initially studied as antimicrobial agents to obtain biomedical devices and materials for the treatment 
and prevention of infections [1], also show anti-inflammatory and antioxidant activity at low concentrations [2–7]. Its in vitro 
mechanism of action shows potential to eliminate free radicals [6,8–10], express anti-inflammatory molecules, and suppress 
pro-inflammatory ones, overcoming the drawbacks of current drugs such as the induction of gastrointestinal, renal, and cardiovascular 
pathologies [11–13]. 

The synthesis of AgNPs can be achieved through the reduction of silver ions (Ag+), using chemical, physical, photochemical and 
biological methods [14–17]. The method of synthesizing nanoparticles (NPs) influences parameters such as size, shape, topography, 
stability, concentration, purity and release of Ag + ions, which in turn influences their anti-inflammatory activity [14–17]. Green 
methods (phytochemical and biological) use leaves, flowers, fruits, bark, stems, roots, microorganisms, enzymes and other bio-
molecules to synthesize more biocompatible NPs [14–17]. The improved biological properties are due to the presence of natural 
anti-inflammatory and antioxidant compounds that bind and coat the NPs [14–17]. 

In vitro studies have compared the ingestion of AgNPs at low concentrations (0.012 % per kg) with gold standard drugs 
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(glucocorticoids; 0.1 % per kg) and observed higher efficacy of NPs in promoting therapeutic effect [18,19]. An in vitro research 
demonstrated that low amount of NPs does not induce cytotoxicity in human keratinocytes and fibroblasts present in inflammatory and 
scarring processes [20], and another study has shown that chronic in vivo application of AgNPs at the minimum concentration 
necessary to promote therapeutic effect does not cause toxic effects [21]. 

The investigation of the therapeutic properties of AgNPs has allowed studies to be carried out between 2013 and 2023 to un-
derstand their mechanisms for modulating cytokines and enzymes involved in the inflammatory process. This research could allow the 
development of new treatments, define the effective therapeutic concentration and indications for use, as well as evaluate the cyto-
toxic, genotoxic, and carcinogenic potential and associated environmental impact. The objective of this study was answer the following 
question, "Do silver nanoparticles show anti-inflammatory action in vivo?”. The study of AgNPs as anti-inflammatory agents could 
complement current treatments and be used in combination with antioxidants and anti-tumor agents to optimize tissue regeneration. 
However, the heterogeneity of studies, methods of application of NPs, and evaluation of their anti-inflammatory activity may make it 
difficult to understand their real effect. As a novelty, this review presents a literature data compilation on the current status, mech-
anism of action, and efficacy of AgNPs as anti-inflammatory agents to contribute to the understanding of the scientific community. 

2. Material and methods 

2.1. Project guidelines and registration 

This review was conducted in accordance with the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses) and was registered in the PROSPERO (International Prospective Register of Systematic Reviews) under the code 
CRD42023461888 [22]. 

2.2. Formulating the review question 

The PICOS strategy was employed to formulate the review question: population (male and female mice with no restrictions on 
weight or age), intervention (AgNPs administration), comparison (no treatment or use of placebo vehicles), outcome (anti-inflam-
matory effect), and study (in vivo studies). 

2.3. Databases and search strategy 

A comprehensive search was conducted on September 8, 2023, using the Google Scholar, Scopus, Web of Science, PubMed, Lilacs, 
and Embase databases. The combination terms were applied: (“silver” OR "silver nanoparticles”) AND (“animal” OR "animal cell” OR 
"tissue”) AND (inflammatory OR "anti-inflammatory” OR "antioxidant” OR "anti-oxidant”). No date or language restrictions were 
applied. 

In the initial stage, the first researcher (J.M.C.S.) selected the articles based on the analysis of abstracts and titles using the Rayyan 
software [23], after removing duplicates using EndNote. In the second stage, the first researcher selected the included articles by 
reading the full text. Each stage was supervised by the second researcher (A.C.R). 

2.4. Inclusion and exclusion criteria 

The following eligibility criteria were applied: (1) Studies evaluating the anti-inflammatory action of AgNPs in mice of both sexes 
with different weights and ages; (2) Studies evaluating the potential of AgNPs to modulate the anti-inflammatory pathways of 
cyclooxygenase 1 and 2; (3) Studies evaluating the ability of AgNPs to inhibit or stimulate the expression of pro-inflammatory or anti- 
inflammatory cytokines; (3) Potential elimination of oxidant products or induction of antioxidant mediators; and (4) Published studies 
in peer-reviewed journals. Exclusion criteria included: (1) In vivo studies using other animal models, in vitro articles, review articles, 
book chapters, congress abstracts, editorials, human clinical trials, observational studies, short communications, letters to the editor, 
and patents; (2) Using of other AgNPs-based compounds combined or not with other chemical components; and (3) Studies evaluating 
anti-inflammatory or anti-oxidant action using histological techniques. 

2.5. Risk of bias 

The domains or queries of the SYRCLE tool were used to classify the articles included with an uncertain, low, or high risk of bias 
[24]. To check the certainty of evidence on the anti-inflammatory action after administration of AgNPs in mice, the Grading of 
Recommendations Assessment, Development, and Evaluation (GRADE) tool was used [25]. 

2.6. Data extraction, synthesis strategy, and meta-analyses 

The following qualitative data were extracted from the studies: (1) author and year of publication; (2) journal; (3) production 
process and size of AgNPs; (4) method; (5) results; and (6) conclusion. 

The data analysis of the quantification of pro- and anti-inflammatory cytokines after treatment with AgNPs and non-treatment was 
conducted using the Review Manager Web [26,27]. The median and confidence interval data were transformed into the mean and 
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standard deviation, and the data on the mean, standard deviation, and participants were employed as the statistical measures [26,27]. 
The WebPlotDigitizer software was used to obtain the quantitative data presented in figures and graphs [28]. The inverse variance 
method and random effect (RE) model were employed to assess the outcome. The meta-analysis was conducted using the standardized 
mean difference (MD) and prediction interval (PI) as the statistical units (α = 0.05). In addition, the heterogeneity was informed by the 
I2 index after the application of the Q test. 

3. Results 

3.1. Included articles 

A total of 9185 articles were identified, of which 1474 were found in PubMed, 1558 in Web of Science, 3097 in Scopus, 287 in 
Lilacs, 2669 in Embase, and 100 in Google Scholar. The 5685 duplicates were excluded using the EndNote software; 52 studies were 
full-text read; and 7 studies were eligible for inclusion in this review (Fig. 1). Of the studies included, 28.57 % were carried out in Iran 

Fig. 1. Flowchart of articles included in the systematic review.  
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[29,30], 28.57 % in Saudi Arabia [19,31], and the same percentage (17.28 %) in Egypt [32], United States of America [33], and 
Romania [18]. 

3.2. Risk of bias evaluation 

A high risk of bias has been observed in the studies in the following domains: D1 (generation of the distribution sequence of mice), 
D3 (use of an appropriate blinding method to distribute the mice), D4 (random placement of mice during the methodology), D5 (the 
researchers’ knowledge of the treatment), D6 (random selection of the mice for result assessment), and D7 (data on the assessment of 
the outcome) [18,19,29–33]. The risk of bias was found to be low for D2 (adjustment of confounding factors and lack of information 
about similarity at baseline), D8 (outcomes treatment), D9 (study reports without individualized results), and D10 (absence of factors 
that might lead to a high risk of bias for the results) [18,19,29–33] (Figs. 2 and 3). The studies had a high recommendation for certainty 
of evidence according to the GRADE scale. 

3.3. Anti-inflammatory activity of AgNPs 

The present review included in vivo articles using female [32] and male [18,29,31] Wistar rats and unspecified male and female rats 
[29,30,33] weighing from 38 to 200 g (Table 1). The animals were subjected to inflammatory reactions induced by carrageenan [18] 
and cisplatin [31]. The leukemia was induced by an intravenous injection of 40 mg/kg of 7,12-dimethylbenz [a]anthracene (DMBA), 
while 50 mg/kg streptozotocin (STZ) was injected intraperitoneally to induce diabetes. The animals were also infected with Pseu-
domonas aeruginosa by inoculation of 106 CFU/mL [32] and respiratory syncytial virus (RSV) [33]. 

After induction of inflammation, treatment protocols were applied intravenously, intraperitoneally, by aspiration, and by swal-
lowing with AgNPs of varying duration (1–30 days) and concentration (0.19 mg/kg [18,19] to 40 mg/kg of AgNPs [29,30,33] and 
5–10 ppm [31]). The AgNPs ranged in size (5–80 nm) and methods of production with extracts of Melissa officinalis [29], Nigella sativa 
[19], Sambucus nigra [18], Arthrospira spp. [32], and Spinacia oleracea L. [30]. After the treatment period, the biological molecules 
were quantified using the ELISA enzyme-linked immunosorbent assay and complemented or not with Western Blot on blood serum 
samples [18,19,29–33]. 

The anti-inflammatory action of AgNPs was measured by quantifying pro- and anti-inflammatory molecules (cytokines, chemo-
kines, enzymes, and proteins). An increase was observed in the anti-inflammatory molecules IL-4, IL-5, and IFN-α [29,30], IL-10 and 
IL-13 [29,30,33], GM-CSF and G-CSF, and CXCL1 [33]. AgNPs promoted a decrease in the pro-inflammatory molecules IL-1 [29,30, 
32], IL-1-α, IL-1-β [18,33], IL-6 [18,29–31,33], IL-9 [33], IL-12[29,30,33], IL-18 [29,30], IFN-γ [29–31], TNF- α [18,19,29–33] and 
the proteins C-reactive [31], Nuclear factor Kappa B (NF-kB) [19,32] and S–100 B [19] and the enzyme COX-2 [32]. 

3.4. Random effect meta-analysis: anti- and pro-inflammatory cytokines 

A meta-analysis was conducted on 5 studies to assess the overall effect of a decrease in pro-inflammatory cytokines and an increase 
in anti-inflammatory ones after the treatment of inflammation with AgNPs [19,29–31,33] (Figs. 4–7). Subgroup analyses were per-
formed for each cytokine, where a decrease was observed for IL-1 (− 6.21 [− 11.99, − 0.43]), IL-1α (− 12.58 [− 18.44, − 6.71]), IL-1β 
(− 1.12 [− 3.10, 0.87]), IL-6 (− 4.35 [− 7.86, − 0.85]), IL-12 (− 6.01 [− 11.79, − 0.24]), IL-18 (− 6.88 [− 15.19, 1.44]), IFN-γ (− 4.12 

Fig. 2. Risk of bias graph. D1: generation of the mice’s allocation sequence; D2: similarity of the mice at baseline and adjustments made to minimize 
confounding factors; D3: Randomization of the allocation; D4: Randomization of the mice; D5: blinding of caregivers and researchers to the 
intervention in the mice; D6: random selection of mice to evaluate outcomes; D7: blinding of researcher evaluating outcomes; D8: treatment of 
outcomes; D9: study reports free of bias in reporting outcomes; and D10: absence of other methodological problems that would result in a high risk 
of bias. yellow (uncertain); green (low risk); and red (high risk). 
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[− 7.42, − 0.83]) and TNF-α (− 6.15 [− 10.08, − 2.22]), consistent with the overall effect (SMD -5.22; PI [− 6.50, − 3.94]; P < 0.00001; 
I2 = 94 %). Moderate heterogeneity was observed between the groups (Chi2 = 18.91, df = 7 (P = 0.008), I2 = 63.0 %). The increase in 
the anti-inflammatory molecules IL-4 (5.61 [3.37, 7.85]), IL-5 (3.17 [1.33, 5.01]), IL-10 (8.72 [3.77, 13.66]), IL-13 (3.48 [− 2.47, 
9.43]), and IFN-α (8.25 [5.39, 11.10]) with an overall effect evidenced by a decrease in anti-inflammatory cytokines in the forest plot 
for non-treatment (SMD 5.75; PI [3.79, 7.72]). Moderate heterogeneity was observed between the groups (Chi2 = 11.42, df = 4 (P =
0.02), I2 = 65.0 %). 

4. Discussion 

This systematic review assessed the anti-inflammatory action of AgNPs in mice with tissue lesions associated or not with bacterial 
[32] and viral infections [33] by quantifying the expression of cytokines, chemokines, enzymes, and proteins [18,19,29–31]. The use 
of these NPs is promising due to their mechanism of action to control inflammation and associated pathologies, as well as their 
optimized effect when combined with antioxidant and anti-tumor drugs [18,19,29–45]. 

The inflammatory process is a fundamental response for tissue repair in the presence of lesions [46], infections [47], and tumors 
[48]. The failure to treat this condition contributes to the incidence of autoimmune diseases, cancer, and metabolic disorders [49]. It is 
believed that AgNPs will enable treatment, improve quality of life, and reduce the gastrointestinal, renal, and cardiovascular path-
ological effects associated with conventional drugs. 

The anti-inflammatory mechanism of AgNPs can be elucidated by their binding affinity and penetration into cell membranes 
stimulated by inflammatory processes [50–53]. They release Ag + ions and generate ROS that suppress the NF-κB transcription factor 
pathway, which reduces the production of cytokines IL-1 [29,30,32], IL-1-α, IL-1-β [18,33], IL-6 [18,29–31,33], IL-9 [33], IL-12 [29, 
30,33], IL-18 [29,30], IFN-γ [29–31], and TNF-α [18,19,29–33], and are subsequently inactivated by intracellular glutathione (GSH) 
to reduce cytotoxicity to healthy cells [19,32] (Fig. 8). The results of this review corroborate Crisan et al. [54], who reported a decrease 
in NF-κB in epidermal cells from patients with psoriasis, and these results correlate with a decrease in C-reactive protein produced by 
the liver [31] and S–100 B produced by the brain [19]. Suppression of this protein is an effective strategy for treating inflammation 
without interfering with the immune system or cellular homeostasis [19,32]. 

Another process to consider is that M1 macrophages, associated with the release of pro-inflammatory molecules, phagocytize the 
NPs, which generates intracellular ROS and induces their apoptosis or repolarization to M2, which in turn produces anti-inflammatory 
molecules (Fig. 9) [50–53]. In addition, activation of regulatory T cells and electrostatic interactions with surface receptors [50] 
increase the levels of IL-4, IL-5, IFN-α [29,30], IL-10, IL-13 [29,30,33], CXCL1, GM-CSF, and G-CSF [33], which optimize tissue repair. 
Studies have also reported that the use of NPs at low concentrations is effective for tissue repair and reduction of edema and pain 
without inducing side effects similar to steroid and non-steroid drugs (Fig. 10) [29,30,33]. 

In this review, it was observed that AgNPs selectively inhibit the cyclooxygenase-2 (COX-2) enzyme by inducing a structural change 
that blocks the production of prostaglandins from arachidonic acid and by inhibiting NF-κB, which reduces leukocyte chemotaxis and 
exacerbates inflammation [32]. David et al. [55] reported that pre-treatment with the nanomaterial also reduced the presence of 
COX-2 in vivo. In addition, in vitro studies have also reported a decrease in this enzyme in fibroblast cell lines [56], keratinocytes [57], 
and human BV-2 microglial cells [58]. The low concentration of NPs to interrupt the COX-2 pathway compared to conventional drugs 
demonstrates that this compound could be effective for therapies through biological investigations that support its clinical application. 

Fig. 3. Summary of risk of bias. D1: generation of the mice’s allocation sequence; D2: similarity of the mice at baseline and adjustments made to 
minimize confounding factors; D3: Randomization of the allocation; D4: Randomization of the mice; D5: blinding of caregivers and researchers to 
the intervention in the mice; D6: random selection of mice to evaluate outcomes; D7: blinding of researcher evaluating outcomes; D8: treatment of 
outcomes; D9: study reports free of bias in reporting outcomes; and D10: absence of other methodological problems that would result in a high risk 
of bias. 
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Table 1 
Data extraction: In vivo anti-inflammatory activity of silver nanoparticles (AgNPs).  

Author, Year, 
Country. 

Journal. AgNPs Method Results Conclusion 

Ahmeda et al., 
2020. 
Iran. 

Appl. Organometal 
Chem. 

5–30 nm.Melissa 
officinalis. 

Quantification of anti-inflammatory and pro- 
inflammatory enzymes. 

AgNPs and mitoxantrone increased levels of anti- 
inflammatory cytokines (IL4, IL5, IL10, IL13, and IFNα) 
and decreased pro-inflammatory cytokines (IL1, IL6, 
IL12, IL18, IFNY and TNFα). The best results were 
observed for AgNPs for IL4, IL5 and IL10 (p ≤ 0.01). 

AgNPs showed anti-inflammatory 
activity in vivo. 

Alharbi1 et al., 
2021. 
Saudi 
Arabia. 

Journal of 
Pharmaceutical 
Research 
International. 

30–50 nm. Inflammatory mediators TNF-α, IFN-γ, IL-6, C- 
reactive protein by ELISA. 

AgNPs (5 and 10 ppm) reduced pro-inflammatory 
mediators in a dose-dependent manner. 

The AgNPs showed a dose-dependent 
anti-inflammatory action. 

Alkhalaf et al., 
2020. 
Saudi 
Arabia. 

Saudi Journal of 
Biological Sciences. 

n/a.Nigella sativa. Rats with induced neuropathic diabetes 
(streptozotocin 50 mg/kg) and 21-day treatment 
with oral AgNPs (0.25 mg/kg):  
Inflammatory mediators TNF-a, Nuclear factor 
Kappa B (NFkB), S–100 B in brain tissues. 

Treatment with AgNPs showed a reduction in 
inflammatory mediators, with better results for the 
green synthesized nanoparticles. 

The AgNPs obtained from the green 
synthesis of N. sativa were effective in 
reducing pro-inflammatory cytokines. 

David et al., 
2014. 
Romania. 

Colloids and Surfaces 
B: Biointerfaces. 

20–80 nm.Sambucus 
nigra. 

Reduction of carrageenan-induced paw edema in 
Wistar rats and measurement of pro- 
inflammatory cytokine levels, IL-1α, IL-1β and IL- 
6 with AgNPs pretreatment. 

AgNPs inhibited the rate of inflammatory edema (12.61 
%) 2 h after carrageenan injection. Pretreatment with 
AgNPs reduced IL-1α levels at 24 h (87 %) and 48 h (49 
%). A similar effect was observed for IL-1β at 24 h (92 
%). IL-6 secretion was inhibited after 2 h (83 %) of 
inflammation induction. 

AgNPs had an anti-inflammatory effect 
and pre-treatment with AgNPs 
promoted inhibition of inflammatory 
cytokine secretion, which was 
sustained for 48 h. 

El-Deeb et al., 
2020. 
Egypt. 

Frontiers in 
Bioengineering and 
Biotechnology. 

9.7 nm.Arthrospira 
sp polysaccharides. 

In vivoquantification of COX-1 and COX-2 
(ELISA) in tissue and serum, and IkBα, IL-1α, IL- 
1β, and TNF-α. 

AgNPs decreased COX-2 expression from 14.38 to 10.16 
μg/mL in tissues and 11.66 to 4.34 μg/mL in serum and 
had no effect on COX-1. Treatment with NPs reduced 
the expression of inflammatory cytokines. 

The AgNPs promoted anti- 
inflammatory action by acting on the 
COX-2 pathway and reducing the 
expression of inflammatory cytokines. 

Morris et al., 
2019. 
USA. 

Viruses. 8–12 nm. Measurement of Cytokines, Chemokines, 
Interferon, Total Protein and Elastase with AgNPs 
treatment (2 mg/kg or4 mg/kg in mice) and 
subsequent viral infection. 

Inflammatory and immunomodulatory cytokines (IL-1α, 
IL-6, IL-9, IL-10, IL-12p40, IL-12-p70, IL-13 and TNF-α 
were significantly decreased with AgNPs treatment. The 
cytokines G-CSF and GM-CSF, and chemokine CXCL1 
(KC) increased significantly in all mice inoculated with 
AgNPs. Chemokines associated with viral replication 
(CCL3 (MIP-1), eVdirCusCesL 2051 (9R, 1A1, Nx 
FTOERS P)E, EwRe RrEeVsIiEgWn) decreased 
significantly. 

AgNPs are effective in reducing pro- 
inflammatory cytokines and 
chemokines, with an effect on reducing 
chemokines associated with viral 
infection. 

Zangeneh 
et al., 
2020. 
Iran. 

Appl Organometal 
Chem 

50 nm.Spinacia 
oleracea L. 

Measurement of anti-inflammatory cytokines 
(IL4, IL5, IL10, IL13, and IFNα) and pro- 
inflammatory cytokines (IL1, IL6, IL12, IL18, 
IFNY, and TNFα) cytokines) by ELISA after 
leukemia treatment. 

AgNPs were more effective than doxorubicin in 
increasing anti-inflammatory cytokines and decreasing 
pro-inflammatory cytokines. 

AgNPs were effective in regulating 
inflammatory cytokines close to 
normal.  
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Fig. 4. Forest plot of the reduction of pro-inflammatory enzymes.  
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Furthermore, they demonstrate an antioxidant effect in eliminating free radicals, including ABTS (2,2′-azino-bis [3- 
ethylbenzothiazoline-6-sulfonic acid]) [59] and DPPH (2,2-diphenyl-1-picrylhydrazyl) [29,59] which helps to reduce inflamma-
tion. These data confirm findings in the literature where AgNPs reduce biomarkers of oxidative stress [55], such as malondialdehyde 
(MDA) and cell membrane peroxidation [19,31] and increase intracellular GSH [19]. The synergy of these NPs and the molecules 
derived from their use is advantageous because it allows the suppression of compounds that exacerbate tissue injury, unlike con-
ventional drugs that induce dose- and time-dependent citotoxic effects. 

The included articles demonstrated that the green synthesis of AgNPs using M. officinalis [29], N. sativa [19], S. nigra [18], 
Arthrospira sp. [32], and S. oleracea L. [30]. makes them more biocompatible and imparts a surface coating of anti-inflammatory and 
antioxidant chemical components (polyphenols, ascorbic acid, anthocyanins, and flavonoids), which contribute to the nanoparticles’ 
inherent therapeutic mechanism of action [19–21,60–62]. This method also permits the alteration of physicochemical characteristics, 
including size, distribution, crystallinity, charge, and surface coating. These modifications can influence the release of Ag + ions and 
reduce their cytotoxic potential [21]. 

The mechanisms of action of AgNPs, such as suppression of NF-κB and pro-inflammatory molecules, increase in anti-inflammatory 
molecules, repolarization of macrophages, selective inhibition of COX-2, and antioxidant effect, show the promising potential of this 
nanomaterial for biological modulation in tissue repair, whether related to microbial infections or not. However, it is advisable to 
exercise caution when producing and utilizing these nanoparticles, as high concentrations may result in the development of allergies, 
citotoxicity, microbial resistance, and adverse environmental impacts [63–65]. 

This review presented limitations, including (1) In the meta-analyses, heterogeneity was reported among the studies included in 
this review; (2) the use of different methods for synthesizing AgNPs, different particle sizes, variation in concentrations, and treatment 

Fig. 5. Forest plot of the increase in anti-inflammatory enzymes.  
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time; (3) heterogeneity of the mice including species, sex, weight and age; and (4) high risk of bias in articles regarding the 
randomization method. Despite the limitations, it was observed that AgNPs have a promising anti-inflammatory effect, and the meta- 
analysis showed consistency between the results individually and in combination. In addition, the presence of new pre-clinical studies 
in mice could improve the statistically significant level of the findings reported in this review, as well as contribute to updating the 
literature to support or avoid their use as a drug. 

5. Conclusion 

The studies included in this systematic review have led to the conclusion that AgNPs have an anti-inflammatory action in vivo by 
suppressing NF-κB and pro-inflammatory molecules, increasing anti-inflammatory molecules, selectively inhibiting COX-2, and 
exerting an antioxidant effect. 

Fig. 6. Funnel plot of the decrease in pro-inflammatory cytokines.  

Fig. 7. Funnel plot of the increase in anti-inflammatory cytokines.  
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original draft, Visualization, Validation, Supervision, Software, Project administration, Methodology, Investigation, Formal analysis, 

Fig. 8. Graphical abstract. AgNPs selectively inhibit COX-2 and the NF-kB pathway.  

Fig. 9. Graphical abstract. Mechanism of action of AgNPs on inflammatory cells. Legend: M1 macrophages are recruited to the affected tissue and 
release pro-inflammatory cytokines that attenuate local inflammation. The application of AgNPs allows the release of Ag + ions and the subsequent 
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