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Breast cancer is one of the most common types of cancer among women globally. It is caused by mutations in the
estrogen/progesterone receptors and conventional treatment methods are commonly utilized. About 70-80 percent

of individuals with the early-stage non-metastatic disease may be cured.

nanomedicine drug therapy breast cancer targeted delivery drug resistance

1. Nanomedicine: Evolving Demands for Breast Cancer
Treatment

Nanomedicine in the medical or pharmaceutical field appears to be a new trend and has been proposed to
minimize dose quantity and frequency while retaining a similar pharmacological profile and fewer side effects 1, as
well as nanosystems that enable them to push through biological barriers like the blood-brain barrier (BBB) .
Among these, nano-lipid carriers for cancer therapy will lead to improved features such as higher drug loading
capability, strong compatibility, scaling up viability, and regulated drug release [2. Nanoparticles are commonly
used to synthesize and prepare anti-infective, anticancer, and anti-inflammatory medicines . The nanoparticles
vary in size from 1-100nm. The nanoparticles combine in a multi-layered fashion, and the coating aids in resolving
issues such as solubility, durability, and specificity. Using a nanoparticle-based technique, problems correlated with
macromolecules such as cell toxicity, lacking specificity, cellular absorption, and the high dose may be avoided. In

contrast, concerns linked to multidrug resistance (MDR) and P-glycoprotein (P-gp) efflux may also be changed [4!.

The nanoparticle’s wavelength, which is usually less than 100 nm, will provide inherent stealth. Due to the drug’s
lipophilic nature, it is simple to entrap and formulate into nanoparticles 2. The conjugation of the parent first-line
chemotherapeutic agent and the flavonoid with a lipid improves the drug’s lipophilicity, which aids in enhancing the
entrapment efficiency when forming nanodroplets. The nano-emulsion system’s buoyant charge aids in
communicating with the negative charge on the surface of cancer cells. This aids in the successful transmission of
nanoparticles to the cancer cell surfaces (€. There have been no records of the nanoparticles having any negative
or harmful results since being delivered in 2D person and in vivo . These are supported by an evidential study
demonstrating that toxicity-related conditions are rare and have little impact on the brain, heart, lungs, or kidney.
According to one study, nanoparticle aggregation in body parts such as the liver and spleen has been seen 8,
Nanomedicine is being used in many of the formulation approaches mentioned above; there are two commonly
acknowledged approaches: (a) top-down method and (b) bottom-up technique. In the top-down method, the

required non-material is made by using external, macroscopic raw materials. The processing of these macroscopic
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materials is well-controlled from the outside. Etching, ball-milling, homogenization, and the application of strong
plastic deformations are all examples of this kind of method . In the bottom-up method, the raw material is pre-
miniaturized (at the molecular/atomic level) and then either allowed to self-assemble into nanomaterials or
additional catalysts are included to aid assembly. Other molecules of interest may be introduced into the
nanomaterial to create composite nanoproducts during the construction process. However, the end output must be
“stabilized” by some external means in each of these ways. Otherwise, these fundamentally unstable nanoproducts

tend to agglomerate while stored [ and it is having a positive impact on the pharmaceutical healthcare industry.

In nano-delivery, the antibody can coat the nanocarrier surface for targeted distribution to HER2 cells. There have
been many recent studies on HER2-targeted nanomedicine; although the HER2 antibody is the most often used
targeting moiety for HER2 malignancy, other HER?2 targeting ligands have been studied as well. For example, Ding
et al. used a trastuzumab-mimetic peptide with promising results, indicating that this might reduce the antibody’s
immunogenicity, production costs, and technical effort 29, The nanoparticles developed by Day et al. (11l and Cai et
al. 12 are both decorated with trastuzumab coating for targeted photoablation and radiation therapy. The HER2
protein, which fuels this kind of breast cancer, might be targeted to slow it down potentially. Monoclonal antibodies
are synthesized proteins that attack and inhibit the proliferation of HER2 cells. These medications may be
prescribed alone or in conjunction with chemotherapy by doctors. Breast cancer can also be treated with an
antibody—drug combination, which delivers pinpoint accuracy chemotherapy to the cancer cells 12!, There are
various nanocarriers like liposomes, carbon nanotubes, micelles, dendrimers, metallic nanoparticles (NPs),
nanocrystals, polymeric NPs, and lipid-based nanocarriers, such as solid lipid nanoparticle (SLN) and
NLCnanostructured lipid carrier (NLC), which are examples of some of the nanocarrier systems in Figure 1 [14],
The benefit of nanocarriers is their compact scale, which enables them to push through biological barriers like the
blood-brain barrier (BBB) 13, As well, the nanocombinatorial approaches have shown promising results to treat

breast cancer 16,
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Figure 1. Schematic representation of novel nano-drug delivery approaches in breast cancer treatment.

1.1. Liposomes

Liposomes are spherical entities that are self-contained and made up of one or more concentric curved bilayer
membranes as well as cholesterol. Liposomes are made up of components that are comparable to those found in
the cell membrane 7. Since one side of a phospholipid molecule is hydrophobic and the other end is hydrophilic,
when coupled with water, they instantly form a spherical particle (18l Liposomes have excellent possibilities for
medication and cell delivery, owing to the amphiphilic nature of the lipids. Liposomes are necessary for regulated
medication and gene delivery to the target region, as well as cell proliferation inside the pores or surrounding
tissue. In vivo, the matrix phase should biodegrade at a controlled pace and elicit a low immunological and

inflammatory response 19,

Insufficient drug concentrations due to poor absorption, excessive metabolism and elimination, low water solubility,
and large plasma level variations due to variable bioavailability after oral administration were usually accompanied
by unsatisfactory in vivo results 29, The development of appropriate drug carrier systems is a possible solution for
tackling these issues. When combined with trastuzumab, liposomal anthracyclines are effective in both progressed
and early breast cancer 21 In patients with early and HER2-over-expressing breast cancer, the use of a
combination of liposomal anthracyclines and trastuzumab is of particular interest. This is the group that is most

likely to benefit from anthracycline treatment [22],
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Chowdhury, N. et al. 231 developed an aptamer (A6 and GFP)-labeled liposomal nanoparticle delivery system that
retains and distributes doxorubicin to HER-2+ breast cancer cells. As well, it shows a significant increase in the
uptake of the aptamer-labeled liposomes—by more than 60%—into both MCF-7 and SKBR-3 cells compared to
non-aptamer-labeled nanoparticles and an improved uptake in HER-2 positive cells than HER-2 negative cells.
Formulation shows = 1.79-fold increase in the uptake of DOX in the HER-2+ cells compared to the HER-2- cells.
This preliminary study indicates that aptamer-labeled nanoparticles, among several batches, showed the highest
uptake as well as the targeted delivery of doxorubicin into HER-2+ breast cancer cells. Thus, an aptamer targeted
approach results in a substantial reduction in the dose of DOX and improves the therapeutic benefits by promoting
the target specificity.

Doxil®, Janssen Products, Titusville, NJ, USA is a pegylated liposomal DOX HCI formulation that reduces systemic
toxicity while maintaining DOX antitumor properties, significantly reducing tumor growth rates, and enhancing
survival rates 24, Doxil helps alleviate the cumulative dosage limitation and allows for lower risk and longer DOX
therapy, thereby significantly increasing the drug’s flexibility. In clinical trials for advanced breast cancer treatment,
Doxil has been coupled with a wide range of other chemotherapeutic agents (for example, cyclophosphamide and
5-fluorouracil, cisplatin and infusional fluorouracil, cyclophosphamide followed by paclitaxel, cyclophosphamide

accompanied by paclitaxel (22,

Lipodox® is a DOX HClliposome injection that is generic. Monotherapy is used for the treatment of metastatic
breast cancer with a high risk of cardiac complications and can reduce the danger of infusion responses. For this
process, the drug is given intravenously at a dosage of 50 mg/m? at a rate of 1 mg/min at first and is administered
once every four weeks for as long as the patient reacts well and tolerates the therapy 28, When combined with
Lapatinib, dHER2+AS15 ASCI was assessed by dose-limiting toxicities. There were two rounds of intramuscular
injections every two weeks, and, between immunization rounds, there was a four-week break. For each dose of
500g of dHER2 + AS15 ASCI, two sterile glass vials were provided: one vial will contain this same lyophilized
preparation containing 500 pg of recombinant dHER2 antigen, especially in combination with the immunostimulant,
and the other vial will contain the dried preparation containing 500 pg of recombinant dHER2 antigen combined
with the immunostimulant. The final dHER2 + AS15 ASCI for administration is obtained by reconstitution of the
lyophilized product with adjunct diluents. The dose of dHER2 + AS15 ASCl is 0.5 mL [27],

Lipoplatin, an effective liposomal formulation of cisplatin, is an intriguing medication in breast cancer, especially in

HER 2-negative and triple-negative patients—although its efficacy has to be confirmed 28],

EndoTAG-1/MediGene is another Liposomal paclitaxel formulation successful in TNBC with a weekly dosage of
EndoTAG-1 22 mg/m? + Paclitaxel 70 mg/m? and a 4-month progression-free survival (PFS) rate [22. The DPX-
0907 vaccine is safe and well-tolerated. This may increase patient survival by inducing efficient anti-tumor
immunity BY. LEM-ETU is a liposomal formulation containing Mitoxantrone, an anticancer drug given intravenously

every 21 days until disease progression or toxicity occurs, which requires treatment discontinuation 311,
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Dual-targeting liposome modified by glutamic hexapeptide and folic acid for bone metastatic breast cancer is also
an effective formulation 2. Liang, Z. et al. B3 illustrated targeted delivery of siRNA via a polypeptide-modified
liposome for the treatment of gp96 over-expressed breast cancer. There are several metallic liposomalformulation,
such as Ru(lll) complexes [B4I33 with nucleolipids (AziRu), that it were able to create with differently decorated
anticancer nanosystems, which were very effective against human BCC. In the current landscape of Ru-based
candidate drugs, it was demonstrated that AziRu, when inserted into a nucleolipidic structure and ad hoc nano-
delivered via the positively charged lipid DOTAP, can effectively inhibit BCC proliferation in vivo while being well-
tolerated, which is a critical property for anticancer drug candidates in preclinical studies to progress to the clinical
stage. Thus, they demonstrated the safety and effectiveness of HoThyRu/DOTAP cationic Ru-based nanosystems

in a mouse xenograft model of BC.
1.2. Dendrimers

Dendrimers are promising drug delivery devices that can solve the shortcomings of currently approved anticancer
medications 28, They can overcome drug resistance, decrease drug toxicity, and increase drug solubility and
bioavailability 281, Anticancer medicines have been loaded into micelles and dendrimers, resulting in selective drug
delivery, sustained drug release, improved cellular uptake, decreased adverse side effects, and enhanced
anticancer action in vitro and in vivo. Dendrimers are typically used to accomplish successful drug targeting to
tumor tissues by covalently binding unique targeting moieties such as folic acid, antibody, sugar epidermal growth
factor, and biotin [28. Chemotherapeutic agents and theranostic chemotherapy applications have been successfully

administered using these nanocarriers 71,

Poly-lysine, polypropylene imine (PPI), phosphorus, and carbosilane dendrimers are other forms of dendrimers
used in biomedical applications, especially in oncology (28l Polylysine (PLL) is an amphiphilic dendrimer with a
branched structure made up of Penta-functional central molecules that are made up of positively charged essential
amino acids, including lysine-amino-alanine, and are a fascinating new class of molecules because of their small
size and natural components, which allow them to be internalized more readily than synthetic molecules B2, The
therapeutic efficacy of dendrimers and micelles for breast cancer treatment was reviewed by Sibusiso Alven et al.
(49 The latter demonstrated how they could resolve drug resistance, decrease drug toxicity, and increase drug
solubility and bioavailability. Anticancer medications have been loaded into micelles and dendrimers, resulting in
selective drug delivery, sustained drug release, improved cellular absorption, decreased adverse side effects, and
enhanced anticancer action in vitro and in vivo 22, The biological impact of dendrimers and micelles loaded with

various recognized anticancer agents on breast cancer in vitro and in vivo are reported in their studies.

Although the larger G5 PEG1100 Dendrimer showed firm tumor and retention, drug release was poor, which
restricted its anticancer effect. The smallest G4 PEG570 dendrimer was substantially effective in DOX release
induced by cathepsin, but its systemic exposure and tumor uptake were minimal. Drug release kinetics, tumor
absorption, systemic exposure, and retention were all improved with the intermediate-sized dendrimer. These
results showed that the therapeutic effectiveness of dendrimer formulations is influenced by the polyethylene glycol

(PEG) molecular weight and dendrimer scale 2],
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In another study, dendrimer-loaded trastuzumab was conjugated to neratinib. The in vitro viability of SKBR-3 cells
after 48 h for neratinib, neratinib-conjugated-dendrimers, and neratinib-loaded-dendrimers-trastuzumab was 40%,
36%, and 33%, respectively. Trastuzumab’s affinity for HER2 receptors expressed in SKBR-3 cells enhanced the

internalization of the formulation through receptor-mediated endocytosis 43,
1.3. Micelles

Micelles are colloidal particles around 5-100 nm that are currently under investigation as carriers for hydrophobic
drugs in anticancer therapy and have excellent tumor-targeted delivery properties, making them a feasible drug

delivery mechanism with high translational potential 49,

NC-6300, NK911, and NC-6004 are micelle products engineered to deliver epirubicin, DOX, and cisplatin,
respectively 441, The antitumor efficacy of NC-6300 was shown in a phase | clinical trial in 2013 with a substantial
reduction in cardiac toxicity, suggesting that the formulation is safe and tolerable 3. DOX is mechanically
encapsulated in the hydrophobic center of the micelles by noncovalent bonds 8. SP1049C comprises a non-ionic
Pluronic block copolymer mixture (1:8 w/w ratio) of Pluronic L61 and F127, which was shown to be more effective
than doxorubicin against several tumor cell lines in vitro 47, Compared to free doxorubicin in preclinical in vivo
studies, SP1049C showed superior antitumor activity, efficacy, and an increased area under the curve (AUC) in
tumor tissue in multiple animal tumor models of doxorubicin-resistant tumors and had identical AUC and Cmax in

the liver, kidney, breast, lung, and plasma 48],

Sun Y. et al. 49 developed PAA-g-PEG graft micelles for high doxorubicin loading for specific target antitumor
activity against mouse breast carcinoma for TNBC and discovered that articulation of DOX in the micelles, which
enhanced the bioavailability of the drugs through passive targeting of the tumor and significantly reduced organ
failure owing to wild tumor cell growth and metastasis and depressed the toxicity of DOX on the heart and other
organs. Using a novel fluorescent cancer cell model, it was demonstrated that enhanced sensitivity of cancer stem
cells to paclitaxel using poly[(D,L-lactide-co-glycolide)-co-PEG](PLGA-co-PEG) micelles of paclitaxel with CD44
surface markers 29, Genexol-PM Bl is a new cremophor EL-free polymeric micelle formulation of paclitaxel. This
single arm, multicenter phase Il research was aimed to examine the effectiveness and safety of Genexol-PM in
patients with histologically proven metastatic breast cancer (MBC). Forty-one women received Genexol-PM by
intravenous infusion at 300 mg/m? over 3 h every 3 weeks without premedication until disease progression or

intolerability.

Taurin et al. 52 have developed a second-generation curcumin derivative, 3,5-bis(3,4,5-trimethoxybenzylidene)-1-
methylpiperidine-4-one (RL71), that shows potent in vitro cytotoxicity. RL71 is hydrophobic with poor bioavailability,
which limits its clinical development so it was designed styrene-co-maleic acid (SMA) micelles encapsulating 5%,

10%, or 15% RL71 by weight/weight ratio to improve its solubility and pharmacokinetic profile.

In another study, it was created a nanocarrier to deliver a chemotherapeutic drug specifically to the TNBC. To form
micelles for the encapsulation of docetaxel, d—tocopheryl polyethylene glycol succinate (vitamin E TPGS, or

simply TPGS) was employed. Vitamin E TPGS has both a lipophilic alkyl tail and a hydrophilic polar head, which
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results in micelle formation above the CMC of 0.02 wt%. Additionally, TPGS micelles have a high surface area that
may change for ligand conjugation to deliver specific drugs. The fibroblast cells (NIH3T3), HER2 overexpressed
breast cancer cells (SK-BR-3), ER and PR overexpressed breast cancer cells (MCF7), and TNBC cells of high,
moderate, and low EGFR expression (MDA MB 468, MDA MB 231 and HCC38) were employed to access in vitro
cellular uptake of the coumarin 6-loaded TPGS micelles and the cytotoxicity of docetaxel formulated in the
micelles. The high ICsy value, which is the drug concentration needed to kill 50% of the cells in a designated
period, such as 24 h, obtained from Taxotere® showed that the TNBC cells are indeed more resistant to the free
drug than the positive breast cancer cells. However, the therapeutic effects of docetaxel have been
significantlyenhanced by the formulation of Cetuximab conjugated TPGS micelles, which demonstrated 205.6- and
223.8-fold higher efficiency than Taxotere® for the MDA MB 468 and MDA MB 231 cell lines, respectively 31,

1.4. Carbon Nanotubes

Carbon nanotubes are cylinders made up of one or more co-axial graphite layers with a diameter in the nanometer
range that serve as instructive examples of nanomaterials with Janus-like properties 24, Their structure can be
divided into single-walled carbon nanotubes with a single cylindrical carbon wall and multi-walled carbon
nanotubes with multiple wall cylinders 4. They can offer a promising approach to gene and drug delivery for
cancer therapy due to their unique electronic, thermal, and structural characteristics. Due to their thermal
conductivity and optical properties, carbon nanotubes are the right candidate for killing cancer cells via local

hyperthermia (52!,

Carbon nanotube materials may be used as instruments for targeted and regulated drug distribution and release,
contrast agents for diagnosing and identifying breast tumors, and biosensors 8 Fullerenes, carbon nanotubes,
and graphene have been shown to have desirable properties for the carriage, targeted, and regulated distribution
of chemotherapeutical drugs such as Taxol (paclitaxel), docetaxel (DTX), doxorubicin (DOX), and others, according

to recent nanomedicine reports 7581591,

Nadrajan Jawahar et al. 89 developed a folic acid-conjugated raloxifene hydrochloride carbon nanotube for
targeting breast cancer cells, demonstrating that the surface of the CNTs was functionalized by folic acid (FA),
allowing the medicine to be delivered selectively to the cancer cells’ target sites. In vitro, drug release studies
revealed that the system’s pH influenced drug release. The effectiveness of FAs physically attached to CNTs with
affectivity produces apoptosis in the cancer cell line with an IC50 value of 43.57305 g/mL, according to a
cytotoxicity investigation. When compared to the pure medication and the RLX-CNT formulation, the fluorescence

imaging investigation revealed that the RLX had increased cellular internalization.

By using the plasma-enhanced chemical by vapor deposition (PECVD) process, Akinoglu, E. M. et al. Bl
determined that a multi-walled carbon nanotube-based scaffold has a good shape for cell development and offers a
biocompatible environment for human MDA-MB-231 cell lines. The current findings revealed improved cell
adherence to the scaffold and displayed excellent biomimetic features and physiological adaptability, suggesting

that they may be utilized to research BrCa cell line metastasis in vitro.
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1.5. Polymeric Nanoparticles

Polymeric nanoparticles (PNPs) are submicron-sized structures made up of several biodegradable (for example,
albumin, chitosan, and alginate) and non-biodegradable (for example, albumin, chitosan, and alginate) polymers
(62 Therapeutic agents may be encapsulated, covalently bound, or adsorbed to nanocarriers in this manner 62,
These strategies can quickly solve drug solubility problems, which are significant since a substantial percentage of
potential drug candidates discovered by high-throughput screening programs are water-insoluble 3!, On the other
hand, polymeric nanoparticles are distinguished from drug nanosuspensions, which are sub-micron colloidal
dispersions of pure drug particles stabilized by surfactants 4. Polymeric nanoparticles may also be tailored to
individual cells and sites in the body due to their small size and the ability to functionalize their surface with
polymers and suitable ligands. As a result, polymeric nanoparticles could solve drug stability problems and reduce
drug-induced side effects [62]. Several PNPs were developed and used to treat cancer, especially in the distribution

of anti-cancer drugs (€8],

Ikmeet Kaur Grewal et al. [¢7] have reported a summary of recent advances in polymeric nanoparticles for breast

cancer care and patents with clinical trial studies based on the recently published Web Of Science data.

1.6. Solid Lipid Nanoparticles

Lipid-based nanoparticles, including solid lipid nanoparticles (SLNs) and nanostructured lipid carriers (NLCs), will
hopefully overcome the current drawbacks presented by liposomes and polymeric nanoparticles 8. Lipid
nanoparticles show the possibility of discovering new therapeutics due to their unusual size-dependent properties
69 The ability to integrate drugs into nanocarriers introduces a modern drug delivery prototype that can be used
for secondary and tertiary drug targeting [L9. As a result, SLNs hold a lot of promise for achieving the objective of
controlled and site-specific drug distribution, and they've gotten a lot of attention from scientists 1. SLNs consist
of a solid lipid matrix that is in solid state at both room and body temperatures and are made in the same way as
an oil-in-water (o/w) emulsion, except that the oil phase is substituted by a solid lipid or a mixture of solid lipids.
Solid lipids in SLNs include long-chain fatty acids, fatty acid esters, and waxes. The particle size (PS) of SLNs
typically varies from 80 to 1000 nm [, Since these small particles may not re-crystallize throughout the production
process, producing SLNs with a mean PS of less than 80 nm is challenging. The SLNs dispersion may be utilized
directly as a nanosuspension or may be integrated into solid dosage forms, such as tablets and pellets, by
granulating the dispersion. Alternatively, a spray-drying or lyophilization procedure might be effective in order to
transform an aqueous SLN dispersion into a dry product and this will improve the SLN'’s long-term stability, and it

can be reassembled with water to make a nanosuspension as needed 11,

One of the most important factors in breast cancer mortality is metastasis, and the most common sites for
metastasis are local lymph nodes 2. As seen in Figure 2, the rate of tumor cell migration to lymph nodes
increases, resulting in the incorporation of lymph vessels, which systemically spread the cancer cells through the
lymphatic route. This route can provide new possibilities for delivery of anticancer drugs to overcome first pass
metabolism of the drug and can serve as a bypass route. Anticancer drugs, encapsulated in advanced lipid-based

nanocarriers such as SLNs and NLCs, are better candidates for lymphatic drug delivery. Lipid digestion occurs in
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the intestine by m-cells and then they are converted into micelles and transformed into lipoproteins after cholesterol
and phospholipid aggregation. Finally, lipoproteins by pass first-pass metabolism and are sent to the lymphatic
system. Henceforth, the systemic toxicity profile associated with anticancer drugs can be avoided and breast

cancer patients would benefit from such a strategy, which would be safer than conventional chemotherapy.
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Figure 2. Absorption mechanism of lipid based nanocarriers through lymphatic transport system.

Other formulations, such as dimethyl sulfoxide solubilization and Cremophor EL vehicles, were linked to paclitaxel-
SLN action toward MCF-7 drug-resistant and drug-sensitive cells (commercial formulation). The cytotoxicity of
SLNs with paclitaxel was determined to be concentration-dependent 23], Pindiprolu et al. [z2] generated
niclosamide-loaded SLNs that increased cellular uptake and chemotherapeutic efficacy in TNBC. Another study,
such as their use of curcumin carriers against the breast cancer cell line MDA-MB-231, has also backed up the
efficacy of SLNs. When curcumin was injected into the SLNs, the findings revealed a significant improvement in the
cells drug absorption capability, and curcumin—SLN also caused a greater decrease in cell viability and a rise in
apoptotic cells as compared to curcumin diluted in dimethyl sulfoxide Z4l. Another study was on the usage of
resveratrol-loaded SLNs to treat human breast cancer cells, which was also a source of concern and investigators
discovered that resveratrol SLNs are more efficient at inhibiting cell proliferation than free resveratrol. They also
had a much stronger inhibitory effect on cell invasion and migration, implying that resveratrol-SLN may be a
promising BreC drug 5] The history and background of SLNs are very short as the findings were lacking in clinical

studies for breast cancer treatment 22!,
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1.7. Nanostructured Lipid Carriers (NLC)

NLCs are the second generation of lipid-based nanocarriers formed from a mixture of solid and liquid lipids and
have an unstructured matrix due to the different moieties of the constituents of NLCs /8. NLCs were designed in
order to overcome the SLNs’ limitations. NLCs have a higher drug loading capacity because of their imperfect
crystal structure and could avoid drug expulsion by avoiding lipid crystallization during the manufacturing and
storage periods. Due to the presence of liquid lipids in NLCs formulation, expulsion of the loaded drug after
formulation and during the storage period is minimized. NLCs can also increase drug solubility in lipid matrices and
they can show more controllable release profiles in comparison to SLNs 7. Although NLCs are solid in nature,
even in body temperature, they have a lower melting point than SLNs and, due to their unstructured nature and
imperfection in their crystalline behaviors, provide more space for drug dissolution and payload in the liquid part of
the NLC [Z8],

By replacing liquid lipid for a component of pure solid lipid, the strategies to keep defects in the lipid, even after
lengthy storage, alleviate the issues associated with standard SLNs 2. When a little amount of liquid lipid/oil was

added to a solid lipid matrix, the crystal lattice structures were less ordered [,

Liquid lipids contributed in widening the loading capabilities of lipid nanocarriers by increasing the number of
defects wherein amorphous drug clusters might fit. As a consequence, this dual lipid framework may not only be
able to accommodate higher drug loads, but it may also be able to reduce the drug’s expulsion from the lipid during

storage 81,

Mingzhen Lin et al. 82! formulated a folic acid-loaded curcumin nanostructured lipid carrier using a solvent diffusion
approach. The results revealed that FA-CUR-NLCs were efficient in selective delivery to cancer cells
overexpressing FA receptors (FRs). CUR is also delivered to breast cancer cells via FA-CUR-NLCs, boosting anti-

tumor action. As a consequence, FA-CUR-NLCs might be a more effective nanomedicine for tumor therapy.

2. Combinatorial Nanocarrier-Based Drug Delivery for Anti-
Tumor Agent Amalgamation in Breast Cancer

In recent years, nanocarrier-based drug delivery has risen, with significant socioeconomic implications in various
disciplines 83, Furthermore, due to the nanocarrier's capacity to deliver inside limited tissue, reducing dose
guantity and frequency has been recommended while maintaining a similar pharmacological profile and fewer
adverse effects 84, Despite advances in surgical procedures and therapy regimes, patients with breast cancer
have a poor prognosis. Henceforth, to improve the quality of life of breast cancer patients, cancer treatment
strategies have shifted toward a nanomedicine drug delivery with the combinatorial approach to mitigate the
toxicological issues associated with monotherapy 2. Combining a synthetic chemotherapeutic agent with another
synthetic or herbal bioactive molecule with anticancer activity has shown promising results in treating various
cancers (88 This amalgamation of a synthetic chemotherapeutic agent with an herbal anticancer bioactive
molecule ameliorates the efficacy of monotherapy either synergistically or in an additive manner. Several such

combinations have been reported to attenuate the toxicity associated with high-dose monotherapy . These
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combinations have shown therapeutic benefits at a lower dose of the synthetic chemotherapeutic agent, which can

easily be calculated using the combination index 7,

Boroujeni et al. B8 developed and manufactured curcumin-loaded folate-modified-chitosan-NPs with targeting
capabilities by using a self-assembling approach. Curcumin release from folic acid chitosan NPs was finally
demonstrated to be influenced by the concentration of the release medium, with a drop in pH from 7.4 to 5.0
speeding up the process. Curcumin-loaded NPs have been demonstrated to have an excellent potential for

application in breast cancer treatment.

Day, C. M. et al. B2 additionally conjugated N-desmethyl tamoxifen and a Zinc (Il) phthalocyanine moiety with the
non-toxic amphiphilic spacer TEG. The novel conjugate was discovered to have a high affinity for ERs, thereby
allowing it to perform both BC photodynamic and hormone treatment. The resultant conjugation has good
biocompatibility and it showed an excellent cytotoxicity profile witha50% cancer cell killing impact that had powerful
cancer apoptotic capabilities on the MCF-7 cell line. The pictorial representation of the action of a nanomedicine

combinatorial approach and its action on breast cancer cells is given in Figure 3.
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Figure 3. Action of nanomedicine combinatorial approach on breast cancer cells and effectiveness.
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