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Abstract 

    In the present study, the biosynthesis of ZnONPs utilizing Portulaca oleracea seeds aqueous extract has been reported. 

The reported method is a green, plant-extract mediated and low-cost approach that is capable of synthesizing ZnONPs at pH 7 

with heating at 60 oC for one hour. To demonstrate the efficiency of the capping bioorganic molecules on ZnO nanoparticles, 

a part of the product was dried at 60 oC (denoted ZnO-60)  and the other part was annealed at 500 oC (denoted ZnO-500). 

Both synthesized ZnONPs was crystalline in nature and hexagonal in shape with an average size of 14 nm and 34.5 nm for 

ZnO-60 and ZnO-500, respectively, as evidenced by XRD and TEM analysis. The synthesized nanoparticles showed high 

antioxidant, good antibacterial activity, which has inhibited the growth of Helicobacter pylori (ATCC 700392) and 

Methicillin-Resistant Staphylococcus aureus bacteria and anticancer activity for HCT-116 cells with a higher efficiency of 

ZnO-60 than ZnO-500  

Keywords: Biosynthesis; Zinc oxide nanoparticles; Portulaca oleracea extract; antimicrobial; antioxidant; antitumor.  

1. Introduction 

Zinc oxide is a non-toxic and multifunctional 

inorganic material that has vast area of applications in 

different fields [1]. Zinc oxide with a broad bandgap 

of (~3.3 eV), exhibits semiconducting properties, 

having good piezoelectric properties and 

optoelectronics. Due to its unique physical and 

chemical properties, it is utilized in many industries 

such as sunscreen and burning ointments, 

antibacterial treatments, lotions, self-cleaning coating 

material on ceramic and glass surfaces, diodes, 

transistors manufacturing, and display screens. It is 

used as Uv-absorbent, dental cement manufacturing, 

gas sensors in the varistors, fire extinguishers [2-4], 

and solar cells [5]. There are many chemical and 

physical methods for zinc oxide nanoparticles 

(ZnONPs) production [6, 7]. Synthesis of 

nanoparticles using chemical and physical methods 

has a lot of disadvantages, including the use of 

hazardous chemicals and toxic solvents, which is 

non-eco-friendly [8]. Green synthesis of metal oxide 

nanoparticles using plant extracts has been attracted 

great consideration of many researchers because of 

the advantages it has over the chemical and physical 

methods. During the synthesis of metal oxide 

nanoparticles using green methods, the extract of 

plants plays an active role in the synthesis process 

because it contains biomolecules that act as reducing 

agents that perform redox reactions by transferring 

electrons to metal ions producing metallic 

nanoparticles, and as a capping agent to prevent 

agglomeration. There are much previous research 

used extracts of different parts of a plant for the 

synthesis of ZnONPs, such as Aloe vera leaf extracts 

[9, 10], Physalis alkekengi L. seed extract [11], 

Hibiscus rosasinensis [12], the leaf extract of 

Camellia sinensis [13], the aqueous extract of seeds 

of five divergent vegetables belonging to the family 

Brassicaceae [14], Rosa canina fruit extract [15], 

Citrus aurantifolia (lemon) peel extract [16], 

Selaginella convolute leaf extract [17], Morus nigra 

leaf extract [18], Dittrichia graveolens aqueous 

extract [19] and Rehmanniae Radix [20]. All the 

previous researches confirmed that green synthesized 

ZnONPs have a great antibacterial activity against a 

broad spectrum of Gram(+) and Gram(-) bacteria, 

photocatalytic and anticancer activity, therefore it is 
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involved in the manufacture of many drugs in 

addition to it occupies a distinguished position in 

various scientific researches. 

Portulaca oleracea L. (purslane) grows widely in 

diverse areas of the world including Egypt (known as 

Regla). The leaves and seeds of Portulaca oleracea 

L. have many therapeutic applications such as a 

diuretic, antipyretic, antiasthma, anti-inflammatory, 

and anti-tussive uses [21]. Also, various studies have 

verified diverse pharmacological effects of Portulaca 

oleracea L.  in conjunction with hypoglycaemic [22], 

hypocholesterolemic [23], treatment of type-2 

diabetes mellitus [24], antioxidant [25], and against 

influenza A viruses [26]. The purslane has different 

biocompounds, in addition to alkaloids, omega-3 

fatty acids (linolenic acid, α-linolenic acid), 

coumarins, flavonoids, phenolic compounds 

(protocatechuic and p-hydroxybenzoic acids) [27],  

polysaccharide, vitamins, and dietary minerals such 

as calcium, magnesium, potassium, iron, and oxalate 

[28, 29]. It was found that the seeds of Portulaca 

oleracea (Regla seeds) are more effective than the 

other parts [30]. In addition, the Portulaca oleracea 

seeds contain about 17.4% concentration of a non-

volatile oil and containing α-sitosterol [31].  

Green synthesis of ZnO nanoparticles was widely 

studied before, but to our best knowledge, there are 

no reports on its green synthesis using Portulaca 

oleracea seeds (Regla seeds) extract. In the present 

study, the biological synthesis of ZnONPs using 

Regla seeds aqueous extract has been investigated. 

The bio-molecules that exist in the seeds extract can 

act as reducing and/or capping agents for stabilization 

of the NPs formed. Furthermore, the extract of 

Portulaca oleracea seeds as a capping agent 

surrounds the ZnO nanoparticles can enhance the 

antimicrobial properties, stability, and 

biocompatibility of the nanoparticles [32, 33]. 

ZnONPs were synthesized using Portulaca oleracea 

seeds at pH 7 and 60 0C, then a part of the product 

was dried at 60 0C to keep the extract compounds on 

the ZnO surface and the other part was heated to 500 
0C to get rid of the capping extract and obtain pure 

ZnONPs.  As known, S. aureus is from the well-

established organisms that is difficult to treat because 

of resistance to some antibiotics; the resistant bacteria 

to methicillin and its derivatives (Methicillin-resistant 

Staphylococcus aureus, MRSA) is well-thought as 

the most aggressive cause of nosocomial infections. 

MRSA infections are very demanding to treat 

because of bacterial resistance to most of the 

clinically functional antibiotics [34]. It was found 

that the seeds extracts of P. oleracea had only 

antibacterial activities toward normal S. aureus 

strains but not against MRSA isolates [34]. Owing to 

an increase in antibiotic resistance, using metal 

oxides nanoparticles can be a competent option. The 

effect of using capping ZnONPs (ZnO-60) and naked 

ZnONPs (ZnO-500) on the antibacterial activity 

against a Gram (+ve)  bacterium (Methicillin-

resistant S. aureus) and a Gram (-ve) bacterium (H. 

pylori) was evaluated. The antioxidant and the cancer 

activity of the green synthesized ZnONPs using P. 

oleracea aqueous extract were also evaluated. 

2. Materials and Methods  

2.1. Materials: Zinc nitrate hexahydrate 

(Zn(NO3)2.6H2O, 99.9%) was purchased from 

Aldrich. Portulaca oleracea seeds were purchased 

from standard vend.  

2.2. Preparation of Portulaca oleracea seed extract: 

The Portulaca oleracea extract extract (2.5 % w/v) 

was prepared by adding 2.5 g of dried seeds to 

100mL deionized water and boiling the solution for 

20 min. Then the extract was cooled followed by 

filtration through Whatman paper No. 1 and the 

solution was completed to 100 ml with de-ionized 

water. For all experiments, the extract was freshly 

prepared.  

2.3. Synthesis of ZnONPs using Regla seeds aqueous 

extract: 

A 2.5 x10-2 M stock solution of zinc nitrate 

hexahydrate was prepared by weighing out 0.75g of 

zinc nitrate hexahydrate and dissolving in 100 mL 

deionized water. To synthesize ZnO nanoparticles, a 

certain volume of Portulaca oleracea seeds extract 

was added to a certain volume of Zn(NO3)2.6H2O at 

room temperature and then completed to 10 ml with 

deionized water. The optimization study was carried 

out considering different parameters such as zinc 

nitrate concentration (2.5x10-3-1x10-2 M), the 

quantity of the extract (1-3 ml), reaction time (5-60 

min.), pH (3-11), and temperature (20-80 0C). The 

formation process of ZnO nanoparticles was followed 

by the Uv-Vis spectrophotometer. Using the optimum 

conditions, the ZnONPs prepared by adding 15ml of 

the extract dropwise to 50 ml zinc nitrate (2.5 x10-2 

M) followed by heating the solution at 60 0C for 1h 

till the color of the extract disappeared and white 

jelly precipitate are obtained. The product was then 

divided into two parts: one part of the product was 

dried in the oven at 60 0C (denoted as ZnO-60) and 

the other part of the product was taken and put into a 

crucible and was reserved in the furnace for 

calcination at 500 °C for 2 h (denoted as ZnO-500). 

After calcination, zinc oxide nanoparticles were 

obtained in white colored powder. 

2.4. Characterization of ZnONPs  

The absorption spectra of ZnONPs was measured on 

Shimadzu model 2600 Uv-vis spectrophotometer at 
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wavelengths between 200-600 nm using 10 mm 

optical path length quartz cuvettes. The size and 

morphology of the synthesized ZnO nanoparticles 

were examined using TEM images obtained on a 

JEOL-1200JEM and HR-TEM, model JEOL-JEM 

2100, Japan. Transmission electron microscopy 

samples of ZnONPs were conducted by placing a 

drop of the suspension of the bio-synthesized 

ZnONPs onto carbon-coated copper grids and 

allowing the solvent to evaporate in air. XRD 

measurement of the ZnONPs was done on a 

Shimadzu XRD-6000 diffractometer working at a 

current of 20 mA and a voltage of 40 kV with Cu Kα 

radiation (λ= 1.54 Å). Nicolet 6700 FTIR 

spectrometer was used to obtain FTIR spectra at 

room temperature. The dried ZnONPs samples are 

mixed with KBr in the form of a round disk and it 

was measured in the range of 400-4000 cm-1. 

Similarly, FTIR of Regla seeds was obtained by 

grinding dried seeds with KBr. 

2.5. Anti-MRSA Activity  

A MRSA clinical isolate was kindly obtained from 

the Regional Center for Mycology and 

Biotechnology (RCMB) culture collection at Al-

Azhar University, Cairo, Egypt. The activity of 

synthesized ZnONPs against MRSA was investigated 

using the well diffusion agar method [35, 36]. The 

MRSA isolate grown in Muller Hinton media till 

counting 108 cells/ml was then inoculated on agar 

plates. One hundred microliter of each ZnONPs was 

added at 10 mg/mL to each well (6 mm diameter 

holes cut in the agar gel), then incubated at 37°C for 

24 h. After incubation, the inhibition zone diameters 

were calculated. DMSO that used for dissolving 

ZnONPs was also tested as solvent control showing 

no inhibition zones. Positive control was also 

performed using norfloxacin as a standard antibiotic. 

The minimum inhibitory concentration (MIC) was 

then measured by the same methods using different 

concentrations from ZnONPs to determine the 

minimum inhibitory concentration [36]. 

2.6. Determination of Anti-H. pylori Activity  

The activities of the tested ZnONPs against 

Helicobacter pylori (ATCC 700392) were performed 

as described previously [37] using broth 

microdilution method. The tested serial dilutions of 

the ZnONPs (ranged from 10000 to 10 μg/mL) were 

added in a 96-well microtiter plate having 100 μl of 

freshly prepared Mueller-Hinton medium with 10% 

defibrinated sheep blood (Lonza, Belgium). A 100 μl 

liquid culture from 3-days-old H. pylori was 

inoculated into each well to provide a final conc. of 1 

x 106 colony forming units (CFU/well). The 

microtiter plates were then incubated for 3 days at 

37°C in a microaerophilic atmosphere (5% O2, 10% 

CO2 and 95% relative humidity) in a double-gas CO2 

incubator (ShelLab, USA). Metronidazole antibiotic 

was tested as positive control. After end of 

incubation, lowest concentration that showed 

complete growth inhibition was recognized as the 

MIC of tested sample [38].  

2.7. Antitumor activity assay: 

HCT-116 (human colorectal carcinoma cell line) cells 

were purchased from American Type Culture 

Collection (ATCC, Rockville, MD). The cells were 

grown on RPMI-1640 medium supplemented with 

50µg/ml gentamycin, 10% heat-inactivated fetal calf 

serum and 1% L-glutamine in a 5% CO2 incubator 

(ShelLab 2406, USA) at 37ºC. 

In antitumor assay, the HCT-116 cells were added at 

concentration 5x104 cell/well in RPMI-1640 medium, 

then incubated at 37ºC for 24 h in Corning® 96-well 

tissue culture plates. Different concentrations from 

ZnONPs were then added (started from 500 to 

1µg/ml; three replicates each). After incubating for 

48 h, the numbers of viable cells were determined by 

the MTT assay [36, 39]. After plotting the dose-

response curve, the IC50 (concentration that decreases 

the cells by 50 %) was calculated.  

2.8. DPPH assay 

The DPPH free radical scavenging abilities of 

biologically synthesized ZnONPs were assayed as 

described by Puvanendran et al. [40]. Briefly, 40 μL 

nanoparticles solution was added to 3 mL of 

methanolic DPPH solution (0.004% w/v) and 

vortexed for 30 s. UV-visible spectrophotometer 

(Milton Roy, Spectronic 1201) was used to record the 

absorbance at 515 nm. Decreasing absorbance of the 

DPPH solution with or without the sample was 

measured after 16 min. Ascorbic acid was tested as 

positive control. Three replicates were performed for 

all samples and controls. The DPPH radical 

scavenging percentage was calculated from the 

following equation: 

DPPH radical scavenging % = [
𝐴𝑐−𝐴𝑎

𝐴𝑐
] 𝑥100                

where Ac = absorbance of control without sample at 

0 min, and Aa = absorbance of reaction solution at 16 

min.  After plotting the dose-response curve, the IC50 

(concentration that decreases absorbance of DPPH 

solution by 50 %) was calculated.  

 

2.9.Trypsin inhibition study: 

 The enzymatic inhibitory activity of the 

tested ZnONPs towards trypsin was evaluated with 

N-α-benzoyl-L-arginine p-nitroanilide (BAPNA) as 

the substrate as previously described [41]. The tested 

nanoparticle(s) were dispersed in Tris-buffer (1 ml, 

0.05M, pH 8.2) containing CaCl2 (0.02 M) to reach a 

final concentration of 0.1% w/v. After adding 30U of 

trypsin solution (0.3 ml in 10mM HCl), the mixture 

was incubated at 37C. Thereafter, 2.1 ml of the 

BAPNA solution (20mM in DMF) was added and 
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incubation continued for 15 min at 37C. After 

stopping the enzymatic action with 1% 

trichloroactetic acid solution, the nitroaniline formed 

(Yellow color) was analyzed by measuring the 

absorbance at 405 nm using a UV/visible 

spectrometer (Milton Roy, Spectronic 1201). 

Controls without the tested nanoparticles were also 

performed. Three replicates were performed for all 

samples and controls. 

Trypsin Inhibition Activity (%) = (𝐴𝐶−𝐴𝑇 

𝐴𝐶
)x 100 

Where AC = Absorbance of the control and AT = 

absorbance of the test sample. 

3. Results and Discussion 

3.1. Uv–Visible spectroscopy 

The molar ratio of Zn(II) : extract is an important 

factor in the synthesis of ZnONPs. Preliminary 

experiments are performed by adding different 

extract concentrations on Zn(NO3)2.6H2O (2.5x10-

5M) and heating at 60 0C for 30 min, which led to an 

increase in the absorbance at 279 nm which is the 

same absorption peak for the extract without any shift 

in the absorption peak.  On the other hand, using a 

constant volume of Regla seeds extract (2ml, 

2.5%w/v) and different volume of Zn(NO3)2.6H2O 

(1, 2,4,6 and 8 ml, of  2.5 x10-2 M) with heating to 60 
0C for 30 min, a red shift in the band from 279 nm to 

303 nm (Fig. 1b) was observed without any 

precipitate, indicating the formation of Zn complex 

with the biomolecules such as polyphenoles, 

flavonoids, and fatty acids present in the extract. 

Previous studies suggest that the plant extract 

contains compounds that react with zinc salt to form 

Zn(II)-coordinated complexes that decompose 

thermally to form ZnONPs [42, 43, 44, 45]. 

However, another mechanism for biosynthesized 

ZnONPs proposed by Singh et al. (2018) [46] where 

the biomolecules reduce Zn(II) ions into metallic 

zinc, then the metallic zinc reacts with oxygen to 

form ZnONPs stabilized by the extract to prevent 

agglomeration. 
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Figure 1. a) Effect of portulaca oleracea (regla seeds) 

extract concentration on ZnO formation; (ZnNO3)2, 2.5x10-

5M, b) using constant extract concentration (2 ml, 2.5%) 

with different ; (ZnNO3)2 concentrations 

 

3.2. Effect of portulaca oleracea (regla seeds) 

extract pH:  

The pH of the extract used in the biosynthesis of 

ZnONPs is a crucial factor affecting the size, shape, 

and composition of the nanoparticles. With the help 

of Uv-vis spectroscopy, the impact of Regla seeds 

extract pH on the biosynthesis of ZnONPs is studied. 

The  Regla seed aqueous extract pH was 4 without 

any additions. Using zinc nitrate (8ml, final 

concentration 1x10-2M) and Regla seed extract 2 mL 

at pH 4 (with heating to 60 0C), a broad absorption 

band centered at 305 nm is observed (Fig. 4a). 

Adding HCl (0.05M) to adjust pH at 3 and 2, lead to 

a decrease in the absorption spectra without any shift 

in the absorption maximum. On the other hand, 

increasing pH to 7 with 0.05M NaOH, the absorption 

spectrum exhibit a shift to 340 nm indicating the 

formation of ZnONPs. The SPR band of ZnONPs 

decreases with increasing the pH of Regla seed 

extract to pH=11 accompanied by a red shift in the 

SPR band to 355 nm indicating the formation of 

smaller size uniform nanoparticles. Ameen et al. 

(2013) [47] reported that the appearance of an SPR 

band in the region 300–400 nm confirmed the 

formation of ZnONPs. This shorter wavelength 

indicates that the particles have smaller sizes (see 

below). In this study, we prefer using the neutral pH 

of Regla seed extract at (pH=7) as this is better for 

biological applications.  
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Figure 2. Effect of pH on the formation of ZnONPs  

 

3.3. Characterization of ZnONPs 

Fig.3 shows the XRD pattern of the biosynthesized 

ZnO-NPs. The distinct diffraction peaks at 2θ 

=31.717°, 34.484°, 36.245°, 47.585°, 56.705°, 

62.826°, 66.580°, 68.025°, and 69.039° were 

assigned to (100), (002), (101), (102), (110), (103), 

(200), (112), and (201) planes, respectively. All the 

relative peaks of the biosynthesized ZnO-NPs were 

matched with the (JCPDS) card number 00-065-0725 

in terms of intensities and positions. All the peaks 

recorded in Fig. 3 were well indexed to the hexagonal 

phase of ZnO and the nanopowder was shown to be 

highly crystallized owing to the narrow and sharp 

peaks. The high intensity at the peak of (101) was an 

indication of a preferred orientation of the 

crystallites. No impurities, such as Zn(NO3)2, 

Zn(OH)2, or other organic compounds can be 

detected from the XRD patterns of the ZnO-500 

sample, whereas, it can be observed that, for ZnO-60, 

there is a broad peak centered at about 2θ = 240 could 

be assigned to the crystallization of the organic 

constituent on the surface of the ZnONPs. The 

crystallite size of the particles (D) calculated using 

the full width at half-maximum (FWHM) of the 

diffraction peak according to the Scherrer equation,  

D=K * /β*cos  Where  is the wavelength of the 

incident X-ray beam;  is the Bragg's diffraction 

angle; β the full width at half-maximum (FWHM) in 

radian and the dimensionless shape factor (K) has a 

value of 0. 9.   The XRD patterns of ZnO-60 showed 

more broadening of the peaks compared to ZnO-500 

patterns due to the particle size effects [48]. The 

values were found to be 31.18 nm (Zn-500) and 17.2 

nm for ZnO-60 (Fig 3), as confirmed by TEM 

micrographs. 

 

 
Figure 3. XRD pattern of synthesized ZnO nanoparticles by 

portulaca oleracea (regla seeds) extract 

 

The TEM image of ZnONPs was shown in Fig. 4. 

For the sample dried at 60◦C, one can observe a series 

of small particles with size ranging from 10 to 18 nm 

with a certain degree of short-range atomic ordering 

are observed. On the other hand, the annealed sample 

at 500 ◦C showed highly crystalline nanoparticles 

with edged interfaces with their average spherical 

equivalent diameter ranges from 22 to 45 nm. This 

larger size of annealed sample indicated that 

annealing and evaporation of the organic 

biomolecules lead to some agglomeration and 

crystallite arrangement. Also, a series of small rods 

with the basal and longitudinal sizes of 18–55 nm as 

well as cubic structures can be observed. The 

annealed  ZnO-500 NPs were showed unequal 

surface morphology with larger size than ZnO-60 

NPs; the particle size measured from the TEM 

images were in agreement with the sizes obtained 

from X-ray of 31.18 nm (Zn-500) and 17.2 nm for 

ZnO-60. 
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Figure 4. TEM images of ZnONPs dried at 60 0C and 

annealed at 500 0C. 

 

3.4. Fourier Transform Infrared Spectroscopy 

(FT-IR) analysis  

The  FTIR spectrum of Regla seeds, Fig.5, exhibited 

various peaks in solids or after aqueous extract. The 

FTIR peaks of the solid Regla seeds showed bands at 

3259 cm−1 and 3011 cm-1 which were assigned to 

stretching vibrations of OH and NH groups [49, 50], 

and the strong peaks at ~ 3011, 2923 and 2853 cm−1 

were assigned to -CH stretching showing the 

presence of CH2, CH3 groups in the fatty acids. The 

strong band at 1744 cm-1 was assigned to –C=O 

group of ester or carboxylic acid. The band at 1654 

cm-1 could be assigned to the C=O of the amide 

group stretching vibration. The bands at 1510, 

1460and 1376 cm-1 are due to C=C (aromatic ring) 

and C-C stretching vibrations. The bands at 1155  

and 1017 are attributed to C-N and C-O stretching 

vibrations. To get a closer view, the ATR-FTIR was 

measured for the water extract, As can be seen in Fig, 

5, many peaks of the seeds are absent indicating that 

not all the organic compounds could be obtained in 

the aqueous extract. The strong peak at 3443 and a 

shoulder 3174 cm-1 due to OH and NH groups 

present in the aqueous extract. The band at 1645 cm-1 

attributed to C=O of the amide group and could be 

related to flavonoid and amino acids [51].  The FTIR 

of ZnO-60 showed peaks at 3368 cm-1 (due to OH 

stretching); shoulder at 1654 cm1 (aromatic C=C 

stretching), and 1017 cm-1 due to –C-O stretching 

vibrations of the phenolic groups present in the plant 

extract. Also, aromatic C-H out of a plane at 716 cm-1 

in the seeds and at 836 cm
−1 

for ZnO-60 was 

detected. Furthermore, the peaks under 500 cm-1 (459 

cm-1), Figure 5, due to the Zn-O bonds vibration 

mode supporting the formation and purity of the 

ZnONPs structure [52]. For ZnO-500, this band was 

observed at lower than 400 cm-1. This shift can be 

correlated to a change in the lattice parameters of the 

ZnONPs with an increase in the annealing 

temperature. Zak et al. [53] observed Zn-O vibration 

bands at 370-375 cm-1 when annealing temperature 

increased from 600-750 0C. 

 

 

Figure 5  FTIR spectra of regal seeds, extract,  ZnO-60 and 
ZnO-500 nanoparticles  

3.5. Antibacterial activity of ZnONPs  

The antibacterial activity of the synthesized ZnONPs 

was investigated against two potentially pathogenic 

microorganisms: one gram-positive bacterium 

(Methicillin-resistant S. aureus) and one gram-

negative bacterium (H. pylori).  

The inhibitory effect of the synthesized zinc 

nanoparticles on Helicobacter pylori (ATCC 700392) 

compared with a regular antibiotic (Metronidazole) 

was used as a positive control (1000 μg/mL). The 

tested concentration from zinc nanoparticles was 

2000 μg/mL. ZnO-60, ZnO-500, and the extract 

exhibited inhibition zone diameter of 14.2, 10.9, and 

6.8 mm against H. pylori strain by the well-diffusion 

assay when compared with a standard antibiotic 

(Metronidazole) (19.5 mm) as shown in Fig 6a.  

The MIC values demonstrated that ZnO-60 

nanoparticles showing to be more potent (MIC: 0.75 

mg/ml) than ZnO-500 nanoparticles (MIC: 2 mg/ml). 

Additionally, Fig 6 showed that the antibacterial 

activity of the synthesized zinc nanoparticles was 

also investigated against gram-positive bacteria, 

Methicillin-Resistant Staphylococcus aureus 

(MRSA) using the agar well diffusion method with 

standard antibiotic (Norfloxacin) as a positive control 

(Fig. 6a). The zone of inhibition diameter of 31 mm 

was observed by ZnO-60 nanoparticles against 

MRSA strain revealed significant difference when 

compared with those of Norfloxacin (standard), while 

the least activity was seen ZnO-500 nanoparticles 

(Figure 6a). On the other hand, the measured MIC 

values for ZnO-60 nanoparticles were also more 

https://www.frontiersin.org/articles/10.3389/fmicb.2018.01218/full#F3
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potent (MIC: 1 mg/ml) than ZnO-500 nanoparticles 

(MIC: 5 mg/ml) when tested against MRSA, Fig. 6b. 

The P. oleracea extract was reported to have a potent 

activity toward Gram-positive bacteria, Bacillus 

subtilis, and S. aureus, and the extract was found to 

be only active toward one Gram-negative bacterium, 

i.e. P. aeruginosa [54]. Due to its low toxicity to 

mammalian cells [55,56, 57] high influence against 

antibiotic-resistant strains, and low cost, ZnO seems 

to be more promising for clinical applications.  

 

The mode of actions between ZnO-NPs as drug and 

bacterium remains not clear. Some reports suggested 

that the occurrence of ROS may affect only cell death 

in bacterial biofilms irregularly and may increase 

development of biofilm [58]. Interaction of metal and 

metal oxide nanoparticles with various cell models 

and their cell impacts have been reviewed [59] and 

exhibited that the cooperation of ROS through the 

interaction of the nanoparticles with different cell 

models. Moreover, some studies reviewed the 

bacterial ability to use excess ROS formed into many 

respiratory and metabolic pathways [60, 61]. 

Kadiyala, et al. studied the antibacterial activity of 

ZnONPs against methicillin-resistant Staphylococcus 

aureus (MRSA) and concluded that small role of 

ROS production and the large role of alterations in 

carbohydrate metabolism and bioenergetics [62].  

 

 

 

 
Figure 6. The antibacterial activity of the synthesized ZnO 

nanoparticles. (a) Inhibitory effect of the synthesized zinc 

oxide nanoparticles on Helicobacter pylori (ATCC 700392) 

and Methicillin-Resistant Staphylococcus aureus compared 

with standard antibiotics (Metronidazole and Norfloxacin, 

respectively) that were used as positive control (1000 

μg/mL). The tested concentration from zinc nanoparticles 

was 2 and 10 mg/mL against H. pylori and MRSA, 

respectively. Results were shown as the mean inhibition 

zone diameter (mm) ± standard deviation of three 

independent experiments. (b), The minimum inhibitory 

concentration (MIC) values against H. pylori and MRSA. 

(c) Inhibition zone presented in (A) for MRSA. 

3.6. Antioxidant activity 

Antioxidant activity of the green synthesized 

ZnONps using P. oleracea aqueous extract was also 

evaluated using DPPH free radical scavenging assay 

with the results presented in Figure 7. Generally, the 

synthesized ZnONPs exhibited a concentration-

dependent effect in DPPH free radical scavenging 

activity. The radical scavenging capacity of P. 

oleracea mediated synthesized ZnO-60 Nps slightly 

lower than ascorbic acid standard in all tested 

concentrations (Fig. 7 ), but much higher than the 

ZnO-500 with IC50 values of 7.6, 33.1, 201.7  µg/ ml 

for ascorbic acid, ZnO-60, and ZnO-500, 

respectively.  The radical scavenging activity of the 

synthesized ZnO-60 Nps was higher than ZnO-500 

and this may be due to the bio-organic layer 

containing phenolic compounds capped the ZnO-60 

from the extract that decomposed upon annealing in 

ZnO-500.  Suresh et al [63] also reported that 

synthesized ZnONPs using Cassia fistula extract to 

exhibit significant antioxidant activities by 

scavenging of DPPH radicals. 
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Figure 7. DPPH radical scavenging activity of the 

synthesized zinc nanoparticles compared with ascorbic acid 

as reference standard. Results were shown as the mean 

radical scavenging % ± SD of three independent 

experiments. 

 

3.7. Trypsin inhibition study 

 The enzymatic inhibitory activity of the 

synthesized zinc nanoparticles towards trypsin was 

also evaluated to explore the possible antiinflamatory 

role of the synthesized zinc nanoparticles. The results 

showed that among the tested Zn nanoparticles 

submitted to the screening test, ZnO-60 showed the 

highest enzyme inhibition (23.8%) compared to ZnO-

500 (5.3%). 

3.8. In vitro cytotoxic activity 

The synthesized zinc nanoparticles were screened for 

cytotoxic activity (using MTT viability assay) against 

colon adenocarcinoma cell line HCT-116 compared 

with 5-fluorouracil standard drug. The plot showing 

the dose-response curves was presented in Fig. 8 of 

which the concentration required to inhibit 50% of 

the carcinoma cells (IC50) was calculated. Many 

previous reports suggesting the green synthesis of 

ZnONPs using various medicinal plants has been 

reported to exhibit cytotoxic activities including the 

following plants Costus pictus [64], Pongamia 

pinnata [65], Vitex negundo [66] and Cassia 

auriculata [67]. 

The results of this study showed that biologically 

synthesized ZnONPs significantly inhibited the 

survival of HCT-116 cells with increasing the tested 

concentration compared with untreated control 

(P,0.001, Figure 6. ZnO-60 nanoparticles showed 

higher inhibitory activities against human HCT-116 

cell line (IC50 24.7 ± 1.1μg/ml) compared with ZnO-

500 (IC50 103.5 ± 6.2μg/ml); (reference drug 5-FU 

(IC50 10.2 μg/ml), (Fig. 8). 

 

 

 
Figure 8: The dose response curve showing the in vitro 

inhibitory activity of the synthesized nanoparticles and 5-

flourouracil reference standard against human colorectal 

carcinoma (HCT-116) cells after 48 h treatment using MTT 

assay.. 

4.Conclusions  

 

In this study, the biosynthesis of ZnONPs utilizing 

Portulaca oleracea seeds aqueous extract has been 

reported. The reported method is a green, plant-

extract mediated and low-cost approach that is 

capable of synthesizing ZnONPs at pH 7 with 

heating at 60 0C for one hour. To demonstrate the 

efficiency of the capping bioorganic molecules on 

ZnO nanoparticles, a part of the product was dried 

at  60 0C and the other part was annealed at 500 0C. 

Both synthesized ZnONPs was crystalline in nature 

and hexagonal in shape with an average size of 14 

nm and 34.5 nm for ZnO-60 and ZnO-500, 

respectively, as evidenced by XRD and TEM 

analysis. The synthesized nanoparticles showed 

high antioxidant, good antibacterial activity, which 

has inhibited the growth of Helicobacter pylori 

(ATCC 700392) and Methicillin-Resistant 

Staphylococcus aureus bacteria and anticancer 

activity for HCT-116 cells with a higher efficiency 

of ZnO-60 than ZnO-500.  
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