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Abstract: The present study aimed to explore the synergistic anticancer effect of combined L-ascorbic 

acid (LAA) with superparamagnetic iron oxide nanoparticles (SPIONs) on adenocarcinoma gastric cell 

line (AGS). Fe3O4-LAA was synthesized using the reverse co-precipitation technique. XRD, FT-IR, 

FESEM, and TEM were employed to characterize the synthesized nanoparticles. MTT test and Real-

time PCR were performed to investigate the cytotoxicity and apoptosis induced by treatments. The 

present study indicated that the anticancer properties of vitamin C were increased when employed as 

the Fe3O4-LAA nanoparticles. A dose-dependent manner on the effect of Fe3O4-LAA on investigated 

genes was observed; p53 gene expression changes in high and low doses of Fe3O4-LAA were 7.4 and 

3.1 fold, respectively; accordingly, Bcl2 gene expression under treatment with high and low doses of 

Fe3O4-LAA was reduced by 71% and 25%, respectively. In conclusion, our results indicated that 

Fe3O4-LAA nanoparticles might be an efficient agent for cancer treatment. 
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1. Introduction 

Despite the many novel insights from cancer research, currently available treatments 

are still ineffective. Cancer remains one of the main public health problems, with an estimated 

about 9.6 million deaths in 2018 worldwide [1]. Over the last decades, nanomaterials with 

fewer than 100 nanometers due to their superior characteristics compared to their respective 

bulk material have gained great attention as therapeutic and diagnostic agents in cancer 

research. Apart from that, nanomaterials are widely used as efficient carriers for targeted 

delivery of therapeutic agents, resulting in increased efficacy and decreased side effects [2-4]. 

Superparamagnetic iron oxide nanoparticles (SPIONs) are some of the very promising 

nanoparticles in this field because of their low toxicity, biocompatibility, and unique magnetic 

properties [5]. SPIONs have been widely used as contrast agents. However, their ability to 

target key molecules that control cancer progressions such as p53 and Bcl-2 also revealed their 

therapeutic potentials [6].  

In recent years, a growing number of studies have been performed to develop 

multifunctional SPIONs [7]. However, their accumulation and difficulty in dispersing in 

aqueous media have limited their application. To tackle this problem, several strategies such 
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as polymeric surface coating have been widely investigated and showed to be efficient in 

improving the SPIONs dispersing in aqueous media [8]. Furthermore, these coating options 

increased the anticancer properties of SPIONs [9].  

Ascorbic Acid (AA), usually mentioned as Vitamin C, is water-soluble and widely used 

as a biocompatible surfactant for SPIONs [10]. Vitamin C also showed the anticancer 

properties via up-regulation of p53 and down-regulation of Bcl-2, resulting in the induction of 

apoptosis [11-13]. However, its use as an anticancer agent is limited due to the requirement of 

a high dose, which is not achievable under physiological conditions [14]. Therefore, combining 

Vitamin C with other anticancer agents to improve its anticancer properties has attracted 

considerable attention[15]. We herein aimed to investigate the possible synergistic anticancer 

effects of SPIONs coated with Vitamin C in the adenocarcinoma gastric cell line (AGS) by 

assessing the expression of two p53 and Bcl-2 genes.  

2. Materials and Methods 

2.1. Nanoparticle preparation. 

A reverse co-precipitation approach was employed to produce iron oxide nanoparticles, 

as previously reported [16]. Briefly, aqueous solutions of FeCl3 and FeCl2 were prepared and 

added to 100 ml 10 N deaerated ammonium hydroxide solutions, and then magnetite 

nanoparticles (MNPs) were obtained by stirring the solution under argon atmosphere for 30 

min. Vitamin C acid coating of the MNPs was done by adjusting the solution pH to 12.5 and 

adding 0.5 g of vitamin C.  

2.2. Nanoparticle characterization. 

The crystalline structure of the samples was assessed using X-Ray Diffraction (XRD) 

patterns; (Philips Xpert X-ray diffractometer with Cu K∝ radiation (λ = 0.15406 nm)). Size 

and morphology of NPs were examined by Field Emission Scanned Electron Microscope 

(FESEM, Hitachi S-4800) and high-resolution Transmission Electron Microscopy (TEM, 

Zeiss–EM10C–100 kV, Germany) at an accelerating voltage of 150 kV. The presence of a 

coating on the surface of NPs was determined by Fourier-Transform Infrared Spectroscopy 

(FT-IR, Perkin Elmer Spectrum RX I apparatus) to record the redox reaction UV–Vis (Scinco 

4100 apparatus) spectra were employed.  

2.3. Treatment and MTT test. 

Cell counts were performed by a hemocytometer, and 10000 cells were applied for all 

experiments. To calculate LD50, cells treated with Fe3O4-LAA, Fe3O4, and vitamin C were 

added to each well (60 wells on a 96 well plate), and the plate was returned to the incubator for 

either 24, 48, or 72 hours. Each treatment was performed with 6 replicates, each of which was 

performed at 9 different concentrations. The first row in each pellet was treated as control with 

6 replicates. Anti-tumor properties on the AGS cell line were assessed using 3-4, 5-

dimethylthiazol-2-yl 2,5-iphenyltetrazolium bromide (MTT) colorimetric assay. After 24, 48, 

or 72 h following the treatment, MTT reagent was added to each well, and the plate was then 

incubated for an additional 4 h at 37°C, followed by adding 20μl of MTT solution (5 mg/ml in 

PBS) to each well. The plate was then incubated for a further 4 h followed by adding 200μl of 

MTT solvent and was shacked for 10 minutes. Then, spectrophotometric absorbance was 
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measured at 570 nm and read by an ELISA reader. The Optical Density (OD) was measured 

for each well.  

2.4. RNA extraction and complementary DNA synthesis. 

RNA was extracted from negative control samples and two high doses and two low 

doses of LD50 for both treated MNPs and vitamin C. Then, samples were centrifuged for 2 

minutes / 12000 g, and the supernatant was removed. RNA extraction was performed using 

RNX- Plus Solution (EX6101, Sinaclon, Iran). After centrifugation, the sediment was stored at 

-80°C until analyses. The complement DNA (cDNA) was synthesized using a cDNA synthesis 

kit (Sinaclon, Iran).  

2.5. Real-time polymerase chain reaction. 

Real-time PCR was done using a Corbett Rotor-Gene 3000 (Corbett Robotics, 

Australia) with the application of Eva Green Premix Ex Taq II (BioFact, Daejeon, Korea). The 

specific primers used in the present study are reported in Table 1. PCR mixtures included 1μL 

of the first-strand cDNA, 10 μL of Eva Premix Ex Taq II (2×), 8 μL of DEPC-treated water, 

and 1 μL of each specific primers (10 pmol in a final volume of 20 μL).  

Table 1. Primers sequence. 

Product 

size (bp) 

Antisense  5´- 3´ Sense 5´- 3´ Gene 

496 GTCCACCACCCTGTTGCTGTAG CAAGGTCATCCATGACAACTTTG GAPDH 

107 GTGTTTGTGCCTGTCCTGGG CAGTGCTCGCTTAGTGCTCC P53 

100 AGGATAACGGAGGCTGGACA GAGGCAGGCAGTAGTATGGTG Bcl2 

Temperature conditions consisted of initial denaturation at 95°C for 10 minutes, 

followed by 40 cycles of denaturation at 95°C for 15 seconds, annealing at 60°C for 40 seconds, 

and extension at 72°C for 30 seconds. The relative expression levels of investigated genes were 

normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the endogenous 

housekeeping gene. The relative value of Ct was compared to that of control cells as a reference 

for estimating the fold change of mRNA expression among the samples. Triplicates were 

conducted for each pair of primers. The primers required for the reaction were designed by 

Primer 3 software. The results were analyzed using 2-ΔΔC
T method. 

2.6. Statistical analysis. 

SPSS Version 23 statistic software package was used for statistical analyses. P <0.05 

was considered significant. 

3. Results and Discussion 

3.1. FTIR analysis. 

FTIR spectrums of the MNPs and MNPs coated with vitamin C are shown in Figure 1. 

FTIR analysis was applied to assess the possible functional group attached to the surface of the 

synthesized nanoparticles. FT-IR spectra were also recorded to determine the functional groups 

of the samples within the range of 400–4000 cm−1 using the KBr (potassium bromide) method, 

in which the absorptions at 1113 cm−1, 1316 cm−1, and 1360 cm−1 were related to C–O groups. 
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Meanwhile, an additional band around 1628 cm−1 could be attributed to the stretching 

vibrations of C＝C groups, indicating the presence of the vitamin C constituent. 

 
Figure 1. Fourier-transform infrared spectra of Fe3O4 and Fe3O4-ALL. 

Figure 2 displays the X-ray diffraction patterns of MNPs and MNPs coated with vitamin 

C. The mentioned figure shows a typical XRD spectrum of Fe3O4 nanoparticles, and all peaks 

can be indexed as a pure Fe3O4 phase with an inverse spinel structure and matched well with 

the reported data (JCPDS:65-3107). The average crystallite size calculated by Scherrer formula 

and full-width-at-half-maximum (FWHM) of the strongest peak (3 1 1) was 15 nm. The figure 

presents peaks at 2θ of 30.22˚, 35.4˚, 43.12˚, 57˚, and 62.84˚. 

 
Figure 2. X-ray diffraction pattern. 

3.2. Electron microscopy. 

The morphology and size of the nanoparticles examined by electron microscopy 

techniques are presented in Figure 3. A low magnification FESEM image (see Figures 3a) 

showed circular plates of uniform size sorted in various directions, which provided 

morphologies similar to flowers. Higher magnifications were obtained using the TEM analysis 

(Figure 3b). The findings revealed regular and uniform particles with a diameter of 20 nm.  
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Figure 3. (a) FESEM images and (b) TEM images of Fe3O4-LAA nanoparticles. 

3.3. MTT analysis. 

Results of MTT analysis showed a significant difference in the cell viability between 

Fe3O4-LAA, Fe3O4, and vitamin C after 48 h; cell viability had the lowest rate in Fe3O4-LAA 

and vitamin C group, and treatments by Fe3O4 had no cytotoxicity impact on the AGS cells. 

Interestingly a dose-dependent reduction in cell viability was observed by increasing the doses 

of Fe3O4-LAA and vitamin C (P<0.05) (shown in Figures 4 and 5). The concentrations of each 

agent giving 50% inhibition of cell viability (IC50) were estimated using the IC50 calculation 

software. The IC50 value for Fe3O4-LAA and vitamin C was calculated as 48 μg/ml and 29 

μg/ml, respectively. 

 
Figure 4. The effect of different concentrations of Fe3o4-LAA and vitamin C on the mortality of AGS cell line 

using MTT assay (P<0.05). 

 

Figure 5. Inverted photo from AGS cell line (a) Without treatment; (b) With treatment by vitamin C; (c) With 

treatment by Fe3O4-LAA. 
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3.4. P53 and Bcl2 genes expression. 

Changes in the expression of investigated genes following treatment with different 

concentrations of ascorbic acid and MNPs are given in Figures 6 and 7. Our founding showed 

that p53 and Bcl2 expressions were significantly (P<0.05) increased and decreased respectively 

in MNPs and vitamin C groups compared to the control group. Furthermore, these changes 

were more notable in high doses; the rates of p53 gene expression in high and low doses of 

MNPs were 7.4 fold and 3.1 fold, respectively. Accordingly, the rates of Bcl2 gene expression 

under treatment with high and low doses of MNPs reduced by 71% and 25%, respectively. In 

the vitamin C group, the rates of p53 gene expression in high and low doses were 9.8 fold and 

2.2 fold, respectively, and the rates of Bcl2 gene expression in high and low doses were reduced 

by 81% and 19%, respectively. 

 
Figure 6. Expression of P53 gene following the treatment with different concentrations of Fe3O4-LAA and 

vitamin C.  

 
Figure 7. Expression of Bcl2 gene following the treatment with different concentrations of Fe3O4-LAA and 

vitamin C. 

Ascorbic acid proved to be an efficient anticancer agent; however, its application has 

been limited due to its low bioavailability and high dose requirement [15,17]. Using 

nanoparticles as carriers can help stabilize the chemical form of ascorbic acid and prevent its 

oxidative transformation to dehydroascorbic acid. Moreover, it reduces the high doses 

requirement with targeted delivery [18]. On the other side, SPIONs also showed anticancer 

properties. However, their very low solubility and consequently oxidization and aggregation 
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together limited their wide application [6]. Therefore we herein synthesized SPIONs capped 

with L-ascorbic acid in order to enhance their bioavailability and anticancer effects. 

Results of the present study showed that AGS cells treatment for 48 hours with SPIONs 

capped with ascorbic acid-induced AGS cell death more than ascorbic acid and increasing the 

dose of SPIONs and ascorbic acid enhanced the mortality rate, and the highest dose had the 

maximum effect on cancer cell death. These results were in consistent with previously 

published results about the cytotoxicity effect of SPIONs and ascorbic acid on different cancer 

cells [19,20]. Herein we showed that a combination of these agents increased their cytotoxicity 

effects.  

One of the mechanisms underlying the cytotoxic activity of vitamin C and SPIONs in 

cancer cells is induced oxidative stress. In addition to cellular toxicity, a high level of SPIONs 

indicates a remarkable decrease in peroxide levels, demonstrating that it becomes a more 

harmful cell species as radical hydroxyl or nitrite peroxide [17,21]. Although these reactive 

species were not measured in this study, the mentioned point can be a logical justification as 

hydrogen peroxide can be converted to radical hydroxyl by the reaction of Fenton-Habber 

Weiss in the presence of free iron and the anion of superoxide in the presence of nitric oxide 

can yield Nitrite peroxide [22]. The findings of this study are in line with those of Pires et al.’s 

study, which showed that active species caused damage to cells, but vitamin C reduced free 

radicals and reactive oxygen species [23]. Moreover, ascorbic acid has been reported to act as 

an antioxidant to preserve the balance of intrinsic cellular and minimize the oxidative damage 

produced by gathering reactive oxygen species [24]. An imbalance between antioxidant 

defense and oxidative stress can result in cancer [25]. Thus ascorbic acid magnetite 

nanoparticles play an important role in preventing cancer via the upregulation of apoptosis 

genes. 

It is of great value to recognize the molecular mechanism by which nanoparticles could 

control cancer cells because new anticancer medicines are based on molecular therapies that 

are designed against specific pathways. Hence, the impacts of SPIONs could be enhanced if 

they are related to drugs targeting altered genes or proteins. In this regard, the expression of 

BCL2 and p53 genes, which play a significant role in inhibiting cell proliferation via stopping 

the cell cycle and inducing apoptosis [26], were examined. The findings (Figures 6 and 7) 

indicated that nanoparticles and ascorbic acid significantly increased the p53 expression and 

reduced the expression of BCL2 gene in cancer cells as compared to the control group. In 

addition, doses also had a remarkable effect on the expression of genes so that higher doses, as 

compared with low doses, in p53 and BCL2 had respectively increased and decreased 

expression levels. This study's findings agree with those of Bassiony et al.’s study, which 

reported that nanoparticles hindered the tumor through the upregulation of apoptosis genes [6]. 

Oxidative stress takes place when an excessive production of active species occurs due to an 

external (e.g., ultraviolet radiation) or an internal (at the cellular level involved in 

mitochondria) source [27]. The ascorbic acid magnetite nanoparticles are involved in the 

scavenging of these species [24]. The most important mechanism justifying the impact of 

nanoparticles on the expression of p53 and BCL2 is through its antioxidant property, which 

enhances the expression of genes involved in the apoptosis, decreases free radicals, regulates 

cellular signaling, regulates cell cycle, regulates the reaction of oxidation, and restores and 

prevents mutation [28,29]. In vivo and in vitro experiments reveal that antioxidants could 

impede the growth of neoplastic cells, induce apoptosis, stimulate cell differentiation, and 

inhibit protein kinase C and adenylyl cyclase [30,31].  
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Vitamin C is shown to increase the expression of pro-apoptotic proteins such as Bax 

and P53 and decrease the antiapoptotic Bcl-2 protein expression, thereby resulting in cell death. 

Signaling between P53 and Bcl-2 has been showing to be of high significance for cancer 

screening. P53 gene is activated in several cellular stresses and acts as an intermediary to stop 

the cell cycle [32]. Besides, the activation of Bax by P53 might overcome the antiapoptotic 

influences of Bcl-2 [33]. Thus, regulating the P53 mediator of the Bax ratio to the Bcl-2 level 

could affect cell function during stress response [34,35]. Furthermore, cancer cells often 

display an excessive expression of the Bcl-2 protein, which prevents the cytochrome release of 

mitochondria, provides the cell with chemotherapy resistance, and avoids apoptosis [36].  

4. Conclusions 

In conclusion, the current study revealed that a combination of SPIONs with ascorbic 

acid increased the anticancer effect of vitamin C and effectively inhibited cancer cells growth 

and induced apoptosis through altering the expression of p53 and BCL2 genes. Thus, applying 

these compounds might effectively treat cancers when high doses of vitamin C cannot be 

applied.  
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