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Abstract 
Nanotechnology-driven drug release mechanisms minimize adverse reactions, prolong drug efficacy, and regulate drug 
administration. Polymeric nanoparticles act as effective carriers, enhancing drug solubility and durability, thus addressing 
concerns regarding the safety of chemical drugs and additives. Monitoring drug concentration is vital in assessing cytotoxic 
effects, impacting cell viability and proliferation. Efficient drug delivery via nanocarriers resolves challenges linked to poor 
solubility and instability within cells. Purpose-built nanocarriers enable prolonged drug release in tumor environments, 
thereby heightening cytotoxicity. Recent investigations predominantly utilize the double emulsion technique to fabricate 
nanocarriers, ensuring consistent and stable nanoparticle morphology and preventing premature release during drug delivery. 
This study focuses on assessing the cytotoxic potential of newly developed nanocarriers in breast cancer cell lines. 
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Introduction 

Cancer poses significant challenges in medical 
treatment, driving ongoing research for therapies with 
fewer side effects. While chemotherapy, targeted 
therapy, radiation therapy, and immunotherapy are 
common treatments, they often have limitations like 
reduced effectiveness and toxicity to healthy tissues. 
Nanoparticles have gained popularity for their 
versatility in various fields due to their size, typically 
under 100 nanometers [1]. They can deliver a wide 
range of drugs, including water-soluble and water-
insoluble ones, vaccines, and biological molecules, 
with applications in disease treatment and diagnosis. 
Nanoparticles come in various forms like 
nanoliposomes, carbon nanotubes, nanofibers, and 
nanospheres, serving as drug carriers and cellular 
scaffolds [2-4]. Challenges like bloodstream entry and 
phagocytosis can be addressed through surface 

modification. Drug delivery systems improve drug 
efficacy and properties, acting as reservoirs for 
targeted drug release, thus reducing side effects and 
drug consumption. These systems, classified into 
organic and inorganic groups, encompass various 
nanoparticle types [5]. Synthesis focuses on 
nanoparticle carriers and drug encapsulation, using 
active and passive methods. Polymer nanoparticles, a 
common choice, offer advantages like increased drug 
solubility and stability. This study explores the 
importance of nanoparticles in drug delivery, recent 
advances in nanocarriers, their mechanisms, and their 
cellular toxicity assessment in breast cancer cell lines 
[6]. This research investigates the significance of 
chitosan-based nano systems and analyzes key points 
regarding their application [7]. Specifically, it delves 
into the mechanisms underlying drug release and 
cytotoxicity of pharmaceutical nanocomposites 
developed in recent years (Figure.1) [8].
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Figure 1: Key Insights on Breast Tumor Therapy 

 
Mechanisms of Targeted Drug Delivery 

Different methods, ranging from simple to complex, 
can be utilized to implement targeted drug delivery 
mechanisms. In general, these mechanisms can be 
categorized into three groups: physical targeting, 
passive targeting, and active targeting [9]. 

Physical Targeting 

Physical targeting employs various forces like 
magnetic fields, ultrasound, light, heat, and electric 
fields to concentrate or disperse drugs as needed. 
Magnetic fields, light, and ultrasound waves are 
commonly used, with magnetic fields being 
particularly favored due to their affordability and ease 
of application. Magnetic nanoparticles, notably iron 
oxide nanoparticles, are widely utilized in magnetic 
field-based drug delivery methods [10]. Ultrasound-
based drug delivery and light-triggered targeting are 
innovative methods. Ultrasound utilizes 
microbubbles for enhanced absorption, while light-
based approaches offer precise control over release. 
Recent advancements include light-sensitive systems 

triggering drug release in response to specific 
wavelengths, with strategies for single or multiple 
releases via nanoparticles [11]. 

Passive Targeting 

After reaching a volume of 2 cubic millimeters or 
more, tumors experience limited permeability, 
affecting nutrient and oxygen uptake and prompting 
angiogenesis [12]. Enhanced Permeation Retention 
(EPR) is a common passive targeting strategy in tumor 
therapy, capitalizing on irregular tumor endothelial 
cell arrangement and the absence of lymphatic 
drainage to retain drugs in the tumor bed [13]. 

Active Targeting 

Active targeting represents the pinnacle of drug 
delivery targeting, achieved by attaching targeting 
receptor molecules to drug delivery systems. This 
method enables precise delivery of drugs to target 
tissues, intracellular organelles, or specific molecules 
[14]. In Figure 2, the defects of common drug delivery 
systems are depicted.
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Figure 2: Defects in common drug delivery systems 

 
Hydrogels in Drug Delivery 

Hydrogel-based drug delivery systems are widely 
researched to enhance drug effectiveness and reduce 
side effects. Their soft and water-friendly nature 
makes them ideal for drug delivery. Hydrogels can 
incorporate drugs in various forms and release them 
at controlled rates due to their porous structure. 

These systems protect drugs from harsh environments 
and offer different release mechanisms [15]. With 
proper design, hydrogels are versatile for sustained, 
targeted, or biomolecule release.  Table 1 outlines the 
types of hydrogel nanocomposites in drug release 
along with their characteristics and fabrication 
methods [16].

 
Table 1: Types of Hydrogel Nanocomposites in Drug Release 

Type of Hydrogel Nanocomposite Fabrication Method Properties References 
Iron oxide-cellulose Solution casting Responsive to magnetic stimuli [4] 

Silver nanoparticles-acrylo-piperazine In-situ polymerization Temperature and pH responsive [1] 
Clay nanoparticles-polyvinyl alcohol In-situ polymerization Reduction in crystallinity and glass 

transition temperature 
[5] 

Silver nanoparticles-polyvinyl alcohol Gamma irradiation Increase in swelling behavior with 
nanoparticle increase 

[13] 

Modified acrylic amide-graphene Free radical polymerization Improved strength [12] 
Dendrimers-polyethylene glycol Free radical polymerization Self-healing capability [10] 

Hydroxyapatite-polyethylene glycol Free radical polymerization Enhanced mechanical properties [11] 
Silica-polyethylene glycol Free radical polymerization Improved cellular adhesion [12] 
Polyamidoamine-collagen Physical cross-linking Cross-linking associations [16] 

Graphene oxide-carboxymethyl cellulose Cross-linking associations Reduced drug release at pH=7.4 [15] 
Iron oxide-sodium carboxymethyl cellulose Cross-linking associations pH-responsive [14] 

Acrylate-6 amino-graphene oxide caproic acid Solution casting Mechanical strength improvement [7] 
Liposome-chitosan In-situ polymerization Improved drug release [9] 

 
A Review of Designed Nanocarriers in Drug 
Delivery Systems 

In the study, a chitosan (CS)-based nanocarrier 
incorporating reduced iron oxide nanoparticles and 
graphene oxide was examined for its ability to deliver 
curcumin (CUR) to breast cancer cells. The findings 
revealed a 33% cell death rate, suggesting potential 
enhancements in CUR release [17]. In a recent study, 
researchers tested a nano-carrier with Agarose and CS 
for targeted release of two anti-cancer drugs, CUR and 

5-Fluorouracil (5-FU), in breast cancer cells. The 
carrier induced a 55% reduction in cell viability when 
loaded with both drugs. CS alone or with Agarose 
showed no significant deviation from the control. The 
CS -loaded carrier with Agarose had slightly lower 
cellular toxicity, indicating more viable cells. Also, the 
carrier with 5-FU had minimal deviation compared to 
the free drug [18]. A CS -based nanocarrier with 
aptamer and carbon quantum dots was studied to 
improve 5-FU release in breast cancer cells. Results 
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showed CS with carbon quantum dots behaved like 
the control, indicating nanoparticle biocompatibility. 
The nanocarrier with the drug increased live cells by 
67%, suggesting enhanced cellular toxicity. Addition 
of aptamer further increased toxicity. The nanocarrier 
exhibited slower, stable drug release, reducing wastage 
and side effects compared to the free drug [19]. The 
study examined a nanocarrier composed of 
polyvinylpyrrolidone, featuring CS and iron oxide 
nanoparticles, for the controlled release of 
doxorubicin (DOX) in breast cancer cell lines. The 
findings revealed that the drug encapsulated within 
this nanocarrier exhibited higher cellular toxicity 
against breast cancer cells compared to other samples. 
However, it demonstrated lower toxicity than the free 
drug, attributed to its dependency on release time. 
Additionally, it underscored the nanocarrier's stability 
in enhancing drug release [20]. 
In a study, a polyvinylpyrrolidone-based nanocarrier 
with agarose and hydroxyapatite was examined to 
enhance quercetin (QUE) release in breast cancer cell 
lines. Addition of hydroxyapatite increased cellular 
toxicity. The nanocarrier containing 
polyvinylpyrrolidone, agarose, and QUE showed 
higher cellular toxicity compared to samples with only 
polyvinylpyrrolidone, agarose, and hydroxyapatite, 
suggesting quercetin induced more toxicity. This 
nanocarrier is optimal for quercetin release, 
inhibiting tumor cell growth and providing stable 
drug release. Preparation using the double emulsion 
method results in stable, time-dependent drug release 
[21]. Investigators engineered a CS-based nano-
delivery system featuring polyvinylpyrrolidone and 
gamma-alumina to administer quercetin and explore 
its impact on breast cancer cell lines. Findings 
revealed that initially, CS with polyvinylpyrrolidone 
displayed scant cellular toxicity, yielding over 80% cell 
viability. However, upon the integration of gamma-
alumina nanoparticles, the proportion of viable cells 
dwindled due to the toxicological effects of alumina 
nanoparticles, resulting in a noteworthy surge in 
cellular demise. Introduction of quercetin to this 
nano-delivery system further precipitated a decline in 
live cells to a mere 9%, showcasing the potential of 
the CS -based nano-delivery system containing 
polyvinylpyrrolidone and alumina nanoparticles to 
significantly amplify cellular toxicity, thus manifesting 
a pronounced cytotoxic impact on breast cancer cells 
[22]. Scientists examined a CS-derived nano-
transporter incorporating iron oxide and gamma-
alumina nanoparticles to dispense 5-FU in breast 

cancer cell lines. Outcomes indicated that the mere 
presence of nanoparticles failed to heighten cellular 
toxicity, affirming the nanoparticles' biocompatibility. 
Furthermore, the formulated transporter impeded 
cancer cell growth and propagation. Preparation of 
this transporter entailed the double emulsion 
technique, ensuring nanoparticle shape uniformity 
and stability while hindering rapid nanoparticle 
diffusion during drug release within the body [23]. In 
a pioneering study, researchers investigated a CS-
based nanocarrier containing iron oxide 
nanoparticles and nano clay for precise QUE release 
in breast cancer cell lines. While the nanocarrier 
showed minimal impact on tumor cells, it induced 
significant cell mortality upon drug loading, with 22% 
lower toxicity compared to free QUE. This 
formulation holds promise for enhancing drug release 
in breast cancer therapy [24]. 
In a recent study, scientists investigated a CS -based 
nanocarrier incorporating agarose and nano clay for 
the controlled release of CUR in breast cancer cell 
lines. The CS nanocarrier demonstrated minimal 
changes in cellular toxicity without the drug, yet 
showed enhanced drug release capabilities. In 
contrast, free CUR increased cellular toxicity, while 
the nanocarrier containing the drug exhibited even 
higher toxicity levels, highlighting its effectiveness in 
delivering CUR and enhancing cellular toxicity in the 
tumor microenvironment [25]. In a study, scientists 
investigated a CS -based nanocarrier incorporating 
nano-halloysite and graphene carbon nitride for 
delivering QUE to breast cancer cell lines. Results 
indicated that CS alone, CS with nano-halloysite, and 
the nanocarrier containing CS with nano-halloysite 
and graphene carbon nitride showed cellular toxicity 
levels akin to the control sample, affirming the 
biocompatibility of these materials. In contrast, the 
free QUE drug heightened cellular toxicity. However, 
when combined with the nanocarrier containing CS 
with nano-halloysite and graphene carbon nitride, it 
exhibited the highest cellular toxicity among the 
samples, suggesting that this synthesized nanocarrier 
could significantly enhance cellular toxicity in breast 
cancer cell lines, reducing it by 35% [26]. Researchers 
investigated a CS-based nanocarrier containing 
halloysite nanoparticles and carbon nanotubes to 
enhance CUR release in breast cancer cell lines. The 
nanocarrier demonstrated excellent biocompatibility 
with 87% cell viability, and the inclusion of halloysite 
nanoparticles had minimal impact on cellular toxicity. 
Thus, the CS nanocarrier with halloysite 
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nanoparticles proved effective for drug release. 
Comparative analysis with samples lacking the drug 
and free CUR showed increased cellular toxicity with 
the nanocarrier, highlighting its potent inhibitory 
effect on cancer cells [27]. 
Scientists studied a CS-based nanocarrier 
incorporating agarose and iron oxide nanoparticles 
for releasing CUR in both breast cancer and normal 
cells. Findings revealed that the engineered 
nanocarrier caused a 48% decrease in breast cancer 
cell viability, surpassing the efficacy of the free drug by 
12%. Moreover, the CS nanocarrier containing 
agarose and iron oxide nanoparticles, devoid of the 
drug, demonstrated minimal cellular toxicity, 
highlighting the appropriateness and biocompatibility 
of this carrier system [28]. In their study, researchers 
explored a graphene-based nanocarrier incorporating 
graphene quantum dots and iron oxide nanoparticles, 
conjugated with folate acid, to enhance CUR release 
in breast cancer cell lines. Findings revealed that at 
lower concentrations of CUR loading (5μg/mL), the 
nanocarrier induced higher cellular death, suggesting 
a synergistic effect between the drug and the carrier 
[29]. 
Additionally, Mohammad et al. investigated a 
poly(methacrylamide) nanocarrier incorporating iron 
oxide nanoparticles for DOX release in lung cancer 
cell lines. Results indicated elevated cellular toxicity 
with the nanocarrier (at concentrations of 25 and 
125μg/mL) compared to both the free drug and the 
drug-free nanocarrier. Researchers A CS-based 
nanocarrier incorporating serum albumin was 
developed to enhance the release of methotrexate, 
and its efficacy was investigated in breast cancer cell 
lines. Results from cellular toxicity assessments 
revealed that the addition of methotrexate at 
concentrations ranging from 0.5 to 10 micrograms 
per milliliter to this nanocarrier heightened cellular 
toxicity. The interplay of drug dosage and time within 
the concentration range of 0.5 to 5 micrograms per 
milliliter exhibited variations in cellular toxicity [30]. 
In a separate study, a nanocarrier comprising gold 
nanoparticles, iron oxide nanoparticles, and albumin 
was explored for podophyllotoxin release in breast 
cancer cell lines. Findings suggested that albumin 
functioned as a coating, encapsulating iron oxide and 
gold nanoparticles, thereby forming a core-shell 
structure. The final half-maximal inhibitory 
concentration (IC50) values for the free drug and the 
drug-loaded nanocarrier were 3085 nM and 1868 nM, 
respectively, indicating an increase in cellular toxicity 

induced by this nanocarrier. Atiroglu et al. delved into 
the simultaneous release of 5-FU and gemcitabine 
hydrochloride from a CS nanocarrier incorporating 
Metal Organic Framework nanoparticles of MIL-100. 
Their findings indicated an enhancement in drug 
release accompanied by an increase in cellular toxicity 
[31]. 
Balakumar et al. explored the dual release of 5-FU and 
hesperidin from a CS nanocarrier in breast cancer cell 
lines. Their results revealed that the cellular toxicity 
of free 5-FU was higher compared to the CS 
nanocarrier containing 5-FU alone and the CS 
nanocarrier containing both 5-FU and hesperidin, 
attributable to the slow and stable drug release 
kinetics of the nanocarrier [32]. Sil et al. investigated 
a silica nanocarrier incorporating polyacrylic acid and 
folic acid to enhance the release of chrysin. Their 
findings unveiled that the nanocarrier with folic acid 
exhibited heightened cellular toxicity compared to 
normal cells [33]. Kalindemirtas et al. devised a 
nanocarrier comprising rosin and polyethylene glycol 
to enhance the release of 5-FU and carmofur. This 
nanocarrier demonstrated heightened cellular toxicity 
for both drugs, suggesting a promising strategy for 
controlled and targeted drug delivery systems [34]. 
Jayakannan et al. explored a polycaprolactone 
nanocarrier incorporating carboxylic acid for the 
release of cisplatin in breast cancer cell lines. Their 
findings indicated that this nanocarrier displayed 
biocompatible behavior in the absence of drug 
presence, with low cellular toxicity. At a 
concentration of 1.0 microgram per milliliter, the 
nanocarrier showed greater cellular toxicity compared 
to the free drug, whereas at higher concentrations, the 
free drug displayed higher cellular toxicity than the 
nanocarrier. This pattern suggests that the slow 
release of the drug from the nanocarrier contributes 
to its potential effectiveness in breast cancer treatment 
[35]. The iron-based metal-organic framework Iron 3-
benzene-3,1,5-tricarboxylate was investigated for the 
release of doxorubicin in breast cancer cell lines. This 
nanocarrier demonstrated dual-responsive behavior 
for drug release, sensitive to both ultrasound waves 
and pH fluctuations [36]. Pascual and collaborators 
examined a nano-composite composed of 
polyvinylpyrrolidone, polyethylene glycol, and 
titanium dioxide nanoparticles to enhance the release 
of quercetin in L929 healthy tissue cell lines. Their 
findings demonstrated that the positively charged 
surface can foster electrostatic attraction between 
nanoparticles, thereby improving interactions with 

https://bioresscientia.com/


Journal of Women Health Care and Gynecology                             ISSN:2993-0871                           BioRes Scientia Publishers 

© 2024 Mohammad Hossein Karami, et al.                                                                                                                                          6 

cell membranes. The pH-responsive behavior of the 
designed nanocomposite proved crucial, as it resulted 
in less drug release in the neutral environment of 
L929 cells compared to the acidic environment of 
U87 cells, thereby mitigating potential side effects 
associated with nanocarriers [37]. The cellular toxicity 
of liposomes, liposome nanocarriers, iron particles, 
and iron-based metal-organic framework nanocarriers 
was assessed. Results revealed minimal cellular 
toxicity and high biocompatibility of liposomes. 
Additionally, liposome nanocarriers and iron 
particles showed comparable levels of cellular toxicity 
at concentrations ranging from 150 to 500 
micrograms per milliliter. However, at higher 
concentrations (500 to 10,000 micrograms per 
milliliter), the cellular toxicity of liposome 
nanocarriers and iron particles escalated [38]. 
Yazdian et al. investigated a CS nanocarrier 
containing alumina nanoparticles and agarose for 
doxorubicin release in breast cancer cells. Results 
showed low cellular toxicity, meeting ISO 
biocompatibility standards. Additionally, nitrogen 
quantum dot nanoparticles heightened toxicity, and 
drug-loaded nanocarriers induced increased cellular 
toxicity compared to free drugs, suggesting enhanced 
apoptosis [39]. Pourmadadi et al. tested a nanocarrier 
with carboxymethyl cellulose, gelatin, and ZIF-8 
nanoparticles to improve quercetin release in breast 
cancer cells. The nanocarrier increased cellular 
toxicity to 55%, compared to 70% for the free drug, 
enhancing cell death [40]. Pascual et al. investigated a 
nanocarrier containing carboxymethyl cellulose, 
starch, and reduced graphene oxide nanoparticles for 
CUR release in breast cancer cells. The nanocarrier 
showed higher cellular toxicity than the free drug, 
reducing side effects and enabling controlled release. 
Rashidi et al. investigated a CS-based nanocarrier with 
starch and molybdenum disulfide nanoparticles for 
CUR release. While CS and starch combination had 
no notable impact on cell viability, the designed 
nanocomposite showed toxicity. Free CUR displayed 
considerable toxicity, whereas the drug-loaded 
nanocarrier increased cellular toxicity to 54%, 
indicating enhanced anticancer activity [41]. 
Rahdar et al. utilized a polyacrylic acid nanocarrier 
with polyvinylpyrrolidone and carbon nanotubes for 
5-FU release. It exhibited minimal toxicity and good 
biocompatibility without drugs. Pascual et al. 
examined a nano-composite of polyvinylpyrrolidone, 
polyethylene glycol, and titanium dioxide 
nanoparticles for quercetin release in L929 healthy 

tissue cell lines. They found that the positively 
charged surface improved cell membrane 
interactions, with pH-responsive behavior reducing 
drug release in neutral environments, potentially 
lowering side effects [42]. 
Yazdian and colleagues also explored a CS 
nanocarrier containing alumina nanoparticles and 
agarose to enhance the release of 5-FU in breast 
cancer cell lines. The cellular toxicity of the drug-
loaded nanocarrier surpassed that of the free drug, 
resulting in live cell percentages of 28% and 36%, 
respectively. Additionally, the nanocarrier displayed 
minimal alterations in cellular toxicity when devoid of 
the drug, suggesting minimal inherent cellular toxicity 
in breast cancer cell lines [43]. 
Pourmadadi et al. evaluated a nanocarrier comprising 
carboxymethyl cellulose, gelatin, and zeolitic 
imidazolate framework-8 (ZIF-8) nanoparticles to 
enhance the release of the anticancer drug quercetin 
in breast cancer cell lines. Results demonstrated that 
the cellular toxicity of both the drug and the drug-
loaded nanocarrier was 70% and 55%, respectively. 
Therefore, the nanocarrier increased cellular toxicity 
compared to the free drug, leading to increased cell 
death. Additionally, Pascual et al. investigated a 
nanocarrier containing carboxymethyl cellulose, 
starch, and reduced graphene oxide nanoparticles for 
CUR drug release in breast cancer cell lines. The 
results showed that the nanocarrier exhibited higher 
cellular toxicity compared to the free drug, thus 
reducing side effects associated with anticancer drugs 
like CUR and facilitating controlled release [44]. 
Yazdian and colleagues investigated a CS nanocarrier 
comprising alumina nanoparticles and agarose to 
improve the release of 5-FU in breast cancer cell lines. 
The cellular toxicity of the drug-loaded nanocarrier 
exceeded that of the free drug, resulting in live cell 
percentages of 28% and 36%, respectively. 
Additionally, the nanocarrier displayed minimal 
changes in cellular toxicity when devoid of the drug, 
indicating negligible inherent cellular toxicity [45]. In 
another study by Tiwary et al., a nanocarrier 
containing ligand-modified multi-walled carbon 
nanotubes in the presence of lysine was explored for 
the release of doxorubicin in breast cancer cell lines. 
Results showed that at concentrations below 12.5 
micrograms per milliliter, the cellular toxicity of the 
free drug surpassed that of the nanocarrier, 
potentially due to the slower release kinetics of the 
nanocarrier compared to the free drug. Furthermore, 
nanocarriers containing mannose- and galactose-
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modified carbon nanotubes exhibited increased 
cellular toxicity compared to the free drug [46]. 
Rashidi et al. examined a CS-based nanocarrier 
containing starch and molybdenum disulfide 
nanoparticles for CUR drug release. While the 
combination of CS and starch showed no significant 
changes in cell viability, indicating no adverse effects 
on cell survival, the designed nanocomposite 
demonstrated toxicity to cells. The results revealed 
that free CUR exhibited considerable toxicity, while 
the drug-loaded nanocarrier increased cellular toxicity 
to 54%, indicating enhanced anticancer activity [47]. 
Rashidi and colleagues also designed a CS-based 
nanocarrier containing iron nanoparticles and carbon 
quantum dots to improve CUR drug release. Results 
showed that drug release was faster in acidic 
conditions compared to neutral environments due to 
the pH sensitivity of the designed drug. Moreover, no 
burst or rapid release was observed, confirming 
controlled drug release [48-50]. 
 

Conclusion 

In this study, we delved into the cellular toxicity of 
newly devised nanocarriers tailored for the precise 
delivery of anticancer medications in breast cancer 
cell lines. Over the recent years, a plethora of 
nanocarriers have emerged, each shedding light on 
the intricate relationship between drug concentration 
and cellular toxicity. While some investigations have 
revealed that nanocarriers don't exacerbate cellular 
toxicity when compared to free drugs, they do 
facilitate controlled and sustained drug release, 
underscoring the significance of timing in drug 
administration. Across the majority of these novel 
nanocarriers, the double emulsion method emerged 
as a predominant technique, ensuring both stability 
and uniformity in nanoparticle shape, while also 
averting any sudden burst or rapid release of 
nanoparticles during the drug delivery process. 
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