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Abstract: Previous studies have demonstrated the potential anticancer effect of quercetin (QUR). 

However, water insolubility and less bioavailability of QUR reduce its efficiency in cancer therapy. So, 

this study aims to develop a nanoformulation of quercetin (QURnp) and evaluate its anticancer effect 

against Ehrlich ascites carcinoma (EAC)-bearing mice compared with native QUR. QUR- loaded 

pluronic nanoparticles (QURnp) were prepared and characterized. To investigate the anticancer effect 

of QUR and QURnp, histopathological, ultrastructural, immunohistochemical, cell cycle analysis, 

western blot, and qRT-PCR studies were performed on EAC tumor cells, as well as antioxidant 

biomarkers. The results showed that QURnp destroyed tumor cells and significantly elevated 

antioxidant status with the reduction in MDA and NO levels. QURnp caused mitochondrial 

degeneration in tumor cells. Furthermore,  QURnp completely reduced tumor growth by inhibiting the 

IL-6/STAT3 signaling pathway, inducing cell cycle arrest at the G1/S phase via overexpression of p27 

and suppression of angiogenesis via downregulation in VEGF gene expression. Moreover, 

immunohistochemical studies indicated that QURnp showed significant inhibition of proliferation 

marker Ki-67 and anti-apoptotic marker Bcl-2. This study demonstrated that QURnp is a promising 

anticancer agent superior to native QUR. 

Keywords: Quercetin; anticancer; pluronic nanoparticles; EAC; IL-6/STAT3; VEGF; mitochondria; 

cancer. 
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1. Introduction 

The growth of cancer around the world has guided us to look for novel therapeutic drugs 

which are toxic to the tumor cells without adverse effects on healthy cells. Where the currently 

used anticancer drugs showed high toxicity to the tumor cells and to the normal cells of the 

body as well [1], so natural products from different plants, also called phytochemicals, act as 

crucial sources for cancer therapy by improving treatment efficiency in cancer patients and 

decreasing unfavorable reactions [2]. Phytochemicals such as polyphenols and flavonoids have 

been exhibited to have promising anticancer activities against a wide range of cancers [3,4]. 

Quercetin (QUR) (3,3′,4′,5,7- pentahydroxy-flavone), QUR, is the major flavonoid in 

vegetables and fruits and has antioxidant, anti-inflammatory, and anticancer activities. 

Quercetin can be utilized to protect the body against many diseases because of its ability to 
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scavenge free radicals [5,6]. Additionally,  quercetin can suppress various types of cancer [7-

10]. It has been found that quercetin is safe for normal cells. However, it has cytotoxic effects 

on tumor cells via various mechanisms [7]. Briefly, it can exhibit antitumor effects by inducing 

cell cycle arrest, promoting apoptosis, inhibiting cell proliferation, and suppressing 

angiogenesis and metastasis [11]. 

Besides several advantages of quercetin as an anticancer agent, it has different 

limitations for its in vivo application, such as chemical instability, poor absorption, 

bioavailability, and rapid systemic elimination. So, nanomedicine is the best way to develop 

novel formulations for hydrophobic drugs and may therefore overcome these limitations 

[12,13]. Furthermore, there are various types of nanocarriers have been conjugated with 

anticancer herbal bio-actives to overcome the problem of hydrophobicity [14]. The 

encapsulation of anticancer drugs into nanoparticles has displayed the ability to improve their 

solubility stability, prolong circulation time, and enhance tumor targeting [15]. So, 

nanoparticles-delivered QUR represents a valuable option to enhance its anticancer properties 

by increasing solubility, bioavailability, and short half-life lead to be accumulated in tumor site 

through enhanced permeability and retention (EPR) effect [16-18].  

Our previous studies have shown that the entrapment of anticancer agents such as 

silymarin and  curcumin into pluronic nanocarrier could improve their anticancer properties and 

promote their uptake efficiency as well as cytotoxicity in cancer cells which are found to be a 

good candidate for drug delivery [19,20]. Pluronic polymers are a special class of synthetic 

block copolymers that have been approved (US FDA).  Pluronics are an excellent biological 

material for drug delivery because of their superior amphiphilic and biocompatibility 

properties, which could enhance circulation time and accumulation of drugs in tumor sites 

[21,22]. 

In the current study, we aimed to prepare a newly modified nanoformulation of QUR 

and investigate the antitumor effect of QUR-loaded pluronic nanoparticles (QURnp) as an ideal 

promising nanoformulation for cancer therapy as well as compare its mechanism of action with 

free quercetin. 

2. Materials and Methods 

2.1. Chemicals and drugs. 

Quercetin (QUR), a pure yellow powder with a chemical formula of C15H10O7 and MW 

of 302.24 g/mol, was purchased from Sigma-Aldrich (St. Louis, MO, USA). Pluronic F-108 

(MW 14,600 g/mol) and pluronic F-127 (MW 12,600) were purchased from Sigma-Aldrich 

(Germany). Acetone 99.9% and all other solvents and used reagents were in a high analytical 

grade.  

2.2. Preparation of plain and QUR-loaded nanoparticles. 

The plain and QUR-loaded pluronic nanoparticles (QURnp) were prepared via the 

nanoprecipitation method [23]. The superior, pluronic type (F-127 and F-108), polymer-to-

drug ratio, and also the organic-to-aqueous phase volume ratio were chosen based on many 

trials measuring the size, drug entrapment efficiency (EE%), and the drug loading capacity 

(LC%). In brief, the drug (QUR) was added to pluronic (F-127) in a ratio of 1:2 (drug: total 

polymer). Particularly, 50 mg of the drug and 100 mg of pluronic (F-127) were dissolved in 5 

ml acetone. Then, the QURnp was obtained by adding this solution dropwise into 7.5 ml de-
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ionized water with continuous stirring at 250 rpm till the formation of nanosuspension. To 

optimize the size of the resulting nanoparticles NPs, pluronic F-108 was used at the same ratio 

by dissolving 50 mg of the drug (QUR) and 100 mg of F-108 in 5 and 10 ml acetone, 

respectively, followed by mixing the two solutions. The QUR/F-108 acetone solution was 

poured dropwise on 40 ml de-ionized water, and the size of the resulting nanosuspension was 

measured. Besides, QURnp of ratio 1:3 drug : polymer (F-108) was prepared. Particularly, a 

drug (QUR) solution of 50 mg in 5 ml acetone and pluronic F-108 solution of 150 mg in 10 ml 

acetone were prepared and mixed, followed by their dropwise addition to 40 ml de-ionized 

water. Afterward, all the NPs developed using different types of pluronic (F-127 and F-108) 

and different drug-to-pluronic ratios (1:2 and 1:3) were subsequently frozen at -80oC followed 

by freeze-drying (FreeZone 6, Labconco) at -50oC for 24 h, and then stored at 4oC for further 

investigations. The plain (QUR-free) NPs were fabricated by the same procedure and used as 

the control. 

2.3. Characterization of plain and QUR-loaded nanocarriers. 

The size and zeta potential of the prepared plain (QUR-free) and QUR-loaded 

nanomicelles (QURnp) were measured by using Zetasizer (Malvern Instruments Ltd., 

Worcestershire, UK). Furthermore, transmission electron microscopy (TEM-JEOL, JEM-

1230, Tokyo, Japan) at an accelerating voltage of 200 kV was used to examine the size and 

shape of produced nanomicelles. Fourier transform infrared spectroscopy (FTIR-Thermo 

Scientific) was used for the three components (QUR, plain, and QURnp) to examine each 

characteristic's peaks. FTIR was used in the range of 600−4000 cm−1/ 25°C. 

2.4. In-vitro biodegradation study. 

The biodegradation experiment was carried out by diffusing 0.5 mg of the prepared 

pluronic NPs (F-108) in 0.4 ml PBS buffer (pH 7.4) containing lysozyme (1.4 mg/ml PBS, pH 

7.4) following the protocol described earlier [23].  

2.5. Determination of drug entrapment efficiency and loading capacity. 

During the preparation of QUR-loaded nanomicelles (QURnp), the NPs suspension was 

centrifuged at 30,000 xg and 5oC. Then, the aliquot was separated from the pellets to measure 

the concentration of the free drug using UV-Vis spectrophotometry at a wavelength of 320 nm. 

Both entrapment efficiency (EE %) and loading capacity (LC%) were calculated using the 

following equations: 

𝐸𝐸% =
𝑚𝑡−𝑚𝑢𝑛

𝑚𝑡
× 100       (1) 

𝐿𝐶% =
𝑚𝑙

𝑚𝑙+𝑚𝑝 
× 100         (2) 

where mt, mun, and ml are the total amount, unloaded amount, and loaded amount of drug (mg), 

respectively. The mp refers to the total weight of the pluronic polymer. 

2.6. In-vitro drug release study. 

Drug release was measured by suspension of either free drug or drug-loaded NPs 

(QURnp) in 2 ml of release solution (PBS pH 7.4 : acetone, 7:3) in a dialyzing membrane with 

14 kDa cut-off. Then, the dialysis bag was immersed in 10 ml of the same solution that worked 

as a receptor media. The system was incubated in a shaker incubator at 37°C and 120 rpm 
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(VWR® incubating orbital shaker, VWR International, CA, USA). At pre-determined periods, 

1 ml of aliquots were withdrawn and substituted with 1 ml of fresh release solution. All samples 

were tested using a UV-Vis spectrophotometer. The cumulative release of the drug (QUR) was 

obtained by using the following equation: 

Cn =  Cn means +
𝐴

𝑉
∑  Cs meansn-1

s=1                     (3) 

where Cn is the drug concentration according to the order of the sample, Cn means it is the 

examined concentration, A is the volume of the aliquot, V is the volume of the sink medium, 

n-1 is the sum of all previously withdrawn aliquots, and Cs is the sum of all previous aliquots' 

concentrations. 

2.7. Animals and tumor model. 

Female Swiss albino mice (20-25 g) were provided by VACSERA, Giza, Egypt. Mice 

were housed under standard laboratory conditions for 1 week and were given a standard diet 

and water ad libitum.  

The experimental protocol was approved by University Animal Ethical Committee 

(Code no. Sci-Ch-ph-2022-168). 

Mice were divided into 8 different groups (n=10). All mice in each group were injected 

intraperitoneally with EAC cells (1×106viable EAC cells/mouse/0.2 ml). Figure 1 explains the 

experimental design of the current study [19,20]. 

 
Figure 1. The experimental design of the current study. 

2.8. Experimental design. 

Group (1): Mice without any treatment as a control group. 

Group (2): Mice were administrated i.p with 5% DMSO/saline as vehicle 1. 

Group (3): Mice were administrated i.p with saline as vehicle 2. 

Group (4): Mice were treated with (10 mg/kg body weight (b.wt), i.p) of QUR in 5% 

DMSO/ saline. 

Group (5): Mice were treated with (25 mg/kg b.wt, i.p) of QUR in 5% DMSO/ saline.  
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Group (6): Mice were treated with(50 mg/kg b.wt, i.p) of QUR in 5% DMSO/ saline.  

Group (7): Mice were treated with (10 mg/kg b.wt, i.p) of QURnp, in saline. 

Group (8): Mice were treated with (25 mg/kg b.wt, i.p) of QURnp, in saline. 

Group (9): Mice were treated with (50 mg/kg b.wt, i.p) of QURnp in saline.  

2.9. Determination of tumor volume and viability percentage. 

Ascetic fluid was collected from the peritoneal cavity of mice. Tumor volume was 

determined as well as viability percentage by Trypan blue exclusion method [24]. 

2.10. Determination of in vivo antioxidant activity. 

The homogenate of tumor cells, as previously described [19,20], was used for the 

estimation of glutathione GSH, superoxide dismutase (SOD), catalase (CAT), and lipid 

peroxidation biomarker (MDA) using assay kits from Biodiagnostic, Egypt. The amount of NO 

was also determined in the supernatant of ascetic fluid by Griess assay [25]. 

2.11. Evaluation of hematological parameters. 

Collected blood was used to evaluate hemoglobin (Hb) content, red blood cell (RBC), 

and WBC count using standard procedures. 

2.12. Histopathological studies. 

All samples, including ascites, liver, kidney, and spleen for various examined groups, 

were gathered and submerged in 10% buffered formalin pH 7.2 for at least 24 hours to be 

processed to form paraffin blocks that were sectioned via microtome into 3-5 µm thick sections 

for further staining procedure. Finally, the prepared slides were examined via Olympus Bx 51 

light microscope. 

2.13. Ultrastructural studies. 

Ehrlich ascites carcinoma samples were collected in a 0.1 M buffer of cacodylate with 

glutaraldehyde and paraformaldehyde, fixed in a mixture buffer of 0.1 M cacodylate containing 

2 mM calcium chloride, 1% osmium tetroxide and 0.8% potassium ferricyanide. After that, 

samples were dehydrated to be embedded in resin capsules to be sectioned via ultramicrotome 

and mounted on copper grids. Specimen were stained with 8% uranyl acetate for 10 minutes 

and 1% lead citrate for 5 minutes, according to Reynolds, then were dried for 15 minutes before 

examination by JEOL JEM-2100 at 60 kV at EM Unit, Mansoura University, Egypt [26]. 

2.14. Cell cycle analysis. 

After treatment with free QUR and QURnp, EAC cells were fixed with 70% ice-cold 

ethanol and then were incubated with PI based on the method of El-Far et al. [24]. EAC cells 

were analyzed by flow cytometry. The data were determined using BD FACSCCalibur™ Flow 

Cytometer (Becton Dickson, Mountain View, CA). 

2.15. Western blotting. 

EAC cells were lysed using RIPA buffer, including 1x protease and phosphatase 

inhibitors cocktail. Total protein was separated on SDS-PAGE and then transferred onto the 
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nitrocellulose membrane. Afterward, the nitrocellulose membrane was blocked with 3% BSA 

and then was with primary antibodies against p27 (1:4000, Cell Signaling Technology, Cat No. 

2552T), STAT3 (1:1000, Cell Signaling Technology, Cat No. 9139T), and p-STAT3 (Tyr705)  

(1:2000, Cell Signaling Technology, Cat No. 9145T), then washed and incubated with rabbit 

or mouse secondary antibodies and normalized to β-Actin protein levels as control. Protein 

bands were visualized using an ECL substrate and visualized with The ChemiDoc MP Imaging 

System (Bio-Rad). 

2.16. Immunoenzymatic assay. 

IL-6 was estimated by ELISA assay. The ascitic fluid from the peritoneal cavity was 

centrifugated at 300 x g for 10 minutes, and the obtained supernatant was used for the IL-6 

analysis [27]. 

2.17. RT real-time PCR. 

RNAs were extracted from EAC cells using GeneJET RNA Purification Kit (Thermo 

scientific). For RT-PCR, The HiSenScript™ RH(-) cDNA Synthesis Kit was used to convert 

RNAs to cDNA. qRT-PCR products were detected with SYBR Green (SensiFAST SYBR® Hi-

ROX Kit) with 20 μl reactions. The β-actin gene was included as an internal control. qPCR data 

were analyzed by the 2-ΔΔCt method. PCR primers were listed in (Table S1). 

2.18. Immunohistochemical studies. 

EAC sections were mounted on charged slides for further detection of Ki-67 (Thermo 

Fisher Scientific, Cat No. MA5-14520) and Bcl2 (Thermo Fisher Scientific, Cat No. MA5-

11757) antibodies. Slides were washed 3 times using phosphate-buffered saline (PBS) and 

H2O2 to eliminate endogenous peroxidase activity. Next, blocking sections were with suitable 

blocking buffer, then removed the blocking solution followed by incubation with primary 

antibody overnight at 4°C; after that, sections were treated with secondary antibody and then 

stained with chromogen. Finally, Mayer's hematoxylin was used as a counterstain [28]. 

2.19. Ki-67 & Bcl2 immunostaining scoring approach. 

For Ki-67 scoring, the percentage of positively stained nuclei to the whole cells in the 

field was assessed. In contrast, Bcl-2 scoring was detected in the brown-stained cytoplasm 

surrounding the nuclear membrane of positive cells. Counting was performed among 5 fields, 

and counts below 5% of positivity were counted negative [29].  

2.20. Statistical analysis. 

The present data were analyzed using the GraphPad Prism package, version 5.0 

(GraphPad Software, CA, USA), and SPSS software, version 26.0 of One-Way ANOVA, to 

evaluate the significance and variance between groups. Data were expressed as mean ± SE 

(standard error). P-value < 0.05 was considered significant, p<0.01 was considered highly 

significant, and p<0.001 was considered extremely significant.  
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3. Results 

3.1. Development and characterization of the plain and QUR-loaded nanomicelles (QUR-

NPs). 

In the present study, QUR was incorporated at different ratios into various pluronics 

(F-127 and F-108)-based nanocarriers to enhance the QUR aqueous solubility and increase its 

bioavailability. The QUR nanoformulation was also carried out to allow lower doses of the 

drug in the treatment protocol to avoid adverse side effects. This study also assesses the efficacy 

of the developed QUR-loaded nanoparticles (QURnp) as potential antitumor agents compared 

to the free drug (QUR) in EAC tumor-bearing mice as an experimental model.  

The QUR-loaded pluronic nanomicelles (QURnp) were obtained using the 

nanoprecipitation method [23]. Nanoprecipitation is an appropriate technique for 

nanoformulation and delivery of hydrophobic bioactive compounds such as the drug under 

investigation (QUR). Besides, incorporating the sparingly-soluble drug (QUR) into nano-sized 

polymeric carriers enhances its solubility and bioavailability. 

Table 1 shows the average size and zeta (ζ) potential of both plain and QUR-loaded 

NPs (QURnp) fabricated using different types of pluronic (F-127 and F-108) at the different 

drug to pluronic ratios (1:2 and 1:3), as examined by Zetasizer. As can be noted from the table, 

the size of plain F-127-based NPs and plain F-108-based NPs is 161.0 ± 31 nm and 278.3 ± 35 

nm, respectively, and their corresponding surface charge (ζ) is -15.7 ± 1.1 mV and -24.4 ± 5.5 

mV, respectively. Incorporating the drug (QUR) into both types of pluronic led to an increase 

in the particle size and a reduction in the surface charge (ζ) of the resulting NPs. For instance, 

with maintaining the drug: pluronic ratio constant at (1:2), the size of F-127-based NPs 

increased significantly from 161.0 ± 31 nm to 343.9 ± 41 nm, with a reduction in the zeta 

potential (ζ) from -15.7 ± 1.1 mV to -27.1 ± 3.0 mV. In the case of F-108-based NPs (1:2), the 

particle size increased from 278.3 ± 35 nm to 313.6 ± 33 nm, with a reduction in the zeta 

potential (ζ) from -24.4 ± 5.5 mV to -49.3 ± 2.7 mV. Loading a less amount of drug relative to 

the polymer, as in the case of F-108-based NPs (1:3), attained a smaller particle size of 222.8 

± 6.7 nm with a zeta potential (ζ) of -45.96 ± 3.3 mV. 

Transmission electron micrographs of plain and QUR-loaded pluronic F-108 NPs 

(QURnp) are demonstrated in Figure 2. As can be noted from the figure, both plain (Figure 2a) 

and QURnp particles (Figure 2b) are spherical shapes. Besides, the TEM micrographs have 

confirmed the measured mean particle size of the obtained plain and QUR-NPs as obtained 

using the TEM particle analysis software (NanoScope Analysis, Veeco Co, USA). 

Figure 2c illustrates the FTIR spectra of the drug (QUR), plain pluronic F-108, and 

QUR-loaded pluronic PF-108 NPs (QURnp). As apparent from the figure, the characteristic 

FTIR bands for pluronic F-108 were weak and centered at 3545 cm-1, assigned to the stretching 

OH group and intermolecular hydrogen bonds. Additionally, a sharp band was noted at 2,881 

cm-1 that may be assigned to the symmetric stretching vibrations of the –(CH2)– groups. Peaks 

centered around 1359.5 cm-1 and 1279 cm-1 correspond to the in-plane bending of OH and the 

C–O–C stretching. Peaks of ether group (-C-O) stretching are observed at 1100 cm-1 and 1059.7 

cm-1, and the C-C-O asymmetric stretching was determined at 961 cm-1 [30-36]. Quercetin 

(QUR) characteristic bands were observed at 3277.7 cm-1, 1661.5 cm-1, 1605.6 cm-1, and 

1510.6 cm-1 that result from O-H stretching, C=O stretching, and C=C stretching, respectively. 

Other characteristic peaks of QUR located between 1090.7 cm−1 and 1350 cm−1 may be 

attributed to the –OH phenolic [37-40]. The FTIR spectrum of the developed QUR-loaded 
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pluronic PF-108 NPs (QURnp) depicted most of the characteristic peaks of both the drug 

(QUR) and the plain pluronic F-108, which confirms the successful incorporation of the drug 

into the NPs.  

Table 1. The average size and zeta potential (ζ) of both plain and QUR-loaded NPs (QURnp) fabricated using 

different types of pluronic (F-127 and F-108) at the different drug-to-pluronic ratios (1:2 and 1:3) in addition to 

the corresponding values of the drug entrapment efficiency (EE%), and loading capacity (LC%). 

Pluronic Type  

(Drug : Pluronic) 
Size (nm)   ζ potential (mV) EE% LC% 

F-127 161.0 ± 31 -15.7 ± 1.1 - - 

F-108 278.3 ± 35 -24.4 ± 5.5 - - 

F-127 (1:2) 343.9 ± 41 -27.1 ± 3.0 98.79 ± 0.6 49.39 ± 2.1 

F-108 (1:2) 313.6 ± 33 -49.3 ± 2.7 98.84 ± 0.3 49.42 ± 1.9 

F-108 (1:3) 222.8 ± 6.7 -45.96 ±3.3  99.02 ± 1.0 33.01 ± 4.3 

 
Figure 2. Transmission electron micrographs of (a) plain; and (b) quercetin-loaded pluronic PF-108 

nanoparticles (QURnp) ; (c) FTIR spectra of quercetin (QUR), plain pluronic F-108, and quercetin-loaded 

pluronic F-108 nanoparticles (QURnp). 

3.2. In vitro biodegradation and cumulative release studies. 

An in vitro enzymatic degradation study of the plain pluronic F-108 nanocarrier was 

performed at 37oC in PBS of pH 7.4 in the presence of lysozyme, as demonstrated in Figure 

3a. The percent of weight loss of the polymeric nanocarrier as a function of time was 

determined and taken as a measure of biodegradation. As shown in (Figure 3a), the pluronic F-

108 NPs have shown higher degradation rates in the presence of lysozyme. For example, the 

percent of degraded weights (Wd %) of the nanocarrier was almost 83.3 % after 2 days. 

As can be noted from Table 1, the highest value of EE% of the drug (QUR) in the 

developed QURnp was 99.02 ± 1.0 % attained upon loading the drug (QUR) in pluronic F-108 

nanocarrier at drug : polymer ratio of 1:3 with a corresponding LC% value of 33.01 ± 4.3%. 

Although this LC% value was the lowest as compared to the other developed two QUR-NPs; 

F-127 (1:2) and F-108 (1:2), it was chosen as the optimum nano formula in this study for further 

in vivo investigation due to the smaller NPs size (222.8 ± 6.7) and the higher EE% (99.02 ± 1.0 

%). 

(Figure 3b) shows the cumulative release profile of the free drug (QUR) and the drug 

from the developed QUR-loaded pluronic F-108 nanocarrier (QURnp) of QUR : polymer ratio 

of 1:3. It is obvious from the figure that the free (QUR) drug depicted a burst release up to 98% 

within 3 days. At the same time, the QUR-loaded NPs (QURnp) showed a sustained release 

that liberated around 78% of the drug (QUR) after 9 days.  
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Figure 3. (a) In-vitro enzymatic degradation patterns of pluronic F-108; (b) the release study of the quercetin-

loaded pluronic F-108 nanoparticles (QURnp). The degradation and release studies were carried out at 37oC in 

PBS, pH 7.4, and the values are an average of three triplicates. 

3.3. Antitumor activity of QUR and QURnp in EAC model. 

In Figure 4, vehicle 1&2 displayed no significant change in tumor volume compared to 

the EAC group. Treatment of free QUR at a dose of 10 mg/kg revealed a highly significant 

(p<0.01) reduction in tumor volume and a significant (p<0.05) reduction in viability, but at 

doses of 25 and 50 mg/kg displayed an extremely significant (p<0.001)  decrease in tumor 

volume and also exhibited a highly significant (p<0.01) and extremely significant (p<0.001) 

decrease respectively in viability compared to EAC control group. Additionally, QURnp at 

doses 10 and 25mg/kg demonstrated an extremely significant (p<0.001) decrease in tumor 

volume and viability compared to the control group. At the same time, treatment of QURnp at 

a high dose of 50mg/kg demonstrated destruction of EAC cells, which resulted from the 

disappearance of ascetic fluid. 

 
Figure 4. Antitumor effect of QUR and its nanoformulation (a)Tumor volume (ml) ; (b)Viability percentage 

(%) in mice treated with different doses of Quercetin (QUR) (10, 25, and 50 mg/kg) and Quercetin -loaded 

Pluronic nanoparticles (QURnp) (10, 25 and 50 mg/kg)) compared to EAC control group (mean±SE). (c) Effect 
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of QUR and QURnp at a dose of (50 mg/kg) on EAC-bearing mice, QURnp showed complete destruction of 

tumor cells. Significant (S* <0.05), Highly Significant (HS**<0.01) and Extremely Significant (ES***<0.001) 

3.4. Antioxidant activity of QUR and QURnp in tumor cells. 

GSH is a crucial intracellular antioxidant that regulates the cellular redox state and 

protects the cells from injury induced by free radicals. Figure 5a showed that treatment of free 

QUR at a dose of 10 mg/kg didn't show a significant effect on GSH levels in tumor cells, but 

at doses of 25 and 50mg/kg displayed a highly significant (p<0.01) and extremely significant 

(p<0.001) increase respectively compared to EAC control group. Treatment with QURnp at 

both doses of 10 and 25mg/kg displayed an extremely significant (p<0.001) increase in GSH 

content in EAC cells. Our results demonstrated that QUR nanoformulation at the dose of 

25mg/kg induced the potential impact on GSH level in tumor cells compared to free QUR. 

Furthermore,  SOD and  CAT are considered the first-line defense antioxidant, which 

is essential in the entire defense mechanism of antioxidants [41]. As shown in (Figure 5b,c), 

both doses 10 and 25mg/kg of free QUR exhibited significant (p<0.05) and highly significant 

(p<0.01) elevation, respectively, in the activity of SOD and CAT in EAC cells, as compared to 

the control group, while a dose of 50mg/kg, demonstrated an extremely significant (p<0.001). 

In addition, QURnp administration at doses of 10 and 25mg/kg exhibited an extremely 

significant (p<0.001) elevation in SOD and CAT activity compared to the control group, which 

reveals the superiority of QURnp treatment over its native QUR. 

Finally, QURnp at the dose of 25mg/kg showed a very significant restoration in the 

activity of the antioxidant enzymes of  SOD and CAT. 

On the other hand, high rates of reactive oxygen species (ROS) have been noticed in 

cancer types, where they give multiple aspects of tumor growth and progression [42]. 

In Figure 5d, the treatment of native QUR at doses of 10 and 25 mg/kg displayed a 

highly significant (p<0.01) decrease in MDA level as a lipid peroxidation biomarker when 

compared to EAC group and high dose of native QUR 50mg/kg displayed extremely significant  

(p<0.001) reduction in MDA levels. Furthermore, MDA levels were extremely significant 

(p<0.001) decreased in QURnp at doses of 10, and 25mg/kg treated groups. 

 
Figure 5. Antioxidant activity QUR and QURnp. (a) GSH content (mmol/g.tissue); (b) Cellular SOD level (% 

Inhibition); (c) Catalase activity (U/g); (d) MDA level (nmol/g.tissue); (e) NO level (µmol/l) in (QUR) (10, 25 

and 50 mg/kg) and (QURnp) (10 and 25 mg/kg) compared to EAC-bearing mice control group (mean±SE). 
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Non-Significant (NS), Significant (S* <0.05), Highly Significant (HS**<0.01), and Extremely Significant 

(ES***<0.001). 

Additionally, in Figure 5e, the administration of native QUR and its nanoformulation 

at different doses of 10 and 25 mg/kg revealed an extremely significant (p<0.001) decrease in 

NO levels compared to the EAC control group. 

3.5. Effect of QUR and QURnp on Hematological Parameters. 

In Table S2, the values of WBC were found to decrease along with an increase in the 

RBC count and hemoglobin content in both native QUR and QURnp-treated groups at different 

doses compared to the EAC control group. Furthermore, it is worth mentioning that none of 

the treated mice with different doses of QURnp didn't exhibit any unfavorable signs, revealing 

that QURnp is safe and effective in cancer therapy. 

3.6. Histopathological results. 

Light microscopic investigation of the EAC inoculated group displayed massive tumor 

growth with a notable level of cellular pleomorphism along with an increased number of 

mitotic figures and a remarkable loss of characteristic cellular features. Also, the EAC group 

was characterized by eosinophilic cytoplasm and basophilic nuclei. (10mg/kg) QUR-treated 

groups exhibited almost the same profiles as the former group pointing out that this dose is too 

small to exert an effect on EAC inoculated group. On the other hand, (25, 50mg/kg) QUR-

treated animals and (10, 25 mg/kg) QURnp showed mild to huge damage to EAC cells in a 

dose-dependent manner when compared to the EAC group. Moreover, (50mg/kg) QURnp drug 

presents an immense destructive influence on EAC-treated cells to the point of the impossibility 

of collecting any ascites cells referring to the powerful impact of that QURnp dose. Moreover, 

QURnp exhibited preponderance over native drugs of the same doses, as shown in Figure 6. 

 
Figure 6. EAC cells sections of (a) control mice showing standard Ehrlich cells with membrane blebs (MB) and 

mitotic figures (white arrows); (b) QUR (10mg/kg) dose showing alike the control group; (c) QUR (25mg/kg); 

(d) QUR (50mg/kg) ; (e) (10mg/kg) of QURnp showing progressive destruction in EAC cells compared to 
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control group; (f) (25mg/kg) QURnp displayed the utmost destructive signs (arrowhead) apoptotic cells, (curved 

arrow) pyknotic cells (FN) fragmented nucleus, (H&E stain). 

Liver samples of EAC and 10 mg/kg dose of QUR-treated animals displayed notable 

injuries within hepatocytes illustrated in the accumulation of EAC cells and lymphocytic 

infiltration. Besides, there was clear sinusoidal widening in addition to activated Kupffer cells. 

In contrast to the previous two groups, (25, 50 mg/kg) of native QUR and (10, 25, 50 mg/kg) 

of QURnp displayed marked recovery for most of the hepatic structure corresponding to dose 

when compared to the positive control group. It is noteworthy that QURnp of the same doses 

excelled over the rest of the native drug-treated groups. Interestingly, (50mg/kg) QURnp 

exhibited top betterment of hepatic architectures compared to the rest of the treated groups 

indicating the perfection of this nano dose as shown in Figure 7. 

 
Figure 7. Liver sections of (a) EAC inoculated mice; (b) (10mg/kg) QUR treated mice displaying massive 

accumulation of EAC cells around the central vein (CV), dilated blood sinusoids (BS), activated Kupffer cells 

(KC); (c) (25mg/kg) QUR; (d) (50mg/kg) QUR treated mice showed gradual recovery of the hepatic structure 

proportional to dose; (e) (10mg/kg) QURnp; (f) (25mg/kg) QURnp; (g) (50mg/kg) QURnp treated mice 

exhibited progressive restoration of the liver structure in a dose-dependent manner, (H&E stain). 

Kidney specimens of the EAC inoculated group and the 10mg/kg QUR treated group 

displayed clear injuries between glomeruli and capsules widened, glomeruli shrinkage, and the 

presence of some ascetic cells' infiltration. Opposite to the previously mentioned groups, the 

remaining treated groups displayed progressive restoration of most renal traits. 50mg/kg 

QURnp treated group strikingly showed the ultimate improvement compared to the remaining 

groups indicating the excellence of this QURnp dose. Remarkably, QURnp with different doses 

displayed more amelioration in EAC inoculated groups than that treated with the native drug 

of the same doses as in Figure 8. 
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Figure 8. Kidney sections of (a) EAC inoculated mice; (b) (10mg/kg) QUR treated mice showing notable 

shrinkage in glomerular mass (G), spaces between renal capsule and glomerulus (white arrow) showing marked 

dilatation, aggregated tumor cells (arrowheads), congested renal areas (black arrow); (c) (25mg/kg) QUR; (d) 

(50mg/kg) QUR respectively treated groups displaying ascending improvement in renal structures; (e) (10 

mg/kg) QURnp; (f) (25 mg/kg) QURnp; (g) (50 mg/kg) QURnp doses respectively treated groups showing 

palpable amelioration in kidney structure towards the typical one, (H&E stain). 

 
Figure 9. Spleen sections of (a) EAC inoculated mice; (b) (10mg/kg) QUR treated mice exhibiting decreased 

cellularity of white pulp (WP), red pulp (RP), hemosiderosis (curved arrow), congested dilated splenic sinusoids 

(SS); (c) (25 mg/kg) QUR; (d) (50 mg/kg) QUR  respectively treated groups showing remarkable amelioration 

in splenic architecture; (e) (10 mg/kg) QURnp; (f) (25 mg/kg) QURnp;  (g) (50 mg/kg) QURnp doses 

respectively treated animals showing clear restoration of splenic structures, (H&E stain). 
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The collected spleen of EAC-inoculated animals exhibited less cellularity among white 

pulp zones. Dilated and congested blood sinusoids within red pulp zones were also located. 

Similarly, 10mg/kg QUR-treated animals displayed the same results. In contrast to the former 

groups, the rest of the treated animals showed notable recovery for the spleen in a dose-

dependent manner. It's noteworthy that QURnp-treated animals showed great amelioration 

with that treated with the innate one. Moreover, the spleen of 50mg/kg QURnp treated animals 

exhibited the perfect improvement of splenic features compared with the rest of the groups 

indicating the powerful curative influence of such a dose, as shown in Figure 9. 

3.7. Ultrastructural results. 

Electron microscope examination of the EAC group displayed typical features of cancer 

cells illustrated in; nonuniformed cells with asymmetrical surfaces provided with membrane 

blebs-like projections. Moreover, healthy mitochondrial surrounded the nuclei with prominent 

cristae. Similar features were displayed by 10 mg/kg QUR-treated animals, referring to an 

ineffectual dose for treatment. Contrariwise, other treated groups presented noticeable damage 

among innate QUR or QURnp-treated EAC inoculated animals. These destructive profiles are 

illustrated in cell shrinkage, absence of membrane blebs, pyknotic nuclei with condensed 

chromatin, swallowed cell membrane, and atrophied mitochondria with diminished membrane 

and loss of their cristae. All previously stated destructive signs were proportional to the dose 

and type of prepared treatment, as QURnp exhibited superiority of devastation compared with 

native QUR. 

Moreover, the QURnp drug offered better results than the native one, directly 

proportional to the dose. Amazingly, 25 mg/kg of QURnp revealed the greatest damaging 

marks compared to the other investigated groups. We failed to collect any ascitic fluid for 50 

mg/kg of QURnp-treated animals, indicating a considerable potential of that nano dose of QUR 

in combating EAC cells, as shown in Figure 10.  

 
Figure 10. Transmission electron micrograph of Ehrlich ascites carcinoma cells of (a) control mice; (b) 

(10mg/kg) QUR treated mice showing the standard, irregular shape of tumor cells with round to oval shaped 

nucleus (N), nucleolus (Nu), membrane blebs (MB) surrounding cells, evident mitochondria (M); (c) (25 mg/kg) 

QUR; (d) (50 mg/kg) QUR respectively treated groups showing swollen nuclear membrane (black arrow), fat 

droplets (FD); (e) (10 mg/kg) QURnp; (f) (25 mg/kg) QURnp doses respectively treated mice displaying 

massive destruction of Ehrlich cells including atrophy of mitochondrial profiles, the occurrence of the lysosome 

(L), and apoptotic bodies. 
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3.8. QUR and QURnp induce cell cycle arrest and inhibit the IL-6/STAT3 pathway. 

The results in Figure 11a showed that native QUR and its nanoformulation at different 

doses exhibited statistically significant cell cycle arrest at the G1 phase compared to the EAC 

control group. The greatest effect was induced by treatment with QURnp compared to its 

native. 

Furthermore, as quercetin and its nanoformulation caused G1arrest in EAC cells so, we 

performed western blotting to examine the expression of p27, which is associated with G1 cell 

cycle arrest. As illustrated in Figure 11b, treatment of QURnp at doses of 10 and 25 mg/kg 

showed an increase in p27 protein levels. The present results indicate the superiority of QURnp 

over its native QUR-treated group.  

Quercetin is able to affect various signaling pathways, for example, the STAT3 

pathway. The results shown in Figure 11b demonstrated that administration of QUR and 

QURnp in a dose-dependent manner reduced the expression of STAT3 and p-STAT3, and 

QURnp can inhibit the activation of the STAT3 pathway effectively due to the decreased p-

STAT3 activation. 

We performed an ELISA assay to estimate IL-6 level and RT-PCR for VEGF 

expression to confirm the suppression of the STAT3 signaling pathway. In Figure 11c, the EAC 

group stimulated the release of IL-6. In contrast, both QUR and QURnp treatment at different 

doses of EAC-bearing mice exhibited significant (p<0.01), (p<0.001)  suppression releasing of 

cytokine IL-6, which induced activation of STAT3.  

As shown in Figure 11d, the administration of native QUR at different doses led to a 

significant downregulation in VEGF gene expression compared to the EAC group. Also, 

QURnp treated group showed extremely significant downregulation in VEGF gene expressions 

(p < 0.001) as a result of inhibition of STAT3 signaling when compared with the free QUR-

treated group. 

 
Figure 11. Anticancer mechanism of QUR and QURnp (a) Cell cycle progression assays were performed on 

EAC cells treated with different doses of QUR and QURnp; (b) Western blotting of p27, STAT3, and p-STAT3 

in EAC cells treated with QUR and QURnp; (c) IL-6 level in EAC cells treated with different doses of QUR and 

QURnp compared to EAC control group (mean±SE); (d) Quantitative real-time RT-PCR (qRT-PCR) analysis of 

angiogenesis-related gene (VEGF) in EAC cells treated with QUR and QURnp. 

Significant (S* <0.05), Highly Significant (HS**<0.01), and Extremely Significant (ES***<0.001). 
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3.9. Immunohistochemical results. 

Ki-67 immunohistochemical investigations displayed high EAC scores and 10 mg/kg 

QUR treated groups too. However, the remaining groups revealed a meaningful drop in the 

score compared to the control group. Furthermore, QURnp-treated animals exhibited a 

significant fall in score compared to innate drugs with less proliferation. As expected from the 

previous results, 25 mg/kg of QURnp also displayed the lowest score, indicating a lesser 

proliferation level among all investigated groups, as shown in Figure 12.  

 
Figure 12. (A) Immunohistochemical studies of EAC cells sections of (a) control mice; (b) (10mg/kg) QUR 

displaying high nuclear expression of Ki-67; (c) (25 mg/kg) QUR; (d) (50 mg/kg) QUR; (e) (10mg/kg) QURnp 

respectively treated mice displaying mild expression; (f) (25 mg/kg) QURnp displayed weak nuclear expression, 

(IHC); (B) Labeling index chart of Ki-67 among investigated groups. 

Highly Significant (HS**<0.01) and Extremely Significant (ES***<0.001). 

 
Figure 13. (A) Immunohistochemical studies of EAC cells sections of (a) control mice; (b) (10mg/kg) QUR 

displaying a high cytoplasmic expression of Bcl-2; (c) (25 mg/kg) QUR; (d) (50 mg/kg) QUR; (e) (10mg/kg) 

QURnp respectively treated mice displaying mild expression; (f) (25 mg/kg) QURnp displayed weak 

cytoplasmic expression, (IHC). (B) Labeling index chart of Bcl-2 among investigated groups. 

Highly Significant (HS**<0.01) and Extremely Significant (ES***<0.001). 

Bcl-2 labeling index displayed an almost similar high score in the case of the control 

group and 10 mg/kg of QUR-treated groups as well. Whereas (20, 50 mg/kg) of QUR and (10, 

25 mg/kg) of QURnp as a well displayed significant drop of score in a dose-dependent manner, 

denoting the marvelous action of this drug, especially 25 mg/kg of QURnp one which elucidate 
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the lesser score within all investigated groups and when compared to control one as displayed 

in Figure 13. 

4. Discussion 

Recently, combining phytochemicals with nanotechnology can be a vital tool for 

advancing phytochemicals as cancer therapeutic agents with enhanced bioavailability and 

solubility [43]. Thus, the present study aimed to fabricate a stable nanoformulation of QUR 

and demonstrate its potential in cancer treatment using mice-bearing EAC cells as a cancer 

model. Our results showed promising chemotherapeutic anticancer properties of QURnp by 

destroying of tumor at a dose of 50 mg/kg. QURnp can lead to a more significant decrease in 

tumor growth and cell viability than native QUR at the same dose. Furthermore, our present 

investigations agree with recent reports, which stated that quercetin nanoparticles are more 

effective than native QUR in cancer treatment via inhibition of proliferation and tumor growth 

[17,44-46]. El-Far et al. showed the superiority of pluronic nanoparticles in drug delivery 

because of their novel properties to improve solubility, bioavailability, and prolonged drug 

release; they also demonstrated that phytochemicals (Silymarin and Curcumin) loaded pluronic 

nanoparticles have great potential to suppress the growth of tumor than their native in EAC-

bearing mice [19,20]. So, these advantages enable QURnp to be superior in cancer therapy. 

QUR has potent antioxidant effects and promising activity against oxidative damage, 

which acts as ROS scavengers and inhibits ROS activity. The antioxidant activity of QUR is 

mainly manifested through its effect on glutathione (GSH) and enzymatic activity such as 

(SOD, CAT). In the present results, the EAC-bearing mice group demonstrated a significant 

decrease in SOD, CAT, and GSH levels when compared to treated groups which is in 

accordance with others [47]. GSH has a significant role in antioxidant defenses via detoxifying 

free radicals. So, QUR and QURnp showed an increase in cellular GSH levels. It has been 

reported that QUR can regulate GSH levels and induce the synthesis of GSH [48]. QURnp (25 

mg/kg) showed the highest significant increase in GSH level compared to the control group 

and native QUR-treated groups (25 mg/kg & 50 mg/kg). 

Furthermore, SOD and CAT constitute a crucial antioxidant defense against reactive 

oxygen species-mediated diseases in the body. According to the present data, we herein 

indicated a significant elevation in SOD and CAT activity in both QUR and QURnp-treated 

groups when compared to the EAC control group. At the same time, treatment with QURnp at 

a dose (25 mg/kg) exhibited a more pronounced significant increase in SOD and CAT activity. 

It has been found that SOD levels markedly increased in QUR-loaded polymeric nanoparticles-

treated tumor-bearing mice than free QUR-treated group, which is in agreement with our 

present findings [17]. On the other hand, QUR fights cancer by modulating oxidative stress 

markers such as lipid peroxidation (LPO) and reactive nitrogen species (RNS) [49], which in 

turn led to a statistically significant reduction in MDA and NO levels in treated groups with 

QUR and QURnp in a dose-dependent manner. Consistent with our findings, other 

investigators reported that QUR nanoformulation increased antioxidant biomarkers (SOD, 

CAT, and GSH) and attenuated lipid peroxidation [50]. This is mainly due to the improvement 

of QUR solubility and bioavailability. Finally, our data strongly indicate that QURnp is a 

superior antioxidant and anticancer agent over native QUR. 

In our study, the EAC control group  showed a decrease in hemoglobin, RBC count and 

an increased WBC count due to myelopathic or hemolytic conditions. In contrast, the 

administration of QUR and QURnp can replenish the Hb content and maintain the normal RBC 
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and WBC values. This indicates that QURnp treatment possesses a protective effect on the 

hematopoietic system. QUR is a well-known antioxidant with anti-inflammatory properties 

[51], which may be the reason for its hematopoietic activity. 

EAC cells are known for their immense transplantable average, rapid proliferation, and 

limited survival duration can cause complete mortality and hyperdiploid [52,53]. Thus, EAC 

was assigned in this study to investigate the potential impact of QUR on it, whether in its native 

or QURnp. Our histopathological findings showed the considerable effect of QUR on 

eliminating EAC cells, which was in consonance with Yılmaz et al. [54]. 

Liver samples of the EAC control group exhibited massive damage; scattered necrotic 

foci, extended blood sinusoids, activated Kupffer cells, and congested blood vessels with 

notable lymphocytic infiltration. Abd Eldaim and Tousson also confirmed the previous 

outcomes [55,56]. On the other hand, high doses of QUR, in addition to QURnp ones, displayed 

marked restoration of most of the hepatic architecture lost by EAC cells. Remarkably, 50 mg/kg 

of QURnp displayed the most ameliorative signs within the hepatic structure. 

Kidney specimens of EAC inoculated animals showed notable degenerated renal marks 

like; atrophied glomeruli, expanded space between glomerulus and its capsule, and degenerated 

renal tubules. These results match those of Medhat, who suggested EAC's likely action, which 

activates ROS generation that devastates cellular homeostasis and consequently leads to 

damaged tissue [57]. In contrast, the remaining QUR-treated groups displayed remarkable 

recovery in a dose-dependent manner. According to Sanchez-Gonzalez et al., the main 

influence of QUR on renal damage is to lessen inflammation and oxidative stress and to 

stabilize the renal blood flow [58]. Min and Ebeler et al. stated that a high concentration of 

QUR displayed an evident antitumor effect via binding to neoplastic cells' DNA [59]. Our 

results highlighted the distinction of QURnp over the native QUR of the same dose.  

Spleen samples of positive control and/or 10 mg/kg QUR groups displayed various 

degenerations, such as decreased cellularity in the white pulp, widened congested blood 

sinusoids, and some focal deposits of hemosiderin surrounding hemorrhage sites. Based on 

animal research, QUR accumulates at low doses in the spleen that is disposed of through the 

respiratory, fecal, and renal systems [60,61]. Nevertheless, the spleen of animals treated with 

higher doses of QUR in addition to QURnp ones displayed a marked recovery compared to the 

previous two groups. According to Farag et al., QUR has a genoprotective impact to the extent 

that it ameliorates depleted white pulp and lymphopenia in the spleen of Doxorubicin-treated 

rodents [62]. 

Ultrastructural findings of the control group of EAC showed typical features of cancer, 

and this matches with Batista et al. [54,63]. It is familiar that EAC cells, once inoculated 

intraperitoneally, divide quickly, increasing the amount of ascetic fluid proportion to the 

proliferation development. This fluid is considered the nutritional base for those tumor tumors 

cells [64]. On the other hand, QUR and QURnp exhibited noted devastation for Ehrlich cells 

illustrated in apoptotic cells, degenerated mitochondria, condensed nucleus, and lysosomal 

presence. Programmed cell death can be distinguished through certain incidents like membrane 

projections called membrane blebs, DNA fragmentation, and extension of cytoplasm [65-67]. 

It is well proven that QUR uses a mitochondrial-mediated mechanism in order to initiate its 

apoptotic effect [68-70]. Also, Min and Ebeler stated that QUR at high concentrations exhibits 

antitumor action by making a covalent bond with the DNA of cancer cells and consequently 

destroying it [59]. Mitochondria, which are the cell's power stations, also were affected by 

QUR and QURnp. Overall, a myriad of the research reported the role of QUR in inducing 
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mitochondrial dysfunction within neoplastic cells and its pro-apoptotic action [71]. Amazingly, 

QURnp-treated animals revealed noticeable damage for cancer cells, especially 50 mg/kg dose, 

to the extent that we couldn't collect any ascetic fluid from this group. Our study can be 

considered the first to evaluate the effect of QUR and its nanoformulation (QURnp) 

ultrastructurally.  

Cell cycle dysregulation is a hallmark of cancer cells, increasing cellular proliferation. 

QUR can induce cell cycle arrest in many cancer cells via its effect on several target proteins, 

such as p27 [72]. Our data revealed that QURnp treatment in a dose-dependent manner induced 

cell cycle arrest at the G1/S phase via up-regulation of p27 expression and finally blocked the 

progression of tumor cells and decreased the EAC's proliferation rate cells. The present results 

agree with the previous study, which reported that QUR nanoparticles showed antitumor 

activity via upregulation of p27 in cancer cells which induces cell cycle arrest [73]. 

Previous studies have investigated the effect of QUR on the STAT3 pathway 

[12,74,75].  In the present study, we have demonstrated that QURnp can suppress tumor growth 

and invasion through the inhibition IL-6/STAT3 signaling pathway. Nanoformulation of QUR 

(QURnp) caused a downregulation of IL-6, inhibiting p-STAT3 expression and thus inhibiting 

the activation of STAT3 signaling. 

Furthermore, our results suggest that the downregulation of angiogenesis accompanies 

the inhibition of the STAT3 pathway. Administration of QURnp showed highly effect on 

inhibiting the expression of VEGF, a potent angiogenic factor. Therefore QURnp exerted 

antitumor activity via its antiangiogenetic effect on EAC tumor cells. QUR has previously been 

reported to suppress angiogenesis in various cancer cells [76,77], but nanoformulation can 

enhance the anticancer efficacy of QUR, making it a potent anticancer agent over its native.   

Immunohistochemical findings displayed that QUR and/or QURnp one lower Ki-67 

(proliferation marker) and Bcl-2 (anti-apoptotic marker) counts among treated groups in a 

dose-dependent manner. In contrast, the positive control group and 10 mg/kg QUR dose 

recorded the highest score of both antigens. Surprisingly, the QURnp dose of 25 mg/kg 

reported the lowest score compared to the rest of the treated groups within both markers. Liu 

et al. explained the outstanding potential of QUR to overcome prostate cancer by lowering 

Bcl2 levels and stimulating caspases through the endoplasmic reticulum and mitochondrial 

stress [78]. According to Banerjee et al. and Granado-Serrano et al., apoptosis can be 

stimulated by several cellular signaling protein modifications; one of them is the 

downregulation of Bcl-2  [79-81].  

Finally, the results suggested that QURnp is superior to its native as a chemotherapeutic 

anticancer agent, and also, QURnp can inhibit cancer progression via several pathways as 

demonstrated, indicating its effectiveness against cancer. 

5. Conclusions 

In the present study, our findings suggest that quercetin nanoformulation (QURnp) 

treatment significantly inhibits tumor growth in EAC-bearing mice via inhibiting the IL-

6/STAT3 signaling pathway. In addition, administration of QURnp markedly induces cell cycle 

arrest and apoptosis through significantly increasing p27 as well as reduced Bcl-2 expression. 

QURnp exhibited a potential antioxidant role in increased SOD, CAT, and GSH levels and 

reduced MDA and NO levels. Furthermore, this study also shows that QURnp is a potent 

suppressor of angiogenesis that inhibits VEGF gene expression. Finally, QUR-loaded pluronic 

nanoparticles could be used as a promising drug candidate in cancer treatment. 
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Supplementary materials 

Table S1. The primer sequences used for qRT-PCR analysis. 
Gene  Sequence  Accession number  

VEGF          F: 5`-GTACCTCCACCATGCCAAGT-3`      
    R: 5`-TCACATCTGCAAGTACGTTCG- 3`  

NM_001025257.3  

β-actin            F:5`-GGGAAATCGTGCGTGACAT-3      
     R: 5′-GCGGCAGTGGCCATCTC-3′ 

NM_007393.5 

Table S2. Hematological parameters in EAC-bearing mice treated with QUR or QURnp. 

Parameters Groups               

 

EAC 

QUR 

10mg/kg 

QUR 

25mg/kg 

QUR 

50mg/kg 

QURnp 

10mg/kg 

QURnp 

25mg/kg 

QURnp 

50mg/kg 

Hb content 

 (g%) 
8.4±0.6 9.7±0.4 10.6±0.28* 11.3±0.39* 11.7±0.36* 11.9±0.2* 12.8±0.2* 

RBC  

(cells ×106/mm3) 
3.1±0.45 4.7±0.5 5.1±0.35* 4.7±0.16* 4.9±0.51* 5.4±0.3* 5.6±0.42* 

WBC 

(cells ×103/mm3) 
12.9±0.32 10.3±0.45* 9±0.37* 8.8±0.2* 8.1±0.25* 7.71±0.24* 7.6±0.19* 

*  Significant compared with EAC inoculated mice control group p < 0.05, Data are presented as mean 

± SE. EAC: Ehrlich ascites carcinoma; SE: Standard error; QUR: Quercetin; QURnp: QUR-loaded Pluronic 

nanoparticles. 
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