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Abstract: Background: Cancer is one of the leading causes of death. New tactics targeting the survival 
pathways that provide effective drugs are being developed.  

Objective: Super paramagnetic nanoparticle serves as drug carrier for drug delivery system. Herein, 
Iron oxide-CMC-TA and Iron oxide-CMC-GA nanoparticles are synthesized for this target.  

Methods: Iron oxide (Fe2O3) nanoparticles are synthesized, bound to carboxymethyl chitosan (CMC) 
which are then conjugated to tartaric acid (TA) or gallic acid (GA) to form Iron oxide-CMC-TA and 
Iron oxide-CMC-GA nanoparticles. Those nanoparticles were characterized and the cytotoxicity effect 
was evaluated when associated with/without bee venom to measure the synergistic effect on A549 and 
WI-38 cell lines. In addition, apoptotic genes expression in A549 was evaluated when treated with both 
nanoparticles.  

Results: We showed that the cytotoxicity effect of TA and GA on A549 and WI-38 cell lines was in-
creased when they immobilized on iron oxide-CMC nanoparticles and the effect was synergistically 
elevated when added to bee venom. The cytotoxic activity of these two nanoparticles was higher in 
A549 cancer cell line when compared with WI-38 normal cell line. Moreover, the expression of apop-
totic genes was elevated.  

Conclusion: Iron oxide-CMC-TA nanoparticle and Iron oxide-CMC-GA nanoparticle can selectively 
induce apoptosis in cancer cell lines more than in normal cell lines, which is an important aspect in can-
cer cell targeting process to minimize damage upon normal cells. 

Keywords: Super paramagnetic nanoparticle, gallic acid, bee venom, tartaric acid, cytotoxicity, gene expression.  

1. INTRODUCTION 

 Cancer is one of the leading causes of death around the 
world and lung cancer can be considered one of the most 
lethal chronic diseases [1]. New tactics that target the sur-
vival pathways and provide effective, active and affordable 
drugs are being developed for cancer treatment [2]. 
 Nanoparticle (NP) based drug delivery systems are cur-
rently under progress for applications in the treatment of dis-
eases such as cancer due to their unique physical and chemical 
features as well as their nano-scale effects [3]. NPs have at-
tracted a lot of interest due to flexibility in targeting tissues, 
accessing deep molecular goals and adjusting drug relief. 
Due to its social and economic effects, nanotechnology 
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has become a focus of public attention [4]. There are diverse 
inorganic nanoparticles that can be used in drug delivery, 
such as the super-paramagnetic iron oxide nanoparticles 
(SPION), which have an iron oxide core with a hydrophilic 
cover of dextran or other biocompatible compound to raise 
their stability [5]. Carboxymethyl chitosan (CMC) is com-
monly used to coat NPs to increase their bioavailability, [6] 
and is also important for stabilization of NPs, to improve 
their biocompatibility while reducing their potential toxicity. 
The chief vectorization methods include the non-covalent 
grafting of bio-molecules (e.g., antibodies or proteins) via 
ionic bonding or adsorption and the covalent conjugation of 
biomolecules via tough chemical bonding [7]. 
 For several years, herbal medicines have been used and 
are still used in developing countries as the main source of 
medical treatment. Many researches have advanced into dis-
covering the potential properties and uses of terrestrial plant 
extracts for the preparation of potential nanomaterial estab-
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lished drugs for diseases [8]. Gallic acid (GA) is a phenolic 
compound, chemically known as 3, 4, 5-trihydroxybenzoic 
acid. GA has been isolated from a number of plants such as 
rind, seed, stem, fruit, leaves, bark and wood [9]. The struc-
ture of GA has phenolic groups that are a cause of readily 
unfilled hydrogen atoms so that radicals formed can be delo-
calized over the phenolic structure [10]. GA has been re-
ported to have anti-oxidant activity [11]. Moreover, tartaric 
acid (TA) is a naturally occurring crystalline organic acid 
present in a lot of fruits such as grapes, bananas, and tama-
rinds. It is one of the principal acids in wine. TA has antioxi-
dant properties and has skin benefits properties. [12]. Bee 
venom (BV) consists of two main components; melittin and 
PLA2. BV has biological action against arthritis [13], rheu-
matism, pain, rheumatoid arthritis and osteoarthritis [14], 
mammary carcinoma cell proliferation [15], cytotoxicity to 
malignant cells both in vitro, cancerous tumors, advanced 
muscle atrophy [16] and skin diseases [17]. Melittin is the 
main dynamic element of BV that has been reported to boost 
apoptosis [18] and to possess anti-tumor effects.  
  This study was carried out to elucidate anticancer activity 
of GA and TA vectorized on CMC- Fe2O3-NP with and 
without bee venom on carcinogenic lung cell lines A549 and 
normal lung cell lines WI-38. 

2. MATERIALS AND METHODS 

2.1. Preparation of Fe2O3, CMC and Fe2O3-CMC NPs 

 Fe2O3-NP was organized using co-precipitation method 
[19] by adding 0.02 mol/L ferric chloride (FeCl3) (Loba 
Chemical, India) to 0.04 mol/L ferrous chloride (FeCl2) 
(Loba Chemical, India) with stirring. Then, 2 mL Ammo-
nium Hydroxide (NH4OH) (25%) (Sigma-Aldrich, USA) 
was added with stirring at 60-80°C. The precipitate was de-
tached by the magnetic field, washed with deionized water 
and finally left to dry at room temperature. The made ferroso 
ferric oxide (Fe3O4 ) was converted to ferric oxide ( Fe2O3) 
by heating at 300-500°C.  
 CMC was prepared [20] by the addition of chitosan (10 
g) (Sigma-Aldrich, USA) and sodium hydroxide (15 g) 
(Loba Chemical, India) into 100 mL of isopropanol/water 
(80:20, v/v) at 60 °C for 1 h. Then, monochloroacetic acid 
(15 g) liquefied in 20 mL of isopropanol was added dropwise 
to the reaction mixture over 30 min and incubated for 4 h at 
60 °C. The response was stopped by adding 200 mL of 70% 
ethanol. The solid was filtered, washed extensively with 70% 
and 90% ethanol, and dehydrated in a vacuum oven at 50 °C.  
 Fe2O3-CMC NPs were prepared by the addition of 200 
mg Fe2O3-NPs to 100 mg CMC suspended in 100 mL of 
toluene, and then sonicated at 60 ᵒC for 4 hrs. Fe2O3-CMC-
NPs were collected under an external magnetic field and 
washed with ethanol. 

2.2. Vectorization of TA and GA 

 10 mmol/L of Gallic acid (Loba Chemical, India) or 10 
mmol/L Tartaric acid (Loba Chemical, India) was added to 
15 mmol/L N-hydroxysuccinimide (Sigma-Aldrich, USA), 
and 75mmol/L triethylamine as a catalyst (amidation test) 
[21]. The suspension was incubated at 37°C for 4 hrs, then 

the pH was regulated at 9.0 and centrifuged for 10 min at 
5000rpm. The final product was isolated by filtration 
through a 0.22  µm filter [22]. Fe2O3-CMC-GA-NPs and 
Fe2O3-CMC-TA-NPs precipitate was washed with deionized 
–water and the NPs were dried overnight at room tempera-
ture. 

2.3. Characterization of Nanoparticles 

 The ready Fe3O4, Fe2O3 and Fe2O3-bonded CMC NPs 
were assessed by scanning electron microscopy-EDAX 
(SEM-EDAX quanta FEG250) at the National Research 
Center, Giza, Egypt, and X-ray diffraction (XRD) (XPERT- 
PRO-PANalytical –Netherland) zeta potential techniques and 
size distribution (Zeta Sizer nano series ,nano ZS ,. UK) at 
Agriculture of Research Center, Giza, Egypt. 

2.3.1. Scanning Electron Microscopy (SEM) 

 The signals used by a scanning electron microscope pro-
duced an image resulting from interactions of the electron 
beam with atoms at various depths within the sample. Vari-
ous types of signals were produced including secondary elec-
tron (SE), reflected or back-scattered electrons(BSE), 
characteristic X-rays and light cathodo -luminescence (CL), 
absorbed current (specimen current) and transmitted elec-
trons.  

2.3.2. X-ray Diffraction Technique 

 X-ray powder diffraction (XRD) is a rapid analytical 
technique primarily used for Q phase identification of a crys-
talline material and can provide information on unit cell di-
mensions. The analyzed material is finely ground, homoge-
nized, and average bulk composition is determined (Khan et 
al., 2017b, 2017c; Ullah et al., 2017). 

2.3.3. Zeta Potential Technique 

 Zeta potential is a measure of the magnitude of the elec-
trostatic or charge repulsion/attraction between particles, and 
is one of the fundamental parameters known to affect stabil-
ity. 

2.4. Cell Culture 

 Adenocarcinoma human alveolar basal epithelial cells 
(A549) and human embryonic lung fibroblasts (WI-38) cells 
were obtained from The Holding Company for Biological 
Products & Vaccines (VACSERA, Egypt) and kept in 
DMEM supplemented with 10% FBS, 100 µg streptomycin 
and 100 units penicillin. Culture environments were adjusted 
at a temperature of 37°C in a humidified atmosphere involv-
ing 5% CO2 and 95% O2. All the used media and reagents 
were bought from Lonza Bioproducts, Belgium. 

2.5. MTT Cytotoxicity Assay 

 TA, GA, TA-Fe2O3-NPs, GA-Fe2O3-NPs, and BV were 
dissolved in DMEM to a final concentration of 1mg/ml. The 
solution was sterile filtered using 0.2µm syringe filter units 
(Nalgene, USA). The cytotoxicity of the mixtures was meas-
ured by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2 Htetra-
zolium bromide (MTT), in a colorimetric assay as demon-
strated before [23]. 10,000 cells were plated (104 cells/well) 
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in 96-well tissue culture plate and incubated for 24h at 37°C 
in a humidified incubator with 5% CO2 to facilitate the at-
tachment of cells to the plates excluding three well without 
cells as blank, before handling of the compounds in diverse 
concentrations (500, 250, 125, 62.5, 31.2, 15.6, 7.8, 3.9, 1.9 
and 0.97 µg/mL). Then, the cells were incubated for another 
48 hours, washed with PBS (Lonza Bioproducts, Belgium) 
and 50 µL of MTT (Serva Electrophores, Germany) was 
added to each well. The cells were then incubated in the dark 
for 4 hrs for the reduction of MTT into formazan followed 
by addition of 50 µL of DMSO (Serva Electrophores, Ger-
many) to dissolve the purple crystals of formazan. 
Absorbance was finally evaluated at 570 nm with microplate 
ELISA reader (BioTek, USA). The untreated cells were used 
as control. Control and samples were assessed in triplicates 
for each concentration and replicated three times. 

2.6. Analysis of p53, Bcl2 and Bax Genes Expression 

 The A549 cells preserved in DMEM with no FBS sup-
plementation were treated with the compounds at a concen-
tration equal to IC50 and IC25 in duplicates and incubated 
for 24, and 48 hours. The cells were then separated by 
scraper and stored at -80°C until RNA extraction. 
 The total RNAs from A549 cells were isolated using Tri-
zol reagent (Invitrogen, Carlsbad, CA) according to the 
manufacturer’s guidelines. 200 ng of total RNA was reverse-
transcribed into c-DNA in a reaction mixture using a cDNA 
synthesis kit (Intron, Korea) according to the manufacturer’s 
instructions. The gene expression levels were determined 
using a real-time PCR system (5700 applied biosystems), 
SYBR Taq (Rovalab, Germany), and specific sets of primers 
as follows in Table 1:  
 The gene expression was examined using 30 cycles of 
95ºC for 30 seconds denaturation; the specific annealing 
temperature was 30 seconds; with 72ºC extension for 30 sec-
onds. The fold of gene expression level was calculated with 
real-time PCR Ct value relative to B-actin. 

2.7. Statistical Analysis 

 All the data were expressed as means ± standard Error 
(SE) of a duplicate sample for the analysis of p53, Bcl2 and 
Bax genes expression. Data analysis and graph plotting were 
done using GraphPAD Prism package version 5.01 (Graph-
PAD, UK). The statistically significant differences were cal-
culated by Students t-test. P values less than 0.05 (P < 0.05) 

were considered significant; while P value less than 0.01 
were highly significant. 

3. RESULTS  

3.1. Characterization of the Synthesized NPs 

3.1.1. Scanning Electron Microscopy EDAX (SEM-EDAX) 

 SEM analysis of the Fe3O4, Fe2O3, Fe2O3-CMC, Fe2O3-
CMC-TA or Fe2O3-CMC-GA NPs showed an average size 
of 33.16- 68.87, 24.76- 46.83, 51.41-71.67, 55.38- 79.12 and 
75.45- 97.56 nm, respectively as shown in Fig. (1). In addi-
tion, the characteristic configuration of Fe3O4 showed a dif-
ference in shape and aggregation in case of addition of CMC 
and further changed after the addition of GA or TA.  
 The elemental analysis carried out by EDAX in the case 
of Fe3O4 and Fe2O3 showed that iron and oxygen are the 
principal elements, while after the addition of CMC, peaks 
for carbon and hydrogen were shown indicating the presence 
of CMC. Finally, the addition of GA and TA was confirmed 
by the increase of carbon and hydrogen percentage in each 
case.  

3.1.2. X-Ray Diffraction (XRD) 

 The XRD pattern, as given in Fig. (2), shows the main 
reflection peak at position (35) having an intensity of 100%, 
which is the characteristic peak for Fe2O3 cubic phase. It 
shows the formation of phase pure hematite in correlation 
with Rombohedral Fe2O3 (PDF 01-085-0559). It was ac-
quired after 500°C. The spectrum contains eleven peaks, 
which are clearly distinguishable and it contains no impurity 
phase. 

3.1.3. Zeta Potential 

 Zeta potential curve indicated surface charge of +40.8, 
+37.2 and + 29.6 mV for Fe2O3-CMC, Fe2O3-CMC-TA and 
Fe2O3-CMC-GA, respectively. According to Helmholtz-
Smoluchowski equation, a high zeta potential (+ or -) value 
is an indication of the dispersion stability of SPIONs due to 
the electrostatic interaction. This decrease in the positive 
value of the surface charge indicates the presence of TA or 
GA. Particle size distribution showed different sizes of the 
synthesized NPs. The sizes of Fe2O3-CMC, Fe2O3-CMC-TA 
and Fe2O3-CMC-GA were 220.2, 295.3 and 255.0 nm, re-
spectively. Fig. (3) shows that zeta potential of a 

Table 1. Primers used for gene expression in this study. 

Gene name Sequence (5'->3') Tm PCR size  References 

For: AGCGAGCACTGCCCAACA 58.07 
p53  

Rev: CACGCCCACGGATCTGAA 60.18 

159 

  

[24] 

  

For: GTGTGGAGAGCGTCAACC 61.91 
Bcl2 

Rev: CTTCAGAGACAGCCAGGAG 61.64 

129 

  

[25] 

  

For: ATGCGTCCACCAAGAAGC 61.17 
Bax 

Rev: ACGGCGGCAATCATCCTC 60.85 

150 

  

[25] 
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Fig. (1). SEM-EDAX images of (A) Fe3O4, (B) Fe2O3 and (C) Fe2O3-bonded CMC nanoparticles (D) Fe2O3-CMC nanoparticles after addition 
of tartaric acid and (E) Fe2O3-CMC nanoparticles after addition of gallic acid at 50,000 magnification. 
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Fig. (2). XRD chart for Fe2O3 nanoparticle in comparison with reference figure for hematite (Fe2O3). 

 
Fig. (3). Histogram of size distribution for (A) Fe2O3-CMC, (B) Fe2O3-CMC bonded with tartaric acid and (C) Fe2O3-CMC bonded with 
gallic acid.
 
nanoliposome is the overall charge that the nanovesicle ac-
quires in a particular environment or suspension medium. 
The net charge of the nanoliposomal formulation is an im-
portant parameter in terms of vesicle interaction with bioac-
tive molecules [26]. 

3.2. MTT Cytotoxicity Assay 

 The IC50 values for A549 cell line for BV, TA and GA 
were 4 µ g/mL, 175 µ g/mL and 200 µ g/mL respectively 
while the IC50 values for WI-38 cell line for BV, TA and GA 

were 7 µ g/mL, 250 µ g/mL and 410 µ g/mL, respectively, 
which indicates that GA like TA has more cytotoxicity to-
wards cancer cells than normal cells. The IC50 values for 
Fe2O3-CMC-TA cytotoxicity for WI-38 and A549 were 110 
and 75 µg/mL respectively. While the IC50 values for Fe2O3-
CMC-GA for WI-38 and A549 were 125 and 115 µg/mL, 
respectively, which indicate that vectorization of acids on 
Fe2O3-CMC NPs induces more cytotoxic effects on cancer 
cells. Additionally, the IC50 values for Fe2O3-CMC-TA NPs 
with BV for WI-38 and A549 were 60 and 20 µg/mL, re-
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spectively. While the IC50 values for Fe2O3-CMC-GA with 
BV for WI-38 and A549 were 65 and 28 µg/mL respectively. 
This indicates synergetic activity between BV and Fe2O3-
CMC-TA or Fe2O3-CMC-GANPs, Fig. (4). 

3.3. Gene Expression Analysis (Applied to A549 Lung 
Cancer Cell Lines Only) 

 The fold of expression of P53 and Bax genes increased 
due to the effect of TA and GA while the fold of expression 
increased by the effect of vectorization of TA or GA on 
Fe2O3-CMC NPs. Moreover, the addition of BV to Fe2O3-
CMC-TA or Fe2O3-CMC-GA NPs had greater expression of 
those genes. The expression increased by increasing the 
concentration of the two acids in a dose and time-dependent 
manner. 
  The fold of expression of Bcl2 genes decreased due to 
the effect of TA and GA while the fold of expression 
decreased by the effect of vectorization of TA or GA on 
Fe2O3-CMC NPs. Moreover, the addition of BV to Fe2O3-
CMC-TA or Fe2O3-CMC-GA NPs lowered the expression of 
Bcl2 gene. The expression decreased by increasing the 
concentration of the two acids in a dose and time-dependent 
manner as shown in Fig. (5). 

4. DISCUSSION 

 Chemical procedures for the synthesis of magnetic 
nanoparticles in comparison to physical techniques are 

easier, more manageable and more effectual with 
considerable control over size, composition and the final 
form of the nanoparticles [27]. In this study, the obtained 
Fe2O3-CMC-GA-NPs and Fe2O3-CMC-TA-NPs were char-
acterized using SEM-EDAX, X-Ray diffraction and zeta 
potential to approve the alteration in size and shape. 
 The cytotoxicity consequence of the synthesized 
nanoparticles on malignant cells more than the nonmalignant 
cells and the cytotoxic effect were enhanced by the effect of 
the combination of BV to nanoparticles. The cytotoxicity 
effect of TA and GA was earlier studied by Yang, Chang and 
Chen [28] indicating that the natural compounds of tartaric 
acid have good efficacy and should be potent applicants of 
HER2 inhibitors, being important in cancer treatment. 
Maurya, Nandakumar and Devasagayam [29] showed that 
GA repressed A549 cell growth and decreased cell viability 
after 24 hrs treatment with an IC50 value of approximately 
150 µM. Polyphenols such as TA and GA alter post-
translational alterations and microRNA expressions [30]. 
Furthermore, polyphenols hold excessive ability for the fu-
ture management of prostate cancer. Mostly considered as 
non-harmful, they can be used as lifestyle modulators of sig-
naling pathways and are consequently considered perfect 
chemo-preventive drugs. Combined use of polyphenols with 
conventional therapies could aid to control drug resistance 
and diminish the side effects of most anticancer drugs [31]. 
The molecular mechanisms by which BV induces apoptosis 
in human breast cancer MCF7 cells is due to the fact that BV 

 
Fig. (4). Cytotoxicity curve for mean % of viability ± standard error (SE) for (a) tartaric and gallic acid iron oxide nanoparticles for WI-38, 
(b) tartaric and gallic acid iron oxide nanoparticles for A549, (c) tartaric and gallic acid iron oxide nanoparticles after association with bee 
venom for WI-38 and (d) tartaric and gallic acid iron oxide nanoparticles after association with bee venom for A549.
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induces morphological alterations and inhibited the propaga-
tion of MCF7 cells. These effects occurred in a dose-and 
time-dependent manner. In addition, BV induced S-phase 
arrest in cell division which may be due to the up-regulation 
of p53, p21 and p27 genes [32]. Zarrinnahad, 
Mahmoodzadeh, Hamidi, Mahdavi, Moradi, Bagheri and 
Shahbazzadeh [33] showed that Melittin inhibits the prolif-
eration of cancer cells, and that melittin from Iranian honey 
BV stimulates apoptosis of human cervical cancer cell line 
with IC50 after 12 h equal l1.8 µg/mL by MTT assay and 1 
µg/mL by flow cytometric analysis. 
 The expansion of nanotechnology to upturn bioavailabil-
ity and antitumor activities of polyphenols with traditional 
anticancer treatments may help to develop the justification 
for designing new clinical trials for cancer treatment [31]. 
Those modified drugs aim to alter genes expression and pro-
teins involved in cancer development process, and upturn the 
manufacture of anti-apoptotic proteins like Bcl-2 and Bcl-Xl 
[34].  
 Degradation of SPION into iron ions within the 
liposomes lowers pH and induces efficacy of the hydrolyzing 
enzymes, which is the additional activity of Fe2O3 NPs [35]. 
These free ions cross the nuclear and mitochondrial mem-
brane and the ferrous ions can rejoin with hydrogen peroxide 
and oxygen at the mitochondria to produce extremely reac-
tive hydroxyl radicals and ferric ions Fenton reaction. Re-
cently, Food and Drug Administration (FDA) approved iron 

supplement and other Fe2O3 NPs as drug transporters. [36]. 
Furthermore, SPIONs have shown prospective use as cancer 
therapy owing to their capability to transfer anticancer drugs 
and create local heat when exposed to an alternating mag-
netic field, subsequently forming a joined chemotherapy and 
hyperthermia [37].  
 Moreover, numerous reports have recommended the pro 
apoptotic BAX protein to act as a tumor inhibitor in human 
carcinogenesis playing an important role in facilitating the 
apoptotic program in response to genotoxic trauma [38]. For 
this cause, the BAX mRNA expression was estimated as a 
prognostic influence in cancer cells (A549) cured by both 
acids with different doses at diverse sampling times. Several 
studies have supported the concept of inversely related ex-
pression of p53 and bcl-2 (possibly bcl-2 functions as a 
trans-regulator of p53) [39]. The expression of apoptotic 
genes is raised due to the effect of treatment of A549 cell 
line with the two NPs. 
 Recent studies have specified the role of GA in apoptotic 
genes expression. Hsu, Lo and Yen [40] indicated that GA 
obstruct cell growth and encourage apoptosis in 3T3-L1 pre-
adipocytes by increasing the expression of p53 protein. An-
other study by Faried, Kurnia, Faried, Usman, Miyazaki, 
Kato and Kuwano [41] showed that GA inhibited cell pro-
duction in cancer cell lines that induced apoptosis in cancer 
cells (TE-2) but not in normal cell lines (CHEK-1) by up-
regulation of pro-apoptosis protein, Bax, and prompted 

 
Fig. (5). (a) 1.P53 expression, 2.BAX expression, 3.BcL-2 expression after application of tartaric and gallic acid, (b) 1.P53 expression, 
2.BAX expression, 3.BcL-2 expression after application of tartaric and gallic acids after vectorization on iron oxide NPs, (c) 1.P53 expres-
sion, 2.BAX expression, 3.BcL-2 expression after application of tartaric and gallic acid Fe2O3 NPs after addition of BV after 24 and 48 hrs 
with respect to (dose – time manner) (applied on A549 cell lines only). 
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caspase-cascade activity in cancer cells while down-
regulating anti-apoptosis proteins such as Bcl-2 and Xiap. 
Jang and Song [42] presented that BV applies anti-tumor 
effect through stimulation of apoptotic cell death in A549 
lung cancer cell lines. BV in A549 cells stimulated the ap-
pearance of death receptors (DR)-3 downstream of pro-
apoptotic proteins containing caspase-3, -9 and Bax in addi-
tion to the inhibited expression of Bcl-2, NF-kB. Another 
study [17] designated that BV arrested proliferation and en-
couraged apoptosis in leukemic U937 cancer cell lines. Nev-
ertheless, they could not completely explain the molecular 
mechanisms involved in MEL-induced apoptosis. Addition-
ally, MEL-induced apoptosis was due to downregulation of 
Bcl-2, stimulation of caspase-3 and downregulation of the 
inhibitor of apoptosis protein family proteins. 

CONCLUSION 

 Iron oxide-CMC-TA and Iron oxide-CMC-GA nanopar-
ticles can selectively induce more apoptosis in cancer cell 
lines than in normal cell lines; which is an important factor 
in cancer cell targeting process to minimize damage in nor-
mal cells and the effect is due to increasing the expression of 
apoptotic genes.  
 This study aimed to help in assessing nanoparticles as 
new drugs that could be applied in increasing the efficacy of 
drug targeting and decreasing the side effects of anti-cancer 
drugs and to improve the quality of life of cancer patients. 
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