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1 Introduction: Metal-Organic
Framework-Based Nanostructures

The nanomaterials are the foundations of nanoscience and nanotechnology.
Recently, nanomaterials have been assisting various fields of nano science as it
acquires outstanding fundamental properties and structural features in between
those of atoms and bulk materials. The self-assembly of nanomaterials which
opened a new window of research through the controlled formation of nano-sized
particles with distinctive chemical, biological, optical, magnetic, and electronic
properties. Various metal nanomaterials of gold, silver, platinum, metallic oxides
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nanoparticle of titanium, silicon, zinc, iron, and semiconducting nanomaterials as
zinc sulfate, and cadmium sulfate are used as carrier or marker depending on a pur-
pose used for biomedical applications (Yaqoob et al. 2020; Maddela et al. 2021).
Recently, in the development of nanotechnology, organometallic nanoparticles
(OMNPs) with metal-organic frameworks have now emerged in order to enhance
the structural potential when compared to nanoscale particles (Zhang et al. 2020).
Metal-organic frameworks are usually amorphous nanomaterials also known as
coordination polymers attached to metal nanoparticles that were first unearthed by
Robson in 1989. Since this discovery, many researchers around the globe took inter-
est in the engineering and evolution of MOFs for nano biomedical, drug delivery,
catalysis, separation, magnetism, storage, luminance, biosensing, and many more
applications. However, metal-organic framework-based nanostructures (MOFsN)
are considered as the new cohort organometallic hybrids that might also be classi-
fied according to the dimensions and order of organic—inorganic material participat-
ing into the synthesis. As the development of nanotechnology progressed, many
researchers studied the synthesis, characterization, functionalization, and bio-
toxicity of MOFsN. Due to this advancement, a structured understanding was devel-
oped about numerous MOFsN being promising platforms for biomedical
applications. In 1989, the metal-organic-based structural frameworks, also known
as porous materials, were first synthesized, and reported by B. F. Hoskins et al.
(Hoskins and Robson 1989; Zhang et al. 2020). The MOFsN frameworks are
organic—inorganic metal combined crystalline complex materials with a systematic
arrangement of positively charged metal ions surrounded by linker such as organic
molecules. The metal ions at the center that form a bond with functional groups of
the organic linkers together produce a repeating, cage-like structure. As an emerg-
ing and favorable class of potential hybrid materials, it has drawn great consider-
ation for various applications due to their unique features, high porosity, a wide
range of void shapes, higher surface areas, and multifaceted structural frameworks.
Numerous potential applications of MOFsN have been reported such as drug deliv-
ery systems, biosensing, biocatalysts, magnetic resonance imaging (MRI), optical
molecular imaging, separation, magnetism, and energy (Yang and Yang 2020).The
MOFsN possess not only porosity type materials but also shows a nanometer scale
size with enhanced surface activities due to organic linkers, which leads to a great
superiority in the field of biomedicine (Meng et al. 2020). The MOFsN frameworks
were synthesized by using chromium metal at central with 1,3,5-benzene tricarbox-
ylic acid or trimesic acid and 1,4-benzenedicarboxylic acid as organic linkers. The
first time loading and releasing activities of MOFsN for the Ibuprofen drug encap-
sulation to enhance control drug release profiles were studied by Ferey et al. in 2006
(Horcajada et al. 2006). Several studies have been reported on surface modification
of metal nanoparticles using multiple functional groups, for instance, biological
molecules and fluorescent materials as organic linkers for the synthesis of MOFsN
through the various synthetic methodologies. These innovative surface modifica-
tions show major advantages for the development of liquid separation, liquids puri-
fication, gas separation, electrochemical energy storage, chemical catalysis, sensors,
and many biomedical applications. The research and development in the area of
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Fig. 13.1 Publication rate of work carried out on MOFs over time particularly in the biomedical
applications (Barbosa et al. 2020) (Copyright 2020, Chapter 4, Metal-Organic Frameworks for
Biomedical Applications, Page: 69-92, Elsevier publication)

MOFs as given in Fig. 13.1 with respect to publication in this area (Barbosa et al.
2020). Also, work done in the area of biomedical sciences is also highlighted.

1.1 Synthesis and Structural Properties of MOFsN

The synthesis of the MOFsN could be obtained through surface functionalization of
metal with organic linkers such as simple organic molecules, biomolecules, den-
drimers, polymers, amino acids, supramolecular, which eliminate several difficul-
ties correspond to the stability, size, and structural properties. Jian Wang et al.
reported and elaborated four categories of the surface modifications of metal NPs
along with advantages and deficiencies molecular frameworks (Zhang et al. 2020).
These categories are (a) covalent post-synthetically modification, (b) coordination
modulation and coordinative post-synthetically modification, (¢) noncovalent post-
synthetically modification, and (d) modifications on the external surfaces of MOFs
(Fig. 13.2).

1.1.1 Covalent Post-Synthetically Modification
The modification that deals with the metal are generally covalently conjugated with

drugs or biomolecules organic linkers to the metal, which consist of the click chem-
istry and conjugation reacting mechanisms (Fig. 13.3).
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The drugs and biomolecules can covalently bind to the metal in MOFsN. In
1999, the first effective covalent post-synthetic modification of MNPs was carried
out by Kiang et al. (Kiang et al. 1999). Furthermore, many researchers put their
sincere efforts on covalent post-synthetic modification by using organic linkers like
peptides, DNA, amine-modified cytosine, carboxylic acids, hydroxyls and thiols,
green fluorescent protein, and biomacromolecules such as nucleic acid and protein
and further studied for development of numerous applications in the field of bio-
chemical and biomedical sciences (Begum et al. 2019; Kalaj and Cohen 2020;
Ivancova et al. 2019; Guo et al. 2020). However, successful covalent conjugation of
biomolecules is possible due to the presence of electrophiles in MOFsN with a
strong binding ability (Nowroozi-Nejad et al. 2019).

The covalent conjugation plays a critical role for structural and functional con-
trol in MOFsN responsible for generating porosity and flexibility, which are afforded
for designing materials specifically moderated toward future potential applications
(Vardhan et al. 2019). Currently, covalent post-synthetically modified MOFsN show
significant applications, and their physicochemical and biocompatible properties
make them encouraging materials for drug storage, sustainable drug delivery sys-
tems, bio imaging, biosensing, magnetism, and gas adsorption (Chen and Wu 2018;
Cui et al. 2018; Rojas et al. 2019).

1.1.2 Coordination Modulation and Coordinative
Post-Synthetically Modification

The organic linkers such as drugs, biomolecules are coordinated to the metal for the
synthesis of MOFsN through coordination chemistry, which includes ligand inter-
change. The coordination mechanisms are possible when the sidechain of the mol-
ecules has active functional moieties that bind to the metals for the genesis of
networks with a higher degree of dimension (Cai et al. 2019a). The active terminals
are the structural feature that facilitates amino acids (amino acids with carboxylic
groups which provide a sequence of strong coordination approaches because of
their huge negative charge density) and peptides to coordinate with central metal at
definite angles and directions for the formation of MOFsN through coordinate post-
synthetically modification (Rojas et al. 2017).

Generally, coordinative post-synthetically modification is significant to modify
the surface functionality of MOFsN for developing biomedical applications, which
can be possible during the synthetic methods (Segura et al. 2019). The major advan-
tage of the coordination modulation synthetic method is the active surface modifica-
tion of MOFsN, which is carried out during the synthetic process with biomolecules
or simple organic molecules acting as interlocutors or modulators.

Many researchers have reported in situ coordination modulation process on sur-
face modification by using DNA, biotin (Gkaniatsou et al. 2017), folic acid, porphy-
rin, phosphates, thiols, carboxylates, and imidazoles on the surfaces of MOFsN
(Forgan 2019; Gkaniatsou et al. 2017; Abdnades Ldzaro et al. 2020; Kan et al. 2018;
Park et al. 2016; Roder et al. 2017; Wang et al. 2018).
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He Tin et al. have reported that the MOFsN microcapsules have a crystalline type
material and rigid reticular structures that were prepared by using polymers or
supramolecules through coordinative post-synthetically modification (He et al.
2018). They have expanded a competitive coordination modification in order to
synthesize this MOFsN based microcapsules with new bowl-like structures. The
formation of bowl-like structures of MOFsN is due to partial disintegration through
the competitive reagents. In addition to this, flexibility is introduced into the rigid
skeletons which is an innovative approach in designing MOF-based microcapsules
with novel structures.

Hence, coordination mechanism is significant to produce extended active sur-
faces of MOFsN network structures, though green and scalable synthesis with very
high chemical stability and better porosity. These types of MOFsN contain a high
degree of dimensionality and fundamentally the most attractive structural features
associated with their use as ligands also called surface ligand exchange (Cui
et al. 2020).

1.1.3 Noncovalent Post-Synthetically Modification

The noncovalent post-synthetically modification consists of molecular interacting
mechanisms such as electrostatic interaction, hydrogen bond interaction, Vander
Walls forces, and dispersion forces. These molecular interactions between organic
linkers and metals generate intermolecular forces (IMF) which are responsible for
the binding of metal with molecules having active functional moieties.

However, MNPs are not stable and get agglomerated quickly they are stabilized
using various stabilizing agents like PVA, PEG, citric acid, and so on (Zhao and
Asuha 2010; Laurent et al. 2008). The MNPs of 1-100 nm size have been exten-
sively studied, and their colloidal suspensions used as ferrofluids having many
potential applications in electronics, material sciences, pharmaceutics, tissue engi-
neering, biophysical, nanomagnetic thin films, nanomagnetic coating, magnetic bio-
sensor, interacting activities inducing agent, biomedical, and biochemical sciences
(Obaidat et al. 2019). Apart from having fundamental scientific interests of MOFsN,
they can also assist in the development of novel applications in various electrical,
industrial, and medical fields. Their exceptional and novel size dependent properties
have developed remarkable research for designing new applications in nanotechnol-
ogy and biomedical sciences (Jiang et al. 2019). Their synthesis and surface engi-
neering are widely been studied due to their potential applications in magnetic fluids
(Wu et al. 2016), catalysts (Cardoso et al. 2018), biotechnology, magnetic resonance
imaging (Zhou et al. 2019), data storage (Noqta et al. 2019), DNA separation (Noqta
et al. 2019), alternative current (AC) magnetic field-assisted cancer therapy
(Shengzhe Zhao et al. 2020), and environmental remediation of heavy metals (Jawed
etal. 2020; Thakare et al. 2021), drug delivery, and hyperthermia treatment (Gholami
et al. 2020). Due to their versatile applications, the stability of dispersed MNPs
plays a critical role with a milder tendency for self-aggregation via coulombic forces
(Yew et al. 2020). However, the MNPs are not stable and get agglomerated quickly
and can be stabilized by using surfactants such as SDS, CTAB, MTOAC, Tweens,
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cinnamic acid, oleic acid sorbitol, and zwitterions (Ansari et al. 2020). The MNPs
are involved for suitable surface modifications by several coating agents for instance
dimercaptosuccinic acid (Gutiérrez et al. 2019), dextran, starch, PEG, chitosan, pro-
teins, amino acids, silica, and others (Nosrati et al. 2017). In 2011, Wiogo et al. have
described a stabilization of MNPs in biological media by a fetal bovine serum to
increase the surface area to modify the MNPs for in vivo biomedical uses (Wiogo
etal. 2011).

The tribasic citric acid was used by (Cheraghipour et al. 2012) to stabilize the
superparamagnetic nanoparticles which not only increases the dispersity of MNPs
in water but the terminal carboxylic group can give more sites for surface modifica-
tion (Cheraghipour et al. 2012). Thus, MNPs could play a critical role in molecular,
bimolecular, and electronic interactions with various stabilizers for maintaining
their stability to optimize their structural and geometric activities. The dispersion
studies of surface engineered MNPs with polar protic solvents such as water, etha-
nol, and buffers (phosphate and tris) have been reported (Pandya and Singh 2015).
The studies on nonaqueous dispersant medium with a series of organic acids and
dendrimers with their increasing alkyl chain have been reported by S. R Pandya
et al. (Pandya and Singh 2015). Furthermore, they studied their dispersion activities
and optical behavior directly with aprotic polar, protic—aprotic, and dendritic—
aprotic polar solvents as dispersant systems. The dispersion activities and optical
behavior in a series of first-tier dendrimers for their perfect stabilized aggregation
and this impact of aggregation have been monitored through their UV interactions.
An impact of a series of FA, OA, and CA that produce H+ in 1:2:3 ratios could criti-
cally influence their size and aggregation patterns. However, the above-mentioned
studies are simple in nature and even enhance the purity and stability effects of the
nanoparticles. The molecules like nucleoli, peptides, cysteine, pyrene, PEG, glu-
cose dehydrogenase, and methylene green have been used and linked to the surface
of MOFsN through controlled supramolecular interactions and several strong inter-
actions (Komiyama et al. 2017).

1.1.4 Modifications on the External Surfaces

These modifications are commonly known as the absorbent mechanism and consists
of the conjugation of biomolecules to the silica coating on the MOFsN. The organic
linkers can be reformed on the outer surface of MOFsN by using silica-coated sur-
faces as an active absorbent required to adhere to the additional drugs or biomole-
cules to the surface of MOFsN. Several researchers and their coworkers successfully
attached the biomolecules such as oligopeptide, folic acid, on the surface of MOFsN
with a silica coating for developing sustainable and targeted drug delivery systems
(Siafaka et al. 2016; de Aratjo 2017; Achilefu and Black 2018). The difficulties of
silica coating methods are sometimes toxicity caused by excess use of silica and
hence creates a challenge for the developing applications (Gubala et al. 2020). The
MOFsN has exceptional structural properties and evolution in the field of nanotech-
nology, hence, there are lots of studies on synthetic processes and post synthesis
surface modifications of MOFsN for biological applications.



346 S.R. Pandya and S. B. Undre
2 Biomedical Applications of MOFsN

Currently, investigation of MOFsN has attracted much attention to develop bio-
medical applications (Sun et al. 2020) because MOFsN are shown to have a hollow
structure with some extraordinarily larger surface areas inside the molecules
(Zeng et al. 2015). The organic—inorganic metal-fused systems might be easily
reformed due to the organic branched linkers with active functional groups and
synthesized through the self-assembly mechanism of metal-attaching species,
which leads to M, type (multipurpose, multitasking, multitracking, and multifac-
eted) properties. The MOFsN have well-defined porosity types of structures that
makes them different from other nanoparticle structures with higher potential activi-
ties and M, properties required for various biochemical and biomedical applica-
tions. MOFNs have drawn attention due to their various potential uses in the field
such as gas storage, bio separation, biocatalysis, photonics, biosensing, MRI, phar-
maceutics, biocatalyst, and biomedicine (Horcajada et al. 2012). Figure 13.4 depicts
various functional applications of MOFsN in the various field of sciences (Fig. 13.5).

2.1 Drug Delivery Systems

Developing a sustainable and targeted drug delivery system is essential and signifi-
cant to reduce side effects with increasing therapeutic efficacy of drugs through
metabolic actions. Well-defined structure, larger surface area, outreach porosity,
multi fabricated pore size, and outstanding surface functionalization of MOFsN are
considered as encouraging nanocarriers for efficient drug delivery systems (Sun
et al. 2020). Hence, exceptional chemical and physical properties such as surface
adsorption, covalent binding, encapsulation, and functional molecules as building
blocks of MOFsN make them significant nanocarriers for targeted and intracellular
drug delivery system.

Recently, MOFsN is evolving hybrid high porosity nanomaterials that are assem-
bled from metal ions or clusters associated with organic linkers and they have ever-
increasing attention due to the exceptional physical structures and wider potential
applications (Cao et al. 2020). The MOFsN along with high absorptivity, porosity,
controlled drug-release mechanism, large storage capability, and hydrophobic (non-
polar)-hydrophilic (polar) nature have shown potential use for sustained and tar-
geted drug delivery mechanism by accommodating drug molecules through
conjugation or encapsulation (Rasheed et al. 2020; Cunha et al. 2013). The struc-
tural features of MOFsN enabled high drug loadings efficiency with controlled
release moderated by simulated physiological and chemical conditions for hydro-
philic and hydrophobic drugs (Horcajada et al. 2010; Wang et al. 2020). Table 13.1
summarizes some reported applications of MOFsN in the drug delivery system.
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Fig. 13.5 The functional applications of MOFsN-based materials in various field of sciences

2.2 Magnetic Resonance Imaging (MRI)

MRI is an impressive diagnostic analytical tool for noninvasive (does not include a
break in the skin) tomography of the inside arrangement and functions of living
organisms as well as local properties of tissues that provides high longitudinal reso-
lution images and deep tissue penetration without any involvement of radioactivity
(Chen et al. 2020a; Brown et al. 2014). Basically, due to limited resolution, low
imaging depth of penetration, poor spatial resolution, and low sensitivity in MRI, it
becomes necessary to use contrast agents that play a vital role to improve MRI sen-
sitivity through refining the contrast in areas with brighter or darker signals that are
regularly administered in high doses (Boxerman et al. 2020). To overcome this
problem, various studies have concentrated on developing multitasking imaging
contrast agents or probes that incorporate several image improving activities into a
particular system to achieve multitracking imaging functions in MRI (Shang et al.
2017). In this context, MOFsN has attracted great attention as promising MRI con-
trast agent attributable to its exceptional paramagnetic/superparamagnetic proper-
ties which can create large magnetic centers under the influence of an external
applied magnetic field (Wong et al. 2020; Giliopoulos et al. 2020). Hence, such
central shell hybrid MOFsN provides an ideal platform for targeted delivery of other
imaging and beneficial agents to unhealthy tissues because they are effective at very
lower concentrations and can also be engineered target specific through surface
modification using essential molecules (Chowdhury 2017). Also, MOFsN with car-
boxylate as organic linkers shows a high capacity for drug loading or release and
T,-weighted (MRI sequence to quantify effectiveness) MRI properties with low tox-
icity (Li et al. 2015; Horcajada et al. 2010).

Meng et al. reported MOFsN having Fe** assembled octahedral structure by
using a solvothermal reaction and graphene oxide (GO) as an organic linker,



13 Metal-Organic Framework-Based Nanostructures for Biomedical Applications 349

Table 13.1 Some reported applications of MOFsN in drug delivery system

Metal/
oxide Organic Linker Drug References
Zn,0 3,5-Dimethyl-4-carboxypyrazolato 5-Fluorouracil, caffeine, Noorian et al.
benzocaine, and para-amino (2020)
benzoic acid
Zn (II) | Imidazole and polyacrylic acid Doxorubicin Cai et al.
(2019b)
SiO, Poly(ethylene glycol) modified folic | Doxorubicin Xie et al.
acid (PEGFA) (2018)
Zr Diaminostilbenedicarboxylate Ibuprofen Sarker et al.
(2019)
Fe (IIT) | 1,3,5-Benzene tricarboxylic acid Caffeine Cunbha et al.
(2013)
Fe/La Benzene-1,3,5-tricarboxylic acid Doxorubicin Lin et al.
(2019a)
Zr (IV) | 1,4-Benzenedicarboxylate Caffeine Kandiah et al.
(2010)
Fe (IIT) | Pyridine-3-carboxylic acid Nicotinic acid Miller et al.
(2010)
Zr Phosphonoacetate ligand Cisplatin Lin et al.
(2019b)
Fe (III)/ | Carboxymethyl dextran, trimesic acid | Doxorubicin/daunorubicin Cherkasov
Fe;0, et al. (2020)
Zn (CH;3COO0), and imidazolate-2- Methylprednisolone Xu et al.
carboxyaldehyde (2-ICA) (2020)
Cu Gelatin microsphere biopolymer Methotrexate Md et al.
(2018)
Zr (IV) | Amino-triphenyl dicarboxylic acid Doxorubicin Chen et al.
(2018)
Zn Terephthalic acid Oridonin Chen et al.
(2019)
Cu/Zn | 1,2-Bis(4-pyridyl)ethylene/hydrogel | Antibacterial effects Gwon et al.
(2020)
Fe Sodium dodecyl sulfate (SDS) Insulin Zhou et al.
(2020)
Fe O-carboxymethyl chitosan Doxorubicin Lin et al.
(2020)
Zr Triethylamine Camptothecin Chen et al.
(2020b)
Mg Tetrakis (p-benzoic acid) pyrene Fluorouracil Hu et al.
(2020)
Fe Trimesoyll,3,5-trimethyl malonate Silibinin and methotrexate Pandya and

ester (TTDMM) dendrimer

Singh (2016)
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offering a strong T,-weighted contrast with low cytotoxicity (Meng et al. 2017).
D. Zhang et al. reported innovative cell membrane-coated porphyrin MOFsN based
0O,-evolving photodynamic therapy (PDT) for homologous cancer cell targeting
along with MRI and fluorescence imaging (dual mode imaging) biomedical applica-
tions (Zhang et al. 2019). The MOFsN has a superparamagnetic nature accountable
for the enhancement of contrast to distinguish death and live tissues with limitless
penetration and admirable imaging aptitude in MRI which could serve as robust and
innovative materials to develop biomedical applications (Peller et al. 2016).

Hence, MOFsN are transpiring hybrid materials made up of metal ions/clusters
as a core attached to organic linkers and their ability to transport huge numbers of
paramagnetic and superparamagnetic metal ions (Pei et al. 2014). These MOFsN
are considered as superlative and potentially offer advantages as MRI contrast
agents and enhanced attention due to the probability of three-dimensional (3D)
images with high longitudinal resolution (Qin et al. 2017).

2.3 Biosensor

Recently, several research scientists have been working on new and novel applica-
tions of MOFsN to exploit them as electrode triggered materials that are required
for evolving electrochemical activity with high selectivity and sensitivity to diag-
nose trace amounts of biologically active molecules. Physicochemical properties
such as pore sizes, high surface areas, multitasking surface activities with active
sites of MOFsN are responsible for their use as an ideal biosensor agent for electro-
chemical reactions (Wu et al. 2015; Carrasco 2018). The reported typical data of the
MOFsN used as a biosensor for various biomedical sensing is given in Table 13.2
(Zhou et al. 2018).

Generally, post-modified methods were used for the synthesis of MOFsN-based
electrode biosensors with the linking of -NH, or —SH functional groups and many
others (Yang and Yang 2020). Some have rarely been reported MOFsN with signifi-
cant electrochemical activity as electro biosensors without post-modification syn-
thetic methods (Liu et al. 2017b). However, some of most electrochemical active
MOFsN restrict over application in the field of electrochemistry detection due to
poor water stability, which is related to electrochemical reactions generally carried
out in a water environment (Fang, Zong, and Mao 2018; Taylor, Dawson, and
Shimizu 2013). The MOFsN-based biosensors categorized in groups such as raw
MOFsN, grafting approach, and bulk MOFsN according to their complexity and
concerning the preparation methods for biosensor development (Carrasco 2018).
The MOFsN having controlled size, shape, and morphology along with unique con-
ductive properties and their preparation includes inorganic metal and organic link-
ers that have significantly enhanced the performance for biosensor development
(Yang et al. 2018).
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Table 13.2 The reported data of MOFsN based biosensors (Copyright 2018, Nanoscaled Metal-
Organic Frameworks for Biosensing, Imaging, and Cancer Therapy, Advanced Healthcare
Materials 7 (10): 1800022 (1-21))

Recognition
MOFsN Analyte method Recognition limits | References
H(2)dtoaCu ds-DNA FBS 1.3x 10 m Chen et al.
(2013)
Zn(11)-MOFs HIV ds-DNA FBS 10x 1072 m Zhao et al.
(2016)
PCN-222@SA DNA ES 0.29 fM Ling et al.
(2015)
Dy-MOFs Ebola virus RNA FBS 160 x 10-"? m Qin et al.
sequences (2016)
MIL-101 Thrombin; FBS 15x 107> m; He et al.
oxytetracycline 42x%x107° (2017)
Cu-3(BTC)(2)@ | Atrazine CIS 0.01 x 10~ m Chen et al.
SiO,/BDC-PANI (2017)
Hemin-MOFs/ FGFR3 mutation gene | ES 0.033 fM Bhardwaj et al.
PtNPs (2015)
Fe-MIL-88B-NH, | Alpha-fetoprotein CMA 3 pg mL™! Zhou et al.
(2016)
Au/hemin@ Thrombin EAS 0.068 x 107" m He et al.
MOFs (2017)
Fe304/g-C3N4/ | Ochratoxin A FAS 2.57 ng mL™! Hu et al.
HKUST-1 (2017)
AuNPs/Ce-MOFs | Lipopolysaccharide EAS 3.3 fgmL™! Shen et al.
(2016)
pPt@ Telomerase activity ES 2.0 x 10-"V U Ling et al.
UiO-66-NH2 (2016)
516-MOF Vomitoxin; EBS 0.70 pg mL™; Liu et al.
salbutamol 0.40 pg mL! (2017a)
Mn-BDC@ Ascorbic/uric acid, ES 0.01; 0.002; M.-Q. Wang
MWCNT dopamine 0.005 x 10°m et al. (2016)
Ag@Au Glucose PBS 0.038 x 10 m Huang et al.
nanoprism MOFs (2017)
MIL-100(Cr)-B | H,0, ES 0.1x10°m Dai et al.
(2017)
pFeMOF/OMC | H,0, ES 0.45 % 10°m Liu et al.
(2017b)
R-UiO Intracellular oxygen | RLS - Xu et al.
(2016)

FBS Fluorescence biosensor, FAS Fluorescent aptasensor, ES Electrochemical sensor, EAS
Electrochemical aptasensor, EBS Electrochemical biosensor, CIS Conductometric immunosensor,
CMA Chemiluminescence metalloimmunoassay, PBS Paper-based biosensor, RLS Ratiometric

luminescent sensor
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3 Conclusion

The MOFsN are an interesting class of organic—inorganic metal combined porous
crystalline nanomaterials with a systematic arrangement of positively charged metal
ions surrounded by multifunctional organic molecules or ligands and have attracted
increasing attention in current years in fundamental scientific interest and potential
attractive several applications. The MOFsN consider as M, (multipurpose, multi-
tasking, multitracking, and multifaceted) types materials with innovative and
improved structural activities which play an extremely important role in increasing
the biomedical and biochemical applications. Besides this, MOFsN as nanosized
materials with variable physical, chemical, and biological properties that are more
efficient as compared to bulk materials. The modern innovative and possible appli-
cations required a better potential metal-organic nanostructure-based formulations
with extraordinary structural activities perceived as a tool and riders for biomedical
applications such as drug delivery, MRI, biosensors, biocatalyst, bio separation, and
many more associated with a decrease of environment and human health risks fea-
tures. According to the intensified investigations on MOFsN exhibit important
advantages and outstanding materials with minimized toxicity, which shows impacts
at all stages of the development and evaluation of biomedical applications, which
will increase their use in research areas. More active surface functionality of MOFsN
could be designed and synthesized in order to meet the increasing biomedical
requirements. MOFsN are excellent contrast agents that provide a new platform for
the detection and diagnostics therapy in MRI. The synthesis and characterization of
MOFsN for biocatalysts and bio-separation, biosensor, purification, drug delivery,
medicine, energy-harnessing, and energy-storage fields show high growth and sig-
nificant increase during the last decade. The scope and focus of this chapter are to
study the strategies of MOFsN fabrication and its use for the expansion of biomedi-
cal applications.

References

Abénades Lazaro I, Wells CJR, Forgan RS (2020) Multivariate modulation of the Zr MOF
UiO-66 for defect-controlled combination anticancer drug delivery. Angew Chem Int Ed
59(13):5211-5217

Achilefu S, and Black K (2018) Compositions and methods for treatment and imaging using
nanoparticles. Google Patents

Ansari N, Payami Z, Feghhi F (2020) Synthesis of iron/graphene composites with controlled mag-
netization by electrochemical exfoliation/deposition using sodium dodecyl sulfate as surfac-
tant. ] Magn Magn Mater 500:166398

Barbosa JS, Figueira F, Braga SS, Paz FAA (2020) Metal-organic frameworks for biomedical
applications: the case of functional ligands. In: Metal-organic frameworks for biomedical
applications. Elsevier, pp 69-92

Begum S, Hassan Z, Brise S, Woll C, Tsotsalas M (2019) Metal-organic framework-templated
biomaterials: recent progress in synthesis, functionalization, and applications. Acc Chem Res
52(6):1598-1610



13 Metal-Organic Framework-Based Nanostructures for Biomedical Applications 353

Bhardwaj SK, Bhardwaj N, Mohanta GC, Kumar P, Sharma AL, Kim K-H, Deep A (2015)
Immunosensing of atrazine with antibody-functionalized cu-MOF conducting thin films. ACS
Appl Mater Interfaces 7(47):26124-26130

Boxerman JL, Quarles CC, Hu LS, Erickson BJ, Gerstner ER, Smits M, Kaufmann TJ, Barboriak
DP, Huang RH, Wick W (2020) Consensus recommendations for a dynamic susceptibility con-
trast MRI protocol for use in high-grade Gliomas. Neuro-Oncology:noaal41

Brown RW, Cheng Y-CN, Haacke EM, Thompson MR, Venkatesan R (2014) Magnetic resonance
imaging: physical principles and sequence design. John Wiley & Sons

Cai H, Huang Y-L, Li D (2019a) Biological metal-organic frameworks: structures, host—guest
chemistry and bio-applications. Coord Chem Rev 378:207-221

Cai W, Wang J, Chu C, Chen W, Wu C, Liu G (2019b) Metal-organic framework-based stimuli-
responsive systems for drug delivery. Adv Sci 6(1):1801526

Cao J, Li X, Tian H (2020) Metal-organic framework (MOF)-based drug delivery. Curr Med Chem

Cardoso VF, Francesko A, Ribeiro C, Bafobre-Lopez M, Martins P, Lanceros-Mendez S
(2018) Advances in magnetic nanoparticles for biomedical applications. Adv Healthc Mater
7(5):1700845

Carrasco S (2018) Metal-organic frameworks for the development of biosensors: a current over-
view. Biosensors 8(4):92

Chen C-W, Tseng Y-H, Lin C-C, Kao C-C, Wong MY, Lin B-S, Huang Y-K (2020a) Novel diagnos-
tic options without contrast media or radiation: triggered angiography non-contrast-enhanced
sequence magnetic resonance imaging in treating different leg venous diseases. Diagnostics
10(6):355

Chen DT, Bi JR, Wu J, Kumar A (2020b) Zirconium based nano metal-organic framework
UiO-67-NH 2 with high drug loading for controlled release of camptothecin. J Inorg Organomet
Polym Mater 30(2):573-579

Chen G, Luo J, Cai M, Qin L, Wang Y, Gao L, Huang P, Yu Y, Ding Y, Dong X (2019) Investigation
of Metal-Organic Framework-5 (MOF-5) as an antitumor drug oridonin sustained release car-
rier. Molecules 24(18):3369

Chen J, Yu C, Zhao Y, Niu Y, Zhang L, Yu'Y, Wu J, He J (2017) A novel non-invasive detection
method for the FGFR3 gene mutation in maternal plasma for a fetal achondroplasia diagnosis
based on signal amplification by Hemin-MOFs/PtNPs. Biosens Bioelectron 91:892-899

Chen L, Zheng H, Zhu X, Lin Z, Guo L, Qiu B, Chen G, Chen Z-N (2013) Metal-organic
frameworks-based biosensor for sequence-specific recognition of double-stranded
DNA. Analyst 138(12):3490-3493

Chen W, Wu C (2018) Synthesis, functionalization, and applications of metal-organic frameworks
in biomedicine. Dalton Trans 47(7):2114-2133

Chen W-H, Yang Sung S, Fadeev M, Cecconello A, Nechushtai R, Willner I (2018) Targeted
VEGF-triggered release of an anti-cancer drug from Aptamer-functionalized metal-organic
framework nanoparticles. Nanoscale 10(10):4650-4657

Cheraghipour E, Javadpour S, and Mehdizadeh AR (2012) Citrate capped superparamagnetic iron
oxide nanoparticles used for hyperthermia therapy

Cherkasov VR, Mochalova EN, Babenyshev AV, Rozenberg JM, Sokolov IL, Nikitin MP (2020)
Antibody-directed metal-organic framework nanoparticles for targeted drug delivery. Acta
Biomater 103:223-236

Cui W-G, Hu T-L, Bu X-H (2020) Metal-organic framework materials for the separation and puri-
fication of light hydrocarbons. Adv Mater 32(3):1806445

Cui Y, Zhang J, He H, Qian G (2018) Photonic functional metal—-organic frameworks. Chem Soc
Rev 47(15):5740-5785

Cunha D, Yahia MB, Hall S, Miller SR, Chevreau H, Elkaim E, Maurin G, Horcajada P, Serre C
(2013) Rationale of drug encapsulation and release from biocompatible porous metal—-organic
frameworks. Chem Mater 25(14):2767-2776

Chowdhury MA (2017) Metal-Organic—Frameworks as Contrast Agents in Magnetic Resonance
Imaging. CBEN, 4: 225-239



354 S.R. Pandya and S. B. Undre

de Aratijo, Ana Francisca Lopes Correia (2017) Glucagon-like peptide-1 and glucagon-like pep-
tide-1 analogs nanotechnology-based systems for prevention and therapy of diabetes

Dai H, Lii W, Zuo X, Zhu Q, Pan C, Niu X, Liu J, Chen HL, Chen X (2017) A novel biosen-
sor based on boronic acid functionalized metal-organic frameworks for the determination of
hydrogen peroxide released from living cells. Biosens Bioelectron 95:131-137

Forgan RS (2019) The surface chemistry of metal-organic frameworks and their applications.
Dalton Trans 48(25):9037-9042

Fang X, Zong B, Mao S (2018) Metal-organic framework-based sensors for environmental con-
taminant sensing. Nano-Micro Letters, 10(4), 64

Gholami A, Mousavi SM, Hashemi SA, Ghasemi Y, Chiang W-H, Parvin N (2020) Current trends
in chemical modifications of magnetic nanoparticles for targeted drug delivery in cancer che-
motherapy. Drug Metab Rev 52(1):205-224

Giliopoulos D, Zamboulis A, Giannakoudakis D, Bikiaris D, Triantafyllidis K (2020) Polymer/
metal organic framework (MOF) nanocomposites for biomedical applications. Molecules
25(1):185

Gkaniatsou E, Sicard C, Ricoux R, Mahy J-P, Steunou N, Serre C (2017) Metal-organic frame-
works: a novel host platform for enzymatic catalysis and detection. Mater Horiz 4(1):55-63

Gubala V, Giovannini G, Kunc F, Monopoli MP, Moore CJ (2020) Dye-doped silica nanoparticles:
synthesis, surface chemistry and bioapplications. Cancer Nanotechnol 11(1):1-43

Guo L, Jia S, Diercks CS, Yang X, Alshmimri SA, Yaghi OM (2020) Amidation, esterification, and
thioesterification of a carboxyl-functionalized covalent organic framework. Angew Chem Int
Ed 59(5):2023-2027

Gutiérrez L, de la Cueva L, Moros M, Mazario E, de Bernardo S, de la Fuente JM, Morales
MP, Salas G (2019) Aggregation effects on the magnetic properties of iron oxide colloids.
Nanotechnology 30(11):112001

Gwon K, Han I, Lee S, Kim Y, Lee DN (2020) Novel metal-organic framework-based photo-
crosslinked hydrogel system for efficient antibacterial applications. ACS Appl Mater Interfaces
12(18):20234-20242

He J, Li G, Hu Y (2017) Aptamer-involved fluorescence amplification strategy facilitated by
directional enzymatic hydrolysis for bioassays based on a metal-organic framework platform:
highly selective and sensitive determination of thrombin and oxytetracycline. Microchim Acta
184(7):2365-2373

He T, Xu X, Ni B, Lin H, Li C, Hu W, Wang X (2018) Metal-organic framework based microcap-
sules. Angew Chem 130(32):10305-10309

Horcajada P, Chalati T, Serre C, Gillet B, Sebrie C, Baati T, Eubank JF, Heurtaux D, Clayette P,
Kreuz C (2010) Porous metal—-organic-framework nanoscale carriers as a potential platform for
drug delivery and imaging. Nat Mater 9(2):172-178

Horcajada P, Gref R, Baati T, Allan PK, Maurin G, Couvreur P, Ferey G, Morris RE, Serre C
(2012) Metal-organic frameworks in biomedicine. Chem Rev 112(2):1232-1268

Horcajada P, Serre C, Vallet-Regi M, Sebban M, Taulelle F, Férey G (2006) Metal—-organic frame-
works as efficient materials for drug delivery. Angew Chem 118(36):6120-6124

Hoskins BF, Robson R (1989) Infinite polymeric frameworks consisting of three dimensionally
linked rod-like segments. J Am Chem Soc 111(15):5962-5964

Hu S, Ouyang W, Guo L, Lin Z, Jiang X, Qiu B, Chen G (2017) Facile synthesis of Fe304/g-C3N4/
HKUST-1 composites as a novel biosensor platform for ochratoxin A. Biosens Bioelectron
92:718-723

Hu Z, Qiao C, Xia Z, Li F, Han J, Wei Q, Qi Y, Xie G, Chen S, Gao S (2020) A luminescent
mg-metal-organic framework for sustained release of 5-fluorouracil: appropriate host—guest
interaction and satisfied acid—base resistance. ACS Appl Mater Interfaces 12(13):14914-14923

Huang P-H, Hong CP, Zhu JF, Chen T-T, Chan C-T, Ko Y-C, Lin T-L, Pan Z-B, Sun N-K, Wang
Y-C (2017) Ag@ Au nanoprism-metal organic framework-based paper for extending the glu-
cose sensing range in human serum and urine. Dalton Trans 46(21):6985-6993



13 Metal-Organic Framework-Based Nanostructures for Biomedical Applications 355

Ivancova I, Pohl R, Hubalek M, Hocek M (2019) Squaramate-modified nucleotides and DNA
for specific cross-linking with lysine-containing peptides and proteins. Angew Chem
131(38):13479-13482

Jawed A, Saxena V, Pandey LM (2020) Engineered Nanomaterials and their surface functionaliza-
tion for the removal of heavy metals: a review. ] Water Process Eng 33:101009

Jiang D, Ni D, Rosenkrans ZT, Huang P, Yan X, Cai W (2019) Nanozyme: new horizons for
responsive biomedical applications. Chem Soc Rev 48(14):3683-3704

Kalaj M, Cohen SM (2020) Postsynthetic modification: an enabling technology for the advance-
ment of metal-organic frameworks. ACS Cent Sci 6:1046

Kan J-L, Jiang Y, Xue A, Yu Y-H, Wang Q, Zhou Y, Dong Y-B (2018) Surface decorated porphyrinic
nanoscale metal—organic framework for photodynamic therapy. Inorg Chem 57(9):5420-5428

Kandiah M, Nilsen MH, Usseglio S, Jakobsen S, Olsbye U, Tilset M, Larabi C, Quadrelli EA,
Bonino F, Lillerud KP (2010) Synthesis and stability of tagged UiO-66 Zr-MOFs. Chem Mater
22(24):6632-6640

Kiang Y-H, Gardner GB, Lee S, Xu Z, Lobkovsky EB (1999) Variable pore size, variable chemical
functionality, and an example of reactivity within porous Phenylacetylene silver salts. J] Am
Chem Soc 121(36):8204-8215

Komiyama M, Yoshimoto K, Sisido M, Ariga K (2017) Chemistry can make strict and fuzzy con-
trols for bio-systems: DNA Nanoarchitectonics and cell-macromolecular Nanoarchitectonics.
Bull Chem Soc Jpn 90(9):967-1004

Laurent S, Forge D, Port M, Roch A, Robic C, Elst LV, Muller RN (2008) Magnetic iron oxide
nanoparticles: synthesis, stabilization, vectorization, physicochemical characterizations, and
biological applications. Chem Rev 108(6):2064-2110

LiY, Tang J, He L, Liu Y, Liu Y, Chen C, Tang Z (2015) Core—shell upconversion nanoparticle @
metal-organic framework nanoprobes for luminescent/magnetic dual-mode targeted imaging.
Adv Mater 27(27):4075-4080

Lin C, Chi B, Chen X, Zhang C, Tian F, Zushun X, Li L, Whittaker AK, Wang J (2019a)
Multifunctional drug carrier on the basis of 3d-4f Fe/La-MOFs for drug delivery and dual-
mode imaging. J Mater Chem B 7(42):6612-6622

Lin C, Sun K, Zhang C, Tan T, Xu M, Liu Y, Xu C, Wang Y, Li L, Whittaker A (2020) Carbon dots
embedded metal organic framework@ chitosan core-shell nanoparticles for vitro dual mode
imaging and PH-responsive drug delivery. Microporous Mesoporous Mater 293:109775

Lin S-X, Pan W-L, Niu R-J, Liu Y, Chen J-X, Zhang W-H, Lang J-P, Young DJ (2019b) Effective
loading of Cisplatin into a nanoscale UiO-66 metal-organic framework with preformed defects.
Dalton Trans 48(16):5308-5314

Ling P, Lei J, Jia L, Ju H (2016) Platinum nanoparticles encapsulated metal-organic frameworks
for the electrochemical detection of telomerase activity. Chem Commun 52(6):1226-1229

Ling P, Lei J, Ju H (2015) Porphyrinic metal-organic framework as electrochemical probe for DNA
sensing via triple-helix molecular switch. Biosens Bioelectron 71:373-379

Liu C-S, Sun C-X, Tian J-Y, Wang Z-W, Ji H-F, Song Y-P, Zhang S, Zhang Z-H, He L-H, Du M
(2017a) Highly stable aluminum-based metal-organic frameworks as biosensing platforms for
assessment of food safety. Biosens Bioelectron 91:804-810

Liu J, Bo X, Yang J, Yin D, Guo L (2017b) One-step synthesis of porphyrinic iron-based metal-
organic framework/ordered mesoporous carbon for electrochemical detection of hydrogen per-
oxide in living cells. Sensors Actuators B Chem 248:207-213

Maddela NR, Chakraborty S, Prasad R (2021) Nanotechnology for Advances in Medical
Microbiology. Springer Singapore (ISBN 978-981-15-9915-6) https://www.springer.com/gp/
book/9789811599156

Md S, Bhattmisra SK, Zeeshan F, Shahzad N, Mujtaba MA, Meka VS, Radhakrishnan A,
Kesharwani P, Baboota S, Ali J (2018) Nano-carrier enabled drug delivery Systems for Nose
to brain targeting for the treatment of neurodegenerative disorders. J Drug Deliv Sci Technol
43:295-310


https://www.springer.com/gp/book/9789811599156
https://www.springer.com/gp/book/9789811599156

356 S.R. Pandya and S. B. Undre

Meng J, Liu X, Niu C, Pang Q, Li J, Liu F, Liu Z, Mai L (2020) Advances in metal-organic frame-
work coatings: versatile synthesis and broad applications. Chem Soc Rev 49:3142

Meng J, Chen X, Tian Y, Li Z, Zheng Q (2017) Nanoscale metal—-organic frameworks decorated
with graphene oxide for magnetic resonance imaging guided photothermal therapy. Chem Eur
J23(69):17521-17530

Miller SR, Heurtaux D, Baati T, Horcajada P, Greneche J-M, Serre C (2010) Biodegradable thera-
peutic MOF:s for the delivery of bioactive molecules. Chem Commun 46(25):4526-4528

Noorian SA, Hemmatinejad N, Navarro JAR (2020) Bioactive molecule encapsulation on metal-
organic framework via simple mechanochemical method for controlled topical drug delivery
systems. Microporous Mesoporous Mater:110199

Noqta OA, Aziz AA, Usman IA, Bououdina M (2019) Recent advances in iron oxide nanoparticles
(IONPs): synthesis and surface modification for biomedical applications. J Supercond Nov
Magn 32(4):779-795

Nosrati H, Salehiabar M, Davaran S, Ramazani A, Manjili HK, Danafar H (2017) New advances
strategies for surface functionalization of iron oxide magnetic nano particles (IONPs). Res
Chem Intermed 43(12):7423-7442

Nowroozi-Nejad Z, Bahramian B, Hosseinkhani S (2019) Efficient immobilization of firefly lucif-
erase in a metal organic framework: Fe-MIL-88 (NH2) as a mighty support for this purpose.
Enzym Microb Technol 121:59-67

Obaidat IM, Narayanaswamy V, Alaabed S, Sambasivam S, Gopi CVVM (2019) Principles of
magnetic hyperthermia: a focus on using multifunctional hybrid magnetic nanoparticles.
Magnetochemistry 5(4):67

Pandya SR, Singh M (2015) Dispersion and optical activities of newly synthesized magnetic
nanoparticles with organic acids and dendrimers in DMSO studied with UV/Vis spectropho-
tometry. J Mol Liq 211:146-156

Pandya SR, Singh M (2016) Preparation and characterization of magnetic nanoparticles and
their impact on anticancer drug binding and release processes moderated through a 1 St Tier
Dendrimer. RSC Adv 6(44):37391-37402

Park J, Jiang Q, Feng D, Mao L, Zhou H-C (2016) Size-controlled synthesis of porphyrinic metal—
organic framework and functionalization for targeted photodynamic therapy. J Am Chem Soc
138(10):3518-3525

PeiC,BenT, LiY, Qiu S (2014) Synthesis of copolymerized porous organic frameworks with high
gas storage capabilities at both high and low pressures. Chem Commun 50(46):6134-6136

Peller M, Willerding L, Limmer S, Hossann M, Dietrich O, Ingrisch M, Sroka R, Lindner LH
(2016) Surrogate MRI markers for hyperthermia-induced release of doxorubicin from thermo-
sensitive liposomes in tumors. J Control Release 237:138-146

Qin L, Lin L-X, Fang Z-P, Yang S-P, Qiu G-H, Chen J-X, Chen W-H (2016) A water-stable metal—
organic framework of a Zwitterionic carboxylate with dysprosium: a sensing platform for
Ebolavirus RNA sequences. Chem Commun 52(1):132-135

Qin L, Sun Z-Y, Cheng K, Liu S-W, Pang J-X, Xia L-M, Chen W-H, Cheng Z, Chen J-X (2017)
Zwitterionic manganese and gadolinium metal—-organic frameworks as efficient contrast agents
for in vivo magnetic resonance imaging. ACS Appl Mater Interfaces 9(47):41378-41386

Rasheed T, Rizwan K, Bilal M, Igbal H (2020) Metal-organic framework-based engineered materi-
als—fundamentals and applications. Molecules 25(7):1598

Roder R, Preif T, Hirschle P, Steinborn B, Zimpel A, Hohn M, Réadler JO, Bein T, Wagner E,
Wauttke S (2017) Multifunctional nanoparticles by coordinative self-assembly of his-tagged
units with metal-organic frameworks. ] Am Chem Soc 139(6):2359-2368

Rojas S, Devic T, Horcajada PJJIMCB (2017) Metal organic frameworks based on bioactive com-
ponents. J Mater Chem B 5(14):2560-2573

Rojas S, Arenas-Vivo A, Horcajada P (2019) Metal-organic frameworks: a novel platform for com-
bined advanced therapies. Coord Chem Rev 388:202-226



13 Metal-Organic Framework-Based Nanostructures for Biomedical Applications 357

Sarker M, Shin S, Jhung SH (2019) Synthesis and functionalization of porous
Zr-Diaminostilbenedicarboxylate metal-organic framework for storage and stable delivery of
ibuprofen. ACS Omega 4(6):9860-9867

Segura JL, Royuela S, Ramos MM (2019) Post-synthetic modification of covalent organic frame-
works. Chem Soc Rev 48(14):3903-3945

Shang W, Zeng C, Du Y, Hui H, Liang X, Chi C, Wang K, Wang Z, Tian J (2017) Core—Shell Gold
Nanorod @ metal—organic framework nanoprobes for multimodality diagnosis of Glioma. Adv
Mater 29(3):1604381

Shen W-J, Zhuo Y, Chai Y-Q, Yuan R (2016) Ce-based metal-organic frameworks and DNAzyme-
assisted recycling as dual signal amplifiers for sensitive electrochemical detection of lipopoly-
saccharide. Biosens Bioelectron 83:287-292

Siafaka PI, Okur NU, Karavas E, Bikiaris DN (2016) Surface modified multifunctional and stimuli
responsive nanoparticles for drug targeting: current status and uses. Int J Mol Sci 17(9):1440

SunY, Zheng L, Yang Y, Qian X, Fu T, Li X, Yang Z, Yan H, Cui C, Tan W (2020) Metal-organic
framework nanocarriers for drug delivery in biomedical applications. Nano-Micro Lett 12:1-29

Taylor ] M, Dawson K W, Shimizu G K (2013) A water-stable metal—-organic framework with
highly acidic pores for proton-conducting applications.Journal of the American Chemical
Society, 135(4), 1193-1196

Thakare M, Sarma H, Datar S, Roy A, Pawar P, Gupta K, Pandit S, Prasad R (2021) Understanding
the holistic approach to plant-microbe remediation technologies for removing heavy metals
and radionuclides from soil. Current Research in Biotechnology https://doi.org/10.1016/j.
crbiot.2021.02.004

Vardhan H, Nafady A, Al-Enizi AM, Ma S (2019) Pore surface engineering of covalent organic
frameworks: structural diversity and applications. Nanoscale 11(45):21679-21708

Wang L, Zheng M, Xie Z (2018) Nanoscale metal-organic frameworks for drug delivery: a con-
ventional platform with new promise. J Mater Chem B 6(5):707-717

Wang M-Q, Ye C, Bao S-J, Zhang Y, Yu Y-N, Xu M-w (2016) Carbon nanotubes implanted
manganese-based MOFs for simultaneous detection of biomolecules in body fluids. Analyst
141(4):1279-1285

Wang Y, Yan J, Wen N, Xiong H, Cai S, He Q, Hu 'Y, Peng D, Liu Z, Liu Y (2020) Metal-organic
frameworks for stimuli-responsive drug delivery. Biomaterials 230:119619

Wiogo HTR, Lim M, Bulmus V, Yun J, Amal R (2011) Stabilization of magnetic iron oxide
nanoparticles in biological media by Fetal bovine serum (FBS). Langmuir 27(2):843-850

Wong XY, Sena-Torralba A, Alvarez-Diduk R, Muthoosamy K, Merkogi A (2020) Nanomaterials
for nanotheranostics: tuning their properties according to disease needs. ACS Nano
14(3):2585-2627

Wu W, Jiang CZ, Roy VAL (2016) Designed synthesis and surface engineering strategies of mag-
netic iron oxide nanoparticles for biomedical applications. Nanoscale 8(47):19421-19474

Wu X-Q, Ma J-G, Li H, Chen D-M, Wen G, Yang G-M, Cheng P (2015) Metal-organic frame-
work biosensor with high stability and selectivity in a bio-mimic environment. Chem Commun
51(44):9161-9164

Xie Z, Cai X, Sun C, Liang S, Shao S, Huang S, Cheng Z, Pang M, Xing B, Abdulaziz A, Kheraif
A (2018) O2-loaded PH-responsive multifunctional nanodrug carrier for overcoming hypoxia
and highly efficient chemo-photodynamic cancer therapy. Chem Mater 31(2):483-490

XuR, WangY, Duan X, Kuangda L, Micheroni D, Aiguo H, Lin W (2016) Nanoscale metal-organic
frameworks for Ratiometric oxygen sensing in live cells. J Am Chem Soc 138(7):2158-2161

Xu X, Lin K, Wang Y, Xu K, SunY, Yang X, Yang M, He Z, Zhang Y, Zheng H (2020) A metal-
organic framework based inner ear delivery system for the treatment of noise-induced hearing
loss. Nanoscale 12:16359

Yang J, Yang Y-W (2020) Metal-organic frameworks for biomedical applications. Small
16(10):1906846

Yang X, Lin X, Zhao YS, Yan D (2018) Recent advances in micro-/nanostructured metal-organic
frameworks towards photonic and electronic applications. Chem Eur J 24(25):6484-6493


https://doi.org/10.1016/j.crbiot.2021.02.004
https://doi.org/10.1016/j.crbiot.2021.02.004

358 S.R. Pandya and S. B. Undre

Yaqoob AA, Ahmad H, Parveen T, Ahmad A, Oves M, Ismail IMI, Qari HA, Umar K, Ibrahim
MNM (2020) Recent advances in metal decorated nanomaterials and their various biological
applications: a review. Front Chem 8:1-23. https://doi.org/10.3389/fchem.2020.00341

Yew YP, Shameli K, Miyake M, Khairudin NBBA, Mohamad SEB, Naiki T, Lee KX (2020) Green
biosynthesis of superparamagnetic magnetite Fe304 nanoparticles and biomedical applica-
tions in targeted anticancer drug delivery system: a review. Arab J Chem 13(1):2287-2308

Zeng T, Zhang X, Wang S, Niu H, Cai Y (2015) Spatial confinement of a Co304 catalyst in hollow
metal-organic frameworks as a nanoreactor for improved degradation of organic pollutants.
Environ Sci Technol 49(4):2350-2357

Zhang D, Ye Z, Wei L, Luo H, Xiao L (2019) Cell membrane-coated porphyrin metal-organic
frameworks for cancer cell targeting and O2-evolving photodynamic therapy. ACS Appl Mater
Interfaces 11(43):39594-39602

Zhang S, Pei X, Gao H, Chen S, Wang J (2020) Metal-organic framework-based Nanomaterials
for biomedical applications. Chin Chem Lett 31(5):1060-1070. https://doi.org/10.1016/].
cclet.2019.11.036

Zhao H-Q, Qiu G-H, Liang Z, Li M-M, Sun B, Qin L, Yang S-P, Chen W-H, Chen J-X (2016) A
zinc (II)-based two-dimensional MOF for sensitive and selective sensing of HIV-1 ds-DNA
sequences. Anal Chim Acta 922:55-63

Zhao S, Asuha S (2010) One-pot synthesis of magnetite nanopowder and their magnetic proper-
ties. Powder Technol 197(3):295-297

Zhao S, Yu X, Qian Y, Chen W, Shen J (2020) Multifunctional magnetic iron oxide nanoparticles:
an advanced platform for cancer theranostics. Theranostics 10(14):6278

Zhou J, Long Z, Tian Y, Ding X, Wu L, Hou X (2016) A chemiluminescence metalloimmunoassay
for sensitive detection of alpha-fetoprotein in human serum using Fe-MIL-88B-NH2 as a label.
Appl Spectrosc Rev 51(7-9):517-526

Zhou J, Tian G, Zeng L, Song X, Bian X-w (2018) Nanoscaled metal-organic frameworks for
biosensing, imaging, and cancer therapy. Adv Healthc Mater 7(10):1800022

Zhou Y, Liu L, Cao Y, Yu S, He C, Chen X (2020) A Nanocomposite vehicle based on metal—
organic framework nanoparticle incorporated biodegradable microspheres for enhanced oral
insulin delivery. ACS Appl Mater Interfaces 12(20):22581-22592

Zhou Z, Yang L, Gao J, Chen X (2019) Structure—relaxivity relationships of magnetic nanopar-
ticles for magnetic resonance imaging. Adv Mater 31(8):1804567


https://doi.org/10.3389/fchem.2020.00341
https://doi.org/10.1016/j.cclet.2019.11.036
https://doi.org/10.1016/j.cclet.2019.11.036

	Chapter 13: Metal–Organic Framework-Based Nanostructures for Biomedical Applications
	1 Introduction: Metal–Organic Framework-Based Nanostructures
	1.1 Synthesis and Structural Properties of MOFsN
	1.1.1 Covalent Post-Synthetically Modification
	1.1.2 Coordination Modulation and Coordinative Post-Synthetically Modification
	1.1.3 Noncovalent Post-Synthetically Modification
	1.1.4 Modifications on the External Surfaces


	2 Biomedical Applications of MOFsN
	2.1 Drug Delivery Systems
	2.2 Magnetic Resonance Imaging (MRI)
	2.3 Biosensor

	3 Conclusion
	References


