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thereby interfering with many biological 
processes in our bodies.[3,4] Among them, 
oxidative stress plays a critical role in the 
occurrence and development of cardio- 
and cerebrovascular diseases.[5,6] Excess 
free radicals attack proteins, lipids, and 
DNA in cells and tissues, inactivating their 
functions, therefore hindering normal 
signaling pathways and causing damage 
to the body.[7–9]

Maintaining the balance of redox levels 
in living organisms is one of the vital 
functions of natural enzymes.[10] However, 
with the onset of diseases, the loss of nat-
ural enzyme activity severely affects their 
function of regulating reactive oxygen 
species (ROS).[11] Meanwhile, an evoked 
immune reaction increases the activities 
of some related enzymes that cause more 
ROS production.[12,13] Natural enzymes 
have been used as therapeutics to solve 
these problems but with limited success. 

The failure of enzymatic therapeutics could be attributed to 
their weaknesses, such as high cost, low stability, and potential 
immunogenicity. Therefore, developing enzyme-like mimics 
offers a promising strategy to address this dilemma.[14,15] In 
particular, functional nanomaterials with enzyme-like activities 
(called nanozymes) have been considered as emerging artifi-
cial enzymes. Nanozymes have unique advantages over natural 
enzymes and conventional enzyme mimics, including lower 
cost, more facile preparation, and superior robustness.[16–18] 
In addition, nanozymes have multiple enzyme-like activities 
and multi-functionality. The primary effects of nanozymes are 
essential for related therapies. Taking SOD-like activity as an 
example, researchers have applied different probes to capture 
the superoxide radicals to evaluate the scavenging abilities of 
nanozymes. For instance, they used hydroethidine (HE), nitro 
blue tetrazolium (NBT), iodonitrotetrazolium chloride (INT), 
water-soluble tetrazolium salt (WST)-8, cytochrome c, and 
5,5-dimethyl-1-pyrroline-N-oxide (DMPO) as probes.[19] Through 
a comparative study, the pros and cons of these probes as well 
as several matters needing attention have been addressed. 
These developed efforts help to select a more suitable SOD-
like activity detection method for nanozymes in the future. 
Likewise, a convincing method for measuring CAT-like activi-
ties was established.[20] Notably, a comprehensive comparison 
among the dopamine (DA)-enabled assay and other methods 
was made, including the dissolved oxygen sensor, spectropho-
tometric assay (240 nm), Ti(SO4)2 method, ammonium molyb-
date method, KMnO4 method, and ferrous oxidation in xylenol 

Cardio- and cerebrovascular diseases are two major vascular-related dis-
eases that lead to death worldwide. Reactive oxygen species (ROS) play a 
vital role in the occurrence and exacerbation of diseases. Excessive ROS 
induce cellular context damage and lead to tissue dysfunction. Nanozymes, 
as emerging enzyme mimics, offer a unique perspective for therapy through 
multifunctional activities, achieving essential results in the treatment of ROS-
related cardio- and cerebrovascular diseases by directly scavenging excess 
ROS or regulating pathologically related molecules. This review first intro-
duces nanozyme-enabled therapeutic mechanisms at the cellular level. Then, 
the therapies for several typical cardio- and cerebrovascular diseases with 
nanozymes are discussed, mainly including cardiovascular diseases, ischemia 
reperfusion injury, and neurological disorders. Finally, the challenges and 
outlooks for the application of nanozymes are also presented. This review 
will provide some instructive perspectives on nanozymes and promote the 
development of enzyme-mimicking strategies in cardio- and cerebrovascular 
disease therapy.

1. Introduction

Cardio- and cerebrovascular diseases account for an enor-
mous and increasing health burden worldwide, leading to the 
most disability and death every year.[1,2] These diseases share 
common risk characteristics, such as obesity, high blood pres-
sure, high lipid/glucose metabolism, and oxidative stress, 
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orange (FOX) assay. This helps to select an appropriate detec-
tion method according to the users’ needs. The methods for 
evaluating other scavenging activities are summarized in this 
review.[21] Similarly, at cellular levels, numerous probes are avail-
able to evaluate the ROS elimination abilities of nanozymes. 
2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA) is widely 
used as a fluorescent probe to detect ROS elimination abilities 
at cellular levels. In addition, dihydroethidium (DHE), ROS-
Green and hydroxyphenyl fluorescein (HPF) are probes spe-
cific for superoxide radicals, hydrogen peroxide, and hydroxyl 
radicals, respectively.[22] Based on these convincing methods of 
research, researchers can easily confirm the primary effects of 
nanozymes, so that nanozymes are widely studied. Nowadays, 
nanozymes have been used to treat many chronic inflammatory 
diseases, especially cardio- and cerebrovascular diseases. Gen-
erally, nanozymes use two mechanisms to treat these diseases. 
On the one hand, nanozymes can scavenge excess ROS directly 
and regulate the inflammatory microenvironment. On the 
other hand, nanozymes can regulate the pathologically related 
signaling molecules and coordinate cell communications for 
therapy.

In this review, we select some representative works to elab-
orate on how nanozymes make differences in disease treat-
ment. We first discuss the mechanisms of nanozyme-enabled 
therapies for cardio- and cerebrovascular diseases at the cellular 
level. Then, with the aid of nanozymes, in vivo applications and 
curative effects for cardiovascular diseases, ischemia reperfu-
sion injury, and neurological disorders will be discussed. Fur-
thermore, we discuss the challenges to achieving the clinical 
application of nanozymes in the future.

2. Therapeutic Mechanisms of Nanozyme-Enabled 
Therapies for Cardio- and Cerebrovascular Diseases
One of the challenges for nanozyme application is to incarnate 
their authentic competencies in life systems. In this section, 
we introduce several therapeutic mechanisms of nanozymes in 
treating several representative cardio- and cerebrovascular dis-
eases at the cellular levels.

3. Antioxidative and Anti-Inflammatory Strategies

The mitochondrial respiratory chain is key site of ROS pro-
duction. A suitable level of ROS can be metabolically benefi-
cial. However, an increased level of intracellular free radicals 
will not only affect the mitochondrial electron transport chain 
but also alter mitochondrial function and impair cell regen-
erative capacity.[23,24] For example, cardio- and cerebrovas-
cular diseases are usually accompanied by the production of 
excessive ROS, which further induces oxidative stress and 
leads to DNA damage, an inflammatory response, cellular 
senescence, and programmed cell death. In normal cells, 
many antioxidative enzymes are deployed to scavenge exces-
sive ROS and maintain mitochondrial functions. In diseased 
cells, however, these enzymes are either insufficient to scav-
enge excess ROS, or may even be dysfunctional. Nanozymes 
with superoxide dismutase (SOD)-, catalase (CAT)-, and glu-

tathione peroxidase (GPx)-like activities can function like their 
natural counterparts to scavenge excessive ROS in living sys-
tems. Alternatively, nanozymes with cytochrome c oxidase-like 
(CcO) activity can convert oxygen to water without the release 
of ROS. In this regard, Mugesh and coworkers synthesized 
a cerium vanadate (CeVO4) nanozyme with CcO-like activity, 
which was utilized to protect mitochondrial damage from 
a lack of CcO (Figure 1a). In addition, they showed that the 
CeVO4 exhibited intrinsic SOD-like activity, which was able 
to eliminate partially reduced oxygen species (PROS) gener-
ated during simulated CcO catalysis and protect mitochondria 
from damage.[25] In a subsequent study, they explored the 
SOD-like activity of CeVO4 nanozyme in an attempt to replace 
the function of native SOD in cells. They demonstrated that 
the CeVO4 nanozyme showed potential substitution functions 
of three isoforms of SOD (i.e., SOD1, SOD2, and SOD3) in 
mammalian cells. Specifically, the CeVO4 nanozyme could 
almost entirely substitute for the function of natural SOD1 
and SOD2 in neuronal cells when the natural SOD enzymes 
were downregulated by specific gene silencing (Figure 1b,d). 
In the SOD1- and SOD2-depleted cells, due to the nanozyme-
enabled regulation of ROS levels, the physiological levels of 
the anti-apoptotic Bcl-2 family proteins were restored, which 
helped to prevent mitochondrial damage and rebuild mito-
chondrial integrity (Figure  1f–h). In addition, the CeVO4 
nanozyme could regulate the ATP levels in neuronal cells for 
mitochondrial melioration (Figure 1c,e).[26]

Excessive ROS can induce oxidative stress and lead to DNA 
damage, cellular senescence, and programmed cell death. In 
most cases, these phenomena do not occur in isolation.[27,28] 
For example, DNA damage-induced senescence and stress-
induced senescence are two subtypes of damage-induced 
senescence.[29] Next, we will use DNA damage and cell senes-
cence as examples to demonstrate that nanozymes can achieve 
therapeutic purposes by scavenging ROS. DNA damage evokes 
a series of cellular responses, such as DNA lesions, cell cycle 
arrest, DNA repair, cellular senescence, and apoptosis.[30] 
Moreover, DNA damage triggers many dangerous results in all 
organ systems, including the heart and vasculature, resulting 
in cardiovascular and cerebrovascular diseases.[31] ROS is the 
main factor that causes oxidative DNA damage. Therefore, 
antioxidant nanozymes can be used to protect cells from DNA 
damage. Mn3O4 nanoflowers with SOD-, CAT-, and GPx-like 
activities could efficiently scavenge excessive ROS under physi-
ological conditions. Because of the excellent antioxidant activity 
of Mn3O4 nanozymes, DNA, lipids, and proteins in cells were 
protected from oxidative damage, showing a significant reduc-
tion in the accumulation of DNA double-strand breaks and no 
accumulation of lipid peroxides and protein carbonyls. Nuclear 
factor (erythroid-derived 2)-like 2 (Nrf2) is the main protein that 
enhances the expression of antioxidants in cells. Notably, the 
Nrf2 protein response did not change after Mn3O4 nanozyme 
treatment under oxidative stress conditions, indicating that 
the nanozyme could protect cells from ROS-induced DNA 
damage but did not interrupt the sensing mechanism of oxi-
dative stress.[32] Similarly, Nobuaki et  al. found that Ce-doped 
titanate nanosheets with SOD-like activity inhibited UV-induced 
DNA damage since they catalyzed the conversion of O2

•− to O2 
and H2O2.[33]
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In addition, nanozymes also attenuate cellular senescence, 
which is closely related to the development of vascular patholo-
gies. Ultraviolet A (UVA) irradiation can produce ROS, which 
then in turn induces cellular senescence. Luo and coworkers 
synthesized ultrasmall Prussian blue nanoparticles (USPBNPs) 

with excellent antioxidant activity, which could significantly scav-
enge ROS for cellular senescence therapy. Benefiting from the 
ultrasmall size and superior activity of PB, as low as 1 µg mL−1  
USPBNPs significantly decreased the SA-β-gal activity. After 
that, the authors elucidated the molecular pathway by which PB  

Small 2022, 2204809

Figure 1.  a) CeVO4 nanozymes catalyze the reduction of dioxygen to water without releasing partially reduced oxygen species. Reproduced with permis-
sion.[25] Copyright 2019, Wiley-VCH. SH-SY5Y cells were transfected with SOD1-siRNA or with Scr-siRNA for up to 24 h, and incubated with 50 ng µL−1 
nanomaterials (CeVO4 nanorods, NiO, MnO2, CeO2, and V2O5) for another 24 h, followed by treating the cells with DHE (5 µm) and JC-1 (5 µm) for 
b) superoxide levels and g) mitochondrial membrane potential, respectively. Estimation of cellular ATP level after 48 h of transfection with c) siSOD1 
and e) siSOD2 in the presence or absence of CeVO4 nanorods using bioluminescence detection kit. SH-SY5Y cells were transfected with SOD2-siRNA 
or Scr-siRNA for up to 24 h, and 50 ng µL−1 nanomaterials (CeVO4 nanorods, NiO, MnO2, CeO2, and V2O5) were incubated for another 24 h, followed 
by treating the cells with MitoSOX (10 µm) and JC-1 (5 µm) for d) mitochondrial superoxide levels and h) mitochondrial membrane potential, respec-
tively. f) Schematic representation of pro-survival and pro-apoptotic Bcl-2 family proteins alignment on the mitochondrial membrane. Adapted with 
permission.[26] Copyright 2021, Wiley-VCH.
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protected cellular senescence from UVA. After adding USPBNPs, 
the G1/S phase cell cycle arrest of UVA-irradiated human fibro-
blasts was attenuated, and senescence-associated proteins such 
as p16, p21, p53, and γ-H2AX were all reduced, suggesting that 
USPBNPs could inhibit ERK/AP by eliminating excess ROS 
to achieve the treatment of senescent cells.[34] The presence of 
nanozymes has positive impacts on regulating these ROS-associ-
ated pathways, making sense to attenuate senescence.

After discussing the protective mechanism of nanozymes 
by ROS scavenging, we introduce several in vitro studies that 
used antioxidant nanozymes for cardio- and cerebrovascular 
diseases. In Parkinson’s disease (PD), a high level of ROS leads 
to cell damage and prevails condition exacerbated. To this end, 
Kuang et al. prepared a series of chiral molecule-mediated 
CuxO nanozymes with ROS scavenging capacity (Figure 2). 
Such CuxO synthesized with l-phenylalanine (CuxO-Phe NCs) 

Small 2022, 2204809

Figure 2.  Chiral molecule-mediated porous CuxO nanoparticle clusters (NCs) with antioxidation activity for ameliorating Parkinson’s disease. a) Sche-
matic illustration of the preparation of CuxO NCs. b) Confocal images of wild-type mice striata, MPTP-induced PD mice striata, and CuxO NCs-treated 
PD mice striata: expression of IBA-1 and TH. c) Average expression levels of: IBA-1, TH, and 4-HNE in each treatment group (n = 6). Adapted with 
permission.[35] Copyright 2019, American Chemical Society.
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had triple enzyme-like activities, which could synergistically 
eliminate ROS, endowing them with outstanding cytopro-
tecting ability. The representative apoptotic pathway, caspase 3, 
was downregulated by nanozyme treatment, while the expres-
sion of the related ionic calcium-binding adaptor 1 (IBA-1) was 
also decreased. IBA-1 is an indicator of neuroinflammation, and 
a reduced level of IBA-1 indicates amelioration of unbalanced 
oxidative states. Meanwhile, Kuang demonstrated that CuxO 
nanozymes could improve the striatal tyrosine hydroxylase 
(TH) level, which was necessary for dopamine biosynthesis. 
In the CuxO treatment group, the content of TH was upregu-
lated, suggesting that possible blocking of dopamine-depletion 
pathway induced PD.[35] These results showed that nanozymes 
possessed superior cytoprotecting capacity via ROS scavenging.

Besides, ceria-based nanomaterials were designed for to treat 
the neurotoxicity of amyloid-β peptide (Aβ). By coating CeONPs 

with polyoxometalates (POMs), CeONP@POMs nanozymes 
with SOD- and proteolytic enzyme-like activity were synthe-
sized (Figure 3). The CeONP@POMs nanozymes could pen-
etrate the blood brain barrier (BBB) by the endocytic pathway 
and then effectively reduce Aβ-mediated toxicity by clearing 
Aβ and decreasing cellular ROS.[36] This work was based on 
the ROS-scavenging abilities of nanozymes and, more impor-
tantly, demonstrated the use of hydrolase-like nanozymes for 
therapies.

The signals and mass transfer among the cells are also 
vital biological processes. For example, the finding of patho-
logic α-synuclein transmission among brain cells is a break-
through to help understand the possible causes of PD.[37] 
In this case, the excessive ROS significantly affects this 
spreading process (Figure 4a). Mao and coworkers reported 
that bimetal nanozymes (PtCu nanoalloys) with excellent 

Small 2022, 2204809

Figure 3.  Ceria/POMs hybrid nanoparticles mimicking metallopeptidase for treatment of neurotoxicity of amyloid-β peptide. a) Scheme of CeONP@
POMs as a hydrolytic enzyme to degrade Aβ40 monomers and MALDI-TOF MS of Aβ40 monomers untreated or treated with CeONP@POMs. b) Sche-
matic representation of the cytotoxicity of Aβ40 and the effect of CeONP@POM on improving the process. SDS-PAGE analysis of c) Aβ40 and OVA treated 
or untreated with CeONP@POMs, d) Aβ40 monomers treated or untreated with CeONP@POMs. Adapted with permission.[36] Copyright 2016, Elsevier.
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ROS scavenging abilities prevented the aggregation of ROS-
induced α-synuclein and the transmission of related cell-to-
cell prion-like proteins. PtCu alloys possessed adjustable 
activities of ROS scavenging by changing the content of Pt, 
which benefited nanozymes to protect cells from oxidative 
stress. PtCu nanozymes significantly decreased the amount of 
pS129 in preformed fibril-treated neurons (≈50% less), which 

was a crucial marker for indicating the degree of α-synuclein 
pathology and spreading (Figure 4c–e). Moreover, they used 
a two-chamber microfluidic neuronal culture device as an 
in vitro model to demonstrate the blocking effect of PtCu 
nanozymes on α-synuclein transmission (Figure  4b). Simi-
larly, the pS129 immunoreactivity was reduced by nanozyme 
treatments.[38]

Small 2022, 2204809

Figure 4.  Nanozyme scavenging ROS for prevention of pathologic α-synuclein transmission in Parkinson’s disease. a) PtCu nanozyme scavenging ROS 
and preventing pathologic α-synuclein-induced pathology, neurotoxicity and cell-to-cell transmission in vitro and in vivo. b) Timeline of α-syn transmis-
sion in the in vitro experiment (top) and the experimental design with PtCu NA treatment in the microfluidic chamber (bottom). c) Neurons were cultured 
in chamber 1 and chamber 2. Preformed fibrils were added to neuron cultures at 7 days in vitro in chamber 1. PtCu NAs (1 µm) were treated simultaneously 
into neuron cultures in chamber 2. d,e) pS129 immunostaining for α-syn transmission. Adapted with permission.[38] Copyright 2021, Elsevier.
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4. Oxygen Regulation

Obstructed blood flow is a direct cause of some disorders,[39] 
resulting in hypoxia in cells in the ischemic area, which in 
turn leads to cell loss or dysfunction.[40] Regulation of angio-
genesis by hypoxia is an essential component of homeostatic 
mechanisms linking vascular oxygen supply to metabolic 
demands.[41] Stenosis or occlusion of the vasculature would 
induce the cellular apoptosis or necrosis and further dete-
riorate into tissue damage in cardiovascular and cerebrovas-
cular diseases.[42] Pro-angiogenesis is an effective strategy 
to improve the cellular apoptosis and necrosis. Therefore, 
oxygen regulation is a critical strategy to alleviate cardio- and 
cerebrovascular disorders.

Recently, with the help of pro-angiogenic cytokines, it 
has become easier to transfer blood flow to chronic inflam-
mation-damaged areas.[43] However, many side effects have 
been reported during clinical trials, such as thrombosis and 
fibrosis. Due to these challenges, various nanozymes have been 
exploited. Among them, nanoceria, one of the most studied 
nanozymes, could act as oxygen buffers due to its adjustable 
valence of cerium. Thus, nanoceria has been employed to 
improve hypoxic microenvironments. For example, Seal and 
coworkers employed nanoceria as an oxygen sponge (i.e., an 
oxygen transfer station) to promote angiogenesis. The oxygen 
level in cells can affect the stability of hypoxia-inducible factor 
1α (HIF-1α), which directly regulates gene expression of angio-
genesis. Nanoceria could dynamically mediate oxygen in cells 
like a buffer solution, resulting in different activation of HIF-
1α. Therefore, through this approach, pro-angiogenesis was 
realized.[44]

As mentioned above, based on its pro-angiogenesis ability, 
nanoceria was also adapted to build a tissue engineering scaffold 
in chicken chorioallantoic membranes and Sprague–Dawley 
rats. A biocompatible polymer polycaprolactone (PCL) was 
chosen as the scaffold, which was decorated with different con-
tents of nanoceria as therapeutics for angiogenesis (Figure 5a).  
The PCL/nCeO2 scaffolds played a role in cell adhesion, sub-
sequent migration, and proliferation, which were necessary for 
the functions of in vivo implants (Figure 5b). A further mole-
cular mechanism study revealed that the nanozyme upregu-
lated the expression of HIF, VEGF (vascular endothelial growth 
factor), and EGFR (endothelial growth factor) signals by its 
oxygen buffer ability (Figure 5c–e). These results demonstrated 
the feasibility of nanozymes for clinical usage.[45]

5. NO Generation

Most vascular lesions originate from the dysfunction of 
endothelial cells (ECs) induced by physical damage, unhealthy 
habits, and excessive ROS.[46,47] In this case, the level of nitric 
oxide (NO), an important signaling molecule, decreases, which 
affects the behaviors of smooth muscle cells (SMCs), platelets, 
and even the ECs themselves. Endothelin nitric oxide synthase 
(eNOS) is a critical enzyme that produces NO and plays a vital 
role in endothelial vascular protection. Moreover, persistent oxi-
dative stress renders eNOS uncoupled, causing severe dysfunc-
tion.[48] A number of studies have focused on fixing or replacing 

the damaged ECs to rebuild normal microenvironments. How-
ever, eNOS is very large and complicated, making it impossible 
to use as a therapeutic. Therefore, much attention is paid to 
finding alternative therapeutics to generate additional NO.[49,50]

In the presence of l-arginine (l-Arg) and β-nicotinamide 
adenine dinucleotide phosphate (NADPH), NOS can cata-
lyze NO generation. Inspired by the natural NOS enzymes, 
Wu, Chen and co-workers built an NOS-like nanoplatform. 
The mesoporous silica-decorated noble metal nanostruc-
tures called Au@SiO2-NH2 (NanoNOS) had NOS-, SOD-, and 
oxidase-mimicking functions. NO was produced via a three-
step cascade reaction: first, superoxide anions were produced 
by oxidase-like activity; second, H2O2 was produced from the 
superoxide anions via SOD-like activity; and finally, NO was 
generated from the oxidation of arginine by H2O2 (Figure 6a). 
NanoNOS-catalyzed NO release inhibited the injury-induced 
monocyte-endothelial cell adhesion by reducing the expression 
of adhesion molecules on the membrane of endothelial cells, 
such as intercellular cell adhesion molecule-1 (ICAM-1). With 
the precise modulation of the catalytic performance, undesir-
able cell adhesion was prevented by NanoNOS to a great extent, 
protecting endothelial cells from damage (Figure 6b).[51] In 
addition, researchers have also synthesized many nanozymes 
with GPx-like activities, which can convert endogenous prod-
rugs (e.g., S-nitrosoglutathione, GSNO) to NO.[52–55] Weng et al. 
made a polydopamine coating containing HKUST-1 MOF on 
stainless steel to mimic the function of ECs. They found that 
the HKUST-1 MOF coating could catalyze GSNO decomposi-
tion to generate NO, similar to natural enzymes. The immobi-
lization of HKUST-1 MOF could inhibit SMC proliferation and 
migration at the EC location and promote EC formation by the 
generated NO molecules. In addition, the activation and aggre-
gation of platelets were suppressed through the NO-cGMP 
signaling pathway. Based on the intercellular modulating 
effects of nanozymes, thrombosis was effectively prevented and 
reendothelization was obviously accelerated.[56]

Moreover, NO exerts its cellular effects via different mecha-
nisms, including cGMP-dependent and cGMP-independent 
pathways. NO can modify proteins through nitrosation to affect 
the signaling pathways.[57] More examples showing the effi-
ciency of NO in vivo will be discussed in the following sections.

6. Nanozymes for the Treatment of Cardio- and 
Cerebrovascular Diseases In Vivo
After discussing the therapeutic mechanisms of nanozymes 
in vitro, in this section, we selected representative examples 
to demonstrate the great promise of nanozymes for treating 
cardio- and cerebrovascular diseases in vivo.

7. Nanozymes for Cardiovascular Diseases

Cardiovascular diseases are the primary cause of death glob-
ally. The multifaceted etiology of cardiovascular diseases often 
involves atherosclerosis (AS). The current medications for 
treating AS include anti-cholesterol, anti-inflammatory, and 
anti-thrombus drugs. In severe cases, interventional treatment 

Small 2022, 2204809
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is needed. Implanting a drug-eluting stent (DES) provides the 
most effective treatment by enlarging the lumen of an artery 
narrowed by an atherosclerotic lesion.[58] However, neither 

the medicine for AS nor the drugs on the DES can avoid side 
effects. Therefore, new treatments have been exploited. Among 
them, nanomedicine has made considerable advancements in 

Small 2022, 2204809

Figure 5.  a) CeO2-containing scaffolds supported cell adhesion and angiogenesis in tissue engineering scaffolds. b) CAM incubated with PCL, PCL/nCeO2-0.5, 
PCL/nCeO2-1, PCL/nCeO2-2, and PCL/nCeO2-3 scaffolds and analyzed for the growth of blood vessels for a period of 0–8 h. Reverse-transcriptase PCR analysis 
of c) HIF1α, d) VEGF, and e) EGFR mRNA in tissues isolated from implanted scaffolds. Adapted with permission.[45] Copyright 2018, American Chemical Society.
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cardiovascular disease treatment.[48] Various nanomaterials have 
been designed to deliver drugs at the arterial injury sites.[59,60] 
Nanozymes can act as antioxidants for tissue recovery and 
disease treatment. Meanwhile, many nanozymes with porous 
structures can serve as carriers for drug delivery.

In an early study, Kolattukudy and coworkers found that 
CeO2 could inhibit progressive left ventricular dysfunction by 
decreasing the expression of monocyte chemoattractant pro-
tein (MCP-1), whose expression could cause ischemic reperfu-
sion.[61] In the MCP-1 transgenic mice, the expression of MCP-1 
in serum levels was downregulated owing to the auto-regenera-
tive antioxidant properties of CeO2, while the proinflammatory 
and endoplasmic reticulum (ER) stress-associated genes were 
also suppressed. As a consequence, the cardioprotective effects 
of CeO2 resulted in significant preservation of the left ven-
tricular dimension with less ventricular dilatation and a slight 
decrease in cardiac fractional shortening. Apart from being 
antioxidants, nanozymes could also be used as drug carriers 
without affecting their catalytic activity. The porous manganese-
substituted PB (PMPB) nanocube (NC) with rich porosity was 
used to load a clinical antioxidant drug (i.e., simvastatin). In the 
case of AS treatment, Xu et al. found that Simvastatin@PMPB 
NC outweighed either simvastatin alone or PMPB NC alone.[62] 
As the PMPB NC decreased the secretion of pro-inflammatory 
cytokines, the most significant decrease in oxidative stress was 
observed. Then, the oxidized LDL internalization and foam 
cell formation were also suppressed to a large extent. Accord-
ingly, Simvastatin@PMPB NC was expected to have an antia-
therosclerotic effect owing to the decreased thickness of the 
fibrous cap in the AS plaques. In another strategy of AS treat-
ment, Zhao and coworkers used platinum (Pt) and cerium 
(Ce) bimetallic nano-raspberry (PtCe NRs) with ticagrelor to 
inhibit foam cells and platelet aggregation (Figure 7a).[63] The 
ROS scavenging activity from PtCe NRs and ticagrelor acted 
on the P2Y12 receptor (preventing AS plaque expansion). Con-
sequently, the PtCe NRs controlled the area of atherosclerotic 
lesions in high-fat diet-fed ApoE−/− mice. The ticagrelor- and 
DSPE-PEG2000-Ticagrelor-PtCe NRs-treated groups had fewer 
oil red O (ORO)-positive areas than the saline treatment group, 
indicating good therapeutic effects (Figure 7b–f).

Endovascular interventional treatment, one of the primary 
methods for cardiovascular diseases, is needed in severe condi-
tions. However, vascular restenosis is a significant drawback of 
endovascular interventional treatment.[64] Zhang et al. reported 

that PB nanozyme (PBzyme) could modulate macrophage 
polarization to prevent vascular restenosis. PBzyme infiltration 
inhibited the expression of p-STAT1 by reducing ROS levels, 
thereby suppressing the inflammatory response and initiating 
the macrophages polarization toward the M1 phenotype. Since 
the PBzyme accumulated in the damaged vascular intima, it 
impeded the M1 responses and promoted the protective M2 
responses in macrophages, regulating the migration and pro-
liferation of ECs and SMCs indirectly. In this context, endovas-
cular intervention induced endothelial cell shedding through 
vascular balloon injury, which was a favorable condition for the 
passive infiltration of nanozymes into the vascular intima and 
accumulation in macrophages to alleviate long-term vascular 
restenosis.[65]

Due to trauma, disease, and congenital abnormalities, tissue 
disorders or organ loss inevitably occur, especially in the ves-
sels. Autografting and allografting are utilized for damaged 
area replacement. Because of the induced immunoreaction or 
complication of the current biomaterials, a new generation of 
biomedical materials is needed. As mentioned above, NO is a 
signaling molecule that modulates the steady state of the blood. 
A long-term in situ NO generation platform was recently estab-
lished by Wang and coworkers.[66] They obtained electrospun 
scaffolds incorporating MOF-199, a copper-based framework, as 
active catalytic materials to catalyze endogenous RSNO decom-
position (Figure 8a). Compared with PCL alone, the functional 
vascular grafts (PCL-0.125% MOF) achieved a higher degree 
of endothelial cell coverage and a lower percentage of platelet 
adhesion (Figure 8b). After 4 weeks of treatment, the endothe-
lialization rate was evaluated by immunofluorescence staining, 
and the rate of nanozyme-loaded scaffolds was 25.74% higher 
than that of the PCL alone group (Figure 8c,d). Moreover, the 
newly generated ECs were oriented in the direction of blood 
flow, which was the same as that of the native endothelium. 
These results demonstrated that NO produced by nanozymes-
loaded artificial vessels could effectively promote normal vessel 
reconstruction. And the repaired tissue displayed normal bio-
logical behaviors without any inappropriate sites. Another treat-
ment for vessel damage is stent implantation. As mentioned 
earlier, NO produced by nanozymes could mediate the behav-
iors of ECs, SMCs, platelets, and even macrophages. On this 
account, researchers have paid more attention to the decoration 
of stents. Weng and coworkers used a layer-by-layer method to 
prepare a MOF coating on the surface of stents (Figure 8e).[67] 

Small 2022, 2204809

Figure 6.  a) A nitric oxide synthase (NOS)-like nanoplatform (NanoNOS) that consists of a noble metal nanoparticle core and a mesoporous silica 
shell. NanoNOS can catalyze constant NO generation and protect from cardiovascular injury. b) Image-based quantitative results of HUVEC and THP-1 
cells stained with calcein: cell–cell adhesion increased due to endothelial cell injury resulting from external stimuli, while adhesion decreased after 
NanoNOS treatment. Adapted with permission.[51] Copyright 2020, American Chemical Society.
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The Cu-MOFs could catalyze the generation of NO, which suc-
cessfully suppressed neointimal hyperplasia in vessels and 
reduced the inflammatory response.

While NO is an indispensable substance in vessel systems, 
it also causes some diseases.[68] Pulmonary arterial hyperten-
sion (PAH) is a dangerous disease that can lead to heart failure 

and even death. It is established that the significant increase 
in NO, at least in part, raises oxidative stress in diseased areas 
and triggers worse conditions. In addition, long-term hyperten-
sion would initiate right ventricular (RV) hypertrophy, a rep-
resentative symptom. To address these problems, nanozymes 
have been employed to avoid the abnormal proliferation of the 

Small 2022, 2204809

Figure 7.  a) Platinum–cerium bimetallic nano-raspberry for atherosclerosis treatment via synergistic foam cell inhibition and P2Y12 targeted antiplatelet 
aggregation. b) Representative photographs of ORO-stained enface aortas from mice treated with different formulations. c) Representative images 
of aortic root sections stained with ORO and HE. d) Quantitative analysis of the lesion area in aortas. e,f) Quantitative analysis of the lesion area in 
aortas. Adapted with permission.[63] Copyright 2022, Elsevier.
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right ventricle.[69] In a monocrotaline-induced (MCT) rat model, 
ceria nanoparticles showed a splendid ability to inhibit unde-
sired tissue proliferation by decreasing oxidative stress and car-
diomyocyte apoptosis. In the measurement of pulmonary arte-

rial pressure (PA Pr), mean pulmonary arterial diameter (MPA 
diameter), mean pulmonary arterial area (MPA area), and right 
ventricular outflow tract diameter (RVOT), the related results 
of the nanozyme treatment group had no significant changes 

Small 2022, 2204809

Figure 8.  a) A metal–organic-framework incorporated vascular graft for sustained nitric oxide generation and long-term vascular patency. b) The ratio of 
endothelial cell long axis to short axis was calculated by En-face staining. c) The endothelial coverage at 2 and 4 weeks was calculated by SEM images. 
d) Endothelial coverage at 2 and 4 weeks was acquired based on longitudinal sections with CD31 staining. Adapted with permission.[66] Copyright 2021, 
Elsevier. e) Copper-based SURMOFs for NO generation could be a promising strategy for the surface modification of cardiovascular stents. Reproduced 
with permission.[67] Copyright 2019, American Chemical Society.
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at day 28 when compared with the beginning, while the con-
trol group showed 18%, 27%, 46%, and 14% higher parameters, 
respectively. Moreover, at the whole tissue level, RV anterior 
free wall thickness as well as inter-ventricular septum diameter 
was obviously attenuated by nanozymes.

8. Nanozymes for Ischemia Reperfusion Injury

The ischemia reperfusion injury (IRI) occurs because the res-
toration of blood flow results in ROS accumulation, calcium 
overload, and inflammation. Cardiac ischemia/acute myocar-
dial infarction causes cardiac ischemia–reperfusion (I/R) injury, 
while ischemic stroke causes cerebral ischemic reperfusion 
injury (CIRI). IRI is a pathological process involving multiple 
factors, and a common manifestation is the production of 
a large amount of ROS. Considering such pathological fea-
tures, it is reasonable to use antioxidative nanozymes to treat 
ischemia reperfusion.[70–76]

Bursting of O2
•−, a kind of ROS from the mitochondrial res-

piratory chain upon reperfusion, has been recognized as the 
initiating reason for IRI. Targeting mitochondria and mitigating 
mitochondrial oxidative damage are suitable methods to treat 
IRI. Huang, Kong, and coworkers made a hybrid nanozyme with 
mitochondria-targeting ability for IRI therapy. By using the fer-
ritin-heavy-chain-based protein (FTn) as an enzyme scaffold, the 
hybrid Mn-based nanozyme overcame the intracellular lysosomal 
barrier to escape into the cytoplasm and accumulate in mitochon-
dria (Figure 9a,b). The nanozymes had both SOD-like and CAT-
like activities, preventing secondary damage from the process of 
O2

•− elimination. As a result, there was gradual improvement in 
cardiac-functionality recovery after the mice were administered 
the nanozymes, as evidenced by increased parameters of left 
ventricular ejection fraction (LVEF) and left ventricular fractional 
shortening (LVFS) (Figure  9c). And, the areas of healthy myo-
cardium (red) tissue were improved (Figure 9d). Similar results 
were also seen in the cardiac patch model (Figure 9e,f).[76]

Stroke is the second leading cause of death worldwide after 
cardiovascular diseases. Ischemic stroke is the primary type of 
stroke, mainly due to the sudden blockage of blood supply to 
the brain, accompanied by an explosively increasing amount 
of ROS. Cerebral ischemic reperfusion injury also occurs with 
neural apoptosis. Very recently, Liu et al. made a multi-enzyme 
cascade antioxidant system to eliminate intracellular ROS and 
inhibit neural apoptosis during CIRI. They successfully syn-
thesized Fe2NC@Se nanozyme with three types of antioxidant 
activities, which provided excellent cytoprotecting abilities. In 
the middle cerebral artery occlusion (MCAO) model of SD 
rats, Fe2NC@Se nanozyme inhibited the ASK1/JNK signaling 
pathway and protected MCAO rats. The antioxidant effects of 
Fe2NC@Se nanozyme suppressed oxidative stress-triggered 
neural apoptosis, markedly decreased infarct volume, and 
improved neurological deficits (Figure 10).[75]

9. Nanozymes for Neurological Disorders

Growing evidence shows a strong association between the 
dysfunction of brain vessels and neurodegenerative disor-

ders.[77–80] Neurodegenerative disorders share a pathological 
basis with cerebrovascular diseases. They are all influenced by 
oxidative stress and then cause damage to proteins and other 
biomolecules. It is of significance to discuss the application 
of nanozymes in neurodegeneration in this review. Alzhei-
mer’s, Parkinson’s, and Huntington’s diseases are the most 
common neurodegenerative disorders.[81,82] Oxidative stress is 
involved in these diseases, as oxidative molecules have been 
observed in the brain tissues of patients with neurodegenera-
tive diseases.[83] The oxidized molecules of proteins, like Aβ, 
interfere with the use of metals by brains, leading to neuro-
degenerative diseases.[3] Consequently, the redox modula-
tory nanozymes, such as Mn3O4 nanoflowers,[84] ultrasmall 
lactoferrin-modified Au-Bi2Se3,[85] CeO2,[86] hemin with g-C3N4 
nanosheets,[87] PB,[88] etc., have been applied to neurological 
disorder therapy.

Alzheimer’s disease (AD) is a common form of irreversible 
dementia whose therapeutic demand is unmet.[89] Similar with 
other neurodegenerative diseases, AD exhibits severe neuroin-
flammation but is accompanied by the accumulation of Aβ. To 
avoid biomolecule interference and prevent immune response 
activation, Qu et al. designed a CuxO nanozyme coated with 
erythrocyte membrane with Aβ-targeting pentapeptide (CuxO@
EM-K). With the help of targeting molecules, nanozymes could 
capture the Aβ in blood and brain. They, meanwhile, scavenged 
excessive ROS. In vivo experiments confirmed that CuxO@
EM-K adsorbed the Aβ present in the blood and brain and 
improved memory deficits in a rat model. The immunoassay 
and ELISA analyses supported the efficiencies and biosafety of 
nanozymes. Due to the removal of Aβ, the memory function 
was maintained.[90] This work provides a novel method to ease 
AD conditions. Indeed, there are also many reliable works for 
the treatment of AD.[91–94]

PD is an intractable neurodegenerative disorder associated 
with neuroinflammation and loss of nigrostriatal dopaminergic 
neurons. Importantly, pyroptosis may contribute to neuronal 
loss, further causing PD. Very recently, Zheng and Cai et  al. 
reported that PB nanozyme (PBzyme) inhibited pyroptosis 
and alleviated neurodegeneration through the NLRP3 pathway. 
When loaded around the lateral ventricles, the PBzyme rescued 
the loss of dopaminergic neurons and striatal dopaminergic 
fibers. In the MPTP-induced PD mouse model, PBzyme atten-
uated motor deficits by intra-cerebroventricular (ICV) injection 
(Figure 11a–d). The distance traveled, central area traveled, and 
duration of mobility of PD were significantly improved after 
PBzyme treatment (Figure  11e–h). Further study showed that 
the PBzyme reduced the activation of microglial NLRP3 inflam-
masomes and caspase-1, leading to the inhibition of microglial 
pyroptosis.[88]

Regarding neurological functional recovery after ischemic 
stroke, nanozymes also play essential roles. In another study, 
PBzyme was used to cure ischemic stroke after microglial 
phagocytosis. In the stroke mice, from day 3 to day 28 post-
stroke, the volume of brain lesions of MPBzyme@NCM-
treated mice was significantly smaller than that of the control 
group. Due to the anti-inflammatory ability, MPBzyme@NCM 
made microglia polarization toward the M2 phenotype and 
decreased the apoptosis of neurons. By targeting inflamed 
brain microvascular endothelial cells, the recruitment of  
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neutrophils and proliferation of neural stem cells were 
reduced.[95] This work demonstrated the superiority of 
nanozymes in neurological functional recovery, indicating 
that the strategies based on nanozymes are feasible for brain 
diseases. Another representative disorder is Huntington’s 
disease, a complex, multifactorial disease incorporating epi-
genetic factors and oxidative stress. Chen and coworkers syn-
thesized selenium nanoparticles to protect the brain from 
oxidative damage and repair neural functions. They used 
Caenorhabditis elegans (C. elegans) as an animal model to 

induce a Huntington’s disease, performing behavioral dys-
function. After treatment of nanozymes, the level of ROS 
decreased and the condition of C. elegans improved.[96]

10. Summary and Outlook

Nanozymes have received growing attention since ferro-
magnetic nanoparticles as HRP mimics were discovered 
in 2007.[97] Because of their high stability, high activity, and 

Figure 9.  a) Mito-Fenozyme was fabricated by in situ synthesis of MnO2 into FTn core via Mn2+ oxidation in the presence of H2O2, followed by TPP-NHS 
ester conjugation with free -NH2 of protein. b) Representative ex vivo fluorescence imaging of mouse hearts and quantification analysis of fluorescence 
intensities at different time points after tail vein injection of Mito-Fenozyme into sham and IR mice (n = 3 per group). c) Quantification analysis of 
cardiac function by determining the parameters of LVEF and LVFS. d) Representative images of midpapillary regions of the hearts, 14 days after IR 
using Masson’s trichrome staining (blue, collagen-rich scar tissue; red, viable myocardium). e) Quantification analysis of the cardiac function of the 
left ventricular wall motion of mice after hydrogel adhesion at 14 days by determining the parameters of LVEF and LVFS. f) Quantification analysis of 
scar area of midpapillary regions of the hearts isolated. Adapted with permission.[76] Copyright 2021, Wiley-VCH.
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low cost, nanozymes have been studied for various applica-
tions including disease therapy. The intrinsic physiochem-
ical properties of nanozymes give them the capacity to solve 
many questions in some diseases. In this review, we focus 
on the treatment of cardio- and cerebrovascular diseases with 
nanozymes that can directly or indirectly modulate inflamma-
tion through ROS scavenging, oxygen regulation, and NO gen-
eration (as shown in Table 1). Despite numerous achievements 
that have been demonstrated, there are still many challenges in 
developing better therapeutic nanozymes.

11. For Nanozymes Themselves

There is plenty of complex enzymes in the evolution of 
human species. Although nanozymes effectively solve some 
limitations of natural enzymes, the characteristic structure 
and abundant co-enzymes make them challenging to mimic, 
especially in blood systems. Hence, in some situations, it is 
an alternative strategy to simulate natural enzyme functions 
first. However, the ultimate aim of nanozymes is to mimic 
or even surpass natural enzymes. Therefore, it is necessary 
to introducing the structural features of natural enzymes 
when design a nanozyme. This could be achieved via var-
ious approaches, including a high-throughput screening and 
natural enzyme-inspired rational design. Meanwhile, the 
following questions should be considered. Although many 
nanozymes were designed for disease treatment, nearly all of 
them are still in the animal research stage. Before nanozymes 
can be translated to clinical applications, there is still a long 
way to go. The main barriers and challenges for a clinical 

translation involve these issues (i.e., side effects, the route of 
administration, catalytic mechanism, immunogenicity, and 
tolerance).

First, the biosafety of nanozymes is an unavoidable problem 
before they are translated to the clinic. Unlike natural enzymes, 
the metabolism of nanozymes is a critical issue that should be 
addressed. In some cases, some of the metal ions used to synthe-
size nanozymes are not essential to bodies and organisms, and 
some components in nanozymes have potential toxicity, which 
might compromise the therapeutic effect of the nanozymes. Few 
articles have studied the potential toxicity of nanozymes, such as 
reproductive toxicity. A promising kind of nanozymes may be 
a biodegradable one, like decomposable inorganic composite-
based nanozymes. For example, Mn3O4 could be a superior 
nanozyme that exhibits many antioxidant activities. Moreover, it 
could be converted to manganese ions under some acidic condi-
tions, invoking related immune responses, which opens up new 
horizons for combination therapy. Meanwhile, a series of organic 
biodegradable nanozymes, such as polydopamine nanoparti-
cles,[98,99] and melanin nanoparticles,[100] have attracted world-
wide attention due to their biodegradable and biocompatible 
properties. After effective removal of ROS, they can be degraded 
into harmless substances and excreted out of bodies.

On the other hand, it is necessary to explore the route of 
metabolism of nanozymes in the blood system. The in vivo 
behavior of nanozymes is an important issue to explore more 
deeply. In future studies, the transport, transformation, and bio-
availability of nanozymes need to be investigated. Inspiringly, a 
recent study found that the biodistribution of MoS2 nanomate-
rials is mediated by protein coronas that spontaneously form in 
the blood.[101] This study also demonstrated that nanomaterials 

Figure 10.  Fe2NC@Se with multi-enzyme mimicking activities and its therapeutic use for reperfusion injury in ischemic stroke. Reproduced with per-
mission.[75] Copyright 2022, Wiley-VCH.
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consisting of essential trace elements might be converted into 
active biological molecules that organisms could exploit. And a 
long-term study is required to understand chronic influences. 
In short, to make nanozymes reach the clinical trial stage, the 
metabolism and biosafety of nanozymes should be explored 
clearly.

Additionally, some strategies have been developed to make the 
platforms more biocompatible to reduce potential toxicity. For 
example, nanozyme surface functionalization with PEG,[102–104] 
cell membranes,[95,105,106] and liposomes[107,108] is an excellent way 
to improve biosafety and therapeutic efficacy. These modifica-
tions endow nanozymes with superior stealth ability, enhanced 

Figure 11.  PBzyme as a pyroptosis inhibitor alleviates neurodegeneration. a) Treatment schedule of MPTP-induced mouse model of PD in the presence 
or absence of PBzyme. b) Latency to fall during the rotarod test (n = 8). c) Pole test time (n = 12–13). d) Forelimb grip strength (n = 8–10). e−g) Open-
field parameters: e) distance travels, f) central area travels, and g) duration of mobility. h) Motion heat map of mice, which was tracked by Ethovision 
Tracking software (n = 8). Adapted with permission.[88] Copyright 2022, Wiley-VCH.
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Table 1.  Nanozyme-enabled treatment of cardio- and cerebrovascular diseases.

Type of diseases Therapeutic 
mechanisms

Symptom or model Nanozymes Activities Strategies of nanozyme-enabled therapies Ref.

Cardiovascular diseases Antioxidative and anti-
inflammatory strategies

Ischemic reperfusion CeO2 Autoregenerative anti-
oxidant property

Attenuation of myocardial  
oxidative stress, ER stress

[61]

Hydrogel-based  
cardiac patch

Mito-Fenozyme CAT, SOD Protection of mitochondrial functions [76]

Right ventricular 
hypertrophy

CeO2 Antioxidant activity Decreasing oxidative stress and  
cardiomyocyte apoptosis

[69]

Atherosclerosis PtCe NRs Antioxidant activity Synergistic foam cell inhibition  
and antiplatelet aggregation

[63]

Sim@PMPB H2O2 scavenging ability ROS scavenging [62]

Vascular restenosis PBzyme SOD, CAT Macrophages polarization toward M2 [65]

NO generation In-stent restenosis Cu-SURMOFs GPx Promoting EC proliferation, inhibiting 
platelet adhesion

[67]

Nano Cu-MOFs GPx Promoting EC proliferation, suppressing 
SMCs, and macrophage proliferation

[56]

Thrombogenicity model Cu NPs GPx NO generation, attenuating activated fibrin-
ogen, and preventing platelet aggregation

[54]

Small diameter vascular 
grafts

Cu-MOFs GPx NO generation, promoting EC migration 
and increasing Ac-LDL uptake

[66]

Cardiovascular injury Au@SiO2-NH2 OXD, SOD Diminishing injury-induced  
monocyte–endothelial cell adhesion

[51]

Oxygen regulation Angiogenesis model nCeO2 Autoregenerative 
property

Stabilizing hypoxia HIF-1α by regulating  
the intracellular oxygen environment

[45]

Cerebrovascular 
diseases

Antioxidative and anti-
inflammatory strategies

Parkinson’s disease Mn3O4 SOD, CAT, GPx Antioxidative and anti-inflammatory [84]

CuxO NCs SOD, CAT, GPx ROS scavenging, inhibiting neurotoxicity [35]

PBzyme SOD, CAT Inhibiting the activation NLRP3  
inflammasome and attenuating  

mitochondrial dysfunction

[88]

Lf-Au-Bi2Se3 NDs CAT, SOD, GPx, and 
POD

ROS scavenging and ameliorating the 
mitochondrial state

[85]

Ceria NPs SOD, CAT Scavenging mitochondrial, intracellular,  
and extracellular ROS selectively

[86]

PtCu NAs POD, CAT, SOD Inhibition of α-syn spreading and  
ROS scavenging

[38]

Cerebral ischemic reper-
fusion injury

Fe2NC@Se NPs SOD, CAT, GPx ROS scavenging and inhibiting the  
ASK1/JNK

apoptotic signaling pathway

[75]

Autosomal recessive 
spastic ataxia of 

Charlevoix–Saguenay

PDNPs ROS scavenging 
capacity

Antioxidative and anti-inflammatory [99]

Huntington’s disease Nano-Se NPs Antioxidant activity ROS scavenging, inhibiting the  
aggregation of huntingtin proteins

[96]

Alzheimer’s disease AuNPs@
POMD-8pep

Proteolytic activity, SOD Antioxidative and anti-inflammatory 
strategies

[92]

CeONP@POMD Proteolytic activity, SOD Degrading Aβ aggregates, promoting  
PC12 cell proliferation

[36]

Nb2C MXenzyme SOD, CAT, POD ROS scavenging, preventing the formation 
of Aβ deposition and neuroinflammation

[94]

CuxO@EM-K SOD, CAT, GPx Relieving Aβ-induced membrane oxidative 
injury, decreasing brain Aβ burden

[90]

Se@PDA@Bor Antioxidant property Scavenging RONS, restoring mitochondrial 
homeostasis, formation of M2 phenotypes

[93]
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circulation time, and improved accumulation in the target sites. 
Besides, they offer a platform to easily fabricate or encapsulate 
disease-related molecules to achieve combination therapy.

12. For Cardiovascular and Cerebrovascular Diseases

ROS in multiple physiological and pathological processes are 
growingly appreciated for these vascular-related diseases. The 
design and application of anti-ROS nanozymes for cardiovas-
cular diseases shall be the focus of future studies. However, 
some cruxes of matter remain. First, passing through the blood-
brain barrier in neurological disorders and accumulating to dis-
eased sites are inevitable problems that are still challenging to 
solve. And it depends on the mode of administration. In addi-
tion, nanozymes participate in tissue remodeling processes upon 
damage, but their final effects in diseases depend on the types of 
pathology attributed to complex pathological environments.
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