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ABSTRACT

Cancer theranostics, which aims to integrate diagnostics and therapy for cancer treatment, has benefited greatly from recent
advancements in nanomaterials. This study focuses on the most recent advancements in cancer theranostic techniques using
quantum dots, silica nanoparticles, and carbon-based nanomaterials. Over the last decade, responsive nanocarriers made
from these nanomaterials have shown promise in cancer-specific theranostics. Several experiments in cell and mouse models
have suggested their underlying therapeutic efficacy; however, comprehensive and long-term in vivo clinical evaluations are

undoubtedly expected to make these bench-made materials compatible in real-world settings.
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INTRODUCTION

Latest developments in nanomaterials have supported cancer
theranostics, which aims to combine diagnostics and therapy
for cancer patients. This research looks at the latest progress of
many cancer theranostic techniques that use quantum dots, silica
nanoparticles, and carbon-based nanomaterials. Several studies in
cells and mice models have shown that they are therapeutically
effective; however, rigorous and longterm in vivo clinical
experiments are needed to ensure that these bench-made materials
are consistent in real-world settings [1-4].

We provide an overview of numerous theranostic techniques
developed using inorganic silica and carbon- based nanomaterials
for various cancer therapies in this study. Silicon and sulfur are the
two most common elements on the planet, making them two of
the most significant nonmetallic compounds in human life

In this article, we provide an overview of a number of theranostic
techniques for different cancer therapies that have been produced
using inorganic silica and carbon-based nanomaterials. Since
silicon and sulfur are two of the most abundant elements on the
earth, they are two of the most important nonmetallic compounds
in human life.

Silicon is a key component in electronics and has been used in a
broad range of practical developments. Carbon is the basis for life's

chemistry, while silicon is a key component of electronics and has
been used in a wide range of practical developments. Among the
different types of nanomaterials developed in recent years, research
on nanocarbons such as carbon nanotubes, graphene, fullerene,
nanodiamond, and carbon nanoparticles (CNPs) has emerged as
a booming field. [5-9] Apart from carbon nanotubes, the other
fullerene family has certain unique physicochemical properties
that could be used to develop new DDS for cancer theranostics.
[10-14] Quantum-sized (1-10 nm) fluorescent CNPs are another
promising carbon-based nanomaterial for cancer therapy. In both
in vitro and in vivo clinical applications, fluorescent CNPs have
shown environmental friendliness, low toxicity, and low cost over
semiconductor QDs. Because of their unique properties, they hold
promise for applications such as drug delivery, biosensing, and
bioimaging [15-19].

Properties of quantum dots nanoparticle (QDs) as

theranosticsagents

Quantum dots (QDs) are used for the bioimaging purposes due
to their unique features. Their conjugation with homing and
therapeutic agents results in multimodal nanosystems. The main
drawback of QD-based theranostics is their intrinsic toxicity because
of cadmium ions. To attain safe and biocompatible QDs, different
types of Cadmium-free QDs have been engineered. Quantum
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dots are semiconductor crystals in the nano-scale range of 2-10
nm. They exhibit unique photoluminescence characteristics. QDs
possess strong photoluminescence with high molar extinction
coefficient values. They are the best candidates for cell labeling and
detection of cancer biomarkers. strategies have been developed to
reduce their toxicity and enhance their biocompatibility [20].

Protein-QD hybrid nano-theranostics play a crucial role in
bioimaging applications. QDs can be hybridized with proteins via
either chemical coupling or physical entrapment. Zein-ZnS QD
nanohybridges could be utilized for drug delivery of compounds
such as 5-luorouracil. Using proteins for hybridization of QDs
could be a potential strategy to prolong their systemic circulation,
increase their physical stability, enhance their tumor targetability
and reduce their toxicity, we say. We conclude that using proteins
to hybridize QDs with proteins could be an effective strategy to
extend circulation and enhance tumor penetration, among other
benefits. A- The author would like to make clear that the study was
on cancer cells treated with QDs and not QDs.

One of the most important approaches for QD surface
functionalization is their encapsulation into a layer of amphiphilic
diblock or triblock copolymer. Volsi et al. functionalized QDs with
lipoic acid (LA), PEG and FA to form an amphiphilescopemer
(PHEA-LA-PEG-FA) that self-assembled into micelles in aqueous
medium. The nanoprobes
internalization into MCF-7 breast cancer cells and localized mainly
in the cytoplasm. Anti-EGFR nanobodies were conjugated to the
surface of the QDs to target EGFR-over expressing cancer cells.
The QD-based theranostic micells led to tumor regression in a
triple negative breast cancer mouse model [21].

fluorescent demonstrated high

Intravenously injected carbon quantum dots selectively accumulate
in human tumour xenografts in mice. The functionalized quantum
dots structurally mimic large amino acids and can be loaded with
aromatic drugs. They enabled near-infrared fluorescence and
photoacoustic imaging of the tumours and a reduction in tumour
burden. Semiconductor quantum dots (QDs) are atomic light-
emitting nanocrystals constructed from semiconductor materials
with unique optical, electrical, and chemical properties used in
biomedical research (e.g., size-tunable light emission, high photo
bleaching resistance, strong absorption, a sharp and symmetrical
fluorescence peak, solid and stable emission, and high quantum
yield). [23,24] As fluorescence resonance energy transfer (FRET)
pairs of fluorescent organic dyes, QDs have been used in theranostic
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agents as targeting Ligands such as antibodies, peptides, or small
molecules [25,26]. Quantum dots can be used both in vivo and in
vitro, as shown by the following three scientific applications.

Application of QDs in vitro studies

Combining diagnosis and therapy using graphene quantum dots
(GQD:s) is a prime focus and challenge for researchers. GQDs is
a new shining star among various fluorescent materials, which has
acclaimed fame in a short duration in materials science and the
biomedical field. This Review provides an update for the scientific
community to plan and expand advanced theranostic horizons in

BC using GZDs [27].

Bagalkot et al. created a ternary system [QD-Apt(Dox)] made up
of a QD, an aptamer (Apt), and the small molecular anticancer
drug doxorubicin (Dox) and investigated its use for simultaneous
in vitro targeted imaging, therapy, and drug release sensing (Figure
1 (a) and (b)). A10 RNA aptamers were coupled to QD surfaces as
targeting inducements, and Dox was applied to the stem region of
the aptamers. Two donor-quencher pairs of FRET resulted from
QD and DOX interactions with DOX and RNA, respectively.
LNCaP prostate adenocarcinoma cells were incubated for 0.5
hours at 37°C with 100 nMQD-Apt(Dox)conjugate before being
imaged immediately and 1.5 hours later (Dox). Both QD and
Dox fluorescence signals were small in LNCaP cells at the start
of Operation, but fluorescence of both QD and Dox increased
significantly over 1.5 hours (Figure 1 (c) and (d)).

Figure 1.(a) Diagram of the QD-Apt(Dox) Bi-FRET unit. In the
first step, the A10 PSMA aptamer is used to surface functionalize
the CdSe/ZnS core-shell QD. When Dox is intercalated within the
A10 PSMA aptamer on the surface of QDs, the QD-Apt(Dox) is
formed, and both QD and Dox fluorescence is quenched by a Bi-
FRET operation. (b) QD-Apt(Dox) conjugates have a one-of-a-kind
uptake into target cancer cells via PSMA-mediated endocytosis.
As Dox is released from the QD-Apt(Dox) conjugates, both QD
and Dox fluorescence is restored (the “ON” state), allowing for
synchronous fluorescent localization and killing of cancer cells.
(The letters A, B, C, and D stand for A, B, C, and D, respectively.)
PSMA- expressing LNCaP cells were incubated for 0.5 h at 37°C
with 100 nM QD-Apt{Dox) conjugates, washed twice with PBS
buffer, and then incubated for (c) O h and (d) 1.5 h at 37°C. The
overlay of Dox and QD fluorescent is depicted in the lower right
images of each panel, with Dox and QD fluorescent depicted in

Figure 1: (a) Diagram of the QD-Apt(Dox) Bi-FRET unit. In the first step, the A10 PSMA aptamer is used to surface functionalize the CdSe/ZnS core-shell
QD. When Dox is intercalated within the A10 PSMA aptamer on the surface of QDs, the QD-Apt(Dox) is formed, and both QD and Dox fluorescence
is quenched by a Bi-FRET operation. (b) QD-Apt(Dox) conjugates have a one-of-a-kind uptake into target cancer cells via PSMA-mediated endocytosis.
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red and green, respectively. This article has been published with
the permission of Ref [28]. As a result, Dox was released from the
conjugate, inducing the fluorescence of both QDs and Dox, and
thereby acting as a drug release tracker in vitro. The in vitro cellular
cytotoxicity of the QD-Apt-(Dox) conjugate was calculated using the
MTT assay, and the findings were similar to those of free Dox and
QDalone. In cell lines, QD had no significant cytotoxicity, while
free Dox and the QD-Apt(Dox) conjugate were treated similarly,
meaning that Dox was gradually liberated from the conjugate
following intracellular absorption by cell lines [28].

Application of QDs in vivo studies

Nurunnabi et al., who prepared functionalized quantum dots,
gave a short description of the use of quantum dots in vivo. The
near-infrared QDs were encapsulated in a mixture containing
PEGePCDA and PCDAe Herceptin conjugates to change their
water solubility and targetspecific properties (Figure 2).

Structure of micelles containing near-IR QDs. (a) PEG, PCDA,
and Herceptin chemical structures. (b) Micelles filled with near-IR
QDs have a cross-linked structure. With permission from Ref [29],
this article has been reprinted.

The NPs (near-IR QDs-loaded micelles) demonstrated a feasible
tumor targeting approach and applicable therapeutic effects when
measured on an MDA-MB-231 tumor platform. Tumor growth
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Figure 2: Structure of micelles containing near-IR QDs.
(a) PEG, PCDA, and Herceptin chemical structures.
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inhibition by NPs was checked, and tumor volume was decreased
by 79 percent after 5 days of treatment with near-IR QDs-loaded
micelle compared to before treatment. The IR QDs-loaded micelles
could be a good choice for cancer therapy since there was no
mortality due to toxicity during treatment or weight loss in mice.
Using non-invasive fluorescence imaging, the biodistribution of
near-IR QDs-loaded micelles in tumor- bearing nude mice (MDA-
MB-231) was investigated (Figure 3). Micelles containing near-IR
QDs is inserted into tumor-bearing nude mice intravenously. The
NPs rapidly spread around the animal's body and tumor. Ten
minutes after the nanoprobes were injected, visible fluorescence
patterns were seen in the body. 24 hours after the nanoprobes were
injected, the images revealed a small volume of core deposition
(10 mg/kg). At this time, there was a strong signal at the tumor
site. Both nanoprobe concentrations were observed only in the
tumor area on the fifth day. It shows that non-target organs (heart,
liver, and stomach) cleared nanoprobes quickly, suggesting that
nanoprobes were not harmful to these healthy organs [29].

Figure 3: Five-day non-invasive fluorescence imaging of tumor-
bearing mice. The concentration of near- IR QDs in the micelles
was 10 mg/kg. Micelles containing near-IR QDs were inserted into
the tail veins of MDA-MB-231 tumor-bearing mice. The intensity
bar depicts the fluorescence intensity frequency of the tumor side.
The tumor is shown by the circle. With permission from Ref [29],
this article has been reprinted.
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(b) Micelles filled with near-IR QDs have a cross-linked structure. With permission from Ref [29], this article has beenreprinted.
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Figure 3: Five-day non-invasive fluorescence imaging of tumor-bearing mice.

J Nanomed Nanotechnol, Vol.12 Iss. 4 No: 563



Mostafavi M, et al.

Application of QDs in vivo and in vitrostudies

The tumor targeting and anti-tumor effects of 5-fluororacil (5-FU)
primed, folic acid (FA) targeted Mn- ZnS quantum dots encapsulated
with chitosan (CS) biopolymer (QDs) were investigated by Ibrahim
Birma Bwatanglang and colleagues (Figure 4). 5-FU is a cancer-
fighting drug that is injected into a vein. The aim of both of these
studies was to reduce the drug's side effects.

Figure 4. (a) Schematic Structure of 5-FU loaded folate MN:ZnS
nanocomposite. (b) Structure. (b) FTIR contrast of 5-FU and
5-FU@FACS-Mn:ZnS composite bands. With permission from Ref
[30], this article has been reprinted.

MTT assays were used to assess cell viability in two different
treatment groups. The cytotoxicity of MDA-MB-231 breast cancer
cells was studied after they were treated with 5-FU (pure drug)
and 5- FU@QFACS-Mn:ZnS hybrid with various concentrations of
both 5-FU and 5-FU@FACSMn:ZnS, as well as standard MCF-
10 cells from a different culture. The viability of breast cancer
MDA-MB231 cells was decreased more than in the 5-FU only case
when abnormal cells were treated with 5-FU@FACS-Mn:ZnS at a
concentration greater than 125 g¢/mL. The 5-FU drug, on the other
hand, destroyed more than half ofMCF-10 cells, while 78 percent
of MCF-10 cells incubated with 5-FU@FACS-Mn:ZnS survived
(Figure 5). The efficacy of FA-conjugated QDs in increasing the
intracellular absorption and selectivity of 5-FU in comparison to
pure 5-FU therapy is due to these results.

Figure 5. In vitro cell viability experiments with (a) MDA-MB231
cancer cells and (b) MCF-10 normal breast cells after treatment

with FACSMn:ZnS, 5-FU, and 5FU@ FACSMn:ZnS. With

permission from Ref. [30], this article has been reprinted.

In this study, the researchers looked at the treatment effectiveness
of 5-FU, Mn:ZnS, and 5-FU@ FACS- Mn:ZnS in tumor-bearing
mice (body weight, tumor volume and tumor weight). The body
weight of those who received Mn:ZnS was found to be slightly
lower than that of those who received the other treatments.
The 5-FU@ FACS-Mn:ZnS grades, on the other hand, had the
highest level of treatment and the least amount of animal weight
loss. In two groups treated with 5-FU@ FACS-Mn:ZnS and pure

Absorbance (a.u.)

5-FUl loaded folate Mn:zIns
nanccomposte
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5-FU, tumor volume reduction was found to be about 21% and
13%, respectively. Furthermore, unlike the untreated groups,
the Mn:ZnS-treated groups did not show any reduction in tumor
volume [39].

Figure 6. On (a) mean body weight, (b) tumor volume, and (c)
tumor weight, the effects of 5-FU, Mn:ZnS, and 5-FU@ FACS-
Mn:ZnS were compared. (d) depicts a cultivated tumor with (I) no
treatment, (II) 5- FU, and (III) 5-FU@FACS-Mn:ZnS treatment.
With permission from Ref. [30], this article has been reprinted.

Properties of Carbon nanotubes (CNTs) as thranostics agents.

Over the last two decades, carbon nanotubes (CNTs) have piqued
interest in biomedical applications [31,32]. Because of their bonding
mechanisms (sp2 and sp3), CNTs have intrinsic optical properties
such as fluorescence and photo acoustic emission, making them
ideal for biological imaging [33]. The NIR Semiconducting
CNTs, in fact, have an NIR photoluminescence that makes
them suitable for use as NIR fluorescent contrast agents [9,17].
Furthermore, CNTs with a high absorption potential have been
widely used in cancer PTT. [19] Because of their ability to cargo
both attacking ligands and chemotherapy agents, CNTs have been
used in vitro and in vivo. Furthermore, the use of CNTs in a living
organism necessitates simple fictionalization to reduce toxicity
and non-specific binding. PEGylation (polyethylene glycolylation)
becomes the method for enhancing CNT pharmacokinetics and

biocompatibility [34].
Review of in vivo treatments of CNTs

Part (A)

Zhuang Liu et al. investigated in vivo single-walled carbon
nanotubes (SWNT) packed with DOX (SWNT-DOX). Figure
1 shows the schematic structure and AFM of the SWNT-DOX
complex. (See Figure 7).

Figure 7. (@) The SWNT-DOX matrices are shown. (b) An
AFM image of the SWNT-DOX complexes. The SWNT-DOX
conjugates are 2-3 nm in diameter and 100 nm in length on
average. The scale bar is 250 nm. This article has been reprinted
with permission from Ref. [35-37].
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Figure 4: (a) Schematic Structure of 5-FU loaded folate MN:ZnS nanocomposite. (b) Structure. FTIR contrast of 5-FU and 5-FU@FACS-Mn: ZnS composite

bands.
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Figure 5: In vitro cell viability experiments with (a) MDA-MB231 cancer cells and (b) MCF-10 normal breast cells after treatment with FACS-Mn:ZnS,

5-FU, and 5-FU@ FACS-Mn:ZnS.
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Figure 6: On (a) mean body weight, (b) tumor volume, and (c) tumor weight, the effects of 5-FU, Mn:ZnS, and 5-FU@ FACS-Mn:ZnS were compared.
(d) depicts a cultivated tumor with (I) no treatment, (II) 5- FU, and (III) 5-FU@FACS-Mn:ZnS treatment.

Figure 7: (a) The SWNT-DOX matrices are shown. (b) An AFM image of the SWNT-DOX complexes. The SWNT-DOX conjugates are 2-3 nm in

diameter and 100 nm in length on average. The scale bar is 250 nm. This article has been reprinted with permission from Ref.[37].

Such SWNT-DOX was examined in SCID mice carrying Raji
lymphoma xenografts. SWNT-DOX (n=10), free DOX (n=10),
or DOXIL (n=10) were provided once a week to SCID mice with
Raji lymphoma xenograft tumors. In the second week, two mice
died. They found that the SWNT-DOX had a much higher
medicinal efficacy and was less toxic than DOX and DOXIL. The
tumor sizes of each population were determined during therapy.
In related terms, the SWNT-DOX treated group inhibited tumor
development rather than the free DOX group (Figure 8 (a)). The
SWNT-DOX population had steady weight and no mortalities as
compared to the free DOX therapy (Figure 8 (b)). SWNT-DOX
thus outperformed free DOX in terms of therapeutic efficacy and

toxicity [37].

Figure 8. (a Tumor sizes in untreated (n=7), 5 (mg kg -1) free DOX
treated (n=10), 5 (mg kg -1) Doxil treated (n=5), (mg kg -1) SWNT-
DOX treated (n=10), and 10 (mg kg-1) SWNT-DOX treated (n=10)
mice were measured throughout treatment. (b) Representative
images of mice from different populations were taken at the end
of therapy. Mice are slightly smaller after being granted free DOX.
With Ref. [46]'s permission, [37] this article has been reprinted.

J Nanomed Nanotechnol, Vol.12 Iss. 4 No: 563

Part (B)

Zhang Liu et al. conjugated paclitaxel (a cancer chemotherapy
drug) to branched polyethylene glycol chains on SWNTs. SWNT-
PTX conjugate was studied and compared to other therapies in a
4T1 murine breast cancer model in mice. They found that SW
NT- PTX therapy had a longer blood circulation half- life than
the other drugs and had a higher tumor uptake. In a murine 4T2
breast cancer models, researchers concluded that using SWNT
had apparent less toxicity than clinical Taxol in suppressing tumor
development [38].

Figure 9. (A) Example of PTX conjugation of SWNT functionalized
by branched PEG chains in phospholipids. (B) SWNT UV-VIS-NIR
spectra before and after conjugation with PTX. (C) Tumor growth
curves of 4T1 tumor-bearing mice treated with various therapies.
With permission from Ref. [38], this article has been reprinted.

Properties of Silica nanoparticles as theranostics agents

As theranostic agents, NPs with the potential to circulate around
the body hold a lot of promise [39]. The high specific surface area of
mesoporous silica is suitable for drug cargo in medical applications
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Figure 9: (A) Example of PTX conjugation of SWNT functionalized by branched PEG chains in phospholipids. (B) SWNT UV-VIS-NIR spectra before
and after conjugation with PTX. (C) Tumor growth curves of 4T1 tumor-bearing mice treated with various therapies.

[40]. It is also possible to control the size and morphology of silica
nanoparticles during the synthesis process [41,42]. IONPs, Au
NPs, and QDs can be used to encapsulate a wide range of functions
while preserving their physical properties such as magnetic and
optical properties. [43-45]

A Review of silica nanoparticle based theranostic agents

A reasonable beneficial NIR active capability was obtained by
altering the shape of pure gold NPs. For X- ray/CT imaging as a
diagnostic modality and dual-mode PTT and radiation therapy
(RT) as a therapeutic modality, folic acid was conjugated to less

expensive silica modified GNRs (GNR-SiO2-FA) (Figure 10).

Figure 10. (a) Synthetic procedure of GNR-SiO -FA. (b) A TEM
representation of GNR-SiO, and the electron diffraction pattern
that corresponds. (c) GNR-SiO -FA TEM image. With permission
from Ref. [46], this article has been reprinted.

In vitro RT effects on cancer cells: On MGCB803 cells, the

effects of in vitro radiation therapy were investigated. After being

] Nanomed Nanotechnol, Vol.12 Iss. 4 No: 563
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Figure 10: (a) Synthetic procedure of GNRSIiOFA. (b) A TEM
representation of GNR-SIiO, and the electron diffraction pattern that
corresponds. (¢) GNR-SiO -FA TEM image.

incubated with varying amounts of GNR-SiO2-FA, MGC803 cells
were irradiated with linear accelerators. The nanoprobes' dosage
was increased from 0.625 to 12.5 m. The cells were divided into
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two groups: one was exposed to X-rays, while the other was not.
Cell viability decreased as the concentration of GNR-SiO,- FA rose
only in the case of X-ray irradiation, as seen in (Figure 11). Cell
viability was almost equal in the first and second groups [46].

In vitro PTT effects on cancer cells: PTT was performed on
MGCB803 cells that had been incubated with 12.5 m GNR-SiO,-
FA for 24 hours at 37°C. Where the laser was irradiated, all of
the cells died; however, the cells remained alive within the laser's
limits. Dark-field images of MGCB803 cells revealed that the cell

membrane ruptured as the irradiation time increased (Figure 12).

Figure 12. (A) MGC803 cells on the laser spot, (B) MGCS803 cells
on the laser spot's boundary, and (C, D) MGCB803 cell dark-field
images after irradiation. With permission from Ref. [46], this
article has been reprinted.

X-ray/CT dual-modality tumor imaging using GNR-SiO,-FA: In

g
£
B
E
>
%
ey

OPEN aACCESS Freely available online

vivo X-ray images of mice after subcutaneous injection without and
with GNR-SiO,-FAsuspended in PBS were obtained at different
time points (Oh, 2h, 6h, 8h and 24h). More bright images were
collected with a longer injection time. It's likely that the cause is
due to the presence of PBS, which caused a high level of GNR-
SiO2-FA absorption in the body (Figure 13).

Figure 13. In vivo X-ray imaging of mice following subcutaneous
injections of GNR-SiOFA (left) and GNR-SiO2-FA (right) at
various time points. (A) A photograph of mice; (B, C, D, E, F) an
Xeray shot taken at 0 h, 2 hours 6 hours, 8 hours, and 24 hours.
Respectfully, With permission from Ref. [46], this article has been
reprinted.

In vivo CT photographs of nude mice after subcutaneous injection
of GNR-SiO,-FA suspended in PBS showed that the injection site's
Hounsfield Units (HU) values were higher than those of other
tissues (Figure 14).

—

T i T
0.625 6.25 125

Concentration (M)

Control

Figure 11: The proliferation photographs (A) and cell viability (B) of MGC803 cells incubated with 100 mL of varying concentration of GNR-SiO2-FA

for 24 h upon 6 Gy of X-ray irradiation.

Figure 13: In vivo X-ray imaging of mice following subcutaneous injections of GNR-SiO2-FA (left) and GNR-SiO2-FA (right) at various time points. (A)
A photograph of mice; (B, C, D, E, F) an X-ray shot taken at O h, 2 hours 6 hours, 8 hours, and 24 hours. Respectfully, With permission from Ref. [46].
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Figure 14: After injection of GNR-SiO,-FA suspended in PBS, in vivo CT
photographs of mice were taken. (A, B) The HU value of the injection
site is 289 in the transverse image of the back; (C, D) the HU value of
the injection site is 316 in the transverse image of the buttock. With
permission from Ref. [46].

Figure 15: In vivo X-ray photographs of nude mice following intravenous
injection of GNR-SiO,-FA at various time points. (A) a photograph of
tumor tissue; (B) an X-ray picture taken at 0 h, (C) an X-ray image taken at
0 h (in color), (D) an X-ray image taken at 12 h, (E) an X-ray image taken
at 12 h (in color), and (F) an X-ray image taken at 24 h (in color). With
permission from Ref. [46].

Figure 14. After injection of GNR-SiO -FA suspended in PBS, in
vivo CT photographs of mice were taken. (A, B) The HU value of
the injection site is 289 in the transverse image of the back; (C, D)
the HU value of the injection site is 316 in the transverse image of
the buttock. With permission from Ref. [46], this article has been
reprinted.

An obvious image was observed 12 hours after intravenous
injection of GNR-SiO,-FA in naked mice filled with gastric cancer
MGCS803 cells at different time points (Figure 15).

In vivo Xray photographs of nude mice following intravenous
injection of GNR-SiO -FA at various time points. (A) a photograph
of tumor tissue; (B) an X-ray picture taken at O h, (C) an X-ray
image taken at O h (in color), (D) an X-ray image taken at 12 h,
(E) an X-ray image taken at 12 h (in color), and (F) an X-ray image
taken at 24 h (in color). With permission from Ref. [46], this article
has been reprinted.

The researchers will agree on the above encounters, calculate the
tumor size, and propose Methods for clinical trial therapy as a
result of this X-ray image [46].

A study of silica nanoparticle for in vivo application

Park et al. recently developed luminescent porous silicon
nanoparticles (LPSiNPs) (Figurel6). The drug release and
cytotoxicity of DOX-loaded LPSINPs were studied in vitro.

Figure 16. (a) Schematic diagram depicting the structure and in
vivo degradation process of the silica NPs.
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Figure 17. (a) LPSiNPs and D-LPSiNPs in vivo photographs After
intravenous injection of LPSiNPs and D- LPSiNPs, the mice were imaged
at various time points (20 mgkg-1). The liver and bladder are shown by
arrowheads and arrows with solid points, respectively. (b) In vivo picture
1 hour after injection showing the clearance of a portion of the ingested
dose of LPSiNPs into the bladder. Liver is represented by the letters Li and
BlL. With permission from Ref. [47], this article has been reprinted.

(b) SEM image of LPSiNPs. Reprinted with permission from Ref.
(47]

Calcine was used to assess the viability of HeLa cells incubated
with LPSiNPs at the specified concentrations for 48 hours. No
cytotoxicity was observed at different doses of LPSINPs. DOX
molecules were transported to RES organs (e.g., liver and spleen)
by LPS iNPs and were fully excreted from the body after 4 weeks.

Figure 17.a) LPSiNPs and D-LPSiNPs in vivo photographs After
intravenous injection of LPSiNPs and D- LPSiNPs, the mice were
imaged at various time points (20 mgkg"). The liver and bladder are
shown by arrowheads and arrows with solid points, respectively.
(b) In vivo picture 1 hour after injection showing the clearance of
a portion of the ingested dose of LPSiNPs into the bladder. Liver
is represented by the letters Li and Bl. With permission from Ref.
[47], this article has been reprinted.

Fluorescence imaging of various organs (liver, spleen, kidney,
lymph nodes, breast, bladder, lung, skin, and brain) was done 24
hours after injection, with the liver and spleen organs having the
most biodistribution. LPSiNPs are a good choice for monitoring
their biodistribution and degradation in living organisms because
of their intrinsic luminescent properties.

CONCLUSION

Improvements in theranostics for cancer are definitely needed.
Many drug potencies and therapeutic effects, for example, are
diminished or otherwise diminished due to gradual decay that
happens before they meet a targeted destination in the body; in
most situations, prescription release has historically been diffusion-
controlled until ingested, and time-dependent drug release provides
patient continuity. We anticipate that the existing data on the
biological effects of these nanomaterials in vitro and in vivo would
need to be expanded in order to satisfy realistic clinical needs. The
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chemical flexibility of these non- metallic nanomaterials would

help these nanocarriers, allowing them to have clinically beneficial

properties such as increased blood regulation, tumor specificity,

biodegradability, and clearance from the human body. We assume

they will be useful in theranostics in the future.
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