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Abstract

Since the inception of Anti-neoplastic drug delivery in the 1950s oncologists and researchers have revolutionized
the field of diagnostics and treatment with novel therapeutic modalities. Tumor hypoxia remains the first and
foremost factor contributing to a resistance in anti-neoplastic drugs, ionized radiation and chemotherapy by solid
tumors. The laps in vasculature in solid tumors promulgates tumor resistance by inhibiting the hypoxia inducible
factor (HIF) within the tumor. It is on this basis that the selectivity of hypoxic cells are datelined. Based on
clinical studies it was revealed that hypoxia does not occur in healthy human tissue; thus, paving the way for the
exploitation of hypoxia as an advantage in creating novel therapeutic methods of detection and treatment for
solid tumors with an added advantage of nano-science. The biological application of nano-carriers is a fast
developing area of nano-science that is expected to realize new and innovative possibilities in the diagnosis and
treatment of human cancers. Cancer diagnostics using nano-carriers entails the use of fluorescent nanoparticles
for a multiplex of simultaneous profiling of tumor bio-markers. These fluorescent probes are also used for
detection of multiple RNA matrices and genes within in-situ hybridization. It is expected that in the very near
future, the application of conjugated nanoparticles in anti-neoplastic tumor detection and drug delivery will
enable oncologists and scientists to pinpoint and identify cancer-related proteins on tumor surfaces, providing a
new method of analysis; thus, creating personalized treatment methods for individual tumors. Nano-carriers
possess an extraordinary possibility as contrast agents for cancer cell detection in vivo, and for monitoring the
response to treatment of select cancers.

Keywords: Nano-Medicine, Hypoxia, Solid Tumors, HIF factor.

DOI: 10.7176/JHMN/102-04

Publication date:October 315 2022

Introduction

Modern day anti-neoplastic therapy, tumor identification and drug delivery in particular has seen a revolution in
new methods and perspectives when compared to traditional methodologies. A significant part of this
phenomenal change is the increase of the therapeutic index of chemo-therapeutics and prodrugs. Although neo-
blastopic cells are significantly susceptible than normal cells, the effects of chemo-therapeutics and prodrugs
cause significant damage to normal cells and tissue because of the non-selectivity/non-specificity of the drugs.
Hypoxia and toxicity present themselves as pivotal constraints in the use of this modality thus propagate a
reduction in the mortality of cancer patients .The presence of regions of hypoxia is one of the largest constraint
in drug delivery because it enables necrosis due to a laps in tumor vasculature. A more modernized attempt
surrounds a more selective approach for killing cancer cells with the use of more specific targeting which will
result in the sparing of normal uninfected cells .To achieve these targets, the focus is placed on developing novel
nano-carriers for drugs that are presently on the market as well as upcoming drugs as a means of defining
specific targets based on molecular as well as genetic changes in neoblastopic cell vasculature and its associated
stromas.

Hypoxia in tumor cells results from (inefficiency of blood supply in tumor micro environment) and places a
limit on the effectiveness of anti-tumor drugs and other treatment modalities. The use of prodrugs combined with
nano-medicine that stimulates active species in hypoxic tissue and hypoxic tumor environment via selective
biological reduction poses as a viable method of forcing cancerous tumors into remission. Over the years, based
on different combinations in pharmaceutical chemistry a great deal has been garnered about the various
constructs of prodrugs in nano-medicine that makes them suitable for (efficient extracellular diffusion ,suitable
reduction in tumor micro environmental kenetics and effective biological profiling of active specie) their
effective application to oncology. A key characteristic of prodrugs in nano-medicine amplifies diffusion across
hypoxic tumor micro environments. This has assisted the development of novel treatment modalities that result
in the obliteration of cancer cells and promise a new added novelty to the evolution of anti-neoplastic drug
creation. In hypoxic cells, the cell cycle division of these cells are not dependent on oxygen for proliferation; the
application of nano-medicinal approaches will see the diffusion of hypoxic-efficient areas in solid tumors
resulting in an out of cycle hypoxic cell death via the Warbury Effect. Hence, the elimination of the hypoxic
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cells will occur when they proliferate.

This review addresses the biological application of modified nano-carriers in anti-neoplastic research. It
includes the recent development of molecular approaches being used in the detection and targeting of hypoxic
tumors. The methods includes: the use of modified nano-carriers to identify tumors as well as to deliver anti-
cancer drugs to solid hypoxic tumors as a means of inducing cell death via hypoxia.

1.Tumor Vasculature ,Hypoxia and Necrosis
Tumor vasculature
Neoblastopic cell mass derive its nutrients via passive diffusion until it reaches a suitable size. As it burgeons,
the formation of new blood vessels (angiogenesis) is necessary to deliver a supply of nutrients for the fast
expanding tumor mass. Tumor angiogenesis initiates a chain of biological signaling. The process is disorderly
and causes poor vascularization resulting in areas of necrosis; hence, hypoxia and poor drug distribution occur in
these areas. Other areas in the tumor are properly vascularized and susceptible to anti-cancer prodrugs. The
vascular network of vessels in a tumor are abnormal and branches abhorrently into binds and loops proving it to
be very tortuous. The presence of abnormalities in the basement membrane in the tumor poses several challenges
such as a decreased number of pericytes which is needed for the lining rapid proliferating endothelia cells in the
fast expanding mass. These abnormalities result in leakages in the endothelium of the tumor and result in
enhanced permeability for the diffusion of molecules across the vessel walls into the intistitium surrounding
tumor cells. The leaky endothelial gaps range between 100-780 nanometers depending on the nature and type of
tumor, As opposed to tightly packed endothelial cells in normal vessels which are typically between the ranges
of 5-10 nanometers in size.
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Figure 1 : Shows a vasculature network of Normal Tissue and Hypoxic Tumor tissue. Normal Tumor
vasculatures clearly indicate the supply of oxygen as is vital for nutrient as well as gas transport. (A) Depicts an
active normal/vasculature with vessels close to the surface to ensure adequate nutrient and oxygen supply to the
cells . Hypoxic Tumor vasculature (B) depicting areas of hypoxia and necrosis , the vessels are dilated tortuous
and chaotic and as seen are often far apart from each other as well as far from the tumor surface . Oxygen
deficient areas are consequently characterized by necrosis because these areas are deficient in blood vessels. In
addition to necrosis the area is diffusion limited thus resulting in the formation of hypoxic tumors.

1.1Tumor Hypoxia and Necrosis
Hypoxic regions in tumors are characterized by low oxygen content due to a lack of viable blood vessel and
necrosis (Figure 1) .As opposed to normal tissue solid hypoxic tumors lack the necessary vasculature rendering
them highly heterogeneous thus exhibiting low oxygen tension.[2] In hypoxic conditions neoplastic tumor cells
are at a higher resistance towards therapies and is directly associated with its proliferation.

When compared to normal cells, cells under hypoxic conditions display an elevation of reductive enzymes
which intern result in reductive stress.[2] A change in vasculature creates changes in the Ph as well as the
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glucose concentration of the tumor . These alterations in the micro environment cause the onset of a variety of
changes such as metabolic, biological as well as gene expression changes in the tumor.

Through research its known that mammalian cells possess the ability to create a HIF (Hypoxic deducible
Factor).[3]

Drug concentration

Proliferation

Nutrition

Figure 2 . Hypoxia in solid Human tumors. The pictograph to the left shows a cross-section of an experimental
human colon tumor (HCT116) treated with an antibody CD31 (green), the tumor was also treated with an
endothelial cell marker, and pimonidazole (red), and a hypoxic marker. Visualization was made possible by
adding secondary antibodies conjugated to fluorescent proteins which intern resulted in the corresponding color.
The animation in the middle depicts tumor cord surrounding a capillary. With an increase in distance from the
capillary/blood supply, cellular proliferation, anticancer drug concentrations; oxygen as well as nutrition
decrease as well, while resistance to ionized radiotherapy and chemotherapy increases considerably.

1.2 Oxygen concentration in Solid Tumors and normal Tissue

Oxygen Heterogeneity is a typical characteristic of solid tumors; however, this characteristic differs among
patients and individual tumors. The oxygen stability is measured with the aid of biochemical techniques such as
polarographic oxygen electrodes that depend solely on the mechanisms of antibody detection of nitromidazole
based adducts present in hypoxic tissue. With the use of oxygen electrodes it was demonstrated that solid human
tumors possess regions where the oxygen concentration is significantly lower thus resulting in lowered oxygen
tension.[11] Vast differences are observed in normal normoxic tissues whereas tissue oxygenation in primary
human tumors are not promulgated only by metabolic demands. However, the po2 of the tumor tissue is
predominantly low and heterogeneous. Hypoxia is also directly associated with the tumor size. A tumor which
possesses a volume of ccm3 and above typically has a pronounced region of hypoxia .Oxygen tension
measurements in solid human tumors often show median oxygen tension ranges from a low of 1.13-3.9%(10-3-
mmHg) to a high of 3.1-8.7%(24-66mmHg).The concentration detected in normal tissue is exceptionally higher,
it ranges from a low of 3.1-8.7% 02 (24-66mmHg) [14 this gives researchers an added advantage of creating
novel modalities as a means of detecting and treating tumors.

1.3 Biological Applicant of Nano-carriers in Anti-neoplastic Drug delivery

The biological application of nano-carriers in anti-neoplastic drug delivery presents itself as novel therapeutic
technique that increases the possibilities of diagnostics and treatment of cancers in humans.[1] The structure of
nano-Carriers gives it several advantages making it a suitable transport modality in anti-neoplastic research. The
unique and unconventional physical and chemical properties of nanoparticles, such as small size, large surface
area, low mass ratio, poor water solubility and high reactivity increase the advantages of nanoparticles to
overcome some of the limitations of treatment and diagnostic medicine.

Nanotechnology and its application in medicine (Nano-Medicine) has seen several revolutionary
developments in the field of oncology. The production and application of nano-materials at various nano scales
levels have enabled the transportation of substrates to target molecules invivo.[5] The size of a nanoparticle is
directly associated with its physiochemical properties which is a key characteristic when used in biological
imagery ,biomass targeting as well as substrate delivery .

Nano-carriers size (nanometer) provides added advantage in creating new methods for anti-neoplastic drug
delivery. Nano-carriers are able to penetrate fenestrations within solid tumor vasculature allowing direct cellular
access. These particulate dispositions allow superb modification for binding to cancer cell membranes, the
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microenvironment, or to cytoplasmic or nuclear receptor sites.[17] This feature results in the delivery of high
drug concentrations to the targeted cancer cell, with reduced toxicity to the surrounding normal tissue. [24] At
present several drugs of this engineered format are being used in clinical practice, some of these drugs including
liposomal doxorubicin and albumin conjugate paclitaxel.

The modified mediated carrier paclitaxel has shown paramount efficacy in taxane resistant cancers, a highly
relevant methodology in prostate cancer treatment [25], where taxanes are the treatment modality being used.
This technology provides a plethora of compelling novel therapeutic approaches for targeting and delivery of
high concentration drug to hypoxic cancer cells with reduced injury of normal cells and the micro-environment.

2.0 Nano-carriers for in vivo Anti-neoplastic drug delivery

The investigation of polymeric nano-carriers for cancer therapy has been extensive through the years[55] the
unique properties and structures nano-carriers present an chance at maximizing solubility , bioactivity and
bioavailability of anti-neoplastic drugs for select and personalized cancer therapies .[61] [66] [71] With these
properties in mind, polymeric nano-carriers are advantageous for systematic administration . With invivo
administration of these nano-carriers , particles smaller than 5 nm are rapidly removed from the body by renal
excretion; however, micro particles are easily filtered by the sinuses and cleared by the reticuloendothelial
system of the liver and spleen respectively . From the lower Gastrointestinal tract nano-carriers that are 10-500
nm can circulate in the blood stream for prolonged periods adding contentious delivery of anticancer drug to
tumor tissue through its EPR effect based on its impaired lymphatic system and leaky vasculature. Maximization
of prodrug efficacy can be achieved based on several simultaneous stimuli-responsive linker of moieties which
have been incorporated into the outside channel of amphiphilic copolymers thus forming a a new self-assembled
nano-particle adding contentious drug concentration in the tumor micro environment.

Thambi et al .Recently developed hypoxic responsive nano-carriers (HR-NPs) for drug transport in cancer
therapies. The nano-carriers were synthesized by conjugating 2-nitromidzole derivatives to a carboxyethyle
dextran backbone. Because of the amphiphilic nature the conjugates, self-assembly into micelles in an aqueous
solution was possible using a 2,6 conjugation modality .Anticancer drug Doxorubicine (DOX) which is an
anthracycline was successfully incorporated into the nano-carriers .Stability of the HR-NPs was achieved under
physiological condition and the drug was released sustainably. The release of the drug was enhanced notably
under hypoxic condition. Under microscopic observation it was observed that the HR-NPs has the ability to
effectively deliver DOX into the SCC7 cells under hypoxic conditions bringing about high concentrations of
toxicity. In vivo bio distribution, microscopy also exhibited marked indications that the HR-NPs selectively
accumulated at the hypoxic tumor micro environment and the tumor tissue by extension. By the presence of
accumulation it is safe to infer that heavy anti-cancer activity was observed as well.

According to another study conducted by Park et al . Hydrophobic nitrobenzyl derivatives were used as
hypoxia sensitive nano-carriers for cancer drug delivery. The nano-carrier moiety was conjugated to block
copolymers which is based on polyethlyn glycol (PEG) and polylysine. Cognizant of the amphilhilic disposition
of the block copolymer, it was incorporated effectively into the micelle DOX under aqueous conditions. The
micelles loaded with DOX exhibit rapid inter cellular release of the DOX under hypoxic conditions [55]. The
opposite was seen in normoxic conditions where the drug encapsulated nano-carriers were rendered inactive.
This further implies that the nitrobenzyl derived hypoxic sensitive nano-carriers impregnated with anticancer
drugs possessed a greater potential for use in hypoxic conditions. The inference can also be drawn that they
possess a greater potential when used in select cancer therapies. Subsequently, Ahmed et al also developed
polyethylene glycol based nano-carriers for hypoxic sensitive conjugate nitromidazole derivatives. They were
conjugated onto a polyethlyn glycol backbone copolymer. [47] DOX was also incorporated into the hydrophilic
core of the nano-carriers via an aqueous solution. The results showed that the DOX-loaded nano-carriers
triggered their drug release potential while subjected to a hypoxic micro environment .
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Figure 3: (A) in vivo biodistribution of the pimonidazole-conjugated Cy7-based hypoxia fluorescent probe.(B) In
vivo Imagery of SSC7 tumor baring mice inculcated with HR-NPs . Whole body imagery indicates tumor
disposition and nano-carriers impregnated with DOX CyS5.5 labelled HR-NPs.

Recent research development around hypoxic-responsive prodrug nanoparticles has indicated their
biological activity of drug activation in hypoxic tumor micro environments. Zhu et al synthesized a hypoxic
activateable phototrigger-conjugate nano-carriers for rapid selective dispersion of anticancer drugs. The nano-
carriers were synthesized by incooperating nitromidzole and cumarin-encapsulated anti-cancer drugs inside
glycol chitosan. Dismissal of the photoexcitation effect of the coumarin dye was observed in normoxic tissue as
well as no drug dispersal was observed .The photoinduced electron transfer (PET) of coumarin to the electron
receptive nitromidazole radicle makes them suitable for the syntheses of the hypoxic-responive nano-carriers.
When subjected to hypoxic micro environments of solid tumors, the reaction produces amines as the end product
as the nitro group of the nitroimidazole is reduced. This reduction of the nitro group to amine resulted in the
activation of the light-induce cleavage of the drug-coumarine linker. According to other studies different hypoxia
-triggered prodrugs conjugate were synthesized through the incorporation of azobenzene links between PEG-
hexanethiol and combretastatin . [67] The nano-carriers are amphiphilic and were able to self-assemble into
micelles in a physiological fluid , they possessed the remarkable ability to specifically release their drug load
when subjected to hypoxic tumor micro environments.
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Figure 4 : Micro environment intracellular drug offloading and dispersion . Release disposition of DOX-loaded
control micelles (DOX-PMs) and hypoxic sensitive micelles (DOX-HS-PMs) . The DOX loaded nano-carriers
were inoculated into a SSC7 cell environment under normoxic and hypoxic conditions and observed over a 12
hour period under different degrees of oxygen exposure.

3.0 Modulating Tumor Hypoxia for Enhance Cancer therapy .

Malignant proliferation of tumor cells when linked to modulation of hypoxia in the enchantment and treatment
of cancers, sees the development of new blood vessels/ pathways with poor blood circulation. This is due to the
fact that the interior vasculature of solid tumors would have an inefficiency of oxygen which is needed to
regulate the increasing metabolic processes which are necessary requirements for cellular proliferation. A
disposition in oxygen demand would more or likely result in chronic hypoxia. Hypoxia greatly influences the
results of therapies and therapeutic methods which are constructed based on oxygen involvement which is a
critical element in the fight against cancer. Therapies such as radiotherapy and photo-dynamic therapy (PDT) are
light triggering modalities which require the transfer of energy from light to oxygen within solid tumors. This
light to oxygen transfer process triggers cytotoxic singlet oxygen (102) with the corresponding photo-
synthesizer.

The use of nano-carriers ameliorate hypoxia with the addition of different mechanisms can be deemed as a
useful strategy to achieve enhanced oxygen presence in therapeutic cancer treatment methods. Tumor hypoxia
can be ameliorated by improved blood flow into the tumor by decompressing the blood vessel with drugs. The
use of oxygen rich nano-carriers increases tumor oxygenation status, promulgating in situ oxygen generation
through decomposition of endogenous H20 by catalytic nano-carriers.

PFC are known for their high oxygen stability. Chen et al conducted an experiment which saw the diffusion
of oxygen across a concentration gradient within solid tumors. The results demonstrated that PFC based nano-
carriers can work as an effective oxygen shuttle for tumor oxygenation as they are able to release the payload
when exposed oxygen deficient tissue in solid tumors . In this work the PFC was impregnated with hallow
Bi2Se3 nanopar-ticles . The particles were saturated with oxygen , PEG-Bi2Se3. These nanoparticles
demonstrated a burst of oxygen when exposed to oxygen deficiency tissue, leading greatly to improved tumor
oxygenation and enhanced cancer drug absorption efficiency.

Zhuang et al subsequently did work on HSA stabilized nanodroplets (nano-PFC). The nanodroplets were
synthesized to possess stable oxygen solubility and hypoxic environment oxygen release. The nano-PFC was
injected into tumor bearing mice after which min-hypoxic breathing treatment was conducted at the tumor site at
the same time. The process demonstrated that the nano-PFC would absorb oxygen in the lungs then transport this
oxygen via blood circulation, and effectively release the oxygen in hypoxic tissue micro-environments. These
results could give hope to therapeutic outcome and could see marketable results and enhancements in the fight
against solid tumor cancers.

4 Hypoxia and the Warbury Effect
Hypoxia also contributes to alterations in cancer cell where by an increase in glycolyic activity causes metabolic
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alterations in solid tumors via the predisposed anaerobic environment in tumor tissues. This concept remains
controversial as it is believed to have promulgated the warbury Effect. In physiological constraints the creation
of adenosine triphosphate ATP via oxidative phosphorylation within a cells mitochondria can be considered an
effective metabolic process whereas products from ATP molecules reduces the amount of glucose needed for
cellular proliferation in solid tumor cells . However, solid tumor cells are able to adapt to differential pathways if
their ability to generate ATP via mitochondrial oxidative phosphorylation is compromised. One chief pathway is
an increase in glycolytic activity to maintain energy supply. In this light mitochondrial respiration functions will
be altered negatively as multiple sub-variables such as mutation in mitochondrial DNA , (mtDNA), electron
transport chain mutation , and unsanctioned enzyme expression which is needed for energy metabolism . These
sub-variables will result in insufficient oxygen disposition within solid tumors thus resulting in a hypoxic
cellular micro environment .

It is a well known concept that displacement loops exist within mtDNA strands, and gene coding of the 13
most important proteins for mitochondrial respiration complexes without introns are directly dependent on these
displacement loops.

mtDNA mutation is likely to causes alterations of coding proteins which intern disrupts the respiratory
chain function . With this concept in mind the frequency of mtDNA observable in solid tumor cells are thought
to directly contribute to respiration malformation in the cancer cell. The consistency of distressed damage via
constant reactivation /regeneration of oxygen species within the tumor cell’s mitochondria makes it resistant to
the effects of anti-cancer drugs, and by extension increases the electron transport dependence by amplifying
respiratory malfunction.

The Theory of altering drug sensitivity via nanotechnology for treating solid tumors with respiratory
deficiency / hypoxic conditions was first established using an in vivo experimental protocol . The protocol was
designed to examine the effects of mitochondrial defects and hypoxia via an intrusion of nanotechnology bases
cancer drugs .The protocol assessed the two major factors underlying the Warbury effect on cellular sensitive
hypoxic micro environment cancer agents.

Rui Hua xu etal. created an experimental model by cloning human lukemia cells (HL-6) and human
lymphoma (Raji) cells. The cells were used to assess mitochondrial respiratory defects via differential damage to
the mtDNA of the cells. The experimental procedure saw the synthesis and use of BrPa based nano-prodrugs on
human lukemia and lymphoma cells invivo. The cells were impregnated to promulgate tumor growth within a
mouse after which the BrPa produg was inculcated and observed over a 24 day period. The biochemical and
molecular characterization of the cell growth were assessed using the FACSCalibur flow cytometer with cell
quest software. To assess the effects of the nano-drugs on the tumor cells transmission electron microscopy was
employed. TEM analysis revealed abnormal swelling of the mitochondria in the leukemia cells, it also indicated
a pale matrix with disorganized cristae. Biological analysis also indicated little or no oxygen uptake by the cells
indicted little or no mitochondrial respiration occurring.

5. Conclusion

We have seen great progress in the area of nano-medicine modulation and enhanced cancer therapy in recent
years, however many challenges remain towards solid tumor Hypoxia and clinical impacts of those innovative
strategies being tested. The understanding of how hypoxia promulgates tumor resistance to drugs has attracted
and sparked investigators and subsequent research has ensued .These numerous perspectives and methods shows
promising potential as discussed in the review and gives us a fighting Chance at eliminating cancers in the near
future .

It can be noted that one of the most crucial requirement for hypoxic targeting modalities is the development
of improved predictive technologies for patient diversification. These modalities will not only evaluate hypoxic
dependency but will also determine the sensitivity of each solid tumor formations. All solid tumor host genetic
markers that can be explored to revolutionize the matching of hypoxic -targeting nano drug based therapeutics
with patient individuality in mind. Nano-based drugs have the potential to create clinical niche for tumor cell
diversification within the hypoxic sensitive tumor category, it is believed that this will intern create a functional
rational for further clinical development.

With that said, the advancement in the field of nano-medicine remains so as to clarify how the use of nano-
medicine will create a solid foundation in developing the perfect mechanism in combating solid tumor hypoxia
and drug resistance by extension.

6. Conflict of Interest
There is no conflict of interest in this review.

References
1.Mody, V. V., Cox, A., Shah, S., Singh, A., Bevins, W., & Parihar, H. (2014). Magnetic nanoparticle drug

41



Journal of Health, Medicine and Nursing WwWw.iiste.org
ISSN 2422-8419  An International Peer-reviewed Journal miy

Vol.102, 2022 IISTE

delivery systems for targeting tumor. Applied Nanoscience (Switzerland). https://doi.org/10.1007/s13204-
013-0216-y

2.Bisht, S., Feldmann, G., Soni, S., Ravi, R., Karikar, C., Maitra, A., & Maitra, A. (2007). Polymeric
nanoparticle-encapsulated curcumin (“nanocurcumin”): A novel strategy for human cancer therapy.
Journal of Nanobiotechnology. https://doi.org/10.1186/1477-3155-5-3

3.Young, S. W. S., Stenzel, M., & Jia-Lin, Y. (2016). Nanoparticle-siRNA: A potential cancer therapy? Critical
Reviews in Oncology/Hematology. https://doi.org/10.1016/j.critrevonc.2015.10.015

4 Kobayashi, T. (2011). Cancer hyperthermia using magnetic nanoparticles. Biotechnology Journal.
https://doi.org/10.1002/biot.201100045

5.Baetke, S. C., Lammers, T., & Kiessling, F. (2015). Applications of nanoparticles for diagnosis and therapy of
cancer. British Journal of Radiology. https://doi.org/10.1259/bjr.20150207

6.Sanna, V., & Sechi, M. (2012). Nanoparticle therapeutics for prostate cancer treatment. Maturitas.
https://doi.org/10.1016/j.maturitas.2012.01.016

7.Carter, T., Mulholland, P., & Chester, K. (2016). Antibody-targeted nanoparticles for cancer treatment.
Immunotherapy. https://doi.org/10.2217/imt.16.11

8.Miele, E., Spinelli, G. P., Miele, E., Fabrizio, E. Di, Ferretti, E., Tomao, S., & Gulino, A. (2012). Nanoparticle-
based delivery of small interfering RNA: Challenges for cancer therapy. International Journal of
Nanomedicine. https://doi.org/10.2147/1JN.S23696

9.Babu, A., Templeton, A. K., Munshi, A., & Ramesh, R. (2013). Nanoparticle-Based Drug Delivery for
Therapy of Lung Cancer: Progress and  Challenges. Journal of  Nanomaterials.
https://doi.org/10.1155/2013/863951

10.Li, Y., Lu, W., Huang, Q., Li, C., & Chen, W. (2010). Copper sulfide nanoparticles for photothermal ablation
of tumor cells. Nanomedicine. https://doi.org/10.2217/nnm.10.85

11.Arami, H., Stephen, Z., Veiseh, O., & Zhang, M. (2011). Chitosan-coated iron oxide nanoparticles for
molecular imaging and drug delivery. Advances in Polymer Science. https://doi.org/10.1007/12_2011 121

12.Dykman, L. A., & Khlebtsov, N. G. (2011). Gold nanoparticles in biology and medicine: recent advances and
prospects. Acta Naturae.

13.Wang, L., Su, W., Liu, Z., Zhou, M., Chen, S., Chen, Y., ... Li, Z. (2012). CD44 antibody-targeted liposomal
nanoparticles for molecular imaging and therapy of hepatocellular carcinoma. Biomaterials.
https://doi.org/10.1016/j.biomaterials.2012.03.067

14 Mejias, R., Pérez-Yagiie, S., Gutiérrez, L., Cabrera, L. 1., Spada, R., Acedo, P., ... Barber, D. F. (2011).
Dimercaptosuccinic acid-coated magnetite nanoparticles for magnetically guided in vivo delivery of
interferon gamma for cancer immunotherapy. Biomaterials.
https://doi.org/10.1016/j.biomaterials.2011.01.008

15Wu, T. T., & Zhou, S. H. (2015). Nanoparticle-based targeted therapeutics in head-and-neck cancer.
International Journal of Medical Sciences. https://doi.org/10.7150/ijms.10083

16.Thomas, D. G., Pappu, R. V., & Baker, N. A. (2009). Ontologies for cancer nanotechnology research.
Proceedings of the 31st Annual International Conference of the IEEE Engineering in Medicine and
Biology Society: Engineering the Future of Biomedicine, EMBC 2009.
https://doi.org/10.1109/IEMBS.2009.5333941

17.Faridi Esfanjani, A., & Jafari, S. M. (2016). Biopolymer nano-particles and natural nano-carriers for nano-
encapsulation  of  phenolic  compounds. Colloids  and  Surfaces  B:  Biointerfaces.
https://doi.org/10.1016/j.colsurfb.2016.06.053

18.Akhter, S., Zaki Ahmad, M., Singh, A., Ahmad, 1., Rahman, M., Anwar, M., ... Krishen Khar, R. (2011).
Cancer Targeted Metallic Nanoparticle: Targeting Overview, Recent Advancement and Toxicity Concern.
Current Pharmaceutical Design. https://doi.org/10.2174/138161211796391001

19.Ma, Y. Y, Jin, K. T., Wang, S. B., Wang, H. J., Tong, X. M., Huang, D. S., & Mou, X. Z. (2017). Molecular
imaging of cancer with nanoparticle-based theranostic probes. Contrast Media and Molecular Imaging.
https://doi.org/10.1155/2017/1026270

20.Willner, 1., Willner, B., & Katz, E. (2007). Biomolecule-nanoparticle hybrid systems for bioelectronic
applications. Bioelectrochemistry. https://doi.org/10.1016/j.bioelechem.2006.03.013

21.Muhamad, N., Plengsuriyakarn, T., & Na-Bangchang, K. (2018). Application of active targeting nanoparticle
delivery system for chemotherapeutic drugs and traditional/herbal medicines in cancer therapy: A
systematic review. International Journal of Nanomedicine. https://doi.org/10.2147/IIN.S165210

22.Irache, J. M., Esparza, 1., Gamazo, C., Agiieros, M., & Espuelas, S. (2011). Nanomedicine: Novel approaches
in human and veterinary therapeutics. Veterinary Parasitology.
https://doi.org/10.1016/j.vetpar.2011.05.028

23.Ayers, D., & Nasti, A. (2012). Utilisation of Nanoparticle Technology in Cancer Chemoresistance. Journal of
Drug Delivery. https://doi.org/10.1155/2012/265691

42



Journal of Health, Medicine and Nursing WwWw.iiste.org
ISSN 2422-8419  An International Peer-reviewed Journal miy

Vol.102, 2022 IISTE

24 Thurn, K. T., Arora, H., Paunesku, T., Wu, A., Brown, E. M. B., Doty, C., ... Woloschak, G. (2011).
Endocytosis of titanium dioxide nanoparticles in prostate cancer PC-3M cells. Nanomedicine:
Nanotechnology, Biology, and Medicine. https://doi.org/10.1016/j.nan0.2010.09.004

25.Lal, S., Clare, S. E., & Halas, N. J. (2008). Nanoshell-enabled photothermal cancer therapy: Impending
clinical impact. Accounts of Chemical Research. https://doi.org/10.1021/ar800150g

26.Shah, R. R., Dombrowsky, A. R., Paulson, A. L., Johnson, M. P., Nikles, D. E., & Brazel, C. S. (2016).
Determining iron oxide nanoparticle heating efficiency and elucidating local nanoparticle temperature for
application in agarose gel-based tumor model. Materials Science and Engineering C.
https://doi.org/10.1016/j.msec.2016.05.086

27.Ahmad, J., Akhter, S., Rizwanullah, M., Amin, S., Rahman, M., Ahmad, M. Z., ... Ahmad, F. J. (2015).
Nanotechnology-based inhalation treatments for lung cancer: state of the art. Nanotechnology, Science and
Applications. https://doi.org/10.2147/NSA.S49052

28.Petrelli, F., Borgonovo, K., & Barni, S. (2010). Targeted delivery for breast cancer therapy: the history of
nanoparticle-albumin-bound paclitaxel. Expert Opinion on Pharmacotherapy.
https://doi.org/10.1517/14656561003796562

29.Herr, J. K., Smith, J. E., Medley, C. D., Shangguan, D., & Tan, W. (2006). Aptamer-conjugated nanoparticles
for  selective collection and  detection of cancer cells.  Analytical ~ Chemistry.
https://doi.org/10.1021/ac052015r

30.Bazak, R., Houri, M., El Achy, S., Kamel, S., & Refaat, T. (2015). Cancer active targeting by nanoparticles: a
comprehensive review of literature. Journal of Cancer Research and Clinical Oncology.
https://doi.org/10.1007/s00432-014-1767-3

31.Patra, C. R., Bhattacharya, R., Wang, E., Katarya, A., Lau, J. S., Dutta, S., ... Mukhopadhyay, D. (2008).
Targeted delivery of gemcitabine to pancreatic adenocarcinoma using cetuximab as a targeting agent.
Cancer Research. https://doi.org/10.1158/0008-5472.CAN-07-6102

32.Zharov, V. P., Kim, J. W., Curiel, D. T., & Everts, M. (2005). Self-assembling nanoclusters in living systems:
application for integrated photothermal nanodiagnostics and nanotherapy. Nanomedicine: Nanotechnology,
Biology, and Medicine. https://doi.org/10.1016/j.nan0.2005.10.006

33.Parvanian, S., Mostafavi, S. M., & Aghashiri, M. (2017). Multifunctional nanoparticle developments in
cancer diagnosis and treatment. Sensing and Bio-Sensing Research.
https://doi.org/10.1016/j.sbsr.2016.08.002

34.Liu, Y., Zhang, B., & Yan, B. (2011). Enabling anticancer therapeutics by nanoparticle carriers: The delivery
of paclitaxel. International Journal of Molecular Sciences. https://doi.org/10.3390/ijms12074395

45.Cao-Milan, R., & Liz-Marzéan, L. M. (2014). Gold nanoparticle conjugates: recent advances toward clinical
applications. Expert Opinion on Drug Delivery. https://doi.org/10.1517/17425247.2014.891582

46.Yoon, H. Y., Selvan, S. T., Yang, Y., Kim, M. J., Yi, D. K., Kwon, 1. C., & Kim, K. (2018). Engineering
nanoparticle strategies for effective cancer immunotherapy. Biomaterials.
https://doi.org/10.1016/j.biomaterials.2018.03.036

47.Gianella, A., Jarzyna, P. A., Mani, V., Ramachandran, S., Calcagno, C., Tang, J., ... Mulder, W. J. M. (2011).
Multifunctional nanoemulsion platform for imaging guided therapy evaluated in experimental cancer. ACS
Nano. https://doi.org/10.1021/nn103336a

48.Johannsen, M., Gneveckow, U., Eckelt, L., Feussner, A., Waldofner, N., Scholz, R., ... Jordan, A. (2005).
Clinical hyperthermia of prostate cancer using magnetic nanoparticles: Presentation of a new interstitial
technique. International Journal of Hyperthermia. https://doi.org/10.1080/02656730500158360

49.Chapman, S., Dobrovolskaia, M., Farahani, K., Goodwin, A., Joshi, A., Lee, H., ... Yang, L. (2013).
Nanoparticles for cancer imaging: The good, the bad, and the promise. Nano Today.
https://doi.org/10.1016/j.nantod.2013.06.001

50.Dhar, S., Gu, F. X., Langer, R., Farokhzad, O. C., & Lippard, S. J. (2008). Targeted delivery of cisplatin to
prostate cancer cells by aptamer functionalized Pt(IV) prodrug-PLGA-PEG nanoparticles. Proceedings of
the National Academy of Sciences. https://doi.org/10.1073/pnas.0809154105

51.Yu, C., Hu, Y., Duan, J., Yuan, W., Wang, C., Xu, H., & Yang, X. Da. (2011). Novel aptamer-nanoparticle
bioconjugates enhances delivery of anticancer drug to MUCI1-positive cancer cells in vitro. PLoS ONE.
https://doi.org/10.1371/journal.pone.0024077

51.Qi, H,, Liu, C., Long, L., Ren, Y., Zhang, S., Chang, X., ... Kang, C. (2016). Blood Exosomes Endowed with
Magnetic and Targeting Properties for Cancer Therapy. ACS Nano.
https://doi.org/10.1021/acsnano.5b06939

52.Kim, D.-M., Lee, G.-D., Aum, S.-H., & Kim, H.-J. (2008). Preparation of Propolis Nanofood and Application
to Human Cancer. Biological & Pharmaceutical Bulletin. https://doi.org/10.1248/bpb.31.1704

53.Hayashi, K., Nakamura, M., Sakamoto, W., Yogo, T., Miki, H., Ozaki, S., ... Ishimura, K. (2013).
Superparamagnetic nanoparticle clusters for cancer theranostics combining magnetic resonance imaging

43



Journal of Health, Medicine and Nursing WwWw.iiste.org
ISSN 2422-8419  An International Peer-reviewed Journal miy

Vol.102, 2022 IISTE

and hyperthermia treatment. Theranostics. https://doi.org/10.7150/thno.5860

54.Kang, J. H., Asami, Y., Murata, M., Kitazaki, H., Sadanaga, N., Tokunaga, E., ... Katayama, Y. (2010). Gold
nanoparticle-based colorimetric assay for cancer diagnosis. Biosensors and Bioelectronics.
https://doi.org/10.1016/j.bios.2009.12.022

55.Liang, J., Yan, H., Puligundla, P., Gao, X., Zhou, Y., & Wan, X. (2017). Applications of chitosan
nanoparticles to enhance absorption and bioavailability of tea polyphenols: A review. Food Hydrocolloids.
https://doi.org/10.1016/j.foodhyd.2017.01.041

56.Babu, A., Muralidharan, R., Amreddy, N., Mehta, M., Munshi, A., & Ramesh, R. (2016). Nanoparticles for
siRNA-based gene silencing in tumor therapy. [EEE Transactions on Nanobioscience.
https://doi.org/10.1109/TNB.2016.2621730

57.Zhang, Y., Li, N., Suh, H., & Irvine, D. J. (2018). Nanoparticle anchoring targets immune agonists to tumors
enabling  anti-cancer  immunity  without  systemic  toxicity. = Nature = Communications.
https://doi.org/10.1038/s41467-017-02251-3

58.Mukherjee, S., & Patra, C. R. (2016). Therapeutic application of anti-angiogenic nanomaterials in cancers.
Nanoscale. https://doi.org/10.1039/c5nr07887¢

59.Almeida, J. P. M., Lin, A. Y., Figueroa, E. R., Foster, A. E., & Drezek, R. A. (2015). In vivo gold
nanoparticle delivery of peptide vaccine induces anti-tumor immune response in prophylactic and
therapeutic tumor models. Small. https://doi.org/10.1002/smll.201402179

60.Han, Y., Li, S., Cao, X., Yuan, L., Wang, Y., Yin, Y., ... Wang, X. (2014). Different inhibitory effect and
mechanism of hydroxyapatite nanoparticles on normal cells and cancer cells in vitro and in vivo. Scientific
Reports. https://doi.org/10.1038/srep07134

61.Soares, P. 1, Ferreira, 1. M., Igreja, R. A., Novo, C. M., & Borges, J. P. (2012). Application of hyperthermia
for cancer treatment: recent patents review. Recent Patents on Anti-Cancer Drug Discovery.

62.Pillai, G. (2014). Nanomedicines for Cancer Therapy: An Update of FDA Approved and Those under Various
Stages of Development. SOJ Pharmacy & Pharmaceutical Sciences. https://doi.org/10.15226/2374-
6866/1/1/00109

63.Wang, T., Jiang, H., Wan, L., Zhao, Q., Jiang, T., Wang, B., & Wang, S. (2015). Potential application of
functional porous TiO2 nanoparticles in light-controlled drug release and targeted drug delivery. Acta
Biomaterialia. https://doi.org/10.1016/j.actbio.2014.11.010

64 Nakagawa, S. (2015). Missing data: mechanisms, methods, and messages. Ecological Statistics:
Contemporary Theory and Application. https://doi.org/10.1517/17530051003733885

65.Alexis, F., Rhee, J. W., Richie, J. P., Radovic-Moreno, A. F., Langer, R., & Farokhzad, O. C. (2008). New
frontiers in nanotechnology for cancer treatment. Urologic Oncology: Seminars and Original
Investigations. https://doi.org/10.1016/j.urolonc.2007.03.017

66.Alexis, F., Rhee, J. W., Richie, J. P., Radovic-Moreno, A. F., Langer, R., & Farokhzad, O. C. (2008, January).
New frontiers in nanotechnology for cancer treatment. Urologic Oncology: Seminars and Original
Investigations, Vol. 26, pp. 74-85. https://doi.org/10.1016/j.urolonc.2007.03.017

67.Sinha, R. (2006). Nanotechnology in cancer therapeutics: bioconjugated nanoparticles for drug delivery.
Molecular Cancer Therapeutics, 5(8), 1909—1917. https://doi.org/10.1158/1535-7163.mct-06-0141

68.Xiao, B., Ma, L., & Merlin, D. (2017, January 2). Nanoparticle-mediated co-delivery of chemotherapeutic
agent and siRNA for combination cancer therapy. Expert Opinion on Drug Delivery, Vol. 14, pp. 65-73.
https://doi.org/10.1080/17425247.2016.1205583

69.Senapati, S., Mahanta, A. K., Kumar, S., & Maiti, P. (2018). Controlled drug delivery vehicles for cancer
treatment and their performance. Signal Transduction and Targeted Therapy, Vol. 3.
https://doi.org/10.1038/s41392-017-0004-3

70.Schroeder, A., Heller, D. A., Winslow, M. M., Dahlman, J. E., Pratt, G. W., Langer, R., ... Anderson, D. G.
(2012).  Treating  metastatic = cancer  with  nanotechnology.  Nature  Reviews  Cancer.
https://doi.org/10.1038/nrc3180

71.Yezhelyev, M. V., Gao, X., Xing, Y., Al-Hajj, A., Nie, S., & O’Regan, R. M. (2006). Emerging use of
nanoparticles in diagnosis and treatment of breast cancer. Lancet Oncology. https://doi.org/10.1016/S1470-
2045(06)70793-8

72.Danhier, F., Ansorena, E., Silva, J. M., Coco, R., Le Breton, A., & Préat, V. (2012). PLGA-based
nanoparticles: An overview of biomedical applications. Journal of Controlled Release.
https://doi.org/10.1016/j.jconrel.2012.01.043

73.Haley, B., & Frenkel, E. (2008). Nanoparticles for drug delivery in cancer treatment. Urologic Oncology:
Seminars and Original Investigations. https://doi.org/10.1016/j.urolonc.2007.03.015

74 Malam, Y., Loizidou, M., & Seifalian, A. M. (2009). Liposomes and nanoparticles: nanosized vehicles for
drug delivery in cancer. Trends in Pharmacological Sciences. https://doi.org/10.1016/j.tips.2009.08.004

44



