
441

 

Asian Pacific Journal of Cancer Biology• Vol 9• Issue 3

apjcb.waocp.com                                  Alan Shaji and A. Saravanan, et al: Targeted Oral Therapy: Utilization of Metal-Organic Frameworks

Dear Editor,
Oral cancer is considered to be sixth in rank among 

the major cancer types present in the world. India is the 
second country which has reported the highest number 
of oral cancer cases in the world. The current state of 
tobacco and alcohol consumption, along with the dental 
care denial, has been leading to a significant increase in the 
number of oral cancer cases. Oral cancer primarily affects 
males between the ages of 40 and 70. Earlier diagnosis 
and treatment of these cancers are highly recommended 
to increase curability chances [1, 2].

Oral Therapy
Earlier diagnosis of the cancer is essential to recognise 

the effective therapy for oral cancer. Oral cancer can 
occur in the line of lips or inside the mouth and even lead 
to the tongue, neck and head. Oral therapy consists of 
radiation therapy, chemotherapy, surgery, immunotherapy, 
and targeted drugs. Radiation, immunotherapy, and 
chemotherapy have shown several side effects, and in 
the case of surgery, there are chances of reoccurrence of 
these cells, which may follow into cancer [3]. Targeted 
drugs have improved treatment by reducing side effects 
and shortening recovery periods.

The potential of metal-organic frameworks (MOFs) 
in improving targeted oral therapy is a fascinating area 
of research. The production of hybrid nanocomposites 
with MOFs as a core has significantly enhanced the 
drug’s target acquisition. MOFs, with their excellent 
drug delivery capabilities, improve targeting and 
enhance cell uptake. Tan et al. have introduced an 
injectable thermosensitive hydrogel consisting of MOFs, 
doxorubicin, and celecoxib for oral therapy [4]. MOFs 
offer promise for the future of oral cancer treatment with 
their large pore sizes, drug encapsulation, versatility, 
and biodegradability. Doxorubicin and celecoxib, both 
effective in oral cancer, are used as an anthracycline 
anticancer compound [5]. 
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Metal-Organic frameworks synthesis
MOFs are synthesized by selecting metal ions, 

which provide stability and biodegradability profiles. 
Several organic linkers, such as carboxylate-based, 
amino-functionalized linkers, are assisted in producing 
MOFs due to their strong coordination with the metal ions. 
Generally, the solvothermal synthesis method is followed 
for the production of MOFs. In this method, the metal ions 
and organic linkers self-assemble under high pressure and 
temperature. MOFs can enhance functionality through 
organic linker modifications, surface functionalization 
with polymers, or other guest molecules [6, 7]. 

Anticancer drugs are loaded into the porous structures 
of the MOFs through several methods, including 
impregnation, encapsulation, and covalent conjugation. 
In impregnation, drugs are trapped in the pores of MOF 
and excess drugs are removed with solvents. Encapsulation 
the drug is encapsulated within the framework during the 
production of MOF synthesis. The drugs are covalently 
attached to the organic linkers or functional groups within 
the MOF structures [8]. The MOFs with the drug are 
analyzed with X-ray diffraction, surface area analysis, 
and spectroscopic methods for their structure and drug 
loading capacity. The therapeutic efficacy, cellular uptake, 
and cytotoxicity of MOFs have been studied in vitro and 
in vivo.

Drug delivery
MOF has been found to possess high surface area and 

porosity, which helps carry the drug through the pores 
or by encapsulation. MOF’s unique structure enables 
controlled drug release at specific sites using various 
moieties, including antibodies, peptides, and small 
molecules [9]. The crystalline structure of MOF provides 
enhanced stability, which provides a longer shelf-life to 
the drug. 

A single MOF can carry multiple therapeutic agents 
simultaneously, which helps deliver several drugs and 
imaging agents simultaneously. This multimodel MOF 
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has shown a significant increase in therapeutic ability 
efficiency and aids in regulating drug release in real-time. 
The hydrophobic drug Dox was encapsulated in FeAu@
MIL-100. This encapsulated drug in the MOF has been 
utilized for imaging and cancer theranostics. These MOF 
has shown an efficiency in Dox release and encapsulation 
of 97.19%. FeAu@MOF in an invivo mouse model has 
shown enhanced imaging, and decreased tumor growth, 
and its volume. This has shown that this MOF with 
the ablity to enhance the survival and a potential for 
treatment of oral cavity cancer. MOF coated with dental 
mesenchymal stem cells (DPSC) with a CXCR2 which has 
helped in the reduction of Oral squamous cell carcinoma 
growth rate. This MOF induce apoptosis rate of 22.97% in 
CAL27 cells [7]. Linkers with biocompatible metals can 
help MOFs degrade slowly, releasing drugs over time and 
reducing drug buildup in the body [10]. Figure 1 depicts the 
synthesis of MOF with encapsulated drug and their action 
mechanism on the cancer cell. The large surface area and 
the pore volume of MOF has helped in encapsulating high 
concentration of drug molecules. The encapsulated drugs 
are released to the specific site with the help of change 
in pH, temperature, or specific protein. The inclusion of 
targeting moieties helps in the selective binding to target 
cells and reduces unwanted action of drugs at certain 
locations in the organism. Only a few has been viewed or 
analyzed for their biocompatibility. MIL-100 (Fe) is well 
known for its ability in biomedical sectors, drug delivery, 
and therapeutic ability. MIL-100 (Fe) abilities has been 
used against several cell lines such as cervical cancer 
lines, lung cancer lines, etc which has shown inhibition 
and decrease of cell viability to 67% and 45%. MIL-101 
or MIL-88B, with an adequate amount, is impactful in 
inhibiting tumour angiogenesis in several mammals. These 
MOFs have also been effective in the selective inhibition 
of growth in certain cancer cells or tumour cells within 
12 hrs when compared to the traditional tyrosine kinase 
inhibitor. With the current studies, the treatment of MOF 
is limited to in vivo experiments on mammals. These 
experiments were successful in laboratories and small 
animals, but human trials are further away as these results 
can vary, leading to unsuccessful trials [11].

Limitations and Future Perspectives
Despite several advantages of MOF’s ability to 

target deliver the drug, it is found to cause cell toxicity 
when seen in a certain amount to the cell. The stability 
of MOF in the biological environment depends on the 
bonds of the MOF such as metal-ligand bonds. These are 
influenced by pH, ionic strength, and other molecules. 
The mechanical stability along with the thermal stability 
should be maintained during the production of MOF. 
The degradation of MOF can be done by hydrolysis, and 
certain enzymes which helps in degradation of the MOF 
into simpler parts for easier transportation to excretion. 
Biomagnification can lead to improper blood circulation 
and several other cytotoxic effects. The physicochemical 
properties of the MOF are also principal determinants 
for the measurement of MOF toxicity. The effects of 
factors such as the chemistry of precursors, zeta potential, 
morphology and particle size. The overall toxicity of the 
MOF is determined by analyzing the impact of metals 
used for its production. The particle size of the MOF is 
inversely proportional to the toxic nature of the MOF. 
The decrease in size of MOF increases the toxic nature 
of the MOF. The shape, number of pore size, etc of 
MOF are found to be the ones which are affecting the 
toxicity. The Zeta potential of the MOF has been found 
effective in assessing and detecting the toxicity of MOF. 
The work on non-toxic MOF is moving through several 
phases, with modifications for increased functionality. 
The study of strategies for toxicity reduction includes 
green chemistry and surface modification. Altering of 
MOF chemistry with the introduction of green ligands, 
linkers, and solvents is a potential strategy to mitigate 
toxicity. The usage of green components contributes 
to the reduction of toxicity to a certain point of extent. 
Coating the MOF with several biomolecules has been 
found effective in controlling the level of MOF toxicity. 
The coating used for this includes lipids, chitosan, leaf 
extracts, etc, which has helped lower the MOF’s toxicity 
without any reduction in its activity [12]. The introduction 
of controlled biodegradation to the MOF is still being 
studied to decrease the side effects. Although MOFs offer 

Figure 1. Synthesis of MOF with Encapsulated Drug and Their Action Mechanism on the Cancer Cell is Depicted
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advantages in drug delivery and controlled release, further 
research is needed to enhance their targeting efficiency. 
The effectiveness of the MOF can be varied with the 
change in each individual. Genetic information held in 
each individual can affect the distribution of drug carried 
by the MOF. To overcome this, the drug dosage should 
be screened according to the patient’s genetic profile. 
Age related changes, immune changes, and medical 
history should be considered before producing targeted 
MOF drug production. Psychological factors such as 
anxiety, depression, etc can also impact the effectiveness 
of therapies. Along these, the cost-effectiveness of the 
large-scale production of MOF is to be considered for a 
better economic society. The recovery of unreacted raw 
materials has increased with the increase in technology in 
the production facilities. This has contributed significantly 
to the production of MOF by lowering the cost per unit 
from 13.9 $/Kg to 13.2 $/Kg. Even this low impact on 
the price when considering the higher scale production 
will further decrease the production cost. In summary, 
introducing cost-effective production of these MOFs 
with non-toxic material can revolutionize the therapeutic 
world. The pre-clinical research, clinical trials, regulatory 
filings, and post-marketing surveillance are all part of an 
extensive procedure which goes into obtaining permission 
for MOF-based treatment. The detailed approach and 
attention to the regulation established by certain health 
authorities. This helps in the regulation of drug usage and 
improves the safety of humans before releasing it. These 
regulations helps in the successful commercialization of 
MOF-based medicines with the help of several health 
authorities throughout the development phase.
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