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Abstract
Objectives: The expression of heat shock proteins (hsps) in cells is dependent on cell stress and the high temperature of hyperthermia 
elevates them. Therefore, consideration of an attenuator of this pathway is needed.
Methods: After preparation and characterization of both nanoquercetin and magnetic nanoparticles, MCF7 cell line treated to determine 
the IC50 of both nanoparticles using MTT assay. The percentage of radical levels in all groups was investigated using DPPH technique. Also, 
Real-Time PCR was utilized to reveal the regulation of hsps and apoptotic genes.
Results: The diameter of the nanocobalt ferrite was 8.08 ± 2.5 nm indicating a soft-ferromagnetic property due to its zero coercivity. Also, 
the nanoquercetin exhibited a size of 42.42 ± 13.26 nm after encapsulation by chitosan. FTIR spectroscopy presented specific bands such 
as 1640, 1560 and 1380 cm-1 for amide I, II and III and 1600 and 1400 cm-1 for C=C stretching in aromatic rings, respectively for both chitosan 
and quercetin. The cell viability by MTT assay were 10 and 0.6 mg/ml for cobalt ferrite and quercetin as IC50 concentrations. After applying 
hyperthermia with a frequency of 350 kHz and a treatment duration of 10 min, the highest degree of radical inhibition was observed in 
the combination condition under hyperthermia, with a value of 21.03 ± 0.2 %. Moreover, the Bax/Bcl2 ratio of 6.66 in the composite group 
suggests an apoptotic fate for the cells. The composite and nanoquercetin treatments showed the highest fold changes of 1.4 and 43 for 
caspase 3. In contrast, caspase 8 exhibited values of 25 and 0.25 for these groups, respectively.
Conclusions: The treatment of cells with a blocker of hsps such as quercetin increases the yield of hyperthermia. However, more 
investigations are needed, particularly in animal models to introduce this nanoformulation for clinical trials.
Graphical Abstract

 The treatment of cancer cells by nanoquercetin increases the bioavailability of this hydrophobic compound. The higher concentration 
results in reduced expression of heat shock proteins such (HSP) as HSP70 and HSP90. As a consequence, cellular proteins are less protected 
against the elevated temperatures associated with hyperthermia and ultimately leading to cell death through reactive oxygen species 
(ROS) production. 
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Introduction 

Breast cancer ranks among the most frequently diagnosed 
cancers globally. Treatment options for this cancer are radio-
therapy and chemotherapy, but these methods often come with 
significant side effects on healthy cells and also, low efficacy.1 
In the recent years, researches have been increasingly focused 
on discovering new drugs for breast cancer treatment. Among 
the methods, some plant-derived bioactive compounds can act 
as pro-oxidants and generate reactive oxygen species (ROS) 
within cancer cells.2 This oxidative stress can disrupt sign-
aling pathways, damage DNA, and influence on the progres-
sion of various cancers, including colon, prostate, lung, ovary, 
and breast cancers. Superoxide dismutase (SOD) and catalase 
(CAT) are key enzymatic antioxidants that help neutralize 
ROS in cancer cells.3 Colloidal iron oxide and iron oxide-based 
core-shell nanostructures are particularly popular due to their 
size-dependent magnetic properties, making them ideal candi-
dates for biomedical applications and in vivo experiments.4 For 
cancer therapy, a lot of researches focuses on iron oxide-based 
nanoparticles with superior magnetic properties for effective 
destruction of cancer cells via hyperthermia.5 One of iron oxide 
derivatives is cobalt ferrite (CoFe2O4) as a function of its high 
anisotropy, can enhance the efficiency of hyperthermia to apply 
cell apoptosis.6 Hyperthermia, a widely recognized therapeutic 
method, involves exposing tumor tissues to high temperatures 
to damage them or enhance their sensitivity to radiation and 
certain anticancer drugs.7 This method in compared to other 
techniques such as laser, ionizing radiation, and microwaves, 
indicate minimum damages to surrounding healthy tissues due 
to targeting the temperature by using magnetic nanoparticles.8 
However, at temperatures higher than physiological levels, this 
method increases the expression of heat shock proteins (hsps).9 
Hsps belongs a diverse group of molecular chaperones classified 
by their molecular weights to HSP27, HSP40, HSP60, HSP70, 
and HSP90. These proteins make protein folding, maturation, 
and degradation in response to different stress conditions 
such as heat shock and hypoxia.10 By applying hyperthermia, 
the expression of these proteins is elevated and thus, attenu-
ates the efficacy of this method. Quercetin is well-known as a 
potent agent that can inhibit hsps and facilitate the impact of 
hyperthermia.11 This compound as a potent flavonoid found in 
foods such as onions, red grapes, lettuce, tomatoes, olive oil, 
tea, coffee, bracken fern, and citrus fruits, has been shown to 
have toxic effects on various cancer cells.12 Despite its potential, 
the therapeutic of this factor has been hindered by its poor sol-
ubility and low bioavailability.13 To enhance the bioavailability 
of anticancer agents, several drug delivery systems have been 
explored, including polymeric nanoparticles, solid lipid nan-
oparticles (SLNs), liposomes, and micelles.14 Encapsulating a 
drug in nanoparticles can enhance its stability, extends its circu-
lation time, and increases its accumulation in tumors, leading 
to improved therapeutic results.15 This chemical factor reduces 
tumor multidrug resistance via inhibiting P-glycoprotein, 
downregulation of multidrug resistance-related proteins and 
by reducing intracellular Glutathione levels.16 Beside passive 
targeting of drug delivery to tumor tissue, active targeting may 
be achievable by the combination of a chemical nanodrug and 
magnetic nanoparticles with high saturation magnetization.17 
Regarding to this, the combination of magnetic nanostructures 
and nanoquercetin may promote the outcome of hyperthermia. 
In a study, quercetin was nanoformulated as liposomes and 

in synergistic manner with Fe3O4 nanoparticles recruited to 
hyperthermia against MG-63 osteosarcoma cells. The results 
confirmed a lower cell viability in in vitro model.18 Another 
investigation used iron oxide nanoparticles which were cross-
linked to nanoquercetin under the culture of MCF7 cells. This 
study was performed in the absence of hyperthermia and the 
results approved the more toxicity of the composite particle 
against pure quercetin.19 A group loaded quercetin and cobalt 
ferrite on liposomes and treated MCF7 cells by hyperthermia. 
They found 35% and 55% of early and late apoptosis, respec-
tively. This study was limited to cell culture and proliferation.20 
Another report was discussed about the toxicity of graphene 
oxide loaded by an iron oxide derivative and quercetin against 
HEK 293-T and MCF7 cells. The assays unveiled in the pres-
ence of UV light, the destruction of the cells was increased.21 
Also, a similar study fabricated nanoparticles containing iron 
oxide/folic acid/quercetin for therapeutic approaches of brain 
cancer. This examination was done without any hyperthermia 
conditions and only, confirmed that the nanoparticles could 
enter the cells and applied toxicity.22 The chitosan nanoparti-
cles loaded by quercetin and iron oxide revealed apoptotic cell 
death against H522 cell line and also, neutralizing free radicals 
were occurred.23 Moreover, cobalt ferrite was loaded on the 
graphene oxide sheets and in the presence of hyperthermia 
and bulk quercetin. The observations approved that the com-
bination strategy made lower expression of hsps in MCF7 cells 
and also, higher toxicity.24 For first time in the present study, 
the impact of quercetin-chitosan nanoparticles in the simulta-
neous model with cobalt ferrite nanostructures was evaluated 
on MCF7 cells. Also, beside hyperthermia, the regulation of 
apoptotic genes and hsps was surveyed. 

Materials and Methods 
Preparation of CoFe2O4 Nanoparticles 
The nanoparticle was synthesized by adding 0.47 g of cobalt 
chloride to 10 ml of distilled water. Then, 1.6 g of nitrate iron 
(Sigma) and 0.06 g of PVP (Sigma) were weighted and added. 
The final mixture was stirred for 4 hrs to get a homogenous 
solution. The pH was changed to 11–14 after this incubation by 
using ammonium solution (25%, Sigma). The corresponding 
solution was poured to a metal container and its lid was sealed 
and stored in an oven at 180°C for 3 hrs. The product was 
cooled and poured to a beaker and let to sediment. Then, the 
material was washed with distilled water for several times and 
its supernatant was thrown away. For the cell culture investi-
gations, the nanoparticle was mixed with phosphate bovine 
sulfate (PBS, Gibco) and ultra-sonicated for 15 min and then, 
added to the cells at predetermined concentrations. 

Transmission Electron Microscope (TEM) 
The magnetic nanoparticles were investigated by using a 
Zeiss-EM10C TEM (Oberkochen, Germany). The nanopar-
ticles at the concentration of 0.005 gr/ml were suspended in 
PBS and poured on a carbon-coated copper grid. The acceler-
ating voltage was 80 kV and the sample was studied by TEM 
apparatus. 

Vibrational Sample Magnetometer (VSM) 
The magnetic behavior of the cobalt ferrite nanoparticles was 
investigated by using a VSM apparatus (VSM-7300, Meghnatis 
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Daghigh Kavir Co., Kashan, Iran). The maximum applied field 
was 15 kOe and the temperature was almost room condition. 
The final curves were evaluated to judge the magnetic prop-
erty of the corresponding nanoparticle. 

Preparation of Quercetin Nanoparticles 
Quercetin (Sigma) nanoparticles were developed by using 
quercetin purchased from sigma. For this process, the quercetin 
was dissolved in absolute ethanol (16% w/v, Merck). Then, 
chitosan (low molecular weight, Sigma) at the concentration 
of 0.2% w/v was poured to acetic acid (Merck). After chitosan 
dissolving, the pH value was changed to 5.5 by adding NaOH 
(Sigma) solution. The chitosan and quercetin solutions were 
mixed each other at the ratio of 5:1. On the other hand, tri- 
sodium phosphate (TPP, Sigma) solution at the concentration 
of 1% w/v, was gradually added to the blend solution of chi-
tosan and quercetin. This step must be done under magnetic 
stirring and room temperature. The volume of the solution was 
increased to 50 ml by adding distilled water. Then, the sample 
was filtered (0.2 µm) and centrifuged at 13000 rpm/min for  
15 min. The supernatant was discarded and water added to 
wash out the non-trapped quercetin. After all, acetic acid was 
added to remove the free chitosan by centrifuging the sedi-
ment again at same conditions. Finally, the precipitate sample 
containing chitosan-quercetin nanoparticles, was collected. 

Scanning Electron Microscope (SEM) 
The shape of the quercetin nanoparticles was illustrated by 
SEM (S‐4500; Hitachi, Tokyo, Japan). The gold was coated by 
a sputtering (Quorum Technologies-Emitech-SC7620 model) 
and then, the sample was examined by SEM.

Dynamic Light Scattering (DLS) 
The homogeneity of the quercetin nanoparticles was studied 
by dynamic light scattering (DLS, Malvern Instruments, 
Worcestershire, UK) at room temperature. For this method, 
the nanoparticle sample was diluted by adding distilled water 
and then, load on the apparatus. The parameters including 
particle dispersion index (PDI), average particle size and its 
related curve were reported. 

Fourier Transform Infrared (FTIR) Spectroscopy 
The chemical groups of quercetin and chitosan were detected 
by using a Fourier transform infrared spectroscopy (FTIR, 
Spectrum RX I, USA). For this assessment, the sample was 
freeze dried for 24 hrs and then, the assay was done. The range 
of wavelengths was between 400–4000 nm and the scan rate 
was 2 nm. 

Cell Culture and MTT Assessment 
MCF7 cells were bought from Pasteur Institute of Iran and 
cultured under ethical number of IR.SBMU.RETECH.
REC.1402.184 from shahid beheshti university of medical 
sciences, Tehran, Iran. The cells cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM, Gibco) supplemented with 10% 
fetal bovine serum (FBS, Gibco) and incubated at 37°C in a 
5% CO2 humidified atmosphere. After 24 hrs, the cells were 
seeded into 96-well plates at a density of 8 × 103 per a cell well. 
The experimental groups were treated with magnetic nano-
particles at concentrations of 0.5, 2, 5, 10, 20 and 30 mg/ml 
and 0.1, 0.3, 0.6, 1.2 mg/ml for the quercetin. The tissue cul-
ture polystyrene control (TCPS) group was considered as the 

control group which was not treated. The 3-[4,5-dimethylth-
iazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT, Sigma) 
assay was done after 24, 48, and 72 hrs to determine the IC50 
values of both nanoparticle types. For this assay, the cells were 
washed with PBS and the MTT solution (0.1 mg/ml in DMEM 
without FBS) was added to each well and incubated for  
3.5 hrs. The formazan crystals were collected by using dime-
thyl sulfoxide (DMSO, Merck), and the absorbance values 
were measured at 570 nm. Once the IC50 concentration was 
determined, the hyperthermia treatments were conducted. 
The power (1000 W), frequency (350 kHz) and treatment time 
(10 min) was done accordance with the before experiment 
which was published before.25 The cell viability (%) values 
were calculated by the following formula:

Cell viability (%) = OD of experimental group/OD of TCPS

Here, OD is abbreviated of optical density and the exper-
imental and TCPS groups were the treated and non-treated 
groups, respectively. 

DPPH Assay 
The value of free radicals was measured by 1,1-diphenyl-2- 
picrylhydrazyl (DPPH, Sigma) assay. For this assay, DPPH 
solution at the concentration of 1 mM in methanol (Merck) 
was added to the cells. Then, the groups including treated 
and non-treated, incubated by DPPH solution in darkness for  
30 min. Their absorbance values were read at 520 nm and their 
inhibition values (%) were calculated by the below formula:

Radical inhibition (%) =  (OD of blank – OD of experimental 
group)/OD of blank × 100 

Here, OD is abbreviated of optical density and the experi-
mental and blank groups were the treated samples and pure 
DPPH solution, respectively. 

Real-Time PCR
Total RNA was extracted from MCF7 cell line using RNXplus 
reagent (Gibco) according to the manufacturer’s instructions. 
RNA concentration and its purity were determined by using 
a nanodrop spectrophotometer (Thermo Fisher Scientific, 
USA). Complementary DNA (cDNA) was synthesized from 
RNA using AddBio cDNA synthesis kit with random hexamer 
primers (Gibco). Real-time PCR was performed using with 
SYBR Green (Biorad). The sequence of the primers which 
were employed in this assay, is reported in Table 1. The thermal 
cycling conditions were as follows: initial denaturation at 95°C 
for 10 min, followed by 40 cycles of denaturation at 95°C for  
15 s and annealing/extension at 60°C for 1 min. The expression 
of mRNA was normalized to GAPDH as a house keeping gene 
by ΔΔCt method. The results were reported as fold changes 
which were obtained against the TCPS group, relatively. 

Statistical Analysis 
All observations were statistically evaluated by sigma-plot 
software and the relation between 2 groups was checked by 
student’s t-test. The assays were repeated at least for 3 times 
except FTIR and TEM. When the P-value was lower than 0.05, 
the comparison was significant and the equal or higher values 
were considered as insignificant. The all quantitative values 
were shown as mean ± standard error. 
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Fig. 1 Particle diameter and its distribution by TEM examination 
(a) and diameter histogram (b) of cobalt ferrite nanoparticles.

Fig. 2 Magnetic property of cobalt ferrite nanoparticles by VSM 
survey.

Fig. 3 Particle diameter and its distribution by SEM examination 
(a) and diameter histogram (b) of quercetin nanoparticles.

Fig. 4 Chemical groups of chitosan and quercetin by FTIR  
spectroscopy (a) and nanoquercetin hydrodynamic diameter  
by DLS assay (b) of quercetin nanoparticles.

Results 

TEM and VSM examinations of cobalt ferrite 
nanoparticles 
The magnetic nanoparticles were investigated by TEM and 
shown in Figure 1. The size of the particles is 8.08 ± 2.5 nm. 
Due to the low standard deviation value, it could be claimed 
that the size of the particles was uniform. Accordance with 
other reports, this particle diameter which is lower than 20 nm, 
may shows superparamagnetic behavior.26,27 In contrast, other 
researches confirmed that the critical size of this material for 
superparamagnetic  property with zero coercivity and rema-
nence, was 7 nm. The larger particle radius leads into higher 
magnetization and a small coercivity. This manner is useful 
for the applications of magnetic particles in hyperthermia.28 
The resulting coercivity is happened as a coupling between 

the spins of cobalt and iron.29 Also, the VSM analysis reveals 
several key magnetic properties of the cobalt ferrite nanopar-
ticle in Figure 2. The hysteresis loop displayed in the graph, 
is representing typical ferromagnetic behavior due to its dis-
tinctive sigmoid-shape.30 The saturation magnetization (Ms) 
is approximately 68 emu/g, indicating the maximum magnet-
ization achieved under a high applied magnetic field.31 The 
remanent magnetization (Rm) is around 5 emu/g, showing a 
small residual magnetization when the external magnetic field 
is almost reduced to zero. The coercive field (Hc) which repre-
sents the required magnetic field to bring the magnetization to 
zero, is almost 0 Oe, highlighting the material’s low resistance 
to becoming demagnetized. The low coercivity suggests that 
the sample is a soft-ferromagnetic material, meaning it loses 
magnetization upon the magnetic field turns off.32 These char-
acteristics are crucial for applications such as hyperthermia 
particularly intratumoural target.33

SEM, DLS and FTIR Examinations of  
Quercetin-Chitosan Nanoparticles 
The as-synthesized nanoquercetin particles were evaluated 
by SEM and reported in Figure 3. The size of the particles  
42.42 ± 13.26 nm representing high homogeneity between 
the particle diameter. Accordance with other investigations, 
the sizes between 50 to 200 nm can easily transfer via vas-
cular pores to reach tumor cells.34 This size is lower than the 
particles which were fabricated by lipid nanoparticles to treat 
human breast cancer as 85.5 nm. The corresponding diameter 
made higher cytotoxic effect due to its higher uptake in com-
pared to free quercetin.35 Another study with a diameter of 
30–40 nm, quercetin nanoparticles reduced cancer growth in 
mice bearing tumor.36 This particle diameter is almost near to 
the result of an investigation preparing quercetin nanoparticle 
using chitosan (50 ± 3 nm).37 

The FTIR spectrum of the synthesized nanoquercetin by 
using chitosan reveals several significant absorption peaks, 
which provide insights into its molecular structure (Figure 4a). 

Table 1. The primer sequences which were used for Real-Time 
PCR assessment

No. Name of gene Primer sequence

1 H-HSP90-R TCTCTTTATCTTCCGCC

2 H-HSP90-F AATCCCTGAATATCTGAACT

3 HSP70-F GAGTCCTACGCCTTCAA

4 HSP70-R GCACCTTCTTCTTGTCC

5 HPRT1-F CCTGGCGTCGTGATTAGTG

6 HPRT1-R TCAGTCCTGTCCATAATTAGTCC

7 H-BAX-F CAAACTGGTGCTCAAGGC

8 H-BAX-R CACAAAGATGGTCACGGTC

9 H-BCL2-F GATAACGGAGGCTCCCATG

10 H-BCL2-R CAGGAGAAATCAAACAGAGGC

11 HSP70-F GCTATTATGGCAGATAGACAGAG

12 HSP70-R TGTTACGATCTTCACTCAC
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The broad and intense absorption band around 3400 cm-1 indi-
cates the presence of O-H stretching vibrations, suggesting the 
presence of hydroxyl groups or water molecules.38 The peaks 
observed near 2900 cm-1 can be attributed to C-H stretching 
vibrations, typical for aliphatic hydrocarbons.39 A strong 
peak around 1700 cm-1 corresponds to the C=O stretching 
vibration, indicating carbonyl groups, such as those found in 
ketones, aldehydes, or carboxylic acid.40 The absorption bands 
around 1600 and 1400 cm-1 are likely due to C=C stretching 
in aromatic rings or other double-bonded systems such as 
quercetin.41 Also, the peaks of 1640, 1560 and 1380 cm-1 are 
originated from amide I, II and III, respectively.42 Additionally, 
the peaks between 1000 and 1300 cm-1 can be attributed to 
C-O stretching vibrations of the compounds such as alcohols, 
ethers, or esters.43 The presence of the multiple peaks in the 
fingerprint region (below 1500 cm-1) provides further confir-
mations of the complex molecular structure of the compound. 
These observations suggest that the synthesized particle con-
tains functional groups such as hydroxyl, carbonyl, and pos-
sibly aromatic systems. 

DLS of the synthesized nanoquercetin reveals a sharp and 
narrow size distribution, as depicted in Figure 4b. The majority 
of the particles almost 47%, exhibit a hydrodynamic diam-
eter around 279.04 nm with the PDI of 0.22. This low value 
confirms a highly uniform distribution of nanoquercetin. 
Accordance with other reports, a PDI value below 0.3, typ-
ically indicates a monodisperse system,44 suggesting that  
the synthesis process yielded particles with a consistent size. 
The narrow size distribution and low PDI are advantageous 
for the applications such as drug delivery, where a smaller 
diameter can elevate the rate of the release profile and also, 
cell uptake.45 Other reports approved that a particle diam-
eter lower than 200 nm are good candidate for drug delivery 
to tumors.46 In contrast, the particles with a diameter larger 
than 100 nm, are lower trapped by reticuloendothelial system 
(RES) containing the cells derived from monocytes.47 There-
fore, their shelf-life in blood could be longer that is advanta-
geous to higher clearance by the tissue. Also, other literatures 
suggested that any sizes between 1–1000 nm could trigger 
delivery of the drug to cancer cells.48 As a whole, it could be 
concluded that the size near to 300 nm, increases quercetin 
delivery better than non-capsulated one. Also, this size would 
have a minimum immune system response.

IC50 Concentrations by MTT Assay 
MTT method was employed to detect IC50 values of both 
nanoparticle types including nanoquercetin and cobalt fer-
rite (Figure 5). A toxic effect was revealed a dose-dependent 

manner upon treatment with the nanoparticles. For cobalt fer-
rite, at the highest concentration of 30 mg/ml, the cell viability 
reduced to 23.56 ± 0.4 %. There is another important data by 
considering the treatment time. Regarding to this, the particle 
effect on cell apoptosis, had been remained during time and 
the cells were not able to compensate cell death by prolifer-
ation. In contrast, the lowest value of this nanoparticle (0.5 
mg/ml), showed the maximum cell viability (93.95 ± 12 %), 
although the cells started to proliferate after 48 and 72 hrs. This 
behavior was obeyed with the concentrations of 2 and 5 mg/
ml. However, the killing effect of this nanoparticle was trig-
gered at the higher concentrations. Therefore, the treatment 
group of 10 mg/ml could be introduced as IC50 of this nano-
particle with the cell viability of 46.11 ± 4 %. A same event was 
repeated with nanoquercetine at its higher concentrations. 
For this particle, there was no toxic effect when the value was  
0.5 mg/ml and the cell viability was almost 100%. While, the 
cells lost their mitotic activity after 24 hrs and therefore, the 
apoptotic effect was preserved. By increasing the concen-
tration, the cell viability was reduced significantly. In this 
manner, the concentration of 0.6 mg/ml caused stronger cell 
death which postponed cell proliferation over time with the 
cell viability of 47.83 ± 2 %. At the higher value of this nano-
particle, it seems the cell viability was not changed. Thus, the 
noted concentration was selected as IC50 of nanoquercetin. 

Radical Development by DPPH Assay
The results of the DPPH assay presented the antioxidant 
activity of various samples in Figure 6. The bulk sample shows 
a radical inhibition of 6.94 ± 1.2 % with significant relations 
compared to both treated and non-treated groups by hyper-
thermia. This manner depicts a higher level of radicals in the 
presence of the cells and hyperthermia.24 The NQ sample has a 
value of 8.81 ± 0.9 %, which is higher than the value of the blank 
group as a function of the scavenging activity of quercetin 
radicals.49 The value is decreased to 5.61 ± 0.2 % in the group 
containing the magnetic nanoparticles. Also, it seems that the 
sample of cobalt ferrite was without any radicals. In contrast, 
after mixing nanoquercetin and cobalt ferrite with each other 
the value was increased to 9.30 ± 0.6 %, although with insig-
nificant value in compared to the NQ sample. The sample 
with only MCF7 cells indicated 5.65 ± 0.1 % which is almost 
same to the group containing only magnetic nanoparticles. 
The values of the radical inhibitions with the hyperthermia 
treated groups illustrated a considerable high value in com-
pared to the non-treated types. This result clearly confirms the 
potential effect of hyperthermia regarding to its effective role 
on radical synthesis.50 Among these groups, a higher radical 

Fig. 5 Cell viability (%) by MTT assessment to find out IC50 of 
cobalt ferrite (a) and quercetin nanoparticles (b) in a gradient 
concentration.

Fig. 6 Radical inhibition (%) by DPPH assessment of the groups 
with and without hyperthermia, cells and nanoparticles. 
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quenching was indicated in the presence of nanoquercetin. 
However, the value of bulk (19.42 ± 0.2%) and nanoscale 
(19.5 ± 0.4%) of this compound did not show significant dif-
ference. The result could be related to the controlled release 
of this material against explosive delivery of the bulk one.  
A cooperative manner was established when both nanopar-
ticles were blended each other and the value was 21.03 ± 0.2 
%. The corresponding data is in agreement with the apoptotic 
effect of the cells by hyperthermia which were treated by both 
nanoparticle types. 

Gene Expression by Real-Time PCR 
To investigate the effect of nanoquercetin and cobalt ferrite in 
the presence and absence of hyperthermia on cellular apop-
tosis. The expression of Bcl2, Bax, caspase 3, Caspase 8, hsp70 
and hsp90 genes. Regarding Bax as a marker of cell apoptosis51 
and Bcl2 as a apoptosis blocker52 in Figure 7, all groups indi-
cated a lower expression value significantly. Even, this reduc-
tion was further due to the presence of both nanoparticles 
and hyperthermia treatment. The comparison among the 
Bax expression, the value was low in all experimental groups 
calibrated against TCPS. Again, the lowest value of Bcl2 was 
belonged to the combination group that is significantly distin-
guished in compared to other groups. Caspase genes including 
3 and 8, their higher expressions lead into more cell apoptosis.53 
All groups except the combination and magnetic nanoparticle 
types, showed a fluctuated expression values. However, the 
expression of caspase 8 as an earlier gene had higher magni-
tudes with all groups except the bulk and combination in the 
absence of hyperthermia. This observation depicted a positive 
effect of hyperthermia on cell apoptosis. There are 2 groups 
with highest degrees of caspase 8 including the combination 
group and nanoquercetin without hyperthermia. However, 
the result confirmed more expression of caspase 3 in contrast 
to the nanoquercetin group. The hsps (70 and 90) as vital 
genes against higher temperatures,54 increased with the groups 
without hyperthermia in contrary to the hyperthermia treated 
samples. It is obvious in Figure 8, the effect of NQ is stronger 
than the blocking impact of the free quercetin on the hsps. 
While, the treated group with the combination of both nan-
oparticles (NQ+cofe) depicted higher values in compared to 
the treated group with nanoquercetin (NQ). This observation 
confirmed the presence of the magnetic nanoparticles trig-
gered the expression of the hsps and the NQ was not capable. 
In this manner, in the absence of hyperthermia, the negative 
effect of nanoquercetin on the expression of the hsps, was 
reduced significantly. In contrast, after hyperthermia pro-
cess, the levels of both hsps were reduced. In other words, by 

comparing the value of the NQ and free quercetin in either 
hyperthermia or not, it could be concluded the nanoparticles 
indicated a stronger blocking impact on the expression of hsps 
when the cells were treated by hyperthermia. It is clear the 
nanoparticles can transfer easily from cellular membrane and 
also, at a high temperature, the chitosan capsule is degraded. 
Subsequently, the more quercetin is available to cells in com-
pared to its bulk group. Regarding this, in the group with only 
NQ, the expression of the corresponding genes is high repre-
senting low blocking activities. But in the NQ+HT, the neg-
ative effect of quercetin was happened and subsequently, the 
expression was reduced.

Discussion
Breast cancer is the second leading cause of cancer-related 
death among women. In spite of recent advancements which 
have been made in the treatment of this disease, the incidence 
and mortality rates remain high. Current studies are shifting 
towards the use of combinatorial medicine, employing both 
physical and biochemical methods simultaneously to limit the 
disease progression. One of the most important strategies, is 
hyperthermia, especially in the presence of magnetic nanopar-
ticles. Iron oxide nanoparticles such as cobalt ferrite (CoFe2O4) 
is an attractive one due to its high efficacy on hyperthermia as 
a stimulus of stronger apoptosis.55 However, at temperatures 
higher than physiological levels, it raises the expression of 
hsps. The increase of these proteins represents a cellular 
response to unfavorable environmental conditions such as 
high temperatures. Therefore, there is an urgent need to 
inhibit the synthesis of these proteins. Quercetin is a flavo-
noid that can down-regulate them and thus, it leads the cancer 
cells into apoptosis.56 Moreover, this compound has been 
introduced as a strong inhibitor of the proliferation of cancer 
cells57 and also, establishing cell apoptosis via inhibiting of 
p38MAPK–Hsp27 pathway belonged to drug resistance of 
cancer cells.58 On the other hand, a notable problem is associ-
ated to its hydrophobicity and disability to enter cancer cells.59 
An attractive method has been suggested to solve this issue by 
formulating it as nanoparticles by using emulsifying agents60 
or polymers.61 In present study, the combination of magnetic 
nanoparticles and chemical factor (nanoquercetin) beside 

Fig. 7 Relative fold change values by Real-Time PCR for (a) bcl2 
and bax and (b) caspase 3 and 8 genes of the groups with and 
without hyperthermia, cells and nanoparticles. 

Fig. 8 Relative fold change values by Real-Time PCR for hsp70 
and 90 of the groups with and without hyperthermia, cells and 
nanoparticles.
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hyperthermia, can be considered a promising method for the 
treatment of this cancer. The diameter of the magnetic nano-
particles by TEM, was 8.08 ± 2.5 nm confirming a superpara-
magnetic property accordance with other studies. The size 
among the literatures to possess this behavior is different. 
Some reports noted 7 nm as a critical value,28 other group 
limits the diameter between 2–15 nm.62 As a whole, if the size 
is less than 20 nm, it could be expected superparamagnetic 
result.63 In contrast, accordance with VSM assessment con-
taining coercivity near to 0 Oe, the nanoparticles indicated 
soft-ferromagnetic considerably. This property implicates 
excellent heating applications would be observed.64 Also, no 
hysteresis and the remanent magnetization as 5 emu/g, are 
another marks confirming its soft magnetic property.65 On the 
other hand, the chemical factor was encapsulated by chitosan 
and used to inhibit the expression of hsps such as 70 and 90. 
The size of this compound formulated by chitosan, was 42.42 
± 13.26 nm and 279.04 nm by SEM and DLS, respectively. It is 
clear this significant variation between the diameters is related 
to different strategies of both techniques. The DLS method 
assumes a hydrodynamic value of particle radius relating the 
average of the diameters from different faces. Usually, the cor-
responding diameter is larger than the value resulted from 
SEM. The particles which are visualized by SEM, are not 
hydrated and free of double layer around the particle.66 
Regarding the formulation of quercetin by chitosan, a pre-
vious study reported the size of the particles was 76.58 nm by 
atomic force microscopy (AFM).67 Another group obtained 
461-482 nm for the quercetin loaded chitosan.68 This result 
could be related to different molecular weights of chitosan. In 
the present study against the noted research groups, the length 
of chitosan chains was short. Therefore, it was expected that 
the size of the nanoparticles may be smaller and this observa-
tion is in consistent with another research that illustrated 
smaller particles are developed by using the chitosan with a 
lower molecular weight.69 By considering FTIR, both chitosan 
and quercetin were determined within the whole particle 
approving successful fabrication of the nanoparticles. Due to 
abundant primary amine functional groups in the chemical 
network of chitosan, the prepared chitosan-quercetin nano-
particles act as pH responsive agents.70 By considering the 
acidic extracellular pH of tumor tissues due to their poor oxy-
genation as a function of heterogeneous angiogenesis,71 this 
particle may deliver its load when stimulate by lower pH 
values such as 5.72 Regarding the cell culture methods, the 
IC50 concentrations of both nanoparticles were obtained as 10 
mg/ml and 0.6 mg/ml, respectively for the magnetic nanoma-
terial and nanoquercetin. In a similar study by using graphene 
oxide/cobalt ferrite nanoparticles, the IC50 point is 0.001 g/
ml.25 There is a considerable difference between the studies 
that could be related to the lower toxicity of free magnetic nan-
oparticles without graphene oxide. A group reported 54.18  
µg/ml as a IC50 value for the corresponding particle73 that is 
very lower in compared to the particle density of the present 
study. The diversity may be explained by considering the con-
centration of ferric ions which is impressed by the fabrication 
method. Moreover, a literature presented IC50 as 12.4 µg/ml 
against MCF-7 cells when the cobalt ferrite doped by Mn.74 It 
is clear this less value was resulted due to the toxic effect of 
manganese which is absent here. On the other hand, the value 
of quercetin as a noncapsulated particles was 0.02 mg/ml24 that 
is significantly lower than the concentration of the 

nanoformulated particles. This variation may be described 
because of its lower toxicity after the packing in nanoparticles. 
A group fabricated nanoquercetin by using low molecular chi-
tosan and the IC50 and diameter of the particles were 10.36 
μg/ml and 156.3 nm, respectively.75 Not only, the size of the 
nanoparticles was higher, but the concentration for killing at 
least 50% of cells, was lower in compared with the observa-
tions of this study. It could be noted that by increasing the 
diameter, the toxic effects may be increased. The reason could 
be discussed accordance with a faster release rate of larger par-
ticles76 and this further delivery, may leads into higher toxicity. 
For the hyperthermia experiments including DPPH and Real-
Time PCR, the frequency and treatment duration were con-
sidered accordance with the previous published study as 350 
kHz and 10 min, respectively. In this article, these parameters 
were optimized to increase the temperature to 43°C by using 
graphene oxide/cobalt ferrite nanoparticles.25 The therapeutic 
temperature of this method was in the range of 43–45°C to 
increase blood circulation to tumor tissue.77 For DPPH exper-
iment, the OD of the sample groups was converted to radical 
inhibition (%) accordance with the noted formula in the 
methods.78 Thus, a group with higher value (%), contains a 
more radical amount and accordingly, the possibility of apop-
tosis is higher. The larger percentages were belonged to the 
groups which were exposed by hyperthermia and these groups 
contained both nanoparticle types. In this manner, the groups 
with the free and encapsulated quercetin showed almost same 
values. However, the simultaneous treatment indicated a 
highest value (21.03 ± 0.2 %) in contrast to the less value of the 
group with only nanocobalt ferrite nanoparticles 
(8.40 ± 0.15 %). This low level approves weaker apoptosis 
through radicals due to the absence of quercetin to stop the 
hsps. As a whole, the group with both nanoparticle types 
reveals enhanced cell killing in compared to the samples with 
either quercetin or cobalt ferrite nanoparticles. Concurrently, 
a study in 2014 by Kumar et al., showed the combination of the 
Fe3O4 nanoparticles and quercetin established stronger cell 
death in compared to free quercetin in the absence of hyper-
thermia.19 The gene expression was another evaluation to 
advise the impact of the combination treatment under hyper-
thermia on cell fate. For Bax and Bcl2 genes, it is recom-
mended to compare the ratio of Bax to Bcl2 and the higher 
value determines lower anticancer resistance.79 Here, the 
group with both nanoparticle and hyperthermia condition, 
depicted the ratio of 6.66 as a highest magnitude. In contrast, 
the condition with only the nanomagnetic material in the 
exposure of hyperthermia possessed a less amount. This 
observation confirms that the high temperature strategy must 
be collaborated with appropriate anticancer agents. Other-
wise, the method is not capable to apply therapeutic response. 
Regarding the expression of caspase 3 and 8, it should be noted 
the higher fold change values lead into notable apoptotic inci-
dences. Among the groups, the treatment of nanoquercetin 
one resulted the highest value of caspase 8 (fold change = 43) 
and then, the quercetin+cobalt ferrite nanoparticle in combi-
nation of hyperthermia is ordered (fold change = 25). In spite 
of this, the former sample (only NQ) resulted a lower caspase 
3 expression (fold change = 0.25) in contrast to the level of the 
latter group (NQ+Cofe+HT, fold change = 1.4). It seems that 
caspase 3 was not expressed with any groups except the com-
bination one. By considering the expression of hsps including 
70 and 90, the group of NQ with hyperthermia, showed a 
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lowest amount against the group with only nanoquercetin 
confirming the significant impact of this nanoparticle on the 
synthesis of hsps. However, it should be noted it is obvious that 
the quercetin attenuates the expression of these genes in the 
presence of hyperthermia. Consistently, an examination 
described that quercetin decreased the expression degree of 
hsp70 and 90 more when the sample was treated simultane-
ously by radiofrequency.80 Particularly, this result could be 
highlighted by comparing the NQ+HT against NQ. In con-
trary, another report revealed the expression of hsp70 was 
lower in the quercetin group than the combination of this 
agent with hyperthermia. In other words, by simultaneous 
applying quercetin and hyperthermia, the percentage of apop-
totic cells was enhanced.81 However, the quercetin was not for-
mulated as nanoparticles and therefore, the compound acted 
freely independently from the polymeric capsule. On the other 
hand, the high temperature may apply a shock to the chitosan 
and increases the rate of release. Moreover, the nanoformu-
lated particle of quercetin can cross the cell membrane rather 
than hydrophobic agents (free quercetin) and the hsps amount 
was lower due to the blocking impact of quercetin in NQ 
group. As a whole, the synergistic strategy of a magnetic mate-
rial and a chemical component during hyperthermia, leads 
into a higher value of apoptosis by reducing cell proliferation, 
radical development and gene expression. However, it is 
required further investigations particularly in animal models 
to propose this method eagerly as a new clinical technique. 

Conclusion
If the hsps blocker was added to the treated sample by hyper-
thermia, a more potent apoptosis would be occurred. In this 
manner, the chaperons are not enough to govern protein 
folding and therefore, cellular proteins are destroyed by the 
developed radicals and high temperatures. However, this study 
is a primitive one that needs more investigations in in vitro 
and in vivo models. Nevertheless, the present report could be 
highlight the importance of signaling pathway modification to 
result greater cell death in tumor tissues. 
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