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ABSTRACT 

In the present work, eco-friendly biosynthesis of zinc oxide nanoparticles (ZnONPs) and their immunostimulatory 

and antimicrobial activity were investigated. Streptomyces rochei, the ZnONPs manufacturer, were isolated and 

identified. The morphology and characterization of ZnONPs using UV-Vis, DLS, TEM, and XRD, were 

investigated. The results showed that the spherical shape of ZnONPs was with a mean diameter of about 36nm. 

The viability of the HFB-4 and Vero cells was decreased to 42 and 46% respectively after treatment with a dose of 

16µl/ml of ZnONPs. ZnONPs showed a significant immunostimulatory effect with 137.2 ± 0.18% and increased 

CD4+ and CD8+ lymphocytes level with 85.2 ± 0.07% and 25.3 ± 0.03%, respectively. Also, they exhibited an 

antimicrobial activity against both Gram-negative, positive bacteria and fungi with inhibition zone ranging from 

16.0 to 28.0 mm and MIC ranging from 8.67 to 125.0 µg/ml. This study highlights that ZnONPs strongly stimulate 

immune system and have antimicrobial activities.   

Keywords: Streptomyces rochei, Biosynthesis of zinc oxide nanoparticles, Cytotoxicity, Immunomodulatory, 

Antimicrobial activity 

1. Introduction 

For more than a couple of decades, 

nanotechnology has been continuing as a trending 

scientific sector deals with material in nanoscale (1 nm 

– 100 nm) [1].  It shows a helpful solution for too many 

problems in many fields including electronics, energy, 

textiles, geotechnical engineering, chemical 

industries, medicine and agronomy [2-4]. Among 

nanoscale metals, ZnONPs are precious oxides 

because they are marked with distinctive 

physicochemical properties. Moreover, 

therapeutically they showed antitumor, antioxidant, 

antidiabetic and antimicrobial activities [5-7].     

Engineered zinc oxide nanoparticles display 

versatility, unique physicochemical characteristic that 

has a huge medical application and are broadly used in 

sunscreens and cosmetics, due to their excellent UV 

filtering characters [8]. Interestingly, despite their 

elevated production volumes and the wide application 

base, there is always a prospect of accidental exposure 

to their NPs. This can result in unpremeditated side 

effects that are caused due to the predisposition of 

these materials to demonstrate biological reactivity 

[9]. Zinc is one of the vital elements for humans, 

animals, and microorganisms. Zinc has a key role in 

maintaining crucial cellular processes including DNA 

repair, oxidative stress, DNA replication and cell cycle 

progression [10]. Zinc oxide nanoparticles (ZnONPs) 

have gained a tremendous attention due to their unique 

properties. They have a high absorption rate, lower 

toxicity [11], better biocompatibility and 

bioavailability compared to their conventional Zn 

sources [12]. The cytotoxicity of zinc oxide 

nanoparticles has been previously recorded in many in 

vitro test systems involving lung epithelial cells, 

immune cells, colorectal epithelial adenocarcinoma 

cells and keratinocytes [13-18]. Other studies have 

revealed that zinc oxide nanoparticles can cause 

cytotoxicity via apoptosis [19-21] and genotoxicity as 

well [22-24]. Despite some discrepancy reports, the 

essential paradigm explaining zinc oxide 

nanoparticles' cytotoxicity is due to their inclination to 

dissolve, resulting in releasing of Zn2+ ions, with a 

linked generation of reactive oxygen species (ROS) 

[17,25]. Extracellular dissolution of zinc oxide 

nanoparticles and releasing of Zn2+ ions have been 

inducing cell death in human T-cell leukemia cells 

[26] and mouse macrophage (Ana-1) cells [27]. 

Several studies showed a wide range of 

biological and therapeutic activities of zinc 

https://doi.org/10.21608/ejchem.2022.136366.6008
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nanoparticles including antibacterial, antiprotozoal, 

antioxidant and anticancer [10, 28-30].  Numerous 

mechanisms have been introduced to explain the 

antibacterial effect of ZnONPs [31]. The positively 

charged surface of ZnONPs and their surface polarity 

can affect their bacterial resistance mechanism. The 

interaction between positively charged Zn+2 NPs ions 

and negatively charged bacteria resulted in the firm 

attachment of the ions to bacteria and induced their 

death [32,33]. Many nanomaterials exhibit antitumor 

characteristics in vitro but also exert tumor-promoting 

influence in vivo because of the dispersed anticancer 

immune system [34]. Therefore, it is also possible that 

increased exposure to ZnONPs may cause 

immunomodulation. Immunomodulation is preferred 

to prevent and treat diseases and is used as a vaccine 

adjuvant and antiallergy therapeutic [35]. Biological 

synthesis provides an eco-friendly and cost-effective 

method. An alternative approach for the synthesis of 

metal nanoparticles is to apply biomaterials such as 

plants, microorganisms encompassing groups such as 

bacteria, yeasts, fungi, and actinomycetes as 

manufactories [36]. In comparison with other 

microorganisms, actinomycetes could be used as the 

most efficient biotechnological agent for the 

sustainable production of nanoparticles. 

Actinomycetes are a flexible tolerant, easy and 

economic biological system that have been used 

extensively in the industry. Several actinomycetes 

species were found to synthesize metal nanoparticles 

[37]. The main aim of the study is the isolation and 

identification of an actinomycete strain with a 

potential green synthesis of ZnONPs. Furthermore, 

characterization, evaluation of cytotoxicity, 

immunomodulatory and antimicrobial activities of 

ZnONPs.   

 

2. Materials and methods 

2.1. Chemicals 

All the media components were from Oxide and 

chemicals and reagents used in the following 

experiments were of analytical grade and were used 

without further purification.  

 

2.2. Isolation and identification of actinomycetes 

isolates 

Soil samples were collected from a place near the 

Mina Coast region; El-Menia governorate, Egypt in 

February 2018. Soil samples were collected in sterile 

airlock polyethylene bags and for isolation of 

actinomycetes, samples were cultivated on the 

International Streptomyces Project - 4 (ISP4) agar 

media. The pure isolates were characterized and 

identified based on morphological, physiological, 

biochemical characteristics, and genetic analysis [38-

41]. The Streptomyces isolates were identified using 

16S rDNA sequence analysis. Genomic DNA was 

extracted from the collected strains at the late 

exponential growth stage using the protocol of Gene 

Jet genomic DNA purification kit (Thermo Fisher 

Scientific, USA K0791) and according to the 

manufacturer’s recommendations. Amplification of 

16S ribosomal DNA of the selected isolates was 

carried out using the primers 27F (5-

AGAGTTTGATCCTGGCTCAG-3) and 1495R (5-

CTACGGCTACCTTGTTACGA-3) by polymerase 

chain reaction (PCR). Amplification was conducted 

using a BIO-RAD PCR System T100 thermocycler 

(BIO-RAD Laboratories, Hercules, CA, USA) under 

the following cyclic profile: initial denaturation at 95 

°C for 2 min, 30 cycles of denaturation at 95 °C for 1 

min, annealing at 54 °C for 30 s, with extension at 72 

°C for 2 min and a final extension at 72 °C for 5 min. 

The PCR product was purified using K0701 Gene 

JET™ PCR Purification Kit (Thermo Fisher Scientific 

USA). The partial 16S rDNA sequence of strain was 

compared using the BLAST program 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Then, 

identification of the species was performed by 

comparing the similarity with the prototype strain 

sequence in the GenBank database. Finally, the 

phylogenetic tree was constructed using the MEGA 

software program (version 6.0) [42,43].  

 

2.3. Preparation of cell-free extract  

Streptomyces rochei was inoculated in a 250 ml 

flask containing 50 ml of the liquid basal salts starch-

nitrate medium [44]. The medium included the 

following components (g/l): 2.0, KNO3; 20.0, starch; 

0.5, MgSO47H2O; 1.0, K2HPO4; 0.5, NaCl; 3.0, 

CaCO3 and 0.01, FeSO47H2O. Inoculation was done 

by a disk of 0.4 cm diameter obtained from seven days 

old culture plates of the examined isolate, then was 

incubated in a rotary shaker at 200 rpm and 37°C with 

an initial pH of 7.0 for four days. After an incubation 

period, actinomycete cells were removed from the 

suspension by filtration through a 0.44 µm PVDF 

filter; then, they were centrifuged at 10,000 rpm to 

remove occasional actinomycetes cells [45]. 

 

2.3.1. Biosynthesis of zinc oxide nanoparticles 

(ZnONPs). 

The aqueous solution of 1mM zinc nitrate 

solution (50 ml) was mixed with the cell-free filtrate 

(CFF) (50 ml) and the pH was adjusted to 8.5. The 

mixture was incubated in a rotary shaker at 37 oC and 

200 rpm in the dark for 24h. Control experiments were 

performed with un-inoculated media and zinc nitrate 

solution to check the role of actinomycete in 

nanoparticle synthesis. The zinc ions reduction was 

examined by sampling about 2ml of the solution at 

time intervals and monitoring the UV–Vis spectra by 

using a UV–Vis spectrophotometer (JASCO V-560). 

In each reaction vessel, the resulted color change by 

formation of a white suspension was observed. 

ZnONPs suspension was further centrifuged at 12,000 
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rpm for 30 min, and the collected precipitate pellet was 

dried and weighed [46]. 

 

2.3.2. Characterization of biosynthesized ZnONPs. 

The optoelectronic properties of the 

biosynthesized ZnONPs were measured by ultraviolet-

visible absorption spectra (UV-vis, Hitachi U-2800) in 

the range of 200-800 nm. The Fourier transform 

infrared spectroscopy (FTIR) spectrum of the sample 

was recorded on an Agilent system Cary 630 FTIR 

model, Chemistry Department, Faculty of Science, Al-

Azhar University, Cairo, Egypt, in the range 400 - 

4,000cm-1. The spectral data obtained were compared 

with the reference chart to identify the functional 

groups present in the sample. The size and shape of the 

products were observed by High-resolution 

transmission electron microscopic (HRTEM) (JEOL 

2100 Japan, at National Research Center (NRC), Giza, 

Egypt). The crystalline structure of the biosynthesized 

ZnONPs was identified by X-Ray diffraction analysis 

using the Shimadzu Scientific Instruments (SSI), 

Kyoto, Japan, with nickel-filter, in the 2h range of 20-

90o operated at 40 kv and 30mA. The particle size 

distribution of ZnONPs was evaluated using Dynamic 

Light Scattering (DLS) measurement conducted with 

a Malvern Zetazier Instrument. Measurements were 

taken in the range between 0.1 and 1000μm. Data 

obtained were analyzed using Zetasizer software. The 

XRD and DLS were measured at the National Center 

for Radiation Research and Technology (NCRRT), 

Cairo, Egypt.  

 

2.4. In vitro cytotoxicity of ZnONPs against normal 

cells 

The cytotoxic activity of ZnONPs was evaluated 

in vitro, using the HFB-4 (normal human melanocytes) 

and Vero (derived from kidney epithelial cells of 

African green monkey) cell lines according to Abu-

Serie and El-Fakharany [47], in triplicates. The cell 

viability and proliferative potential based on their 

metabolic activity were determined with MTT (3-(4,5-

dimethyl thiazolyl-2)-2,5-diphenyltetrazolium 

bromide) assay. The adherent culture medium was 

replaced by a medium containing different 

concentrations of 0.0, 1, 2, 4, 8, 16, 32, 64, and 128, 

µg/ml of ZnONPs and incubated for 24 h. After that, 

the cells were washed three times with fresh media or 

cold PBS and incubated with 0.5 mg/ml MTT (Sigma-

Aldrich) for 2-5 h. Then MTT solution was removed 

and 200μl of DMSO was added to each well. The 

optical density (OD) of each dose was read at 570 nm 

using a microplate reader (BMG LabTech, Germany). 

The % cell viability and % cell death were calculated 

using the following formulas: 

       % Cell viability = 
𝑇𝑟𝑒𝑎𝑡 𝑐𝑒𝑙𝑙𝑠

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑒𝑙𝑙𝑠
 X 100 

       % Cell death = 
𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑂𝐷−𝑆𝑎𝑚𝑝𝑙𝑒 𝑂𝐷

𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑂𝐷
 X 100      

 

2.5. Determination of immunomodulatory activity: 

In vitro intracellular killing activities of 

biosynthesized ZnONPs were performed according to 

reported methods of referenced literature [48, 49]. 

While in vivo immunomodulatory involved (Relative 

immune organs weight and indexes, as well as 

determining the T lymphocytes subsets (CD4+ and 

CD8+)) were evaluated. Male laboratory-bred Swiss 

albino mice (6-8 weeks old) (n =24), weighing 20 ± 2 

g were used. They were randomly divided into four 

groups, the first group received cell-free supernatant 

(CFS), the second group received ZnONPs 5 µg/ml, 

the third group received vitamin C (positive control), 

and the fourth group received saline in a normal diet 

(negative control) according to reported methods [50-

51]. ZnONPs and vitamin C were prepared in water for 

doses of 5.0 mg/kg body weight and the mixture was 

vortexed for 5 min at room temperature and after that 

sonicated at 4 °C for 10 min then orally administered 

to mice.  

 

2.6. Determination of thymus and spleen indices  

After fourteen days of treatments, Swiss albino 

mice in each group were killed by cervical dislocation. 

The spleen and thymus were removed and weighed. 

The organ index was calculated as follows [51]. 

 

Index (mg per 10g) = 
weight of spleen or thymus (mg)

body weight (g)
  

 

This study was approved by the Social Science 

Ethical Committee of the Faculty of Science, Tanta 

University, and complied with the Egyptian Code of 

Conduct for Scientific Practice, National Research 

Centre, Egypt. 

All procedures related to the care and 

maintenance of the animals were performed according 

to the international guiding principles for animal 

research and approved by the Suez Canal University 

bioethics and animal ethics committee (the approval 

no. 201505). 

 

2.7. Screening for antimicrobial activity 

A Stock solution of biosynthesized ZnONPs 

(5mg/ml) was prepared in distilled water then the 

antibacterial activity was determined against Bacillus 

subtilis (ATCC 6633), Staphylococcus aureus (ATCC 

6538), Pseudomonas aeruginosa (ATCC 9027), 

Escherichia coli (ATCC 7839), Aspergillus niger 

002007(RCMB), Aspergillus flavus (ATCC 16883) 

and Candida albicans (ATCC 10231). This assay was 

performed using the agar well diffusion technique, in 

which, wells (8 mm) were cut in Muller Hinton agar 

(Merck Kga A, Germany) plates inoculated with the 

tested bacteria. Fifty microliters of ZnONPs solution 

were pipetted into each well. After incubation at 37°C 

for 24h and 30°C for 5 days, the inhibition zone 

diameter around each well was measured in mm. 

Antibiotic paper disks of tetracycline and 

https://www.sciencedirect.com/topics/immunology-and-microbiology/albino
https://www.sciencedirect.com/topics/immunology-and-microbiology/albino
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amphotericin B were used for comparison in this assay 

that was carried out according to the Kirby-Bauer 

method [52]. 

 

2.8. Statistical Analysis 

The means of three replicates and the standard 

deviation (SD±) were calculated for all obtained 

results and the data were subjected to analysis of 

variance. Means share different superscripts are 

significantly different at (P< 0.05) [53]. 

 

3. Results  

3.1. identification of the actinomycete producer 

    After seven days of incubation at 37˚C, pure 

colonies were isolated on starch casein agar medium 

and sub-cultured on ISP-4 agar medium. Culture 

characteristics of actinomycete isolate El-Menia-19  

are presented in Table (S1). It exhibited very well to 

good growth on ISP-3, ISP-4, ISP-5, and ISP-7 media. 

The color of the aerial mycelium appeared grey to 

white, while the substrate mycelium fluctuated from 

beige to yellow. This isolate does not produce soluble 

pigment on various ISP media. Also, showed moderate 

growth on ISP-1, ISP-2, and ISP-6 media. 

Micromorphological characteristics of actinomycete 

isolate, grown on inorganic salts-starch agar (ISP-4) 

were investigated under light microscopy Figures 1 (A 

and B) and exhibited straight shaped mycelium that 

further differentiated into smooth-surfaced spores and 

unique morphological characteristics were seen under 

a scanning electron microscope Figure 2 (C and D). 

The average diameter of the spores is around 0.10 mm. 

The spore chain consists of 10-15 spores/chains. The 

whole-cell hydrolysate of this strain contained LL-

diaminopimelic acid (LL-DAP), and this isolate has a 

chemo-type I cell wall with no specific sugars could 

be recognized. Detailed physiological and 

biochemical properties of the strain are given in the 

species description in Table (S2).  The isolate El-

Menia-19 shows cultural similarity with Streptomyces 

rochei. To confirm the identification of the isolated 

Streptomyces species, the 16S rRNA gene sequence of 

the local isolate was compared to sequences of 

Streptomyces sp. Experimental analysis of the PCR 

amplification was studied through the agarose gel 

electrophoresis exhibited a specific 16S rRNA band. 

The phylogenetic tree Figure (2) showed that the 

locally isolated strain is closely related to 

Streptomyces rochei, which was constructed using the 

neighbor-joining method with the aid of the MEGAX 

tree builder program. Bar 0.20 substitutions per 

nucleotide position. Multiple sequence alignment was 

done between the sequences of the 16S rRNA genes of 

Streptomyces rochei and other eight Streptomyces sp. 

and the local isolate. Computer-assisted DNA similar 

searches against bacterial databases revealed that the 

16S rRNA sequence was 99.49% identical to that of 

Streptomyces rochei. The nucleotide 16S rRNA gene 

sequence was deposited in the NCBI gene bank under 

accession number MW717421.1   

 

 
Figure (1): (A) growth of actinomycete isolation 

ISP-4, (B) Phase-contrast micrograph showing 

straight shaped mycelium, (C and D) transmission 

electron microscopy (TEM) showing straight-shaped 

mycelium that further differentiated into smooth-

surfaced spores. 

 

A 

B 

D 

C 
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Figure (2): Phylogenetic tree based on partial 16S rDNA sequences, showing the relationship between isolate 

El_Menia-19 and other species belong to the genus Streptomyces. The tree was constructed using the MEGAX 

and neighbor-joining method. 

3.2. Biosynthesis of ZnONPs by Streptomyces 

rochei  

The precursor solution of zinc nitrate was 

reduced by cell-free supernatant (CFS) of 

Streptomyces rochei. The color changed from pale 

yellow to milky white, indicating the formation of 

ZnONPs. 

3.3. Characterization of Biosynthesized ZnONPs  

3.3.1. UV-Visible Spectrophotometer (UV-Vis.) . 

The dispersion of ZnONPs displays intense 

colors due to the plasmon resonance absorption. The 

surface of the metal is like plasma, having free 

electrons in the conduction band and positively 

charged nuclei. Therefore, metallic nanoparticles have 
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the characteristic of the optical absorption spectrum in 

the UV-visible region. As shown in Figure (3 A), the 

UV-Visible spectrum of ZnONPs synthesized by 

active cell-free filtered (CFF) has a spectrum at λ 

maximum at 455 nm.  

 

3.3.2. Dynamic Light Scattering (DLS) 

DLS analysis is mainly used to determine the size 

of particles in different suspensions. To examine the 

particle size distribution, DLS was also performed, 

and its results were compared to the TEM data. The 

average particle size for ZnONPs was determined by 

the dynamic light scattering (DLS) method and found 

to be approximately 36.3 ± 6.8 nm as shown in Figure 

(3 B).   

 

3.3.3. Transmission Electron Microscopy (TEM) 

The transmission electron microscopy (TEM) 

examination of the solution containing ZnONPs 

demonstrated spherical particles within nano ranging 

from 14.52 nm to 36.2 nm with the average mean 

diameter of 30.75 nm as shown in Figure (3C).  

 

3.3.4. X-Ray Diffraction (XRD). 

The crystallinity and crystal phase of the 

synthesized ZnONPs was examined by XRD. ZnONPs 

showed peaks with 2θ values identified at 31.841°, 

34.507°, 36.324°, 47.592°, 56.634°, 66.426°, 67.983°, 

69.091°, and 76.987° corresponding to planes (100), 

(002), (101), (102), (110), (103), (112), (201) and (202) 

planes respectively, Figure (3D), confirming that the 

material has a hexagonal close-packed crystalline 

structure in space group. The average crystallite size 

of the ZnONPs was determined using the Debye–

Scherrer equation  

D = 
𝟎.𝟗𝛌

𝚩 𝐜𝐨𝐬(θ)
  

Where D is the crystal size (nm), λ is the X-ray 

wavelength (0.1541 nm), β is the full width at half 

maximum in radians and θ is the diffraction angle at 

the corresponding lattice plane. The average crystallite 

size of the ZnONPs was found to be approximately 36 

nm, which correlates with the TEM images.  

 

3.4. In vitro cytotoxicity of biosynthesized ZnONPs 

The biosynthesized ZnONPs from Streptomyces 

rochei were subjected to cytotoxicity on HFB-4 and 

Vero cells. The dose-dependent effect of ZnONPs 

against eukaryotic cells was observed. The human 

HFB-4 viability after treatment with 0, 1, 2, 4, 8, 16, 

32, 64 and 128 µg/ ml for 24h ZnONPs was found to 

be 100, 100, 97, 85, 84, 58, 45, 32 and 20%, while in 

Vero cells (derived from kidney epithelial cells of 

African green) was 100, 100, 94, 83, 80, 54, 40, 27 and 

15%, respectively (Figure 4).  

 

 

 

 

 
Figure (3) (A) UV-visible spectrum (B) DLS pattern 

of the particle size distribution (C) XRD pattern and 

(D)  TEM of ZnONPs synthesized using 

Streptomyces rochei, 
 

D 

C 

B 

A 



Bioengineering of zinc oxide nanoparticles as therapeutics for immunomodulatory and antimicrobial activities 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. SI:13 (2022) 

1479 

 
Figure (4) Cytotoxic activity of biosynthesized 

ZnONPs against HFB-4 and Vero cells 

 

3.5. Immunomodulatory Activity  

 3. 5. 1. In vitro intracellular killing activities 

The most promising compound was evaluated 

against in vitro intracellular killing activities using 

nitro blue tetrazolium (NBT) reduction assay and the 

obtained results were expressed by percentage (%), 

where increasing of the percentage led to an 

improvement in the killing ability of neutrophils that 

used as innate immunity. In the present study, the 

immunomodulatory activity of (CFS) of Streptomyces 

rochei and ZnONPs were investigated. As represented 

in Table (1), intracellular killing activities displayed 

potency as an immunomodulatory agent with a 

percentage of 137.2 ± 0.18 and 88.6 ± 0.05 % for both 

CFS ZnONPs and (CFS) of Streptomyces rochei, 

respectively. 
 

Table (1): Intracellular killing activities of (CFS) and 

ZnONPs  

Compound 
Intracellular killing 

activity % 

Streptomyces rochei, 

(C.F.S) 
88.6 ± 0.05 

ZnONPs 137.2 ± 0.18 
 

3. 5. 2. In vivo Immunomodulatory investigation 

The immunomodulatory activities of the 

compounds were evaluated by determining their effect 

on immune organs, thymus, and spleen. There was a 

significant increase in spleen and thymus weight (p ≤ 

0.05) in ZnONPs treated group compared to the 

vitamin C group (positive control). There was also a 

significant change in spleen and thymus indices. 

ZnONPs had a significantly high thymus index of 

0.586 ± 0.02 compared to normal group. while CFS 

showed activity less than ZnONPs at 0.178 ± 0.14 

Table (2).  T-lymphocytes were analyzed from 

peripheral blood and the relative levels of CD4+ and 

CD8+ T lymphocytes subsets were determined. From 

the results in Table (3), there was a significant increase 

in the percentage number of CD4+ T lymphocytes in 

samples treated with ZnONPs and showed the highest 

percentage of 85.2 ± 0.07, while CFS showed the 

lowest percentage with 74.6 ± 0.06 % in comparison 

with the positive control (treat vitamin C) with a ratio 

of 76.74 ± 0.7 %. Also, there was a significant increase 

in the percentage number of CD8+ T lymphocytes in 

samples treated with ZnONPs and showed the highest 

percentage with 25.3 ± 0.03%, while CFS exhibited 

17.34 ± 0.22 % in comparison with positive control 

with a ratio of 19.62 ± 0.21 %. No significant changes 

were noticed in body weight between the control 

groups and treatment.  

 

3.6. Antimicrobial activity of (CFS) and 

biosynthesized ZnONPs  

The antimicrobial activity of the (CFS) and 

ZnONPs was investigated against Gram-positive, 

Gram-negative bacteria, and some fungal strains as 

shown in Table (4). The inhibition zone of ZnONPs 

ranges from 15.0 to 28.5mm, while (CFS) exhibits an 

inhibition zone ranging from 12.0 to 18.0 mm against 

Aspergillus niger and Staphylococcus aureus 

respectively. Moreover, MIC of ZnONPs ranged from 

8.67 µg/ml to 125 µg/ml against Candida albicans and 

Aspergillus niger, while (CFS) recorded MIC ranging 

from 62.5 to 250 µg/ml against Bacillus subtilis and 

Pseudomonas aeruginosa respectively. Tetracycline 

and amphotericin B were used as positive control and 

a single dose of ZnONPs showed stronger potential 

than the positive control.  

 

 

Table (2) Effect of compounds on immune organs index. 

Index Normal Vitamin C 5 mg/kg CFS ZnONPs 5 mg/kg 

Spleen mg 90 ± 0.02a* 260 ± 0.028b 123 ± 0.015c 275 ± .0.64d 

Thymus mg 19.63 ± 0.35A 17.2 ± 0.31B 10.42 ± 0.66C 18.67 ± 0.03D 

Spleen index 0.004 ± 0.00a 0.019 ± 0.00b 0.012 ± 0.00c 0.0016 ± 0.00d 

Thymus index 0.29 ± 0.26A 0.633 ± 0.06B 0.178 ± 0.14C 0.586 ± 0.02D 

*Values share different characters are significantly difference 
 

Table (3) Effect of compounds on T lymphocyte population.   

TL Cells % Normal Vitamin C 5 mg/kg CFS ZnONPs 5 mg/kg 

CD4+ 79.82 ± 1.3a** 76.74 ± 0.7b 74.6 ± 0.06c 85.2 ± 0.07d 

CD8+ 18.55 ± 1.9A 19.62 ± 0.21AB 17.34 ± 0.22AC 25.3 ± 0.03D 

**Values share different characters are significantly difference 
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Table (4): Antimicrobial activity of (CFS) and ZnONPs  

Microbial 

test strains 

Mean diameter of inhibition zone (mm)/ minimum inhibitory concentration (MIC) 

(µg/ml). 

Streptomyces rochei, 

(C.F.S) 
ZnONPs 

Antibiotics 

 

Tetracycline   

 

Amphotericin B  

Inhibitio

n zone 
MIC 

Inhibitio

n zone 
MIC 

Inhibitio

n zone 
MIC 

Inhibitio

n zone 
MIC 

Bacillus 

subtilis  

ATCC 6633 

15±0.40 
62.5±0.2

8 

17.5±0.3

6 

31.25 

±0.02 
18±0.06 

31.25 

±0.17 

-- -- 

Staphylococc

us aureus 

ATCC 6538 

18±0.34 
125±0.2

8 

28.5±0.3

4 

31.25 

±0.13 
27±0.32 

62.5± 

0.05 

-- -- 

Escherichia 

coli  

ATCC 7839 

17±0.15 
125±0.2

5 
26±0.28 62.5±0.11 32±0.13 

31.25 

±0.02 

-- -- 

Pseudomonas 

aeruginosa 

ATCC 9027 

14 ±0.46 
250±0.1

7 
17±0.47 

31.25±0.0

7 
20±0.28 

15.6

2 

±0.0

3 

-- -- 

Candida 

albicans  

ATCC 10231 

16± 0.41 
62.5±0.1

4 
22±0.40 

8.67 

±0.15 
-- -- 

19±0.45 15.62±0.0

5 

Aspergillus 

niger 

 RCMB 

002007 

12 ± 0.34 
125±0.0

2 
15±0.40 125 ±0.85 -- -- 

16±0.40 62.5 

±0.05 

Aspergillus 

flavus  

ATCC 16883 

-- -- 16 ±0.47 
62.5 

±0.01 
-- -- 

17 

±0.34 

31.25 

±0.01 

 

4. Discussion 

The biological activities of ZnONPs have 

received significant interest worldwide especially by 

the application of nanotechnology to synthesize 

particles in the nano scale. The present study 

highlights the cytotoxic potential, immunomodulatory 

and antimicrobial activities of biosynthesized 

ZnONPs. Biosynthesis of nanoparticles provides an 

eco-friendly and low-cost method. The biological 

approach for the synthesis of metal nanoparticles 

includes plants, microorganisms encompassing groups 

such as bacteria, yeasts, fungi, and actinomycetes as 

manufactories [36]. Several studies reported the using 

of cell-free supernatant (CFS) of Streptomyces species 

for biosynthesis of metal nanoparticles [37, 54, 55]. 

The proteins and amino acids present in the CFS of 

Streptomyces rochei are the key reductants responsible 

for reduction of zinc nitrate to zinc oxide nanoparticles 

and may be used as a reducing agent for the synthesis 

of metal nanoparticles [37, 55]. Characterization of 

biosynthesized ZnONPs by UV-Visible spectrum 

exhibits a distinct peak centered around 455nm that is 

specific for zinc oxide nanoparticles which is due to 

their large excitation binding energy [56]. It is well 

known from absorption peak that the bandgap 

increases by the decreasing in particle size. According 

to Gupta et al., [57] the absorption edge systematically 

shifts to the lower wavelength or higher energy with 

the decreasing size of the nanoparticle. The dynamic 

light scattering (DLS) of ZnONPs exhibits particles 

size of 36.3 nm. These results disagree with the 

findings by Debnath et al., [58]. The slight difference 

in ZnONPs particle size may be due to the method 

used for the synthesis and purification of ZnONPs. 

Balraj et al., [54] reported that the biosynthesized 

ZnONPs using cell-free supernatant of Streptomyces 

sp. had a spherical shape with a mean diameter of 

about 20-50 nm. The transmission electron 

microscopy (TEM) revealed that the biosynthesized 

ZnONPs are spherical particles within the nano scale 

ranging from 14.0 nm to 36.0 nm. On the other side, 

when zinc nitrate is used as a precursor, the spherical 

ZnONPs are formed and aggregated to form flower-

shaped bundles. This aggregation is due to the polarity 

and electrostatic attraction of zinc nanoparticles. Also, 

Shabnam et al., [59] reported these observations. The 

particle size obtained from DLS measurements is, of 

course, larger than the TEM results because DLS 

analysis measures the hydrodynamic radius [60]. The 

XRD of ZnONPs showed many different peaks, these 

diffraction peaks were very similar to peaks obtained 

by Balraj et al., [54], Debnath et al., [59]. 
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In vitro cytotoxicity study of ZnONPs on HFB-4 

and Vero cells showed that LC50 values were 18.5 and 

17.3 µg/ml, respectively. The LC50 values of ZnONPs 

were in the range of 1-100 mg/l, in case of ZnO, algae 

were exceptionally sensitive, and the toxicity of ZnO 

particles to algae was about 100-fold higher (LC50 0.1 

mg/l) than most other organisms [23]. These results 

are in agreement with LC50 recorded by Tianshu et al., 

[61]. The cytotoxicity and superoxide generation were 

shown in vitro curing with ZnONPs above 20μg/ml 

[62]. The wide range of applications raises concerns 

concerning their potential toxicity [24]. Also, Salem et 

al., [63] reported that dose (25 mg/kg body weight) of 

ZnONPs suspension injected in adult rats does not 

affect the cognitive capacity and neurotransmitters 

levels. In the present study, the immunomodulatory 

activity of ZnONPs exhibit intracellular killing 

activities displayed potency as an immunomodulatory 

agent with a percentage of 137.2 ± 0.18 by using the 

nitro blue tetrazolium (NBT) method. One of the broad 

methods used for determining immune disorders for 

patients in hospitals is the nitro blue tetrazolium test to 

measure their immune responses. The reduction of 

NBT dye provides information about the phagocytic 

and intracellular killing functions of neutrophils that 

are important for microbiocidal activity [48-64]. 

Saptarshi et al., [9] demonstrate that sub-cytotoxic 

doses of ZnONPs can stimulate a strong inflammation. 

Since zinc is an essential trace element and plays an 

important role in regulating cellular metabolism, it is 

also possible that increased exposure to ZnONPs may 

cause immunomodulation. 

In vivo Immunomodulatory activity of ZnONPs 

on immune organs, thymus and spleen revealed 

significant increase in spleen and thymus weight (p ≤ 

0.05) and significant change in spleen and thymus 

indices. ZnONPs had a significantly high thymus 

index of 0.586 ±0.02. Jitendra et al., [58] demonstrate 

that concentrations less than 50mg/kg of ZnONPs 

showed immunomodulatory effects. Our results 

revealed a significant increase in the percentage of 

CD4+ T lymphocytes in samples treated with ZnONPs 

with highest percentage of 85.2 ± 0.07 and an increase 

in the percentage of CD8+ T lymphocytes with a 

percentage of 25.3 ± 0.03.  The role of nanoparticles 

in macrophages' phagocytic activity was underlined by 

Paul et al., [66]. No significant changes were noticed 

in body weight between the control groups and 

treatment. Comparing with the control groups, the 

mice were given 50 mg/kg of ZnONPs exhibited an 

increase in the absolute weights of the spleen due to 

immunological overload on the spleen [65]. Saptarshi 

et al., [9] demonstrate that ZnONPs are a strong 

immune stimulator.  

The antimicrobial activity of ZnONPs exhibits 

inhibition zone ranging from 15.0 to 28.5mm, against 

Aspergillus niger and Staphylococcus aureus and MIC 

ranging from 8.67 µg/ml to 125 µg/ml against 

Candida albicans and Aspergillus niger, respectively. 

Iqbal et al., [67] reported antimicrobial activity of 

ZnONPs with MIC 37.5µg/ml against E. coli ATCC 

15224, Staphylococcus. aureus ATCC 25923, 

Klebsiella pneumonia ATCC 4617, Bacillus subtilis 

ATCC 6633 Aspergillus niger FCBP 0918 and 75, 

150µg/ml against Pseudomonas aeruginosa ATCC 

9721 and Aspergillus flavus FCBP 0064, respectively. 

The direct contact of ZnONPs with the bacterial cell 

and the production of reactive oxygen species (ROS) 

close to the bacterial membrane that causes damage to 

bacterial cells has also been suggested to be the other 

mechanism [68]. First, the cell wall of the bacteria and 

then the oxidative damage proceeds to the inner 

cytoplasmic membrane and peptidoglycan layer. 

Affecting the respiratory activities, slow leakage of 

RNA and proteins and rapid leakage of K+ ions are 

believed to be the primary reason for bacterial death. 

The global negative charge of the bacterial cells at the 

biological pH occurred due to the dissociation of 

carboxylic groups [69], while ZnO has positively 

charged properties at the zeta potential of +24 mV. The 

interaction/electrostatic force that occurred between 

negatively charged bacterial cells and positively 

charged ZnO leads to disruption of the cell wall and 

damage occurred by entering the cell [68]. Brayner et 

al., [70] showed that the interaction between E. coli 

cells and ZnONPs yields cell wall disorganization and 

subsequently internalization of NPs into the cells. 

They recognized fundamental damage to E. coli with 

disorganized cell walls by SEM images which showed 

the changed morphology, a consequence of 

intracellular content leakage. Likewise, the images 

revealed that ZnONPs are both outside and inside the 

cell bordered probably by lipopolysaccharides 

released by bacteria. They demonstrate the capability 

of ZnONPs to decrease the bacterial growth. It was 

attributed to membrane perturbation and raising of its 

permeability, which in turn causes the gathering of 

ZnONPs inside the membrane and then reaches the 

cytoplasm [70]. 

 

5. Conclusion 

In summary, a rapid method for extracellular 

synthesis of metallic ZnONPs using cell-free filtered 

(CF) of Streptomyces rochei, was demonstrated. The 

synthesized ZnONPs were characterized by UV–Vis 

spectra, DLS, TEM and XRD. ZnONPs were highly 

stable and crystalline which was confirmed by the 

XRD pattern. The synthesized ZnONPs had shown the 

best antimicrobial efficacy on both Gram-positive, 

Gram-negative bacteria and some fungi. ZnONPs 

showed a significant immunostimulatory effect and 

intracellular killing activities potency with a 

percentage of 137.2 ± 0.18 % and with a percentage 

for CD4+ and CD8+ of 85.2 ± 0.07% and 25.3 ± 0.03 

%, respectively. The present study has opened a 

possible way for synthesizing ZnONPs against 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24261419
https://www.tandfonline.com/author/Amara%2C+Salem


 Gamal M. El-Sherbiny et. al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. SI:13 (2022) 

1482 

microbial pathogens using natural biomolecules which 

could be used in the pharmaceutical industry.  
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