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Breast cancer is the most common malignant tumour in women worldwide, as well as the leading cause of death
from malignant tumours. All across the world, the incidence of breast cancer is steadily rising. Although numerous
drugs acting through various mechanisms of action are available in the market as conventional formulations for
the treatment of breast cancer, they face significant challenges in terms of bioavailability, dosing, and associated
adverse effects, which severely limit their therapeutic efficacy. Several studies have shown that nanocarriers can

significantly improve the drug's bioavailability, reducing the need for frequent dosing and reducing the toxicity
linked to high drug doses. The current review provides insight into the challenges associated with conventional
breast cancer formulations and the need for oral nanoparticulate systems to overcome problems associated with
conventional formulations. This review focuses on various topics, such as an in-depth analysis of potential
anticancer drugs that have used nanocarrier technology to treat breast cancer successfully.

1. Introduction

Cancer is the uncontrolled proliferation of abnormal cells throughout
the body. These abnormal cells areoften calledcancerous, malignant, or
tumor cells. These cells can infiltrate healthy body tissues.' Cancer has
exceeded cardiovascular disease as the next most prevalent cause of
morbidity and mortality (Figs. 1 and 2) throughout developing nations,
while cardiovascular disease remains the leading cause of death world-
wide.? Environmental factors such as tobacco, alcohol, chemicals, radi-
ation, and infectious organisms are responsible for the development of
cancer and inherited mutations, hormones, immunological disorders,
and random genetic changes are some internal factors that support the
growth of cancer.® Conditions like hepatitis B and C, HIV, Helicobacter
pylori, and human papilloma virus infection contribute to around 15 % of
cancers worldwide.*

The two main types of cancers are.
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1. Hematologic (blood) cancers, such as leukaemia, lymphoma, and
multiple myeloma, are present in the blood cells.

2. Solid tumors Cancers occur in any part of the body, organs, or tis-
sues rather than blood cells. For example, Breast, prostate, lung, and
colorectal cancers.” According to the WHO Global Cancer Observa-
tory (GLOBOCAN) 2020 registry list, 19.2 million new cases of cancer
were detected globallyin 2020, with the four most common types
being breast cancer (2.26 million cases), lung cancer (with 2.21
million cases involving the trachea, and bronchi), Colon and rectum
1.93 million and prostate cancer (1.41 million cases).

There are two categories of cancer stages: Lower stage and Higher
stage. A cancer in its earlier stages (stage 1 or 2) indicates that it has not
spread widely from the site where it started. A higher stage of cancer
(such as stage 3 or 4) suggests that the other body parts have been
affected by cancerfrom where it began. Stage 4 is considered as the
highest stage of cancer. Cancer can spread to other parts of the body in
two ways: either by blood circulation or the lymph system. Cancer cells
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spread by blood may reachdistant organs, and cancer spread through the
lymph system may end up in lymph nodes. It is known as metastasis when
cancer spreads to a new body part.®

Breast cancer is a form of malignancy which accounts for 10.4 % of all
cancer cases and is also the leading cause of death for women between
the ages of 20 and 50, ranks among the most common malignant tumours
in the world.® There were 685,000 fatalities worldwide and 2.3 million
new breast cancer diagnoses in women in 2020. Population-Based Cancer
Registries (PBCR), established in 1981 under the National Cancer
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Registry Program (NCRP) - National Centre for Disease Informatics and
Research (NCDIR) of Indian Council of Medical Research (ICMR),
(ICMR-NCDIR-NCRP), Bengaluru, are responsible for the systematic
collection of cancer data in India.Instead of simply certain hormones or
components associated with reproduction, breast cancer is linked to
broader environmental factors, such as socioeconomic conditions and
lifestyles (smoking, stress, physical activity, and especially dietary
choices).” Breast cancer is a complex disease with many subgroups based
on expression levels of Human Epidermal Growth Factor Receptor
(HER2)/neu, progesterone receptor, and oestrogen receptor (EGFR2)
(Fig. 3) (Table 1).8

1. Non-invasive breast cancer cells: Breast cancer cells that remain in
the ducts but do not invade the connective and fatty tissues of the
breast are considered non-invasive. Ductal carcinoma in situ is the
primary cause of non-invasive breast cancer in the majority of in-
stances (90 %) (DCIS).

Lobular carcinoma in situ (LCIS, lobular neoplasia): The terminology
"in situ” describes a cancer that has not moved past the initial site of
development, and lobular carcinoma in situ (LCIS, lobular neoplasia) falls
within this category. The cell count within the breast's milk glands
(lobules) significantly increases in LCIS.

DCIS (ductal carcinoma in situ): The most typical kind of non-invasive
breast cancer, DCIS, is contained towards the milk duct. Ductal come-
docarcinoma is one example of DCIS.’

2. Invasive breast cancer cellsthat enter the breast's ductal and glob-
ulin walls and spread to the fatty part of the breast. The nodules or
other organs can become infected by malignancy; however, this
doesn't always turn out invasive.

Invasive ductal carcinoma (IDC) expands to the fatty tissue within the
breast and sometimes to additional body regions after beginning in the
breast's milk-producing glands and breaching the duct wall. Eight-
ypercent of the total of all reports of breast cancer are IDC, making it the
most common type.'°

Breast cancer with a clear tumor-normal tissue border is known as
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Fig. 3. Different types of breast cancer.
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Table 1
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Different types of breast cancer along with their location, risk factors, treatment and complications.

Features Non-invasive breast cancer Invasive breast cancer
Types DCIS LCIS IDC ILC Medullarycarcinoma Mucus-secreting Triple-negative breast Tubular
carcinoma cancer carcinoma
% Of breast 90 % 10-15 % 80 % 15 % 5% 2-3% 15 % 1-4 %
cancer

Location Milk duct Milk glands Milk ducts ~ Milk glands or Milk ducts of the Develops from Lymph nodes under your ~ Milk duct of
of the (lobules) of the of the lobules of the breast mucus-producing arm are first place of the breast
breast breast breast breast cancer cells breast cancer spread

Risk factors
to the drug diethylstilbesterol

Treatment Chemotherapy targeted
therapy immunotherapy line,
Radical radiotherapy
Photodynamic therapy, treatment of breast cancer,
surgery
Complications Patients with breast carcinoma treated by radical radiotherapy

Age, Genetic mutation, Reproductive history, Personal history of breast cancer, family history of breast cancer, previous treatment using radiation therapy, exposure
Curcumin-loaded nanostructured lipid carriers prepared using Peceol and olive oil in photodynamic therapy breast cancer cell
Combinatorial delivery of Ribociclib and green tea extract mediated nanostructured lipid carrier for oral delivery for the

A Nanoemulsion Formulation of Tamoxifen Increases Its Efficacy in a Breast Cancer Cell Line

Cutaneous angiosarcoma as a delayed complication of radiation therapy for carcinoma of breast
Weight gain has been reported in 50 % or more of women receiving adjuvant chemotherapy, with mean gains of 2.5-10 kg

invasive medullary carcinoma. Medullary carcinoma makes up roughly 5
% of cases of breast cancer.'!

Colloid carcinoma, often referred to as mucus-secreting carcinoma, is
a rare type of breast cancer that develops from mucus-producing cancer
cells. Women who have mucinous carcinoma often have a more favour-
able prognosisthan those who have more invasive carcinoma types.’

Tubular carcinoma of the breast (TC) is a rare histologic subtype that
accounts for 1 %-4 % of invasive breast cancer. TC of the breast is often
more treatable than other types of invasive breast cancer.'?

Triple-negative breast cancer: An aggressive type of invasive breast
cancer known as triple-negative breast cancer and is characterised by the
absence of Estrogen Receptor (ER) or Progesterone Receptor (PR) and the
production of little or no HER2 (All three tests show that the cells are
"negative.”) It accounts for about 15 % of all breast cancers and can be
challenging to cure.'®

2. Pathophysiology of breast cancer

There are two primary molecular targets in the development of breast
cancer. One of these is estrogen receptor alpha (ER alpha), which is
expressed in about 70 % of invasive breast tumors. When estrogen
stimulates the steroid hormone receptor and transcription factor ERA,
neoplastic growth pathways are triggered in breast cancer cells. Another
indicator of ERA signaling is the expression of the structurally similar
steroid hormone progesterone receptor (PR). The transmembrane re-
ceptor tyrosine kinase epidermal growth factor 2 (ERBB2, formerly HER2
or HER2/neu), which is amplified or over-expressed in around 20 % of
breast cancers and is associated with a poor prognosis in the absence of
systemic therapy.'*

3. Signaling pathways in breast cancer (Fig. 4)

Breast cancer cell cycle and survival are influenced by several pro-
teins, hormones, and pathways, including CDKs (Cyclin-dependent ki-
nase), Notch, Wnt, estrogen receptor, Human Epidermal Growth Factor
Receptor 2 (HER2), and others.

3.1. Cyclin-dependent kinase (CDKs)

Cyclins, CDKs, and CDKIs control the cell cycle. The progression of a
cell through the cell cycle is governed by these three essential kinds of
regulatory molecules. The cell cycle contains four main stages (G1, S, G2,
and M). GO denotes the cell cycle completion. Certain cyclin and CDK
complexes control cell cycle progression and control the transition be-
tween the G0-G1-S-G2-M stages. CDKs, which drive the replication pro-
cess and are favourably and adversely regulated by cyclins and CDKIs,
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Fig. 4. Novel molecular targets for breast cancer therapy.

accordingly. In an activated heterodimer, cyclins serve as the regulatory
subunits and CDKs as the catalytic subunits; without a partner cyclin,
neither cyclins nor CDKs are active.'®

3.2. Notch signaling

Normal developmental processes are related to notch signaling. Notch
signaling activation is thought to be a "hallmark” of aggressive malig-
nancies. Notch-1, Notch-2, Notch-3, and Notch-4 are the four Notch
group members found in humans. Mammalian cells have the Notch re-
ceptors ligands Jagged-1, Jagged-2, Delta-like 1, Delta-like 3, and Delta-
like 4. When Notch ligands bind to their receptors, a proteolytic cascade
occurs, releasing the intracellular portion of Notch, which moves to the
nucleus and controls the transcription of many target genes.'®

3.3. HER2 receptor inhibitors

The epidermal growth factor receptor (EGFR) family consists of
receptorsfor epidermal tyrosine kinases that regulate epithelial cell
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proliferation and survival. Four receptors are part of the EGFR family:
EGFR/ErbB1, HER2/ErbB2, HER3/ErbB3, and HER4/ErbB4. These re-
ceptors have a transmembrane segment, an intracellular domain con-
taining tyrosine kinase activity, and an extracellular domain (ECD). The
phosphorylation of the intracellular catalytic domains by the HER2 re-
ceptor results in the activation of signal transduction pathways that
regulate cell growth and survival, such as the phosphatidylinositol 30
kinase PI3K/Akt/mTOR, the Erkl/2 mitogen-activated protein kinase
(MAPK), and the Jak/Stat pathway.]7

3.4. Estrogen receptor (ER)

Approximately 70 % of breast cancers have ER or PR positive. The
oncogenesis and progression of hormonally sensitive breast cancer are-
primarily attributed to these two DNA-binding transcription factors.
Therapies that reduce estrogen or block its binding to the estrogen re-
ceptor (ER) affect hormone receptor-positive malignancies by slowing
down the progression of disease or reducing the risk of recurrence and
death in early-stage disease.'®

3.5. Wnt

Wnt is among the most significant signaling pathways in the initial
stages of embryonic development, regulating cell division and multipli-
cation. It has three pathways: the Ca2+ pathway, the classical catenin/
TCF pathway, and the planar cell polarity (PCP) pathway.Using the Wnt
pathway to inhibit tumor growth without any effect on somatic cells also
inhibits CSC maintenance, and therefore it helps prevent and devel-
optumor resistance through chemical and radiation therapy.'®

4. Breast cancer therapy

Currently, breast cancer is treated with a variety of conventional
therapies, including radiation therapy, chemotherapy, hormonal ther-
apy, and immunotherapy. To lower the risk of a local cancer recurrence,
radiation therapy can be used to eliminate cancer cells that may not be
visible during surgery. In radiation therapy, cancerous cells experi-
encehigh doses of radiation. The addition or blocking of hormones is the
main target of hormonal treatment. Hormones such as estrogen and
progesterone are responsible for the growth of some breast cancer cells.
So, to prevent the proliferation of cancer cells, hormonal therapy is
necessary that can block or reduce the level of progesterone and oes-
trogen. Various cytotoxic drugs are used in chemotherapy to kill
cancerous cells (Table 2). Adjuvant chemotherapy or neoadjuvant
chemotherapy may be suggested as a form of chemotherapy. After sur-
gery, undetected breast cancer cells can be treated by adjuvant chemo-
therapy. Neoadjuvant chemotherapy is administered before surgery to
lessen tumour cells' size so that a lumpectomy can remove them easily.?’

Removal of tumors from the breast and lymph nodes preventing the
progression of metastatic recurrenceis the primary goal of therapy in
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non-metastatic breast cancer. In this type of breast cancer, therapy in-
cludes surgical excision, screening or removal of the lymph nodes in the
axillary region, and adjuvant (postoperative) radiotherapy. The treat-
ment targets for metastatic breast cancer are symptom relief and pro-
longing life. Almost all virtually affected patients with metastatic breast
cancer are currently incurable.'*

5. Enzymes inhibitor

1. Nucleoside analogs- Many tumours are treated with nucleoside
analogues (NAs),first-line therapies. NAs may be used along with
other anticancer medications to improve the efficacy of existing
therapy against chemo-resistant malignancies. Avoiding drug-to-drug
interactions is the major advantage of NAs. The main role of NAs
involves the interference of RNA or DNA synthesis and cellular targets
involved in physiological nucleoside metabolism. They are trans-
ported into cancerous cells via membrane nucleoside transporters as
inert molecules, after which they are phosphorylated by cellular
nucleoside kinases and transformed into active nucleoside 5’-mono-,
di-, and triphosphates. Drug resistance to NAs is primarily caused by
changes in apoptotic pathways, nucleoside transporter insufficiency,
decreased nucleoside kinase activity, overexpression of multidrug
resistance proteins (P-gp, MDR, and BCRP), and reduced nucleoside
kinase activity.>®

. Topoisomerase- Topoisomerase poisons,an anthracycline class of
antitumor cytotoxic drugs primarily targeting topolla.>* The top-
oisomerases (TOP) can alter the DNA topology to promote tran-
scription and replication.Topoisomerase I (TOP1) and Topoisomerase
II (TOP2) are different TOPs distinguished by their capacity to cause
transitory single or double-stranded DNA breaks. TOPs are important
for DNA function and may be used as targets in cancer treatments. In
the clinical setting, several TOP inhibitors are utilized. For example,
TOP2 alpha (TOP2) is a molecular target of anthracycline, one of the
main medications used in BC therapy.>®

. Kinase inhibitors- The cyclin-dependent kinases CDK4 and CDK6 are
essential for cell proliferation. It has been suggested that breast cancer
biology involves dysregulation of the D-cyclin-dependent kinase 4/6-
retinoblastoma pathway (cyclin D-CDK4/6-retinoblastoma). The
CDK4 and CDK6 kinases are regulated by the D class of cyclins(D1,
D2, and D3), which collectively function as active complexes. A
transcriptional target of the oestrogen receptor (ER) is cyclin D1
(CCND1), which is overexpressed in about half of breast tumours. It
helps activate the previously stated pathway, which leads to cell cycle
progression via the G1/S transition, by inactivating the retinoblas-
toma (Rb) tumour suppressor protein. Endocrine therapy mainly in-
hibits this pathway, and CDK4/6 selective inhibitors are responsible
for cell cycle arrest in Rb protein (pRb)-competent cells.*®

Table 2
Some novel breast cancer drugs with their mechanism of action.
Mechanism Drugs Development phase Company References
Inhibition of microtubules Abraxane Marketed Celgene corporation 21
Taxotere Marketed Sanofi-Aventis 22
Taxol Marketed Bristol-Myers Squibb 23
Inhibition of ribonucleotide reductase Gemzar Marketed Lilly medical 24
Inhibitors of cyclin-dependent kinase CDK4 and CDK6 Kisqali Marketed Novartis 25
Ibrance Marketed Pfizer 26
Verzenio Marketed Lilly medical 27
Disruption of topoisomerase-2 Adriamycin Marketed Pfizer limited 28
Inhibits aromatase activity Aromasin Marketed Pfizer 29
Arimidex Marketed AstraZeneca
Tyrosine kinase inhibitor targets EGFR & HER2. Tykerb Marketed GlaxoSmithKline 30
Herceptin Marketed Genentech 31
Inhibitor of estrogenreceptor Fareston Marketed Knova kirin 32
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6. Hormonal

Antiestrogen- There are two basic ways to reduce the growth stim-
ulatory effects of estrogens in breast cancer.

Receptor inhibitor-preventing oestrogen from binding to its recep-
tor. Antiestrogens bind to oestrogen receptors and reduce the number of
receptors available for binding to endogenous oestrogen. This approach
helps in the development of antiestrogenic drugs such as tamoxifen with
minimum toxicity and effective anticancer therapy.>”

Aromatase inhibitor- Through the inhibition or inactivation of
aromatase, aromatase inhibitors significantly lower plasma oestrogen
levels in post-menopausal women.The CYP19 gene produces the cyto-
chrome P-450 enzyme aromatase, abundantly expressed in the placenta,
the granulosa cells of ovarian follicles, normal breast tissue, and breast
cancer tissue.>®

7. Ion modulator

The primary excitatory components on the membranes of several
tissue cells, including neurons, muscles, and glands, are ion channels
responsible for generating and conducting electrical signals. Ion channels
are dispersed in cancer cells and tissues and expressed in excitable nerve
cells and tissues. Changes in ion channel expression are thought to be a
hallmark of numerous signaling pathways has already been connected to
chemo-resistance in several cancer types.

7.1. Antimitotic/Antimicrotubules

Taxol is an anti-microtubule agent. It promotes the polymerization of
microtubules by shortening the lag time preceding tubulin assembly and
changing the tubulin dimer-polymer balance in favour of polymeric
formation.>’

7.2. Nanotechnology-based drug delivery for breast cancer (Table 4)

7.2.1. The rationale for using nanocarriers

The limitations of current breast cancer therapies (Table 3) include
non-selective toxicity, damage to benign tissues, limited drug penetration
and biodistribution in solid tumours, and heterogenic vasculature in
tumour growth. More than 40-50 mm of vasculature prevents chemo-
therapeutic drugs from penetrating, resulting in MDR and treatment
failure. In normal viscera, current treatments tend to deposit medicines
more heavily. Moreover, establishing MDR in tumour cells following
treatments with a single chemotherapeutic agent may lead to resistance
to a broad spectrum of drugs due to the upregulation of drug efflux
proteins.*® The major side effects of chemotherapy, including hair loss,
gastrointestinal problems, neutropenia, and weakened immunity, have a
detrimental influence on health-related quality of life. By precisely tar-
geting malignant tumour cells for drug delivery, nanotechnology can
lower cytotoxic effects and limit the antineoplastic drug bioavailability of
cancer chemotherapy. It will diminish the systemic toxicity of anticancer
agents and improve health-related quality of life. The term "nanotech-
nology” describes the interactions between cellular and molecular

Table 3
Various types ofdrugs used for breast cancer along with their limitations.
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constituents and artificial materials; typically, these interactions result in
clusters of atoms, molecules, and molecular fragments that are extremely
small particles, measuring between 1 and 100 nm. Compared to con-
ventional methods, the last ten years have seen significant advancements
in nanotechnology and innovative drug carriers, paved the way for safer
and more effective breast cancer treatment strategies.*® For example,
Due to poor water solubility (3 g/mL, biopharmaceutical categorization
system class IV) and subpar permeability, the bioavailability of DTX upon
oral administration is quite low (less than 10 %). P-glycoprotein (P-gp)
and the enzyme cytochrome P450 3 A (CYP3A) are thought to be the two
main barriers to DTX absorption. P-gp in the intestine can limit the in-
testinal absorption of DTX, while CYP3A breaks down DTX into thera-
peutically less effective metabolites. Nano-delivery methods boost the
aqueous solubility of DTX and bioavailability, as well as its anti-tumor
activity and selective accumulation in tumour locations, by encapsu-
lating it in multifunctional nanocarriers.**

8. Currently used nanocarriers for breast cancer drug delivery
8.1. Solid lipid nanoparticles (SLNs)

Keon Wook Kang and colleagues formulated Doxorubicin-loaded
solid lipid nanoparticles to overcome multidrug resistance in cancer
therapy.SLN Dox showed an entrapment efficiency of 67.5 & 2.4 % and a
drug-loading capacity of 2.8 + 0.1 %. The in vitro release rate of Dox
from the SLN-Dox was higher in acidic pH. SLN-Dox showed a 17.1-fold
(60-min) and 21.6-fold (120-min) higher relative cellular absorption as
compared to Dox alone.'%® Kelidari et al studied the anticancer effect of
SLNs containing Mentha longifolia and Mentha pulegium essential oils in
an in vitro study on breast cancer cell lines. ML-SLNs were more potent
(p < 0.001) than MLEO at all examined concentrations, while the cyto-
toxic effect of MP-SLNs was more potent (p < 0.001) than MLEO.
Following treatment with MLEO and MPEO 1200 pg/mL, cell viability
was reduced to 83 % and 74 %. Treating MCF-7 cells with ML-SLNs and
MP-SLNs at concentrations of 600 and 1200 pg/mL for 24 h reduced cell
viability to <7 %.'%*

8.2. Liposomes

Formulation of liposome drugs has provided an opportunity to
enhance the therapeutic indices of various agents, mainly through the
alteration of biodistribution. They are versatile drug carriers that can
control the retention of entrapped drugs in the presence of biological
fluids, controlled vesicle residence in the systemic circulation or other
compartments in the body and enhanced vesicle uptake by target cells. *®
Man-Yi Wong and Gigi N.C. Chiu (2009) created a liposomal formulation
to solubilize quercetin and co-encapsulate and coordinate the release of
quercetin and vincristine in synergistic ratios. This formulation was
physically stable, increased quercetin solubility by 8.6 times,
co-encapsulated quercetin and vincristine with efficiencies of 78.3 and
78.5 percent, respectively, and demonstrated coordinated release of both
medicines to maintain the synergistic molar ratio. This liposomal
formulation demonstrated strong synergism in in-vitro MTT experiments,

Class Drug Brand Drawback Solubility ~ Bioavailability =~ Log P Reference
name
Microtubule inhibitor Paclitaxel Taxol Neutropenia, hypersensitivity, anaphylaxis, thrombocytopenia, 1 mg/ml 6.5 % 3.96 40
myalgias, fatigue 41
Microtubule inhibitor Docetaxel Taxotere low selective distribution, which contributes to side effects such 3 pg/mL Lessthan10%  2.83 42
as neurotoxicity, Musculoskeletal toxicity, neutropenia
Inhibitor of cyclin Naringin 6 mg/ml 5.8 % —-0.44 43
dependent kinase
Disruption of Doxorubicin ~ Adriamycin cardiotoxicity, myelosuppression, mucositis, and alopecia 2 mg/ml 1.27 44

topoisomerase-2
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Table 4
Novel delivery system of drugs used in breast cancer with their positive outcomes and in vivo study.
Type of nanocarrier ~ Therapeutic agent Excipients used In-vivo study model Outcomes Reference
Nanoemulsion Tamoxifen Ethanol, soybean oil and Polysorbate ~ human culture breast tumor Inhibited cell proliferation 20-fold greater and 47
Paclitaxel 80 line HTB-20 increased cell apoptosis 4-fold greater in the 48
Docetaxel and TPGS, Tween 80 and MCT Human breast cancer cell line HTB-20. 49
thymoquinone borage oil and MCT oil, Tween 80, (MCF-7), BALB/c nude mice Significant inhibition of P-gp activity and 50
Doxorubicin and co-surfactant, Span 20 MCF-7 and MDA-MB-231 enhancement of anti-cancer activity 51
Camptothecin HCl, Cholesterol, DMSO, MCF-7 and HFS Synergistic effect on both n MCF-7 and MDA- 52
Curcumin hydroxymethyl MCF-7, 4T1-breast tumor MB-231 cells, reducing the effective dose, 53
Mentha piperita Captex 300, TPGS, Tween 80, xenograft BALB/c mice potential to minimize toxicity 54
Pequi oil chitosan MCF-7, HFF-1 1.7 with increased apoptosis activity and 55
Lapochol Natural soy phospholipids, MCF-7 (ATCC HTB-22), minimal cytotoxicity against the normal human 56
Resveratrol poloxamer 188, acetone MDA-MB-231 (ATCC: HTB- foreskin cells 57
Maduramicin Tween 20 and ethanol, MTT powder, 26), and MDA-MB-468 Extended drug release (61.65 + 1.57 % at 24
DMSO, PBS tablets (ATCC: HTB-132) h), significant cytotoxicity (178 + 4.3 ng/ml)
Egg lecithin, methanol, fatty acid, Murine fibroblast (NIH-3T3) against MCF-7 cancer cells and low DNA
DMSO cells, murine breast damage to lymphocytes
Soybean oil, Polysorbate 80, adenocarcinoma cells (4T1) Decreasing to < 10 % viable tumor cells,
Glycerol, ultrapure water Female BALB/c mice(4T1) increase in the levels of caspase 3/7 activity
Poloxamer 407, sodium caseinate, MCF-7 cells results in cell apoptosis
coconut oil MCF-10 A cells, MDA-MB- The exposure time of 24 h was significantly
Salinomycin, monensin, oleic acid, 231 cells, 4T1 cells better than essential oil, even within the 72-h
Tween 80, Poloxamer 188 exposure time.
IC50 of 299.8 and 173.7 32 pg/mL after 24 and
48 h, respectively, p < 0.001, along with lower
cytotoxicity 33 against non-tumoral cells
NE-LAP showed higher antitumor activity, and
treatment did not result in any signs of toxicity
The in vitro release profile demonstrated a
release rate of 80 %, and resveratrol
nanoemulsion was cytotoxic to breast cancer
cells
MAD-NE:s are expected to be harnessed to
suppress tumor growth, invasion and
metastasis in the battle against malignant
TNBC.
Solid lipid Curcumin Stearic acid, lecithin, chloroform, SKBR3 cancer cells Cur-SLNs induced higher apoptosis in SKBR3 58
nanoparticle Docetaxel Myrj52 MCF-7 cells cells, decreasing the expression of cyclin D1 59
Wagonin Soybean lecithin, trimyristin, ethanol =~ MCF-7 cells and CDK4. 60
Gefitinib Stearic acid, stearic acid, poloxamer MCF-7 cells Cause the treated cancer cells to arrest in the 61
Paclitaxel 188, mannitol MCF-7 cells, MDA-MB-231 G2/M phase and suppress tumor growth very 62
Mitoxantrone Soya phosphatidyl- MCF-7 cells, L929 cells effectively, DSNs and Taxotere regulate gene 63
Imatinib Mesylate choline, poloxamer 188, poloxamer MCF-7 cells, RAW 264.7 expression and gene function, including DNA 64
Diallyl Trisulfide 407, GmbH MCF-7 cells, MDA-MB-231 replication, DNA damage response, cell 65
Tween 80, triglycerides, Compritol proliferation, apoptosis, and cell cycle
888 ATO, Cholesterol regulation.
Trimethylamine, Tween 80, HCI, Wogonin-loaded SLN exhibited enhanced
NaCl, Sodium acetate solution, cytotoxicity and inhibited poly (ADP-ribose)
Dimethyl sulfoxide polymerase in MCF-7 breast cancer cells
Glyceryl palmitostearate, quillaja showed a sustained release (>90 %) during 72
saponin, hyaluronic acid h, higher antitumour activity (cell viability
Stearic acid, Tween 80, soy lecithin >65 %)
NLC-PTX was very effective against MCF-7
(IC50 25.33 + 3.17 nm) and MDA-MB-231
breast cancer cell lines (IC50 2.13 + 0.21 nm),
no significant cytotoxicity
Improve blood circulation and tumor
selectivity and limit the drug systemic side-
effects, improve the anti-cancer effect of free
drug.
Enhanced cellular uptake and cytosolic
delivery of lipid nanoparticles; normal cells
were not affected, improved cytotoxicity
Higher cellular internalization and efficient
Bcl2 protein downregulation support the
hypothesis.
Nanostructured Doxorubicin and Stearic acid, soybean MCF-7, MCF-7/ADR cell lines ~ D-C-NLCs showed the highest cytotoxicity and 44
lipid carrier cisplatin phosphatidylcholine, acetone, MCF-7 human breast cancer synergistic effect and greatest anti-tumor 66
Celecoxib ethanol (HTB-22™™) activity than other formulations. 67
Gambogic acid mPEG-PDLLA Mouse breast cancer 4T1 cells ~ High drug payloads between n 93.76 % and 68
Quercetin Precirol ATO 5, 1-octadecanol, MCF-7 cells, MDA-MB-231 96.66 % contribute to controlled drug release, 69
Tamoxifen Miglyol 812 and oleic acid human (MCF-7) and mice able to be administered efficaciously alone and 70
Thymoquinone Compritol 888 ATO, MCT 812, (4T1) in combination therapies. 71
Doxorubicin chloroform, Myrj 52 MCF-7 cells, MDA-MB-231 Higher cytotoxicity at 0.25 and 0.5 pg/mL, 72
Lycopene Soy lecithin, glyceryl tri-decanoate, MCF-7 cells better accumulation of E—[c(RGDfK)2], better ~ 73
Paclitaxel glyceryl tripalmitate, vitamin E MDA-MB-231 accumulation in tumor tissue and tumor 74

(continued on next page)
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Type of nanocarrier ~ Therapeutic agent Excipients used In-vivo study model Outcomes Reference
Docetaxel acetate MDA-MB-231,1929 fibroblast ~ growth inhibition 75
Docetaxel and Softisan 154, olive oil, cells Atleast 1000 folds improved aqueous solubility 76
curcumin -phosphatidylcholine and breast cancer (4T1/MCF-7) of Q, y increased cytotoxicity in a dose-
Raloxifene and polysorbate 80 and health(NIH-3T3) cells dependent manner (1-50 mm) and induced
Naringin Softisan 154, Olive oil, sorbitol, MCF-7 cells, MDA-MB-231 apoptosis at 20 mm in MCF-7 and MDA-MB-
Polysorbate 80 Albino female Wistar rats 231
VitD, Dox, poloxamer 407, DAPI, The constant rate of drug release, with a total of
Compritol ATO 888, Miglyol 812 96.5 % after 24 h, exerts cytotoxicity toward
Precirol ATO 5, Vitamin E and Tween MCF-7 and 4T1 and minimizes the systemic
80, Poloxamer 188 side-effects of TAM.
Tween 80, Compritol 888 ATO, Exhibited antiproliferative activity towards all
triglycerides the cell lines, most cytotoxic towards MDA-MB-
Tween 80, ethanol, miglyol 812, 231 cells, an increase of apoptotic cell
pluronic F-68 population (P < 0.05)
Precirol ATO 5, polyethylene glycol, Cotreatment of the cells with VitD-loaded NLCs
polysorbate 20, Labrafil M 1944 CS and Dox caused over a twofold increase in the
Oleic acid, compritol 888, tween 80 percentage of apoptosis (P < 0.05
NLC had better permeation and caused more
cytotoxicity due to higher bioavailability and
greater penetration
Higher in vitro cytotoxic and anti-clonogenic
effects against MDA-MB-231 cells, no
significant cytotoxicity was found against L929
cells, -NLC-PTX showed a tumor accumulation
1.5- and 1.7-fold higher than free PTX.
MCF7/ADR cells Co-treatment with DTX-CUR-
NLCs increased apoptosis and exhibited the
superior synergistic inhibitory effect on MCF7/
ADR
RLX/NRG NLCs formulation, 3.5-fold across
the intestine than RLX/NRG suspension, better
antioxidant potential, improvement in the
permeability, bioavailability
Micelles Docetaxel PEG-poly (aspartic acid) copolymer MDA-MB-231 NC-6301 at 50 mg/kg in mice regressed a 77
Resveratrol Pluronic F127, coumarin 6, Acetone, MCF-7 cells, MDA-MB-231, xenografted tumor of MDA-MB-231, showed 78
Dichloromethane anhydrous, MCF-10 A marginal toxicity,
Dimethyl Sulfoxide loaded with high EE of 73 + 0.9 %, reduced the
viability of breast cancer cells with no effect on
the control cells
Polymeric Docetaxel mPEG-PCL, mPEG-PLA, dehydrated 4T1 model in mice showed better tumor growth inhibition than 79
micelles Teniposide alcohol MCEF-7 cells free DTX, safer than the docetaxel inj. 80
Doxorubicin MPEG, PCLA MCF-7 cells enhanced the cellular uptake by MCF-7, 81
polyethylene glycol 12-hydroxy increased the distribution in tumors in vivo,
stearate (Solutol HS15) showed an excellent safety with aMTD
increased the tumor-targeting ability and
cellular uptake of DOX, anticancer potential
was higher than that of DOX
Liposomes Doxorubicin DOTAP/DDAB, chloroform, Her-2+ MCF-7 and SKBR-3 DOX-loaded liposomes were more effective 82
Tamoxifen/ ammonium sulphate MCF-7 cells, MDA-MB-231 than free liposomes, 1.79-fold increase in 83
Raloxifen Methanol, DPPC, ethyl acetate, HER2 + cell line (SKBR3) uptake of DOX in the Her-2+ cells 84
Herceptin dimethyl-p-cyclodextrin, chitosan Higher tumor size reduction (92.5 %) and
DPPC, Cholesterol, calcein disodium therapeutic efficacy (50 %)
salt, 1-glutamine, antibiotic solutions Higher cellular toxicity and higher drug uptake
bythe HER2 + cell line
Carbon nanotubes  Paclitaxel Raw HiPco, DSPE, PEG 4T1murin cell higher efficacy in suppressing tumor growth, 85
Cisplatin CDDP, dimethylformamide, MDA-MB-231 prolonged blood circulation and 10-fold higher 86
chloroform tumor PTX uptake
Downregulation of PI3K/Akt signalling,
decreased expression of PI3K and p-Akt,
promotion of Akt protein degradation, and
inhibition of tumor cell migration.
Dendrimers Transzumab with Heterocrosslinker, MAL-PEG-NHS MDA-MB-453, HER2- higher cellular internalization and induction of 87
Quantum/Carbon DTX Polylysine negative MDA-MB-231 apoptosis against MDA-MB-453 cells, site- 88
Dots Methotrexate p-glucose, N- (3- MDA-MB-231 specific delivery of DTX and reduce systemic 89
Polymeric Neratinib Dimethylaminopropyl)-N HER2+ MCF-7 toxicity 90
Nanoparticles Doxorubicin ethylcarbodiimide (EDC), dimethyl MCF-7,1.929 Reduces the cell viability up to 20 % mostly 91
Gold nanoparticles  Antibody sulfoxide (DMSO) MCF-7 MDA-MB-231 cells, OS-PAMAM-MTX-GLU 92
Tamoxifen pegylated poly amidoamine MDA-MB-231 uptake inhibits mostly MDA-MB-231 cells 93
Paclitaxel dendrimers [10 % - Improve the efficiency of HER2+ tumor 94
Doxorubicin PAMAM] 4T1 murine breast cancer detection, y increased cellular uptake in 95
Hyaluronic Acid Citric acid and ethylenediamine model HER2+ breast cancer cells 96
Naringenin Anti-CD20 antibody, IGF1R MDA-MB-231/RFP (tagged Good biocompatibility and a potential capacity =~ 97
Paclitaxel with antibody, AVE-1642 with red fluorescent protein) of promoting proliferation. 98
transzumab Pluronic F-68, Pluronic F-108, Poly- MCF-7, human epithelia cells Downregulated IGF1R levels and rendered cells 99
Navitoclax and (Ethylene oxide)-modified MCF-7 cells refractory to IGF-I stimulation, cell 100

Decitabine

polycaprolactone

breast cancer cell lines
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proliferation was slightly inhibited by AVE-
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Type of nanocarrier ~ Therapeutic agent Excipients used In-vivo study model Outcomes Reference
NGR peptides Polyethoxylated castor oil MDA-MB-231 1642 Qdots 101
M. pudica (Cremophor) MCF-7 cells, MDA-MB-231 mean size between 150 and 250 nm showed 102
Flaxseed(Linum HPMA, MCF-7 cells tumor-selective biodistribution, no change in
usitatissimum) GFLGKGLFG (peptide) MCF-7 cells physicochemical environment
Methotrexate PLGA, acetonitrile, 1-Ethyl-3-(3- showed an overall response rate, incidence of
MiR-206 dimethyla neutropenia (all grades) was lowest

minopropyl) carbodiimide (EDC)
and N-hydroxysuccinimide (NHS)
N-isopropylacrylamide and Vinyl
imidazole

Poly lactic acid co-glycolic acid,
poloxamer 407 and sodium lauryl
sulphate

L-actide, Methoxy polyethylene
glycol, Pluronic L-61, Pluronic F127,
tin octoate, deuterated chloroform,
trifluoroacetic acid

Sodium Chloride, DAPI, poloxamer
188 and methanol

Chloroauric acid, Millipore (Milli-Q)
water

HAuCl4-3H20, deionized water
HAuCl4 .3H20, DMSO, NaBH4,
AgNO3

Chloroauric acid, sodium citrate,
Polyethylene glycol,
diethylpyrocarbonate

higher effects on inhibiting proliferation and
inducing apoptosis

tumour growth at day 25 (118 % =+ 13.0) was
significantly (p < 0.05)

Increase in invitro cytotoxicity, Cmax, AUCq.q,
MRT, t;,,, and Vgincreased

Good hemocompatibility with reduced in vivo
platelet toxicity, demonstrated potent tumor
growth inhibition efficacy

demonstrated superior anticancer activity and
survival, less toxic

apoptosis in Go/G; to S phase, translocation of
phosphatidylserine from the inner membrane.
PI and DAPI staining showed the DNA damage
in treated cells.

Fs-AuNPs can't be attacked back by the cancer
cells and AuNPs do not exhibit significant
toxicity, showed best performance against
MCF-7 cells with ICso = 9.9 pg/mL
down-regulated in Luminal-A type of breast
cancer, e fabricated nano-complex, not only
delivered miR- 206 but also caused cell death
in MCF-7 by arresting cells in theG0-G1 phase
and inducing apoptosis by downregulating
NOTCH 3

with a combination index of 0.113 and a dose-reduction index of 115 at
ED50 for vincristine.!%®

8.3. Micelles

Polymeric micelles are formed by self-assembling block or random
amphiphilic copolymers in aqueous conditions. Micelles, instead of li-
posomes, have a hydrophobic core and a hydrophilic shell, making it
possible to load numerous drugs simultaneously. Compared to liposomes,
these structures are more stable, have a smaller size range, and offer a
more controllable drug release.'”” Bingyang Chu et al 2016prepared
teniposide-loaded polymeric micelles for breast cancer therapy. Tenipo-
side in MPEG-PCLA micelles demonstrated teniposide's in vitro delayed
and sustained release behaviour and increased the terminal half-life
(t1/2). In vitro, teniposide micelles improved MCF-7 breast cancer
cells' cellular absorption, and in vivo, they increased the dispersion in
tumours. Teniposide micelles demonstrated outstanding safety with a
maximum tolerated dosage (MTD) of roughly 50 mg teniposide/kg body
weight.®°

LiWei Tan et al prepared Docetaxel Loaded mPEG-Polyester Micelles
for Breast Cancer Therapy. DTX micelles demonstrated superior tumour
growth suppression during anticancer activity in vitro and in vivo
compared to free DTX. Unlike free DTX, DTX contained in micelles,
particularly DTX-mPEG-PCL retained a considerably higher concentra-
tion in plasma and tumour tissue. According to research on acute toxicity
and genotoxicity, DTX micelles in cancer therapy were less harmful than
docetaxel injection.”’

8.4. Dendrimers

Kulhari et al created trastuzumab (TZ)-grafted dendrimers to increase
docetaxel (DTX) delivery to HER2-positive breast cancer cells.When
compared to commercial DTX, TZ-Dend-DTX demonstrated greater
controlled drug release. After 10 h, the taxotere formulation released 94
% of the drug, whereas, after 48 h, the dendrimer nanocomplex only
released 73.9 %. Compared to free DTX and TZ-Dend, the TZ-Dend-DTX
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nanocomplex also demonstrated a higher induction of apoptosis.®” Tor-
res-Pérez et al (2020)the objective of this study was to evaluate the novel
one-step PAMAM dendrimers loaded with methotrexate and p-glucose
(OS-PAMAM-MTX-GLU) in TNBC cell lines. The cell viability of the
OS-PAMAM-MTX-GLU is reduced by up to 20 %, primarily in
MDA-MB-231 cells, and is much higher than that of free MTX without
significantly harming HaCaT cells (non-cancerous).®® In their study,
Aleanizy et al (2020)found that neratinib loaded in plain and
trastuzumab-grafted dendrimers were successfully prepared. Compared
to neratinib alone and neratinib-loaded dendrimer, comparative in vitro
investigations showed that these TZ-targeted dendrimers were more se-
lective and had stronger antiproliferation effects against SKBR-3 cells.’

8.5. Carbon nanotubes (CNT)

lijima discovered the carbon nanotube (CNT) in 1991, and it is a new
kind of synthetic nanomaterial with a distinctive hollow, cylindrical
form. CNT can be thought of as rolling layers of graphene sheets. They
might be single-walled nanotubes (SWNT) or multi-walled nanotubes
(MWNT) (multi-walled nanotubes MWCNT). According to bio-
distribution studies, functionalized SWNT accumulates heavily in tu-
mours. As a result of these studies, CNT has been extensively researched
for the delivery of anticancer agents such as DNA, siRNA, peptides, and
medications. Chemically functionalized single-walled carbon nanotubes
(SWNT) have demonstrated promisingtumor-targeted accumulation in
mice and biocompatibility, elimination, and low toxicity. Liu et al,
2005investigated SWNT drug delivery in vivo for tumour reduction in
mice.SWNT-PTX is more effective in reducing tumour development than
clinical Taxol in a murine 4T1 breast cancer model. It is likely due to
SWNT delivery's improved permeability and retention. Without showing
harmful effects on healthy organs, drug molecules transported into the
reticuloendothelial system are released from SWNTs and eliminated via
the biliary channel.'%®
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8.6. Polymeric nanoparticles

Polymeric nanoparticles include several benefits against free drugs,
such as drug safety against initial deterioration, increased drug perme-
ability into a targeted tissue, controlled drug delivery and augmented
intracellular permeation, drug avoidance from preterm physiological
interference, and diminished toxicity. Soe et al 2019prepared
Transferrin-Conjugated Polymeric Nanoparticle for Receptor-Mediated
Delivery of Doxorubicin in Doxorubicin-Resistant Breast Cancer Cells.
Dox/F127&P123-Tf enhanced Dox cytotoxicity in OVCAR-3, MDA-MB-
231, and MDA-MB-231(R) cell lines through induction of cellular
apoptosis. Moreover, Dox/F127&P123-Tf inhibited cell migration and
altered the cell cycle patterns of different cancer cells.'’° Ruma Maji et al
2014 Prepared and characterized Tamoxifen citrate-loaded nanoparticles
for breast cancer therapy. A sustained drug release pattern from the
nanoparticles was observed for the entire study period, i.e., up to 60 days.
The cytotoxicity of TNPs was more than that of Tamoxifen citrate alone.
The possible mechanism underlying the enhanced efficacy of TNPs
against MCF-7 may include the enhanced intracellular drug accumula-
tion by nanoparticle uptake.'°

8.7. Carbon dots

Using a hydrothermal method, Kong et al prepared carbon dots with
citric acid and ethylenediamine. The CDs showed a possible proliferative
effect in L929 cells and had acceptable biocompatibility. The CDs-DOX
drug delivery system demonstrated an excellent drug release profile
and a comparatively large loading capacity. Additionally, the in vitro
outcomes showed that compared to free DOX, the CDs-DOX complex
exhibited a larger cellular uptake and more potent inhibitory capacity on
cancer cells.”

8.8. Quantum dots

Zhang et al studied the downregulation of type I IGF receptor
expression by antibody-conjugated quantum dots in breast cancer cells.
Treating MCF-7 cells with AVE-1642 Qdots downregulated IGF1R levels
and rendered cells refractory to IGF-I stimulation. Furthermore, cell
proliferation was slightly inhibited by AVE-1642 Qdots.”!

8.9. Nanostructured lipid carriers (NLCs)

Kamel et al (2019) prepared a curcumin-loaded nanostructured lipid
carrier using Peceol and olive oil. The percentage of cumulatively
released CUR after 24 h was found to be significantly higher (p < 0.05) in
PE3 (11.9 %) than in GE3 (6.75 %). The exposure to 5 pg/mL of free CUR
and PE3 and GE3 formulae has reduced the cellular viability of MCF-7
cells in the dark and after exposure to light.'!! Alhalmi et alprepared dual
drug-loaded NLC of raloxifene and naringin (RLX/NRG NLCs) for breast
cancer. An ex vivo permeation study exhibited nearly 2.3 and 2.1-fold
improvement in the permeability profiles. An in vitro DPPH antioxi-
dant study displayed a better antioxidant potential of RLX/NRG
compared to RLX and NRG alone due to the synergistic antioxidant effect
of RLX and NRG. An acute toxicity study in Wistar rats showed the safety
profile of the prepared nanoformulations and their excipients. Huifeng Di
et al. D-C-NLCs exhibit the highest antitumor activity, with the lowest
ICsq value. For MCF-7/ADR cells: The DOX ICsq value of D-C-NLCs was
18.6 pm, a 19-fold dose advantage over the DOX solution (353.6 pm).
The reduction in the amount of each drug could greatly help reduc-
esystemic toxicity during the therapeutic process.”® Ming Sun et al
(2014) prepared Quercetin-nanostructured lipid carriers. The encapsu-
lation efficiency and loading capacity of Q-NLC were 95 % and 11 %,
respectively. At least 1000 folds improved the aqueous solubility of Q. As
compared to native Q, Q-NLC dramatically increased cytotoxicity in a
dose-dependent manner (1-50 mm) and induced apoptosis at 20 mm in
MCF-7 and MDA-MB-231 breast cancer cells.®®
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8.10. Nanoemulsion

Nanoemulsions (NEs) due to higher drug solubilization capacity,
better thermodynamic stability, long self-life, rapid onset of action, and
reduced inter-subject variability form a promising technology to achieve
optimum targeted drug delivery.''?> Compared to standard suspension
preparations that can be thousands of nanometers in size, nanoemulsion
delivery methods with particle sizes in the hundred-nanometer range or
less have been demonstrated to improve the bioavailability and efficacy
of various drugs.*” Cristina Machado and colleagues (2019) investigated
the action of a curcumin-nanoemulsion employed as a photosensitizing
agent in photodynamic therapy in MCF-7 cells, an in vitro breast cancer
model. The tumoral lineage (MCF-7) was significantly phototoxic after
CNE treatment and radiation dosage, with a 57 % reduction in cell via-
bility.In the case of the examined MCF-7 cell type, there was an increase
in the levels of caspase 3/7 activity, indicating that this therapy causes a
cascade of activities that result in cell death, such as cellular apoptosis.®?
Huihui Bu et al prepared a Tocopheryl polyethene glycol 1000 succinate
(TPGS) incorporating nanoemulsion of paclitaxel (NE-PTX) to overcome
drug resistance in breast cancer. According to the observed data, the ICgq
value of paclitaxel in resistant MCF-7/ADR cells was significantly
decreased, falling from 101.45 pg/mL to 5.39 pg/ml. The tumour
inhibitory rate of NE-PTX reached 93.84 %, and the tumour volume in
the resistant tumour xenograft model treated with NEPTX was only
10.06 % of that of the paclitaxel solution group, therefore demonstrating
the effectiveness of NE-PTX in treating paclitaxel resistance.’® Shivani
Uppal et al used probe sonication to successfully entrap benzyl isothio-
cyanate (BITC) in miglyol-812, PEG-200, rhamnolipid, and tween-80
based NE to overcome problems like low solubility, poor stability, and
low bioavailability of BITC. The normal mammary epithelial cell line
MCF-10 A is significantly more resistant to BITC-induced cell growth
arrest and apoptosis.'

Niloufar Abedinpour et alprepared Mentha piperita Essential Oil
nanoemulsions and investigated their cytotoxic effect on human breast
cancer lines. The anticancer effects of MPEO against 3 human breast
cancer cell lines after 24, 48, and 72 h of incubation. The viability of all
cell lines in 24 h was greater than 50 %, indicating that MPEO's anti-
cancer action at 24 h was minimal. However, effectiveness was enhanced
by extending incubation times to 48 and 72 h. Interestingly, after being
exposed to MPEO 2500 g/mL for 72 h, the viability of all tested cell lines
fell to less than 10 %. At 72 h, the best IC5¢s were observed: MCF-7: 165
g/mL, MDA-MB-231: 25 g/mL, and MDA MB-468: 2536 g/ml.>*

Ombredane et al designed a pequi oil-based nanoemulsion and
evaluated its anticancer effects. Lecithin served as the surfactant in
effectively preparingpequi oil nanoemulsions, which exhibited physico-
chemical stability when subjected to stress conditions (pH and serial
dilution) or long-term (200 days) storage at various temperatures. Along
with lower cytotoxicity against non-tumoral cells (NIH/3T3) (ICso of
442.7 and 380.3 g/mL after 24 and 48 h), significant dose- and time-
dependent antitumoral effects against breast cancer cells (4T1) were
also noted (ICs¢ of 299.8 and 173.7 g/mL after 24 and 48 h, p0.001).54

9. Future perspectives

Traditional metastatic treatments, including radiation therapy and
chemotherapy, are never successful for a no. of therapeutic reasons. First,
lack of target specificity and deep tumour penetration in anticancer drugs
frequently cause patients to experience unwanted side effects and pre-
vent anticancer agents from concentrating at the locations of malignant
tumours.Second, secondary tumour sites, including those in the brain,
bone, breast, liver, and lung, provide a special microenvironment resis-
tant to chemotherapy and radiation therapy. Thirdly, the majority of
metastatic tumour cells are resistant to numerous drugs. Thus, it is
believed that creating cutting-edge treatment options for malignant tu-
mours is essential. The drawbacks of molecular chemotherapeutic drugs,
such as their lack of targeting ability, drug resistance, and major
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unfavourable side effects, have shown potential to be addressed using
nanotechnology.

10. Conclusions

In the last few decades, there has been a lot of research into
nanoscale-based delivery methods for advancing cancer therapy and
diagnosis and initially designed to address only a few limitations of free
non-bound drugs (e.g., low aqueous solubility, poor pharmacokinetics
and cellular availability, degradation in the gastrointestinal tract, blood
stream or by hepatic metabolism, etc.). The ability to target a specific
biological site (cell selectivity) is likely nanomedicines' most significant
advantage.The primary reasons are localization in the human body and
extending the release period.Furthermore, the mutual interaction of
genes or drugs with other tissues is limited, influencing the risk of
drawbacks and side effects.As a result, this approach can ensure more
uniform drug distribution with a smaller amount required and lower
losses through the body.
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