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Abstract:

Retinoblastoma is an uncommon kind of cancer that is difficult to diagnose and cure because of factors
such as alterations in tumour-suppressor genes and a lack of focused, effective, and costefficient
treatments. Because of its potential for binding to the overexpressed retinoblastoma gene and delivering
anticancer drugs in a targeted and regulated fashion, nanotechnology has revolutionized the medical
field and opened up new avenues for the diagnosis and treatment of this deadly malignancy. Significant
advancements have been achieved in the treatment of retinoblastoma as a result of the use of
nanotechnology. These contributions have shown themselves as surface-tailored multi-functionalized
nanocarriers, nanocarriers based on lipids, nanocarriers ligands for overexpressed receptors, and
metallic nanocarriers, among other forms. It has been shown that every one of these nanocarriers is
effective. These nanocarriers seem to be state-of-the-art in the reduction of a broad variety of malignant
retinoblastoma. This is accomplished by targeted distribution at a particular area, which ultimately leads
to programmed death in cancer cells. This is performed by concentrating delivery efforts to a specific
location. Despite the growing importance of nanomedicine in cancer treatment, there has been less
discussion of the efficacy of these nanoplatforms in identifying and treating ophthalmic malignancies
like retinoblastoma. Recent advances and potential future directions for nanotechnology-based
intraocular medication delivery and diagnostic systems were discussed in this paper.
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Introduction: Ocular cancer known as retinal astrocytoma (RB) is more prevalent in infants and young
children than it is in older children and young adults, with an incidence that ranges from 1 in 15,000 to
1in 20,000 live births across the globe [1]. RB is more common in infants and young children than it is
in older children and young adults. The risk of contracting RB is higher in younger children and babies
as compared to older children and young adults. Strabismus and leukocoria are two of the most obvious
indications of RB, and both of these may be seen in both eyes. Both of these can also be observed in
both eyes. The loss of sight, subsequent tumours in other parts of the body, and even death may result
from it if it is not treated early [3,4]. Malignant RB tumours often appear during the first three years of
life, and their initiation by somatic inactivation of both RB gene (RB1) alleles [5,6] is the prototypical
pattern for hereditary cancers. Due to their origin in the retina's immature cells, RB tumours are highly
dependent on the blood supply in order to grow [7].

For children with RB, the usual treatments were external beam radiation, irradiation to cryotherapy,
episcleral plague, photocoagulation, and enucleation [8]. Over the last few years, there have been
several breakthroughs in RB management. Intravenous and intraarterial chemotherapies are now the
standard treatment for RB [9], replacing radiation therapy as people become more aware of its dangers.
Due to factors such as probable systemic toxicity, rapid blood clearance and drug resistance, their
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therapeutic use is limited [10]. Cataracts, radiation retinopathies, and facial abnormalities are all
negative side effects of the aforementioned modalities that have led to the implementation of new
therapy procedures that are more intense and need an integrated approach [3,11].

Standard dosing reduces the clinical efficacy of chemotherapeutic drugs [12-18]. This holds true both
for the administration of drugs that are insoluble in water and for the administration of therapies
intended for the back of the eye. Ischemia necrosis, orbital fat necrosis, optic nerve atrophy, and changes
in ocular mobility are among side effects of chemotherapy that may be mitigated by administering the
medicine locally to the eye, especially with alkylating agents [19,20]. The rapid distribution of the
aqueous solution of alkylating medicines throughout the orbit, periorbit, and adjacent tissues is likely
to blame for these undesired side effects [21]. Because the conjunctival arteries need to be cleaned, it is
more difficult to provide medication to the eye. The complexity of the eye's anatomy and physiology,
including the blood-retina barrier, the ocular surface epithelium, and the blood-aqueous barrier, may be
detrimental to the eye's ability to perform its normal functions [12]. Because of this, the development
of efficient delivery transporters is very necessary for RB treatment.

Fluorescein angiography, magnetic resonance imaging (MRI), commutated tomography (CT), and
ultrasonography [6] are just some of the diagnostic methods that are often employed to arrive at the
conclusion that retinal tumours are the cause of RB. Although there are several ophthalmic imaging
options now accessible, ocular molecular imaging is desperately needed since it allows for the detection
of eye diseases long before any outward morphological changes become apparent [22]. Ocular
molecular imaging is desperately needed, despite the abundance of existing ophthalmic imaging
methods. Ocular molecular imaging is urgently required, despite the fact that there is a wide variety of
ophthalmic imaging techniques available right now. There is an immediate demand for ocular molecular
imaging despite the fact that there is a wide range of ophthalmic imaging options accessible presently
to choose from. When compared to more standard imaging approaches, this sort of imaging enables the
early identification of eye illnesses. Typically, ocular tumours are detected when they progress beyond
the stage when they are just abnormal cells and into the realm of malignant tissue. However, sampling
mistakes may lead to erroneously negative specimens [23], and thus knowledge about the histological
nature of the ocular malignancy is crucial.

Diagnosing and treating cancer and eye diseases using nanotechnology has grown exponentially in
recent years. Nanotechnology-based ocular delivery methods provide a number of benefits over
conventional diagnostics and treatments [24-30]. Nanomaterials (NMs) were created to improve the
diagnosis, treatment, and therapy of diseases because of their special properties and prospective uses in
medicine and biology [31-36]. Drugs, tiny compounds, peptides, nucleic acids, and vaccines are only
some of the many examples of substances for which NPs are utilized for efficient delivery at the present
time [37]. In comparison to conventional chemotherapeutics, NPs are safer and more effective because
of their regulated release, smaller dimensions (on the order of nanometers), and desired therapeutic
toxicity [38,39]. This renewed interest in NPs has several applications, including implants, contact
lenses containing NPs, films, nanofabricated devices, and custom-designed nanocarriers for ocular
medicine delivery [39].

There are a variety of methods for administering NPs to the eye, including topically, particularly,
systemically, intravitreally, and suprachoroidal. For this reason, slow-release NPs or NPs that respond
to stimuli are best administered suprachoroidal, intravitreally, or particularly. Meanwhile, topical
injection is preferable for bioadhesive or fast-uptake NPs [40]. Peptides and protein ligands like
transferrin, when combined with NPs, have the ability to boost the conjunctival entrance and transport
of the particles [41]. It has been shown that magnetic nanoparticles (NPs) that enclose a pharmacological
payload have the potential to improve cellular absorption of the payload [42]. This is something that
has been demonstrated. These functionalized NPs have the capability of functioning as an original and
useful contrast agent for magnetic resonance imaging (MRI) [40]. There are several benefits of using
NPs to transport nucleic acids (such as micro RNAs, RNA, RNS and short-interfering) [43]. Gene
transfection with NPs is advantageous because it prevents nucleic acids from attaching to certain cell
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surface receptors, which limits off-target effects and lengthens the time period during which gene
transfection may take place. They also prevent nucleic acids from being degraded by endogenous
nucleases, which is useful for keeping transfected genes alive for longer. In light of this, it is possible
that functionalized NPs are excellent vehicles for retinal gene therapy and nucleic acid delivery in the
management of a wide range of ocular illnesses, including RB [46,47]. Delivering drugs using
nanoparticles is a cutting-edge strategy for treating ocular diseases.

However, there are still a number of obstacles to overcome when using NPs for this purpose [48-56].
First of all, despite their widespread use as medication and gene carriers, NPs have no ocular side effects
[12]. In addition, the incubation of certain NPs may take a significant amount of time [57], and the NPs
themselves can form insoluble particles and components that are capable of interacting with biological
systems [58]. This research article evaluates the current use of NPs in RB and speculates on their
potential in the future as diagnostic and therapeutic tools for RB.

Retinoblastoma Diagnosis and the Role of Nanotechnology: It is necessary to manage the risk of
intraocular cancer issues and metastatic potential in the same manner as other tumours [9]. Because it
is so close to the ocular tissues, early identification of intraocular cancer is crucial for sustaining eyesight
[59]. Depending on when they often appear in patients, intraocular tumours may be broken down into
two categories: RB in younger patients and ocular melanoma in older patients [60].

RB is a genetic disorder that often affects children under the age of five and is caused by the silencing
of the RB gene. This kind of intraocular cancer is more common in underdeveloped nations. Silencing
this gene results in a loss of cell cycle control, leading to uncontrolled cell growth [61,62]. In extreme
cases, the tumour may spread outside the eye, causing inflammation of the eye. The pleural space, brain,
and spinal cord are also potential destinations for RB's spread. Choroid vascular tissue may be invaded
and then dispersed to the bone and stem cell reservoir [1].

Ophthalmologists are the medical professionals most likely to examine and image the eye to diagnose
RB. Retinal and vitreous space lesions, as well as a big, white to creamy-colored tumour, are typical
findings during fundoscopy. Since CT scans are not recommended for children, ultrasonography is
utilized to classify and evaluate intraocular malignancies [63—65]. In addition, MRI scans of the brain
and orbits are performed to examine the tumor's spread beyond the eyes [66]. Despite the adaptability
of ophthalmic imaging techniques, conventional optical and ultrasound imaging are not useful for
detecting disorders of the eye before visible morphological alterations have occurred. Contrarily, several
diagnostic approaches have been created with the goal of bettering health outcomes. However, there are
constraints and limits when using the current methods [67]. Recent research has uncovered a number of
novel RB biomarkers, some of which have the potential to be utilised as prognostic variables for
diagnosis. These novel RB biomarkers also contribute to our understanding of the aetiology of RB and
inform our strategies for diagnosing and treating this disease [68].

Successful treatment of RB relies on early diagnosis [69]. Improved first-stage cancer diagnosis and
ongoing therapy monitoring are both possible because to novel molecular contrasting agents and
nanomaterials made possible by nanotechnology [15,16,25,27,70]. See Tablel for a summary of recent
developments in nanoplatforms that improve upon the picture quality of standard imaging methods
[49,50,54,71]. Despite these advancements, not enough research has gone into optimizing conventional
ocular imaging methods by using nanoplatforms [72].

Imaging techniques such as MRI, OCT, and ultrasound imaging are some examples. Table 1:
Different Nanostructures summary

Structure Features

e
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Mesoporous Au nanocages (AuNCs) were coupled with Fe304 Multi-functional
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. To quantify DNA methylation levels, carbon nanofilm electrodes were
nanomaterials 62
In the mouse model eyes, QDs on the posterior side of the cornea were retained
3-48 h after cell injection when the endothelium was cryogenically damaged,
Quantum dots but this was not the case in the stable control

eyes. 63

Nanoparticles showed excellent negative contrast in magnetic resonance

imaging (MRI) investigations and proved to be biocompatible without
Magnetic NPs causing cytotoxicity in normal and cancerous

cells. 64

Employing au nanorods, it has been shown that PT-OCT is an effective tool for

visualizing the distribution of exogenous and endogenous absorbers in the
Gold nanorods mouse retina. This was accomplished by using the

technique. 65

Antigens (MT 1/2 and MT 3) were imaged with a laser spot size as small as

4 m utilizing LA in combination with inductively coupled plasma—mass
Gold nanoclusters  spectrometry due to the signal amplification given

by >500 gold atoms in each nanocluster (ICP-MS). 66

Due to their specific light absorption properties, the gold NPs given
Gold NPs P g P prop g g

improved the contrast of photoacoustic images taken at tumour sites. 67

Despite a lack of funding for studies in this field, these nanoplatform have shown enormous promise in
improving the quality of imaging and detection of retinal illnesses. Use of quantum dots (QDs) in eye
imaging has been studied. As well as being optically robust, they may provide multimodal detection
[80,81]. Newly discovered therapy for treating corneal endothelium failure involves injecting cultured
human corneal endothelial cells (cHCECS) into the anterior chamber. Toda et al., who injected cHCECs
and tracked them using semiconductor QDs, are one such group. Researchers tracked the migration and
clustering of cHCECs in a mouse model of corneal endothelial dysfunction by injecting QD-labeled
cHCECs [77, 82]. Quantification of cHCECs QDs after injection. Cryogenically wounded corneal
endothelium in a mouse model clearly retained cHCECs QDs on the posterior surface 3 to 48 h after
cell injection, but healthy control eyes did not. When the dots' potential toxicity is taken into account,
QDs may prove to be useful contrast agents. AuNPs are an option that has been offered by several
researchers.

As a further example, Lapierre-Landry and colleagues [75] carried out the first in vivo phototherapeutic
(PT-OCT) investigation of the eye to investigate endogenous (melanin) and exogenous (Au nanorods)
absorbers. Optical coherence tomography (OCT) is currently a standard of care in retinal imaging. OCT
allows for the noninvasive mapping of tissue architecture, however it cannot be utilized for in vivo
molecular imaging due to the lack of specificity of contrasting agents. This sample developed a method
called PT-OCT, which is an OCT-based practical methodology, to determine whether absorbers are
present. The photothermal signal was separated using animals with pigmented retinas (also known as
"pigmented mice") and animals without pigmented retinas (also known as "albino mice"), respectively.
After administering systemic injections of gold nanorods in order to investigate the passive aggregation
of these particles in the retina, we found that pigmented animals developed lesions consistent with laser-
induced choroidal neovascularization. Based on the data presented here, it seems that PT-OCT, in
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conjunction with Au nanorods, might be used to investigate the relative abundance of exogenous and
endogenous absorbers in mouse eyes.

Altundal et al. [83] investigated the dosimetric potential of using AuNPs or carboplatin-loaded AuNPs
through the employment of kV energy external and internal beam irradiation in order to improve the
efficacy of radiotherapy for the treatment of ocular malignancies (choroidal melanoma) and RB.
Combining radiation treatment for ocular cancer with AuNPs or carboplatin-loaded AuNPs employing
kV energy photon beams was projected to result in significant dosage improvements based on the
results. To a greater extent than with an external beam, brachytherapy sources may increase the dosage.
However, the external beam has the advantage of not having any side effects.

In a previous work [84], researchers used a rabbit model to investigate the efficacy of brachytherapy
combined with ultrasonic heating techniques in the presence of AuNPs for treating ocular RB tumours.
We used B-mode ultrasound imaging to evaluate the tumour at the beginning and end of the third week.
Both groups were examined histopathologically for signs of tumour necrosis. When compared with the
other study groups, the combination group had a strikingly different trajectory of relative tumour area
changes than the other groups. The results of the histological analysis confirmed the theory that necrosis
of live RB cells had occurred. Again and again, Au NPs have shown their worth in a variety of imaging
modalities, including ultrasounds. Because of this, AUNPs may serve as a viable substitute for quantum
dots. Carbon nanomaterials have recently garnered a lot of attention [85] due to the structural variations
between them and the large variety of functionally based electrical and chemical properties they exhibit.
Electroanalysis employing carbon materials for biomolecules has been the focus of research because
electrochemical methods provide the advantages of versatility and responsiveness in developing a
sensor design [86].

Magnetic NPs with high contrast for MRIs have only shown their worth so far in an in vitro setting [87].
In the past, researchers have shown that nanoparticles coated with human serum albumin (HSA and
IO/HSA NPs) prolong the half-lives of cross-linked medicinal compounds [88]. Tzameret et al. [88]
injected IO/HSA NPs suprachoroid of a rat retinalmodel and monitored them in vivo using MRI to
assess their long-term safety. Independently, Jaidev et al. [76] synthesised fluorescent iron oxide NPs
and tested their viability for imaging RB cells. In order to prepare and stabilize the iron oxide NPs, oleic
acid was used in the process. Nanoparticles of iron oxide coated with oleic acid were used to adsorb
sulforhodamine B onto albumin. Studies using magnetic resonance imaging (MRI) have shown that the
nanomaterials have a strong negative contrast to both healthy and cancerous cells, indicating their
bioavailability and noncytotoxicity. So far, MRIs have mostly used iron oxide (I0) NPs. Issues with
stability and toxicity may be mitigated by the coating process.

The Role of Nanoparticles in RB Therapy: RB1 mutations cause the most prevalent juvenile eye
malignancy [89]. The lower socioeconomic status that characterizes developing countries also
contributes to the delay in diagnosis which contributes to the decline in the survival rate of RB [90].
Proliferation and cancer are both stoked by mutations in tumour suppressor genes [91]. Enucleation is
the only treatment option for RB [92]. Radiation treatment and chemotherapy have been associated to
a number of side effects, including systemic toxicity, neutropenia, renal toxicity, hepatotoxicity and
thrombocytopenia, [93-96]. There is additional research being done on external beam radiation
treatment. Therefore, it is difficult to deliver drugs to the eye because the ocular tissues have their own
set of defenses. And other nanoformulations for medication delivery are effective enough to get around
these restrictions [97,98]. A number of NP types, including multi-functionalized NPs, lipid-based NPs,
and metallic NPs, have been demonstrated to be useful in the treatment of RB [99,100]. Despite the
challenges provided by the current eye care system, RB may be treated using multi-functionalized
nanomaterials for ocular medication delivery, as shown in Figurel. However, NPs that are produced
have the potential to encapsulate the therapeutic moiety and increase the retention duration [101]. Due
to their biodegradable nature, polymeric NPs can be safely and precisely delivered intravitreally in RB.
Table2 details the essential characteristics of nanocarriers used in the therapy of RB.

Table 2: Different nanocarriers features
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Nanocarrier Features e

Photoacoustic, ultrasound, and magnetic resonance imaging were all
Gold NPs enhanced when mesoporous Aunanocages (AuNCs) were mixed with96

Fe304NPs in both in vivo and in vitro settings.

The cytotoxic efficiency of silver nanoparticles (AgNPs) was tested on RB
SilverNPs cells using a fast technology based on natural sources of brown seaweed97

Turbinariaornate.

Melphalan and miR-181 were co-delivered in lipid nanoparticles (LNPS)
LipidNPs with a 93% encapsulation efficiency against RB, and the LNPs could be 98
switched on and off.
To combat RB, a chitosan NP (CNP) and doxorubicin (DOX) loading system
was developed and coupled with folic acid.
Electrostatic hyaluronic acid (HA) coatings were used to provide a
hydrophilic, anionic surface for nanomedicines based on nonviral 100
polymeric gene DNA complexes, enhancing their intravitreal mobility.

Folic acid NPs 99

Hyaluronic acid NPs

When comparing RB cells to healthy cells, lectins, which are sugar moieties,
Galactose NPs are significantly overexpressed in RB. Because of this, galactose may be used101
as a target for effective effects.
Melphalan spillage was reduced and targeted distribution was achieved by 102

Melaphalan NPs using the double-emulsion technique.

Retina Lens / Retina

- Metallic nanoparticles
nanoparticles > P: —
\ \
Tumor Health 4
. althy treat ’
Retinoblastoma Sy
S Polymerie nanoparticles
Liposome

Figure 1: Nanomaterials for ocular medication delivery to treat retinoblastoma.

Nanocarrier-Based Therapies with Multiple Mechanisms of Action Against RB:

Synthesizing multi-functionalized NPs for targeted action by attaching specific ligands allows for more
precise delivery to the overexpressed tissues. These NPs set the bar in a wide variety of infectious
ilinesses and aggressive malignancies. Attaching many ligands to a nanocarrier system makes it more
versatile for targeting intracellular pathogens in infectious disorders. Biomarkers such as galactose,
hyaluronic acid, and folic acid (all seen in Figure 2) are overexpressed in malignancies, notably RB. In
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order to target RB cells, multi-functionalized NPs have been synthesized and attached to such
overexpressed ligands.

" Galactose

1 0 CH3 || 1 PLGA
W Po—cm—(:’—o—cu—c—o.

o
l.ons. / | Retina

Retina

] 5 . H
e Tumor 3 ‘ \

. Healthy treated eye

Hyaluronic acid - :
v Folic acid

Figure 2: Multifunctional retinoblastoma nanoparticles. Poly-D,L-lactic-co-glycolic acid.

The Intravitreal Chemotherapy of RB Using Surface-Modified Melphalan Nanoparticles: A two-
step procedure for the production of a formulation was established by Sims et al. [102] via the use of
song and double-step emulsion. In the first stage of the procedure, poly-D, L-lactic-coglycolic acid
nanoparticles (PLGA NPs) were produced by adding a number of different fluorescent coumarin 6 (C6)
molecules followed by the evaporation of the solvent that was present in the emulsion. The procedure
of encapsulating coumarin was improved by making a single emulsion of oil in water (o/w). The
emulsion was produced in batches ranging in size from 100 mg to 200 mg, and the active component
used was carboxyl-terminated PLGA. After letting C6 steep in dichloromethane (DCM) for a full 24
hours, we added a trace amount of PLGA at the end. After three hours of solvent evaporation, 5% PVA
solution was added to the final PLGA/C6/DCM formulation and vortexed, sonicated, and solvent
evaporated. Using the doubleemulsion procedure, the medication was then added to melphalan PLGA
NPs. Double-emulsion decreased melphalan manufacturing waste. PLGA was dissolved in DCM
overnight and melphalan in EDTA buffer for the double-emulsion procedure. The preformed
PLGA/DCM mixture was then used to dissolve melphalan/EDTA, which was then stirred continuously.
The resulting mixture was added drop by drop to the 5% PV A solution before being vortexed, sonicated,
and considered a conjugate consisting of PLGA, DCM, melphalan, and PVA. In order to stop melphalan
from leaking out of NPs during production, the final nanoparticles were toughened.

Functionalized nanocarriers with galactose: Improved and focused treatment against RB is in great
demand, and one molecular approach that has shown promise is based on sugar moieties as ligands.
Overexpressed relative to normal cells, lectins bind sugar moieties in RB. Therefore, targeting lectins
that are overexpressed is an effective strategy. By using carbodiimide chemistry to connect galactose
carboxyl and chitosan amino groups, a new sugar receptor-targeted delivery method for etoposide was
established (ETP). To begin the synthesis process, poly (lactide-coglycolide) NPs (NPs) were prepared
and ETP was displaced into them. Nanocarriers with a Functionalization for Hyaluronic Acid (HA):
The CDA44 receptor in cells gives hyaluronic acid its adaptability, biodegradability, shielding, mobility,
and anticancer action. The Food and Drug Administration (FDA) has authorized this marine polymer.
Retinal gene therapy was created and tested as a potential treatment for retinoblastoma in a previous
study. Electrostatically coating nanomedicines with HA increased intravitreal mobility by creating an
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anionic hydrophilic covering. We studied the size, surface charges, zeta potential, and complexation of
HA polyplexes ranging in molecular weight from low to high. When there was a larger concentration
of HA, there was a corresponding increase in the anionic potential by a factor of four. An ex-vivo model
that utilized excised cow eyes and fluorescent single-particle tracking (FSPT) demonstrated that HA-
coated polyplexes had enhanced mobility in intact vitreous humour and were able to successfully
endocytose CD44 receptors. The model was carried out to show that HA-coated polyplexes were able
to endocytose CD44 receptors. It was shown with the use of this model that HA-coated polyplexes had
the ability to endocytose CD44 receptors. Because proving that HA-coated polyplexes are capable of
endocytosing CD44 receptors was the objective of this model, the decision was made to carry out the
experiment. Multifunctional Nanocarriers with Folic Acid (FA): By incorporating a targeting moiety
into nanocarriers, we may increase their efficacy in the targeted killing of malignant cells, making them
more effective than systemic chemotherapy. Targeted moieties allow for the precise placement of
anticancer medicines [113]. Folate receptor is a common targeting molecule. Treating the condition
with folic acid may cause selective NP absorption and cytotoxicity against cancer cells only due to the
robust upregulation of folate receptors in RB cells. Chitosan nanoparticles (CNPs) containing
dioxycorticoid (DOX) were synthesized by Parveen and Sahoo [3, 4]. After the NPs were created, the
folic acid was attached to them. After ionic gelation is used to couple chitosan nanoparticles (CNPs) to
dioxanone (DOX), CNP pellets may be separated with 18,000 rpom @ 4 C for 30 minutes. Following
Iyophilization, centrifugation at 3000 rpm, and storage at 4 C, CNPs were coupled with folic acid
through a distilled water-based process. NMR and FTIR were used to analyze FA conjugation on CNPs
(FTIR). DOX-CNPs were more cytotoxic to RB cells than pure DOX or unconjugated DOX using the
MTT test (a colourimetric technique for measuring cell metabolic activity). Additional investigation
into the function of DOX in Y-79 cell apoptosis indicated that FA-DOX-CNPs facilitated cell death by
activating mitochondrial pathways and leading to the release of cytochrome ¢ and caspases enzymes.
As a result, it was determined that NPs that specifically target FA are a successful, long-term treatment
for RB. Additionally, de MoraesProfirio and Pessine (2018) used a 22-factorial design to optimize the
formulation and characterize utilizing all the optimal characterization methodologies required for the
safe and targeted distribution of carboplatin. In the end, we determined that the mean size of the PDI
was 0.20, the NPs was 178 nm, the -potential was 46.0 mV, the encapsulation efficiency was 35.5%,
and the yield of the NPs was 92%. For the treatment of RB using multi-functionalized NPs, scientists
have created ligands based on sugar moieties and ligands based on polymers, as mentioned above.
Lectins acted as sugar moieties. Compared to normal cells, RB has dramatically elevated levels of
galactose and HA. As a result, lectins that are overexpressed provide a more effective manner of
targeting than other ligands. PLGA was the most stable polymeric ligand. If polymeric and sugar
moieties are joined and functionalized in nanosystems, we expect remarkable specificity and stability.

Nanoparticles of lipids (LNPs): Pharmaceuticals, nutraceuticals, and personal care products are just
some of the many applications for lipid nanoparticles (LNPs) that are a vital element of nanotechnology
Lipids are the source of a wide variety of healthful compounds, the bulk of which are hydrophobic.
These beneficial chemicals include carotenes, carotenes, fatty acids, tocopherols, polyphenols,
flavonoids, and preservatives. In order to maintain the consistency of the formulations, it is necessary
for all of these lipids to be encased as colloidal dispersions inside a physiological medium of the oil-in-
water (o/w) type. Recently, LNPs have been recognized as potentially useful therapeutic agents for a
wide range of conditions, from the treatment of cancer and infectious diseases to the detoxification of
toxic metals. When it comes to chemotherapy for RB, melphalan is the medicine of choice. In spite of
this, there is always the chance of immunogenicity and the consequent destruction of healthy cells. The
encapsulation was successful 93% of the time when Tabatabaei et al. (2019) developed hot swappable
LNPs with a diameter of 171 nm for the purpose of co-delivering melphalan and miR-181. In spite of
these constraints, the researchers were able to encapsulate the molecules of interest in their investigation
with great success. In the course of the manufacturing procedure, some melphalan and ethanol in a
proportion of 10% was added to the lipid mixture. This was done in order to make melphalan-loaded
LNPs, also known as LNP/melphalan. This was done in order to treat cancer patients. After the ethanol
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was evaporated, a thin lipid coating was formed on the LNPs. In order to rehydrate the LNPs, 5%
dextrose was added to water, and the combination was heated to 40 degrees Celsius for 30 minutes.
Following the determination of melphalan concentration, miR-181a was encapsulated. The fluorescence
displacement experiment was used to infer the miR-181 encapsulation effectiveness. Formulated NPs
have been evaluated using a variety of characterization methods, with findings favoring LNPs in terms
of enhanced apoptotic gene expression, greatest absorption, and targeted death of RB cells.
Nanoparticles of Solid Lipids (SLNs): SLNs are a highly adaptable kind of lipid-based nanocarriers
technology that combine the benefits of emulsions, liposomes, and polymeric particles. SLNs are lipid
droplets that have a crystalline and highly organized form, and they are produced by synthesizing
liposome blends that incorporate bioactive chemicals into their lipid matrix. These blends are used to
create SLNs. The movement of bioactive substances is controlled by the SLN lipid matrix's physical
state. Therapeutic targeting, drug stability, and controlled drug release are only some of the benefits of
SLNs. SLNs were created by Ahmad et al.

(2019) with the intention of making the targeted administration of etoposide more straightforward in
the battle against RB. The SLNs were produced by using the ultrasonication and melt-emulsification
processes, respectively, throughout the manufacturing process. We were able to investigate the
relationship between response factors including particle size, surface shape, and entrapment efficiency
because to the fact that the novel SLNs were optimised with the help of a Box-Behnken design that
included three levels of factoring. Because of this, we were able to test the efficiency of entrapping
particles of a wide range of sizes and shapes (EE). Dimensions, entrapment efficiency, surface areas,
and in-vitro drug release were the criteria that were used to define the SLNs. The dimensions were the
single most crucial factor to consider. In spite of the absence of any systemic effects, pharmacokinetic
investigations were carried out on Wister rats following an intravitreal injection of the SLN formulation.
In addition, the gamma scintigraphic method was used so that researchers could evaluate the amount of
SLN that had been deposited in the ocular tissues of albino rabbits. In gamma scintigraphy,
radioisotopes, also known as radiopharmaceuticals, are injected into a patient's veins with the intention
of locating areas of the body that have undergone necrosis, inflammation, or destruction. Locating the
parts of the body that have been compromised in some way is one way to achieve this goal. The toxicity
and morphological changes following therapy were then evaluated using histological examinations. The
findings, however, showed that the improved formulation had particle sizes of 239.43 nm, PDIs of 0.261
0.001, and EEs of 80.96% and 2.21%. The greatest benefit of this formulation was the prolonged drug
release over a period of seven days after a single intravitreal injection. The gamma scintigraphy data
backed with the claims that the medication was released slowly over the course of seven days.
Histological analyses showed that the SLNs were not harmful since they did not cause any ill effects at
the back of the eyes. Therefore, it is evident that etoposide-loaded SLNs are an effective and secure
method of treating RB.

Nanoliposomes: Lipids self-assemble into liposomes when they come into contact with water due to
interactions between the lipids' hydrophobic system and the water. Due to the lack of direct interaction
between the two, lipids' hydrophobic system is unaffected when they come into indirect contact with
water. (Figure 3) [50]. [Further citation is required] In order for liposomes, which consist of a lipid
bilayer surrounding an aqueous core, to gain additional activity, ligands are often attached to the
liposomes. Liposomes may then be used in a variety of applications. After then, liposomes may be better
able to carry out the purpose for which they were designed. In order to investigate necrosis in RB cell
lines in both in vitro and in vivo situations, researchers Zhao et al. (2020) created cisplatin
nanoliposomes. In order to get a deeper comprehension of the procedure, this step was taken. After the
cells had been cultivated and then treated with Annexin V and propidium iodide, one was able to identify
what percentage of the Y-79 cells had gone through the process of apoptosis. This was done so that one
could calculate how many of the Y-79 cells had died (PI). Research initiatives that employ flow
cytofluoroscopic techniques to identify the presence of dead cells often call for the use of a double
staining kit that contains both annexin V and PI. Propidium iodide, often known as PI, is a stain that is
used to identify necrotic or late apoptotic cells. These cells may be identified by the loss of integrity of
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both the plasma membrane and the nuclear membrane. DNA fragmentation is a hallmark of necrotic
cells as well as those that have undergone late stages of apoptosis. Necrotic cells and cells that have
reached a late stage in the process of apoptosis are the only types of cells that have the capacity to
fragment. DNA fragmentation is a hallmark of necrotic cells as well as those that have undergone late
stages of apoptosis. The Annexin V matching signal offers a way that is capable of detecting the
movement of a cell in a manner that is very sensitive. In addition to using Western blotting to investigate
the various expressions of Bcl-2 and Bax, we measured the level of caspase-3 in Y-79 cells to determine
whether or not there was a change in the amount of inflammatory caspase-3. Our goal was to establish
whether or not there was a change in the amount of caspase-3 that is involved in the inflammatory
response. Our objective was to determine whether or not there was a shift in the total quantity of caspase-
3, an enzyme that plays a role in the body's inflammatory response. The most important thing for us
was to find out whether or not there was a shift in the total quantity of caspase-3. After using bald mice
to establish a tumour model based on Y-79 cells, the bald mice themselves were randomly distributed
among three groups, each of which had five individuals. The cancer model was then examined using
nudized mice as subjects. Cisplatin was injected into the naked mice that were part of the control group,
whereas the animals who were part of the other group got saline. This was done so that the replies of
both groups could be compared and contrasted. Following the administration of the injections, the mice
had their tumours surgically removed, and then the animals were prepared for eating by humans.
Afterwards, the mice were used in research. An evaluation of the combined sizes and masses of the
tumours was carried out after the completion of the surgical removal of the tumours. The assessment of
apoptotic cells was performed with the assistance of an in-situ cell death test kit, and the DNA that was
required for RT-PCR was extracted with the assistance of magnetic beads. Both of these procedures
were carried out in-house. In comparison to the cisplatin solution group and the DMSO group, the
cisplatin liposome group had higher levels of Bax protein expression, larger Y79 apoptotic rates, and
caspase-3 activity. Additionally, the cisplatin liposome group had decreased tumour volume and weight
(p 0.05).
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Figure 3: Using lipid and polymeric nanocarriers to overcome the ocular barrier.

Nanoparticles (Metallic): Nonspecific dispersion of chemotherapeutic drugs throughout the entire
body presents a significant obstacle in cancer therapy. Metallic NPs are very useful for cancer therapy.
The uncommon cancer RB may also be efficiently treated with metallic NPs after active or passive
targeting [49].
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Nanoparticles (Silver: AgNPs): The green production, low cost, stability, and good optical features of
AgNPs have made them a popular choice for application in cancer therapies. The cytotoxic activity of
AgNPs against RB cells was reported by Remya et al., who used a fast approach to synthesize the
particles from brown seaweed Turbinaria ornate. UV-visible spectroscopy revealed the existence of
AgNPs, and characterisation by XRD, FTIR, HR-TEM, and TGA gave further information. Synthesized
AgNPs were found to have a total phenolic content of 43 nm and a high scavenging activity. The RB
Y-79 cell line was also shown to be dosedependently sensitive to the cytotoxicity of the produced
AgNPs, with an IC50 of 10.5 g/mL. AgNPs were shown to be effective in targeting and treating cancers
of the eye, leading researchers to conclude that they are a potential anticancer drug.

Nanoparticles (Gold: AuNPs): Because of their huge surface areas, which make it possible for many
different functional molecules to be adsorbed on their surfaces, gold nanoparticles (AuNPs) have been
recruited for use in the efficacy of medicine. However, because of their toxicity, they are only useful in
certain contexts. For this reason, a green synthesis process was designed for the production of gold
nanoparticles (GNPs) from Vitus vinifera extracts. The synthesized GNPs were safe for use in living
systems and did not cause any cell damage. Human double minute 2 (HDM2) functional protein cells
were shown to have these NPs implicated in the mechanistic way of knocking it out. Because of its role
in suppressing p53's tumor-fighting abilities, HDM2 is being studied as a potential cancer therapeutic.
Cells containing HDM2 are eliminated because they are overexpressed in retinoblastoma and must be
silenced. Performing a comprehensive biosafety assessment is a crucial part of characterizing

multifunctional NPs. Multifunctional magnetic AuNCs-Fe304/MDP/PFP nanocarriers improved both
photoacoustic imaging and magnetic resonance, the study's authors found. After entering tumours in a
targeted fashion, these nanocarriers aggregate there thanks to a magnetic field, where they then undergo
a phase change and release MDP when exposed to radiation. Released MDP stimulated dendritic cell
maturation and activation, leading to improved tumour cell recognition and clearance and promising
new therapeutic outcomes against RB [79]. Metallic nanoparticles (silver and gold) have been produced
by scientists to reduce RB malignancy; nevertheless, these nanoparticles are very hazardous. In our
opinion, there is a possibility that the environmentally friendly production of metallic nanoparticles
might be encouraged in order to achieve anticancer effectiveness without
U ' -COO N
S ch 2000 @ P N
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Figure 4: By altering the conjugated (AUNCs-Fe304) nanoparticle system, AUNCs-Fe304/MDP/PF was
developed.
Conclusions: In a number of different settings, it has been shown that NP-mediated anticancer
medication delivery is more effective than conventional anticancer therapy. [Further citation is required]
These include a lessening of the medicine's toxicity, an increase in the specificity with which it binds
to the ligand, an enhancement in the medicine's ability to regulate cytotoxicity, and reduce overall
expenses. It has been shown that the use of biocompatible polymers is advantageous in the treatment of
RB, both in terms of overcoming obstacles and avoiding the destruction of healthy cells. These include
ligands and metallic NPs that are made by environmentally friendly synthesis, as well as bioactive and
nontoxic lipid nanoparticles that are formed from herbal flavonoid components. Both the diagnosis and
treatment of RB have seen significant advancements attributable, in large part, to two relatively new
paths in cancer therapy: multi-functionalization and immunogenicity. These directions have allowed for
significant improvement. Because of the recent advances that have been made in multifunctionalization,
it is now possible to explore these new techniques. These advancements have made it possible. As a
direct result of the revolutionary progress made in the field of nanomedicine in the detection of cancer,
researchers are currently evaluating cell- and tissuespecific nanosystems in an effort to satisfy the
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stringent criteria of ophthalmic chemotherapy and diagnostics. This effort is a direct result of the
revolutionary progress made in the field of nanomedicine. This is a result of ground-breaking
developments that have been achieved in the area of nanomedicine with regard to the diagnosis of
cancer. In addition to providing a comprehensive grasp of the imaging and distribution of ocular drugs
within the scope of this research, we also provided an awareness of the conceptual requirements of the
design. It is required to construct combinatory techniques that are appropriate for a variety of design
parameters in order to reach the final goal of creating "smart nanosystems" to combat very deadly
intraocular tumours. This will allow for the achievement of the ultimate target. This is necessary in
order to accomplish the goal at hand. Because of this, it will be able to achieve the ultimate goal. [Cause
and effect] When it come to the management of RB, one of the challenges that must be overcome is the
insufficiency of therapeutic therapy. This difficulty comes as a result of the one-of-a-kind and intricate
physiological and anatomical impediments that exist in the region of the eye that is affected by the
condition. Because of these challenges, which are made even more challenging to overcome thanks to
the pharmaceutical leakage and nontargeted distribution, respectively, the problem is made to be much
tougher to solve. Despite this, it was still feasible for multi-functionalized ligand-based nanocarriers to
retain their effectiveness as therapeutic agents. This was shown in a study published in Nature
Nanotechnology.
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