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Abstract

A lot of interest has been paid to silver nanoparticles (AgNPs) because of their distinctive
physicochemical characteristics and diverse range of uses. However, worries have been
voiced about their potential negative health impacts on people. The objective of this review
paper is to present a thorough examination of the effects of AgNPs on human health after
exposure through a variety of methods, including inhalation, oral ingestion, cutaneous
absorption, and injection. We'll talk about how AgNPs affect the reproductive system,

neurological system, cardiovascular system, and gastrointestinal tract.

According to studies, AgNPs can cause cytotoxicity, oxidative stress, and pulmonary
inflammation in the respiratory system. AgNPs can cause gastrointestinal toxicity when
consumed orally, altering intestinal epithelial cells, upsetting the gut microbiota, and
weakening the integrity of the intestinal barrier. In addition to possibly influencing heart
function, AgNPs can cause thrombosis, inflammation, and endothelial dysfunction in the
cardiovascular system. AgNPs have been found to cause neuroinflammation, oxidative stress,
and neuronal injury in the nervous system, which may cause the blood-brain barrier and
neurotransmitter systems to malfunction. AgNPs can also build up in reproductive organs,
which can be hazardous to reproduction by impairing sperm quality, ovarian function, and

embryo development.

The review emphasizes how crucial it is to comprehend AgNPs' physicochemical properties

and dose-response relationship in order to assess their biological impacts. AgNPs' stability,
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surface charge, size, form, and interaction with biological systems all significantly affect how
hazardous they are. In order to assess the possible dangers of AgNPs and create mitigation

plans, it is essential to understand the mechanisms underlying their toxicity.

This review aids in the creation of secure and efficient nanotechnology applications by
offering useful insights into the potential dangers related to exposure to AgNPs. To ensure
the ethical use of AgNPs and protect human health, it is crucial to comprehend the effects of

AgNPs on human health when administered via various routes.

Keywords: silver nanoparticles, human health, administration routes, toxicity,

nanotechnology

Introduction

Silver nanoparticles (AgNPs) have gained recognition as a potential nanomaterial with
distinct physical, chemical, and biological properties. As a result, they are now widely used in
a variety of industries, including electronics, consumer goods, and medicine [1,2]. AgNPs are
ideal for a variety of applications because of their high surface area to volume ratio, strong
reactivity, and distinctive optical characteristics. A thorough assessment of AgNPs' safety
profile is necessary due to concerns that have been expressed about their possible negative
effects on human health as a result of their expanding use.

AgNPs have the potential to cause harm since they can enter the body by a variety of modes
of administration, including inhalation, oral ingestion, dermal absorption, and injection [3].
When ingested, AgNPs can interact with biological systems and tissues and could have a
negative impact on health. Therefore, it is essential to thoroughly examine the effects of
AgNPs on human health after various delivery methods in order to determine their possible

hazards and set up useful safety standards.

AgNPs are commonly exposed through inhalation, especially in occupational settings or from
environmental sources. AgNPs are deposited in the respiratory system after being breathed,
which raises questions about their possible impact on lung health. Another significant route
of exposure is through the digestive system, as AgNPs can be consumed orally through
contaminated food or by using consumer goods that contain AgNPs. AgNPs can also enter

the body through the skin, either directly or by dermal contact with goods that contain them.
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AgNPs can also reach the bloodstream through injection, such as intravenous or

intramuscular delivery, which may have an impact on many organs and systems.

Examining AgNPs' effects on particular organs and systems is crucial for a thorough
evaluation of the consequences on human health. AgNPs inhalation is particularly dangerous
for the respiratory system and could have negative effects on pulmonary health and function.
AgNPs have the potential to cause cytotoxicity, oxidative stress, and inflammation in the
lungs, which can result in respiratory problems. Following oral consumption, the
gastrointestinal tract is also susceptible to the effects of AgNPs, which may cause
gastrointestinal toxicity and disruption of intestinal homeostasis. AgNPs may also have
negative effects on the neurological system, reproductive system, and cardiovascular system,

thus a thorough analysis of these consequences is required [4-10].

This review study seeks to offer a thorough investigation of the effects of AgNPs on human
health after being administered via diverse methods. We aim to clarify the potential dangers
related to exposure to AgNPs and advance our understanding of the toxicity processes by
combining the available literature. We further stress the significance of taking into account
AgNPs' physicochemical properties and dose-response relationship when assessing their
potential biological impacts. This review's goal is to clarify the potential negative effects of
AgNPs on human health in order to assist in the creation of safe and efficient nanotechnology
applications and direct regulatory decision-making to secure the ethical usage of AgNPs.

Respiratory System

AgNPs are mostly exposed through the respiratory system, especially during inhalation [3].
AgNPs can be inhaled and deposit in the lungs, raising questions regarding possible negative
consequences on respiratory health. Numerous investigations have shown that AgNPs can

cause cytotoxicity, oxidative stress, and lung inflammation [4,5].

It was found in a study by Park et al. that exposure to AgNPs activated inflammatory
responses in lung cells, as evidenced by the release of pro-inflammatory cytokines such
interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-alpha) [6]. AgNPs have also been
demonstrated to produce reactive oxygen species (ROS), which causes oxidative stress in
lung cells [7]. Studies by Xia et al. that found that exposure to AgNPs increased oxidative

stress indicators and DNA damage in lung tissues [8] further corroborated these findings.
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Additionally, it has been noted that AgNPs affect immunological responses and lung
function. In a study by Jeong et al., mice exposed to AgNPs showed worsened respiratory
performance as seen by increased airway resistance and lower lung compliance [9].
Additionally, it was discovered that exposure to AgNPs modulated immunological responses

by altering the function of immune cells such macrophages and lymphocytes [10].

Several physicochemical characteristics affect the toxicity of AgNPs in the respiratory
system. AgNPs' size, shape, surface charge, and aggregation state all significantly affect how
they behave biologically [11]. For instance, it was discovered that smaller AgNPs were more
harmful to the lungs than bigger AgNPs [12]. AgNP toxicity and lung cell contact are both

impacted by surface functionalization or coating [13].

In order to assess the possible hazards of AgNPs and create effective preventive strategies, it
is essential to comprehend the mechanisms underlying their induction of respiratory toxicity.
Regulatory bodies and researchers can produce guidelines for safe occupational practices and
product development to limit the potential negative effects of AgNPs exposure in the
respiratory system by taking into account the dose-response relationship and the

physicochemical properties of AgNPs.

Gastrointestinal Tract

Another key pathway for AgNPs exposure is the digestive system, primarily through oral
intake [3]. Knowing how AgNPs affect the digestive system is crucial given the prevalence of
AgNPs in consumer products and the possibility of food contamination. According to studies,

AgNPs can cause intestinal toxicity and interfere with the environment's homeostasis.

Studies in vitro have shown that AgNPs can harm intestinal epithelial cells. When Lee et al.
subjected a model of intestinal epithelial cells, Caco-2 cells, to AgNPs, they found that
membrane permeability had increased and cell viability had reduced [14]. In these cells,
AgNPs were discovered to cause oxidative stress and mitochondrial malfunction, which

resulted in cell death.

AgNPs have also been demonstrated to interfere with the gut microbiota, which is essential
for sustaining intestinal health. Oral delivery of AgNPs to mice altered the variety and

composition of the gut microbiota in a research by Hu et al. [15]. The delicate balance of the
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gut microbiota was upset as a result of exposure to AgNPs, which caused a decrease in

helpful bacteria and an increase in possibly dangerous bacteria.

Another negative impact of AgNPs on the digestive system is the loss of intestinal barrier
integrity. Exposure to AgNPs may weaken the tight junctions between intestinal epithelial
cells, increasing permeability and allowing substances to pass through the intestinal barrier
[16]. Through this disturbance, potentially toxic compounds could enter the bloodstream and

cause inflammation and other systemic consequences.

AgNPs' size, shape, surface charge, and coating, among other things, all have an impact on
how harmful they are to the digestive system. For instance, a study by Ahamed et al. found
that intestinal cells were more negatively affected by smaller AgNPs than by bigger particles
[17]. AgNPs' toxicity was also impacted by how well they interacted with intestinal cells,

which was determined by their surface charge.

In order to evaluate the possible dangers associated with exposure to AgNPs and create
preventive measures, it is essential to understand the mechanisms underlying their induction
of gastrointestinal toxicity. Regulatory standards can be devised to ensure the safe use of
AgNPs in consumer products and reduce any potential negative effects on gastrointestinal
health by taking into account the dose-response relationship and the physicochemical features
of AgNPs.

Cardiovascular System

A further significant target of AgNPs toxicity after being administered via multiple methods
is the cardiovascular system [3]. AgNPs may be injected directly into the body or may reach
the bloodstream indirectly through different modes of absorption. According to studies,
exposure to AgNPs can have harmful consequences on the cardiovascular system, such as
inflammation, thrombosis, and endothelial dysfunction.

It has been demonstrated that AgNPs cause endothelial dysfunction, which is indicated by
reduced vasodilation and elevated vascular resistance. According to a study by Radzig et al.,
exposure to AgNPs reduced the endothelium-dependent relaxation of isolated blood arteries,
pointing to a problem with endothelial function [18]. An important regulator of vascular tone,
nitric oxide signaling was discovered to be disrupted by AgNPs, resulting in vasoconstriction
and elevated blood pressure.
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Additionally, AgNPs have been linked to increasing thrombosis, a condition in which blood
clots develop in blood arteries. AgNPs can cause platelet activation and aggregation, which
releases pro-thrombotic substances and causes blood clots to form [19]. AgNPs exposure
increased platelet aggregation and adherence to the vascular wall in a research by Chen et al.,

indicating a pro-thrombotic impact [20].

Another big problem for the cardiovascular system is inflammation brought on by AgNPs.
AgNPs have the ability to cause blood vessels to become inflamed, which is indicated by
immune cell activation and the production of pro-inflammatory cytokines. In a research by Li
et al., exposure to AgNPs caused endothelial cells to produce pro-inflammatory cytokines
such interleukin-1 (IL-1) and interleukin-6 (IL-6) [21]. This inflammatory response may play

a role in the progression of atherosclerosis and vascular inflammation.

AgNPs' physicochemical characteristics affect their cardiovascular toxicity. According to
studies [22,23], the size and surface charge of AgNPs can influence how they interact with
endothelial cells and the consequent consequences on the cardiovascular system. When
compared to bigger particles, smaller AgNPs were found to have higher levels of cytotoxicity
and pro-inflammatory effects [22]. AgNPs' surface charge also affected how well they

adhered to endothelial cells and how well they could cause platelet aggregation [23].

In order to evaluate the possible hazards of AgNPs and create preventive measures, it is
essential to comprehend the mechanisms underlying their induction of cardiovascular
toxicity. Physicochemical properties of AgNPs and the dose-response relationship can be
taken into account when creating regulatory guidelines to assure the safety of AgNP use and

reduce potential negative effects on cardiovascular health.

Nervous System

Recently, there has been a lot of interest in the potential effects of AgNPs on the nervous
system [3]. The central nervous system (CNS) can be exposed to AgNPs by a variety of
routes, including inhalation, oral intake, and systemic circulation. To assess AgNP
neurotoxicity and potential consequences on neurological health, it is critical to understand

how AgNPs affect the nervous system.

AgNPs can build up in the brain and cross the blood-brain barrier (BBB), according to

studies, which raises concerns about any potential neurotoxic effects. In vivo studies by Tang
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et al. have shown that AgNP exposure results in neuroinflammation of the brain, which is
characterized by increased levels of pro-inflammatory cytokines and activated glial cells [24].
Additionally, it has been shown that AgNPs harm, degenerate, and produce oxidative stress in

neuronal cells.

Additionally, it has been shown that AgNPs affect the activity and operation of neurons. As a
result of exposure to AgNPs, neurotransmitter levels and synaptic plasticity were altered in
the hippocampus, a region of the brain crucial for learning and memory [25]. AgNPs were

found to interfere with neurotransmitter release and uptake, obstructing neuronal signaling.

The neurotoxicity of AgNPs is influenced by their physicochemical properties, including
size, shape, and surface coating. Smaller AgNPs were found to be more neurotoxic than
bigger AgNPs, probably because they have a better ability to infiltrate neuronal cells and
disrupt cellular functions [26]. The surface coating of AgNPs can also affect how they

interact with brain cells and the subsequent neurotoxic effects [27].

It is essential to know the mechanisms underlying AgNPs-induced neurotoxicity in order to
identify the potential risks of AgNPs and develop mitigation strategies for adverse effects on
the nervous system. The dose-response relationship and the physicochemical properties of
AgNPs can be considered when developing regulatory standards to ensure the safe use of

AgNPs and protect neurological health.

Conclusion

In conclusion, concerns have been raised about the possible effects of silver nanoparticles
(AgNPs) on human health due to their ubiquitous use in a variety of consumer products. This
review research sought to assess how different administration methods for AgNPs affected

human health.

The results mentioned in this review emphasize the potential harm that AgNPs could do to
many organ systems. AgNP inhalation can cause respiratory toxicity, which is marked by
pulmonary inflammatory disease, oxidative stress, and diminished lung function. By
damaging cells, changing the gut microbiota, and impairing intestinal barrier integrity, oral
consumption of AgNPs can disturb the digestive system. The cardiovascular system may

suffer negative effects from AgNP exposure as well, such as endothelial dysfunction,
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thrombosis, and inflammation. AgNPs have also been demonstrated to cause neurotoxicity,

altering neuronal behavior and function.

AgNPs' physicochemical characteristics, such as size, shape, surface charge, and coating, all
have an impact on how poisonous they are. AgNPs with particular surface properties and
smaller AgNPs have been proven to be more hazardous to various organ systems.

Understanding the underlying toxicity mechanisms of AgNPs and evaluating the possible
dangers of exposure are essential for ensuring their safe use. AgNP production, use, and
disposal should be governed by regulations that take into account their physicochemical

characteristics and dose-response relationship.

To fully assess the long-term consequences of AgNPs exposure on human health and to
create preventive measures, more investigation is required. To mitigate potential concerns,

alternative nanoparticle development with lower toxicity profiles should be investigated.

Overall, this study highlights the significance of comprehending how AgNPs affect human
health and offers insightful information for academics, government agencies, and businesses

involved in the usage of AgNPs in consumer goods.
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