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ABSTRACT 
In this study, gold nanoparticles were rapidly synthesized with a low-cost 

and environmentally friendly approach through the extract prepared using 

agricultural waste parts of the Nigella sativa L. plant. Properties of gold 

nanoparticles from N. sativa leaf extract UV-visible Spectrophotometer, 

X-ray diffraction, Electron Disperse X-ray, Zeta potential and Zetasizer, 

Field Emission Scan Electron Microscopy (FESEM), Atomic Power 

Microscopy, Transmission Electron Microscopy (TEM), 

thermogravimetric and differential thermal analysis characterized by its 

data. It was observed that the morphologies of the synthesized gold 

nanoparticles (AuNPs) exhibited a spherical appearance with an average 

size distribution of 107 nm and a monodisperse. In addition, they were 

found to be stable structures at -17.7 mV surface charge, and maximum 

absorbance at 538.41 nm. For the usability of AuNPs as biomedical 

agents, antimicrobial and anticancer effects were evaluated using 

Microdilution and MTT methods, respectively. It was determined that 

AuNPs were effective in suppressing the proliferation of 0.02-1.00 µg/mL 

concentration range on Staphylococcus aureus ATCC 29213, Bacillus 

subtilis ATCC 11774, Escherichia coli ATCC25922, Pseudomonas 

aeruginosa (ATCC27833) and Candida albicans pathogenic strains. The 

viability of CaCo-2, Skov-3, and U118 cancer cells was effectively 

inhibited by the produced AuNPs by, respectively, 66.73%, 30.93%, and 

23.23%. It has been determined that AuNPs have significant 

antimicrobial and anticancer effects on hospital pathogens and cancer cell 

lines.  
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1. Introduction 
 

The field of nanotechnology is continuously expanding at a rapid pace. Within this domain, there is a growing interest in the 

study that focuses on the construction of structures that possess superior qualities at the nanoscale. Of particular importance in 

this sector is the research and development of technologies for the manufacturing of metallic nanoparticles as well as the 

application areas for these nanoparticles. Metallic nanoparticles contribute a lot to these fields with their superior qualities such 

as chemical, thermal, optical, magnetic, conductivity, and electronics in nano science and technological fields (Jafarizad et al. 

2019; Firdhouse & Lalitha 2020; Punnoose & Mathew 2022). AuNPs, which are nanoscale structures, have many uses in medical 

applications (Attar & Yapaoz 2018; Donga et al. 2020; Rautray & Rajananthini 2020; Padalia & Chanda 2021) and theranostic 

applications of various diseases (Parida et al. 2011; Velmurugan et al. 2014; Patra et al. 2015; Kumar et al. 2017; Baran 2019; 

Mohammadi et al. 2019; Latha et al. 2019; Abu-Dief et al. 2020; Arroyo et al. 2020; Rautray & Rajananthini 2020), in catalysis 

studies (Zayadi et al. 2019), and in dye removal (Latha et al. 2019).  

 

The manufacture of AuNPs calls for the utilisation of a wide range of methodologies, including biological, chemical, and 

physical approaches. The use of biological sources in synthesis research has a number of advantages over other approaches, 

including the ones listed above (Al-ogaidi et al. 2017; Patil et al. 2018; Rolim et al. 2019; Baran & Saydut 2019; Barabadi et al. 

2020; Korani et al. 2021). Synthesis studies with plant parts (such as leaves, fruits, and flowers) are among the biologically 

sourced methods that are simpler, do not pose a threat to human health due to the absence of pathogenicity risk and toxic 

chemicals, do not require special conditions for welding, obtain more products as a result of synthesis, have a structure that is 

biocompatible, and bring about low cost advantages. A considerable deal of curiosity is generated by these, not just within the 

realm of biological approaches but also among other methods (Mythili et al. 2018; Parveen et al. 2019; Nor Azlan et al. 2020; 

Baran et al. 2021; Chen et al. 2021; Ercan 2023).   
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In the process of forming AuNPs, the extract that is prepared from plants contains a variety of components that act as reducing 

agents. These components include flavonoids, vitamins, phenolics, amino acids, polysaccharides, and so on. Following the 

combination of the extract obtained from plant sources of AuNPs and the metal salt solution, the ionised Au+3 valence form in 

the aqueous structure undergoes bioreduction through the phytochemicals present in the extract, resulting in the transformation 

of the ionised Au+3 valence form into Auo (AuNPs)(Shankar et al. 2016; Some et al. 2019; Donga et al. 2020; Korani et al. 2021).  

 

Ranunculaceae is the family that includes the herbaceous, annual, self-growing, trichome-covered plant known as N. sativa. 

This plant can grow anywhere from 40 to 90 centimetres in height. This herb, which has been around for two thousand years, 

has made its way from Asia to Europe and Africa. A perennial plant native to Southern Europe and Western Asia, N. sativa is a 

member of the Ranunculaceae family and is grown in many regions of the globe. This medicinal plant, which has been used and 

considered sacred for thousands of years in traditional medicine systems like Unani, Ayurveda, Siddha, and Tıbb-ā Nebevî, is 

used not only as a spice in cuisines around the world but also for gastrointestinal disorders, skin diseases, diabetes, cancer 

diseases, hair loss, and cosmetic purposes. Utilized in skin care products that fight aging and hair loss. In addition to its use as a 

spice, it has also been employed in the treatment of a variety of ailments, including bronchitis, asthma, hypertension, eczema, 

and the flu (Davoudi-Kiakalayeh et al. 2017). In terms of its phytochemical composition, it is distinguished by the presence of 

over one hundred beneficial chemicals, including thymoquinone, thymol, carvacrol, and nigellidine (Ariamanesh et al. 2019). 

 

The purpose of this research was to characterise the properties of AuNPs produced using an extract derived from agricultural 

waste parts of the N. sativa plant cultivated in the Mardin Kızıltepe region, as well as to assess their potential as biomedical 

agents (antimicrobial and anticancer). The synthesis of AuNPs using an environmentally friendly method was the primary 

objective of this study. 

 

2. Material and Methods 
 

2.1. N. sativa extract preparation 

 

The plant samples were collected from Mardin (Kızıltepe) in July. Dr. Cumali Keskin from Mardin Artuklu University confirmed 

the plant samples taxonomic identification. Plant samples were stored in the Herbarium (Voucher No. MAU: 2023-29) of the 

same institution (İş & Beyatlı 2023). Post-harvest agricultural waste parts of the N. sativa plant were washed several times in the 

Mardin Kızıltepe Station region in June. It was kept on blotting paper in room condition. After drying, 100 g leaf sample was 

taken and boiled in a 1000 mL glass beaker with 400 mL distilled water. It was then cooled and, filtered. The obtained extract 

was prepared for synthesis.  

 

2.2. Preparation of hydrogen tetracloroaurate (III) hydrate (HAuCl4) solution 

 

A metal solution with a concentration of 50 millimolar (mM) was prepared to obtain AuNPs by bioreduction from the solid 

compound of Alfa Aesar, HAuCl4, 99.9% (Kandel, Germany). 

 

2.3. Synthesis of AuNPs  

 

The waste components of the N. sativa were utilised in the green synthesis process to produce AuNPs. The straightforward 

application processes and extremely low cost are two of the benefits of this environmentally safe technology that does not contain 

any hazardous chemicals. The synthesis of AuNPs in this bottom-up technique is facilitated by redox reactions involving Au+3 

ions ionised in an aqueous environment; this is possible due to the bioactive components in the plant extract that include amine 

and hydroxyl groups. Additionally, these components effectively ensure stability and coating. 250 mL of the plant extract and 

350 mL of 50 mM HAuCl4 solution were mixed at 200 RPM at 25 °C for five minutes. It was kept without heat treatment, 

shaking, etc. The maximum absorbance bands of the structure that caused the color change were examined between 300-800 nm 

by taking samples from the synthesis medium over time, taking into account the intensity of the color change that occurred over 

time.  

 

2.4. Characterization of AuNPs 

 

To examine the formation of AuNPs with the color change occurring in the synthesis medium and the characteristic maximum 

absorbance bands associated with it, scans were made for maximum absorbances in the wavelength range of 300-800 nm in the 

Perkin Elmer One UV-vis device. The crystal structures of the synthesized AuNPs were evaluated using the Rigaku Miniflex 

600 model X-Ray Diffraction Diffractometer (XRD) with measurements taken in the range of 20-80 at 2θ. Using the data 

obtained from these measurements, the calculation was made using the Debye-Scherrer equation to calculate the crystal nano 

dimensions (Rautray & Rajananthini 2020; Perveen et al. 2021; Uzma et al. 2021). Element contents of the synthesized particles 

were determined using RadB-DMAX II computer-controlled Electron Disperse X-ray (EDX). In the examination of mass losses 

of AuNPs against temperature changes, evaluation was made using Shimadzu TGA-50 Thermogravimetric and Differential 

Thermal Analysis (TGA-DTA) results at 25-900 °C. In the examination of the morphological structures of the synthesized 

AuNPs, Jeol Jem 1010 Field Emission Scan Electron Microscopy (FE-SEM) and Transmission Electron Microscopy (TEM) 
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were additionally identified using Park System XE-100 Atomic Power Microscopy (AFM) micrograph images. To determine 

the stability of AuNPs, Zeta potential, and Zetasizer analysis data were evaluated, respectively, in examining the surface charges 

and size distributions through a Marven. The functional groups of the phytochemicals responsible for the reduction and stability 

of the synthesized AuNPs were evaluated by the frequency changes of the spectra read between 4000-650 cm-1 by Perkin Elmer 

One Fourier Transformation Infrared spectroscopy (FTIR). 

 

2.5. Antimicrobial suppressing effects of synthesized AuNPs on hospital pathogens 

 

Nosocomial pathogens of AuNPs synthesized by N. sativa plant extract, Staphylococcus aureus ATCC 29213 (S. aureus), 

Bacillus subtilis ATCC 11774 (B. subtilis), Escherichia coli (E. coli) ATCC25922, Pseudomonas aeruginosa (ATCC27833) and 

Candida albicans (C. albicans) microorganisms on their growth were determined using the Microdilution method ( Baran 2018; 

Baran et al. 2021a; Baran et al. 2021b). Minimum Inhibition Concentration (MIC) values, which play a role in the antimicrobial 

effect on these microorganisms, were evaluated with this method.  All microorganisms were obtained from Artuklu University 

Microbiology Research Laboratory, Mardin, Turkey. From the synthesised AuNPs, antibiotics, and HAuCl4, solutions with a 

concentration of 32 mg/mL were formed. In the first well of each microplate, microdilutions were performed till a final 

concentration of 210. To clarify, each dilution phase involved a reduction in concentration of 50% from the prior well, 

commencing from the initial well. After mixing the media and AuNPs prepared at different concentrations into the microplate 

wells, microdilution was performed starting from the first well. Some wells were reserved for other control steps of growth. With 

the same method, in addition, the suppressive effects of antibiotic and HAuCl4 solution on the growth of pathogenic strains were 

examined for comparison purposes. Vancomycin was used for gram positive S. aureus and B. subtilis strains, colistin for gram 

negative P. aeruginosa and E. coli strains, and additionally flocanozole antibiotics were used for C. albicans. After applying the 

microdilution method, the microplates were incubated at 37 °C for 24 hours. At the end of the period, reproduction control was 

performed and MIC was defined. 

 

2.6. Anticancer effects of synthesized AuNPs on cancer cell lines that suppress viability 

 

Cytotoxic effects of synthesized AuNPs on cancer cells were investigated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 

tetrazolium bromide assay (MTT) method (Aktepe et al. 2021; Atalar et al. 2021; Baran et al. 2021a; Baran et al. 2021b) in Dicle 

University Scientific Research Center, Diyarbakır, Turkey. In the application, Colorectal Adenocarcinoma (Caco-2), 

Glioblastoma (U118), and Human Ovarian sarcoma (Skov-3) lines were used as cancerous cell lines. In addition to these, 

cytotoxic effects on the Dermal Fibroblast (HDF) healthy cell line were also evaluated. Experimental applications were carried 

out in 75 t-flasks. Skov-3 cell line was allowed to grow in RPMI medium, other cell lines were allowed to grow in DMEM 

medium (Dulbecco Modified Eagle), in an oven at 37 °C with 5% CO2 and 95% air where humidity conditions were provided. 

Hemocytometer-controlled cell lines were transferred to 96-well microplate wells and left overnight. Then, AuNPs prepared in 

varying concentrations were added to the wells and the cells were left to interact with the nanoparticles in an oven at 37 °C for 

48 hours. After the interaction, MTT and DMSO solutions were waited for 3 and 15 minutes, respectively. Then, the absorbance 

spectrum of the cells was examined using MultiScan Go Thermo adjusted to a wavelength of 540 nm. By using these absorbances, 

the concentrations of AuNPs that suppressed the percent viability on the cells and the IC50 (Concentration that constitutes half 

of the maximum inhibition) values were calculated using the formulas given below (Ahmed et al. 2019; Awad et al. 2019; Baran 

et al. 2021; Chen et al. 2021; Kumari et al. 2023)     

 

 % Viability=G/N×100                                                                                                                                                                    (1) 

 

  IC50   = (G-N)/N×100                                                                                                                                                                     (2) 

 

In the equality; G= was used instead of absorbance values of cells after interaction with AuNPs, and N= absorbance values 

of cells in the absence of AuNPs. 

 

3. Results and Discussion 
 

3.1. Characterization of AuNPs 

 

3.2. UV-vis Data of AuNPs 

 

10 minutes after N. sativa extract and HAuCl4 solution were mixed, a color change from yellow to pink-red occurred. With the 

increase in the intensity of the color change over time, samples were taken from the reaction medium periodically and scans 

were made for maximum wavelength absorbances using UV-vis (Figure 1). The color change from yellow to pink red occurred 

due to the formation of AuNPs (Gopinath et al. 2016; Latha et al. 2019; Parveen et al. 2019; Firdhouse & Lalitha 2020). The 

maximum absorbances obtained in the data were determined at a wavelength of 538.41 nm. These maximum absorbance bands 

confirmed the formation and existence of Surface Plasma Resonance (SPR) AuNPs, which are formed by the vibrations occurring 

on the plasma surface due to the formation of AuNPs (González-Ballesteros et al. 2017; Umamaheswari et al. 2018; Latha et al. 

2019; Usman et al. 2019; Satpathy et al. 2020a; Chen et al. 2021; Korani et al. 2021; Mandhata et al. 2021).  
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Figure 1- N. sativa extract (a), color change due to the formation of synthesized AuNPs (b), and (c) maximum 

absorbance bands of AuNPs in wavelength scan data 

 

3.3. Crystal pattern and dimensions of synthesized AuNPs via XRD data 

 

Determination of the crystal patterns and nano sizes of the synthesized AuNPs In the analysis performed between 20 and 80 at 

2θ using XRD, the presence of Bragg angle expansions taken at the points (111), (200), (220), and (311) in the data, the crystal 

pattern of AuNPs showed the cubic centered face (fcc) (Figure 2) ( Seku et al. 2019; Singh et al. 2019; Küp et al. 2020; Uzma et 

al. 2021). It has been observed that the structure of the synthesised AuNPs is compatible with the reference card number 05-

2870 issued by the Joint Committee on Powder Diffraction Standards (JCPDS). The FWHM values of Bragg angles at points 

(111), (200), (220), and (311) were found to be 38.45, 44.42, 64.26, and 77.46, respectively. The crystal nanosizes of the 

synthesized AuNPs were calculated as 20.60 nm using the FWHM value of the high peak (belonging to Bragg's angle) by the 

Debye-scherrer equation. In the green synthesis studies, it was shown that the crystal nanosizes of AuNPs were calculated as 

22.76 nm (Hatipoğlu 2021b) and 27.91 nm (Uzma et al. 2021) through the Debye scherrer equation.  

 

 
 

Figure 2- XRD data of the crystal structures of AuNPs synthesized with N. sativa extract at 2θ 

 

3.4. Elemental profile of synthesized particles 

 

The EDX profile given in Figure 3 was examined in the analysis of the elemental compositions of the particles synthesized by 

N. sativa extract. The presence of the Au element in the majority of the profile showed that AuNPs were formed. Weak peaks 
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such as O, and C in the profile were also due to the presence of phytochemicals (Gopinath et al. 2016; Doan et al. 2020; Chen et 

al. 2021; Hosny et al. 2021; Mandhata et al. 2021; Hosny et al. 2022a). 

 

 
 

Figure 3- Elemental compositions of N. sativa plant extract green post-synthesis particles 

 

3.5. TGA-DTA analysis of AuNPs obtained using N. sativa extract 

 

The data obtained by performing TGA-DTA between 0 and 1000 °C for mass losses that may occur with the temperature change 

of the synthesized particles were evaluated. In the graph given in Table 1 and Figure 4, mass losses were observed at four 

different temperature points. The first mass loss occurred in the range of 27.10-225.29 °C, and the 3.86% mass loss occurred due 

to the loss of adsorbed water. Mass losses at 226.33 and 800.45 °C were due to the presence of phytochemicals, which are 

bioorganic compounds (Baran & Saydut 2019; Doan et al. 2020; Sepahvand et al. 2020; Padalia & Chanda 2021). The negative 

surface charge of -17.7 mV given in Figure 6 also supported the presence of phytochemicals around the synthesized AuNPs. In 

addition, the presence of peaks belonging to organic compounds in the EDX data given in Figure 5 confirmed this situation. 

 
Table 1- Temperature points where mass losses occur against the resistance of the synthesized AuNPs to heat treatments  

(n=3, X̅ ± Sx̅) 

 

Mass Loss Point Temperature (°C) Mass Loss (%) 

First  27.10-225.29 3.86±0.28 

Second  226.33-350.16 26.59±0.74 

Third  351.10-508.90 27.58±0.36 

fourth   507.95-800.45 8.20±0.12 
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Figure 4- Mass loss points revealed by temperature change in TGA-DTA data of AuNPs obtained as a result of synthesis 

 
3.6. Morphological structures of AuNPs  

 

The morphologies of the synthesized AuNPs were observed spherical in appearance and in a single distribution in the FESEM 

and TEM images given in Figure 5. AuNPs synthesized with Annona squamosa L fruit extract were shown to be spherical and 

monodisperse in TEM images (Dadigala et al. 2018). In a synthesis study obtained with market plant wastes, it was seen that 

AuNPs were in spherical morphology (Mythili et al. 2018). In FESEM images of a study with Elaeis guineensis leaf extract, 

AuNPs were spherical in morphology (Ahmad et al. 2018). Similar findings were also found in other environmentally friendly 

synthesis studies (Ahmad et al. 2018; Usman et al. 2019; Jafarizad et al. 2019; Mousavi-Kouhi et al. 2022).  In addition, in the 

AFM micrograph taken for the morphological structures and topographic distributions of the synthesized AuNPs in Figure 2, it 

was seen that they had dimensions below about 100 nm, exhibited a monodisperse, and were spherical (Francis et al. 2017; Vinita 

et al. 2018; Ullah et al. 2019; Rauf et al. 2021).  

 

 
 

Figure 5- Showing the morphological structures of the synthesized AuNPs; a. AFM, and b. FESEM, and c. TEM 

micrograph images 

 

3.7. FTIR spectroscopy data 

 

FTIR spectroscopy analysis data were analyzed to examine the functional groups of phytochemicals responsible for bioreduction. 

In the spectroscopy data given in Figure 6, frequency shifts were observed at 3 different points, 3335.46-3319.70 cm-1, 2124.05-

2115.41cm-1, and 1635.63-1634.95 cm-1. These shifts, respectively, belong to alcohol or phenol groups (O–H), alkyne groups (–
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C=C–), and amine groups (–NO), and their reduction of Au+3 valent metal in aqueous medium to Auo, that is, AuNPs. The 

findings indicated that hydroxyl/phenol groups, amine groups, and alkyne groups are some of the functional groups that may be 

involved in the creation and stability of gold nanoparticles (AuNPs) (Usman et al. 2019; Donga et al. 2020; Babu et al. 2020; 

Baran et al. 2021a). 

 

 
 
Figure 6- FTIR spectra of functional groups of phytochemicals that are responsible for bioreduction and stability; (a) 

N. sativa and (b) the liquid fraction that was formed as a result of the reaction 

 

3.8. Charge distribution of the surface structures of synthesized AuNPs  

 

The surface charges of AuNPs obtained using N. sativa extract are given in Figure 7. The results showed that they had a charge 

of -17.7 mV. A green synthesis study with Elaeis guineensis extract showed AuNPs to be -14.7 mV (Ahmad et al. 2018). In a 

synthesis study with Cystoseira baccata extract, it was shown to be -30.7 mV (González-Ballesteros et al. 2017).  In addition, a 

graph of -19.2 mV surface charges of AuNPs was given in a study conducted with Cyanthillium cinereum extract (Punnoose & 

Mathew 2022). 

 

Phytochemicals (such as alcolloids, and flavonoids) found in plant sources play an important role in stabilization and stability 

in the negative surface charge formation of AuNPs. The fact that the synthesized particles have only negative surface charges 

ensures that they are stable and prevents the formation of negative conditions such as aggregation and fluctuation that affect the 

stability. In addition, AuNPs, which have a negative surface charge, also contribute positively to pH stability, helping them to 

be effective in challenging circulatory or intracellular physiological conditions. The stable structure of AuNPs also has an 

important place in medical applications as therapeutic agents (Giljohann et al. 2010; Khan et al. 2019; Webster 2020; Hosny et 

al. 2022b).  

 

 
 

Figure 7- Distribution of surface charges of synthesised AuNPs according to their zeta potential's. 

 

3.9. Density-dependent size distributions of synthesized AuNPs 

 

The hydrodynamic size distributions of the AuNPs that were generated by the extract that was made using waste fractions from 

N. sativa and acquired through DLS are presented in Figure 8. After analysing the data, it was found that the diameters of the 
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senized AuNPs had a distribution that was, on average, 107 nm. In studies for the synthesis of plant-derived AuNPs, mean 

zetasize distributions were reported as 96.46 nm (Hatipoğlu 2021b) and 118 nm (Mousavi-Kouhi et al. 2022). 

 

 
 

Figure 8- Distribution of density-dependent sizes of synthesized AuNPs 

 

3.10. Antimicrobial suppressing effects of synthesized AuNPs on hospital pathogens 

 

MIC values of AuNPs synthesized using N. sativa extract were analyzed by microdilution method in suppressing the growth of 

hospital pathogen microorganisms. MIC values of 0.02-0.03 µg/mL and 0.50-1.00 µg/mL were determined on the growth of 

Gram-positive strains and Gram-negatives, respectively. In addition, the MIC value of the synthesized AuNPs on the growth of 

C. albicans was found to be 0.25 µg/mL. AuNPs synthesized in all microorganisms except P. aeruginosa showed suppression 

at very low concentrations from both the antibiotic and HAuCl4 solution. AuNPs, colistin antibiotic, and HAuCI4 solution showed 

antimicrobial activity at the same concentration on Paeruginosa strain (Figure 9 and Table 2).  

 

The AuNPs may exert antimicrobial effects at different concentrations on different strains. Cell wall structure, components, 

etc. of some strains cause AuNPs to be effective at different concentrations (Donga et al. 2020). In addition to the concentration, 

properties such as surface charge, shape, and size also play an important role in the antimicrobial effects of AuNPs (Jha et al. 

2017). Since microorganisms and NPs are negatively and positively charged in a liquid medium, respectively, NPs interact with 

electrostatic attraction (Ahmed et al. 2016; Ferreyra Maillard et al. 2018; Babu et al. 2020). Subsequently, adverse changes occur 

in wall and membrane morphology, such as disruption of membrane potential and permeability. In addition, AuNPs block 

ATPase functional activity and cause a decrease in ATP level. AuNPs interact with structures where nitrogen, phosphate, sulfur, 

and oxygen atoms are highly concentrated, such as proteins (Cui et al. 2012; Donga et al. 2020). Another negative effect of NPs 

is that by increasing the expression of genes involved in redox reactions, they increase the level of Reactive Oxygen Species 

(ROS) such as -OH, -SO, and -NO. These species bind to important molecules such as proteins, DNA, lipids, and enzymes and 

adversely affect their structure and functions. All this accelerates biodegradation and causes the death of microorganisms  (Cui 

et al. 2012; Ahmed et al. 2016; Jha et al. 2017; Donga et al. 2020). It was stated that AuNPs obtained in the green synthesis study 

with Jatropha integerrima Jacq extract were effective MICs at 10.00, 5.00, and 2.5 µg/mL concentrations on S. aureus, B. 

subtilis, and E. coli, respectively (Suriyakala et al. 2022). In a similar study conducted with the Paecilomyces variotii bacterial 

strain, they found that the MIC VALUE was below 0.064 µg/mL. In another synthesis study with Prunus cerasifera extract, S. 

aureus, B. subtilis, E. coli, P. aeruginosa, and C. albicans 0.25, 0.12, 1.00, 0.50, and 0.50 µg/mL concentrations were reported 

to be effective in MIC (Hatipoğlu 2021a).  

 
Table 2- MIC values of synthesized AuNPs, antibiotics used for each strain in practice, and HAuCI4 solution have 

antimicrobial effects on their growth (n=3, X̅ ± Sx̅, 24 Hours) 

 

TESTED ORGANISM 
AuNPs* 

µg/mL 

HAuCI4 Solution** 

µg/mL 

Antibiotic*** 

µg/mL 

S. aureus 0.02±0.001 0.50±0.007 1.00±0.017 

B.subtilis 0.03±0.001 0.25±0.002 1.00±0.015 

E. coli 0.50±0.018 1.00±0.069 2.00±0.120 

P. aeruginosa 1.00±0.067 1.00±0.032 1.00±0.058 

C. albicans 0.25±0.004 0.50±0.016 2.00±0.082 
 

*: Solution containing AuNPs synthesized via extract from N. sativa waste parts; **: Solution prepared from HAuCl4 solid compound salt; ***: Solutions 

prepared from the antibiotics colistin for gram-negatives, vancomycin for gram-positives, and fluconazole for fungi. 

Note: The concentration of each solution used in the preparation was 32 µg/mL. 
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Figure 9- MIC values of AuNPs, HAuCl4 solution, and antibiotics synthesized on the growth of microorganisms. 

(AuNPs; AuNPs synthesized through extract obtained from N. sativa waste parts, HAuCI4 Solution; Solution prepared from 

HAuCl4 solid compound salt at 32 µg/mL concentration, Antibiotic; Solutions prepared from the antibiotics colistin for gram-

negatives, vancomycin for gram-positives, and fluconazole for fungi at a concentration of 32 µg/mL) 

 

3.11. Anticancer effects of synthesized aunps on cancer cell lines that suppress viability 

 

After the interaction of AuNPs synthesized by N. sativa extract with cancer cell lines and healthy cell lines for 48 hours, the 

percent viability of the cells was evaluated. The concentrations of U118, CaCo-2, and Skov-3 cancer cells as well as percent 

viability suppressing on HDF healthy cell line were determined by the MTT method.  As seen in Table 3 and Figure 10, 56.52% 

viability at 100 µg/mL concentration in the healthy cell line showed that the synthesized AuNPs had no toxic effect. The same 

concentration caused suppression of 39.93%, 66.73%, and 23.23% in Skov-3, CaCo-2, and U118 cancer cells. It was observed 

that the concentration of 100 µg/mL was the most effective on the cancer cell CaCo-2 with 66.73% suppression. Even 25 µg/mL 

concentration produced 30.76% suppression on CaCo-2 cells. The IC50 values of AuNPs synthesized on HDF, Skov-3, CaCo-2, 

and U118 cell lines were calculated as 118.88, 429.92, 174.83, and 632.11, respectively. 

 

Some properties of nanoparticles such as concentration, shape, size, surface charge, interaction time, degree of deposition, 

etc. play an important role in toxicity (Remya et al. 2015; Swamy et al. 2015; Rolim et al. 2019). AuNPs contact cells through 

chemical adsorption, electrostatic attraction, hydrophobic interaction, or chemical bonds (Doan et al. 2020; Webster 2020; 

Mehravani et al. 2021). Tumorous and inflammatory tissues have large vascular vessels and their large pores that allow the 

passage of substances such as nutrients and oxygen to these areas. It allows nanoparticles to easily collect and pass to these points 

through these pores (Chen et al. 2021; Hosny et al. 2021). AuNPs that pass through the cell membrane cause some negative 

changes in both the structure and functions of some important biomolecules (such as DNA, Proteins). As a result of these 

interactions, they activate Caspase enzymes, which play a role in cell death mechanisms such as apoptosis, with the increase of 

ROS. In addition, they affect mitochondrial permeability and increase cytochrome c release, increasing the propagation of signals 

to cause apoptosis and causing cell death (Rolim et al. 2019; Webster 2020; Barabadi et al. 2020; Donga et al. 2020; Hosny et 

al. 2022a).  

 
Table 3- Percent viability rates as a result of cytotoxic effects of synthesized AuNPs on 48 h cell lines 

 (n=3, X̅ ± Sx̅, 48 Hours) 

 

Cell Lines 
25 

µg/mL 

50 

µg/mL 

100 

µg/mL 

200 

µg/mL 

HDF 86.74±0.011 80.07±0.012 56.52±0.013 14.64±0.030 

U118 87.82±0.090 83.78±0.042 76.77±0.044 73.43±0.049 

CaCo-2 69.24±0.008 43.17±0.003 33.27±0.003 12.25±0.019 

Sk-ov-3 73.90±0.003 66.85±0.008 60.07±0.006 52.15±0.019 

 
Cancer cells: Caco-2; Human Colorectal Adenocarcinoma, U118; Human Glioblastoma, and Skov-3; Human Healthy cells: HDF; Human Dermal Fibroblast  
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Figure 10- (a) Percent survival rates as a result of the interaction of the synthesized AuNPs with the cell lines for 48 

hours via the MTT method, (b) IC50 values of the AuNPs on the cell lines 

 

It was stated that AuNPs synthesized using Cystoseira baccata extract were effective on CaCo-2 cancer cells at a 

concentration of 400 µg/mL (González-Ballesteros et al. 2017). It has been reported that AuNPs synthesized with Hygrophila 

spinosa extract at a concentration of 47.5 µg/mL have a role in suppression of percent viability (Satpathy et al. 2020b). In 

addition, in some studies, it was reported that AuNPs obtained by green synthesis on different cancer cell lines showed anticancer 

effects with the MTT method (Chellamuthu et al. 2019; Chellapandian et al. 2019; Webster 2020). 

 

4. Conclusions 
 

N. sativa plant has many medicinal benefits. For this reason, the demand for its production continues to increase day by day. As 

a result of the products, a large part of the green parts of the plant remains as agricultural waste. In this study, AuNPs were 

rapidly synthesized with a low-cost, environmentally friendly approach by using the extract prepared from these parts of the 

plant to recycle these agricultural waste parts into a useful area. The characterization of AuNPs from N. sativa leaf extract was 

determined by UV-vis, XRD, EDX, Zeta potential and Zetasizer, FESEM, AFM, and TGA-DTA. It was observed that the 

morphology of AuNPs with a maximum absorbance of 538.41 nm was spherical, with a size distribution of 107 nm and 

monodisperse. The AuNPs synthesized with a surface charge of -17.7 mV were stable. For the usability of AuNPs as biomedical 

agents, antimicrobial and anticancer effects were investigated using microdilution and the MTT methods, respectively. AuNPs 

were effective on hospital pathogens at very low concentrations in the range of 0.02-1.00 µg/mL concentrations. The percent 

viability on cancer cell lines especially CaCo-2 significantly suppressed on cancer cells. 

 

The significant suppression that AuNPs synthesised with the waste parts of N. sativa extract show on the pathogenic strains 

and cancer cells used in practise demonstrates that they have the potential to make a significant contribution to the search for 

anticancer and antimicrobial agents by improving the conditions under which they are synthesised. It is possible that the 

evaluation of this in-vitro study in vivo will be of major value to the medical field. It is also possible to undertake a large number 

of research to investigate its impact on various cancer cells and pathogenic strains.  
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