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Introduction

Acute pancreatitis (AP) can lead to severe body damage, including a systemic inflammatory 
response and multiorgan failure [1,2], and current therapies rely heavily on symptomatic treatment 
and supportive care, with a lack of targeted therapeutic strategies for specific pathologic processes 
[3,4]. In addition, existing treatment strategies are limiting in preventing the transformation of 
acute pancreatitis into a chronic form or reducing the risk of complications, highlighting the urgent 
need to develop more effective treatments and early interventions [5-7]. Promising applications 
of nanoenzymes in medicine include efficient bioassay tools, advanced drug delivery systems, and 
antimicrobial, anti-inflammatory and antioxidant agents [8-12]. They are able to mimic natural 
enzyme functions to treat diseases such as inflammatory disorders, while optimizing their design to 
enhance selectivity and biocompatibility [13-16]. However, challenges including safety assessment 
and evaluation of immune response need to be overcome before moving to clinical applications 
[17,18]. Recently, our research team published an article on ultrasmall polyvinylpyrrolidone-
modified iridium nanoparticles that have significant antioxidant and anti-inflammatory effects and 
demonstrate therapeutic potential in an acute pancreatitis model. The purpose of this article is to 
summarize the core findings and challenges encountered in the original study, and to discuss the 
subsequent progress of our research efforts.

Abstract 
The purpose of this paper is to briefly summarize our team’s recent studies on ultrasmall PVP-modified 
iridium nanoparticles (IrNP-PVP) for the treatment of acute pancreatitis. In an animal model of acute 
pancreatitis, IrNP-PVP expressed significant antioxidant and anti-inflammatory effects. This commentary 
will focus on previous research by our team on this novel material and discuss future research directions 
and possible challenges.
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Discussion and Analysis

Original research

We synthesized a new ultra-small nano-enzyme IrNP-PVP by a 
one-step process, which is a promising artificial enzyme agent for the 
treatment of acute pancreatitis. We found that IrNP-PVP possesses 
multi-enzyme mimetic properties with catalase and peroxidase 
activities, which can effectively scavenge a variety of harmful free 
radicals such as H2O2, ·O2, ·OH, and DPPH·, as well as scavenge 
ROS and RNS. Meanwhile, due to its excellent antioxidant and 
anti-inflammatory properties, IrNP-PVP showed a significant 
effect on the H2O2-induced oxidative damage in RAW 264.7 
cells. Additionally, it exhibited significant cytoprotective effects 
against the LPS-induced inflammatory response in RAW 264.7 
cells. In vitro cellular assays have demonstrated that IrNP-PVP has 
excellent clearance of ROS and reduction of cellular inflammatory 
factor levels. In addition, the ultra-small nanoenzymes IrNP-PVP 
show good biocompatibility and excellent hemocompatibility, and 
ICP-MS experiments have shown that they rapidly accumulate in 
pancreatic tissues and are rapidly eliminated with minimal potential 
impact on the organism. Moreover, the anti-inflammatory and 
antioxidant effects of IrNP-PVP on AP were further verified by 
HE staining of pancreatic tissues, serum inflammatory factor 
assay, and ROS staining of pancreatic tissues. Electron microscopic 
observation of mitochondrial and endoplasmic reticulum changes in 
pancreatic follicular cells and validation of mitochondrial function 
elucidated the therapeutic effect of the ultramicro nano-enzyme 
IrNP-PVP on AP. Our study promotes the possibility of further 
clinical applications of nanoenzymes in biomedical therapeutics and 
research, making iridium-based nanoenzymes with multiple enzyme 
mimetic properties therapeutic agents for the clinical treatment of 
oxidative stress and inflammation.

Research progress

An in-depth assessment of the physicochemical properties, 
stability, and behaviour of IrNP-PVP in different biological 
environments is essential to ensure its use as an efficient and safe 
nanotherapeutic agent. The diversity of biological environments - 
including different pH values, ionic strengths, protein concentrations, 
and enzyme activities - has a significant impact on the stability and 
functionality of nanoparticles [19-22]. For example, small changes 
in pH may affect the charge, solubility, and aggregation state of 
nanoparticles, which in turn alters the way they interact with cell 
membranes and affects their distribution and drug release behavior 
in the organism [23-25]. Specifically, the particle size and surface 
modification of IrNP-PVP determine its transport efficiency in 
the blood and intercellular matrix, as well as its ability to evade 
recognition and clearance by the immune system [26]. Therefore, it 
is particularly important to assess the stability and biocompatibility 
of these nanoparticles under specific conditions such as simulated 
blood, tumor microenvironments and inflammatory regions 
through laboratory studies that mimic the in vivo environment 
[27,28]. These studies require not only measurements involving 
chemistry and physics, such as dynamic light scattering (DLS) and 
transmission electron microscopy (TEM) to determine particle 
size and morphology, but also biological tests, such as cytotoxicity 
assays, cell phagocytosis assessments, and interaction analyses at the 
molecular level, in order to gain a comprehensive understanding of 
the biological behavior of IrNP-PVP [29,30].

In addition, long-term stability studies are equally indispensable, 
considering that nanoparticles may undergo physical and chemical 
changes in the biological environment over time [31]. This includes 
assessing the tendency of nanoparticles to aggregate during storage 
and in vivo circulation, the rate of release of active ingredients, and 
possible degradation products, which are directly related to their 
efficacy and safety [32,33]. To this end, meticulous monitoring of 
the chemical stability and morphological changes of IrNP-PVP 
using advanced analytical techniques, such as high-performance 
liquid chromatography (HPLC), mass spectrometry (MS), and 
atomic force microscopy (AFM), is an indispensable step [34-36]. 
These comprehensive characterization studies will not only optimize 
the design of IrNP-PVP and improve its performance in clinical 
applications, but also facilitate the standardization of its safety 
assessment process and accelerate its translation to the clinic [37,38]. 
Such a research approach ensures that all key factors related to the 
clinical application of nanoparticles are taken into account at the 
early stage of their development, laying a solid foundation for their 
successful application in healthcare [39,40].

Our study demonstrated that the ultrasmall nanoenzyme 
IrNP-PVP is safe and effective for in vivo application in mice, 
with antioxidant and anti-inflammatory effects. Therefore, there 
are potential prospects that can be used to treat various ROS and 
inflammation-related diseases such as acute kidney injury, acute liver 
injury, diabetic wounds and pancreatitis in a clinical setting [41-
43]. Further, exploring the potential of IrNP-PVP nanoparticles 
in combination with other therapeutic drugs or treatments for 
the treatment of acute pancreatitis or other inflammatory diseases 
opens up a promising new pathway aimed at improving therapeutic 
efficiency and reducing adverse effects [44,45]. In this therapeutic 
strategy, IrNP-PVP not only serves as a platform for drug delivery 
and enhances the targeting and therapeutic efficacy of specific 
drugs but may also directly contribute to inflammation alleviation 
and tissue repair through its unique anti-inflammatory effects. For 
example, in the treatment of acute pancreatitis, IrNP-PVP could be 
designed as a carrier to carry drugs with potent anti-inflammatory 
effects to directly target damaged pancreatic tissues, thereby 
reducing systemic side effects and enhancing the concentration and 
persistence of therapeutic agents in the inflamed region. In addition, 
the combined use of IrNP-PVP and other therapeutic modalities, 
such as immunomodulators or biologics [46,47], can achieve a 
more comprehensive therapeutic effect by working together on 
the inflammatory pathway through multiple mechanisms. This 
multimodal therapeutic strategy not only contributes to the rapid 
relief of the acute inflammatory response, but also prevents, to 
some extent, the development of post-inflammatory fibrosis or 
other long-term complications [48]. Achieving this goal requires 
in-depth studies of IrNP-PVP interactions with various drugs and 
therapeutic approaches to ensure that the safety and efficacy of the 
combination are maximized. In summary, by combining IrNP-PVP 
with other therapeutic drugs or approaches, we can not only enhance 
the effectiveness of treating acute pancreatitis or other inflammatory 
diseases, but also provide patients with safer and more personalized 
treatment options. Further research in this area will provide valuable 
insights and new therapeutic tools for clinical care. Currently, 
based on the existing findings, our team is trying to combine IrNP-
PVP with cellular vesicles and other combination therapies for 
inflammatory diseases. In our follow-up studies, we have made some 
important discoveries, for example, IrNP-PVP is also effective in the 
treatment of acute liver injury, infected wounds and so on.

Citation: Jin W, Su X. Commentary on “Ultrasmall polyvinylpyrrolidone-modified iridium nanoparticles with antioxidant and anti-inflammatory activity 
for acute pancreatitis alleviation”. J Clin Exp Hematol. 2024;3(1):8-13.



10J Clin Exp Hematol. 2024;3(1):8-13.

However, we need to further explore the potential toxicity and 
immunogenicity of IrNP-PVP nanoparticles. In delving into the 
potential toxicity and immunogenicity of IrNP-PVP nanoparticles 
for medical applications, we must employ a multidimensional 
assessment strategy that involves not only rigorous laboratory 
testing but also complex biological modelling studies [49,50]. The 
aim of this comprehensive assessment is to reveal the mechanism of 
IrNP-PVP interaction with biological systems and its safety under 
different physiological conditions. A critical first step in the toxicity 
assessment is to perform an acute toxicity assay [51,52], which is 
implemented by administering a single high dose of IrNP-PVP to a 
model organism (usually a mouse or rat) over a short period of time. 
This experiment is designed to rapidly identify any immediate health 
risks or biological responses, such as cell death, organ damage, or 
acute inflammatory responses. Subsequently, chronic toxicity studies 
will evaluate IrNP-PVP for long-term or repeated exposures, which 
are more closely aligned with real-world applications in clinical 
therapy and can reveal long-term cumulative effects such as chronic 
inflammation, organ function decline, or risk of cellular degeneration 
[53]. The assessment of immunogenicity is equally complex and 
requires a detailed analysis of whether IrNP-PVP triggers a specific 
immune response, including antibody production or a cell-mediated 
immune response [54,55]. This requires an initial screening in vitro 
using human or animal immune cells, followed by in vivo validation 
by animal models to monitor for possible allergic reactions or 
autoimmune pathologies [56,57]. This assessment focuses not only 
on the immune activation capacity of IrNP-PVP itself, but also on 
the complex immune effects that may be induced when it is loaded. 
Through these comprehensive and detailed studies, scientists were 
able to systematically identify and assess the risks that IrNP-PVP 
may encounter in practical medical applications, providing a solid 
scientific basis for preclinical safety evaluation. Such studies not 
only help to optimize the design and application of IrNP-PVP, but 
also provide an important guarantee to protect patient safety and 
improve therapeutic efficacy.

The next work will focus on the signaling pathways and 
mechanisms of action by which IrNP-PVP’s exert anti-inflammatory 
and antioxidant effects. Further investigation of the antioxidant 
and anti-inflammatory mechanisms of IrNP-PVP nanoparticles is 
essential to optimize their design and expand their range of medical 
applications. By delving into how IrNP-PVP affects intracellular 
signaling pathways and molecular mechanisms, we can gain a 
more precise understanding of the underlying causes of its anti-
inflammatory and antioxidant effects. NF-κB is a transcription 
factor that plays a key role in regulating inflammatory responses. In 
its inactivated state, NF-κB binds to the inhibitory protein IκB in 
the cytoplasm. When cells are stimulated (e.g., by inflammation), 
IκB is phosphorylated and degraded, releasing NF-κB, which 
subsequently enters the nucleus and promotes the expression of 
inflammation-associated genes [58-62]. IrNP-PVP may inhibit the 
activation and intranuclear translocation of NF-κB by inhibiting 
the phosphorylation of IκBα and preventing its degradation. This 
reduces the production of inflammatory mediators such as tumor 
necrosis factor α (TNF-α), interleukin 1β (IL-1β) and interleukin 
6 (IL-6), resulting in anti-inflammatory effects [63-65]. ROS is 
produced during cellular metabolism, and an excess of ROS can 
lead to oxidative stress and damage to cellular structures, including 
lipids, proteins, and DNA [66]. This is a many of the inflammatory 
and degenerative key pathological processes [67,68]. IrNP-PVP 

may have specific surface properties that allow it to scavenge ROS 
directly or reduce ROS levels by activating intracellular antioxidant 
enzymes such as superoxide dismutase (SOD) and glutathione 
peroxidase (GPx) [69,70]. This mechanism helps to reduce oxidative 
stress and protect cells from damage [71,72]. These speculations 
help us to further investigate the antioxidant and anti-inflammatory 
mechanisms of IrNP-PVP. It is also crucial to understand the 
behavior of IrNP-PVP in different biological environments, such 
as its distribution and metabolism in blood, inflammatory tissues 
or specific cell types. This information will help scientists to design 
more effective and safer nanoparticles that are targeted to improve 
their anti-inflammatory and antioxidant properties. Ultimately, 
these mechanistic insights could guide the development of novel 
therapeutic strategies for a variety of diseases, including autoimmune 
diseases, neurodegenerative disorders, cardiovascular diseases, etc., in 
which the antioxidant and anti-inflammatory properties of IrNP-
PVP may play a key role [73-75]. These efforts will not only fill 
the existing knowledge gaps, but also further clarify whether these 
findings can be generalized to the treatment of other diseases. This 
will contribute to clinical translation and application.

Future Challenges

The clinical translation of IrNP-PVP is not only a technical and 
scientific challenge, but also a multidimensional strategic issue that 
requires fine planning and optimization on many fronts. Firstly, 
scaling up production means that a balance must be found between 
ensuring product quality while maintaining cost-effectiveness. Every 
step of the production process, from the selection of raw materials 
to the packaging of the final product, needs to take efficiency and 
environmental impact into account. This requires not only innovative 
production technologies, but also continuous improvement of 
existing processes.

On the regulatory front, the demonstration of the safety and 
efficacy of IrNP-PVP, as a novel nanomaterial, is critical to obtaining 
regulatory approval. This involves not only complex preclinical study 
design, but also transparent and detailed reporting of preclinical 
data [37,76]. The complexity of the regulatory pathway requires 
development teams to be familiar not only with international 
standards but also with the specific requirements of the target 
market [77,78]. In addition, ethical issues of nanotechnology, such 
as potential long-term environmental impacts and patient privacy 
concerns, need to be fully considered and addressed during the 
R&D process [79-81].

In terms of clinical trial design, choosing the right endpoint 
indicators and ensuring sufficient patient participation are key 
challenges [82]. Targeting IrNP-PVP for specific applications, 
such as the treatment of pancreatitis, may mean that innovative 
clinical trial designs need to be used to accurately assess its efficacy. 
In addition, transparency and communication during the patient 
recruitment process to ensure that patients fully understand the 
potential risks and benefits of the trial is essential to maintain public 
trust and obtain ethical approval [83,84].

In conclusion, the clinical translation of IrNP-PVP is a process 
involving complex scientific, technical, ethical, and regulatory 
challenges. It requires a multidisciplinary team working closely 
together to find innovative solutions while ensuring public and 
environmental responsibility. As the research progresses and the 
technology matures, the potential of IrNP-PVP to improve patient 
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outcomes becomes a reality, paving the way for future medical 
innovations.

Summary

Although nanoenzymes are able to mimic natural enzymes 
and offer advantages such as anti-inflammatory and antioxidant 
properties, their application still faces many challenges. These 
challenges include ensuring a safe range of dosages for use to protect 
biological systems, improving the selectivity and specificity of 
nanoenzymes to avoid non-specific reactions, safety in long-term 
applications and possible side effects, improving stability in different 
environments, and controlling nanoenzymes’ activity precisely, 
among other issues. As scientific research progresses, it is expected 
that these challenges will be gradually overcome, thus expanding the 
prospects of nanoenzymes in different fields. 

In sum, although we have made some progress in our work, a 
comprehensive understanding of IrNP-PVP nanoenzymes awaits 
future research. We are confident that, as our research continues, our 
work will have a profound impact on the entire field of nanoenzymes 
in medical applications.
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59.	Griendling KK, Sorescu D, Lassègue B, Ushio-Fukai M. Modulation 
of protein kinase activity and gene expression by reactive oxygen 
species and their role in vascular physiology and pathophysiology. 
Arteriosclerosis, Thrombosis, and Vascular Biology. 2000 
Oct;20(10):2175-83.

60.	Ba X, Ye T, Shang H, Tong Y, Huang Q, He Y, et al. Recent Advances 
in Nanomaterials for the Treatment of Acute Kidney Injury. 

Citation: Jin W, Su X. Commentary on “Ultrasmall polyvinylpyrrolidone-modified iridium nanoparticles with antioxidant and anti-inflammatory activity 
for acute pancreatitis alleviation”. J Clin Exp Hematol. 2024;3(1):8-13.



13J Clin Exp Hematol. 2024;3(1):8-13.

ACS Applied Materials & Interfaces. 2024 Feb 29; 2024 Mar 
13;16(10):12117-12148.

61.	Fakhri S, Abdian S, Zarneshan SN, Moradi SZ, Farzaei MH, Abdollahi 
M. Nanoparticles in combating neuronal dysregulated signaling 
pathways: Recent approaches to the nanoformulations of 
phytochemicals and synthetic drugs against neurodegenerative 
diseases. International Journal of Nanomedicine. 2022 Jan 22:299-
331.

62.	Xu Y, Hu Q, Wei Z, Ou Y, Cao Y, Zhou H, et al. Advanced polymer 
hydrogels that promote diabetic ulcer healing: mechanisms, 
classifications, and medical applications. Biomaterials Research. 
2023 Apr 26;27(1):36.

63.	Liu SF, Malik AB. NF-κB activation as a pathological mechanism of 
septic shock and inflammation. American Journal of Physiology-
Lung Cellular and Molecular Physiology. 2006 Apr;290(4):L622-45.

64.	Tagashira Y, Taniguchi F, Harada T, Ikeda A, Watanabe A, Terakawa N. 
Interleukin-10 attenuates TNF-α–induced interleukin-6 production 
in endometriotic stromal cells. Fertility and Sterility. 2009 May 
1;91(5):2185-92.

65.	Wu Q, Li R, Soromou LW, Chen N, Yuan X, Sun G, et al. p-Synephrine 
suppresses lipopolysaccharide-induced acute lung injury by 
inhibition of the NF-κB signaling pathway. Inflammation Research. 
2014 Jun;63:429-39.

66.	Sies H, Jones DP. Reactive oxygen species (ROS) as pleiotropic 
physiological signalling agents. Nature Reviews Molecular Cell 
Biology. 2020 Jul 15;21(7):363-83.

67.	Khansari N, Shakiba Y, Mahmoudi M. Chronic inflammation and 
oxidative stress as a major cause of age-related diseases and cancer. 
Recent Patents on Inflammation & Allergy Drug Discovery. 2009 Jan 
1;3(1):73-80.

68.	Liu X, Chen Z. The pathophysiological role of mitochondrial 
oxidative stress in lung diseases. Journal of Translational Medicine. 
2017 Dec;15:1-3.

69.	Wang L, Zhu B, Deng Y, Li T, Tian Q, Yuan Z, et al. Biocatalytic and 
antioxidant nanostructures for ROS scavenging and biotherapeutics. 
Advanced Functional Materials. 2021 Aug;31(31):2101804.

70.	Zhou S, Cai H, He X, Tang Z, Lu S. Enzyme-mimetic antioxidant 
nanomaterials for ROS scavenging: Design, classification, and 
biological applications. Coordination Chemistry Reviews. 2024 Feb 
1;500:215536.

71.	Truong VL, Jun M, Jeong WS. Role of resveratrol in regulation of 
cellular defense systems against oxidative stress. Biofactors. 2018 
Jan;44(1):36-49.

72.	Reiter RJ, Acuña‐Castroviejo D, Tan DX, Burkhardt S. Free radical‐
mediated molecular damage: mechanisms for the protective 
actions of melatonin in the central nervous system. Annals of the 
New York Academy of Sciences. 2001 Jun;939(1):200-15.

73.	Liu Y, Weng W, Gao R, Liu Y. New insights for cellular and molecular 
mechanisms of aging and aging-related diseases: herbal medicine 
as potential therapeutic approach. Oxidative Medicine and Cellular 
Longevity. 2019 Oct;2019:4598167.

74.	Khoury R, Grossberg GT. Deciphering Alzheimer’s disease: 
Predicting new therapeutic strategies via improved understanding 
of biology and pathogenesis. Expert Opinion on Therapeutic 
Targets. 2020 Sep 1;24(9):859-68.

75.	Liu J, Han X, Zhang T, Tian K, Li Z, Luo F. Reactive oxygen species 
(ROS) scavenging biomaterials for anti-inflammatory diseases: 
From mechanism to therapy. Journal of Hematology & Oncology. 

2023 Nov 30;16(1):116.

76.	Hua S, De Matos MB, Metselaar JM. Current trends and challenges 
in the clinical translation of nanoparticulate nanomedicines: 
pathways for translational development and commercialization. 
Frontiers in pharmacology. 2018 Jul 17;9:403086.

77.	Tinkle S, McNeil SE, Mühlebach S, Bawa R, Borchard G, Barenholz Y, 
et al. Nanomedicines: addressing the scientific and regulatory gap. 
Annals of the New York Academy of Sciences. 2014 Apr;1313(1):35-
56.

78.	Gawne PJ, Ferreira M, Papaluca M, Grimm J, Decuzzi P. New 
opportunities and old challenges in the clinical translation of 
nanotheranostics. Nature Reviews Materials. 2023 Dec;8(12):783-
98.

79.	Allhoff F, Lin P, editors. Nanotechnology & society: Current and 
emerging ethical issues. Dordrecht: Springer Netherlands; 2009.

80.	Resnik DB, Tinkle SS. Ethics in Nanomedicine. Nanomedicine (Lond). 
2007 Jun;2(3):345-50.

81.	Kelechukwu E. Social, legal, ethical, health, safety and environmental 
aspects of nanotechnology. Federal University of Technology.

82.	Llovet JM, Di Bisceglie AM, Bruix J, Kramer BS, Lencioni R, Zhu 
AX, et al. Design and endpoints of clinical trials in hepatocellular 
carcinoma. Journal of the National Cancer Institute. 2008 May 
21;100(10):698-711.

83.	Hutchings E, Loomes M, Butow P, Boyle FM. A systematic literature 
review of health consumer attitudes towards secondary use and 
sharing of health administrative and clinical trial data: a focus on 
privacy, trust, and transparency. Systematic Reviews. 2020 Oct 
9;9(1):235.

84.	Rooshenas L, Elliott D, Wade J, Jepson M, Paramasivan S, Strong 
S, et al. Conveying equipoise during recruitment for clinical trials: 
qualitative synthesis of clinicians’ practices across six randomised 
controlled trials. PLoS Medicine. 2016 Oct 18;13(10):e1002147.

Citation: Jin W, Su X. Commentary on “Ultrasmall polyvinylpyrrolidone-modified iridium nanoparticles with antioxidant and anti-inflammatory activity 
for acute pancreatitis alleviation”. J Clin Exp Hematol. 2024;3(1):8-13.


