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Background: The present study focused on a simple and eco-friendly method for the synthesis 

of silver nanoparticles (AgNPs) with multipurpose anticancer and antimicrobial activities.

Materials and methods: We studied a green synthesis route to produce AgNPs by using an 

aqueous extract of Pimpinella anisum seeds (3 mM). Their antimicrobial activity and cytotoxicity 

on human neonatal skin stromal cells (hSSCs) and colon cancer cells (HT115) were assessed.

Results: A biophysical characterization of the synthesized AgNPs was realized: the morphology 

of AgNPs was determined by transmission electron microscopy, energy dispersive spectroscopy, 

X-ray powder diffraction, and ultraviolet-vis absorption spectroscopy. Transmission electron 

microscopy showed spherical shapes of AgNPs of P. anisum seed extracts with a 3.2 nm minimum 

diameter and average diameter ranging from 3.2 to 16 nm. X-ray powder diffraction highlighted 

the crystalline nature of the nanoparticles, ultraviolet-vis absorption spectroscopy was used to 

monitor their synthesis, and Fourier transform infrared spectroscopy showed the main reducing 

groups from the seed extract. Energy dispersive spectroscopy was used to confirm the presence 

of elemental silver. We evaluated the antimicrobial potential of green-synthesized AgNPs against 

five infectious bacteria: Staphylococcus pyogenes (29213), Acinetobacter baumannii (4436), 

Klebsiella pneumoniae (G455), Salmonella typhi, and Pseudomonas aeruginosa. In addition, 

we focused on the toxicological effects of AgNPs against hSSC cells and HT115 cells by using 

in vitro proliferation tests and cell viability assays. Among the different tested concentrations of 

nanoparticles, doses 10 µg showed few adverse effects on cell proliferation without variations 

in viability, whereas doses 10 µg led to increased cytotoxicity.

Conclusion: Overall, our results highlighted the capacity of P. anisum-synthesized AgNPs as 

novel and cheap bioreducing agents for eco-friendly nanosynthetical routes. The data confirm 

the multipurpose potential of plant-borne reducing and stabilizing agents in nanotechnology.

Keywords: antibacterial, biosafety, green nanotechnology, metal nanoparticles, Pimpinella 

anisum seeds, cancer

Introduction
Nowadays, nanotechnology offers a novel approach to natural source utilization in 

order to improve drug delivery and bioactivity. The optimization of nanotechnology 

products is a key step. The synthesis of nanoparticles is usually conducted using various 

physical and chemical methods, which often require high-energy inputs and/or the 

production of toxic chemicals. In recent years, researchers in the field have strongly 

focused on the synthesis of metal nanoparticles because of their potential applications 
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in the development of novel technologies.1 The increasing 

demand for nanomaterials in the field of medicine, catalysis, 

water treatment, and solar energy conversion should be sup-

ported by eco-friendly synthesis routes in order to reduce 

energy inputs and hazardous waste.2–4 Two main chemical 

and physical methods are used to synthesize nanoparticles, 

but they are often costly and potentially harmful to the social 

environment.5,6 In this scenario, plant extracts have been used 

as novel and cheap bioreducing agents to produce nanopar-

ticles for a wide number of applied purposes.4

Silver nanoparticles (AgNPs) represent a potential 

therapeutic tool for treatment of many diseases and parasites 

because of their antiplasmodial, antibacterial, and antifungal 

activity.4–8,9 Therefore, the green synthesis of nanoparticles 

is a hot research area nowadays, allowing the biosynthesis 

of safe, effective, low cost, and eco-friendly drugs, often 

mediated by the utilization of natural plant products.4,10

Pimpinella anisum L. (Apiaceae), commonly known as 

anise, is a well-known culinary herb, utilized for preparation 

of famous liqueurs but also largely used for its medicinal 

properties.11,12 For the latter application, the seeds are mainly 

used. Anise is a perennial herbal plant and grows up to a 

height of ~2 feet. The seeds are characterized by a sweet 

and aromatic bouquet with a distinctive liquorice flavor. 

Anise is an excellent source of many essential vitamins in 

the B-complex, such as pyridoxine, niacin, riboflavin, and 

thiamin. Antimicrobial activity of aqueous and ethanol anise 

seed extracts has also been reported.13,14

In this research, we studied a green synthesis route to 

produce AgNPs at room temperature using P. anisum seeds. 

Furthermore, the antimicrobial activity of AgNPs was evalu-

ated via testing with five bacterial pathogens. Lastly, the impact 

of green-fabricated AgNPs on the proliferation and cell viability 

of human neonatal skin stromal cells (hSSCs) and colon cancer 

cells (HT115) was assessed. The use of human specimens in 

current study was approved by the Institutional Review Board at 

King Saud University College of Medicine (10-2815-IRB).

Materials and methods
chemicals
Dulbecco’s Modified Eagle’s Medium supplemented with 

D-glucose (4,500 mg/L), 4 mM l-glutamine, 110 mg/L sodium 

pyruvate, 10% fetal bovine serum, 1× penicillin-streptomycin, 

and nonessential amino acids was used, and all agents were pur-

chased from Thermo Fisher Scientific (Waltham, MA, USA).

Preparation of the seed extract
Fresh, healthy P. anisum seeds were collected from AlUla 

village in the Madinah region in the Kingdom of Saudi Arabia 

and washed ten times repeatedly with double distilled water 

to remove any surface contamination. The washed seeds 

were dried for 2 days at room temperature and then ground 

into a fine powder. Then, 10 g of the powder was added 

to 250 mL of water and soaked for 24 hours. The soaked 

mixture was filtered using Whatman no 1 filter paper. The 

extracts, utilized as a stock solution, were stored at 4°C until 

the testing phase.

synthesis of agNPs
Stock solution (2.5 mL) added into 250 mL of a silver 

nitrate solution (3 mM) was prepared for the synthesis 

of AgNPs. The reaction mixture was left standing for 

96 hours until the light yellow color solution converted into 

a brown color. The above process was carried out at room 

temperature.15 The particles were purified by centrifugation at 

10,000 rpm for 15 minutes to remove excess silver ions. The 

centrifugation process was repeated three times to remove 

all silver colloids with double distilled water.

Ultraviolet-visible (UV-vis) spectroscopy
The AgNP optical properties were studied using UV-vis 

spectroscopy (Perkin Elmer Inc., Waltham, MA, USA) with 

a 950 λ scanning range from 100 to 1,100 nm. UV-vis spectra 

were recorded periodically until the light yellow color solu-

tion turned into a brown color (96 hours).

Fourier transform infrared spectroscopy 
(FTIr)
The reducing and stabilizing groups from anise seed extract 

were characterized by FTIR spectroscopy using a Shimadzu 

FT-IR Prestige 21 (Shimadzu Corporation, Kyoto, Japan).

Transmission electron microscopy (TeM), 
energy dispersive spectroscopy (eDs), 
and X-ray powder diffraction (XrD)
TEM analysis was performed using a JEOL JEM-1230 

(JEOL, Tokyo, Japan) at an accelerating voltage of 100 kV. 

In addition, the JSM-6380 LA (JEOL) high contrast 30 kV 

scanning electron microscope was utilized to record the 

morphology (operated at 10 kV) of samples. EDS was used 

to examine the formation of synthesized AgNPs using the 

Ultima IV XRD system scanning in 2 theta (degree).

Bacterial suspension preparation
Bacterial strains of Staphylococcus pyogenes (29213), Acine-

tobacter baumannii (4436), Klebsiella pneumoniae (G455), 

Salmonella typhi, and Pseudomonas aeruginosa were 

obtained from King Khalid Hospital, Riyadh, Kingdom of 
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Saudi Arabia. All bacterial cells had been identified by 

standard biochemical tests according to the guidelines of 

the clinical and laboratory standards institute.16 All the 

identified cultures were transferred on nutrient agar medium 

and kept at −20°C for further study. Each bacterium strain 

was inoculated into the sterile nutrient agar and incubated 

at 37°C for 24 hours. Fresh suspension (106 CFU/mL) was 

prepared by transfer of a loop of inoculum from 24 hour-

incubated culture into 5 mL of nutrient broth and exposed 

for 2 hours at 37°C.17

antimicrobial assays
Antimicrobial activity assays were carried out using the agar 

well-diffusion method.18 The sterile swab was moistened 

with the fresh bacterial suspension and spread on a solid 

sterile Muller Hinton agar plate. Five wells (5 mm diameter) 

were made on the agar plate using a cork borer. Different 

concentrations (10, 20, 30, 40, and 50 µL) of the synthesized 

nanoparticles suspension were poured into each consecutive 

well. All plates were incubated at 37°C for 24 hours. A zone 

of inhibition was measured (mm) around each well in every 

incubated plate. For each experiment, three replicates were 

maintained.19

cytotoxicity assays
The effect of P. anisum seed extract of synthesized AgNPs 

on cellular proliferation was evaluated using a bioreductive 

fluorometric assay (BUF012B; AbD Serotec, Langford Ln, 

Kidlington OX5 1GE, United Kingdom). Between 5,000 and 

10,000 cells per well were plated and grown in complete cell 

culture media within ten replica in 96-well tissue culture-

treated microtiter plates and incubated for 12–24 hours at 

37°C. Numbers of cells plated per well were dependent on the 

rate of growth of cell lines in the flask. Media were removed, 

and various concentrations of AgNPs diluted in complete 

culture media were added. Control wells consisted of media 

alone. Cell proliferation and viability were determined at 

24 and 48 hours following the addition of AgNPs. At these 

times, 20 µL of Alamar Blue was added to each well, and 

the plates were incubated at 37°C for 4 hours. After incuba-

tion, plates were read using a spectrophotometric microplate 

reader (Biotek Synergy 2; Biotek Instruments, Highland Park, 

Winooski, Vermont, NE, USA) and the relative fluorescence 

unit was recorded.

In order to determine whether exposure to AgNPs affects 

cell viability, cells were stained with dual fluorescent stain-

ing solutions (1 µL) containing 100 µg/mL acridine orange 

(AO) and 100 µg/mL ethidium bromide (EB) (Sigma-

Aldrich Co., St Louis, MO, USA). Cells were washed twice 

with phosphate-buffered saline and gently mixed with AO/

EB (1:100) dye solution for 1 minute; later, the cells were 

observed and photographed under a Nikon Eclipse Ti fluo-

rescence microscope. Cells cultured without AgNPs were 

considered the experiment control. AO/EB staining uses 

a combination of two dyes to visualize cells with aberrant 

chromatin organization. The differential uptake of AO/EB 

allows for the identification of viable and nonviable cells. 

In particular, AO was used to visualize the number of cells 

that had undergone apoptosis.

statistical analysis
Statistical analyses and graphing were performed using 

Microsoft Excel 2010 (Microsoft Corporation, Redmond, 

WA, USA) and GraphPad Prism 6.0 software (GraphPad, 

San Diego, CA, USA). P-values were calculated using a 

two-tailed t-test (P0.05).

Results and discussion
The results showed that our method allowed for cheap and 

reliable synthesis of AgNPs within 96 hours. No highly toxic 

chemicals or energy inputs were needed. AgNPs were syn-

thesized from the aqueous anise seed extract, which acted as 

a capping and stabilizing agent. The reduction of silver ions 

into AgNPs was confirmed by the color change to reddish 

brown for 96 hours at room temperature (Figure 1A). In the 

meantime, the control yellowish extract showed no change in 

color (Figure 1B). The reaction exhibits excitation of surface 

plasmon vibrations in AgNPs.20,21

Figure 2 shows UV-vis spectra recorded at different time 

intervals from Figure 1A at room temperature. There was a 

strong absorbance band peak at 442 nm in spectra recorded 

in time intervals at 96 to 196 hours. Previously, it was shown 

that AgNPs can be synthesized within 24 hours and in the 

presence of ammonia, which enhances the formation of a 

Figure 1 green synthesis of silver nanoparticles using the aqueous extract of 
Pimpinella anisum seeds: (A) seed extract postreaction with agNO3; (B) P. anisum 
seed extract alone.
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soluble silver complex.22,23 The spectra clearly showed that 

the concentration of relative intensity ratio was increased 

0.30, 0.33, 0.36, 0.39, and 0.43, respectively. This indicates 

the amount of P. anisum seed extract in the reaction medium 

that interacted with silver nitrate. Previous studies have 

shown that the spherical AgNPs contribute to the absorption 

bands at around 420–430 nm.24 Over time, the peak became 

sharper and the intensity increased due to the increasing of 

nanoparticles formed in accordance with the reduction of Ag 

ions present in the solution.25–27

FTIR spectroscopy is useful for identifying the reducing 

and stabilizing groups from the plant extract responsible for 

nanosynthesis.4,28 The FTIR spectrum showed five peaks at 

3,287, 2,925, 1,642, 1,300, and 1,034 nm due to the OH, 

CH, COO, C=C, and C=O groups, respectively (Figure 3). 

In addition, the spectrum showed the presence of active 

biomolecules in the plant seed extract of P. anisum, which 

may act as the main constituents leading to biosynthesis of 

AgNPs using seed extract of P. anisum.

Figure 4 shows the X-ray diffraction analysis of AgNPs 

synthesized from P. anisum seed aqueous extract. It indicated 

the four main characteristic peaks at 2 theta values of the 38°, 

44°, 65°, and 78° family of parallel planes, highlighting the 

cubic structure of AgNPs, in agreement with other biosyn-

theses of AgNPs using eco-friendly green methods.4,29,30

Figure 5 reports the TEM results, confirming that the 

AgNPs were in the nano-range size. AgNPs were spherical 

in shape and had a minimum size of 3.2 nm. The maximum 

size was around 16 nm with an average diameter of 8.3 nm 

after 96 hours of reaction at room temperature.20 In previous 

reports, the size of AgNPs produced using other aromatic 

herbs was 13.37 nm minimum (seed extract of Citrullus 

colocynthis).30

Figure 6 shows the EDS analysis, which recorded the 

elemental composition profile of the synthesized AgNPs. 

Major peaks assigned to Ag were observed, and the intense 

signal at 3 keV strongly suggested that Ag was the major 

element used, whereas the other peaks could be assigned 

to carbon, oxygen, potassium, and hydrogen, which corre-

sponded to the biomolecules capping the AgNPs.26,29

Figure 7 (1a, 2a, 3a, 4a, 5a) shows the antibacterial effects 

of various concentrations of P. anisum seed extract alone 

(10, 20, 30, 40, and 50 µL). Figure 7 (1b, 2b, 3b, 4b, 5b) also 

shows the antibacterial effects of various concentrations of 

Figure 2 Pimpinella anisum-synthesized silver nanoparticles: UV-vis spectra recorded 
over different time intervals, until 196 h.
Abbreviations: UV-vis, ultraviolet-visible; h, hours.

Figure 3 FTIr spectrum of dried powder of Pimpinella anisum-synthesized silver nanoparticles.
Abbreviation: FTIr, Fourier transform infrared spectroscopy.
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AgNPs against S. pyogenes (29213), A. baumannii (4436), 

K. pneumoniae (G455), S. typhi, and P. aeruginosa, studied 

using the diffusion method. AgNPs showed significant 

antibacterial activity against all tested pathogens. The inhibi-

tion zones were AgNP dose-dependent, and the maximum 

zone of inhibition was obtained at 50 µL (Figure 6). The 

high antibacterial potential of our synthesized AgNPs may 

be related to their larger surface area, shape, and ultrafine 

structure, as highlighted by our TEM results. Indeed, the 

ultrafine size and larger surface area of the synthesized 

AgNPs help to deactivate cellular enzymes and damage the 

bacterial cell membrane because of positively charged Ag+ 

ions.27 This leads to enzymatic dysfunction29 and damage to 

proteins and DNA30 because of the release of reactive oxygen 

species by AgNPs, ending in cell death. In addition, it was 

reported that the spherical and hexagonal shapes of AgNPs 

are responsible for the inhibition of the Gram-negative bac-

terium Escherichia coli.25 However, the actual mechanism 

of action against the bacterial cell by the synthesized AgNPs 

has not been fully determined.31 The chemical synthesis 

involves toxic solvents, high pressure, energy, and high 

temperature. On the other hand, microbial nanosynthesis is 

not feasible industrially because of the high cost of culture 

maintenance. In this scenario, green synthesis using aromatic 

plant extracts may be a better candidate for the synthesis 

of nanoparticles.15 In addition, the antimicrobial activity 

of AgNPs might be boosted because of the presence of 

plant extract secondary metabolites, such as polyphenols, 

flavonoids, and tannins.32

The Alamar Blue assay was used to measure cell 

proliferation and viability and is based on the reduction 

potential of metabolically active cells. Both cell types 

were exposed to AgNPs (2–50 µg/mL) for 24 hours. No 

significant signs of toxicity were observed at AgNPs con-

centrations up to 10 µg/mL (Figures 8 and 9), but some 

Figure 4 XRD confirmed the crystalline nature Pimpinella anisum-synthesized silver nanoparticles.
Abbreviation: XrD, X-ray powder diffraction.

Figure 5 TeM of Pimpinella anisum-synthesized silver nanoparticles.
Abbreviation: TeM, transmission electron microscopy.

Figure 6 eDs showing the presence of ag in Pimpinella anisum-synthesized silver 
nanoparticles.
Abbreviation: eDs, energy dispersive spectroscopy.
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Figure 7 antibacterial effect of Pimpinella anisum seed extract (A) (1a, 2a, 3a, 4a, and 5a corresponding to 10 µl, 20 µl, 30 µl, 40 µl, and 50 µl, respectively) and anise-
fabricated silver nanoparticles (1b, 2b, 3b, 4b, and 5b). (B) Bar diagram representation of zone of inhibition, two-tailed t-test (data are presented as mean ± se, n=5).  
*P0.05.

Figure 8 (Continued)
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Figure 9 cell viability (A) and proliferation (B) in hT115 exposed to different doses of Pimpinella anisum-synthesized silver nanoparticles (agNPs) (2–10 µg/ml).
Notes: agNPs effects on hT115 cell viability and proliferation, (A) Fluorescence images of hsscs cells (± agNPs, exposure of different concentration [2–10 µg/ml]) stained 
with acridine orange/ethidium bromide to analyse the apoptosis and viability. scale bars= 10 µm. (B) alamar blue assay showing the proliferation (%) decline in a dose 
dependent manner. Data are presented as mean ± se, n=10. *P0.05; ***P0.0005.
Abbreviations: agNPs, silver nanoparticles; hT115, colon cancer cell line.

reduction in proliferation was observed. Significant cell 

toxicity was observed at concentrations 10 µg (20, 30, 

40, and 50 µg/mL) (Figures S1 and S2). The overall find-

ings suggest that concentrations of AgNPs 10 µg/mL are 

toxic to the cells, causing either apoptosis or necrosis. The 

viability was confirmed by AO/EB staining. No significant 

apoptosis was detected at concentrations 10 µg/mL 

(Figures 8 and 9). At concentrations 10 µg/mL, necrotic 

cells increased in volume and dead orange-red fluorescence 

cells were observed. Interestingly, toxicity was higher 

in HT115 cancer cells in comparison to normal primary 

hSSCs, and this warrants further investigation (7A and B).  

Figure 8 cell viability (A) and proliferation (B) in hsscs exposed to different doses of Pimpinella anisum-synthesized silver nanoparticles (agNPs) (2–10 µg/ml).
Note: (A) scale bars= 10 µm. (B) alamar blue assay showing the proliferation (%) decline in a dose dependent manner. Mean ± se, n=10. ***P0.0005.
Abbreviation: hsscs, human neonatal skin stromal cells.
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The toxicity of different NPs was assessed in the mouse 

spermatogonial stem cell line. Among the various AgNPs 

sizes, 15 nm was the most toxic (5–10 µg/mL), resulting 

in drastically reduced mitochondrial function and increased 

membrane leakage.33 Furthermore, during the investiga-

tion of the size-dependent cellular interactions of AgNPs 

(Ag-15 nm, Ag-30 nm, and Ag-55 nm), the cell viability 

significantly decreased with increasing concentration 

(10–75 µg/mL) of Ag-15 and Ag-30 nm. In addition, the 

investigation showed more than tenfold levels of reactive 

oxygen species, observed in cells exposed to 50 µg/mL 

Ag-15 nm, and it was suggested that the toxicity might be 

exhibited via oxidative stress.34 Both chemically and bio-

logically synthesized nanoparticles and their toxic effect 

value and percentage were measured. The green-synthesized 

AgNPs toxic effects were lower compared to chemically 

synthesized AgNPs (biologically synthesized AgNP cyto-

toxicity was 51.39% and cytotoxicity was over 85.45% for 

chemically synthesized AgNPs).35

Conclusion
In this study, a simple and cheap approach was attempted 

to fabricate green AgNPs using an aqueous solution of 

P. anisum seed extract. The nanoparticles were mostly 

spherical in shape with an average size of 8.3 nm. The 

AgNPs biosynthesized from P. anisum also exhibit excel-

lent antimicrobial activities in five different microorgan-

isms. The AgNPs also showed cytotoxicity on hSSCs and 

HT115s. The green synthesis of AgNPs is an effective and 

eco-friendly process for producing nanodrugs for pharma-

cological applications.
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Figure S1 (A) cytotoxic effects of agNPs (high dose) on hsscs. (B) alamar blue assay showing the proliferation.
Note: (A) scale bars= 10 µm.
Abbreviations: agNPs, silver nanoparticles; hsscs, human neonatal skin stromal cells.
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Figure S2 (A) cytotoxic effects of agNPs (high dose) on hT115. (B) alamar blue assay showing the proliferation.
Note: (A) scale bars= 10 µm.
Abbreviation: agNPs, silver nanoparticles.
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