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Drug delivery systems (DDSs) have become a crucial aspect of cancer
therapy, and researchers are continuously striving to identify the
optimal methods for targeted delivery and release of therapeutic agents.
Metal-Organic Frameworks (MOFs) have emerged as a promising class
of materials for DDSs due to their exceptional storage capacity, unique
characteristics, and high durability. This comprehensive review
explores the wide-ranging applications of MOFs in various fields,
including catalysis, gas separation and storage, fuel purification, water
treatment, medication administration, and imaging. The review paper
evaluates different approaches to synthesize MOFs, such as the self-
assembly of metal ions and clusters and the solvothermal method, to
optimize their performance characteristics. The present study aims to
shed light on the numerous challenges associated with utilizing MOFs
in clinical settings. However, MOF nanocomposites that incorporate
reinforcement phases represent a promising strategy for addressing
these issues. With the incidence of cancer on the rise, targeted MOFs
offer a potential solution to the lack of the selectivity of certain drugs by
virtue of their distinctive physical and chemical properties. This
investigation delves into how MOFs can be employed to regulate drug
release in DDSs and presents research on the key applications of MOFs
in the realm of cancer therapy. The application of UiO-66 for drug
delivery systems and exploring the different physical characteristics and
chemical structures of dicarboxylate ligands incorporated into UiO-66
topology MOFs were investigated. Overall, the review paper provides a
comprehensive overview of the diverse applications of MOFs and their
potential for drug delivery systems in cancer therapy.
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1. Introduction

Nanotechnology has revolutionized research
in  numerous sectors, including medicine,
biology, the environment, and nutraceuticals
(as shown in Figure 1). Nanostructures, such
as nanofibers, nanoparticles, nanotubes, and
nanocomposites, have enabled the diagnosis
and treatment of various ailments. These
nanostructures are capable of carrying and
transporting medicines, proteins, vaccines,

DNAs, and enzymes. Nanomedicine is a
rapidly growing field that applies knowledge
and techniques from nanoscience to the
medical biology, disease prevention, and
therapy.

It entails identifying, dispersing, and activating
nano-sized substances in living cells, such as
nanorobots, nano-vehicles, and nanosensors

[1].
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Figure 1. Various applications of nanotechnology in the biomedical field [1].

MOFs are highly organized crystalline porous
materials formed by combining metal ion
clusters or chains with organic ligands [2].
They are emerging as promising candidates for
addressing challenges in nanomedicine since
they combine the desirable aspects of both
organic and inorganic drug delivery systems
(DDSs) [3]. In recent years, MOFs have been
extensively researched for  biomedical
applications, particularly in drug delivery.
Designing and composing nanocarriers are
crucial in drug delivery as they can modify the
hydrophilicity of pharmaceuticals, impact their
absorption and excretion, provide targeted

distribution, and prevent medications from
attaching to unrelated molecules [1].
Furthermore, MOF-based multifunctional
platforms that combine the effectiveness of
multifunctional components to suit growing
needs and treatment operations while
achieving specified objectives are also being
developed.

Furthermore, MOFs offer greater inherent
characteristics than typical nanomaterials such
as porous silica do [4]. The vast surface area of
MOFs (ranging from 1000 to 10,000 m?/g)
allows for the improved biomolecule loading
and encapsulation of various types of
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medicines. MOFs also have configurable pore
sizes, customizable host-guest interactions,
and flexible functionality due to their ability to
connect organic ligands into porous materials
with metal ions or clusters. These features
make MOFs a promising nanomedicine
platform [1, 5].

The  formation of  highly  porous
macromolecular and coordination polymers
known as MOFs is achieved by using
multidentate organic bridging ligands to join
metal ions or clusters. MOFs are composed of

an organic monomer and a metal core [6, 7].
The development of MOFs based on
zirconium  (Zr-MOF) is a significant
breakthrough in the MOF research since they
exhibit a high charge density and bond
polarization owing to the high oxidation state
of Zr (IV). This feature makes them more
durable in organic and water-based solvents
used in biotechnology, separation, and
adsorption [8]. Figure 2 illustrates some of the
most extensively studied MOF structures [1].

MOF-74

Metal - Organic
Frameworks

MIL-53
Figure 2. Examples of typical metal-organic frameworks [1].

MOFs offer several advantages over
traditional drug delivery systems (DDSs),
which are typically either organic or inorganic.
While liposomes or polymers have higher
biocompatibility, they usually have lower drug
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payloads. In contrast, gold, iron, and silica
nanoparticles, among other inorganic DDSs,
may be much more drug-loaded but less
biocompatible and may accumulate in the liver
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or spleen due to their slow degradation rate,
resulting in significant side effects [9].

MOFs are crystalline compounds with porous
structures and enormous surface areas that
contain unique repeating units consisting of
organic ligands and metal ions or clusters [6,
10]. The vast range of metal ions and ligands
available for constructing MOFs allows for
nearly infinite tunability [7]. However, the
stability of certain MOFs in water may be
limited by weak coordination bonds,
particularly at high pHs. To improve the
practical applicability of existing MOFs and
address their instability, two key solutions
have been recently discovered. The first
solution involves introducing hydrophobic
functionality to the organic linkers of unstable
MOFs. The second approach is to add
hydrophobic layers to the external surface of
the MOF after synthesis [11]. By carefully
controlling the interaction between the MOF
host and guest or lightly coating the surface of
MOFs with silica, it is possible to enhance the
stability and biocompatibility of MOF carriers.
This can be achieved by using a responsive
polymer or lipid bilayer [4].

As the prevalence of diagnosing cancer is
projected to affect at least one-third of
individuals in industrialized nations, the
scientific community has broadened its
research focus to include the development of
advanced and effective techniques for the
cancer detection and treatment. In this regard,
drug delivery has made remarkable progress
by utilizing cutting-edge technologies to
transport therapeutic payloads to the targeted
areas of the body for treatment. By stabilizing
and directing medications to affected tissues,

DDSs have the potential to minimize adverse
side effects and improve therapeutic efficacy,
as noted by [9].

The concepts of the "molecular simulation™
and "molecular modeling” encompass a
diverse set of theoretical and computational
methodologies employed to investigate the
behavior of individual molecules or systems of
molecules. The behavior of a molecule is
inherently determined by the behavior of its
constituent atoms, which, in turn, is influenced
by the behavior of the atomic components. In
drug delivery simulations, a range of
molecular simulation techniques are typically
employed, and Table 1 provides an overview
of some commonly utilized methods.

One of the simulation approaches utilized in
the drug delivery research is quantum-
mechanical (QM)  simulation,  which
accurately solves the Schrodinger equation to
depict the molecular behavior. Another
commonly employed method is molecular
dynamics (MD), which utilizes atoms as the
fundamental building blocks of molecules and
models their movements based on interatomic
forces, known as the "force field", exerted by
atoms within the same molecule or other
molecules in the system. The MD technology
can also be used to study crystallization and
drug release from the excipient matrix.
Additionally, the atomistic Monte Carlo (MC)
technique, which is based on the force field
concept and the approximation discussed
earlier, differs from MD in terms of
methodology. This approach offers a broad
range of applications in drug carriage and drug
release [12].
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Table 1. List of approaches for drug delivery that frequently use the molecular simulation [12].

Simulation method

Variants

Applications

Quantum-mechanical (QM)
methods (Merz, 2014; Mucs &
Bryce, 2013; Raha et al., 2007)

Monte Carlo (MC)

Molecular dynamics (MD)

Density functional theory
(DFT); Hartee-Fock (HF)
theory; Semiempirical;
QM/molecular mechanical
(MM) methods
Atomistic Monte Carlo (Bernini,
Fairen-Jimenez, Pasinetti,
Ramirez-Pastor, & Snurr, 2014;
Meunier, Goupil, & Lienard,
2017);
Coarse-graind Monte Carlo
(Pogodin, Wemer, Sommer, &
Baulin, 2012; Yan & de Pablo,
2003);

Lattice Monte Carlo, Kinetic
Monte Carlo (KMC)
(Martinez et al., 2009; Vlugt-
Wensink et al., 2006; Zeng,
Jacob, & Tikare, 2004)
Atomistic molecular dynamics
(De Vivo, Masetti, Bottegi, &
Cavalli, 2016; Zhao & Caflisch,

2015);

Coarse-grained molecular
dynamics (Prates Ramalho,
Gkeka, & Sarkisov, 2011;
Thota, Hu, & Jiang, 2015);
Brownian dynamics (BD) (Chen
et al., 2009); Dissipative particle
dynamics (DPD) (Guo, Zhang,

Wu, & Qian, 2010)

Potential energy, Geometry
optimization, Docking, and
Force-field parametrization

Free energy, Absorption/binding

energy, and Docking

Self-assembly, Swelling of gel
carriers, and Membrane
translocation

Drug release from excipient
matrices and crystallization

Solubility, Hydrogen bonding,
Diffusivity, Membrane
permeability, Carrier-drug
miscibility, Carrier-drug
interaction, Glass transition,
Drug aggregation, and
Crystallization

Self-assembly, Drug release
from excipient matrices, and
Membrane translocation

The present review provides an overview of
the various applications of MOFs in drug
delivery systems, owing to their numerous
advantages, such as their high surface area,
which facilitates the improved biomolecule
loading and encapsulation of various types of
drugs, tunable pore size, customizable host-
guest interactions, and adaptable functionality.
MOFs combine the best properties of both
organic (biocompatibility) and inorganic (high
loadings) systems.
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Initially, a brief introduction to MOFs and their
applications as porous coordination polymers
is presented. Next, MOFs are discussed as drug
delivery systems that can maximize
effectiveness while minimizing negative
effects. Additionally, the use of MOFs in the
cancer treatment is explored, as they can
selectively host, transport, and direct
therapeutic molecules to tumors, thereby
overcoming the lack of selectivity associated
with  certain medications.  Furthermore,
nanoscale MOFs are investigated as a
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promising drug carrier class, owing to their
high porosity, crystalline nature, specific
structural information, and potential for the
future functionality. Finally, the physical
properties of UiO-66, the first Zr(IV)-based
MOF, are highlighted, as it has great potential
as a drug delivery carrier due to its exceptional
thermal and physical properties.

2. Applications of MOFs

Due to their unique characteristics, excellent
storage capabilities, durability, and structural
tolerability, MOFs offer a wide range of uses.
One of their key advantages is the ability to
tailor their cytotoxicity and characteristics by
carefully selecting metals and linkers [7, 8].
MOFs find applications in various fields,
including the catalysis, gas storage separation,
water treatment, fuel purification, heat
transformation, light emitting, medication
administration, and imaging [6, 7, 13].

There are various methods available for
synthesizing MOFs, including the one-pot
synthesis, reverse microemulsion, rapid
microwave-assisted method, solvothermal
approach, fast precipitation method, rapid
microwave-assisted method, and ultrasonic
synthesis [14]. MOFs are synthesized through
a self-assembly process of metal ions or
clusters that function as coordination centers
and organic ligands. Given the distinct
characteristics of MOFs, such as their
extensive surface area, well-defined channels,
low cytotoxicity, and low biodegradability,
appropriate modifications are necessary during
the synthesis or post-synthesis stages [16].
The solvothermal technique is a traditional
method for the MOF synthesis and is often
used to produce metal-organic frameworks.
For example, Yang et al. synthesized IRMOF-
3 using the solvothermal technique and then
post-synthetically modified it with folic acid
(FA) [17]. Angshuman et al. employed a
mixed solvent solvothermal approach to obtain

Fe304@IRMOF3. The material was immersed
in a mixture of DMF and pure ethanol
containing PVP before being heated at 100 °C
to produce dark brown nanomaterials [18].
Nian also used the solvothermal method to
create brown N3sUiO66NH: [14].

MOFs have tremendous potential as nanoscale
drug carriers due to their high molecular
loading and ease of functionalization. In their
early biological uses, MOFs were used as
delivery systems for molecular therapies and
as effective contrast agents for optical
imaging, multimodal imaging, and X-ray
computed tomography imaging [5]. As more
mature biomedical materials with superior
biocompatibility, variable  compositions,
simple functionalization, and desired loading
capacity, MOFs offer significant development
potential for MOF-containing nanohybrids for
high-performance multimodal treatments [19].

3. MOFs in drug delivery systems

Targeted delivery can be achieved through
active or passive methods, and controlled
release strategies can be exogenously or
endogenously stimulated. Drugs must have
acceptable solubility to achieve the required
dose at the desired location, as poorly or
completely insoluble drugs leave the body
through the digestive system before becoming
available [20].

DDSs, such as intravenous, oral, and nasal
delivery, have been developed to maximize
effectiveness while minimizing negative
effects. MOFs have been investigated as a drug
delivery system to mitigate the negative effects
of free drugs by enabling gradual release,
targeted delivery, and protection from
degradation [21]. Nanomedicine has emerged
as a compelling alternative to traditional
pharmaceuticals due to its ability to achieve
these objectives [22].

Post-synthetic modification is an effective
method for developing new capabilities for the
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controlled drug release in MOF materials.
Zhang et al. developed a multifunctional and
biocompatible drug delivery system based on
MIL-101-N3(Fe) that demonstrated increased
cellular absorption and drug release with a low
pH-response. The azide-modified MIL-
101(Fe) was first loaded with DOX, and then
the strain-promoted [3+2] modification was

Copper free
click chemistry

performed with a bicyclononyne-
functionalized-cyclodextrin derivative. It was
further functionalized with the v3 integrin-
targeting peptide polymer Lys(adamantane)-
Arg-Gly-Asp-Ser-bi-PEG1900 (K(ad)RGDS-
PEG1900, bi=benzoic imine) through host-
guest interaction [4].

Host—guest
interactions

Figure 3. Functional MOF nanocomposites for the multi-stimuli-responsive drug release. Institut Lavoisier
(MIL)-101 (Fe) the post-synthetic modification and drug loading schematic [4].

MOFs are becoming increasingly popular as
drug delivery vehicles due to their high drug
loadings, biocompatibility, storage capacity,
low toxicity, and ease of functionalization.
These hybrid structures are formed by
combining metal clusters with multidivalent
organic ligands, resulting in porous crystalline
structures. MOFs offer significant advantages
over other DDSs, as they combine the best
properties of both organic and inorganic
systems. However, due to the diversity of
MOF materials, it can be challenging to
determine which MOF is optimal for a specific
drug molecule, and there are few examples of
multivariate MOFs for drug delivery
applications [7, 8, 21, 23].
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MOFs, also known as porous coordination
polymers (PCPs), are the specific type of
porous crystalline materials that feature
extended network topologies. They are formed
through the self-assembly of inorganic metal
clusters with organic ligands. Currently, there
are roughly 99,075 synthesized MOF and
MOF-type structures available, according to
the Cambridge Structural Database (CSD)
(Figure 4a). The exceptional properties of
MOFs have led to their increasing popularity
in various applications, as evidenced by the
rising number of research studies investigating
their uses (Figure 4b) [1].
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Figure 4. (a) Annually reported total of synthesized MOFs in the Cambridge Structural Database (CSD).
(b) Volume of papers using the term "Metal-organic framework(s)" each year [1].

MOFs based on zinc, iron, zirconium, and
magnesium are being extensively studied for
their potential value as DDS due to their low
cytotoxicity, high biodegradability, and
excellent biocompatibility [16]. Metal-linker
chemistry and post-synthetic modifications
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offer virtually limitless options for designing
desirable structures to improve drug transport
capabilities, as seen in Figure 5. MOFs are thus
the attractive solution to the challenges
currently faced by nanomedicine due to their
organic and inorganic natures [9].
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Figure 5. Ideal characteristics of a MOF-based drug delivery system are shown in a schematic, using the
structure of UiO-67, [Zrs04(OH).(bpdc)s]n(bpdc=4,40-biphenyldicarboxylate) as an example [9].

MOFs have advantages for industrial
applications, but their low chemical stability
can be advantageous for drug delivery as they
can be quickly biodegraded in the body after
drug release. However, there are limitations to
their application, such as very quick delivery
kinetics of fewer than three days in some
MOF-drug systems [15]. Developing universal
principles  for the particle cellular

internalization optimization in DDS is
challenging due to various factors such as the
material-specific characteristics, cell line-
dependent rate, and endocytic route selection
[22]. DDSs have drawbacks in clinical
settings, including the poor drug loading
capacity, rapid drug release kinetics, non-
specific biodistribution, and toxicity in rare
cases [3]. Researchers have attempted to
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improve the water stability, mechanical
strength, and biocompatibility of MOFs while
maintaining their other advantages by creating
MOF nanocomposites using reinforcement
phases such as polymers, silica, graphene, and
carbon  nanotubes [5]. The surface
modifications of MOFs can enhance specific
carriers, leading to improving stability,
dispersion, and the ability to pass
physiological barriers [23]. To use MOF

systems successfully in DDS, it is necessary to
investigate the loading and release of various
medicinal chemicals, cellular absorption, and
intracellular destiny, as well as to understand
the endocytosis process [22]. Molecular
simulations, including drug-receptor binding
or docking investigations, have been used
extensively in recent years for drug delivery
applications [12].

Table 2. Representative study using molecular simulations in drug delivery [12].

Reference System Simulation System Simulation  Properties Comparison/
software time Correlation
and method to
experiment
Bernini et  lbuprofen on RASPA, ~3nm ~2 x 10° Drug No
al., (2014) metal- GCMC MC steps  capacity and
organic drug
frameworks adsorption
(MOF)
The unique pore structures of MOFs allow for relatively strong electrostatic interaction

easy capture of pharmaceuticals smaller than
their pore diameters through a mixing process
known as post-encapsulation, which is widely
used to incorporate various drugs and proteins
into porous MOF materials.

In 2006, Ferey et al. used MOF materials for
the first time as drug carriers for controlled
delivery. They encapsulated ibuprofen (IBU)
in cubic zeotypic metal carboxylates
chromium-based MOFs, MIL-100 (3340 m?/g)
and MIL-101 (5510 m?/g), created from di- or
tricarboxylic acids and trimers of metal
octahedral. The IBU adsorption was
impressive in both MIL-100 and MIL-101,
with 0.35 g of IBU/g in MIL-100 and 1.4 g of
IBU/g in MIL-101. The total IBUs released
from MIL-100 and MIL-101 were achieved in
3 and 6 days respectively, according to kinetic
release experiments. The researchers also
observed three types of interactions that
occurred during the IBU release process:
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between the ligands and the IBU molecule, -
7 interactions between the ligand and the IBU,
and weak IBU-1BU connections [4].

4. MOFs in the cancer treatment

Cancer has become a severe illness affecting
human health, with its morbidity continuously
increasing. Despite recent advancements in
cancer medicines and rising survival rates, the
heterogeneity of cancer requires the
development of novel therapeutic approaches.
The most commonly used cancer therapies
include chemotherapy, radiotherapy, and
surgery, which often result in the dispersion of
nonspecific anticancer agents, inadequate
medication concentrations at the tumor site,
and uncontrollable toxicity, leading to various
side effects. Although immunotherapy has
gained popularity as a novel class of cancer
treatment procedures, it is more hazardous and
only effective for select individuals [14].
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Bioactive drugs and other chemicals are
frequently utilized as therapeutic agents to
improve human health and extend life
expectancy. Many of these chemicals have
shown promise in the treatment of serious
disorders, including cancer. However, they can
have substantial drawbacks, such as poor
solubility and non-selective biodistribution,
which frequently result in harm to healthy
tissues and cardiotoxicity, severely limiting
their therapeutic potential. These problems can
be addressed by utilizing DDS, which
increases drug solubility, protects it from
degradation, allows for regulated drug release,
provides targeted distribution, and reduces
harmful side effects [15]. The demand for
novel cancer treatments is being driven by an
increase in cancer diagnoses, the adverse
effects of most present therapies, and tumor
resistance to some of them [3].

Targeted MOFs can help overcome the lack of
selectivity of certain medications by
selectively hosting, transporting, and directing
therapeutic molecules to the tumor site. This
method allows for a decrease in the amount of
the traditional chemotherapy required,
resulting in improved therapeutic efficacy and
fewer unwanted side effects. Modifying the
surface of nanomaterials with antibodies or
suitable ligands can potentially target certain
cells and organs within the body. For example,
Chen et al. reported that Zr-UiO-66 was
functionalized with pyrene-derived
polyethylene glycol (Py-PGA-PEG) and
conjugated to nucleolin using a peptide ligand
(F3) for targeting triple-negative breast cancer
[14].

Developing effective cancer therapy is one of
the most challenging objectives for the
scientific community, as most medications
lack tumor selectivity, leading to several
challenges and side effects. Therefore, DDSs
have emerged as one of the most promising
healthcare applications. However, DDSs must

overcome several challenges, such as the
bioavailability, unpredictable drug release
(usually due to carrier instability), loading
capacities, particle size, nanoparticle cellular
internalization routes, and toxicity before they
can be wused [8]. MOFs are typically
characterized by a large specific area, a
considerable pore diameter, good
biocompatibility, non-toxicity to humans, and
easy digestibility, making them useful as
medication transporters. To maximize the drug
loading capacity, control drug release rate, and
safely deliver the medication to its destination,
the careful optimization of the pore size,
particle size, stability, and other MOFs
properties is necessary [14].

Photodynamic therapy is a cancer treatment
approach that involves generating reactive
oxygen species (ROS) at the tumor location by
irradiating photosensitizers. However,
porphyrin and its derivatives have been
limiting factors as photosensitizers in this
method due to their low solubility, self-
quenching, and aggregation issues. New
research has demonstrated that MOF
nanoparticles based on porphyrins hold great
promise as drug delivery systems, imaging
contrast agents, and for the photodynamic
therapy, addressing some of the challenges
faced in the cancer treatment. MOFs provide
precise spatial controls and a monomeric form,
enabling the precise accumulation of
medications at tumor locations. Currently,
most cancer treatments with nanoscale MOFs
rely on the passive targeting (enhanced
permeability and retention (EPR) effect) to
ensure the targeted delivery of the medication
[25].

The use of MOFs in the cancer treatment may
face several challenges, including the quality
control, toxicity, biocompatibility, and
avoiding immune clearance or premature drug
release before reaching the target site. To
develop a MOFs-based drug delivery system
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suitable for the clinical use, significant
advancements are still needed, from synthesis
to the quality control and in vivo process
monitoring. Nonetheless, the MOFs-based
drug delivery has demonstrated an
unparalleled advantage over traditional cancer
therapies [14].

5. Nanoscale Metal-Organic Frameworks
(NMOFs)

Scaling-down MOF materials (NMOFs) has
resulted in the emergence of a fascinating new
class of materials known as nanoscale MOFs.
These materials possess the same wide range
of architectures, compositions, and properties
as bulk MOFs, plus the added benefit of
nanomaterials. The morphological aspects of
nanomaterials, such as shape, size, and surface
characteristics, as well as their chemical
structure, have a significant impact on their
chemical properties, reactivity, energy
qualities, and photocatalytic activities. When a
substance gets closer to the nanoscale and has
a higher percentage of atoms on its surface, its
properties undergo a dramatic shift [1].

MOFs have the potential to serve as drug
carrier nano vehicles owing to their capacity to
modify the pore size and alter the framework’s
functional groups. While organic systems have
the advantage of biocompatibility, NMOFs
can be selected due to their porosity and
crystalline characteristics, which allow for the
regulated drug delivery [24].

NMOFs have been shown to be a promising
drug carrier-class due to their high porosity,
crystalline nature, potential for the future
functionality, and particular  structural
information. However, research on MOF-
based drug carriers with active tumor targeting
activities has been limited up to this point.
Over the past decade, NMOFs have garnered
significant attention in the field of the particle-
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mediated drug delivery for the treatment of
cancer. NMOF-based drug carriers have
several apparent advantages over traditional
drug-carrier materials, including a wide range
of structures with definite crystal structure
information, extremely high surface areas,
large pore sizes for drug loading, and intrinsic
biodegradability because of their relatively
labile coordination bonds. Therefore, several
MOFs have been downscaled to the nanoscale
and their drug transport capabilities examined
[26].

6. UiO-66 and drug delivery system

Lillerud et al. were the first to publish about Zr
MOFs in 2008, demonstrating that the Zr-
MOF structure can be constructed with longer
linkers, and the temperatures required for
decomposition are the same as for Zr-MOFs
made with BDC linkers and UiO-66 as well as
Zr-MOFs made with BPDC linkers and UiO-
67 [27]. UiO-66 (UiO for the University of
Oslo) [Zre04(OH)4(BDC)e] was the first
Zr(IV)-based MOF to be reported, consisting
of ZrCls and 1,4-benzene dicarboxylic acid
(BDC), which has the low toxicity of Zr [22,
27]. The face-centered cubic configuration of
the Zr-O clusters in UiO-66 results in a 1:2
ratio of octahedral (B11) and tetrahedral (B8)
cages, making zirconium-based MOFs of UiO-
66 highly stable and of great interest [28].
Ui0-66 is the first MOF in the UiO family. It
has a pristine surface area of 1200 m?/g and a
pore volume of 0.5 mL/g, with a 1,4-benzene
dicarboxylate (BDC) linker. The octahedral
and tetrahedral pores have diameters of 11 and
8 mm respectively, within 3- and 5-mm pore
windows. In order to create an isoreticular
series, various ligands were tested, with
porosity increasing with ligand length until
phenylene-bis-ethynylbenzoate linkers caused
interpenetration, as shown in Figure 6 [9].
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Figure 6. Dicarboxylate ligands used in UiO-66 topological MOFs with specific chemical structures [9].

The zirconium terephthalate MOF UiO-66 is
composed of ~200 nm nanoparticles that have
been covalently surface modified with PEG
chains, loaded with cargo, and coated with
functionalized modulators [6]. Due to its
excellent thermal and physical properties,
large surface area, and flexibility in synthesis
and post-synthesis, various zirconium MOFs,
including UiO-66, have garnered significant
interest for their potential as drug delivery
carriers [16]. Zirconium is also a low-toxicity
metal, with an LD50 oral lethal dose of 4.1
g.kg, making it a suitable drug carrier. The
drug payload capacity and release in MOFs are
influenced by various functional groups, with
different MOFs with different functional
groups exhibiting varying drug payloads.
Altering the hydrogen bonding also affects
different aspects of their interaction, resulting
in different release rates [29].

7. Conclusion

This review paper focuses on the use of Metal-
Organic Frameworks (MOFs) for different
applications, particularly for drug delivery
systems. The paper discusses the structures of
MOFs and their typical applications, including

molecular simulation approaches such as QM,
MD, and MC, which are used to analyze the
behavior of molecules or systems of molecules
in the drug delivery research. The review also
examines the technique of post-synthetic
modification, which expands the capabilities
of MOFs and is particularly useful in the
context of controlling drug release. The paper
acknowledges that MOFs face certain
challenges in pharmaceutical applications, but
research suggests that modifying the surface
and implementing targeted carrier strategies
can help overcome these issues.

In modern healthcare, MOFs and NMOFs have
become increasingly important, particularly in
the cancer treatment. Our review suggests that
drug delivery systems have the potential to
address several challenges associated with the
cancer treatment, and amongst the available
options, MOFs are attractive prospects due to
their large surface area, sizable pore diameter,
and favorable biocompatibility. However,
utilizing MOFs for drug delivery may pose
challenges, such as ensuring the quality
control, managing toxicity, and ensuring
compatibility  with  biological  systems.
Therefore, it is crucial to explore solutions to
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overcome these hurdles, such as optimizing
synthesis protocols and implementing rigorous
quality control measures. Additionally, the
review highlights the physical and chemical
structure of UiO-66, which has significant
potential as a candidate for drug delivery
systems due to its exceptional thermal and
physical characteristics, high surface area, and
flexibility in synthesis and post-synthesis
modifications.
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