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Abstract: Breast and ovarian cancers, despite having chemotherapy and surgical treatment, still have the lowest survival rate. 
Experimental stages using nanoenzymes/nanozymes for ovarian cancer diagnosis and treatment are being carried out, and correspondingly 
the current treatment approaches to treat breast cancer have a lot of adverse side effects, which is the reason why researchers and scientists 
are looking for new strategies with less side effects. Nanoenzymes have intrinsic enzyme-like activities and can reduce the shortcomings of 
naturally occurring enzymes due to the ease of storage, high stability, less expensive, and enhanced efficiency. In this review, we have 
discussed various ways in which nanoenzymes are being used to diagnose and treat breast and ovarian cancer. For breast cancer, 
nanoenzymes and their multi-enzymatic properties can control the level of reactive oxygen species (ROS) in cells or tissues, for example, 
oxidase (OXD) and peroxidase (POD) activity can be used to generate ROS, while catalase (CAT) or superoxide dismutase (SOD) activity 
can scavenge ROS. In the case of ovarian cancer, most commonly nanoceria is being investigated, and also when folic acid is combined with 
nanoceria there are additional advantages like inhibition of beta galactosidase. Nanocarriers are also used to deliver small interfering RNA 
that are effective in cancer treatment. Studies have shown that iron oxide nanoparticles are actively being used for drug delivery, similarly 
ferritin carriers are used for the delivery of nanozymes. Hypoxia is a major factor in ovarian cancer, therefore MnO2-based nanozymes are 
being used as a therapy. For cancer diagnosis and screening, nanozymes are being used in sonodynamic cancer therapy for cancer diagnosis 
and screening, whereas biomedical imaging and folic acid gold particles are also being used for image guided treatments. Nanozyme 
biosensors have been developed to detect ovarian cancer. This review article summarizes a detailed insight into breast and ovarian cancers in 
light of nanozymes-based diagnostic and therapeutic approaches. 
Keywords: breast cancer, ovarian cancer, nanoenzymes, diagnosis, treatment

Introduction
Cancer is one of the leading causes of mortality, and the existing burden is anticipated to increase by the lifestyle issues 
and risk factors linked with the prognosis of cancer.1 IARC reported that each year there are 14 million new cases and 
7.5 million cancer deaths in the world. The incidence ratio of cancer is greater in developed countries as compared to 
developing countries.2 However, recent studies show that developing countries account for 15 million prevalent cancer 
cases, 5 million cancer deaths, and 8 million new cancer cases. As a consequence, about 21 million new cases of cancer 
are expected to occur annually by 2025.3

Breast cancer has been found to be the second most prevalent cancer type after lung cancer and has been ranked fifth 
as a cause of death. It is more common in females, especially in developing countries.4 Primarily in western countries, 
the incidence rate of this type of cancer is expected to increase by 30%, mainly due to the use of menopausal hormonal 
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therapy, changes in reproductive patterns, and increased screening in the 1980s and 1990s.5 However, this ratio has 
decreased or plateaued since the start of the 20th century, which may be due to the sensitization of the people to its risk 
factor for breast cancer, advanced screening patterns, and increased awareness.6 On the other hand, as compared to 
western countries, the incidence rate has been continuously increasing in underdeveloped countries because people are 
unfamiliar with screening patterns and useful information.7

It is a heterogeneous disease and the most frequent malignancy in females. Since the past fifteen years, more treatment 
options have been developed to take this issue into account, with more focus on treatment de-escalation and biologically directed 
therapies for reducing the side effects of treatment approaches.8 A driving principle of new treatment approaches is the inherent 
molecular heterogeneity, but other factors like metastatic patterns or locoregional tumor burden impact are shared and affect 
therapeutic approaches.9 Breast cancer at an earlier stage (when it has only spread to the axillary lymph nodes or is contained in 
the breast) is found to be curable. Multimodal therapy improvements have increased the chances of curing breast cancer. By using 
currently available treatment options, the metastatic (advanced) disease is not curable.10 Advanced breast cancer can be cured by 
controlling the symptoms with low treatment-associated adverse side effects and improving lifestyle to prolong survival.11

Ovarian cancer is recognized as the foremost common gynecological tumor.12 As of now, there are various considerations 
distributed in PubMed and NCBI examining the subtle elements of progressed stages of ovarian cancer related to extreme 
morbidity, which are described within the frame of low survival rates.13 In 2022, 10.6 new cases of ovarian cancer were analyzed 
in 100,000 ladies yearly. The yearly passing rate was 6.3 per 100,000 females. Non-Hispanic white ladies (12.0 per 100,000) had 
the most noteworthy predominance of ovarian cancer, taken after by Hispanic ladies (10.3 per 100,000). Ovarian cancer is three 
times more dangerous than breast cancer, whereas having a lower predominance.14 CA 125 (cancer antigen 125) blood test and 
transvaginal ultrasound check (TVS) are as of now utilized to analyze ovarian cancer.15 Ovarian cancer is caused by many 
factors, the most important of which are genetic, environmental, and lifestyle factors. The risk of this condition can be lowered by 
a number of factors, including pregnancy, breastfeeding, and use of oral contraceptives.14

Ovarian cancer remedies comprise advanced skillful surgical procedures and cytotoxic chemotherapy and radio-
therapy. In reality, routine treatment for progressed ovarian cancer is maximal cytoreductive surgery taken after by 
platinum- and/or taxane-based chemotherapy. After initial treatment, 75% of patients demonstrate a complete clinical and 
biological response. However, mostly he relapses within 18–24 months. Unfortunately, 5-year survival rates are the result 
of developing drug resistance, making maintenance therapy less effective. Despite the fact that chemotherapy is highly 
effective in treating ovarian cancer, drug resistance remains a major obstacle to patient treatment and favorable 
prognosis. It is widely believed that the physiopathology and molecular science of ovarian cancer improvement can 
provide individualized cancer treatment. There are contemporary advancements that make use of common organic or 
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atomic qualities at the tumor genesis location.16 Poly-ADP-ribose polymerase inhibitors have been found to make strides 
in progression-free survival.17

Nanozymes can be utilized in the diagnosis of ovarian cancer through various approaches such as biomarker 
detection, multiplex detection, non-invasive Imaging, and early detection. Similarly, nanozymes hold promise for the 
treatment of breast cancer through various therapeutic strategies such as targeted drug delivery photothermal therapy 
(PTT), radiotherapy enhancement, immunotherapy enhancement, and theranostic treatments. In short, nanozymes offer 
innovative approaches for both the diagnosis of ovarian cancer and the treatment of breast cancer, with the potential to 
improve detection accuracy, treatment efficacy, and patient outcomes in these challenging diseases.17,18

Modern treatment supports logical inquiries about the ways to detect the cancer early and about recommending the 
remedy of nanozymes for cancer treatment and early bio-detection. Nanoparticles are found to specifically impact organic 
components like autophagy as well as imitate enzymatic capacities shown by superoxide.18 Almost 45.6% of patients 
with this dangerous sickness survive five years, all due to the lack of early cancer diagnosis.19 The absence of a common 
and early screening test is encouraging and contributes to delayed discovery. These components are likely to make 
ovarian cancer worse, as well as breast cancer known as the “silent killer”.20

Nanozymes
Nanozymes are made up of nanomaterials (1–100 nm) that perform enzyme-like activities and mimic the catalytic 
activities. The term nanozymes and nanoenzymes are used interchangeably. Under physiological conditions, they can 
catalyze enzymatic reactions just like natural enzymes. According to published research, nanoparticles (NPs) made of 
Fe3O4 have intrinsic peroxidase (POD)-like properties.21 Now, different types of nanomaterials have been discovered, 
such as oxidases (OXD), superoxide dismutases (SOD), catalases (CAT), as well as POD-like catalytic type (Table 1). 
Nowadays, there are about 550 types of nanozymes made up of fifty types of elements that have been found in 350 
laboratories in 30 countries. Among these, gold nanoparticles, carbon nanozymes, graphene oxide, CeO2, and iron oxide 
nanoparticles are widely applied and studied. They can regulate the redox level of cells and catalyze enzymatic 
reactions22 (Figure 1).

Table 1 Types of nanozymes and their enzymatic 
activities

Nanozymes Enzymatic Activities

His-AuNCs POD

CuInS2 NC POD

CeO2 NPs POD, SOD, CAT

Fe2O3 NPs POD

ZnFe2O4/ZnO NC POD

CoFe LDHs POD

MnFe2O4 NC OXD

Fe3O4 NPs POD, CAT

CoFe2O4 NPs OXD

CePO4: Tb, Gd NPs POD

Fe3O4 POD, CAT

Au/CuS NC POD

Mn3O4 octahedrons OXD

(Continued)
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ROS are the by-products that are produced by the processes of oxygen metabolism . An abnormal increase in the level 
of ROS, which results in oxidative stress, destroys the homeostasis of redox. Oxidative stress is a term referred to as an 
imbalance between the production of reactive oxygen species (ROS) and the ability of the body to detoxify them or repair 
the resulting damage. Nanozymes can exhibit different enzymatic reactions.24 The superoxide dismutase and catalase 
activities of nanozymes, which are involved in important processes of cell protection mechanisms, can regulate the 
intracellular ROS level.25 Meanwhile, the peroxidase and oxidase potentials of nanozymes induce the production of ROS 
and induce apoptosis in cancerous cells (Figure 1). Because of easier preparation, low cost, biosafety, high stability, and 
high catalytic efficiency, nanozymes are now widely used in environmental remediation, especially in relation with 
biological, medical, and industrial fields.26 Now, different nanozymes-based nano sensors are used for wound healing, 
bone marrow therapy, cancer therapy, and as antimicrobials.27

Figure 1 Versatile platforms for cancer diagnosis and therapy. This figure represents different areas for cancer diagnosis and therapy which can be exploited through 
using nanoenzymes.

Table 1 (Continued). 

Nanozymes Enzymatic Activities

VO2 nanoplates POD

MnSe NPs POD

CuO nanostructure POD

Fe3O4 NPs POD, CAT

FePO4 microflowers SOD

Co3O4 NPs POD, OXD, SOD, CAT

CeO2 NPs POD, OXD, SOD, CAT

V2O5 nanowires POD

Notes: Data from Gomaa EZ. Nanozymes: a promising hor-
izon for medical and environmental applications. J Clust Sci. 
2022;33(4):1275–1297.23
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Classification of Nanozymes
Nanozymes are of different types on the basis of their functions, including translocases, ligases, isomerases, lyases, 
hydrolases, transferases, and oxido-reductases. Most of these enzymes have SOD, CAT, OXD, and POD-like activities, 
and a small number of them can perform these activities along with hydrolases28 (Figure 2).

POD-Like Nanozymes
They can oxidize the substrate by using organic peroxides or hydrogen peroxide. Most of them can produce high-valence 
by-products by activating H2O2 because of being a ferric heme protein.29,30 They can also abstract electrons from various 
substrates. Various iron-based nanomaterials mimic the POD-like activity31 (Table 1). It was found that Fe3O4 nano-
particles can catalyze different POD substrates such as o-phenylenediamine (OPD). Other iron-containing nanomaterials, 
such as Fe3O4 nanoparticles, can mimic the POD, and their iron part is present in the form of hemin, single iron sites, 
Prussian blue, and iron chalcogenides32 (Figure 2).

A team of researchers has prepared the nanocomposites from Janus γ-Fe2O3/SiO2 (JFSNs) which are more stable at high 
temperature and pH and act as more stable as compared to horseradish peroxidase (HRP), which is a natural enzyme.33 They 
exhibit a greater maximal reaction velocity (Vmax) value and a lower value of the Michaelis constant (Km) than HRP. JFSNs 
produced using the 3,3′,5,5′-Tetramethylbenzidine substrate (TMB) show greater enzymatic activity and higher affinity. 
Similarly, another type of nanozyme was made by 9-fluorenylmethyloxycarbonyl (Fmoc)-L-histidine (FH) and hemin.34 The 
morphology and size of this nanozyme can be changed by adjusting the FH and hemin ratio.35

Additionally, nanomaterials containing transition metals such as Ruthenium (Ru), Osmium (Os), Iridium (Ir), 
Palladium (Pd), Platinum (Pt), Silver (Ag), Gold (Au), Copper (Cu), Tungsten (W), Molybdenum (Mo), Manganese 
(Mn), Cobalt (Co), Zinc (Zn), and Vanadium (V) can also act as PODs. It was found that V2O5 nanowires can catalyze 
the oxidative reactions of TMB and 2,2-azino-bis (ABTS) by using H2O2. For the oxidation of ABTS at the expense of 
H2O2, the Km values were found to be 0.4 and 2.9 μM at pH 4.0, which are smaller than natural enzymes. It indicates that 
V2O5 nanowires have a high affinity for substrates.36 Four types of V2O5-based nanomaterials were prepared, having 
different morphologies such as nanospheres, nanoflowers, nanosheets, and nanowires, and mimicking GPx-like 

Figure 2 Classes of nanozymes. This figure shows the classification of nanoenzymes having significance in cancer diagnosis and treatment.
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activities.37 These activities are dependent on the crystal faces, morphology, and size. Natural enzymes require metal ions 
for their activities, but these synthetic enzymes do not require other elements for their catalytic activity.38

Single-walled carbon nanotubes (SWCNTs) can produce an oxidized form of TMB through their catalytic activity and can 
change their colors. This system was used for the diagnosis of single nucleotide polymorphisms (SNPs) without further 
labelling as the SWCNTs possess unique electronic characteristics that make them excellent contenders for such biosensing 
applications.39 Similarly, graphene oxide (GO) nanosheets can perform POD activities.40 By focusing on these properties of 
nanomaterials, GOx and GO nanozymes were built for the detection of glucose. As zero-dimensional carbon nanomaterials, 
graphene/carbon quantum dots can also function as PODs.41 Recently, it was indicated that graphene quantum dots that can 
mimic the POD-like activities have higher catalytic activities because of carboxyl and carbonyl groups, which act as binding 
and catalytic sites.42

Ag2S@Fe2C-DSPE-PEG-iRGD, a nanozyme system based on nanoparticles, was designed by the coating of Ag2 

S@Fe2C NPs surface with DSPE-PEG-iRGD (Distearoyl phosphoethanolamine-PEG-iRGD peptide). This system 
indicated the up-regulation of ROS, good fluorescence performance, and intracellular uptake in breast cancer cells 
(4T1). Moreover, this nanozyme also showed bioimaging effect under in vivo experiments. It was a novel therapeutic 
strategy for the treatment of breast cancer.43

OXD-Like Nanozymes
They are involved in catalyzing the redox reactions by using molecular oxygen (O2), which will be converted to H2O and 
H2O2. It was reported that AuNPs can transform glucose into gluconate by performing GOx-like activities44 (Table 1). 
Now, ultrasmall nanomaterials on the basis of Ir, Pt, Ag, and Cu are used because of their OXD-mimicking properties. 
Some researchers synthesized gold nanoparticles as catalysts and seeds.45 It was observed that gold nanoparticles with 
a 13-nm size showed a higher reaction rate for glucose but lower affinity as compared to natural GOx. This outcome is 
attributed to factors such as increased surface area, size-dependent quantum effects, enhanced mass transport, and 
conformational changes induced by the nanoparticle surface.46

Similarly, Ir nanoparticles having 2.5 ± 0.5 nm diameter were synthesized, and they catalyzed the TMB oxidation due to 
the formation of blue product in the presence of oxygen.47 Ir nanoparticles having OXD-like properties can be used for the 
detection of oxygen. Similarly, GSHOx-like nanozymes were prepared for the generation of hydrogen peroxide at the 
expense of glutathione.48,49 Cerium oxide has OXD-like catalytic properties, and they are also known as ceria nanoparticles 
or nanoceria. It was indicated that nanoceria in acidic environment promoted the oxidation of various substrates.50 Their 
functional properties can be increased by decreasing their size. Organic nano assemblies and inorganic nanomaterials possess 
OXD-like properties. It was found that phthalocyanine and FH can be used in fabricating photo oxidase-like nanovesicles.51 

After the formation of nanovesicles, their self-aggregations were decreased for increasing the photostability and photo-
sensitization. For higher photooxidation of dopamine, the nanovesicles with OXDs can be used.52

CAT-Like Nanozymes
Biological catalysts are present in all living organisms and play a role in the decomposition of H2O2. The natural CATs contain 
iron-containing heme moieties and show strong bonding with H2O2. Different carbon-based and metal-containing nanomaterials 
can perform CAT-like activities. The ultrasmall gold nanoclusters loaded with indocyanine were prepared, and they catalyzed the 
CAT-like activities53 (Figure 2). These nanoclusters showed superior CAT-like properties and substrate affinity.54

Adenosine monophosphate (AMP) and Fe3+ were used for the formation of coordination nanoparticles (CPs) 
exhibiting CAT-like properties55 (Table 1). The Fe3+/AMP CPs, compared to natural CAT, had a greater kcat/Km ratio 
and a lower Km value, which showed their strong catalytic efficiency and higher affinity for the degradation of hydrogen 
peroxide. In an experiment, it was observed that graphene oxide quantum dots produce gas bubbles after incubation with 
hydrogen peroxide, which showed their CAT-like properties.56,57 Moreover, a study indicated that 100 µg L−1 graphene 
oxide quantum dots can perform the CAT-like properties, which is the same as 4 UL−1 natural enzyme.58

SOD-Like Nanozymes
They can help to dismutate the superoxide radical (O2) into H2O2 and O2, which act as defense mechanisms. Naturally 
occurring SODs are of three types based on their metal cofactors and protein folds: the Ni type, Fe and Mn type, and Cu/Zn 
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type. Nanomaterials having these metal elements can perform SOD-like activities59 (Table 1). In a study, NiO nanoflowers 
were used for the generation of O2 by scavenging O2

− which showed high SOD-like activities.60 It was found that ceria 
nanoparticles having higher ratio of Ce3+/Ce4+ showed these properties61,62 (Figure 2).

Factors Affecting Nanozymes Activity
The functions and properties of a nanozyme are regulated by some factors: surface modification, structure, size, and 
shape.63 In this article, some factors by which the catalytic functions of nanozymes are affected have been discussed. The 
discussed factors include morphology, size, composition, surface, modification, etc.

Morphology
The catalytic functions of nanozymes are regulated by their Morphology. For example, it was found that the enzymatic 
activities of LaNiO3, CoFe2O4, MnO2, Co3O4, and Fe3O4 are regulated by their morphology.64 VO2 nanofibers showed 
high POD-like activities on the basis of large surface area as compared to VO2 nanosheets (NSs) and nanorods (Table 2). 
Additionally, Mn3O4 nanoflowers have higher enzymatic activities as compared to polyhedrons, hexagonal plates, flakes, 
and cube-shaped nanozymes because of their large pore size and surface area.65

Size
Another factor that controls the function of nanozymes is their Size.82 Usually, small-sized nanoparticles exhibit high 
catalytic activities.83 Small sizes of Fe3O4NPs were found to have high POD-like activities. Similarly, another group of 
researchers demonstrated that by tuning the size of cerium oxide nanoparticles, their function could be increased or 
decreased84 (Table 2).

Table 2 Different regulation strategies for the activities of nanozymes

Nanozymes Regulation Strategy References

ZrO2 gel pH [66]

Mn3O4 nanoflower Morphology [67]

Au@Pt nanorods Inhibitor (Fe2+, Cu2+, and NaN3) [68]

Co3O4 nanoplates Morphology [69]

Graphene oxide pH, temperature [70]

Ti-doped CeO2 Composition (doping) [71]

Dextran-coated nanoceria Size (5 nm, 12 nm, 14 nm, 100 nm) [72]

Graphene Quantum dots Surface modification [73]

Prussian Blue pH [74]

CoFe2O4 pH, surface modification [75,76]

Curcumin Inhibitor [77]

VO2 Morphology (nanofibers, nanosheets, and nanorods) [78]

CeO2 Inhibitor (phosphate) [79]

Fe3O4 Surface modification [80]

Pt Inhibitor (mercury (II)) [80]

Ag Activator (mercury (II)) [81]
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Composition
The Composition of nanozymes also affect their properties. Nanoceria SOD activity is dependent on the nanostructure of 
the composition.85 Additionally, the combination of more than nanoparticles also enhances the catalytic functions.86 If 
the active core of the nanomaterials is less etched, the catalytic functions can be increased. The production of Pt hollow 
nano dendrites with a high index and more active sites showed higher PODs87 (Table 2).

Surface Modification
Surface modification of nanozymes is influenced by covalently immobilizing functional groups and electrostatic 
adsorption. Moreover, the catalytic functions of nanozymes can also be regulated by the increasing number of active 
sites in nanozymes. Coating nanozymes can also improve their catalytic functions. Similarly, coating the Fe2O3NPs with 
Prussian blue can improve the POD-like activities of nanozymes. If the surface charge of nanovesicles is changed from 
positive to negative, the binding to the substrate is also increased88 (Table 2).

pH and Temperature
Another important factor that controls the catalytic functions of nanozymes is their pH. Some nanozymes showed 
different catalytic functions upon changing the pH values.35 For example, lowering the pH to 5.3 increases the POD 
activities of -ZrO2 nanoparticles. It was found that the catalytic functions of iron oxide nanoflowers increased by 
changing the temperature from 15 to 65 °C as compared to those of HRP under these conditions89 (Table 2).

Nanozyme-Based Early Diagnosis
Nanozymes as multifunctional or bifunctional molecules not only possess enzymatic reactions but also chemical or 
physical properties of nanomaterials, eg, photothermal and magnetic activities90 (Table 3). Nanozymes are favored 
because of their low cost, simple preparation, easy modification, and high stability. They are used in disease diagnosis 
because of their multienzyme activities.91

Flower-Like Nanozymes
To diagnose the breast cancer biomarkers, the development of highly selective and sensitive approaches is required. An 
aptasensor was developed to detect breast cancer, and this sensor was made by combining horseradish peroxidase/ 
nanozymes as signal nanoprobes and tetrahedral DNA nanostructures (TDNs) aptamer as a detection probe. It was found 
that this aptasensor holds a huge potential to detect breast cancer.92

Table 3 Diagnosis application of different diseases by nanozymes with the particular activity

Nanomaterial Application Activity

Au/Ag NPs Detection of neurodegenerative diseases POD

Fe3O4 magnetic nanoparticle Detect Ebola virus POD

BSA-Ag Detect of HIV OXD

MNPs Detect uric acid in SOD

GO (GO-COOH) Glucose detection in blood cells SOD

SPIO@GCS/acryl/biotin-CAT/SOD-gel Magnetic resonance imaging SOD, CAT

AuNCs Nanosensor POD
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Iridium/Ruthenium Nanozyme
An Ir-Ru nanoenzyme reactor was developed which holds the potential to treat breast cancer by oxidation therapy and 
starvation therapy. The GOx and Ir-Ru NPs were coated by polyethylene glycol for the construction of multifunctional 
complex IrRu-GOx@PEG NPs. This complex degrades the nutrient source of cancer cells or induces the apoptosis of 
tumor cells, reducing the hypoxic problem. This study demonstrated that nanoenzyme systems can be used with oxidative 
or starvation therapy to inhibit the growth of tumor cells93 (Table 3).

Copper (II) Oxide Nanozyme
A cytosensor based on CuO nanozymes was designed for the quantification of MCF-7 breast cancer cells. This sensor 
was made by using reduced gold nanoparticles as a supporting material with CuO nanozyme. CuO increased the 
detection limit of this sensor and has good potential for the selective detection. This approach is combined with 
antibodies or cell-targeting aptamers, for sensing of other types of cancer cells.92

Platinum Nanoparticles/Graphene Oxide (PtNPs/GO)
It was indicated that porous platinum nanoparticles can be produced in laboratory on PtNPs/GO. In the presence of 
hydrogen peroxide, PtNPs or GO can catalyze peroxide reactions due to their peroxidase potential, which results in TMB 
color reaction. Folic acid (FA) was used to modify the PtNPs and GO, which specifically targeted tumor cells because of 
their higher expression of folic acid receptors. To detect tumor cells, FA-PtNPs/GO was used as a signal transducer.26

Graphitic Carbonitride Nanosheets (g-C3N4NSs)
Some researchers detected breast cancer cells using graphite carbonitride nanosheets (g-C3N4NSs). On the (g-C3N4NSs), 
the adsorption of ssDNA can promote the catalytic activity of the nanosheets. As compared to unmodified NSs, the 
modified structures can speed up hydrogen peroxide reactions at a faster rate in TMB oxidation mediated by the hybrid of 
ssDNA-NSs. The higher catalytic activity of this hybrid mediates the colorimetric detection of exosomes by using 
a suitable exosome surface marker such as CD 63 while constructing the hybrid. The sensor then measures the expression 
of a biomarker in control and breast/ovarian cancer cell line.94

M-HFn (Magnetic Heavy chain Ferritin Nanozymes)
They are used to target or visualize the cancer cells without any contrast agents. Ferritin proteins are involved in iron 
storage for anti-oxidation and iron homeostasis.

Iron Oxide-Based Nanozymes
These nanozymes contain human heavy-chain ferritin (HFn), which is packed in a shell and binds to the cancer cells 
having higher expression of transferrin receptor 1 (TfR1). The iron oxide-based nanozymes, both Fe2O3 and Fe3O4, can 
catalyze peroxidase substrate oxidation to detect cancerous tissues by producing a chromogenic reaction. This detection 
approach helps in the diagnosis of cancer cells with 95% specificity and 98% sensitivity. Moreover, this approach is 
economic, rapid, and simple. For tumor detection, it can simplify the conventional immunohistochemical method and 
reduce the test time from 5 to 1 hour and improve the effectiveness of the diagnostic test95 (Table 3).

Graphene Quantum Dot Nanozymes (GQDzymes)
In the presence of hydrogen peroxide, graphene quantum dot nanozymes (GQDzymes) have peroxidase-like activities 
that can oxidize the 2,20-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS). After oxidation, ABTS has a near- 
infrared (NIR) absorbance.96 A folic acid-modified nanozyme erythrocyte membrane-coated GQDzyme/ABTS was 
created, which can directly target cancer cells. Similarly, gold nanoclusters (very small) can be used as a probe for 
diagnosing tumor-enriched cells or tissues.97

A protease nanosensor was developed by using gold nanoparticles that can perform multiple functions and have 
peroxidase-like activity. They can detect the disease very quickly and respond to the disease by producing colorimetric 
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signal readings. Researchers confirmed the catalytic potential of these nanozymes in the urine of a cancerous model. 
When compared to a healthy mouse, a cancerous mouse showed a 13-fold increase in signal. Through renal and hepatic 
excretion, nanosensors were excreted within one month and showed no toxic effects. Due to the low sensitivity of 
nanozymes, their use in magnetic resonance imaging (MRI) is challenged.98

The inorganic components (manganese and iron) were used for functional magnetic resonance imaging by producing 
nanogels through an in-situ reduction process and self-assembly.99 A nanogel-based probe with two enzymes (SOD/biotin- 
CAT/acryl/SPIO@GCS or SGC) was made for detecting the dual-mode pathologic response by magnetic resonance imaging and 
ultrasound (US) imaging. The nanozyme was made up of superparamagnetic iron oxide nanoparticles with superoxide dismutase 
and catalase activities and chitosan gel made by polysaccharide cationic polymer glycols. The dual-imaging properties of the 
nanozymes were evaluated in vitro and in vivo. The higher response to the tumor region can improve the dual function of this 
enzyme for more efficient and sensitive tumor imaging100 (Table 3).

Nanozymes in Cancer Therapy
Current treatment therapies have a lot of adverse side effects and a poor prognosis (Figure 3). Nanozymes can perform their 
activities as natural enzymes and are used for treating cancer. They can target cancer cells by targeting peptides and causing 
enhanced permeability and retention (EPR).101,102 They kill tumor cells in two ways: first, by increasing ROS in the body through 
peroxidase and oxidase potentials, which is a direct attack on tumor cells; and second, by increasing SOD and catalase potential 
(indirect killing) by decreasing tumor microenvironment hypoxia, which is aided by chemo, sound, or light therapy.103

Nanozymes as Potential Treatments for Breast Cancer
Nanozymes can directly or indirectly kill breast cancer cells by enhancing reactive oxygen species through peroxidase 
and oxidase activities. Around the tumor cells, a large amount of H2O2 accumulates, and the peroxidase enzyme converts 
it into cytotoxic-free radicals. Fanet et al have produced nanozymes by using nitrogen-doped porous carbon nanospheres. 
They further regulated the ROS.104 New carbon nitrogen nanozymes under acidic environment can catalyze the 
formation of reactive oxygen radicals by catalyzing hydrogen and oxygen peroxides. The activities of superoxide 
dismutase and catalase scavenge-free radicals in a neutral environment105 are shown in Figure 4.

Figure 3 Destruction of tumor cells through N-PCNS.

https://doi.org/10.2147/IJN.S460712                                                                                                                                                                                                                                    

DovePress                                                                                                                                         

International Journal of Nanomedicine 2024:19 5822

Shahid et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ferritin nanoparticles modified with carbon nitrogen can directly target cancer cells by being present in the lysosomes 
while catalyzing hydrogen and oxygen peroxide and producing ROS to specifically kill the cancer cells. Animal trials 
have shown that this nanozyme can control the growth of tumor cells by enhancing ROS106 (Figure 3). Similarly, the B7- 
H4 combinational therapy has also been proven to be suppressive for breast cancer, as well as large amounts of reactive 
oxygen species can be produced by ascorbic acid, which in turn affects the normal redox state of cancer cells. But when 
they are applied in vivo, the tolerable doses of ascorbic acid were found to be less effective.107

Fe3O4@C Nanoparticles (NPs)
A peroxidase-like composite nanoparticle was created by using ascorbic acid. Researchers developed Fe3O4@C 
nanoparticles and used folic acid for their modification. The Fe3O4@C NPs carbon shell is graphitized with carbon, 
which helped to catalyze the electron transfer process by using H2O2 and resulted in the production of ROS. These 
nanoparticles showed peroxidase-like catalytic potential, receptor-binding specificity, and magnetic responsiveness, 
which in turn induced ascorbic acid-mediated oxidative stress in tumor cells.105

Superparamagnetic Iron Oxide Nanoparticles (SPIONs)
SPIONs are also studied because of their peroxidase potential.108 In the study, SPIONs were used to produce ROS and 
combined it with a novel anti-cancer drug (b-lapachone) to increase their potential for inducing 10-fold more oxidative 
stress in breast tumor cells. A tumor microenvironment favors the chemical and physical conditions for the therapy.106

GOD-Fe3O4@DMSN (GFD NCs)
The GOD-Fe3O4@DMSN (GFD NCs) were synthesized by incorporating glucose oxidase (GOD) and ultra-small Fe3O4 

nanoparticles into large-pore dendritic and degradable silica nanoparticles. These nanozymes, when transported to the tumor 
site, resulted in the apoptosis of the cancer cells by transforming into hydroxyl radicals with greater toxicity and efficiency.109

Nanozymes for Reducing Hypoxia with PtFe@Fe3O4 Nanozyme
The nutrient consumption of a tumor is reduced by the catalase activity of enzymes, which can reduce hypoxia. They can 
promote the apoptosis of cancerous cells and improve the efficiency of photodynamic therapy, sonodynamic therapy, and 
radiotherapy.110 In a tumor microenvironment, the composition of hydrogen peroxide and acid contents is higher as 
compared to normal cells. Tumor hypoxia can cause distant metastases and increase the tumor resistance to chemother-
apy. Li et al developed the PtFe@Fe3O4 nanozyme, which can convert hydrogen peroxide to hydroxyl and oxygen 
radicals, effectively kill cancerous cells, and overcome the hypoxic environment.111

Prussian Blue Nanoparticles (PHPBNs)
A nanosystem was created by combining photothermal therapy and tumor starvation. Glucose oxidase was added to the 
porous hollow PHPBNs, and they were coated with hyaluronic acid, which was then specifically bound to the CD 44- 

Figure 4 Biochemical applications of nanoceria.
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overexpressing cancer cells for targeting cancer cells. The photothermal properties of PHPBNs in the hypoxic tumor 
microenvironment can catalyze the breakdown of hydrogen peroxide and kill the tumor cells.112

Another new method is photodynamic therapy for treating cancers with laser activation and photosensitive drugs. 
Tumor sites are irritated with laser-specific wavelengths, which stimulate photosensitive drugs to start accumulating at 
the tumor sites and trigger photochemical reactions to disrupt the cancer (Figure 4). The effectiveness of photodynamic 
therapy is limited by the presence of a hypoxic microenvironment at the tumor site. In the tumor sites, the oxygen content 
is increased by nanozymes through catalase activity.113

Manganese Dioxide (MnO2) Nanoparticles
To increase the effect of cancer-specific photodynamic therapy and regulate the tumor hypoxic microenvironment, some 
researchers used MnO2 nanoparticles in catalyzing endogenous hydrogen peroxide to oxygen radicals.114 It was indicated 
that a universal and simple technique to increase the PDT is by coating the nanozymes with a photosensitizer-integrated 
metal-organic framework (MOF). Platinum nanoparticles after fixing on MOF destroy the cancer cells due to catalase 
activity and the formation of oxygen radicals in the hypoxic tumor microenvironment.

AuNCs-NH2 (Amino Terminal PAMAM Dendritic-Coated Gold Particles)
Furthermore, Liu et al demonstrated that AuNCs-NH2 can effectively produce oxygen radicals via catalase activities for 
cancer treatment.56,57

Nanozymes as Potential Treatments for Ovarian Cancer
Oxidative stress is arguably important as it is involved in many intractable clinical diseases such as cancer, diabetes and 
cardiovascular disease. Baseline levels of ROS are already high in cancer cells, and the oxidative properties of CNPs 
(cerium oxide-based nanoparticles) at acidic pH led to additional increases in ROS above threshold levels that trigger cell 
death. While there are a number of redox-active nanomaterials that can be used to fight cancer, CNP can regenerate, 
reduce elevated ROS levels without affecting baseline levels in healthy cells, and reduce pro-oxidants in cancer cells. It is 
special because it selectively activates and ultimately causes ROS-induced cell death of cancer cells.115

Cerium oxide nanomaterials (also called nanoceria) as well as curcumin nanoparticles are known for their interesting 
characteristics (ie, the closeness of blended valence states of Ce3+ and Ce4+ and exceedingly versatile grid oxygen), and 
cerium oxide nanoparticles have been used broadly as amazingly compelling catalysts. They too have been completely 
explored for their potential to imitate the capacities of characteristic proteins.77 It was assumed that nanoceria might 
shield tumor cells from radiation-induced injury but not ordinary cells. Since that point, various experiments have 
illustrated that nanoceria may mirror different proteins, counting catalase, oxidase, peroxidase, and phosphatase.116,117 

These nanozymes would avoid the improvement of myofibroblasts, subsequently avoiding the metastatic spread of tumor 
cells.118 Ovarian tumor development may be restrained by nanoceria through an anti-angiogenic instrument.119

Nanoceria can serve as useful operators for ovarian cancer cells both in vitro and in vivo. Nanoceria could reduce cell 
motility and aggression without altering cell proliferation by limiting ROS assembly and proliferation induced by vascular 
endothelial development factors. Furthermore, it was later shown that folate-conjugated nanoceria (FA-CeO2 at 24.3+) 
decreased ovarian cancer cell expansion (due to higher cell anabolicity) and increased ROS age. Both studies showed that 
nanoceria, despite its main or contrasting antioxidant properties, was associated with a striking reduction in tumor develop-
ment and narrowing of angiogenesis in nude mice with ovarian cancer. Furthermore, they showed that expansion of FA-CeO2 

to cisplatin significantly reduced tumor burden compared to the group that received cisplatin alone.120,121

In vitro nanoceria nanozymes functioned by transforming developmental factor-mediated cell migration and attack on 
SKOV-3 cells, significantly reducing cellular ROS in A2780 cells, without affecting the regenerative capacity of each 
cell. Nanoceria nanozymes appear to reduce VEGF165-induced proliferation, capillary assembly, and VEGFR2 staging 
in HUVEC cells. Nanoceria nanozymes (0.1 mg/kg body weight) were given intraperitoneally to nude mice in order to 
cure A2780 ovarian cancer cells in vivo, in which the angiogenesis and carcinogenesis of ovarian cancer in rats were both 
decreased by nanoceria.121
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The effects of nanoceria nanozymes on ovarian and colon cancer cells were closely linked to those effects. The patient’s 
ROS levels in the intracellular space were reduced by 7 nm and 94 nm nanoceria nanozymes in both cell models. Moreover, 
larger nanoceria had a stronger ROS scavenging effect than smaller nanoceria in these cell lines.122,123

Nanoceria Utilized with Folic Acid for Therapy
Folate may be a promising alternative for focused anticancer treatment since cancer cells are intensely subordinate to it 
for generation and indeed make them possess receptors that are not overexpressed in noncancerous cells. Nanoceria has 
antioxidant and antiangiogenic characteristics that result in a strong anticancer impact on ovarian cancer.124 By taking use 
of the specific expression of folic acid receptors in cancer and physical cells, conjugating nanoceria with folic acid seems 
to have enhanced the restorative effect of nanoceria on ovarian cancer. Because of folic acid conjugation with nanoceria, 
which has a far higher adaption to cells, it is much simpler for nanoceria to specifically target cancer cells. Tumour 
angiogenesis, which is essential for the expanding tumour to receive oxygen and other nutrients and is either char-
acterised by excessive production of pro-angiogenic signals or by a requirement for angiogenesis inhibitors, is 
essential.125,126 In this regard, many novel medicines have been licensed by the US Nourishment and Sedate 
Organization for ovarian cancer since 2004.126 Tumor angiogenesis inhibition has recently emerged as a curative 
anticancer technique. In our earlier research, it was discovered that nanoceria had considerable antiangiogenic effects 
both in vitro and in vivo that are independent of VEGF production. This was hypothesised to be due to endothelial cell 
focus, which inhibits the growth of inactive blood vessels. As evidenced by the reduced expression of CD 31, a marker 
for endothelial cells, in the nanoceria-folic acid and nanoceria folic acid/cisplatin treated groups compared to the 
untreated group, the thickness of the microvessels in each group was examined. In any event, the CD 31 thickness of 
the NCe-FA and cisplatin combination group and the cisplatin alone group was equivalent, despite the fact that the NCe- 
FA and cisplatin treatment resulted in a decreased tumour burden score. The vessels had the same thickness. An EMT 
marker called vimentin was communicated less when NCe-FA was present, perhaps limiting the spread of ovarian 
malignancies127 (Table 4).

Nanocarrier-Delivered Small Interfering RNA
Ovarian cancer has an overexpressed form of hyaluronic acid (HA), which is a ligand for CD 44 and is thought to be 
a potential molecular target. Self-assembling HA nanoparticles (HA-PEI/HA-PEG) effectively deliver MDR1 siRNA to 
MDR ovarian cancer cells and inhibit P-gp expression.129 In a mouse model of multidrug-resistant ovarian cancer, P-gp 
expression was significantly decreased following treatment of paclitaxel and HA-PEI/HA-PEG/MDR1 siRNA nanopar-
ticles. Guo et al created the amphipathic cationic polypeptide LAH4-L1. It uses electrostatic interactions to bind MDR1 
siRNA and create LAH4-L1/siRNA complexes (LCSs) as a means of delivering genes. LSC lowered P-gp by 85% and 
silenced the MDR1 gene in SKOV-3 cells with an effectiveness of 87.3%. More importantly, combining LSC with 
chemotherapeutic agents reduced SKOV-3 cell proliferation by 82.9%.130

Drugs used in chemotherapy can make tumour cells undergo apoptosis. Drug resistance can be brought on by faulty 
apoptotic pathways or stronger anti-apoptotic defenses. The gene Bcl-2 (B-cell lymphoma 2), for instance, regulates 
programmed cell death.131 In many organs, Bcl-2 controls cell apoptosis, according to a different study. Notably, Bcl-2 is 

Table 4 Properties of Nanoceria

Particle size (TEM measurements) 6.6 ± 0.9nm

Hydrodynamic Mean Diameter 12.8 ± 2.2 P. I. (polydispersity index) = 0.133

Crystal Form Cubic Fluorite

Specific Surface Area 86.85m² g-1

Zeta Potential determined immediately after 15min sonication 30.1mV

Notes: Data from He X, Zhang H, Ma Y, et al. Lung deposition and extrapulmonary translocation of nano-ceria after intratracheal instillation. 
Nanotechnology. 2010;21(28):285103.128
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overexpressed in ovarian cancer, which is directly related to tumours that are resistant to chemotherapy. PLGA 
nanoparticles were loaded with MDR1 and Bcl-2 siRNAs as a dual RNAi delivery method.131

Peroxidase Activity of Iron Oxide and Ceria NPs
The primary illustrations of nanoparticle chemical mirrors were iron oxide and nanoceria nanoparticles inherent 
peroxidase action.61,62 The breakdown of peroxide into water and atomic oxygen is catalyzed by normal peroxidases 
with vanadium or iron oxide. A strategy was developed for concurrently focusing on and picturing tumors based on the 
inborn peroxidase-like movement of iron oxide NPs.95

Iron oxide nanoparticles (NPs) can be identified by human overwhelming chain ferritin (HFn). The target of the 
specific official of HFn to this receptor is the transferrin receptor 1 (TfR 1), which is overexpressed in malignant cells. 
The imaging is made possible by the peroxidase action of iron oxide NP, which causes a colour response with peroxidase 
substrates close to H2O2. The magnetoferritin-NP combination has a notable affectability (98%) and specificity (95%) for 
attaching to tumour cells when compared to antibody-based approaches. The magnetoferritin-NP complex may offer an 
effective alternative to conventional cancer and tumour treatment.95

Under physiological conditions, peroxidase-active iron oxide nanoparticles (NPs) deliver oxygen radicals close to 
H2O2 based on the Fenton or Haber-Weiss reaction.81,132 Germs and cancerous cells are destroyed by oxidative stress, 
which is brought on by an increase in ROS. In vivo analyses of ROS generation and in vitro experiments with 
microorganisms were used to demonstrate the peroxidase-like action of magnetite nanoparticles81 (Figure 5).

Escherichia coli (E. coli) and a HeLa cell show were utilized to report on the antibacterial impacts and in vitro tumor 
cell investigations. Both investigations’ discoveries are steady with the chosen component and rising ROS levels. Within 
the bacterium examination and within the investigation of person cells, H2O2 and magnetite NPs did not display solid 
cytotoxic impacts. Extra inquiry about imaging and treatment of tumors may need to be illustrated by further inquiry; 
meanwhile, the take-up of MNPs by cells is based on the EPR impact. Apoptosis is based on intracellular ROS 
generation, and the discovery of tumor tissues is made conceivable by T2-weighted MR imaging133 (Figure 6).

IONP Drug Delivery Without a Mechanism of Drug Release
Due to their biocompatibility and the various ways in which their therapeutic efficacy can be activated, iron oxide 
nanoparticles (IONPs) are at the forefront of the most extensively studied nanomaterials. Whereas chemotherapy 
medications are delivered to tumors utilizing IONPs (press oxide nanoparticles), they have the taking after benefits 
over being infused intravenously: (i) the capacity to limit IONPs and, subsequently, the sedate conjugated to IONP, 

Figure 5 Schematic representation of the antioxidant activity of nanoceria (middle), by analogy with native superoxide dismutase (SOD) and catalase (CAT), hypotheses 
were made for this mechanism.
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utilizing MRI as an illustration; (ii) the increment in sedate aggregation within the tumor; (iii) for occurrence, 
doxorubicin (DOX)-containing IONPs driven to a better concentration of DOX in tumor cells when compared with 
free DOX treatment in an ovarian cancer show.134

When chemicals are bound to IONPs, they produce ROS (as demonstrated by cisplatin bound to IONPs), where 
nicotinamide adenine activates dinucleotide phosphate oxidase (NOX), or when IONPs dissolve into Fe2+ and/or Fe3+. 
Dioxygen (O2) is transformed into superoxide radicals and HO. Additionally, ROS have been demonstrated to have 
minimal systemic effects while causing oxidative damage to lipids, proteins, and DNA at tumour locations.135,136

Ferritins as Carriers for the Delivery of Nanozymes
Ferritin with artificial nano-CeO2 is an unused nano-complex development strategy (AFt-CeO2). In their inquiry about 
the organization of 4.5 nm nanoceria particles, they are effectively separated and after that they are modified into the 
apoferritin depression. The apoferritin embodiment is seen to impact and subsequently changes the nanoceria’s cellular 
retention course, increments biocompatibility, as well as controls electron area at the nanoparticle’s surface, which 
upgrades ROS-scavenging movement137 (Figure 5).

Peroxidase oxidation can be quickened by nanoparticles. Nanoparticles work by acting as a catalyst within the 
oxidation of peroxidase substrates within the nearness of hydrogen peroxide to create a color response comparable to that 
of common peroxidases. Besides, human transferrin TfR1 was found to be an endocytosing cell-surface receptor for HFn. 
TfR1 can mediate the HFn to TfR1-positive cancer cells due to its liking for the compound. In reality, HFn can perceive 
all sorts of cancer cells, counting SKOV-3 ovarian cancer cells.138

MnO2-Based Nanozymes in Hypoxia Relief
It is well known that tumor hypoxia is a significant obstacle to cancer therapy. Tumor cells undergo both genetic and proteomic 
changes in a persistent hypoxic environment. Hypoxia-mediated changes promote tumor growth, invasion and metastasis and 
help tumor cells adapt and survive in hostile environments. Clinical evidence from numerous independent reviews associates 
hypoxia with poor prognosis in various types of tumors, including ovarian cancer.139 Nanozymes are nanomaterials with 
enzyme-like catalytic properties. Due to their characteristic properties, artificial synthesis, excellent stability and resilience, 
these engineered enzymes have been the subject of many recent studies. The catalytic ability of some nanozymes has been 
used to breach the hypoxic barrier in cancer therapy. Manganese oxide (MnO2) nanoparticles were the first nanozymes used 
for in situ O2 generation in hypoxic tumor microenvironments. Similar to the enzyme catalase, MnO2 NP catalyzes the 
decomposition of H2O2 to produce O2 at physiological pH.140 An entirely new approach to tumor oxygenation is the on-site 
generation of O2 by enzymes (catalase) or catalytic nanomaterials (nanozymes). Novel nanomaterials that effectively alleviate 
hypoxia have beneficial effects on the therapeutic response to cancer (Figure 7).

Figure 6 siRNA dissemination interior cells and take-up of nanocarriers. This graph illustrates how receptor-mediated endocytosis is utilized to require antibody- 
targeted nanocarriers (10–100 nm) take-up.
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A few nanozymes’ catalytic capacities have been utilized in cancer treatment to break over the hypoxic obstruction. The 
first nanozyme is in situ O2 arrangement of manganese oxide (MnO2) nanoparticles within the hypoxic tumor microenviron-
ment. Comparative to the catalase enzyme, the MnO2 NPs catalyze the breakdown of H2O2 to make O2 at physiological pH.141 

The catalytic action of MnO2 NPs shows its beneficial properties within the shape of three diverse activities: corrupting 
endogenous H202 which in turn diminishes the likelihood of ROS resultant harm, generation of oxygen in reaction to a hypoxic 
environment, and direction of pH by utilization of protons which successfully diminishes acidosis.

Sonodynamic Cancer Therapy
Sonodynamic treatment (SDT), a promising non-invasive helpful approach, has pulled in an expanding sum of intrigue in 
later a long time. Sonosensitizers are its particular chemical operators, and they produced deadly responsive oxygen 
species (ROS) for oncotherapy when enacted by low-intensity US. SDT offers various exceptional prospects and points 
of interest over phototherapeutic approaches, counting more profound entrance profundity, nonappearance of photo-
toxicity, and less side impacts (Figure 8).

The generated ADV phenomenon has been shown to disrupt nearby vasculature during ultrasound (US) irradiation, 
reducing resistance to drug diffusion and allowing nano-sensitizers to penetrate deep into internal tissues. FA-H@ND 
supported by US irradiation generated too much ROS, resulting in higher SDT efficiency. Additional analysis also 
showed a high rate of suppression of ovarian tumors in vivo. Together, these US-activated nanodroplets have created 
a new paradigm for effective SDT through targeted delivery and complete intratumoral penetration of nano-sensitizers. 
Vectors made from endogenous cells are considered to be more sophisticated delivery vehicles than nanoliposomes due 

Figure 8 Graphical representation of the mechanism involved in SDT.

Figure 7 AI representation of the process of using carriers for the delivery of nanozymes.
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to their superior biocompatibility and innate ability to avoid uptake by the reticuloendothelial system (RES). It is a nano- 
sensitizer that penetrates deep into tumors. Vectors made from endogenous cells are considered to be more sophisticated 
delivery vehicles than nanoliposomes due to their superior biocompatibility and innate ability to avoid uptake by the 
reticuloendothelial system (RES)142 (Figure 8).

There are efficient methods other than nanocarrier encapsulation-assisted delivery of organic small-molecule acoustic 
sensitizers to malignant tumors. Delivery of small organic acoustic sensitizers to tumors has also been facilitated by the 
introduction of self-assembly techniques. For improved SDT, Zheng et al described self-assembled hypocrellin-derived 
nanoparticles (APHB NPs) have been described. APHB-NPs thus prepared are said to have good biocompatibility, 
increased tumor accumulation, increased ROS generation and suitable biodegradation rate. These advantages, together 
with a significant reduction in tumor growth in vivo, clearly supported the idea that assembled APHB-NPs would be 
excellent SDT drugs.143

Folic Acid Gold Nanoclusters Used in Diagnosis
Bovine serum egg white-based gold nanoclusters (BSA-AuNCs) emit flexible photoluminescence in the initial natural 
window. Normally estimated to be 2–3 nm in length, the protein polymerized-chains doped with AuNCs within the as- 
synthesized BSA-AuNCs operators exhibit important properties such as strong photostability, temperature dependence, 
and excitation-induced photoluminescence. It is discovered that the photostable BSA-AuNCs were functionalized with 
folic acid in order to actively target NIH: OVCAR-3 human ovarian cancer cells toward bioimaging applications (FA- 
BSA-AuNCs). After confirming their biocompatibility up to a concentration of 40 mg/mL, routine wide-field epi- 
fluorescence microscopy was used to validate the increased cellular take-up and recoloring capacity of FA-BSA- 
AuNCs compared to the BSA-AuNCs. Confocal fluorescence lifetime imaging microscopy (FLIM) was used to monitor 
the intracellular localization. Due to their advantageous inherent photoluminescent properties, the orchestrated FA-BSA- 
AuNCs offer impressive potential for coordinated employment in cellular imaging as effective differentiation specialists 
towards early cancer conclusion and image-guided treatment of cancer.144

Nanozymes as a β-Galactosidase Inhibitor
One of the normal lysosomal glycosidases, -galactosidase (-gal), is believed to be a critical biomarker that is over-
expressed in early ovarian cancer cells. Galactosidase (-Gal), a common proteolytic chemical similar to ChT, is essential 
for catalyzing the hydrolysis of lactose to galactose. Since overexpression of -Gal is typically associated with the 
development of vital ovarian cancer and cell maturation, inhibitors of -Gal have been produced for use in the clinical 
conclusion of a variety of disarrangements.137,145

Given the assortment of chemical inhibitors, we have seen an advancement of novel nanoparticle inhibitors with 
unordinary shapes later years.146 The biocatalytic inhibitory actions of these new inhibitor classes are strongly influenced 
by shape impacts because of their altered geometries. Previous studies have demonstrated ZnO NPs’ potential for shape 
direction in the presence of peroxidase.146

Three different types of zinc oxide nanoparticles (ZnO NPs) with various geometries are hexagonal nanopyramids, 
nanoplates, and nanospheres, characterized by modification of the shape and surface chemistry. The inhibitory effects of 
the various ZnO NPs on the catalytic activity of -Gal were then methodically compared. Protein mobility gradually 
decreased as the concentrations of nanoplates and nanopyramids increased but was unaffected by all concentrations of 
nanospheres.147,148 Furthermore, in comparison to nanoplates, ZnO nanopyramids’ more refined apexes and edges 
created a more noteworthy degree of geometric coordination with the chemical surface encompassing the dynamic 
center, driving to the most noteworthy inhibitory impacts. In this manner, atom shape-dependent inhibitory conduct, in 
expansion to hydrogen bonds and van der Waals forces, is what causes the substrate’s binding strength to the active site 
to be decreased.

Nanozyme Biosensors Used to Detect Breast Cancer and Ovarian Cancer
When it comes to cancer organizing and conclusion, finding specific miRNAs connected to the illness is straightforward. 
For occurrence, enzyme biosensors can presently distinguish miR-21, a conceivable biomarker for vertebral cancer, 
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ovarian cancer, and other cancers like breast cancer. Based on a lock exponential rolling circle enhancement (P-ERCA) 
test and CoFe2O4 attractive nanoparticles, an ultrasensitive electrochemical biosensor for miR-21 discovery was made 
(CoFe2O4 MNPs).29,30 This test is a latch test characterized with a hybridization arrangement to miRNA and a scratching 
target location for the endonuclease, making it an exceedingly delicate and particular intensification approach with 
a location restrain as much as the zeptomole level. Nan Yu and partners utilized this technique to identify miR-21 with 
a moo location restrain of 0.3 fM and a huge energetic run of 1 fM to 2 nM.149,150

Nanoenzymes in Biomedical Imaging
Biomedical imaging and cancer treatment frequently use nanomaterials like nanoparticles, nanozymes, nanorods, nano-
spheres, nano shells, and nano stars. Among other things, they serve as contrast agents, photothermal agents, photo-
acoustic agents, radiation dosage enhancers, and drug delivery agents. Nanomaterials are increasingly being employed in 
a variety of sectors, including functional imaging, nanofabrication integration, cancer therapy, and synergistic combina-
tion platforms, thanks to recent advancements in nanotechnology.151–153 As nanozymes to promote the generation of OH 
for intracellular oxidative tumor damage by H2O2 present in cancer cells, small AuNPs are preferred over large ones due 
to their enhanced catalytic activity and the facility of intracellular delivery compared to that of larger AuNPs.109

According to in vivo and in vitro studies, nanoprobes showed excellent tumor-targeting efficacy, long-term tumor 
retention, and good therapeutic efficacy.154,155 For PDT and PTT, singlet oxygen and photothermal effects can be 
generated. Due to its small size (60 nm) and surface PEGylation, it accumulates extensively in tumors. All these 
properties make it potentially usable in image-guided PDT/PTT.107,148,156

Conclusion and Future Perspectives
Nanozymes are diverse in classification and are inspired by nature and have various benefits as well as the factors that are 
used for the diagnosis and treatment of different diseases. Various techniques are being tested and revalidated to diagnose 
the breast and ovarian cancers early, leading to the positive prospect of their treatment, however many of these methods 
are still in experimental stages and are not routinely used for treating patients. Our review concluded that there are many 
disadvantages, which are fortunately outnumbered by the advantages of using nanozymes. Nanozymes, on the basis of 
their oxidase, catalase, and peroxidase activities, can be used to diagnose cancer. Depending on these activities, they can 
also be used to treat cancer. They are the artificial enzymes that mimic natural enzymes and have diverse functions, 
excellent designability, and strong stability. The knowledge gathered and analyzed in this review is limited because of the 
lack of research and initiative in nanoenzymes to treat ovarian and breast cancer. Having gone through multiple articles, 
the majority of selected articles were then further excluded based on our criteria of inclusion criteria which required an 
association with ovarian cancer, despite its initial understanding. Studies were thoroughly analyzed to ensure that there 
was an emphasis on nanozymes in comparison to nanoparticles and enzymes which are being used independently for 
treatment. In the future, it is expected that they can be applied in the medical field and replace natural enzymes. On the 
other hand, there are some issues that should be resolved: their catalytic efficiency is not up to the level of naturally 
occurring enzymes, and they have redox activities that are less widely used. The toxicity of nanomaterials has limited 
their applications, which act as both opportunities and challenges for nanozymes.
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