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Abstract
NETosis represents a distinct type of neutrophil activation, marked by the discharge of neutrophil extracellular traps 
(NETs) network-like formations mainly consisting of decondensed chromatin interspersed with antimicrobial proteins 
sourced from neutrophil granules and cytoplasmic components. Although NETosis are essential for host defense, their 
overproduction is associated with tissue injury, vascular blockage, and prolonged inflammation, which plays a significant 
role in the development of numerous inflammatory and autoimmune diseases. Curcumin, a naturally occurring polyphenol 
known for its strong anti-inflammatory and antioxidant effects, has been recognized as a potential modulator of NETosis. 
This review examines the molecular mechanisms through which curcumin reduces NET formation, focusing on the regu-
lation of oxidative stress-responsive pathways, inflammatory signaling pathways such as MEK/ERK, and the activation 
of the NLRP3 inflammasome. Additionally, it emphasizes curcumin’s therapeutic potential in conditions characterized by 
abnormal NETs activity.
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Introduction

As an initial line of defense against infections, neutrophil 
extracellular traps (NETs) are an intriguing feature of the 
immune response (Brinkmann et al. 2004). Neutrophils 
extrude these web-like structures, which are made of DNA 
and antimicrobial proteins, in a process called NETosis. In 
addition to neutrophils, the release of extracellular DNA 
upon stimulation has also been documented in basophils, 
eosinophils, macrophages and mast cells (Morshed et al. 
2014). Although NETs are crucial for capturing and elimi-
nating microorganisms, an overabundance of them can have 
serious pathogenic effects and contribute to a number of 
illnesses, such as chronic inflammatory diseases, cardio-
vascular diseases, and autoimmune disorders (Thakur et 
al. 2021). The release of extracellular traps was originally 
characterized as a programmed cell death mechanism apart 
from both apoptosis and necrosis. It is believed that this 
process can take place without cell lysis, and considered as 

a phenomenon referred to as vital NETosis (Thiam et al. 
2020). This paper provides a brief overview of the potential 
therapeutic avenues that curcumin may present in address-
ing NET-mediated pathogenesis.

An increasing number of both natural and synthetic 
compounds has been recognized as possible modulators 
of the formation of NETs (Mutua and Gershwin 2021). 
These approaches aim at various phases of NETosis, which 
encompass NET degradation (for instance, DNase I), inhi-
bition of chromatin decondensation (such as PAD4 inhibi-
tors like Cl-amidine), suppression of the oxidative burst (for 
example, antioxidants), and modulation of inflammatory 
signaling pathways (Yadav et al. 2023). Although numerous 
synthetic inhibitors exhibit significant specificity for partic-
ular molecular targets, their application in clinical settings 
may be constrained by safety issues or limited therapeutic 
windows (Zambrano et al. 2025).

Natural compounds such as flavonoids and polyphenols, 
exhibiting anti-inflammatory and antioxidant characteristics 
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(Askarizadeh et al. 2025), thereby serving as potential mod-
ulators of NETosis. Among these, curcumin stands out due 
to its extensive regulatory influence on various signaling 
pathways involved in NETosis, which encompass oxida-
tive stress-responsive, inflammatory, and inflammasome-
related processes. In contrast to inhibitors that target a 
single pathway, curcumin demonstrates pleiotropic effects 
that could be beneficial in intricate inflammatory settings 
marked by redundant and overlapping signaling mecha-
nisms (Askarizadeh et al. 2025). Nonetheless, the therapeu-
tic potential of curcumin should be evaluated in conjunction 
with its limitations, especially regarding bioavailability and 
the feasibility of translation (El-Saadony et al. 2025; Adel-
eye et al. 2025). Placing curcumin within the wider con-
text of NET-targeting strategies highlights the necessity for 
comparative and combinatorial methods to effectively influ-
ence pathological NET formation.

The dual role of NETs and NETosis

NETs serve an essential protective function in innate immu-
nity by capturing and neutralizing invading pathogens. 
Nevertheless, uncontrolled NET formation often termed 
NETosis can have harmful consequences and play a role in 
the development of diseases (Shahzad et al. 2025). Exces-
sive or ongoing production of NETs has been linked to 
tissue damage and chronic inflammation in autoimmune 
conditions like rheumatoid arthritis and systemic lupus ery-
thematosus. Furthermore, in the context of cardiovascular 
diseases, a disruption in the balance of NET homeostasis 
is correlated with thrombosis, endothelial dysfunction, and 
vascular injury (Ma et al. 2025).

NETs participate in both sterile inflammation and infec-
tious responses, and their pathological impact largely 
depends on the magnitude and context of their formation. 
Overabundant NET accumulation promotes tissue injury, 
vascular occlusion, and chronic inflammatory reactions, 
thereby exacerbating the progression of various pathologi-
cal conditions (Block et al. 2022). NETosis can be triggered 
by diverse stimuli, including microbial products and pro-
inflammatory cytokines, and is characterized by a distinct 
form of neutrophil activation that differs from apoptosis and 
necrosis. During this process, decondensed chromatin deco-
rated with granular proteins is released into the extracellular 
space, forming NET structures that can amplify inflamma-
tory signaling (Jia et al. 2025).

Crucially, NETs play a dual role in the pathophysiology 
of diseases. On one side, components derived from NETs 
can serve as autoantigens, which stimulate autoimmune 
responses; conversely, aggregated NET complexes may act 
as inflammatory intermediates by influencing the activity of 
pro-inflammatory chemokines and cytokines. These effects, 

which depend on the context, underscore the importance of 
tightly regulated NET formation to uphold immune homeo-
stasis and avert pathological inflammation (Fousert et al. 
2020).

Molecular signaling pathways involved in NETosis 
and their therapeutic modulation by curcumin

Growing evidence underscores the role of abnormal or exces-
sive NET formation as a significant contributor to chronic 
inflammation, tissue damage, and autoimmune conditions, 
such as systemic lupus erythematosus (SLE), autoinflam-
matory diseases, and renal inflammatory disorders (Zeng et 
al. 2025; Kaplan 2024; Barnado et al. 2016; Wigerblad and 
Kaplan 2023). Several interconnected signaling pathways 
have been identified as central regulators of NETosis, pro-
viding attractive targets for therapeutic intervention.

ROS-dependent signaling in NET formation

The generation of reactive oxygen species (ROS), mainly 
facilitated by NADPH oxidase (NOX2), is regarded as a 
crucial upstream event in classical NETosis (Almyroudis et 
al. 2013; Vorobjeva and Chernyak 2020). ROS function as 
secondary messengers and are involved in a wide range of 
diseases and pathological states (Ansari et al. 2025; Song 
and Zou 2015). ROS can trigger chromatin decondensation 
and enhance the subsequent activation of NET-associated 
enzymes (Liu et al. 2022; Zambrano et al. 2025). Abnor-
mal ROS production has been closely associated with pro-
longed NET release in autoimmune and autoinflammatory 
disorders, where oxidative stress exacerbates inflammatory 
signaling pathways (Wójcik et al. 2021; Yan et al. 2023). 
Curcumin, a well-characterized polyphenolic antioxidant, 
has demonstrated to markedly suppress intracellular ROS 
generation through both direct free radical scavenging and 
inhibition of NOX2 activity (Derochette et al. 2013). By 
attenuating oxidative stress, curcumin can be effective in 
disrupting the initiation phase of ROS-dependent NETosis.

PAD4-mediated histone citrullination

Peptidylarginine deiminase 4 (PAD4) is essential for the 
formation of NETs as it catalyzes the citrullination of his-
tones, which results in the decondensation of chromatin 
and the rupture of the nuclear envelope (Liu et al. 2021; 
Kijak-Boćkowska et al. 2025). Elevated PAD4 activity 
and excessive histone citrullination have been observed 
in autoimmune diseases such as SLE, where NET-derived 
citrullinated antigens contribute to autoantibody generation 
(Ciesielski et al. 2022; Liu and Kaplan 2021). Curcumin has 
indicated to attenuate PAD4 activity through the regulation 
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of intracellular calcium balance and the mitigation of oxida-
tive stress, two critical factors required for optimal PAD4 
enzymatic function (Bardak et al. 2017). Through this 
mechanism, curcumin may act as an effective regulator of 
chromatin decondensation processes associated with NET 
formation. 

MAPK signaling pathways

Mitogen-activated protein kinase (MAPK) pathways, 
including ERK1/2, p38, and JNK, are key regulators of neu-
trophil activation and inflammatory responses (Keshari et 
al. 2013). Activation of these kinases promotes transcrip-
tional and post-translational events that facilitate NET 
release (Keshari et al. 2013). Enhanced MAPK signaling 
has been documented in inflammatory and renal diseases 
associated with pathological NET formation (Wu et al. 
2024). Curcumin exerts potent anti-inflammatory activity 
in neutrophils by regulating multiple intracellular signaling 
cascades. Notably, curcumin markedly suppresses MAPK 
pathway activation, particularly the phosphorylation of p38 
and JNK, in lipopolysaccharide-stimulated human neutro-
phils. This inhibitory effect is accompanied by a substantial 
reduction in the production of key pro-inflammatory cyto-
kines, including TNF-α, IL-6, and IL-8 (Cho et al. 2020). 
Curcumin has consistently demonstrated inhibitory effects 
on MAPK phosphorylation across multiple inflammatory 
models (Shamsnia et al. 2023), thereby dampening neutro-
phil activation and reducing NET production.

NF-κB–dependent inflammatory signaling

The NF-κB pathway is a central orchestrator of inflamma-
tory gene expression and neutrophil priming. The involve-
ment of NF-κB in the pathophysiology of various diseases 
and pathological processes signifies the role of this transcrip-
tion factor as a therapeutic target (Xu et al. 2020; Cheng et 
al. 2025; Guo et al. 2024; Camandola and Mattson 2007). 
NF-κB activation enhances the production of pro-inflam-
matory cytokines and chemokines that facilitate neutrophil 
recruitment and NET formation, particularly in autoimmune 
and autoinflammatory diseases (Liu et al. 2017). Curcumin 
is a potent inhibitor of NF-κB signaling, acting through sup-
pression of IκBα degradation and inhibition of p65 nuclear 
translocation (Liczbiński et al. 2020). Through this mecha-
nism, curcumin not only can limit NETosis but also disrupts 
the inflammatory microenvironment that sustains excessive 
NET formation.

NLRP3 inflammasome and NET-inflammasome 
crosstalk

Recent studies have revealed a bidirectional crosstalk 
between NETs and the NLRP3 inflammasome, whereby 
NET components activate inflammasome signaling, and 
inflammasome-derived cytokines further promote NET 
release (Xiong et al. 2025). This vicious cycle is particularly 
relevant in autoimmune diseases and chronic inflammatory 
conditions. Curcumin is able to suppress NLRP3 inflamma-
some assembly and caspase-1 activation, leading to reduced 
IL-1β and IL-18 production (Hasanzadeh et al. 2020). By 
targeting this NET-inflammasome axis, curcumin may exert 
a dual anti-inflammatory effect.

Therapeutic implications

Collectively, these findings underscore NETosis as a multi-
step and multi-target process amenable to therapeutic mod-
ulation. Unlike single-target inhibitors, curcumin exerts 
pleiotropic regulatory effects across multiple NET-related 
signaling pathways, including ROS generation, PAD4 acti-
vation, MAPK and NF-κB signaling, and NLRP3 inflam-
masome activation. This multi-modal mechanism of action 
supports the emerging concept of targeting NETosis as a 
therapeutic strategy in inflammatory, autoimmune, and renal 
diseases (Askarizadeh et al. 2025). The generation of ROS 
is a crucial initial event in the process of canonical NETo-
sis, functioning as a molecular switch that connects neu-
trophil activation to the remodeling of chromatin (Azzouz 
and Palaniyar 2024; Shen et al. 2025). Increased levels of 
ROS activate NADPH oxidase-dependent signaling path-
ways and enhance mitochondrial ROS amplification, sub-
sequently initiating downstream pathways such as MAPK 
activation and PAD4-mediated histone citrullination (Sendt-
ner et al. 2025; Lee and Jose 2021). Curcumin disrupts this 
mechanism by both directly and indirectly diminishing the 
accumulation of intracellular ROS. It achieves this by inhib-
iting the activity of NADPH oxidase and bolstering antioxi-
dant defenses via Nrf2-dependent transcriptional pathways, 
thereby reinstating redox equilibrium in neutrophils (Cui et 
al. 2025; Yu et al. 2025). The attenuation of ROS signal-
ing restricts the phosphorylation of MAPK, diminishes the 
enzymatic activity of PAD4, and inhibits excessive chroma-
tin relaxation. As a result, the redox modulation induced by 
curcumin interferes with the molecular cascade necessary 
for the formation of NETs, thereby offering a mechanistic 
rationale for its inhibitory effects on NETosis.
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Disease-specific roles of NETs and therapeutic 
implications of curcumin-mediated NET inhibition

Growing evidence suggests that NETs play a significant role 
in the development of various inflammatory and immune-
mediated conditions. In order to enhance the understand-
ing of the therapeutic implications of targeting NETosis, the 
mechanisms associated with NETs can be classified based 
on the primary categories of diseases (Xuan et al. 2024).

Autoimmune and autoinflammatory diseases

In autoimmune conditions like systemic lupus erythema-
tosus, rheumatoid arthritis, and vasculitis, the overpro-
duction of NETs plays a significant role in causing tissue 
injury, persistent inflammation, and the exposure of autoan-
tigens (Wigerblad and Kaplan 2023). Components derived 
from NETs, such as citrullinated histones and DNA–pro-
tein complexes, act as strong immunostimulatory signals 
that enhance the production of autoantibodies and type I 
interferon responses. The suppression of ROS generation, 
PAD4 activity, and pro-inflammatory signaling pathways 
by curcumin may help to restrict abnormal NET formation, 
consequently decreasing the burden of autoantigens and 
the amplification of inflammation in autoimmune contexts 
(Maronek and Gardlik 2022).

Cardiovascular and thromboinflammatory disorders

NETs have become essential mediators in the processes of 
vascular inflammation, endothelial dysfunction, and throm-
bosis. In the context of cardiovascular diseases, NETs serve 
as a framework for the adhesion of platelets and the acti-
vation of coagulation factors, thereby facilitating immu-
nothrombosis and contributing to ischemic tissue damage 
(Szymańska et al. 2025; Kimball et al. 2016; Döring et al. 
2017). Curcumin could diminish oxidative stress and inflam-
matory signaling within neutrophils, which may lead to a 
reduction in NET-induced thromboinflammatory responses 
and an enhancement of vascular homeostasis.

Infectious diseases

During an infection, NETs serve a protective function by 
capturing and neutralizing pathogens; however, an over-
production or dysregulation of NET formation can worsen 
tissue damage and inflammatory harm. In cases of severe 
infections and sepsis, the unregulated release of NETs has 
been associated with organ dysfunction (Liao et al. 2025; 
Islam and Takeyama 2023; Pignataro et al. 2025). The mod-
ulation of NETosis by curcumin may assist in reestablishing 

a balanced immune response by curtailing excessive NET 
formation while maintaining antimicrobial defense.

Cancer

Recent research suggests that NETs play a significant role 
in tumor advancement, metastasis, and thrombosis related 
to cancer by altering the tumor microenvironment and aid-
ing in immune evasion. NET constituents have been dem-
onstrated to enhance the adhesion and migration of tumor 
cells (Li et al. 2025; Morawiec et al. 2025). Curcumin and 
its analogs are well-known for its anti-tumor properties, 
which have been demonstrated by various lines of evidence 
(Hamzehzadeh et al. 2018; Momtazi-Borojeni and Sahebkar 
2016; Shafabakhsh et al. 2019; Wang et al. 2023). Due to its 
anti-inflammatory and antioxidant characteristics, curcumin 
may disrupt NET-mediated protumorigenic activities, indi-
cating its possible adjunctive function in cancer treatment.

Collectively, these insights specific to various diseases 
underscore NETosis as a common pathological mechanism 
present in different clinical scenarios. Curcumin, by influ-
encing several signaling pathways that play a role in NET 
formation, serves as a versatile modulator with possible 
therapeutic implications across inflammatory, autoimmune, 
cardiovascular, infectious, and oncological conditions. 
However, additional experimental and clinical studies 
focused on specific diseases are necessary to confirm these 
effects and establish therapeutic strategies tailored to par-
ticular contexts.

Curcumin: a potential NET modulator

Curcumin has drawn interest due to its various pharma-
cological activities including anti-inflammatory and anti-
oxidant features (Mirhadi et al. 2024; Heidari et al. 2023; 
Panahi et al. 2014; Saberi-Karimian et al. 2020; Sadeghi et 
al. 2023). Curcumin may have therapeutic promise in treat-
ing diseases marked by excessive NET activity, according 
to emerging evidence that suggests it may alter NET devel-
opment and NETosis (Tao et al. 2026; Ye et al. 2021).

Curcumin may could target NE by reducing NE-induced 
tumor cell proliferation as it has shown inhibition of neu-
trophil elastase-induced proliferation in human lung ade-
nocarcinoma A549 cells (Xu et al. 2012). It has been able 
to reduce NETosis-driven tissue damage in hepatic isch-
emia–reperfusion injury in mice as well (Xu et al. 2012). 
Curcumin relieves this damage and reduce the formation of 
NETs (Zhu et al. 2023). (Zhu et al. 2023). Additionally, cur-
cumin has been demonstrated to suppress NETosis-related 
enzymes in periodontitis models, which may reduce inflam-
mation and bone resorption (Shen et al. 2024). Curcumin’s 
medicinal benefits go beyond liver health. In sepsis, where 
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curcumin-derived carbonized polymer dots have been 
demonstrated to enhance NET release for microbial trap-
ping along with antioxidative effects, its capacity to regu-
late NET formation may also be advantageous (Lin et al. 
2024). Moreover, it has been indicated that the detrimental 
effects of polybrominated diphenyl ethers (PBDE-47) can 
be mitigated by curcumin which inhibit the release of NETs 
triggered by PBDE-47 (Fig.  1). This inhibitory mecha-
nism consequently influences the reactive oxygen species 
(ROS) activity associated with Nrf2 (Ye et al. 2021; Liu et 
al. 2024). In addition, the suppression of NLR family pyrin 
domain containing 3 (NLRP3) activation or the prohibition 
of NET formation induced by SARS-CoV-2 may represent 

a novel therapeutic approach for COVID-19, specially via 
the utilization of natural compounds such as curcumin. The 
Raf-MEK-ERK signaling pathway is implicated in the for-
mation of NETs by stimulating the activity of NADPH oxi-
dase (Fig. 1) (Hakkim et al. 2011). It remains to be explored 
if Curcumin can reduces NET formation through this signal-
ing pathway.

It is clear from the observations mentioned above that 
curcumin may offer promising opportunities for therapeutic 
strategies targeting NET-mediated pathogenesis.

Current research indicates that the inhibitory effects of 
curcumin and other phytochemicals on NET formation 
are mainly linked to ROS-dependent, suicidal NETosis 

Fig. 1  The diagram depicts the processes and pathways through which 
curcumin inhibits NETosis. External inflammatory or infectious trig-
gers stimulate neutrophils, initiating intracellular signaling pathways 
that lead to the formation of NETs. The activation of NADPH oxi-
dase (NOX) results in the overproduction of reactive oxygen species 
(ROS), including mitochondrial ROS (mtROS), which act as crucial 
upstream signals for NETosis. ROS activate mitogen-activated pro-
tein kinase (MAPK) pathways, such as Raf–MEK–ERK1/2 and p38, 
which in turn promote the activation of peptidylarginine deiminase 4 
(PAD4). The histone citrullination mediated by PAD4 aids in chroma-
tin decondensation and histone cleavage, ultimately allowing for the 
release of NETs. Simultaneously, signaling pathways reliant on ROS 
and mediated by NF-κB promote the assembly and activation of the 

NLRP3 inflammasome complex (comprising NLRP3, ASC, and cas-
pase-1), thereby intensifying inflammatory responses and the forma-
tion of NETs. An overabundance of NET release leads to endothelial 
dysfunction and vascular injury. Curcumin demonstrates inhibitory 
effects on NETosis across various regulatory mechanisms. It inhibits 
the generation of ROS derived from NOX and the phosphorylation of 
MAPK, restricts the activity of PAD4, and diminishes NF-κB signal-
ing, which in turn lowers the activation of the NLRP3 inflammasome. 
Furthermore, curcumin boosts antioxidant defenses by activating the 
Nrf2–Keap1 pathway and increasing the expression of SIRT1, which 
together mitigate oxidative stress, the production of inflammatory 
cytokines, and the formation of aberrant NETs
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(Askarizadeh et al. 2025). In these scenarios, curcumin may 
inhibit critical upstream processes in NETosis, including the 
generation of intracellular ROS, activation of the MAPK 
pathway, PAD4-mediated histone citrullination, and subse-
quent inflammatory signaling.

In contrast, the effects of curcumin on vital or ROS-
independent NETosis remain insufficiently characterized 
(Zambrano et al. 2025). These forms of NETosis are often 
associated with rapid antimicrobial responses and may rely 
on distinct calcium-dependent or receptor-mediated path-
ways that have not been systematically evaluated in the 
context of curcumin treatment. Therefore, while curcumin 
appears to effectively modulate NET formation under 
inflammatory and pathological conditions characterized by 
excessive oxidative stress, its impact on alternative NETosis 
pathways warrants further investigation (Chen et al. 2025b).

Experimental and clinical evidence for curcumin-mediated 
modulation of NETosis: a critical appraisal

The present comprehension of the regulation of NET for-
mation mediated by curcumin is mainly based on preclini-
cal investigations, encompassing both in vitro studies and 
animal models, whereas direct clinical validation is still 
scarce. Consequently, it is crucial to differentiate between 
these experimental settings to guarantee a precise interpre-
tation of the current literature. In vitro investigations uti-
lizing isolated human or murine neutrophils have yielded 
significant mechanistic understanding regarding the impact 
of curcumin on NETosis-associated signaling pathways, 
which encompass ROS generation, MAPK activation, 
PAD4-mediated histone citrullination, and the production 
of inflammatory cytokines. Nevertheless, these reduction-
ist models fail to completely replicate the intricacies of the 
inflammatory microenvironment, which includes cell–cell 
interactions, hemodynamic factors, and metabolic influ-
ences that govern NET formation in vivo (Zhu et al. 2023; 
Stoiber et al. 2015).

Animal models have demonstrated that neutrophils play 
central roles in autoimmune and inflammatory diseases 
through multiple mechanisms, including NET formation, 
T-cell and dendritic cell regulation, and cytokine produc-
tion. These models have revealed common pathological 
themes, such as neutrophil-mediated vascular permeability 
in arthritis, encephalitis, and colitis (Németh et al. 2016).

Specifically, computational analysis and experimental 
validation in mice demonstrated that curcumin alleviates 
periodontitis by directly inhibiting NET formation through 
binding to neutrophil elastase, peptidylarginine deiminase 
4, and cathepsin G (Shen et al. 2024).

Clinical and animal model evidence directly linking cur-
cumin administration to modulation of NET formation or 
NET-associated biomarkers remains scarce.

Bioavailability challenges of curcumin and implications for 
targeting NETosis

Despite substantial evidence endorsing the anti-inflamma-
tory and antioxidant characteristics of curcumin, its appli-
cation in clinical settings is still restricted due to low oral 
bioavailability (El-Saadony et al. 2025). Curcumin is char-
acterized by low solubility in water, swift metabolism in the 
intestines and liver, and restricted systemic exposure after 
oral intake. These pharmacokinetic limitations could con-
siderably affect its effectiveness in influencing the formation 
of NETs, especially in pathological scenarios where pro-
longed and tissue-targeted drug concentrations are essential 
(El-Saadony et al. 2025). Regarding NETosis specifically, 
natural compounds including curcumin show potential as 
multitarget modulators, though most evidence comes from 
preclinical studies (Jia et al. 2025). Consequently, the trans-
lational relevance of these findings must be interpreted with 
caution.

To overcome these limitations, various strategies have 
been suggested to improve the bioavailability and therapeu-
tic efficacy of curcumin. Nano-formulations, which include 
curcumin-loaded nanoparticles, liposomes, micelles, and 
polymeric carriers, have demonstrated potential in enhanc-
ing solubility, stability, and targeted delivery (Yan et al. 
2025; Ghalandarlaki et al. 2014; Hatamipour et al. 2019). 
This may, in turn, augment curcumin’s capacity to modulate 
NET-associated signaling pathways in vivo.

Alternatively, the creation of synthetic curcumin analogs 
that possess enhanced pharmacokinetic and metabolic char-
acteristics signifies another encouraging strategy. Numer-
ous analogs maintain the anti-inflammatory and antioxidant 
properties of natural curcumin (Ghalandarlaki et al. 2014; 
Martinez-Cifuentes et al. 2015; Adeleye et al. 2025; Kaur et 
al. 2024), while demonstrating improved stability and bio-
availability, which could be beneficial for addressing NETo-
sis in chronic inflammatory conditions.

Collectively, these strategies underscore the signifi-
cance of formulation and drug design considerations in 
the transition of curcumin-mediated NET modulation from 
preclinical models to clinical application. Future research 
that incorporates optimized curcumin formulations along-
side disease-specific NET biomarkers will be essential for 
confirming the therapeutic viability of targeting NETosis in 
human diseases.
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Balancing host defense and inflammation: risks and 
considerations in targeting NETosis

NETs are essential components of innate immunity, func-
tioning to capture and neutralize invading pathogens, which 
in turn restricts the spread of microbes during infections 
(Pignataro et al. 2025; Kaplan and Radic 2012). This anti-
microbial activity highlights the significance of NETosis 
as a crucial defense mechanism for the host. Therefore, the 
widespread or indiscriminate inhibition of NET formation 
could pose potential dangers, such as heightened vulner-
ability to infections and compromised immune surveillance 
(Kaplan and Radic 2012; Retter et al. 2025).

The pathological effects of NETosis generally stem 
from excessive, prolonged, or dysregulated formation of 
NETs, rather than from the normal physiological release of 
NETs (Jia et al. 2025; Tang et al. 2025). In the context of 
chronic inflammatory and autoimmune disorders, abnor-
mal accumulation of NETs plays a significant role in per-
petuating inflammation, causing tissue damage, and leading 
to immune dysregulation. These findings underscore the 
necessity for therapeutic approaches that specifically aim 
to inhibit pathological NET formation while maintaining 
the crucial antimicrobial roles of neutrophils (Wu and Shen 
2024; Chen et al. 2025a).

The modulation of NETosis by curcumin may provide 
a regulatory strategy that is dependent on the specific con-
text, rather than a total suppression (Moon 2025). By dimin-
ishing the upstream inflammatory and oxidative signaling 
pathways such as the overproduction of ROS, activation of 
MAPK, and signaling through the inflammasome curcumin 
may selectively restrict NET formation in scenarios charac-
terized by chronic inflammation or oxidative stress (Yang 
and Yang 2025; Kar et al. 2026). This regulatory influ-
ence could mitigate tissue damage and the amplification of 
inflammation while still allowing for rapid NET responses 
driven by infections.

Consequently, forthcoming interventions aimed at NET 
should focus on the temporal, spatial, and disease-specific 
regulation of NETosis. The creation of targeted delivery 
mechanisms, refined dosing strategies, and therapeutic 
approaches guided by biomarkers will be essential for strik-
ing a balance between alleviating NET-related pathology 
and preserving effective host defense.

Conclusion

NETs serve as a vital link between innate immunity and 
inflammatory disease processes. Although the normal for-
mation of NETs plays a role in host defense, an overproduc-
tion or misregulation of NETosis can lead to tissue injury, 

thrombosis, and persistent inflammation in various diseases. 
Cumulative evidence suggests that curcumin reduces patho-
logical NET formation by modulating several key signaling 
pathways at multiple levels. This includes the suppression 
of excessive ROS production, inhibition of MAPK (MEK/
ERK and p38) signaling, reduction of PAD4-mediated 
histone citrullination, and downregulation of NF-κB and 
NLRP3 inflammasome activation.

Despite these encouraging mechanistic insights, the 
existing evidence primarily stems from in vitro studies 
and specific animal models. Future investigations should 
emphasize the utilization of disease-relevant in vivo models 
to more accurately delineate the context-dependent impacts 
of curcumin on NETosis and to differentiate between physi-
ological and pathological NET responses. Simultaneously, 
clinical trials are necessary to assess if curcumin, espe-
cially in enhanced formulations, can successfully influence 
NET-related biomarkers and enhance health outcomes in 
individuals.

In addition, novel strategies including nano-formulated 
curcumin, synthetic analogs exhibiting enhanced pharma-
cokinetic characteristics, and combination therapies aimed 
at complementary NET-related pathways necessitate addi-
tional research. The incorporation of NET-specific biomark-
ers into both preclinical and clinical study frameworks will 
be crucial for converting curcumin-mediated NET modu-
lation into practical therapeutic methods. Together, these 
initiatives could facilitate targeted and context-sensitive 
regulation of NETosis in diseases characterized by inflam-
mation and immune mediation.
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