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Nanotechnology;

Metal nanoparticles; Nanotechnology's intriguing characteristics have attracted a lot of
Drug delivery systems; study in recent years. Nanomaterials, nanoelectronics, and
Biodegradable substances; nanobiotechnology are all subfields of nanotechnology that share a
Green synthesis; great deal of common ground. The possibility for metal nanoparticles

Efficacy index. (MNPs) to completely transform treatment is what has made them so

remarkable. In addition to avoid antibiotic resistance and improving
medication delivery, MNPs have been shown to raise the efficacy
index of medicines. Additionally, MNPs have applications in in vitro
and in vivo tests, improved biodegradable substance production, and
nutraceuticals. Improved targeting at the necessary target location is
one major benefit of using metallic nanoparticles for drug delivery
systems due to their improved durability and half-life in circulation.
Bio-nanotechnology is expanding into the new field of green
synthesis of MNPs, which is more environmentally friendly than
traditional chemical and physical synthesis techniques. Focusing on
environmentally friendly approaches to the preparation, surface
modification, and applications of various MNPs like silver, gold,
platinum, palladium, copper, zinc oxide, metal sulfide, and nanometal
organic frameworks, this review seeks to present current insights into
the challenges and perspectives of MNPs in drug delivery systems.

Introduction

Nanotechnology is currently regarded as one of the most recent and essential disciplines. Its
exceptional advantages for the welfare of humankind have appeared as a result of its theory and
practical significance. Nanomedicine is one of the most significant applications of nanotechnology, if
not the most important. This is due to its immediate relationship to human existence and wellbeing.
Nanotechnology's recent advancement has aided in changing the medical norms used in illness
prevention, diagnosis, and treatment. Nowadays, the age of nanomedical technology is being lived in,

whereby novel methods for transporting medicines inside the human body that can target specific
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cells are provided [1]. One of the top objectives for study in the area of nanomedicine is drug
transport to tissues, which is based on the production of exact nanometer materials that increase drug
absorption. This means that the pieces of the medicine are in the right place in the body, which is
where they work best. Because of this, the number of times people take medications, the bad effects
they have, and the total cost of therapy all go down [2], [3]. Researchers in pharmaceutics keep
making nano polymer-based ways to deliver medicines to the same biological cells. This objective is
critical because many illnesses are caused by defects within the cell itself. Furthermore, some drugs
can be given to patients while dormant and only become active in the impacted regions, avoiding the
drug's detrimental effects in some tissues [4]. As a result, one of the most essential responsibilities of
nanomedicine is to develop novel medicines with greater advantages, greater effectiveness, and fewer
adverse effects [5]. Nanostructured materials (NSMs) have been discovered to provide numerous
benefits in medication transport devices. One of the most important advantages of NSMs is their
physical resemblance to biological structures in human cells, which allows them to be regarded as a
possible choice for DDS because a variety of biochemical processes occur at nanoscales, as shown in
Figure 1 [6].
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Figure 1. Nanoparticles: Impact of Size, Material, Shape, and Surface Properties [6]
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Nanoscale solid microparticles, and specifically nanoparticles, have emerged as advantageous platforms for the targeted
delivery of microparticles and macromolecules in disease therapy because of their versatility in size and shape, high

carrier capacity, and ease of binding of both hydrophilic and hydrophobic materials [7]. Furthermore,
NSMs offer an effective medication delivery mechanism for overcoming the side effects and poor
uptake of traditional drugs. However, getting a therapeutic material directly into cancer cells is
extremely challenging. Along with radiation, traditional chemotherapy drugs used in cancer treatment
can raise the chance of cardiac illness, including myocardial infarction, heart attack, stroke, and
blood clots [8]. As a result, a drug administration technique that can minimize these types of adverse
effects is required. Metal nanoparticles are thought to be a hopeful strategy because they target the
afflicted tissue directly, reducing adverse effects [9]. Magnetic nanoparticle (MNP) production is a
novel area of nanobiotechnology with important consequences for imaging and medication transport
[10]-[12]. MNPs have distinct visual characteristics, such as surface plasmon resonance (SPR) and
the ability to control light fields, which make them particularly appealing for biological uses. MNPs
can travel through physiological barriers that are impervious to other polymers due to their tiny size
[13], [14]. MNPs' metabolic characteristics can be modified by modifying their surface, such as
covering them with polyethylene glycol (PEG) to decrease non-specific uptake by the mononuclear
phagocyte system and increase their longevity within the body. MNPs have surfaced as a viable drug
transport mechanism for the treatment of malignant cells [15].

Radiation or surgical excision of the mass are currently the most prevalent cancer treatments. These
techniques, however, have drawbacks such as limited discrimination, partial tumor cell elimination,
and a lack of adverse effect management. Non-invasive medicinal agent therapies have shown
encouraging outcomes, but real constraints have limited their effectiveness [16], [17]. To deal with
these problems, MNPs have been chosen to be used in the creation of smart devices that can deliver
medicine right to the site of an injury [18], [19]. For these systems to be made, researchers must first
learn about the tumor and choose materials that can respond to tumor signals and release the
medicine at the right place. Due to differences in how they work and how they look, tumors and
healthy organs can be specifically targeted by drug delivery methods [20], [21].Targeting ligands,
such as antibodies, peptides, or nucleic acid sequences, must be conjugated to MNPs, and this is
where their surface chemistry comes in [22], [23]. More medicinal medicines can be delivered to
particular cells using functionalized MNPs, with negligible side effects, allowing for cellular-level
diagnostics and therapy [24], [25]. This review looks at the current challenges and potential

applications of various metal-based nanomaterials for drug delivery systems, with a focus on cancer,
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diabetes, inflammation, and antiviral therapy due to the advantages of MNPs in these areas. The goal
of this research is to give an overview of how metallic nanoparticles could be used in systems that
deliver medicines. The overview will look at the problems and opportunities of using metal
nanoparticles as drug carriers, as well as their pros and cons and the current state of research in this
field. Also, it is important to find out how metallic nanoparticles could be used in drug delivery, such
as to treat cancer, inflammation, diabetes, and diseases caused by viruses. The study also looked at

how metallic nanoparticles might be used in the future to get medicines to where they need to go.

Functionalized MNPs for Efficient Therapeutic Drug Delivery

There are two main ways to integrate MNPs: the top-down method, also called the dispersion
method, and the bottom-up method, also called the condensation method [26]. With the top-down
method, big pieces of material are broken up into smaller pieces. This is done with size-reduction
methods like ultrasound devices that run at high levels [27]. An electromagnetic spark is another way
to make MNPs. This spark creates a lot of heat and spreads metal mist from the anode, which later
condenses into MNPs [28]. On the other hand, the bottom-up method builds nanomaterials atom by
atom or particle by particle. This is done through a high level of supersaturation followed by nuclei
growth [29]. There are many chemical and physical ways to make MNPs, such as chemical reduction
[30], microemulsion [31], thermal decomposition [32], sonochemical [33], polyol method [34],
microwave-assisted method [35], laser ablation [36], sputtering deposition [37], lithography [38],
pulsed electrochemical etching [39], and vapor phase synthesis [40] as shown in Figure 2. Chemical
methods are commonly used to synthesize MNPs, where harsh chemical additives like dimethyl
formamide, hydrazine, and sodium borohydride are added to prepare the nanoparticles[41]. However,
these methods require specific physical conditions like high temperature and vacuum, and have
environmental concerns due to the use of toxic chemicals, which can result in waste byproducts that
can negatively affect microorganisms, plants, and human health when discharged into the
environment [42]. To overcome these limitations, researchers are exploring the use of greener
methods to synthesize nanomaterials, such as using plant parts like roots, fruits, leaves, stems, and

flowers, which is an eco-friendly, simple, fast, and stable approach [43], [44].
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Figure 2 (A) Top-Down and Bottom-Up Approaches for Nanoparticle Synthesis. (B)
Synthesis of Nanoparticles: An Overview of Chemical and Physical Methods

Green Chemistry has become an important way to lessen the bad effects of chemical synthesis during
MNP production. Plant preparations have a lot of proteins, amino acids, vitamins, and other
compounds, so scientists have been looking into how to use them as reducing, capping, and
stabilizing agents when making metal nanoparticles [45]. Using water as a fluid, Phyto
nanotechnology has evolved as a safer, one-step, non-toxic method of making nanoparticles [46]. The
risks of chemical production can be reduced by using this technique. Researchers, academics, and
chemists can use the 12 principles of green chemistry as guidance to create low-toxicity
nanoparticles. Since plant-based goods have been used as medication for millennia and about 25% of
drugs are now drawn from natural resources, this cleaner strategy is extensively used in
nanomedicine and nanodrug delivery systems [47]. Plant-derived chemicals are the foundation for the
discovery of new medicines because of their wide range of molecular and biochemical

characteristics, relative safety, and low expense [48], [49].
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Role of Metallic Nanoparticles in Targeted Drug Delivery

Metallic nanoparticles possess a number of characteristics that make them appealing for tailored
medication administration. To begin with, their tiny size and large surface area enable greater cellular
absorption and entry into living tissues, making them perfect for medication transport to particular

cells or tissues as shown in Figure 3 [50].
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Figure 3 Enhancing Drug Delivery Efficiency

Second, their distinctive physical and molecular characteristics, such as visual and magnetic qualities,
can be used to accomplish tailored medication administration. Finally, their surface is readily
functionalized to combine targeting agents and active proteins, enabling for cell or tissue specific
targeting. One of the most common methods of using metallic nanoparticles in tailored drug delivery
is to functionalize their surface with targeting compounds that attach to receptors on target cells.
MNPs can be functionalized with antibodies that identify cancer cells, enabling for tailored
therapeutic medication transport to the tumor location [51]. Metallic nanoparticles are better than
traditional ways of delivering drugs in a number of ways, such as by making it easier for the body to
absorb the drug, making the medicine work better, and making it less harmful. Recent research has
shown that metallic nanoparticles (MNPs) could be used in customized drug delivery systems
because they can make hydrophobic drugs more soluble, increase the time drugs stay in the blood,
and slow down how quickly the kidneys get rid of drugs [52]. Multifunctional nanoparticles are
especially beneficial because they can achieve multiple objectives simultaneously, such as the co-
delivery of numerous bio actives with imaging agents and target-specific delivery via surface ligand

ornamentation [53]. The primary objectives of drug administration are to focus the medicinal
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substance at the site of action, limit deleterious effects on healthy tissues, and regulate drug release to
prevent overloading or underdosing [54]. MNPs offer a hopeful paradigm for achieving these
objectives, with surface covering tailored to regulate drug loading, transport, and release in the target
region while also enhancing biocompatibility and lowering adverse effects [55]. Efficient drug
transport via MNPs is dependent on two key factors: MNP design for delayed and prolonged drug
release and MNP ability to dispense medicinal drugs to specific regions without disturbing normal
cells [56]. These elements can be attained through both active and passive aiming. Passive targeting
is feasible due to the cancer vasculature's distinctive alterations, which enable MNPs to move through
weak connections and collect at the tumor location [57]. Active targeting, on the other hand, entails
the coupling of MNPs with different active ligands that attach to particular cell surface receptors and

eventually lead to drug delivery at the desired location, as shown in Figure 4 [58].

Figure 4 A Promising Approach for Targeting, Delivery, and Imaging.

MNPs provide several benefits in tailored drug delivery devices, including improved drug solubility,
increased circulatory duration, and regulated drug release. The advancement of multipurpose
nanoparticles and tailored surface compounds has increased their potential for effective medication
transport with minimum adverse effects. Active and inactive targeting methods both offer potential
ways to deliver particular drugs to target cells or regions. In both preclinical and clinical studies,
MNPs are being looked at as a way to find, diagnose, and treat a number of diseases. Scientists are
very interested in MNPs because they have unique physical and chemical properties that depend on
their material and size in a way that cannot be done with organic NPs [59]. Nanomedicines based on

metal nanoparticles that have been approved by the FDA and are currently being used in clinical
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trials have shown that they can increase the bioavailability and effectiveness of drug delivery systems
while reducing side effects. They do this by allowing better targeted delivery and active cellular
uptake. By fine-tuning their sizes and shapes, surface chemistry, and ways of changing them, MNPs
can be made to break down quickly under certain physiological conditions and be easily absorbed by
many metabolic pathways without hurting healthy tissues [59]. Based on best practices and industry

standards, this information is given in a competent, authoritative, and professional way.

Distinctive Characteristics of Magnetic Nanoparticles Properties

Magnetic nanoparticles possess a unique set of characteristic properties that make them highly
suitable for drug delivery applications. The properties that make MNPs attractive for drug delivery
include their size, surface area, magnetic properties, and surface chemistry [60]. MNPs can be
synthesized in various sizes and shapes, ranging from a few nanometers to micrometers, making
them attractive for drug delivery applications. The size and shape of MNPs can be tailored to allow
them to efficiently penetrate cell membranes, thereby enhancing their cellular uptake [61]. Another
important property of MNPs is their large surface area to volume ratio. This enables them to adsorb
and carry large quantities of drugs, making them suitable for drug delivery applications. Additionally,
the surface chemistry of MNPs can be modified to carry drugs or to target specific tissues, allowing
for selective and efficient drug delivery [62]. Magnetic properties of MNPs can be utilized for
controlled drug release. By applying an external magnetic field, MNPs can be directed to specific
locations in the body, where the drug can be released in a controlled manner. This makes MNPs
useful for targeted drug delivery applications, minimizing drug wastage and side effects.
Furthermore, the magnetic properties of MNPs can be used to heat them up by exposing them to an
alternating magnetic field, a process known as magnetic hyperthermia. By incorporating
thermosensitive drugs into the MNPs, magnetic hyperthermia can be used to trigger drug release at
specific locations in the body, thereby enhancing the therapeutic effect of the drug and additional

information about the characteristic properties of magnetic nanoparticles that be included in a table 1.

Table 1 Characteristic Properties and Descriptions of Metallic Nanoparticles

Characteristic Property Description References
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MNPs can be synthesized in various sizes and shapes, ranging from a few
Size nanometers to micrometers. The size and shape can be tailored to enhance [60]-[62]
cellular uptake and drug delivery.

MNPs possess a large surface area to volume ratio, which allows for enhanced
Surface Area ] ] [63], [64]
adsorption and carrying of drugs.

. The surface chemistry of MNPs can be modified to carry drugs or to target
Surface Chemistry o ) ] o . [64], [65]
specific tissues, allowing for selective and efficient drug delivery.

MNPs exhibit magnetic properties that can be utilized for controlled drug

) ) release and targeted drug delivery. By applying an external magnetic field,
Magnetic Properties . . o [66]
MNPs can be directed to specific locations in the body where the drug can be

released.

The magnetic properties of MNPs can be used to heat them up by exposing them

) ) to an alternating magnetic field, a process known as magnetic hyperthermia. By
Magnetic Hyperthermia . . . . . . [67]
incorporating thermosensitive drugs into the MNPs, magnetic hyperthermia can

be used to trigger drug release at specific locations in the body.

) o MNPs can be engineered to be biocompatible, minimizing toxicity and adverse
Biocompatibility _ [68], [69]
side effects.

- MNPs can be stabilized to prevent aggregation or degradation in biological
Stability fluid [70]
uids.

) Various methods can be used to synthesize MNPs, including chemical
Manufacturing L S ) ) . [71]
precipitation, co-precipitation, sol-gel, and microemulsion techniques.

MNPs for drug delivery applications are subject to regulatory approval by
Regulatory Approval ) D [72], [73]
relevant agencies such as the US Food and Drug Administration (FDA).
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Magnetic nanoparticles need to have their surfaces changed to make them more stable,
biocompatible, and effective for their intended uses. Different ways to change the surface have been
made, such as using ligands, polymers, and surfactants. The thiol group is a commonly used ligand
for surface modification. Thiol groups are capable of forming covalent compounds with noble metals
such as gold, silver, copper, platinum, and iron. Due to the greater affinity of sulfur for metal
surfaces, thiol groups are readily absorbable on these surfaces. For surface modification, disulfide
ligands, amines, nitriles, carboxylic acids, and phosphines are additional ligands [74]. Long-chain
polymers like polyethylene glycol (PEG) are also frequently used to modify the surface of MNPs.
PEG is known to reduce the number of non-specific proteins that stick to the surface of nanoparticles,
which slows their uptake by phagocytes and keeps them in the bloodstream longer. This decrease in
phagocytosis and increase in time in circulation makes them build up more in the organs or tissues of

interest, which makes them more effective as medicines.
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Biological Synthesis of MNPs

The production of MNPs from organic materials has received a lot of interest in recent years because
it is both ecologically benign and cost-effective. Microbial synthesis is a popular way of making a
vitamin powder from biological sources, in which microbes such as bacteria, fungus, and yeast can
be used to make the micronutrient powder. Microorganisms are used to synthesize MNPs by reducing
metal ions to create nanoparticles. Enzymes produced by microorganisms serve as reduction agents
and maintain nanoparticles. This technique is straightforward, quick, and yields nanoparticles of
consistent dimension [75]. In addition, plant preparations containing many beneficial chemicals such
as phenols, flavonoids, and terpenoids that can decrease metal ions to create MNPs are synthesized.
This technique is ecologically benign, inexpensive, and capable of producing nanoparticles of various
sizes and forms. Micronutrient powder is thought to be manufactured through the processing of
animal products such as blood, feces, and egg shells. These preparations' proteins and enzymes can
decrease metal ions and fix nanoparticles. This technique is straightforward, low-cost, and yields
nanoparticles of consistent dimension. MNPs can be synthesized by marine creatures such as
phytoplankton, diatoms, and microbes [76]. The reduction of metal ions to create nanoparticles is
used in the production of MNPs using aquatic species. This technique is ecologically benign,
inexpensive, and capable of producing nanoparticles of various sizes and forms. Table 2 displays a

summary of metallic nanoparticles reviewed as nanocarriers.

Table 2 A Review of Microorganisms as Nanofactories

Species Type of Mode Metal Size (nm) | Reference

microorganism

Shewanella Bacteria Extracellular = Iron 20-100 [77]

oneidensis

Pseudomonas Bacteria Extracellular = Gold 15-40 [78]

aeruginosa

Bacillus subtilis = Bacteria Intracellular  Silver 20-60 [79]
123
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Aspergillus Fungi Extracellular = Gold 5-50 [80]
fumigatus
Saccharomyces = Yeast Intracellular = Gold 10-100 [81]
cerevisiae
Penicillium sp. Fungi Extracellular | Iron 20-60 [82]
Lactobacillus Bacteria Extracellular = Copper = 5-30 [83]
acidophilus
Escherichia coli | Bacteria Intracellular = Silver 10-100 [84]

Synthesis of magnetic nanoparticles using biological sources has gained interest due to its
environmentally friendly, cost-effective and sustainable approach. The biological sources used to
manufacture the micronutrient powder include bacteria, fungi, yeast, and plants. Microorganisms
have the ability to reduce metal ions into elemental metals, which can then undergo oxidation and
nucleation to form nanoparticles. The extracellular mode of biosynthesis uses the secretion of
enzymes and metabolites by microorganisms, while the intracellular mode of biosynthesis occurs
inside the cell. The size and shape of MNPs can be controlled by modifying experimental conditions

such as metal ion concentration, pH, temperature, and reaction time [85]. The produced MNPs have a wide range

of applications in various fields, including biomedicine, environmental remediation, and energy. As shown in Figure 5,
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Figure 5 Biosynthesis of Metallic Nanoparticles

the use of microorganisms and plants as a starting point for the production of different metallic
nanoparticles, such as silver, gold, palladium, copper, and metal compounds, holds great potential as

a method that is both kind to the environment and economical [86].

Drug Delivery Administration Routes

The choice of administration route is an important consideration in drug delivery as it can impact the efficacy and safety
of the drug. There are several administration routes for drug delivery, including oral, transdermal, intravenous,
intramuscular, subcutaneous, and inhalation. Each route has its advantages and disadvantages, and the selection of the
appropriate route depends on several factors, including the patient's condition, the properties of the drug, and the target
site of action. Metallic nanoparticles have emerged as promising candidates for drug delivery systems due to their unique
physicochemical properties, such as small size, high surface area, and tunable surface chemistry. The administration
routes of drug delivery using MNPs depend on the type of disease being treated, drug properties, and patient acceptance.
One of the most common administration routes of drug delivery using MNPs is intravenous (IV) injection. In this route,
MNPs are injected directly into the bloodstream, allowing for rapid drug delivery to the target site. 1V injection is
particularly useful for the treatment of cancer and other diseases where the drug needs to be delivered quickly and
efficiently. Another route of drug delivery using MNPs is the transdermal drug delivery system (TDDS). In this route,
MNPs are incorporated into a topical cream or patch, which is applied to the skin. The MNPs penetrate the skin barrier
and enter the bloodstream, providing systemic drug delivery. TDDS is commonly used for the treatment of pain,
inflammation, and hormone replacement therapy as shown in Figure 6 [87].
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Figure 6 Schematic diagram depicting drug delivery routes facilitated by MNPs.

In addition to IV and TDDS, MNPs can also be administered via other routes such as oral, nasal, and
inhalation. Oral administration of MNPs involves the incorporation of MNPs into tablets or capsules,
which are ingested and absorbed through the gastrointestinal tract. Nasal and inhalation
administration involve the delivery of MNPs to the respiratory system, allowing for localized drug
delivery to the lungs and other respiratory tissues [88]. Overall, the schematic representation of drug
administrative route using MNPs varies depending on the drug properties, disease being treated, and
patient acceptance. The versatility of MNPs in terms of administration routes makes them attractive

candidates for drug delivery systems.

Exploring Metallic Nanocarriers for Advanced Drug Delivery Systems

A wide variety of metallic nanocarriers have been developed, and their prospective applications in
medication transport devices have been investigated. These nanocarriers consist of a variety of
different nanoparticles, some of which are silver, gold, iron oxide, titanium dioxide, and zinc oxide.
Because of their one-of-a-kind physicochemical characteristics, such as a high surface area-to-
volume ratio, adjustable size and structure, and the ability to be functionalized with a wide variety of
compounds and medicines, they make for interesting potential candidates [15]. Nanocarriers made of
metallic materials have demonstrated a significant potential for use in a variety of drug transport
systems, including intramuscular, subcutaneous, and sublingual administration. They are able to
improve the bioavailability and pharmacological characteristics of drugs, reduce their toxicity, and
target particular cells or tissues, all of which contribute to an increase in the effectiveness of the
medications. Moreover, metallic nanocarriers have the ability to prevent the deterioration of
medications, increase their bioavailability, and regulate the release of the drugs. Gold nanoparticles

have been the subject of a significant amount of research regarding their potential use in the
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treatment of disease. Because of the increased permeability and retention effect, they have the ability
to concentrate preferentially in tumor tissues. Additionally, they have the ability to transport
medications to the site of the tumor, which increases drug effectiveness while simultaneously
lowering the risk of adverse effects. On the other hand, nanoparticles made of iron oxide have been
investigated for the possibility that they could be used for magnetic drug targeting [89]. In this
technique, an external magnetic field is utilized to direct the nanoparticles to the desired location as

shown in table 3.

Table 3 Metallic Nanoparticles in Therapeutic Applications: Overview of Nanocarriers and Potential Uses

Nanocarrier

Silver

nanoparticles

Gold

nanopatrticles

Palladium

nanoparticles

Platinum

nanopatrticles

Copper

nanopatrticles

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77

Applications

Cancer therapy, anti-viral
agents

Cancer therapy, bacterial
infections, diabetes and

inflammation treatment

Catalysis, hydrogen
storage

Catalysis, cancer therapy

Antimicrobial agents,

catalysis

Summary

AgNPs have shown great potential in cancer therapy due to their ability to
induce apoptosis and inhibit tumor growth. They can also act as anti-viral
agents by inhibiting viral replication [90], [91]

AuNPs have demonstrated excellent efficacy in cancer therapy due to their
ability to selectively target cancer cells and enhance the effectiveness of
chemotherapeutic drugs. They also have antibacterial properties and have been

studied for the treatment of diabetes and inflammation. [92]-[94]

PdNPs have been extensively studied for their catalytic properties, particularly
in organic reactions. They have also been investigated for their potential in
hydrogen storage. [95], [96]

PtNPs have shown remarkable catalytic activity in a variety of reactions and
have been used in automotive catalytic converters. They are also being studied
for their potential in cancer therapy due to their ability to induce apoptosis and
inhibit tumor growth. [97], [98]

CuNPs have demonstrated excellent antimicrobial properties and have been
investigated for their potential in water purification and wound healing. They

have also shown great potential as catalysts for various chemical reactions.
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[99], [100]
Zinc oxide Sunscreen, antimicrobial =~ ZnONPs are commonly used in sunscreens due to their ability to absorb UV
nanoparticles agents radiation. They have also demonstrated excellent antimicrobial properties and

are being studied for their potential in water purification and wound healing.
[101], [102]

Titanium dioxide Sunscreen, photocatalysis =~ TiO2 NPs are commonly used in sunscreens due to their ability to absorb UV
nanoparticles radiation. They have also demonstrated remarkable photocatalytic properties

and have been used in environmental remediation. [6], [103]

Metal sulfide Photovoltaics, gas sensing = Metal sulfide NPs have shown great potential in photovoltaics due to their
nanoparticles unique optical and electronic properties. They have also been investigated for
their potential as gas sensors. [104], [105]

Nanoscale metal Gas storage, drug delivery = MOFs are a class of porous materials with high surface area and excellent
organic adsorption properties. They have been studied for their potential in gas storage,
frameworks drug delivery, and catalysis. [106], [107]

The table gives an overview of the different metallic nanoparticles that could be used in drug delivery
systems. Anti-cancer and anti-viral effects of silver nanoparticles have been observed. Gold
nanoparticles have been widely researched for their use in cancer treatments, the treatment of viral
diseases, and as anti-inflammatory drugs. Palladium and platinum nanoparticles have also shown
promise in cancer treatment. Copper nanoparticles have been studied for their antibacterial qualities,
while zinc oxide nanoparticles have shown potential in the therapy of diabetes and inflammation.
Titanium dioxide nanoparticles have been used in medication transport and cancer treatment. Metal
sulfide nanoparticles have shown promise in cancer treatment and photothermal therapy, while
nanoscale metal organic structures have been investigated for their use in medication transport
systems.

The transportation of drugs across cell membranes is a complex process that involves various
transport mechanisms. The literature has proposed different models for the transport of drugs by
transporters belonging to different superfamilies, such as the ABC, SLC, and SLCO transporter
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superfamilies. Among these, the “alternating access” model has been proposed for both ABC and
SLC transporters, with variations in the SLC transporter family, such as the “rocker-switch,” “gate-
pore,” and “elevator” mechanisms. For ABC transporters, in addition to the “alternating access”
model, other models have also been proposed, such as the “ATP switch,” “sequential binding,” and
“constant contact” models as shown in Figure 7 [108]. However, the structural processes involved in
transport within the SLCO superfamily are not well understood, and investigations suggest that the
transport processes may be quite complex. Understanding these mechanisms is crucial for developing
effective drug-delivery systems that can deliver therapeutic agents to target cells in a controlled and
efficient manner[109], [110].

A

N NBD C
B N
T™O NBD " NBD) C©
C EC EC
N— NBD ’ NBD c
D E
3 NBD C N ) -

F Nc

Figure 7 Drug Transport Mechanisms. A ) ABCB and ABCC full transporters. B) ABCC subfamily
members having "long" complete transporters. C) EC-domained ABCA transporters. D) ABCB/ABCD
half transporters. E) ABCG subfamily "reverse" half transporters. F) ABCE/ABCF non-transporters.
ABCC familv transporters' EC. NBD. and TMO abbreviations.

Kinetic study for liberated of the drug before and after food
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Kinetic studies are essential to determine the pharmacokinetic parameters of drugs and their
metabolites in the human body. One important aspect of these studies is evaluating the effect of food
on drug absorption and bioavailability. This is because food can have a significant impact on the
liberation and absorption of drugs. As a result, the timing of drug administration with respect to
meals is crucial in optimizing drug efficacy and minimizing adverse effects. For instance, some drugs
may be better absorbed when taken with food, while others may have their absorption reduced when
taken with food [111]. Several studies have investigated the kinetics of drug liberation and absorption
before and after food intake. These studies have reported varying results depending on the drug class
and formulation. For example, studies have shown that the absorption of amoxicillin, a commonly
used antibiotic, is significantly increased when taken with food, while the absorption of
ciprofloxacin, another antibiotic, is reduced when taken with food. Additionally, the bioavailability
of some drugs, such as griseofulvin, is highly dependent on the type of food consumed [111]-[113].
Therefore, understanding the kinetics of drug liberation and absorption is crucial for optimizing drug
dosing and improving patient outcomes [114]. Drug liberation and absorption are crucial aspects of
pharmacokinetics. The liberation of a drug from its dosage form, and subsequent absorption into the
bloodstream, can be affected by a range of factors including the presence of food in the
gastrointestinal tract. Several kinetic studies have investigated the effect of food on drug liberation
and absorption. One study examined the release and absorption kinetics of a drug before and after the
intake of a high-fat meal [115].

The results showed that the rate of drug liberation was significantly delayed when the drug was taken
with food, indicating that the presence of food in the gastrointestinal tract can affect the drug's
liberation kinetics. However, the study also found that the bioavailability of the drug was increased
when taken with food, suggesting that the presence of food can enhance drug absorption. Another
study investigated the kinetic profile of a drug when taken before and after a meal [116]. The results
showed that taking the drug before a meal resulted in a significantly faster rate of absorption, with a
shorter time to reach peak plasma concentration compared to taking the drug after a meal. The study
also found that taking the drug with a meal increased the overall bioavailability of the drug. These
findings suggest that the timing of drug administration in relation to meals can have a significant
impact on drug liberation and absorption kinetics. The pharmacokinetics of a drug can be influenced
by many factors, including food intake. When a drug is taken with food, it may be absorbed more

slowly or incompletely due to the presence of food in the stomach, which can delay gastric emptying
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and affect the pH of the stomach. Therefore, it is important to study the kinetic profile of a drug both
before and after food intake to determine if food affects its absorption and bioavailability [117],
[118]. Several studies have investigated the kinetic profile of drugs both before and after food intake.
One study on the anti-diabetic drug metformin found that the rate and extent of absorption were
significantly reduced when taken with a high-fat meal compared to taking it in the fasted state.
Another study on the antipsychotic drug olanzapine found that the area under the concentration-time
curve was significantly higher when taken with food compared to taking it in the fasted state. These
studies demonstrate that the kinetic profile of a drug can be influenced by food intake, and it is

important to consider these factors in drug development and clinical practice [119], [120].

Conclusion

In recent years, metal nanoparticles (MNPs) have emerged as promising candidates for drug delivery
systems due to their unique physicochemical properties. This review aimed to provide a
comprehensive overview of the current challenges and opportunities associated with the use of MNPs
as drug delivery systems, with a particular emphasis on functionalized MNPs, targeted drug delivery,
distinctive characteristics of magnetic nanoparticles, biological synthesis, drug delivery
administration routes, exploration of metallic nanocarriers for advanced drug delivery systems, and
kinetic studies for drug liberation before and after food intake. Functionalized MNPs have shown
promising results in improving the efficiency and specificity of drug delivery, as they can be tailored
to target specific tissues or cells. The use of MNPs in targeted drug delivery can minimize the risk of
systemic toxicity and increase the bioavailability of drugs. Moreover, magnetic nanoparticles exhibit
distinctive properties, such as magnetization and super paramagnetic, which make them ideal
candidates for drug delivery applications. Their magnetic properties can facilitate the targeted
delivery of drugs to specific sites, while their super paramagnetic enables them to avoid aggregation
and enhance the stability of drug delivery systems. The biological synthesis of MNPs offers a
sustainable and environmentally friendly alternative to conventional chemical synthesis methods. The
use of biological entities, such as plants and microorganisms, in the synthesis of MNPs can produce
particles with uniform size, shape, and biocompatibility. However, further studies are needed to
optimize the synthesis process and improve the yield of MNPs. Drug delivery routes play a crucial
role in determining the efficiency and safety of drug delivery systems. The exploration of metallic
nanocarriers for advanced drug delivery systems has opened new avenues for developing novel

administration routes, such as oral and transdermal delivery. These approaches offer several
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advantages, such as enhanced bioavailability, prolonged drug release, and reduced side effects.

Kinetic studies are essential for understanding the liberation of drugs from MNPs and their potential

interactions with food. These studies can provide valuable information on the release profile of drugs

from MNPs and their stability in the presence of different food matrices. Such knowledge is crucial

for developing optimal drug delivery systems that can ensure the desired pharmacological effects.

References

[1]  O. C. Farokhzad and R. Langer, “Impact of nanotechnology on drug delivery,” ACS Nano, vol. 3, no. 1,
pp. 16-20, 2009.

[2]  J. Shi, A. R. Votruba, O. C. Farokhzad, and R. Langer, “Nanotechnology in drug delivery and tissue
engineering: from discovery to applications,” Nano Lett., vol. 10, no. 9, pp. 3223-3230, 2010.

[3] D. Peer, J. M. Karp, S. Hong, O. C. Farokhzad, R. Margalit, and R. Langer, “Nanocarriers as an
emerging platform for cancer therapy,” Nat. Nanotechnol., vol. 2, no. 12, pp. 751-760, 2007.

[4] M. Singh, S. Singh, S. Prasad, and 1. S. Gambhir, “Nanotechnology in medicine and antibacterial effect
of silver nanoparticles,” Dig. J. Nanomater. Biostructures, vol. 3, no. 3, pp. 115-122, 2008.

[5] W. H. De Jong and P. J. A. Borm, “Drug delivery and nanoparticles: applications and hazards,” Int. J.
Nanomedicine, vol. 3, no. 2, pp. 133-149, 2008.

[6] V. Chandrakala, V. Aruna, and G. Angajala, “Review on metal nanoparticles as nanocarriers: Current
challenges and perspectives in drug delivery systems,” Emergent Mater., pp. 1-23, 2022.

[71  S. M. Moghimi, A. C. Hunter, and J. C. Murray, “Nanomedicine: current status and future prospects,”
FASEB J., vol. 19, no. 3, pp. 311-330, 2005.

[8] K. Park, “Nanotechnology: What it can do for drug delivery,” J. Control. release Off. J. Control.
Release Soc., vol. 120, no. 1-2, p. 1, 2007.

[9] P. K. Jain, K. S. Lee, I. H. El-Sayed, and M. A. El-Sayed, “Calculated absorption and scattering
properties of gold nanoparticles of different size, shape, and composition: applications in biological
imaging and biomedicine,” J. Phys. Chem. B, vol. 110, no. 14, pp. 7238-7248, 2006.

[10] A. H. Faraji and P. Wipf, “Nanoparticles in cellular drug delivery,” Bioorg. Med. Chem., vol. 17, no. 8,
pp. 2950-2962, 2009.

[11] J. Chen et al., “Gold nanocages: bioconjugation and their potential use as optical imaging contrast
agents,” Nano Lett., vol. 5, no. 3, pp. 473-477, 2005.

[12] J.Jang, H. Nah, J. Lee, S. H. Moon, M. G. Kim, and J. Cheon, “Critical enhancements of MRI contrast
and hyperthermic effects by dopant-controlled magnetic nanoparticles,” Angew. Chemie Int. Ed., vol.
48, no. 7, pp. 1234-1238, 2009.

[13] Y. Jun,J. Lee, and J. Cheon, “Chemical design of nanoparticle probes for high-performance magnetic

132

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.77

N. Al Naffakh et al Iragi Journal of Nanotechnology, synthesis and application 4 (2023) 113-140

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

resonance imaging,” Angew. Chemie Int. Ed., vol. 47, no. 28, pp. 5122-5135, 2008.

S. Kwon, R. K. Singh, R. A. Perez, E. A. Abou Neel, H.-W. Kim, and W. Chrzanowski, “Silica-based
mesoporous nanoparticles for controlled drug delivery,” J. Tissue Eng., vol. 4, p. 2041731413503357,
2013.

I. Khan, K. Saeed, and I. Khan, “Nanoparticles: Properties, applications and toxicities,” Arab. J. Chem.,
vol. 12, no. 7, pp. 908-931, 2019.

O. V Salata, “Applications of nanoparticles in biology and medicine,” J. Nanobiotechnology, vol. 2, no.
1, pp. 1-6, 2004.

C. Wang, L. Cheng, and Z. Liu, “Upconversion nanoparticles for photodynamic therapy and other
cancer therapeutics,” Theranostics, vol. 3, no. 5, p. 317, 2013.

J. Liu et al., “pH-sensitive nano-systems for drug delivery in cancer therapy,” Biotechnol. Adv., vol. 32,
no. 4, pp. 693-710, 2014.

N. Kamaly, B. Yameen, J. Wu, and O. C. Farokhzad, “Degradable controlled-release polymers and
polymeric nanoparticles: mechanisms of controlling drug release,” Chem. Rev., vol. 116, no. 4, pp.
2602-2663, 2016.

S. Parveen, R. Misra, and S. K. Sahoo, “Nanoparticles: a boon to drug delivery, therapeutics,
diagnostics and imaging,” Nanomedicine Nanotechnology, Biol. Med., vol. 8, no. 2, pp. 147-166, 2012.

M. Yang, J. Huang, J. Fan, J. Du, K. Pu, and X. Peng, “Chemiluminescence for bioimaging and
therapeutics: recent advances and challenges,” Chem. Soc. Rev., vol. 49, no. 19, pp. 6800-6815, 2020.

M. Noruzi, D. Zare, K. Khoshnevisan, and D. Davoodi, “Rapid green synthesis of gold nanoparticles
using Rosa hybrida petal extract at room temperature,” Spectrochim. Acta Part A Mol. Biomol.
Spectrosc., vol. 79, no. 5, pp. 1461-1465, 2011.

S. Al Tamimi et al., “Synthesis and analysis of silver—copper alloy nanoparticles of different ratios
manifest anticancer activity in breast cancer cells,” Cancer Nanotechnol., vol. 11, pp. 1-16, 2020.

K. B. Narayanan and N. Sakthivel, “Biological synthesis of metal nanoparticles by microbes,” Adv.
Colloid Interface Sci., vol. 156, no. 1-2, pp. 1-13, 2010.

A.Z. Mirza and F. A. Siddiqui, “Nanomedicine and drug delivery: a mini review,” Int. Nano Lett., vol.
4, pp. 1-7, 2014.

V. F. Cardoso, A. Francesko, C. Ribeiro, M. Bafiobre-Lopez, P. Martins, and S. Lanceros-Mendez,
“Advances in magnetic nanoparticles for biomedical applications,” Adv. Healthc. Mater., vol. 7, no. 5,
p. 1700845, 2018.

F. Khan et al., “Synthesis, classification and properties of hydrogels: their applications in drug delivery
and agriculture,” J. Mater. Chem. B, vol. 10, no. 2, pp. 170-203, 2022.

C. Preger, M. Josefsson, R. Westerstrom, and M. E. Messing, “Bottom-up field-directed self-assembly
of magnetic nanoparticles into ordered nano-and macrostructures,” Nanotechnology, vol. 32, no. 19, p.

133

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.77

N. Al Naffakh et al Iragi Journal of Nanotechnology, synthesis and application 4 (2023) 113-140

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

195603, 2021.

W. Wu, Z. Wu, T. Yu, C. Jiang, and W.-S. Kim, “Recent progress on magnetic iron oxide
nanoparticles: synthesis, surface functional strategies and biomedical applications,” Sci. Technol. Adv.
Mater., vol. 16, no. 2, p. 23501, 2015.

R. G. D. Andrade, S. R. S. Veloso, and E. M. S. Castanheira, “Shape anisotropic iron oxide-based
magnetic nanoparticles: Synthesis and biomedical applications,” Int. J. Mol. Sci., vol. 21, no. 7, p.
2455, 2020.

A. K. Ganguli, A. Ganguly, and S. Vaidya, “Microemulsion-based synthesis of nanocrystalline
materials,” Chem. Soc. Rev., vol. 39, no. 2, pp. 474-485, 2010.

M. Cui et al., “High-entropy metal sulfide nanoparticles promise high-performance oxygen evolution
reaction,” Adv. Energy Mater., vol. 11, no. 3, p. 2002887, 2021.

X. Li et al., “Current investigations into magnetic nanoparticles for biomedical applications,” J.
Biomed. Mater. Res. Part A, vol. 104, no. 5, pp. 1285-1296, 2016.

T. Dang-Bao, N. H. Le, and H. H. Lam, “Tuning Polyol-Mediated Process towards Augmentation of
Zero-Valent Copper Nanoparticles,” Chem. Eng. Trans., vol. 97, pp. 331-336, 2022.

G. Karunakaran, E.-B. Cho, G. S. Kumar, E. Kolesnikov, A. Dmitry, and S. Ali, “Microwave-assisted
synthesis of superparamagnetic mesoporous Co-doped hydroxyapatite nanorods for various biomedical
applications,” Ceram. Int., vol. 47, no. 6, pp. 8642-8652, 2021.

J. Virkutyte and R. S. Varma, “Green synthesis of metal nanoparticles: biodegradable polymers and
enzymes in stabilization and surface functionalization,” Chem. Sci., vol. 2, no. 5, pp. 837-846, 2011.

G. Gahlawat and A. R. Choudhury, “A review on the biosynthesis of metal and metal salt nanoparticles
by microbes,” RSC Adv., vol. 9, no. 23, pp. 12944-12967, 2019.

A. Rana, K. Yadav, and S. Jagadevan, “A comprehensive review on green synthesis of nature-inspired
metal nanoparticles: Mechanism, application and toxicity,” J. Clean. Prod., vol. 272, p. 122880, 2020.

H. Chen et al., “Recent advances of low-dimensional materials in Mid-and Far-infrared photonics,”
Appl. Mater. Today, vol. 21, no. 2, p. 100800, 2020.

D. Kumar Dutta, B. Jyoti Borah, and P. Pollov Sarmah, “Recent advances in metal nanoparticles
stabilization into nanopores of montmorillonite and their catalytic applications for fine chemicals
synthesis,” Catal. Rev., vol. 57, no. 3, pp. 257-305, 2015.

S. Ramanathan, S. C. B. Gopinath, M. K. M. Arshad, P. Poopalan, and V. Perumal, “Nanoparticle
synthetic methods: strength and limitations,” S. C. B. Gopinath and F. B. T.-N. in A. and M. D. Gang,
Eds. Elsevier, 2021, pp. 31-43. doi: https://doi.org/10.1016/B978-0-12-821163-2.00002-9.

S. Nadhari, N. M. Al-Enazi, F. Alshehrei, and F. Ameen, “A review on biogenic synthesis of metal
nanoparticles using marine algae and its applications,” Environ. Res., vol. 194, no. 1, pp. 223-231,
2021.

134

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.77

N. Al Naffakh et al Iragi Journal of Nanotechnology, synthesis and application 4 (2023) 113-140

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

R. Shanmuganathan et al., “Synthesis of silver nanoparticles and their biomedical applications-a
comprehensive review,” Curr. Pharm. Des., vol. 25, no. 24, pp. 2650-2660, 2019.

J. Singh, T. Dutta, K.-H. Kim, M. Rawat, P. Samddar, and P. Kumar, “‘Green’synthesis of metals and
their oxide nanoparticles: applications for environmental remediation,” J. Nanobiotechnology, vol. 16,
no. 1, pp. 1-24, 2018.

S. Ahmed, M. Ahmad, B. L. Swami, and S. lkram, “Green synthesis of silver nanoparticles using
Azadirachta indica aqueous leaf extract,” J. Radiat. Res. Appl. Sci., vol. 9, no. 1, pp. 1-7, 2016.

S. A. Dhar, R. A. Chowdhury, S. Das, M. K. Nahian, D. Islam, and M. A. Gafur, “Plant-mediated green
synthesis and characterization of silver nanoparticles using Phyllanthus emblica fruit extract,” Mater.
Today Proc., vol. 42, no. 1, pp. 1867-1871, 2021.

M. Bin Ahmad, M. Y. Tay, K. Shameli, M. Z. Hussein, and J. J. Lim, “Green synthesis and
characterization of silver/chitosan/polyethylene glycol nanocomposites without any reducing agent,”
Int. J. Mol. Sci., vol. 12, no. 8, pp. 4872-4884, 2011.

T. Abirami, B. Govindarajulu, and J. Karthikeyan, “Green synthesis of silver nanoparticles using
aqueous leaf extract of Andrographis paniculata and the evaluation of their antibacterial efficacy,” J.
Pharmacogn. Phytochem., vol. 8, no. 3, pp. 3224-3228, 2019.

K. Gopinath, S. Gowri, and A. Arumugam, “Phytosynthesis of silver nanoparticles using Pterocarpus
santalinus leaf extract and their antibacterial properties,” J. nanostructure Chem., vol. 3, no. 3, pp. 1-7,
2013.

P. Dutta Pramanik, A. Solanki, A. Debnath, A. Nayyar, S. El-Sappagh, and K. Kwak, “Advancing
Modern Healthcare With Nanotechnology, Nanobiosensors, and Internet of Nano Things: Taxonomies,
Applications, Architecture, and Challenges,” IEEE Access, vol. 8, pp. 65230-65266, Apr. 2020, doi:
10.1109/ACCESS.2020.2984269.

K. Thanki, R. P. Gangwal, A. T. Sangamwar, and S. Jain, “Oral delivery of anticancer drugs:
challenges and opportunities,” J. Control. release, vol. 7, no. 1, pp. 15-40, 2013.

S. Komarneni and H. Katsuki, “Nanophase materials by a novel microwave-hydrothermal process,”
Pure Appl. Chem., vol. 74, no. 9, pp. 1537-1543, 2002.

D. Sharma, S. Sharma, B. S. Kaith, J. Rajput, and M. Kaur, “Synthesis of ZnO nanoparticles using
surfactant free in-air and microwave method,” Appl. Surf. Sci., vol. 257, no. 22, pp. 9661-9672, 2011.

S. Barcikowski, F. Devesa, and K. Moldenhauer, “Impact and structure of literature on nanoparticle
generation by laser ablation in liquids,” J. Nanoparticle Res., vol. 11, pp. 1883-1893, 2009.

J. Bell, Z. Chen, and A. Olofinjana, “Synthesis of amorphous carbon nitride using reactive ion beam
sputtering deposition with grazing bombardment,” Diam. Relat. Mater., vol. 10, no. 12, pp. 2184-2189,
2001.

L. Tapasztd, G. Dobrik, P. Lambin, and L. P. Biro, “Tailoring the atomic structure of graphene

nanoribbons by scanning tunnelling microscope lithography,” Nat. Nanotechnol., vol. 3, no. 7, pp.
397-401, 2008.

135

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.77

N. Al Naffakh et al Iragi Journal of Nanotechnology, synthesis and application 4 (2023) 113-140

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

T. Nissinen, T. Ikonen, M. Lama, J. Riikonen, and V.-P. Lehto, “Improved production efficiency of

mesoporous silicon nanoparticles by pulsed electrochemical etching,” Powder Technol., vol. 288, pp.
360-365, 2016.

V. Montes-Garcia, J. Pérez-Juste, |. Pastoriza-Santos, and L. M. Liz-Marzan, “Metal Nanoparticles and
Supramolecular Macrocycles: A Tale of Synergy,” Chem. — A Eur. J., vol. 20, no. 35, pp. 10874—
10883, Aug. 2014, doi: https://doi.org/10.1002/chem.201403107.

S. Rana and P. Kalaichelvan, “Ecotoxicity of nanoparticles,” Int. Sch. Res. Not., vol. 2013, 2013.

K. Niemirowicz et al., “Magnetic nanoparticles as a drug delivery system that enhance fungicidal
activity of polyene antibiotics,” Nanomedicine Nanotechnology, Biol. Med., vol. 12, no. 8, pp. 2395—
2404, 2016.

S. Bucak, B. Yavuztiirk, and A. D. Sezer, “Magnetic nanoparticles: synthesis, surface modifications
and application in drug delivery,” Recent Adv. Nov. Drug Carr. Syst., vol. 2, pp. 165-200, 2012.

M. L. Anik, M. K. Hossain, 1. Hossain, A. Mahfuz, M. T. Rahman, and I. Ahmed, “Recent progress of
magnetic nanoparticles in biomedical applications: A review,” Nano Sel., vol. 2, no. 6, pp. 1146-1186,
2021.

T. D. Schladt, K. Schneider, H. Schild, and W. Tremel, “Synthesis and bio-functionalization of
magnetic nanoparticles for medical diagnosis and treatment,” Dalt. Trans., vol. 40, no. 24, pp. 6315-
6343, 2011.

T. Vangijzegem, D. Stanicki, and S. Laurent, “Magnetic iron oxide nanoparticles for drug delivery:
applications and characteristics,” Expert Opin. Drug Deliv., vol. 16, no. 1, pp. 69-78, 2019.

M. Kohestanian, A. Pourjavadi, and N. Keshavarzi, “Facile and tunable method for polymeric surface
modification of magnetic nanoparticles via RAFT polymerization: preparation, characterization, and
drug release properties,” Eur. Polym. J., vol. 167, p. 111067, 2022.

Y. V Pathak, Surface modification of nanoparticles for targeted drug delivery. Springer, 2019.

J. W. M. Bulte and D. L. Kraitchman, “Iron oxide MR contrast agents for molecular and cellular
imaging,” NMR Biomed. An Int. J. Devoted to Dev. Appl. Magn. Reson. Vivo, vol. 17, no. 7, pp. 484—
499, 2004.

J. Dobson, “Magnetic nanoparticles for drug delivery,” Drug Dev. Res., vol. 67, no. 1, pp. 55-60, 2006.

M. K. Yu, D. Kim, L. Lee, J. So, Y. Y. Jeong, and S. Jon, “Image-guided prostate cancer therapy using
aptamer-functionalized thermally cross-linked superparamagnetic iron oxide nanoparticles,” Small, vol.
7, no. 15, pp. 2241-2249, 2011.

P. Tartaj, M. del Puerto Morales, S. Veintemillas-Verdaguer, T. Gonzalez-Carreno, and C. J. Serna,
“The preparation of magnetic nanoparticles for applications in biomedicine,” J. Phys. D. Appl. Phys.,
vol. 36, no. 13, p. R182, 2003.

G. G. Flores-Rojas, F. Lopez-Saucedo, R. Vera-Graziano, E. Mendizabal, and E. Bucio, “Magnetic
Nanoparticles for Medical Applications: Updated Review,” Macromol, vol. 2, no. 3, pp. 374-390,

136

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.77

N. Al Naffakh et al Iragi Journal of Nanotechnology, synthesis and application 4 (2023) 113-140

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

2022.

M. Caldas, A. C. Santos, F. Veiga, R. Rebelo, R. L. Reis, and V. M. Correlo, “Melanin nanoparticles as
a promising tool for biomedical applications—a review,” Acta Biomater., vol. 105, pp. 26-43, 2020.

D. R. Lovley et al., “Geobacter: the microbe electric’s physiology, ecology, and practical applications,”
Adv. Microb. Physiol., vol. 59, pp. 1-100, 2011.

A. T. Khalil et al., “Microbes-mediated synthesis strategies of metal nanoparticles and their potential
role in cancer therapeutics,” in Seminars in cancer biology, 2022, vol. 86, pp. 693-705.

K. I. Alsamhary, “Eco-friendly synthesis of silver nanoparticles by Bacillus subtilis and their
antibacterial activity,” Saudi J. Biol. Sci., vol. 27, no. 8, pp. 2185-2191, 2020.

Y. Konishi, T. Nomura, T. Tsukiyama, and N. Saitoh, “Microbial preparation of gold nanoparticles by
anaerobic bacterium,” Trans. Res. Soc. JAPAN, vol. 29, pp. 2341-2344, 2004.

M. Agnihotri, S. Joshi, A. R. Kumar, S. Zinjarde, and S. Kulkarni, “Biosynthesis of gold nanoparticles
by the tropical marine yeast Yarrowia lipolytica NCIM 3589,” Mater. Lett., vol. 63, no. 15, pp. 1231-
1234, 20009.

M. Gericke and A. Pinches, “Biological synthesis of metal nanoparticles,” Hydrometallurgy, vol. 83,
no. 1-4, pp. 132-140, 2006.

M. Amiri, Z. Etemadifar, A. Daneshkazemi, and M. Nateghi, “Antimicrobial effect of copper oxide
nanoparticles on some oral bacteria and candida species,” J. Dent. Biomater., vol. 4, no. 1, p. 347,
2017.

M. A. Quinteros et al., “Biosynthesized silver nanoparticles: Decoding their mechanism of action in
Staphylococcus aureus and Escherichia coli,” Int. J. Biochem. Cell Biol., vol. 104, pp. 87-93, 2018.

U. Goswami et al., “Transferrin—copper nanocluster—doxorubicin nanoparticles as targeted theranostic
cancer Nanodrug,” ACS Appl. Mater. Interfaces, vol. 10, no. 4, pp. 3282-3294, 2018.

S. Kamble et al., “Evaluation of curcumin capped copper nanoparticles as possible inhibitors of human
breast cancer cells and angiogenesis: A comparative study with native curcumin,” Aaps PharmSciTech,
vol. 17, pp. 1030-1041, 2016.

V. Verma and D. Kaushik, “Mupirocin Mounted copper nanoparticle offered augmented drug delivery
against resistant bacteria,” Indian J. Pharm. Educ. Res, vol. 54, pp. 637-646, 2020.

H. Zhang, B. Chen, H. Jiang, C. Wang, H. Wang, and X. Wang, “A strategy for ZnO nanorod mediated
multi-mode cancer treatment,” Biomaterials, vol. 32, no. 7, pp. 1906-1914, 2011.

J. Hussein et al., “Solid state synthesis of docosahexaenoic acid-loaded zinc oxide nanoparticles as a
potential antidiabetic agent in rats,” Int. J. Biol. Macromol., vol. 140, pp. 1305-1314, 2019.

N. Dudchenko, S. Pawar, 1. Perelshtein, and D. Fixler, “Magnetite-Based Biosensors and Molecular
Logic Gates: From Magnetite Synthesis to Application,” Biosensors, vol. 13, no. 3. 2023. doi:
10.3390/bios13030304.

137

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.77

N. Al Naffakh et al Iragi Journal of Nanotechnology, synthesis and application 4 (2023) 113-140

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

J. Putro et al., “A Review of Gum Hydrocolloid Polyelectrolyte Complexes (PEC) for Biomedical
Applications: Their Properties and Drug Delivery Studies,” Processes, vol. 9, p. 1796, Oct. 2021, doi:
10.3390/pr9101796.

E. Yadav, D. Singh, P. Yadav, and A. Verma, “Ameliorative effect of biofabricated ZnO nanoparticles
of Trianthema portulacastrum Linn. on dermal wounds via removal of oxidative stress and
inflammation,” RSC Adv., vol. 8, no. 38, pp. 21621-21635, 2018.

M. S. Draz and H. Shafiee, “Applications of gold nanoparticles in virus detection,” Theranostics, vol.
8, no. 7, p. 1985, 2018.

G. Ramakrishna, M. Kaja Peer, K. Bommana, and Y. Nimmanapalli, “Synthesis and Characterization
of Copper Oxide Nanoparticles from Aqueous Extract of Cyanotis tuberosa (Roxb.) Schult. & Schult.
F. and Analysis of Antioxidant, Antimicrobial and Anticancer Activity,” 2021.

A. Valizadeh et al., “Quantum dots: synthesis, bioapplications, and toxicity,” Nanoscale Res. Lett., vol.
7, pp. 1-14, 2012.

C. L. Chong et al., “Current updates on the in vivo assessment of zinc oxide nanoparticles toxicity
using animal models,” Bionanoscience, vol. 11, no. 2, pp. 590-620, 2021.

J. Lu, M. Liong, J. I. Zink, and F. Tamanoi, “Mesoporous silica nanoparticles as a delivery system for
hydrophobic anticancer drugs,” small, vol. 3, no. 8, pp. 1341-1346, 2007.

Z. Xu, T. Luo, and W. Lin, “Nanoscale metal-organic layers for biomedical applications,” Accounts
Mater. Res., vol. 2, no. 10, pp. 944-953, 2021.

S. Asgari, N. Nikkam, and P. Saniee, “Metallic Nanoparticles as promising tools to eradicate H. pylori:
A comprehensive review on recent advancements,” Talanta Open, p. 100129, 2022.

J. K. Patra et al., “Nano based drug delivery systems: recent developments and future prospects,” J.
Nanobiotechnology, vol. 16, no. 1, pp. 1-33, 2018.

B. Begines et al., “Polymeric nanoparticles for drug delivery: Recent developments and future
prospects,” Nanomaterials, vol. 10, no. 7, p. 1403, 2020.

A. Sharma, A. K. Goyal, and G. Rath, “Recent advances in metal nanoparticles in cancer therapy,” J.
Drug Target., vol. 26, no. 8, pp. 617-632, 2018.

X. Jiang, C. He, and W. Lin, “Supramolecular metal-based nanoparticles for drug delivery and cancer
therapy,” Curr. Opin. Chem. Biol., vol. 61, pp. 143-153, 2021.

M. A. Subhan and M. Muzibur Rahman, “Recent development in metallic nanoparticles for breast
cancer therapy and diagnosis,” Chem. Rec., vol. 22, no. 7, p. 202100331, 2022.

N. Desai, M. Momin, T. Khan, S. Gharat, R. S. Ningthoujam, and A. Omri, “Metallic nanoparticles as
drug delivery system for the treatment of cancer,” Expert Opin. Drug Deliv., vol. 18, no. 9, pp. 1261-
1290, 2021.

S. S. Mughal, “DIAGNOSIS AND TREATMENT OF DISEASES BY USING METALLIC

138

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.77

N. Al Naffakh et al Iragi Journal of Nanotechnology, synthesis and application 4 (2023) 113-140

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

NANOPARTICLES-A REVIEW,” Authorea Prepr., 2022.

H. Khan, H. R. Mirzaei, A. Amiri, E. K. Akkol, S. M. A. Halimi, and H. Mirzaei, “Glyco-
nanoparticles: New drug delivery systems in cancer therapy,” in Seminars in cancer biology, 2021, vol.
69, pp. 24-42.

J.-J. Xu, W.-C. Zhang, Y.-W. Guo, X.-Y. Chen, and Y.-N. Zhang, “Metal nanoparticles as a promising
technology in targeted cancer treatment,” Drug Deliv., vol. 29, no. 1, pp. 664-678, 2022.

T. Khan, N. Ullah, M. A. Khan, and A. Nadhman, “Plant-based gold nanoparticles; a comprehensive
review of the decade-long research on synthesis, mechanistic aspects and diverse applications,” Adv.
Colloid Interface Sci., vol. 272, p. 102017, 2019.

C. Woodman, G. Vundu, A. George, and C. M. Wilson, “Applications and strategies in nanodiagnosis
and nanotherapy in lung cancer,” in Seminars in cancer biology, 2021, vol. 69, pp. 349-364.

E. Séanchez-Lopez et al., “Metal-based nanoparticles as antimicrobial agents: an overview,”
Nanomaterials, vol. 10, no. 2, p. 292, 2020.

A. G. Roberts, “The Structure and Mechanism of Drug Transporters.,” Methods Mol. Biol., vol. 2342,
pp. 193-234, 2021, doi: 10.1007/978-1-0716-1554-6_8.

D. Szoll6si, D. Rose-Sperling, U. A. Hellmich, and T. Stockner, “Comparison of mechanistic transport
cycle models of ABC exporters,” Biochim. Biophys. Acta (BBA)-Biomembranes, vol. 1860, no. 4, pp.
818-832, 2018.

Z. E. Sauna and S. V Ambudkar, “Characterization of the catalytic cycle of ATP hydrolysis by human
P-glycoprotein: the two ATP hydrolysis events in a single catalytic cycle are kinetically similar but
affect different functional outcomes,” J. Biol. Chem., vol. 276, no. 15, pp. 11653-11661, 2001.

P. Tonge, “Drug—Target Kinetics in Drug Discovery,” ACS Chem. Neurosci., vol. 9, no. 1, pp. 29-39,
Jan. 2018, doi: 10.1021/acschemneuro.7b00185.

T. P. Heffron, “Small molecule kinase inhibitors for the treatment of brain cancer,” J. Med. Chem., vol.
59, no. 22, pp. 10030-10066, 2016.

E. Altun et al., “Kinetic Release Studies of Antibiotic Patches for Local Transdermal Delivery,”
Pharmaceutics, vol. 13, no. 5. 2021. doi: 10.3390/pharmaceutics13050613.

D. Guo, L. H. Heitman, and A. P. IJzerman, “The Role of Target Binding Kinetics in Drug Discovery,”
ChemMedChem, vol. 10, no. 11, pp. 1793-1796, Nov. 2015, doi:
https://doi.org/10.1002/cmdc.201500310.

K. KATAYAMA et al., “Kinetic studies on drug disposition in rabbits. I. Renal excretion of
iodopyracet and sulfamethizole,” J. Pharmacobiodyn., vol. 13, pp. 97-107, Mar. 1990, doi:
10.1248/bpb1978.13.97.

M. Saveleva, E. Lengert, A. Abramova, S. Shtykov, and Y. Svenskaya, “Spectroscopic Study of the
Release Kinetics of Water-Insoluble Drug Griseofulvin from Vaterite Containers in Aqueous Medium,”
Opt. Spectrosc., vol. 129, Dec. 2021, doi: 10.1134/S0030400X21060126.

139

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.77

N. Al Naffakh et al Iragi Journal of Nanotechnology, synthesis and application 4 (2023) 113-140

[117] A. Raval, J. Parikh, and C. Engineer, “Mechanism and in vitro release kinetic study of sirolimus from a
biodegradable polymeric matrix coated cardiovascular stent,” Ind. Eng. Chem. Res., vol. 50, no. 16, pp.
9539-9549, 2011.

[118] N. Rades et al., “Reductively cleavable polymer-drug conjugates based on dendritic polyglycerol
sulfate and monomethyl auristatin E as anticancer drugs,” J. Control. Release, vol. 300, pp. 13-21,
2019.

[119] A.C.S. Alcantara, P. Aranda, M. Darder, and E. Ruiz-Hitzky, “Bionanocomposites based on alginate—
zein/layered double hydroxide materials as drug delivery systems,” J. Mater. Chem., vol. 20, no. 42,
pp. 9495-9504, 2010.

[120] T. Lopez et al., “Kinetic study of controlled release of VPA and DPH antiepileptic drugs using
biocompatible nanostructured sol—gel TiO 2,” J. Mater. Sci., vol. 44, pp. 5459-5468, 20009.

140

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.77



https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.77

