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ABSTRACT

The limitations and negative effects of current therapeutic techniques for brain tumors necessitate the selection of
alternative therapeutic options. Therapeutic hydrogel systems that are monitored by magnetic resonance imaging (MRI) are one
alternative for neurosurgical treatment of brain tumors that does not need any invasive procedures. There is a significant deal of
potential for the treatment of brain tumors that can be attributed to the specific physical and chemical properties that hydrogels
possess. The ability to encapsulate therapeutic molecules, provide regulated and sustained drug release, and successfully pass the
blood-brain barrier are some of the properties that are included in this category. By combining hydrogel systems with magnetic
resonance imaging (MRI) capabilities, it is possible to design therapeutic approaches that provide regulated release of therapeutic
medications and real-time monitoring possibilities. Despite the fact that surgical resection is still extremely important, there is a
growing demand for alternatives that can supplement or even replace it. Within the scope of this narrative review, the therapeutic
hydrogel systems that are monitored by magnetic resonance imaging (MRI) will be evaluated to determine their potential for the
non-surgical treatment of brain tumors.
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l. INTRODUCTION therapeutic chemicals and distribute pharmaceuticals in a

manner that is both regulated and prolonged, and this can

When it comes to the treatment of brain tumors,
hydrogel systems have emerged as particularly
advantageous  possibilities[1].  These  hydrophilic
polymers are capable of forming complex three-
dimensional structures that exhibit unique physical and
chemical properties, particularly with regard to the
process of cross-linking. As a consequence of this, they
perform exceptionally well in applications involving the
administration of drugs, tissue engineering, and
regenerative medicine. Hydrogels have the capability of
being created in a manner that enables them to contain

be done exactly at the location of a tumors[2]. In addition,
the biocompatibility and adaptability of these materials
make it possible to perform modification in order to meet
specific requirements in the treatment of brain tumors. In
addition to this, it was shown that hydrogel is a more
effective alternative to conventional chemotherapy.
In order to determine whether or not therapeutic hydrogel
systems that are monitored by magnetic resonance
imaging (MRI) could be used to treat brain tumors
without the need for surgical intervention, a
comprehensive narrative evaluation was conducted.
High-resolution anatomical and functional features can be
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obtained through the use of magnetic resonance imaging
(MRI), which offers improved imaging capabilities that
allow for reliable monitoring of cancer progression and
response to treatment[3]. When hydrogel systems are
combined with magnetic resonance imaging (MRI)
techniques, it becomes possible to develop therapeutic
strategies that not only allow for the noninvasive
evaluation of treatment outcomes but also provide
immediate monitoring and regulated delivery of
therapeutic medications.

Thanks to the creation of a drug delivery system
that was specifically created for the goal of delivering
drugs to brain tumors, hydrogels have emerged as a novel
and cutting-edge therapy technique that has the potential
to effectively administer pharmaceuticals to brain tumors.
Hydrogels are networks of polymers that are generated by
hydrophilic polymer chains that cross-link with one
another[4][5]. This results in a structure that resembles a
biological system when it is placed in a solution that is
based on water. Following the formation of covalent
bonds between the polymeric chains, these compounds
are capable of absorbing water, but they do not dissolve
in water or any other solution. In order to develop a drug
delivery system that is both efficient and risk-free,
hydrogels are dependent on certain properties. These
traits include the ability to decompose in a natural manner
and compatibility with living organisms. Considering that
hydrogels are in close touch with biological cells and
tissues over an extended period of time, this is a crucial
consideration[6]. The formulations of hydrogen are
classified according to the origin of their derivatives
(natural, synthetic, and semi-synthetic), the structure of
the polymers that are utilized, the duration of the
formulations, the chemical features of the formulations,
and the electrical charge of the network that they are
composed of. The quantity in question 5. Biopolymers
can be classified as either natural or synthetic, depending
on the derivative material from which they are formed.
These biopolymers are utilized for medical and drug
delivery purposes. The mechanical properties of natural
polymers are inadequate, despite the fact that they have
superior biodegradability and compatibility with the
tissues of the body. Depending on the formulations of
hydrogel and biopolymer, natural polymers can be
divided into two distinct categories[7]. Collagen, gelatin,
polypeptides, and DNA are examples of substances that
fall into the first group of protein-based polymers.
Hyaluronic acid (HA), chitosan, fibrin, and alginate are
all examples of polymers that fall within the second
category, which is comprised of polysaccharide-based
polymers. Polycaprolactone (PCL), poly vinyl alcohol
(PVC), and polyethylene glycol (PEG) are the three major
components that are frequently found in synthetic
formulations. The mechanical properties of these
synthetic biopolymers are better to those of natural
polymers; yet their compatibility with host tissue is
limited.

Hydrogels are characterized by their mechanical,
swelling, and biological properties, all of which are
essential for their use in tissue engineering and drug
delivery systems (DDS).7.8 The swelling characteristic of
hydrogel could be attributed to its three-dimensional
cross-linking polymer structure, which is responsible for
the material's capacity to absorb and hold water. One of
the properties that is responsible for changing medicine
release and regulation is the swelling property[8]. The
outcome is dependent on exogenous factors including pH,
temperature, and ion concentration, among other things.
For applications in the field of biomedicine, the
biomechanical properties of hydrogel are absolutely
essential. Certain characteristics of the polymer, such as
its viscoelasticity, tensile strength, and stiffness, are
responsible for determining the architecture of the
polymer and the release of therapeutic medicine with a
prolonged duration[9][10].

Biodegradability refers to the ability of a
substance to be broken down by natural processes;
biocompatibility refers to the ability of a substance to
interact well with living tissues; non-toxicity refers to the
absence of harmful effects on living organisms; and low
immunogenicity refers to the low likelihood of causing an
immune response.8.9 Due to the invasive nature of brain
tumors, such as glioblastoma, the removal of these tumors
through surgical means and the response to the various
chemotherapy medicines might be difficult. It is
necessary for the therapeutic medicine to be able to
successfully pass through the blood-brain barrier in order
for it to be effective in treating brain tumors. Because of
their injectability, structure, and ability to encapsulate the
therapeutic agent, hydrogel systems are able to effectively
transport chemotherapeutic drugs to the precise site of
neoplastic cells[11].

This is made possible by the capacity of
hydrogel systems to encapsulate the therapeutic agent.
Because of the hydrogel's swelling and degradable
properties, this leads to a reduction in the drug's toxicity
and an improvement in its ability to penetrate the body.
Due to the fact that the drug and hydrogel systems are
incompatible with one another, it is necessary to
incorporate nanoparticles into hydrogels in order to get
the best possible drug administration possible[12].
Because of the hydrogel's affinity for water and the
medications' dislike to water, drug delivery is made more
difficult by these two factors. By efficiently encapsulating
the drug within its structure and demonstrating
compatibility with hydrogel materials, nanogel is able to
overcome this constraint. This combination is
exceptionally important because it helps to regulate the
flow of drugs. Nanogels provide a number of advantages,
such as the distribution of medications in a targeted
manner, the regulated release of pharmaceuticals, the
provision of responsive pharmacological therapy, and
detoxification. Additionally, nanogels have the ability to
lessen the movement of cancer cells from the cortex into
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the hydrogel system that contains chemotherapy and other
medications.3, 10, and 11 are the numbers in question. In
addition, hydrogel systems have the capacity to detect the
areas of cancer by adding radioisotopes and to provide
radiation in an effective manner[13]. Ten and eleven are
the numerals. Excision through surgery, chemotherapy,
and radiation therapy are the most prevalent methods of
treatment for brain tumors. A group of researchers led by
Bastiancich developed lipid-based nanoparticles that
were encased in a hydrogel and contained
pharmaceutical[14]. These nanoparticles were able to
diminish the size of cancer cells and demonstrated higher
efficacy when compared to the drug themselves. By
collecting cancer cells, a different type of hydrogel
technology, which is referred to as cancer cell sticky
(CSH) hydrogel, contributes to the reduction of invasive
capabilities13. Polymeric micelles, magnetic
nanoparticles, alginate nanogels containing gold particles,
and microspheres are some of the other hydrogel systems
that are utilized for the treatment of brain tumors[15]. The
process of administering hydrogel, which contains a
therapeutic medicine, to treat brain tumors is illustrated in
Figure 1, which provides a concise summary of the
technique.

hydrogels injected to
e n for

umor Si
controlled drug release

\ 1
‘ L

e MRI imaging provides
/ — precise monitoring of
4 ) ™ tumor progression and
S treatment response

Hydrogels encapsulated
with therapeutic agents

Fig. 1 shows how therapeutic drugs are applied using
hydrogel to treat brain tumours.

1. ROLE OF HYDROGELS IN
TREATING DIFFERENT TYPES
OF TUMORS

Hydrogels offer a number of remarkable
characteristics, including biocompatibility,
biodegradability, the capacity to load pharmaceuticals,
and the ability to manage the release of prescription drugs.
Radiotherapy, chemotherapy, immunotherapy,
hyperthermia, photodynamic therapy, and photothermal
therapy are only few of the cancer treatments that make
substantial use of these substances[17].
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Fig. 2: Hydrogels have the potential to be utilised in a
variety of cancer treatments, including chemotherapy
(A), radiation (B), immunotherapy (C), hyperthermia
(D), photodynamic therapy (E), and electrothermal
therapy (E). A) This work was reproduced with the
author’s permission (Lee et al., 2021). John Wiley
and his sons, copyright 2021 all rights reserved. (B)
GNPs, doxorubicin, and radiation-like iodine-131
tagged methoxy polyethylene glycol (MPEG) are the
components that make up the hydrogel. This
hydrogel is utilised in the treatment of cancer
through irradiation.

Chemotherapy

A German scientist named Paul Ehrlich was a
pioneer in the creation of chemotherapy procedures for
the treatment of infectious diseases. These techniques
were developed around the beginning of the twentieth
century. At the same time, he made the discovery that
chemotherapy drugs have the potential to treat cancer by
conducting experiments on animal models before making
the discovery. The progress of conventional
chemotherapy strategies for treating a variety of cancers
was made possible as a direct outcome of these ground-
breaking discoveries [18]. It is possible to attain systemic
doses of chemotherapy medicines through oral
administration,  intramuscular ~ administration,  or
intravenous administration. Unfortunately, they do not
possess a distinct antitumor impact. This means that they
not only inhibit the excessive growth of malignant cells,
but they also reduce the growth of normal cells that have
a high rate of proliferation. These normal cells include
hair follicles, the epithelium of the digestive tract, and
bone marrow stem cells. In addition to causing major
adverse effects, this also causes damage to normal cells
and tissues. As a consequence of this, it is not
recommended to administer them regularly, and it is
exceptionally important to evaluate the risk-to-benefit
ratio of these medications. It is possible to determine the
best dosage of chemotherapeutic medications by taking
into consideration components such as the quantity of
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particular tumors cells, the level of resistance to
treatment, and the information regarding the toxicity of
the drug. In the end, the success of chemotherapy drugs is
measured by determining the number of cancer cells that
are still present and by monitoring any adverse effects that
may arise [12-15].

Chemotherapy drugs destroy tumor cells by
various mechanisms, including: (1) provoking internal
and external apoptosis pathways through increasing Fas
ligand (FasL) expression and consequently cytochrome C
release; (2) inducing cell cycle arrest through activation
of p53 gene following DNA damage and inhibition of
kinases; (3) increasing autophagy pathway through
signaling of the phosphatidylinositol 3-kinases/
mammalian target of rapamycin (PI3K/mTOR) and
mitogen-activated protein kinase (MAPK); (4) alkylation
of DNA and causing a single- or double-strand break in
DNA that finally leads to cell death; (5) preventing DNA
or RNA synthesis due to having a similar structure with
nucleotides named antimetabolites that have higher
activity in S phase of cell cycle; (6) interference with
microtubules resulting in cell growth cessation; (7)
causing direct or indirect DNA damages through
production of reactive oxygen species (ROS); and (8)
inhibition of topoisomerases and stopping cell
proliferation. The vast majority of these activities lead to
oxidative stress and the activation of the repair response
that is associated with ataxia-telangiectasia mutated/ATM
and Rad3-related (ATM/ATR). This response involves
the activation of p53 and its subordinate protein p21,
which can result in either a stoppage of the cell cycle or
an acceleration of the senescence process [16-27].
Immunotherapy

But Adoptive cell therapy (ACT) is a promising
method that use the patient's immune system to combat
aga. The adaptive immune system and the innate immune
system both have significant roles in the immune response
to malignancies [9, 10]. B cells, CD8+ cytotoxic T cells
(often referred to as CTLs), and CD4+ helper T cells are
recognized as constituents of the adaptive immune system
[28]. The innate immune system can regulate the adaptive
immune system by secreting several signals that activate
both T and B cells (12). Antigen-presenting cells (APCs)
are responsible for identifying external antigens in the
body and facilitating communication between different
systems [29]. Research [30] has firmly demonstrated that
cytotoxic T lymphocytes (CTLs) play a crucial role in the
immunological response to cancer. After being cross-
primed by professional antigen-presenting cells (pAPC),
initially naive cytotoxic T lymphocytes (CTLS)
commence a series of events that ultimately result in the
killing of cancer cells by CTLs. This assault can be
initiated by granzymes or perforin, or it can be initiated
by ligands from the tumors necrosis factor (TNF)
superfamily simultaneously [31]. The activation of the
anti-tumor action can also occur through the stimulation
of specific antigens or co-stimulation signals to cytotoxic

T lymphocytes (CTLs), resulting in the subsequent
production of tumors necrosis factor-alpha (TNF-o)) and
interferon gamma (IFN-dz) [32]. This occurs in parallel
with the impact stated above. Adoptive cell therapy
(ACT), in reality, is a highly promising method.
Immunotherapy entails the deliberate alteration of the
patient's immune system to effectively target and
eliminate cancerous cells or tumors. As an illustration,
natural Killer cells (NK cells) have the capacity to adhere
to cancer cells. This method has been employed in the
creation of several strategies for anticancer therapy
(ACT). Several methods used in this context are natural
killer cell therapy (NK cells), tumor-infiltrating
lymphocyte therapy (TILT), engineered T-cell receptor
therapy (ETCR), and chimeric antigen receptor T-cell
therapy (CARTCT). Below is a comprehensive
compilation of the various categories of immunotherapies
that are either in the developmental stage or already
accessible. There is not enough information provided to
rewrite the text in a straightforward and precise
manner[33].
Hyperthermia

In addition to other cancer treatments such as
surgery, radiation, chemotherapy, gene therapy, and
immunotherapy, hyperthermia (HT) is also a method of
treatment.1 Hyperthermia (HT) is a procedure used in
oncology to raise the temperature of tissue using an
external heat source. This can either eliminate cancer cells
or limit their future growth[34]. Two Hyperthermia
encompasses several techniques for administering heat,
which are used in combination with other cancer
therapies, particularly chemotherapy and radiotherapy.
Based on the results of most studies, elevated
temperatures cause direct harm to cancerous cells, hence
increasing their susceptibility to other forms of treatment.
Moreover, elevated temperatures amplify the efficacy of
radiation and chemotherapy treatments while inflicting
minimum or negligible harm to healthy tissues[35].
Therefore, HT is commonly used as a further therapeutic
approach for cancer. The temperatures for the HT
treatment range from 40 to 48 degrees Celsius, and the
temperature is maintained at the treated site for a
minimum of one hour[36]. Temperatures over fifty
degrees Celsius can be referred to as coagulation,
temperatures ranging from sixty to ninety degrees Celsius
can be referred to as thermal ablation, and temperatures
surpassing two hundred degrees Celsius can be referred to
as charring. Ablation, specifically high temperatures,
referred to as number five HT, involves the direct
administration of chemical or thermal treatment to a
cancer with the goal of completely eliminating or causing
substantial damage to the tumour.8. The curative
capacities,  treatment  expenditure, technological
difficulties, and evidence of success can vary greatly
depending on the HT approach used.9) Despite the
historical usage of hyperthermia (HT) for tumor treatment
dating back to ancient Greece, the application of this

@888 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053
Volume-3 Issue-2 || April 2024 || PP. 242-251

https://doi.org/10.55544/jrash.3.2.41

technology has faced criticism due to its limitations. Some
examples of these challenges include the incapability to
heat the target without harming neighboring cells, the
difficulty of achieving consistent heat distribution
throughout the tumor, and the inherent complexities of
targeting undetectable micro metastases[37].

Recently, there have been significant
breakthroughs in the field of nanoparticle-assisted
thermal therapy, which hold promise for addressing most
of these concerns. However, there are still lingering
concerns over the use of nanoparticles. Although it has
been previously proven that normal tissues exhibit greater
thermotolerance towards cancer cells, the underlying
mechanisms for this phenomenon remain mostly
unknown[38]. Various therapy procedures can be utilized
based on the tumor's location, such as whether it is
superficial or deep-seated.

Hydrogel materials have multiple sizes and multiple
delivery routes

Hydrogels, characterized by their unique three-
dimensional networks of hydrophilic polymers, have
become a fundamental aspect of biomaterial research, and
have greatly impacted various biomedical sectors [38].
These networks have the ability to absorb and retain large
amounts of water. They are distinguished by their
impressive ability to expand without breaking, therefore
maintaining their structural integrity through the
employment of cross-linking mechanisms that can be
either chemical or physical [39]. Due to this inherent
property, hydrogels can replicate the physicochemical
traits of the natural extracellular matrix. Consequently,
they are very suitable for use in drug delivery systems
[40], tissue engineering [41], wound healing [42], and
various other fields, as depicted in Figure 1. The field of
hydrogel research has a rich history of innovation, seen in
its successful integration into the realm of biological
sciences. This evolution demonstrates the versatility of
these materials in terms of problem-solving.
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Fig. 3: Ilustration of hydrogel classification based on
cross-linking methods and their biomedical
applications.

In the 1960s, Wicht Erle and Lim developed
poly(hydroxyethyl methacrylate) (pHEMA) hydrogel,
which initiated the use of hydrogels as biomaterials. This
work laid the foundation for the advancement of hydrogel
technology and was a pioneering endeavor. The
exponential growth of the field of polymer research can
be attributed to significant discoveries and a better
understanding of biological interactions [43]. The
structural dynamics of hydrogels, especially in drug
administration for biomedical purposes, have been
extensively studied through experimental research.
Additionally, theoretical frameworks and computer
modelling have played a vital role in providing further
insights into this area [44]. The list of attributes they
provide includes insights such as elasticity, porosity, and
mesh size. These prediction models, based on
thermodynamic principles, have enabled the production
of hydrogels with customized properties for specific
biomedical uses. Hydrogels can be classified into three
primary categories: natural, synthetic, and semisynthetic.
The categories are determined by the hydrogels' source
and the specific cross-linking mechanisms involved [45].
This classification highlights the importance of achieving
a balance between the rates of biodegradation and
mechanical strength. It is essential to attain optimal
biocompatibility and utility. In order for hydrogels to be
considered biocompatible, it is imperative that they are
non-toxic and do not elicit any undesirable
immunological responses. Modifying the inherent
characteristics of a material, like its permeability,
expansion, and durability, is essential to render it suitable
for a certain application, such as delivering medication or
constructing  biological tissues[46]. This further
exemplifies the adaptability of polymeric materials,
allowing for the tailoring of hydrogel characteristics to
fulfil the demands of certain biological applications. The
adaptability of hydrogel polymerization techniques is
enhanced by the evolution of various methods, such as the
formation of homopolymers, copolymers, and
interpenetrating networks.

The power of hydrogels to respond to external
stimuli, such as chemical, physical, or biological factors,
has created new opportunities for the advancement of
intelligent materials [47]. This characteristic is crucial for
the development of dynamic hydrogel systems that can
adapt to various physiological conditions. These
technologies will facilitate the development of enhanced
applications in fields such as flexible tissue scaffolds,
reactive biomedical devices, and intelligent drug delivery
systems. This represents a significant advancement in the
progress of less intrusive therapy approaches [48].
Injectable hydrogels, known for their ability to undergo
shear thinning and self-healing, have been utilized. These
hydrogels have the potential to be a valuable alternative
to traditional surgical methods since they can deliver
medication and heal tissue directly at the site of action.
However, the journey towards the clinical application of
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these materials is filled with challenges, the most
important of which is the need to prevent unfavorable
immune responses and ensure the removal of harmful by-
products generated during the cross-linking process [49].
Recent advancements in nanotechnology have led to the
development of a new category of hydrogel-based
nanomaterials. These materials show great promise in the
fields of drug delivery and tissue engineering [50].
Nanogels are an innovative category of nanomaterials.
With the progress in three-dimensional bioprinting [51],
hydrogels have become the leading method for producing
tissue structures with exceptional precision and intricacy.
This marks the commencement of a novel era in the
domains of regenerative medicine and tissue engineering.

I1l. ROLE OF MRI MONITORING IN
THERAPEUTIC HYDROGEL
SYSTEMS

One approach to achieving long-lasting
therapeutic medication levels in the brain is by using
implanted biomaterials that have controlled polymer
degradation and enable the drug to spread evenly. The
difference between 12 and 14 is -2. Hydrogels, currently
under investigation for their possible use in various
biomedical domains such as regenerative medicine and
controlled drug delivery, have the potential to be used as
the basis for orthopedic implants. The difference between
15 and 17. These hydrophilic polymer networks, which
have a three-dimensional structure, have the ability to
absorb and retain large quantities of water. This
characteristic creates possibilities for use in neural tissue
engineering. The reason for this is that they offer a method
for replicating the extracellular matrix (ECM).The
coordinates represent a point in a two-dimensional space.
Hydrogels are highly adaptable, allowing for the loading
and controlled release of medicines or proteins based on
the diffusivity of the loaded protein inside the hydrogel
matrix. Consequently, the protein's dependence is
contingent upon both its size and the mesh size of the
hydrogel network, as evidenced by the cross-link density
of the hydrogel.[51]. Conversely, the latter can experience
gradual development due to swelling and degradation of
the matrix. Injecting a hydrogel containing medication or
protein directly into the brain can bypass the blood-brain
barrier and create a localized reservoir for controlled
release.

Stimuli-sensitive hydrogels, which may react to
many environmental factors such as chemical
compounds, temperature, pH, pressure, electric field, etc.,
have gained increasing attention in recent decades. The
time period is 2021-22. In situ gel-forming hydrogels are
a promising drug delivery method for addressing injuries
and illnesses of the central nervous system (CNS). These
hydrogels belong to the category of stimuli-sensitive
hydrogels. Prior to administration, these gels exist in a

liquid state; but, upon injection into a particular organ,
such as the brain, they undergo a transformation into a
three-dimensional structure. The given input is a list
containing the elements [52]. At low temperatures, these
substances can dissolve in water, whereas at high
temperatures, they can come together on their own to
form structures. This property makes them highly suitable
for creating hydrogels that are sensitive to temperature
changes. Polymers that exhibit lower critical solution
temperature (LCST) behavior, with their cloud point
ideally situated between room temperature and body
temperature, are very suitable for the development of
thermosensitive hydrogels [55]. Due to the need for long-
term protection against ongoing damage or support for
recovery processes in brain-related pathological
conditions, hydrogel-based drug delivery systems are an
attractive method for controlled release of therapeutic
doses of protective and growth-promoting substances.”
Several research have investigated the effectiveness of the
three-dimensional porous structure of thermosensitive
hydrogels in loading and releasing medications and
growth factors in the central nervous system (CNS) to
promote tissue regeneration. The effectiveness of a drug
delivery system depends on the careful customization of
its design and release qualities to ensure both
biocompatibility and the presence of the therapeutic
component at the intended site of administration.
Therefore, accurate measurement and comprehension of
the kinetics of release are crucial in the process of
therapeutic  translation.  Conventional in  vitro
investigations of drug release, especially those involving
hydrogels loaded with proteins, usually require placing
material samples in near sink conditions[56] These
settings consist of phosphate-buffered saline (PBS)
placed on top of the gel. The samples are subsequently
extracted from the release medium at different time
intervals, and subsequently substituted with fresh PBS
conditions.30 percent Subsequently, the medication's
concentration in the collected release samples is
determined using either Ultra Performance Liquid
Chromatography (UPLC) or UV-visible
spectrophotometry. Furthermore, advanced techniques
including fluorescence recovery following
photobleaching have been employed to study the
movement of proteins inside a hydrogel matrix. [57].
Hence, it is imperative to devise approaches that facilitate
the assessment of protein drug delivery from locally
administered depots without involving any  invasive
procedures. Magnetic resonance imaging (MRI) is a
highly adaptable imaging technique that is distinguished
by its exceptional ability to differentiate between soft
tissues and its lack of restrictions on imaging depth. This
imaging technique has the capacity to provide in vivo
assessment of the distribution or release of locally
administered medications, as well as the impact of these
medications on the structure and function of
tissues.[58][59][60]. An example of this is the successful
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evaluation of local drug release in tumor-bearing animals
after the systemic delivery of thermosensitive liposomes
filled with a drug-MRI contrast agent complex. This study
utilized transient MRI contrast enhancement after
targeted heat to collect precise information about the site
and timing of triggered content release. The number is
subtracted from. Magnetic resonance imaging (MRI) can
be employed not only to monitor medication release but
also to identify alterations in the volume of hydrogel.
These changes can arise due to several variables, such as
fluctuations in external conditions including temperature,
pH, light, electric field, and pressure, as well as the
deterioration and subsequent expansion of the hydrogel
substance.

Transplantation

Fig: 4 Extracellular magnetic labeling of biomimetic
hydrogel-induced human mesenchymal stem cell
spheroids with ferumoxytol for MRI tracking

IV. CONCLUSION

Brain tumors have limited therapeutic choices,
with chemotherapy being one of them. The key
drawbacks of chemotherapy are its lack of efficacy and
the presence of systemic toxicity. Given the elevated rates
of recurrence, tumor excision alone becomes inadequate.
There is a demand for novel therapeutic strategies, and
hydrogels have shown promise as a potent tool against
brain tumors. Due to their unique characteristics, such as
excellent  biocompatibility, biodegradability, and
responsiveness to stimuli, these materials are highly
suitable for use in both localized and systemic drug
delivery. Injectable hydrogels with nanostructured drug
delivery systems (DDS) exhibit targeted and controlled
drug release to the tumor, decreased toxicity in healthy
tissues, and efficient inhibition of cancer development
and recurrence. Customized nanogels have recently
become an appealing method for effectively transporting
chemotherapy medicines to cancerous brain cells. This
technique has arisen as a resolution to the issue of
employing highly intrusive interventions. By effectively
breaching the blood-brain barrier (BBB) and undergoing

selective absorption, they managed to precisely find and
eliminate cancer cells without causing harm to healthy
organs. This was achieved by integrating the
characteristics of hydrogel with nanoparticles. It is
encouraging to witness demonstrations of proof-of-
concept utilizing live models; nonetheless, further study
is required to facilitate a smooth transition to clinical use.

REFERENCES

[1] Louis, D. N., Perry, A., Reifenberger, G., Von
Deimling, A., Figarella-Branger, D., Cavenee,
W. K., ... & Ellison, D. W. (2016). The 2016
World Health Organization classification of
tumors of the central nervous system: a
summary. Acta neuropathologica, 131, 803-
820.

[2] Menze, B. H., Jakab, A., Bauer, S., Kalpathy-
Cramer, J., Farahani, K., Kirby, J., ... & Van
Leemput, K. (2014). The multimodal brain
tumor  image  segmentation  benchmark
(BRATYS). IEEE transactions on medical
imaging, 34(10), 1993-2024.

[3] Xu, S., Tang, L., Li, X., Fan, F., & Liu, Z.
(2020). Immunotherapy for glioma: current
management and future application. Cancer
letters, 476, 1-12.

[4] Aran, D., Sirota, M., & Butte, A. J. (2015).
Systematic pan-cancer analysis of tumour
purity. Nature communications, 6(1), 8971.

[5] Watanabe, T., Nobusawa, S., Kleihues, P., &
Ohgaki, H. (2009). IDH1 mutations are early
events in the development of astrocytomas and
oligodendrogliomas. The American journal of
pathology, 174(4), 1149-1153.

[6] Carro, M. S., Lim, W. K., Alvarez, M. J., Bollo,
R. J., Zhao, X., Snyder, E. Y., ... & lavarone, A.
(2010). The transcriptional network for
mesenchymal  transformation ~ of  brain
tumours. Nature, 463(7279), 318-325.

[7] Ohgaki, H., & Kleihues, P. (2007). Genetic
pathways to primary and secondary
glioblastoma. The ~ American  journal  of
pathology, 170(5), 1445-1453.

[8] Huse, J. T., & Holland, E. C. (2010). Targeting
brain cancer: advances in the molecular
pathology of malignant glioma and
medulloblastoma. Nature reviews cancer, 10(5),
319-331.

[9] Krex, D., Klink, B., Hartmann, C., Von
Deimling, A., Pietsch, T., Simon, M., ... &
German Glioma Network. (2007). Long-term
survival with glioblastoma
multiforme. Brain, 130(10), 2596-2606.

[10] Nobusawa, S., Watanabe, T., Kleihues, P., &
Ohgaki, H. (2009). IDH1 mutations as molecular
signature and predictive factor of secondary

mrd T his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053

Volume-3 Issue-2 || April 2024 || PP. 242-251

https://doi.org/10.55544/jrash.3.2.41

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

glioblastomas. Clinical Cancer
Research, 15(19), 6002-6007.

Ricard, D., Idbaih, A., Ducray, F., Lahutte, M.,
Hoang-Xuan, K., & Delattre, J. Y. (2012).
Primary brain tumours in adults. The
Lancet, 379(9830), 1984-1996.

Qin, W., Chandra, J., Abourehab, M. A., Gupta,
N., Chen, Z. S., Kesharwani, P., & Cao, H. L.
(2023). New opportunities for RGD-engineered
metal nanoparticles in  cancer. Molecular
Cancer, 22(1), 87.

Belpomme, D., Hardell, L., Belyaev, I., Burgio,
E., & Carpenter, D. O. (2018). Thermal and non-
thermal health effects of low intensity non-
ionizing radiation: An international
perspective. Environmental pollution, 242, 643-
658.

Hahn Dunn, G. P., Rinne, M. L., Wykosky, J.,
Genovese, G., Quayle, S. N., Dunn, I. F,, ... &,
W. C. (2012). Emerging insights into the
molecular and cellular basis of
glioblastoma. Genes & development, 26(8), 756-
784.

Sahana, S. (2020). Purabi saha, Roshan kumar,
Pradipta das, Indranil Chatterjee, Prasit Roy, Sk
Abdur Rahamat. A Review of the 2019 Corona
virus (COVID-19) World Journal of Pharmacy
and Pharmaceutical science, 9(9), 2367-2381.
Kumar, R., Jangir, D. K., Verma, G., Shekhar,
S., Hanpude, P., Kumar, S., ... & Kanti Maiti, T.
(2017). S-nitrosylation of UCHLL1 induces its
structural instability and promotes a-synuclein
aggregation. Scientific reports, 7(1), 44558.
Saha, P., Kumar, R., Nyarko, R. O., Kahwa, 1.,
& Owusu, P. (2021). Herbal Secondary
Metabolite For Gastro-Protective Ulcer Activity
With Api Structures.

Sahana, S., Kumar, R., Nag, S., Paul, R,
Chatterjee, 1., & Guha, N. (2020). A Review On
Alzheimer Disease And Future Prospects.

Saha, P., Kumar, R., Nyarko, R. O., Kahwa, I.,
& Owusu, P. (2021). Herbal Secondary
Metabolite For Gastro-Protective Ulcer Activity
With Api Structures.

Kumar, R., & Saha, P. (2022). A review on
artificial intelligence and machine learning to
improve cancer management and drug
discovery. International Journal for Research in
Applied Sciences and Biotechnology, 9(3), 149-
156.

Saha, P., Nyarko, R. O., Lokare, P., Kahwa, 1.,
Boateng, P. O., & Asum, C. (2022). Effect of
Covid-19 in Management of Lung Cancer
Disease: A  Review. Asian  Journal of
Pharmaceutical Research and
Development, 10(3), 58-64.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Keshamma, E., Paswan, S. K., Kumar, R., Saha,
P., Trivedi, U., Chourasia, A., & Otia, M. (2022).
Alkaloid Based Chemical Constituents of
Ocimum santum & Cinchona Bark: A Meta
Analysis. Journal for Research in Applied
Sciences and Biotechnology, 1(2), 35-42.
Kumar, R., Saha, P., Keshamma, E.,
Sachitanadam, P., & Subramanian, M. (2022).
Docking studies of some novel Hetrocyclic
compound as Acat inhibitors: A meta
analysis. Journal for Research in Applied
Sciences and Biotechnology, 1(3), 33-41.
Nyarko, R. O., Roopini, R., Raviteja, V.,
Awuchi, C. G., Kumar, R., Faller, E. M., ... &
Saha, P. (2022). Novel Sars-CoV-2 Variants &
Therapeutic Effects. Journal for Research in
Applied Sciences and Biotechnology, 1(2), 25-
34.

Godswill, A. C., Amagwula, I. O., Igwe, V. S.,
& Gonzaga, A. |. (2018). Effects of repeated
deep frying on refractive index and peroxide
value of selected vegetable oils.

Godswill, A. C., Amagwula, I. O., Igwe, V. S.,
& Gonzaga, A. |. (2018). Effects of repeated
deep frying on refractive index and peroxide
value of selected vegetable oils.

Amle, V. S., Rathod, D. A., Keshamma, E.,
Kumar, V., Kumar, R., & Saha, P. (2022).
Bioactive Herbal Medicine Use for Eye Sight: A
Meta Analysis. Journal for Research in Applied
Sciences and Biotechnology, 1(3), 42-50.
Keshamma, E., Paswan, S. K., Kumar, R., Saha,
P., Trivedi, U., Chourasia, A., & Otia, M. (2022).
Alkaloid Based Chemical Constituents of
Ocimum santum & Cinchona Bark: A Meta
Analysis. Journal for Research in Applied
Sciences and Biotechnology, 1(2), 35-42.

Singh, Y., Paswan, S. K., Kumar, R., Otia, M.
K., Acharya, S., Kumar, D., & Keshamma, E.
(2022). Plant & Its Derivative Shows
Therapeutic ~ Activity on  Neuroprotective
Effect. Journal for Research in Applied Sciences
and Biotechnology, 1(2), 10-24.

Daharia, A., Jaiswal, V. K., Royal, K. P,
Sharma, H., Joginath, A. K., Kumar, R., & Saha,
P. (2022). A Comparative review on ginger and
garlic with their pharmacological Action. Asian
Journal of Pharmaceutical Research and
Development, 10(3), 65-69.

Basso, J., Miranda, A., Nunes, S., Cova, T.,
Sousa, J., Vitorino, C., & Pais, A. (2018).
Hydrogel-based drug delivery nanosystems for
the treatment of brain tumors. Gels, 4(3), 62.
Hersh, A. M., Alomari, S., & Tyler, B. M.
(2022). Crossing the blood-brain barrier:
advances in nanoparticle technology for drug

mrd T his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053

Volume-3 Issue-2 || April 2024 || PP. 242-251

https://doi.org/10.55544/jrash.3.2.41

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

delivery in  neuro-oncology. International
journal of molecular sciences, 23(8), 4153.
Reddy, S., Tatiparti, K., Sau, S., & lyer, A. K.
(2021). Recent advances in nano delivery
systems for blood-brain barrier (BBB)
penetration and targeting of brain tumors. Drug
Discovery Today, 26(8), 1944-1952.

Caraway, C. A., Gaitsch, H., Wicks, E. E.,
Kalluri, A., Kunadi, N., & Tyler, B. M. (2022).
Polymeric nanoparticles in brain cancer therapy:
A review of current
approaches. Polymers, 14(14), 2963.

Bellotti, E., Schilling, A. L., Little, S. R, &
Decuzzi, P. (2021). Injectable thermoresponsive
hydrogels as drug delivery system for the
treatment of central nervous system disorders: A
review. Journal of controlled release, 329, 16-
35.

Zhou, X., He, X., Shi, K., Yuan, L., Yang, Y.,
Liu, Q., .. & Qian, Z. (2020). Injectable
thermosensitive hydrogel containing erlotinib-
loaded hollow mesoporous silica nanoparticles
as a localized drug delivery system for NSCLC
therapy. Advanced Science, 7(23), 2001442.
Huang, Y., Li, P., Zhao, R., Zhao, L., Liu, J.,
Peng, S., & Zhang, Z. (2022). Silica
nanoparticles: Biomedical applications and
toxicity. Biomedicine & Pharmacotherapy, 151,
113053.

Rastegari, E., Hsiao, Y. J., Lai, W. Y., Lai, Y.
H., Yang, T. C., Chen, S. J.,, ... & Chien, Y.
(2021). An update on mesoporous silica
nanoparticle applications in
nanomedicine. Pharmaceutics, 13(7), 1067.

Xu, Z., Liu, Y., Ma, R., Chen, J., Qiu, J., Du, S.,
... & Chen, T. (2022). Thermosensitive hydrogel
incorporating  Prussian  blue nanoparticles
promotes diabetic wound healing via ROS
scavenging and  mitochondrial ~ function
restoration. ACS  applied materials &
interfaces, 14(12), 14059-14071.

Tao, S. C., Huang, J. Y., Gao, Y., Li, Z. X., WEeli,
Z. Y., Dawes, H., & Guo, S. C. (2021). Small
extracellular vesicles in combination with sleep-
related circRNA3503: a targeted therapeutic
agent with injectable thermosensitive hydrogel
to prevent osteoarthritis. Bioactive
materials, 6(12), 4455-4469.

Yan, J., Wang, Y., Ran, M., Mustafa, R. A., Luo,
H., Wang, J., ... & Zhang, H. (2021). Peritumoral
microgel reservoir for long-term light-controlled
triple-synergistic treatment of osteosarcoma
with single ultra-low dose. Small, 17(31),
2100479.

Wei, P., Wang, L., Xie, F., & Cai, J. (2022).
Strong and tough cellulose—graphene oxide
composite  hydrogels by  multi-modulus

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

components  strategy as  photothermal
antibacterial platform. Chemical Engineering
Journal, 431, 133964.

Zhou, X., He, X., Shi, K., Yuan, L., Yang, Y.,
Liu, Q.,, .. & Qian, Z. (2020). Injectable
thermosensitive hydrogel containing erlotinib-
loaded hollow mesoporous silica nanoparticles
as a localized drug delivery system for NSCLC
therapy. Advanced Science, 7(23), 2001442.
Kriger-Genge, A., Tondera, C., Hauser, S.,
Braune, S., Gors, J., Roch, T., ... & Jung, F.
(2021).  Immunocompatibility —and  non-
thrombogenicity of gelatin-based
hydrogels. Clinical hemorheology and
microcirculation, 77(3), 335-350.

Rasmussen, M. K., Mestre, H., & Nedergaard,
M. (2018). The glymphatic pathway in
neurological disorders. The Lancet
Neurology, 17(11), 1016-1024.

Hablitz, L. M., & Nedergaard, M. (2021). The
glymphatic system: a novel component of
fundamental neurobiology. Journal of
Neuroscience, 41(37), 7698-7711.

Proulx, S. T. (2021). Cerebrospinal fluid
outflow: a review of the historical and
contemporary evidence for arachnoid villi,
perineural routes, and dural lymphatics. Cellular
and Molecular Life Sciences, 78(6), 2429-2457.
Kumar, R., & Saha, P. (2022). A review on
artificial intelligence and machine learning to
improve cancer management and drug
discovery. International Journal for Research in
Applied Sciences and Biotechnology, 9(3), 149-
156.

Bohr, T., Hjorth, P. G., Holst, S. C., Hrabé&tova,
S., Kiviniemi, V., Lilius, T., ... & Nedergaard,
M. (2022). The glymphatic system: Current
understanding and modeling. IScience, 25(9).
Dorrier, C. E., Jones, H. E., Pintari¢, L.,
Siegenthaler, J. A., & Daneman, R. (2022).
Emerging roles for CNS fibroblasts in health,
injury and disease. Nature Reviews
Neuroscience, 23(1), 23-34.

Saha, P., Kumar, A., Bhanja, J., Shaik, R.,
Kawale, A. L., & Kumar, R. (2022). A review of
immune blockade safety and antitumor activity
of dostarlimab therapy in endometrial
cancer. International Journal for Research in
Applied Sciences and Biotechnology, 9(3), 201-
209.

Amle, V. S., Rathod, D. A., Keshamma, E.,
Kumar, V., Kumar, R., & Saha, P. (2022).
Bioactive Herbal Medicine Use for Eye Sight: A
Meta Analysis. Journal for Research in Applied
Sciences and Biotechnology, 1(3), 42-50.
Godswill, A. C., Amagwula, I. O., Igwe, V. S.,
& Gonzaga, A. I. (2018). Effects of repeated

mrd T his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053

Volume-3 Issue-2 || April 2024 || PP. 242-251

https://doi.org/10.55544/jrash.3.2.41

[54]

[55]

[56]

deep frying on refractive index and peroxide
value of selected vegetable oils.

Lohela, T. J., Lilius, T. O., & Nedergaard, M.
(2022). The glymphatic system: implications for
drugs  for  central nervous  system
diseases. Nature Reviews Drug
Discovery, 21(10), 763-779.

Bothwell, S. W., Janigro, D., & Patabendige, A.
(2019). Cerebrospinal fluid dynamics and
intracranial pressure elevation in neurological
diseases. Fluids and Barriers of the CNS, 16(1),
9.

Nyarko, R. O., Roopini, R., Raviteja, V.,
Awuchi, C. G., Kumar, R., Faller, E. M., ... &
Saha, P. (2022). Novel Sars-CoV-2 Variants &
Therapeutic Effects. Journal for Research in
Applied Sciences and Biotechnology, 1(2), 25-
34.

[57]

[58]

[59]

[60]

Uemura, M. T., Maki, T., Ihara, M., Lee, V. M.,
& Trojanowski, J. Q. (2020). Brain
microvascular pericytes in vascular cognitive
impairment and dementia. Frontiers in aging
neuroscience, 12, 80.

Hladky, S. B., & Barrand, M. A. (2018).
Elimination of substances from the brain
parenchyma: efflux via perivascular pathways
and via the blood-brain barrier. Fluids and
Barriers of the CNS, 15, 1-73.

Forte, A. E., Galvan, S., Manieri, F., y Baena, F.
R., & Dini, D. (2016). A composite hydrogel for
brain tissue phantoms. Materials & Design, 112,
227-238.

Zhong, J., Chan, A., Morad, L., Kornblum, H. I.,
Fan, G., & Carmichael, S. T. (2010). Hydrogel
matrix to support stem cell survival after brain
transplantation in stroke. Neurorehabilitation
and neural repair, 24(7), 636-644.

mrd T his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



