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Introduction
Oxidative stress is a state of imbalance between the production of Reactive Oxygen 

Species (ROS) and the body’s ability to detoxify or repair the damage caused by them. ROS are 
highly reactive molecules that are produced naturally as byproducts of metabolic processes 
in the body [1]. They include free radicals such as superoxide anion (O2−), hydroxyl radical 
(OH−), and non-radicals like hydrogen peroxide (H2O2). ROS are essential for many cellular 
processes, including cellular signaling and immune defense. However, excessive amounts 
of ROS can cause damage to cellular components such as proteins, lipids, and DNA, leading 
to oxidative stress [2]. This can result in cellular dysfunction and may contribute to the 
development of various diseases, including cancer, cardiovascular disease, neurodegenerative 
disorders, and aging. To counteract the damaging effects of oxidative stress, the body has a 
complex system of antioxidants, including enzymes such as Superoxide Dismutase (SOD), 
catalase, and glutathione peroxidase. These enzymes neutralize ROS or convert them to less 
harmful substances [3]. Additionally, the body also relies on dietary antioxidants, such as 
vitamins C and E, carotenoids, and flavonoids, to help prevent oxidative damage. Reducing 
oxidative stress through a healthy lifestyle that includes a balanced diet, regular exercise, and 
avoidance of harmful substances such as tobacco and excessive alcohol consumption can help 
prevent or reduce the risk of many diseases associated with oxidative stress [4].

Oxidative Stress Pathway
It involves the production of Reactive Oxygen Species (ROS) and the body’s defense against 

them. When cells are exposed to stressors such as radiation, pollution, or toxins, they can 
produce ROS as a byproduct of cellular metabolism. These ROS can then interact with various 
cellular components, including lipids, proteins, and DNA, leading to damage and dysfunction 

Crimson Publishers
Wings to the Research

Mini Review

*Corresponding author: NT Pramathesh 
Mishra, Department of Pharmacy, Hygia 
College of Pharmacy, Abdul Kalam 
Technical University, India

Submission:  March 13, 2023
Published:  March 30, 2023

Volume 3 - Issue 2

How to cite this article: NT Pramathesh 
Mishra*, Ashish Kumar Nirmal, Vivekanand 
Prajapati, Shivendra Misra, Shweta Mishra 
ect. Focusing on Vascular Oxidative Stress 
in Medicine Using Nanoparticles. Mod Appl 
Pharm Pharmacol. 3(2). MAPP.000558. 
2023.  
DOI: 10.31031/MAPP.2023.03.000558

Copyright@ NT Pramathesh Mishra, This 
article is distributed under the terms of 
the Creative Commons Attribution 4.0 
International License, which permits 
unrestricted use and redistribution 
provided that the original author and 
source are credited.

ISSN: 2637-7756

1Mod Appl Pharm Pharmacol

Abstract
Vascular oxidative stress is a key contributor to the development of various cardiovascular diseases. 
Nanoparticles have unique properties that make them attractive for preventing and treating vascular 
oxidative stress. Metal, metal oxide, polymer, lipid, ceramic, and carbon-based nanoparticles can be 
designed to scavenge reactive oxygen species and deliver antioxidant compounds to target tissues. These 
nanoparticles have potential applications in drug delivery, imaging, and theragnostic. However, more 
research is needed to fully understand the potential of nanoparticles in this application and ensure their 
safety and efficacy before they can be used in clinical applications. The use of nanoparticles in medicine 
is a promising field that may lead to the development of novel treatments for various diseases, including 
those associated with vascular oxidative stress.
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[5]. The pathway involves several key enzymes and molecules that 
help regulate ROS production and removal. The primary enzymes 
involved in the generation of ROS are Nicotinamide Adenine 
Dinucleotide Phosphate (NADPH) oxidase, xanthine oxidase, and 
cytochrome P450 enzymes. These enzymes produce ROS as part of 
their normal metabolic activity and can be upregulated in response 
to stress [6].

To counteract the damaging effects of ROS, the body has a 
complex system of antioxidants that includes enzymes such as 
Superoxide Dismutase (SOD), catalase, and glutathione peroxidase. 
These enzymes help neutralize ROS or convert them to less harmful 
substances. Another important molecule in the oxidative stress 
pathway is nuclear factor erythroid 2-related factor 2 (Nrf2). Nrf2 

is a transcription factor that regulates the expression of several 
antioxidant enzymes and other genes involved in cellular defense 
against oxidative stress. Activation of Nrf2 can help reduce oxidative 
stress and prevent damage to cellular components. The oxidative 
stress pathway is involved in many diseases, including cancer, 
cardiovascular disease, neurodegenerative disorders, and aging. 
Strategies that target this pathway, such as antioxidants and Nrf2 
activators, may have therapeutic potential for these conditions. 
However, it is important to note that ROS also have important 
physiological functions, and excessive antioxidant supplementation 
may have harmful effects. Therefore, further research is needed 
to better understand the complex interplay between ROS and 
antioxidants in health and disease (Figure 1).

Figure 1: Mechanism of oxidative stress.

Nanoparticles
These are tiny particles that are often less than 100 nanometers 

in size. They can be made from a variety of materials, such as 
metals, polymers, or lipids, and have unique physical, chemical, and 
biological properties that make them useful in many different fields, 
including medicine. Nanoparticles have been used in medicine 
for a variety of applications, including drug delivery, imaging, 
and sensing. One of the main advantages of using nanoparticles 
in medicine is their ability to selectively target specific cells or 
tissues, which can improve the efficacy and reduce the side effects 
of treatments [7]. In drug delivery, nanoparticles can be designed 

to encapsulate drugs and deliver them directly to the site of action. 
This can improve the effectiveness of the drug and reduce the 
dosage needed, which can minimize side effects. Nanoparticles can 
also be used to overcome biological barriers, such as the blood-brain 
barrier, to deliver drugs to the brain. In imaging, nanoparticles can 
be used to improve the sensitivity and specificity of diagnostic tests. 
For example, magnetic nanoparticles can be used as contrast agents 
in Magnetic Resonance Imaging (MRI) to improve the visibility of 
tumors or other abnormalities. Similarly, gold nanoparticles can 
be used in Computed Tomography (CT) scans to enhance contrast 
[8]. Nanoparticles can also be used for sensing, such as detecting 
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biomolecules or environmental toxins. For example, nanoparticles 
can be functionalized with specific ligands or antibodies to 
selectively bind to a target molecule and produce a signal that can 
be detected.

While nanoparticles have many potential applications in 
medicine, there are also concerns about their safety and potential 
toxicity. It is important to carefully design and characterize 
nanoparticles to ensure their safety and efficacy before using them 
in medical applications (Figure 2). 

Some common types of nanoparticles include:

A. Metal nanoparticles: These are nanoparticles made of 
metals such as gold, silver, and copper. They have unique optical 
and electronic properties and are used in various applications 
such as imaging, sensing, and drug delivery.

B. Metal oxide nanoparticles: These are nanoparticles made 
of metal oxides such as titanium dioxide, zinc oxide, and iron 
oxide. They are used in a wide range of applications including 
sunscreens, catalysts, and drug delivery.

C. Polymer nanoparticles: These are nanoparticles made 
of synthetic or natural polymers such as Polyethylene Glycol 
(PEG), Polystyrene (PS), and chitosan. They are used in drug 
delivery, gene therapy, and imaging.

D. Lipid nanoparticles: These are nanoparticles made of 
lipids such as phospholipids and cholesterol. They are used in 
drug delivery, gene therapy, and vaccine development.

E. Ceramic nanoparticles: These are nanoparticles made of 
ceramics such as silica, alumina, and zirconia. They are used in 
catalysis, drug delivery, and imaging.

F. Carbon-based nanoparticles: These are nanoparticles 
made of carbon-based materials such as carbon nanotubes, 
graphene, and fullerenes. They have unique mechanical, 
electrical, and thermal properties and are used in various 
applications including energy storage, electronics, and drug 
delivery.

Figure 2: Different types of nanoparticles.

Vascular Oxidative Stress
It refers to an imbalance between the production of Reactive 

Oxygen Species (ROS) and the antioxidant defense mechanisms 
within the cells that make up blood vessels. ROS are highly 
reactive molecules that are produced naturally by various cellular 
processes, including cellular respiration and metabolism [9]. 
In small amounts, ROS can play a beneficial role in signaling and 
regulating cellular functions. However, excessive production of ROS 
can lead to oxidative stress, which can cause damage to cellular 
components such as DNA, proteins, and lipids. Vascular oxidative 
stress can be caused by a variety of factors, including hypertension, 
hyperlipidemia, diabetes, smoking, and inflammation. These 
factors can increase the production of ROS and/or decrease 
the antioxidant defenses within blood vessels [10]. This can 

lead to endothelial dysfunction, which is a key early event in the 
development of atherosclerosis, a condition in which plaque builds 
up inside arteries, leading to reduced blood flow and increased 
risk of heart attack and stroke. To reduce vascular oxidative stress, 
lifestyle modifications such as exercise, healthy diet, and avoiding 
smoking can be helpful. In addition, antioxidant supplements such 
as vitamin C, vitamin E, and resveratrol have been shown to have 
some protective effects against oxidative stress in the vasculature. 
However, further research is needed to determine the optimal 
dosages and long-term effects of these supplements [11].

Vascular oxidative stress is a condition in which Reactive 
Oxygen Species (ROS) cause damage to blood vessels, leading to 
atherosclerosis and other cardiovascular diseases. Nanomedicine 
has shown promise in treating vascular oxidative stress by delivering 
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antioxidants directly to the affected tissues. One approach is to use 
nanoparticles to encapsulate and deliver antioxidants, such as 
vitamin E or resveratrol, to the vascular tissues. These nanoparticles 
can be designed to selectively target the affected tissues, such as 
the endothelium, and release the antioxidants in a controlled 
manner [12]. This can reduce the number of antioxidants needed 
and minimize any potential side effects. Another approach is to use 
nanoparticles to deliver small interfering RNA (siRNA) to silence 
genes that contribute to oxidative stress, such as NADPH oxidase or 
superoxide dismutase. This can reduce the production of ROS and 
mitigate the damage to the blood vessels.

Nano Particles in Vascular Oxidative Stress
Nanoparticles can also be used to deliver drugs that target 

the underlying causes of oxidative stress, such as inflammation 
or hyperglycemia. For example, nanoparticles can be designed 
to deliver anti-inflammatory drugs, such as curcumin or statins, 
directly to the affected tissues. This can reduce the inflammation 
that contributes to oxidative stress and improve the overall health 
of the blood vessels. Overall, nanomedicine has the potential to 
improve the treatment of vascular oxidative stress by delivering 
targeted and effective therapies [13]. However, more research 
is needed to fully understand the safety and efficacy of these 
approaches before they can be widely used in clinical practice [14]. 
Nanoparticles have several advantages that make them attractive 
for various applications, including potential roles in oxidative stress 
treatment. Some advantages of nanoparticles include:

A. High surface area-to-volume ratio: Nanoparticles have a 
high surface area-to-volume ratio, which makes them highly 
reactive and efficient in interacting with biological systems.

B. Tailorable size and surface properties: The size and 
surface properties of nanoparticles can be precisely controlled, 
allowing for fine-tuning of their properties for specific 
applications.

C. Enhanced permeability and retention: Some nanoparticles 
have the ability to accumulate in certain tissues, which can 
increase their efficacy and reduce potential side effects.

D. Targeted delivery: Nanoparticles can be designed to 
selectively target specific cells or tissues, which can improve 
drug delivery and reduce off-target effects.

E. Controlled release: Nanoparticles can be designed to 
release their payload in a controlled manner, which can improve 
drug efficacy and reduce toxicity.

In terms of potential roles in oxidative stress treatment, 
nanoparticles have been studied as potential therapeutic agents 
due to their ability to scavenge reactive oxygen species and improve 
antioxidant defense mechanisms. For example, some metal and 
metal oxide nanoparticles have been shown to have antioxidant 
properties and protect against oxidative stress in vitro and in 
animal models. Additionally, nanoparticles such as carbon-based 
and polymer nanoparticles have been studied for their potential 

use in drug delivery of antioxidant compounds to target tissues 
[15].

Targeting Vascular Oxidative Stress Using 
Nanoparticles

It is an area of active research, as oxidative stress is a key 
contributor to the development of various cardiovascular diseases 
[16]. Nanoparticles have unique properties that make them 
attractive for this application, including their ability to scavenge 
reactive oxygen species and deliver antioxidant compounds to 
target tissues [17]. Some potential approaches for targeting 
vascular oxidative stress using nanoparticles include:

A. Antioxidant nanoparticles: Nanoparticles can be designed 
to have inherent antioxidant properties by incorporating 
antioxidant compounds such as vitamin E or curcumin into 
their structure. These nanoparticles can scavenge reactive 
oxygen species and protect against oxidative stress.

B. Targeted delivery of antioxidant compounds: 
Nanoparticles can be designed to selectively deliver antioxidant 
compounds to target tissues, such as the endothelial cells lining 
blood vessels. This can improve the efficacy of antioxidant 
compounds and reduce off-target effects.

C. Metal nanoparticles: Some metal nanoparticles such as 
gold and silver have been shown to have antioxidant properties 
and protect against oxidative stress. They can also be designed 
to selectively accumulate in target tissues, allowing for targeted 
delivery.

D. Polymer nanoparticles: Polymer nanoparticles can 
be designed to encapsulate antioxidant compounds and 
protect them from degradation in the body. They can also be 
functionalized with targeting moieties to selectively deliver 
their payload to target tissues.

E. Lipid nanoparticles: Lipid nanoparticles such as liposomes 
can be designed to encapsulate antioxidant compounds and 
deliver them to target tissues. They can also be functionalized 
with targeting moieties to improve their specificity.

Challenges and Considerations in the Use of 
Nanoparticles for Targeting Vascular Oxidative 
Stress

The use of nanoparticles for targeting vascular oxidative 
stress is a promising approach for the prevention and treatment of 
cardiovascular diseases [18]. However, there are several challenges 
and considerations that need to be considered in their development 
and use [19]. Some of these challenges and considerations include:

A. Biocompatibility and toxicity: Nanoparticles can induce 
toxicity and immune responses in the body, which may limit 
their therapeutic applications. Therefore, it is important 
to carefully evaluate the biocompatibility and toxicity of 
nanoparticles before their use in clinical applications.
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B. Targeting and delivery: Effective targeting and delivery 
of nanoparticles to the site of oxidative stress is critical for 
their therapeutic efficacy. Therefore, nanoparticles need to 
be designed with appropriate targeting moieties and delivery 
mechanisms to achieve site-specific delivery.

C. Efficacy and safety: The efficacy and safety of nanoparticles 
for targeting vascular oxidative stress need to be carefully 
evaluated in preclinical and clinical studies. This includes 
assessing their ability to scavenge reactive oxygen species 
and deliver antioxidant compounds, as well as monitoring any 
adverse effects or toxicity.

D. Regulatory considerations: Nanoparticles are subject 
to regulatory approval before they can be used in clinical 
applications. Therefore, it is important to consider regulatory 
requirements and guidelines for the development and use of 
nanoparticles for targeting vascular oxidative stress.

E. Manufacturing and scale-up: The production of 
nanoparticles for clinical use can be challenging and may 
require specialized equipment and expertise. Therefore, it is 
important to consider manufacturing and scale-up issues in the 
development of nanoparticles for clinical applications.

Recent Trends
Recent studies have focused on the development of 

nanoparticles with enhanced biocompatibility, targeting ability, 
and therapeutic efficacy for the treatment of vascular oxidative 
stress [20]. Some notable recent trends in this field include:

A. Metal and metal oxide nanoparticles: Metal and metal 
oxide nanoparticles such as gold, silver, zinc oxide, and cerium 
oxide have been extensively studied for their potential use in 
the treatment of vascular oxidative stress. These nanoparticles 
have antioxidant properties and can scavenge reactive oxygen 
species, thereby protecting against oxidative stress.

B. Polymer and lipid nanoparticles: Polymer and lipid 
nanoparticles such as liposomes and polymeric micelles 
have been studied for their potential use in drug delivery of 
antioxidant compounds to target tissues. These nanoparticles 
can be functionalized with targeting moieties to selectively 
deliver their payload to the site of oxidative stress.

C. Carbon-based nanoparticles: Carbon-based nanoparticles 
such as fullerenes and carbon nanotubes have been studied for 
their potential antioxidant properties and ability to scavenge 
reactive oxygen species. However, their potential toxicity and 
biocompatibility issues need to be carefully evaluated.

D. Combination therapies: Recent studies have explored the 
potential of combining nanoparticles with other therapies, such 
as photodynamic therapy and gene therapy, to enhance their 
therapeutic efficacy for the treatment of vascular oxidative 
stress.

Conclusion
Nanoparticles have unique properties that make them attractive 

for various biomedical applications, including the prevention and 
treatment of vascular oxidative stress, which is a key contributor to 
the development of various cardiovascular diseases. Nanoparticles 
can be designed to scavenge reactive oxygen species and deliver 
antioxidant compounds to target tissues, making them promise 
therapeutic agents for the treatment of cardiovascular diseases. 
Metal, metal oxide, polymer, lipid, ceramic, and carbon-based 
nanoparticles are all potential candidates for targeting vascular 
oxidative stress, and each has its own advantages and potential 
limitations. However, more research is needed to fully understand 
their potential in this application and ensure their safety and efficacy 
before they can be used in clinical applications. Overall, the use of 
nanoparticles in medicine is an exciting field with great potential 
for improving human health. As research in this field continues, 
it is likely that nanoparticles will play an increasingly important 
role in the prevention and treatment of various diseases, including 
cardiovascular diseases associated with vascular oxidative stress.
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