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Abstract Article Info. 

In this study, silver and iron nanoparticles were biosynthesized using the 

garlic plant, an economical and environmentally friendly method. A blend of 

chitosan (CS) and polyvinylalcohol (PVA) was prepared. The silver nanoparticles 

(AgNPs), iron oxide nanoparticles (Fe2O3NPs), and the (CS/PVA) blend were 

characterized by X-ray diffraction (XRD), Fourier-transform infrared spectroscopy 

(FTIR), and Field Emission Scanning Electron Microscopy (FE-SEM) analyses. 

The FE-SEM images revealed that Fe2O3NPs were cubical and hexagonal, and 

AgNPs were spherical aggregates. AgNPs with blend (CS/PVA) and Fe2O3NPs 

with blend (CS/PVA) and (Fe2O3NPs/blend (CS/PVA) /AgNPs) composite were 

synthesized and tested for anticancer activity against cervical cancer cells (Hela) 

using the MTT assay. Best kills and the highest inhibitory effect were observed in 

(AgNPs/ blend (CS/PVA)) and (Fe2O3NPs/blend (CS/PVA)/AgNPs) composite. 

These findings demonstrated the method's ability to synthesize nanocomposites 

with desirable physical, chemical and biological properties. Therefore, these 

findings demonstrate the new antibacterial and robust cytotoxicity features of the 

nanocomposite material, which has promising medical applications. 
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1. Introduction 
Recently, nanomaterial  have attracted the great interest of researchers because of 

their distinctive properties. They have been used in various scientific fields, including 

biomedical, environmental sciences, and engineering [1]. There has been an increase  

demand for nanoparticles, which has resulted from large-scale manufacturers employing 

high-energy processes and solvents. Nanoparticles (NPs) exhibit unique electrical, 

optical, chemical, and biological capabilities. Functional structured nanoparticles have 

attracted significant attention in the biomedical field thanks to their use as vehicles for 

the controlled delivery of different types of drugs [2, 3]. Nanotechnology is an advanced 

technique that deals with nanometer-sized samples. Nano-materials are tiny, solid 

particles with sizes ranging between 1 and 100 nanometers, the therapeutic efficacy of 

NPs is strictly connected to their physicochemical properties such as size and 

morphology; however, to obtain NPs of the desired size and shape with high batch-to-

batch reproducibility remains technically challenging in the conventional synthetic 

batch methods [4, 5], which is the key points for the treatment of many forms of cancer. 

In particular, NPs can increase the drug concentration in cancer cells and help to 

overcome some limitations of conventional chemotherapy such as the low specificity to 

cancer cells and the toxic effects on healthy cells [6, 7]. NPs can take advantage of the 

enhanced permeability and retention effect (EPR) that facilitates the NP accumulation 

into cells and tissues of solid tumors [8, 9]. The EPR effect is generally displayed by 

tumor vessels, which show some characteristics such as an anomalous rate of growth, a 
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disordered vascular architecture and high permeability [9]. Unfortunately, the EPR 

efficacy/efficiency is limited by some drawbacks such as a possible shortage of NPs cell 

uptake, an undesired release of the drug before the NPs are internalized and a low 

percentage of the administered dose [10]. A possible strategy to overcome these 

limitations is aimed at providing the NPs with active targeting moieties by means of 

appropriate modifications of NP surfaces such as nucleic acids [11, 12], antibodies [13], 

proteins [14] and folate [15]. Indeed, functionalized NPs can be recognized and 

subsequently bind to tumor cells and can even be internalized via receptor-mediated 

endocytosis [15, 16]. However not all modifications of the NP surface represent an 

effective strategy to overcome the limitations of EPR, for instance recently, folic acid-

functionalized liposomes do not enhance the distribution of liposomes in FR-α-

overexpressed tumors [17]. For all these reasons, the NP fabrication methods represent 

an important tool for the reproducibility of biological assays. In particular, there are a 

variety of NP synthetic conventional methods such as nano-precipitation [18], solvent 

evaporation [19, 20], micro-emulsions [21], sol–gel [22, 23], emulsion polymerization 

[24], layer-by-layer self-assembly [25], thin-film hydration [26], bulk mixing by 

extrusion [27], pipette mixing [28], electro deposition and thermal decomposition [29, 

30]. In these methods, the formation of the NPs can be divided into three stages, a) 

nucleation, b) growth and c) aggregation, which occur concurrently leading to some 

differences, in terms of physicochemical properties, from batch-to-batch of synthesized 

NPs [31]. The inability to control the physicochemical properties of each synthetic 

batch of NPs leads to low reproducibility of both in vitro and consequently in vivo 

biological tests [32]. In particular, the nucleation, growth, and aggregation steps of the 

NPs can be separated as a function of distance from the position where the solution 

occurs in order to achieve absolute control of the physicochemical properties, including 

particle size and morphology [33, 34]. Thus, compared to conventional methods, the 

microfluidic technique overcomes all limitations for the production of NPs, increasing 

the reproducibility of each synthetic batch and favoring the industrial scale-up, and 

represents a new strategy capable of overcoming challenges in the clinical field of NP 

drug carriers [35]. 

In this study, we looked at how nanoparticles (Fe2O3NPs) and (AgNPs) affected 

Hela cell line. Cervical cancer is the fourth most prevalent disease in women worldwide 

and one of the top three malignancies affecting women under the age of (45y) [36-38]. 

Early-stage and locally invasive cervical cancer treatment options include eradication 

and combined chemotherapy and radiotherapy [39, 40]. Because of its potential to 

design useful systems, such as medicine delivery systems for humanity, nanotechnology 

has recently attracted a lot of attention [41]. Many efforts have been made to regulate 

the production of sub-nanometer particles and put it to use in the domains of physics, 

chemistry, biology, and even some areas of medicine [42]. Novel medication delivery 

systems based on nanoparticles have been developed to the application of 

nanotechnology; these systems have now contributed to precision medicine, they are 

being utilized in numerous therapeutic approaches, such as the targeted delivery of 

medications, prognostic visual monitoring of therapy, and even tumor identification 

[43]. Due to their capacity to target many bio-molecular characteristics among resistant 

strains, metal-NPs have been widely researched as a method to combat antibiotic 

resistance. FeNPs and AgNPs are two of the most common types of metal employed in 

the medical field [44]. These nanoparticles (FeNPs, AgNPs) can be synthesized using a 

wide range of physical and chemical techniques, including chemical reactions, 

photochemical processes, thermal degradation of different silver compounds, 

electrochemical processes, radiation, and microwave-assisted methods [45]. Some 

therapies use physical techniques, and others use chemical or biological techniques. 
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However, cost and efficiency are the key factors to consider when comparing various 

systems. Therefore, researchers looked for affordable and effective therapy options that 

wouldn't disturb the delicate balance of the environment [46]. The green method of 

biosynthesis for (silver and iron) nanoparticles has been This method is easy, clean, 

environmentally, friendly, and inexpensive as it gives samples in liquid form. These 

samples were used as a drug against cancer cells, specifically in this research against 

cervical cancer cells, to study the anticancer of cytotoxicity and autophagy inducer of 

cervical cancer (Hela cell line) [47].  

This work objective is to study the effectiveness of AgNPs and Fe2O3NPs 

inducing killing in cancer cells (cervical). as cytotoxic and induction of autophagy. 

Autophagy is an intracellular degradation system that delivers cytoplasmic materials to 

the lysosome or vacuole. This system plays a crucial role in various physiological and 

pathological processes in living organisms ranging from yeast to mammals, wherein 

various cytoplasmic constituents are broken down and recycled through the lysosomal 

degradation pathway. This process consists of several sequential steps, including 

sequestration of cytoplasmic portions by isolation membrane to form autophagosome, 

fusion of the autophagosome with a lysosome to create an autolysosome, and 

degradation of the engulfed material to generate monomeric units such as amino acids 

by inhibition or killed. That helped to solve the global problem of different tumors [48]. 

2. Experimental Work 
In this research, AgNPs and Fe2O3NPs were prepared biologically (Green 

synthesis) using garlic plant extract, and positive results were obtained. The garlic 

cloves were peeled and run under filtered water to remove any remaining debris and 

dirt. The aqueous extract was obtained by pounding 10 g of garlic with a pestle and 

mortar; this was combined with 100 ml of distilled water. The extract was filtered using 

filter paper, and the resulting filtrate was stored in the refrigerator at 4 C for later use. 

Nano-iron oxide and nano-silver were prepared using iron nitrate (Fe(NO3)2) and 

silver nitrate (AgNO3), respectively, after mixing with garlic extract, diluted with 

distilled water, and adding it dropwise using a full pipet and 100 ml of 2 mg AgNO3 and 

Fe(NO3)2. A magnetic stirrer at 650 revolutions per minute continually agitated the 

reaction mixture. After just a few seconds (less than 5 seconds), the colorless solution 

began to become white to dark brown, representing the creation of a silver colloid, and 

yellow to red-brown representing the creation of iron colloid, after 15 minutes, the color 

saturation reached a maximum. UV-Vis spectroscopy revealed the occurrence of this 

phenomenon at 380 nm for AgNPs and at 225 nm for Fe2O3NPs. The following tests 

(XRD, FTIR, and FE-SEM) confirmed the identity of the substance. The (CS/PVA) 

mixture was prepared by mixing 1 g of chitosan with 1 g of polyvinyl alcohol in 100 ml 

of distilled water in a beaker on a stirrer device with the use of a magnetic stirrer for 

continuous stirring at a constant speed to prevent agglomeration and burning; the 

temperature was fixed at 30ᵒC. The process lasted (2-2:30) hrs until a gelatinous liquid 

of a white to light yellow colour was obtained. Then the mixture was ready to be used. 

It was mixed with the prepared nanomaterials in certain proportions and pouring onto 

glass slides to obtain a sample in the form of a membrane so that it facilitates the 

process of conducting tests on it. 

To calculate the cytotoxicity effect of Fe2O3NPs/blend (CS/PVA), AgNPs/blend 

(CS/PVA) and Fe2O3NPs/blend (CS/PVA)/AgNPs against (Hela) cells, a concentration 

of 104 HeLa cells in 100 microliters were cultured in DMEM and RPMI complete 

culture medium in a 96-well plate and incubated in an incubator at 37 °C.  

Survival rate (%) and cytotoxicity rate (%) were calculated using the following 

equations: 
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This method is easy, clean, environmentally, friendly, and inexpensive as it gives 

samples in liquid form. These samples were used as a drug against cancer cells, 

specifically in this research against cervical cancer cells, to study the anticancer of 

cytotoxicity and autophagy inducer of cervical cancer (Hela cell line). 

3. Results and Discussion 
The results of this study were compared to that of previous publications [47, 49, 

50]. X-ray diffraction (XRD) analysis confirmed the crystalline form of the 

biosynthesized AgNPs by revealing four emission peaks at 2θ= 32.10°, 38.34°, 45.68°, 

and 77.59°, which correspond to the Miller indices (111), (200), (220), and (311) 

surfaces of silver [50], as shown in Fig. 1 

The XRD pattern of the Fe2O3NPs is shown in Fig. 1. The characteristic 

diffraction is that there were three peaks arising at 2θ= 31.14°, 35.38° and 43.89°. They 

are respectively belonging to Miller indices (220), (311), and (400). [51], These 

distinctive peaks, which correspond to face-centered cubic (f.c.c.) symmetry, are 

consistent with reference diffraction data JCPDS: 39-1346 . 

As for the blend (CS+PVA), the XRD analysis was random because it is an 

organic polymer. According to these findings, chitosan exhibits good compatibility, 

which promotes the development of a porous xerogel network. The mixed (CS/PVA) 

exhibits an amorphous form, which may be involved in biomedical applications, 

according to the XRD pattern. The mix of (Fe2O3NPs/blend (CS+PVA)/AgNPs) shows 

some peaks for AgNPs and Fe2O3NPs.  
 

Figure 1: XRD for (a)AgNPs, (b)Fe2O3NPs, (c)Blend(CS/PVA) and (d)Fe2O3NPs 

/blend (CS/PVA)/AgNPs. 

a b 

c d 



Iraqi Journal of Physics, 2024                                                                       Vol. 22, No. 2, PP. 116-116 
             

 120 

The FTIR spectra of biosynthesized AgNPs, as shown in Fig. 2a, showed peaks at 

3418, 2916, 1602, 1384, 1111, 1057, 1031, and 602 cm
-1

, which could be assigned to 

specific functional groups. For instance, the NH stretching of amide A was identified as 

the source of the peak at 3418 cm
-1

. The peak at 2916 cm
-1 

represents the CH range of 

the alkanes. The carbonyl stretching vibration is indicated by the peak at 1602cm
-1

. 

Carbohydrates' C-C-H, O-C-H, and C-O-H bending vibrational modes were all 

represented by the peaks at 1384, 1111 cm
-1

, respectively. It has been suggested that the 

peaks at 1075, 1031 and 602 cm
-1

 are due to the (C-O) of an alkoxy group and CH2 

groups, respectively [50] Fig. 2. 

In this investigation, FTIR was used to gain a better understanding of the 

biosynthesized Fe2O3NPs, as shown in Fig. 2b. The functional groups of the produced 

Fe2O3NPs were identified based on the FTIR analysis. FTIR spectra of biosynthesized 

Fe2O3NPs showed 13 peaks: at 3405, 2933, 2426, 1666, 1595, 1384, 1134, 1057, 1027, 

938, 880, 835, and 602 cm
-1

. The peak at 3405 cm
-1

denotes alcohol OH, while the peaks 

at 2933, 2426, and 1666 cm
-1

 represent -H-C-H- and C=O stretching, respectively. The 

amide group and the -CN- stretching amine are responsible for the 1595 cm
-1

 and 1384 

cm
-1

 peaks, respectively; the C-O stretch contributes to the 1134,1057, and 1027 cm
-1

 

peak [50]. The biosynthesized blend was further characterized and the functional groups 

were identified based on the analysis of FTIR in this study. Indeed, many peaks at 3416, 

2873, 1650, 1598, 1419, 1382, 1319, 1266, 1154, 1086, 1029, 898, 665 and 607 cm
-1

, 

Fig. 2c shows a typical spectrum of blend (CS/PVA) film. The broad band at 3416 cm
-1

 

is due to the OH stretching. The band at 1598 cm
-1

 is assigned to NH bending (amide II) 

(NH2) while the small peak at 1650 cm
-1

 is attributed to the C=O stretching (amide I) 

O=CNHR. The bands at 2873, 1419, and 1266 cm
-1

 are assigned to CH2 bending due to 

pyranose ring 27 the band at 1382 cm
-1

 is due to CH3 wagging. There is no noticeable 

change in Fe2O3NPs/blend (CS/PVA)/AgNPs because the preparation is composite and 

the reaction is not chemical.  

 

Figure 2: FTIR for (a) AgNPs, (b)Fe2O3NPs, (c)blend(CS/PVA) and (d)Fe2O3NPs/blend 

(CS/PVA)/AgNPs 

a b 

c

a 
d 
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Fig. 3 shows FE-SEM micrographs of AgNPs, Fe2O3NPs, and the blend 

(CS+PVA) at various magnifications, revealing that the AgNPs aggregated into 

spherical shapes with particle size D=23.21 nm, whilst the Fe2O3NPs were seen to be 

cubical, hexagonal, brick-like, and irregular in appearance with particle size D=22.39 

nm. Fig. 3 demonstrates that the chitosan film has a rather smooth and homogenous 

surface with some straps, proving the excellent compatibility between chitosan and 

PVA. Hydrogen bonding between the functional groups of the blend component 

(CS+PVA) was primarily responsible for the development of homogenous blends of 

chitosan and PVA. EDX spectrum analysis contributes to a comprehensive 

understanding of the morphology and elemental composition of AgNPs, Fe2O3NPs, and 

the (CS/PVA) blend. These findings provide critical insights into these materials' 

physical properties and compatibility, which are essential for various applications in 

nanotechnology and material science. 

Survival rate (%) and cytotoxicity rate (%) were calculated using Eqs. 1 and 2. 

Fig. 4 shows the cytotoxicity effect of Fe2O3NPs/blend (CS/PVA),  AgNPs/blend 

(CS/PVA) and Fe2O3NPs/blend (CS/PVA)/ AgNPs against (Hela) cells, with 

concentration of 104 cells in 100 microliters of holes  were cultured in DMEM and 

RPMI complete culture medium in a 96-well plate and incubated in an incubator at 

temperature of 37 °C. It was observed that the best results of kills were observed with 

AgNPs/blend (CS+PVA) and Fe2O3NPs/ blend (CS+PVA)/AgNPs, as shown in the 

Table 1.  

 

 

 
Table 1: The viability and the cytotoxicity values of Fe2O3NPs/blend((CS/PVA), 

AgNPs/blend((CS/PVA) and Fe2O3NPs/blend((CS/PVA)/AgNPs for Cervical cancer cells. 

 

Cervical Cancer 

Samples Control Cell 

Viability 

Control Cell 

Cytotoxity 

AgNPs/blend (CS/PVA) (nano 4) 100% 25.5828% 0% 74.4172% 

Fe2O3NPs/blend (CS/PVA)(nano 5) 100% 93.9449% 0% 6.0551% 

 Fe2O3NPs/ blend (CS/PVA)/AgNPs 

(nano 8) 

100% 28.6104% 0% 71.3896% 
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Figure 3: FE-SEM and EDX images of (a) AgNPs ,(b) Fe2O3NPs and(c) blend (CS/PVA). 

 

a 

b 

c 
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Figure 4: The viability and the cytotoxicity effect of (a)Fe2O3NPs/blend (CS+PVA), 

(b)AgNPs/blend (CS/PVA) and (c)Fe2O3NPs/blend (CS/PVA)/AgNPs for cervical cancer cell. 

 

a 

b 

c 
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4. Conclusions 
All the studies done on Fe2O3NPs and AgNPs have been successful for anti-

cancers, exhibiting positive results in cervical cancer cells. Our work concludes that the 

cytotoxicity results obtained from MTT assay for Fe2O3NPs/ blend (CS/PVA) was 

6.0551, for AgNPs/blend (CS/PVA) was 74.4172 and for Fe2O3NPs/blend (CS/PVA)/ 

AgNPs was 71.3896, especially the best results in the mixture that did exhibit powerful 

biological activities with biocompatibility and non-toxicity so the suitability of Ag and 

Fe in combination as metals for synthesis by garlic, and using it as composites with 

chitosan polymer by using biological method gave us very good results. However, more 

studies are needed in the in vitro, in vivo, and clinical domains to prove the usefulness 

of nanomaterials for their biological activities, as studies undertaken over the years have 

had significant limitations. 
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باستخذام وبات الثىم ودراسة وشاطها المضاد  Fe2O3NPsو  AgNPsالتىليف الأخضر لـ 

 للسرطان ضذ الخلايا السرطاوية )عىك الرحن(
 

حسيه عليهالة 
1

فرح طارق محمد وىريو 
1 

 لسُ اٌفٍضٌبء، وٍٍت اٌعٍَٛ، جبِعت بغذاد، بغذاد، اٌعشاق 1
 

  الخلاصة
 اٌثَٛ،فً ٘زٖ اٌذساست حُ حصٍٕع اٌجسٍّبث إٌبٌٔٛت ِٓ اٌفعت ٚاٌحذٌذ حٌٍٛبً، ًٚ٘ غشٌمت الخصبدٌت ٚصذٌمت ٌٍبٍئت ببسخخذاَ ٔببث 

ببسخخذاَ جٙبص اٌخحشٌه رٚ اٌّحشن اٌّغٕبغٍسً ٌغشض اٌخحشٌه اٌّسخّش بسشعت ثببخت ٌّٕع ( CS/PVAببلإظبفت إٌى ححعٍش اٌخٍطت )

( AgNPsاٌخىخً ٚالاحخشاق، حخى ٌخُ اٌحصٛي عٍى سبئً ٘لاًِ رٚ ٌْٛ أبٍط إٌى أصفش فبحح ٚحُ حٛصٍف جضٌئبث اٌفعت إٌبٌٔٛت )

(. أوذ اٌخحًٍٍ اٌطٍفً ٌلأشعت ححج اٌحّشاء XRDالأشعت اٌسٍٍٕت )بٛاسطت حٍٛد  ٚاٌخٍٍػ (Fe2O3NPsٚجسٍّبث أوسٍذ اٌحذٌذ إٌبٌٔٛت )

أْ  FE-SEMأٚظحج صٛس  .(FE-SEM( ٚاٌخحًٍٍ اٌّجٙشي الإٌىخشًٚٔ ٌّسح الأبعبد اٌٍّذأً )FTIRٌخحًٌٛ فٛسٌٍٗ )

Fe2O3NPs  سذاسٍت، ِىعبت،وبٔج  ٚAgNPs  .إٌشبغ اٌّعبد حُ اخخببس اٌّشوببث اٌّحعشة ِٓ أج أٌعب،وبٔج ِجبٍِع وشٌٚت ً

ٚأظٙشث أفعً ٔخبئج اٌمخً ٚأعٍى حأثٍش ِثبػ ٌٛحع فً ِشوب  ،MTT( ببسخخذاَ ِمبٌست Helaٌٍسشغبْ ظذ خلاٌب سشغبْ عٕك اٌشحُ )

(AgNPs/blend (CS/PVA فً خطٛغ ))Hela ( ِٓ اٌخلاٌب اٌسشغبٍٔتFe2O3NPs - ( ِضٌجCS/PVA اٌّشوب بٍّٕب ٌٛحع ))

أظٙشث ٘زٖ  أٌعًب،( أفعً إٌخبئج ٚأعٍى حأثٍش ِثبػ ٌخلاٌب سشغبْ عٕك اٌشحُ AgNPs / (CS / PVAِضٌج ) / Fe2O3NPsِشوب )

حٛظح ٘زٖ إٌخبئج  ٌزٌه،إٌخبئج اٌطشٌمت اٌمذسة عٍى حصٍٕع ِشوببث إٌبٔٛ ِع اٌخصبئص اٌفٍضٌبئٍت ٚاٌىٍٍّبئٍت ٚاٌبٌٍٛٛجٍت اٌّشغٛبت. 

 ٚاٌخً ٌٙب حطبٍمبث ٚاعذة فً اٌطب. اٌّشوب،اٌخٌٍٛت اٌمٌٛت ٌّبدة إٌبٔٛ  اٌخصبئص اٌجذٌذة اٌّعبدة ٌٍبىخٍشٌب ٚاٌسٍّت

 

 اٌسٍّت اٌخٌٍٛت.، سشغبْ عٕك اٌشحُ )ٍ٘لا( ،اٌّٛاد إٌبٌٔٛت ،اٌخٌٍٛف الأخعش، حخٍٍك حٍٛي :الكلمات المفتاحية

 


