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ABSTRACT 
Magnesium oxide (MgO) is one of the most promising nanoparticles due to its mono-metallic 

oxide group, High melting point, no toxicity issues, high hardness, and high purity. For those 

reasons, these materials were used in many fields including medicine, agriculture, electronics, 

energy, and environmental protection. Leuconostoc spp. was used as a facility to biosynthesize 

MgO nanoparticles, then optimized pH and Mg (NO3)2.6H2O concentration for its 

antibacterial activity and cellular immunity reactions including skin sensitivity through 

studying Interleukin 1-Beta (IL-1β), Interleukin 17 (IL-17) and Interleukin 2 (IL-2) responding. 

The study shows that the optimum pH for Magnesium Oxide (MgO) biosynthesis was 12, 

optimum Mg (NO3)2.6H2O concentration was 0.1 M, while antibacterial activity shows a high 

effect on Gram-negative bacteria with 125 µg/ml as minimum inhibiting concentration (MIC) 

and 500 µg/ml as minimum bactericidal concentration (MBC), the immunity study appeared 

that the MgO nanoparticles (MgONPs) altered the immunity response in skin test duration 

and diameter of MgONPs as 1.31±0.55, 9.33±1.15, 11.33±1.75 and 8.33±0.75 mm after 4,24,84 

and 72 hours, respectively. IL-1β, IL-17 and IL-2 show significant differences compared to the 

control group at P-value ≤ 0.05 as 82.305±13.38, 101.444±16.943 and 49.781±5.264, respectively. 

MgONPs can be used as an alternative treatment for multidrug resistance MDR bacteria due 

to their high effectiveness against bacterial growth, MgONPs induced the cellular immunity 

response in rabbit tissues as delivery of immunogen. 

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Magnesium oxide nanoparticles (MgONPs) have been widely used in a variety of 

applications: medical, electronical, energy and environmental studies [1]. Many studies 

in the last decades prepared metal oxides nanoparticles with large reactive surface 

areas possessing unique magnetic, electronical, optical, thermal, chemical and 

mechanical properties due to their special chemical and physical properties [2–4]. 

MgONPs showed excellent antibacterial effects against a wide range of pathogenic 

microorganisms for both Gram-positive and negative groups, so that may effectively 

help in medical fields as an alternative treatment, especially those multidrug resistance 

bacteria MDR [5]. Studies reported that the MgONPs activity against bacteria through 

the production of reactive oxygen species ROS which induce peroxidation of lipid in 

bacteria [6]. 

MgONPs have been evaluated for their effect on the immune system via an effect on 

humoral immune responses from the upward neutralizing antibodies, but due to 

commercial additives like Alum, which may lead to bad immune response 

consequences, but in general, there was no toxicity became discovered from using 

MgONPs as an adjuvant could be taken into consideration as a promising treatment [7]. 
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Nanoparticles generally interact with many immune system components, which 

improves or drawbacks their interaction in the body [8]. Nanoparticles can dramatically 

activate the immune system like vaccination, Cytokines are cell to cell messengers just 

like hormones, which means nanoparticles can be used to maximize Cytokines activity 

by promoting a delivery carrier. Cytokines’ physiological role is widely recognized in 

tissue homeostasis, cell differentiation, delivery and immune tool response to trauma, 

inflammation, and infection [9,10]. 

Cytokines, as an anti-inflammatory was frequently measured to predict immune-

modulation as a result of using nanomaterials in-vivo study as a response to measure 

the toxicity of nanomaterials, additionally alternate therapeutic effects of 

pharmaceutical substances delivered by nanoparticles [11]. NLR family pyrin 

containing 3 (NLRP3) expressed by macrophage, activation of NLRP3 triggered the 

immune response and act as an anti-inflammatory, nanoparticles can mediate NLRP3 

activity to affect the secretion of IL-1β, which in turn double-walled carbon nanotube 

have reinforced the anti-inflammatory role of cytokine IL-1β released by monocyte 

through NLRP3 pathway [12,13]. 

Previous studies used E. coli as a pathogen model by collecting outer membrane 

vehicles OMV and coating them onto magnesium nanoparticles MgONPs to create 

what are called bacterial membrane magnesium nanoparticles BM-MgONPs which in 

turn activate rapidly the immune response of lymphocytes, results of this study show 

immune response higher than OMV only, so they used nanomaterials as vaccination. 

BM-MgONPs induce the production of interferon-gamma INFγ and interleukin 17 (IL-

17) indicating the capability to generate strong Th1 and Th17 biased cell responses 

against bacterial infection [14]. 

 

MATERIALS AND METHODS 

Ethical statements 

Every volunteer has given written informed permission. This research received ethical 

approval (DSM/HO-1632) for scientific research from the Ministry of Health MOH and 

Ministry of Higher Education and Scientific Research MOHESR ethics committees in 

Iraq. 

 

MgONPs synthesis from leuconostic spp.  

MgONPs with 43.85 nm were prepared and characterized in a previous study [15].  

MgONPs suspension at 4µg/ml concentration, where 4mg of the nanoparticles powder 

were dissolved in one ml of deionized distilled water and they were mixed well with 

vortex, then placed in a sonicator Ultra Sonic Bath and then filtered with a microfilter 

[16]. 

 

Optimization of MgONPs synthesis 

The effect of various physicochemical parameters such as pH and Magnesium nitrate 

hexahydrate concentration were studied to determine the optimum growth condition of 

MgONPs synthesis [17,18]. The effects of pH were studied by incubating the broth of 

bacteria with Mg (NO₃)₂.6H₂O, pH (6, 8, 10, 12,14) was adjusted in a series of 5 tubes. 

The culture was harvested incubator at 40°C for 20min. Media then were incubated at 

room temperature for 10hr., then centrifuged to sediment the MgONPs and washed 
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twice with DW and examined in UV-spectrophotometer. An experiment was designed 

for the detection of the optimum concentration of the substrate for biosynthesis of 

MgONPs. Two concentrations (1 and 0.1) M from Mg (NO₃)₂.6H₂O were examined for 

the optimum concentration for MgONPs biosynthesis. The optimum pH was used, and 

all the tubes were incubated in a shaking incubator at 40°C for 20min. Media then were 

incubated at room temperature for 10hr, then centrifuged to sediment the MgONPs and 

washed twice with DW and examined in a UV -spectrophotometer. 

 

Antibacterial activity test of MgONPs by agar well diffusion method  

The activity MgONPs as an antimicrobial against MDR human pathogen was tested 

against Gram-negative bacteria Salmonella Typhi, the test was carried out according to 

clinical and laboratory standards institute instruction [19,20]. In this study, we used the 

agar well diffusion method to assess bacterial responses to inhibition or resistance to 

MgONPs, so a serial dilution of MgONPs was prepared as (500, 250, 125, 62.5, 31.25, 

15.6 µg/ml) in triplicates, the bacterial isolates were firstly incubated at 4°C for 15 

minutes before transmitted to 37°C, measuring of inhibition zone was taken directly 

after the appearance of inhibition then recording time and inhibition zone diameter 

with a digital vernier calliper. 

 

Minimal inhibitory and minimal bactericidal concentration (MIC and MBC) test of 

MgONPs 

McFarland tube 0.5 was prepared as a standard for an estimate the bacterial growth, 

candidate bacterial isolates were incubated at 37°C overnight in a 10 ml nutrient broth 

medium, then inoculation each sample with 1ml of the microbial suspension (108 

colony/ml), MgONPs were prepared as six dilutions (diluted in deionized water) as 

follow: 500, 250, 125, 62.5, 34.25 and 15.6 µg/ml, and same dilutions without MgONPs 

as a negative control, the MIC measured by spectrophotometer at 600 nm after 

incubation, well showed no turbidity in nutrient agar plates, bacterial colonies show no 

growth presented as MBC [21]. 

 

Preparation of MgONPs vs antibiotics combination 

A mixture of our candidate MgO nanoparticles and other antibiotics were prepared by 

choosing a minimal active dose of MgONPs and antibiotic as 125 µg/ml MgONPs + 

5mg/ml CIP, and 125 µg/ml MgONPs + 10mg/ml GN and inserted in every well of at 

room temperature for 1 hour then incubated for 24 hours at 37°C. Bacterial isolates 

standardized at 1.5*108 in 0.1 ml, agar medium drilled by cork borers [19,20].   

 

Immunization of lab animals  

Laboratory animals in this study included six New Zealand adult male rabbits 

Oryctolagus cuniculus in the animal house of the College of Sciences/the University of 

Babylon, fed with healthy no additives during the experiment, each rabbit was about 1-

1.5 kg of weight at 3-5 months age. The animals were immunized intramuscularly with 

MgONPs synthesized by Leuconostoc spp. at 1 ml per 1 kg according to [22]. The layout 

of the experiment was carried out by immunization of three rabbits with MgONPs with 

4 µg/ml of concentration at 1 ml per each 1 kg of animal weight, and the control group 
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was injected with normal saline, the experiment was prolonged for three weeks and 

animals one dose per week [23].  

Blood samples were collected by heart puncture with a sterile disposal syringe (about 8-

10 ml) from six immunized rabbits with MgONPs and non-immunized animals (control 

group). Half of the blood volume about 2-4 ml of collected blood was left at room 

temperature till clotted, then centrifuged at 3000 rpm per 5 minutes. Serum was 

collected and divided into 0.5 ml in an Eppendorf tube and froze till the testing time, 

serum was divided into small groups to prevent any errors that may occur due to 

repeated freezing and thawing. The remaining half of the collected blood was placed in 

an EDTA tube to prevent coagulation [24]. 

 

Skin test 

A skin test was carried out in the fourth week of the experiment when started by 

examining the intradermal skin layer for both groups (MgONPs injected and control 

groups) and recording the observed changes after 4, 24, 48 and 72 hours. This test was 

to find out the effect of MgO nanoparticles on the sensitivity of animals and the effect to 

stimulate the immune response of animals. Interleukin (IL-1β, IL-2 and IL-17) levels 

were measured according to manufacturer instruction of (Elabscience-China) by ELISA 

technique. 

 

Statistical analysis 

Data were analyzed and processed by SPSS 19 software performing a One-Way 

Analysis of Variance (ANOVA) test, Mean, Standard Deviation (SD), and P-value 

which was below 0.05 considered for statistical significance [25]. 

 

RESULTS 

MgONPs biosynthesis optimization 

pH optimization, optimizing of pH important factor in nanoparticles biosynthesis due 

to its effect on the stability of nanoparticles structure which may affect the aggregation 

of the particle also the physical properties of nanoparticles, in this study we assess the 

optimum pH of MgONPs synthesized by a bacterial isolate by preparing pH as 6, 8, 10, 

12 and 14 (buffering accomplished by NaOH 1% and HCl 1% to reach accurate pH 

value), the results depending on wavelength 350-700 nm which show that the pH=12 

was the best pH value show optimum absorption by spectrophotometer as shown in 

figure 1. 

Nanoparticles salt magnesium-nitrate hexahydrates Mg (NO₃)₂.6H₂O concentration 

used as additives to the medium broth in this study as 0.05, 0.1 and 0.2 M as well as 

0.05, 0.1 and 0.2 M for NaOH which prepared according to [9], the salt concentration 

shows best yield production was at 0.1 M when measured at 100-1000 nm of 

wavelength as shown in figure 2. 

The experiment was carried out depending on the Taguchi method, by preparing 

different concentrations of Mg (NO3)2.6H2O were added to NaOH solution and stirred 

for 30, 60, and 90 minutes then separated by centrifugation, washing solution to remove 

any impurities then dried by the oven, Magnesium hydroxide powder was crystalized 

at 450°C in a furnace resulting white powder made from magnesium oxide 

nanoparticles [5,15,17]. 
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Figure 1. Different pH values to detect the best pH for Leuconostoc spp. for MgONPs synthesis. 

 

 

Figure 2. The production of MgONPs that synthesis by isolating Leuconostoc spp. in different concentrations 

of salt. 

 

Antibacterial activity of MgONPs against MDR bacteria and determination (MIC) 

and (MBC) test 

The antimicrobial activity of candidate MgONPs was evaluated with four types of 

Salmonella Typhi isolates which were diagnosed biochemically by the Vitek-2 system. 

MIC and MBC were established with serial dilution by broth microdilution technique 

then the growth was measured with a spectrophotometer at 600 nm of wavelength as 

shown in table 1. 
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MIC of MgONPs result was 125 µg/ml and the MBC was 500 µg/ml these results show 

the effectiveness of magnesium oxide nanoparticles as an antimicrobial agent [26], 

MgONPs alone or in combination with other antimicrobial agents came with the same 

results which are reduction in the number of Gram-negative bacteria according to this 

study and a previous study [27,28]. As shown in table 2. 

 

Table 1. MIC and MBC of MgONPs for Salmonella Typhi. 

Salmonella Typhi Isolates NO MgONPs Leuconostoc spp. 

MIC μg/ml MBC μg/ml 

Salmonella Typhi 1 125 500 

Salmonella Typhi 2 125 500 

Salmonella Typhi 3 125 500 

Salmonella Typhi 4 125 500 

 

Table 2. Antibiotic susceptibility of Salmonella Typhi by agar well diffusion test. 

Salmonella Typhi isolates NO. Inhibition Zone Diameter in mm 

CIP* 5mg/ml GN* 10mg/ml 

Salmonella Typhi 1 31(S*) 30 (S) 

Salmonella Typhi 2 30 (S) 22 (S) 

Salmonella Typhi 3 26 (S) 25 (S) 

Salmonella Typhi 4 28 (S) 25 (S) 

*CIP=Ciprofloxacin, GN= Gentamicin, S=sensitive 

 

Table 2 shows the increase of antibiotics concentration led to making bacteria more 

susceptible to antibiotics, diameter inhibition zone of MgONPs in Salmonella Typhi 

colonized Petri dish was about 22, 25, 30 and 31 mm from the centre of the inhibition 

zone (125 µg/ml) as shown in table 3, while the inhibition zone of CIP with different 

concentrations (diluted with distilled water) 5mg/ml was 31, 30, 26 and 28 mm in 

diameter of four isolates of Salmonella Typhi, for the GN 10mg/ml the diameter of 

inhibition zone was 30, 22, 25 and 25 mm for same isolates. 

Table 3 revealed MgONP’s effectiveness in inhibition of Salmonella Typhi growth as 

many other previous studies [29] which discovered that the MgONPs show the best 

antimicrobial activity against Bacillus subtilis, Salmonella Typhi (Gram-negative 

bacteria) and E. coli (Gram-positive bacteria), table 4 show the activity of MgONPs as 

an antimicrobial agent in combination with GN and CIP antibiotics against Salmonella 

Typhi. 

As shown in table 4 the combination of MgONPs 125 μg/ml + CIP 5mg/ml show 

inhibition zone as 33, 25, 30 and 25 mm for the 4 Salmonella Typhi isolates, while the 

combination of MgONPs 125 µg/ml + GN 10 mg/ml show inhibition zone diameter as 

25,33, 30 and 31 mm. 
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The effect of antimicrobial activity of MgONPs against Salmonella Typhi clearly appears 

in figure 3, The results reveal that when antibiotics are combined with MgONPs, 

bacteria become more susceptible. These findings are consistent with those [30] who 

investigated the same hypothesis. MgONPs showed antibacterial activity against both 

gram-positive and gram-negative bacteria (Staphylococcus aureus and Escherichia coli, 

respectively) at a minimal inhibitory concentration. When antibiotics were combined 

with MgONPs, there was a substantial increase in bacterial sensitivity P ≤ 0.05. Many 

studies have indicated that the antibacterial mechanism of MgONPs is due to the 

formation of ROS such as superoxide anion (O2 −) [31]. Some studies reported that the 

increasement of MgONPs surface area led to increasing of O2 in solution which in its 

led to increasing damage to the bacterial cell walls [3,32]. 

Figure 3. Effect of MgONPs with Antibiotics by agar well diffusion test against Salmonella typhi. A: Antibiotics 

CIP and MgONPs with Antibiotics CIP B: Antibiotics GN and MgONPs with Antibiotics GN, C: MgONPs 

only. 

 

Table 3. Antibacterial activity of MgONPs against Salmonella Typhi by agar well diffusion test. 

Salmonella Typhi Isolates NO. Inhibition zone diameter in mm 

MgONPs 125μg /ml 

Salmonella Typhi1 22 

Salmonella Typhi 2 25 

Salmonella Typhi 3 30 

Salmonella Typhi 4 31 
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Table 4. Combined effect of MgONPs with antibiotic of Salmonella Typhi by agar well diffusion 

test. 

Salmonella Typhi 

Isolates NO. 

Inhibition zone diameter in mm 

MgONPs* 125 μg /ml+CIP* 5mg/ml MgONPs 125 μg /ml+GN* 

10mg/ml 

Salmonella Typhi1 33(S*) 31(S) 

Salmonella Typhi2 25(S) 25(S) 

Salmonella Typhi3 30(S) 30(S) 

Salmonella Typhi4 25(S) 31(S) 

*CIP=Ciprofloxacin, GN= Gentamicin, S=sensitive 

 

Effect of MgONPs on cytokines 

The skin test was measured in all the animals that were immunized, and the results 

were measured and compared to the control group. As shown in figure 4, the 

induration of skin was higher after 48 hrs. compared with other times. The skin 

appeared with erythema and induration and necrosis.   

A skin test was performed to study the effect of MgONPs on cellular immunity, which 

erythematic, pus cell, induration and necrosis. The induration diameter of animal 

groups immunized with MgONPs that synthesis by isolate leuconostic spp. as shown in 

table 5 was 1.31 mm after 4 hrs. of immunization, after 24 hrs. of injection, the skin of 

rabbits immunized with MgONPs showed pus cell and induration diameter was 9.33 

mm and showed a significant increase (P≤0.05) when compared to the mean of 

induration diameter after 4 hrs. Also, results showed after 48 hrs. of injection increases 

with MgONPs was shown pus cell and necrosis and the mean induration diameter was 

11.33 mm and had significant differences when compared to the induration diameter 

after 24 hr., but after 72 hrs. of injection with MgONPs was shown erythema, pus cell 

and necrosis and had significantly decreased (P≤0.05) in the mean of induration 

diameter which reached 8 mm and 8.33 mm compared the mean of induration diameter 

after 48 hrs.  

 
Figure 4. Skin test of the immunized rabbits (A) as control after 72 hrs, and (B) represented as immunized 

rabbits with MgONPs after 24 hrs. 

 

Table 5. Skin sensitivity of the immunized rabbits. 

Rabbit groups Mean ± S.D (mm) 

Time of result After 4 hr. After 24 hr. After 48 hr. After 72 hr. 

control 00.00 00.00 00.00 00.00 

MgONPs 1.31"±0.55 9.33"±1.15 11.33"±1.57 8.33"±0.57 
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Table 6. The concentration of IL-1β, IL-17 and IL-2 (pg/ml) in immunized and controlled rabbits  

 

T

h

e

  

The results of the production of cytokines were estimated using the equation from the 

standard curve carried out with the same test. Statistical analysis of IL-1 β, IL-17 and IL-

2 showed a mean value (17.700 ± 2.545, 50.310 ± 5.498 and 23.434±2.501) respectively, of 

the control group when compared to the immunized group with MgONPs the mean 

value was (82.305±13.38, 101.444±16.943 and 49.781±5.264) respectively, as shown in 

table 6.   

Immune system drives the specialized immune cells T cells to the skin where they 

release chemical messengers called lymphokines, which have been sensitized by prior 

infection. These lymphokines produce induration at and around the injection site (a 

hard, elevated region with distinct borders) by promoting local vasodilation (increases 

in blood vessel diameter), producing oedema, fibrin deposition and other types of 

inflammatory cells [33]. 

 

DISCUSSION 

The results show that pH 12 was the best pH value gave the maximum MgONPs yield 

production when measured by spectrophotometer at wavelength 350-450 nm, studies 

show that the pH value, when drooped to less than 10 show very low concentration of 

nanoparticles produced by microorganisms and that, occur due to unfavourable 

condition for bacterial growth which in turn lead to decrease metabolism levels of 

microorganisms [24]. Hydroxyl group in the surface of nanoparticles in pH 12 (alkaline) 

permit high absorption by UV light, pH value and many other factors that directly 

effect on biosynthesis process such as; stability of nanoparticles, chemical structure, 

application target, etc., these factors play important roles as a reducing agent as 

enzymes, carbohydrates, proteins and other molecules presents in biomass filtrate 

which can affect directly on the biosynthesis process [26]. 

The results of antimicrobial activity revealed that when antibiotics are combined with 

MgONPs, bacteria become more susceptible. These findings are consistent with those 

[30] who investigated the same hypothesis. MgONPs showed antibacterial activity 

against both gram-positive and gram-negative bacteria (Staphylococcus aureus and 

Escherichia coli, respectively) at a minimal inhibitory concentration. When antibiotics 

were combined with MgONPs, there was a substantial increase in bacterial sensitivity 

P≤0.05. Many studies have indicated that the antibacterial mechanism of MgONPs is 

due to the formation of ROS such as superoxide anion (O2 −) [31]. Some studies 

reported that the increasement of MgONPs surface area led to increasing of O2 in 

solution which in its led to increasing damage to bacterial cell walls [3,32]. 

The results of the skin test revealed that the DTH for the skin used as the indicator of 

cellular immunity in rabbits immunized by the different kinds of Salmonella antigens 

revealed a substantial increase in inoculated animals. Testing of the final result. Parallel 

with [34], who found that after 24 hours the skin response was higher [35,36]. The DTH 

response is characterized as a remembrance or T-cell reaction because it needs a certain 

LDS 
Mean±SD Parameter 

IL-2 IL-17 IL-1β  

24.155 
49.781±5.264 101.444±16.943 82.305±13.38 MgONPs 

23.434±2.501 50.310±5.498 17.700±2.545 Control 
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antigen to be prematurely immunological responsive [31,35]. It can detect some 

antigens which have been already known to respond to immunity, providing an 

indicator for T-cells’ activity to recall antibodies. The major responses for DTH are 

human neutrophils, followed by fusion of mononuclear cells made up of macrophages 

and T cells, whereas the mouse reacts highly to DTH antigens in mice [36,37].  

Results found by this study agree with the previous study Delay-type Hypersensitivity 

DTH was induced by induction of pro-inflammatory cytokines through Th1 responses 

by AgNPs in rabbits [37]. Lubberts (2015) referred that the diameter of the inflamed 

area of injected rabbits with the antigens after 4, 24, 48 and 72 hours show a significant 

increase in contrast to the control group (at P-value ≤ 0.05), these results refer that the 3 

antigens types inducing the Delay-Type Hypersensitivity DTH which belong to IV type 

of hypersensitivities which act as a result from T-cells inflammation activity where 

antibodies not involved [38]. The inflammation response results from T-cell reacting 

and responding to antigens, soluble molecules play important role in clinical 

immunology as a group, then microphage digest or separate those soluble molecules to 

their precursors and detect the components to stimulate immune chemical signals to 

communicate with other cells, chemokines considered cytokines that induce leukocyte 

hemotoxins, there are several other stimulating activities initiated along with cytokines. 

The other function of interleukin’s IL-1β, IL-2 and IL-17 is the enhancement of 

immunological response, inducing T and B cells that were susceptible to IL-1β, while 

IL-2 was largely involved with lymphocytes [38,39], IL-17 is a pleiotropic cytokine that 

plays a crucial role in establishing autoimmune disease, IL-17 also enhance the fatality 

immune interaction via recruitment of inflammatory cells like neutrophils, T-cells and 

dendritic cells, on the other hand, this excessive elimination of immune cells activity to 

their target in the chronic inflammatory reaction is a harmful and may lead to 

autoimmune disease, therefore the high regulation roles is mandatory for 

immunological homeostasis maintenance [40]. 

Carol and his colleagues (2008) demonstrated that a significant inflammatory response 

has been observed in the release of IL-1β after 24 hours of exposure to 15 nm of 

nanoparticles, and IL-1β was the most intermediates of fever and other symptoms 

appearance which raise as a response to illness since that the macrophages stimulated 

by lipopolysaccharides to release [41,42]. Metal nanoparticles influence immunological 

activities as same as protein antigens but with different immune response pathways 

[42]. Virus-like nanoparticles (VLN) are molecules that resembled viruses but are non-

infectious due to a lack of viral genetic materials, VLN can naturally synthesize by 

individual expression of viral capsid proteins, or from different or combinations of 

different capsid proteins viruses to create recombinant VLN [43,44]. VLN co-expressed 

IL-2 with many different anchors of membrane receptors, C-terminus of IL-2 fuse with 

glycosylphosphatidylinositol anchors receptors with 2 immunological-like domain 

structures of CD16 which lead to stimulation of T-cells and inducing the CD8 and T-

cells effect in vivo [45]. The majority of antigen-specific T-cells react with IL-2 to 

liposomes after each dose injected, the repeating process increase T-cells toxicity by 

increasing activation and proliferation of T-cells [46,47]. 

 

CONCLUSIONS 

From the results obtained, the use of Leuconostoc spp. for the biosynthesis of MgONPs is 

an effective and low-cost method. In addition, it can be used this nanoparticle as an 

anti-bacterial and anti-biofilm produced by bacteria, indicating the possibility of using 

them in both medical and non-medical applications, especially when in combination 
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between these nanoparticles and antibiotics. When studying the skin test after injection 

with nanoparticles to laboratory animals, the skin response was high, and this indicates 

the activity of T cells stimulating antibodies. Also, measuring the level of cytokines 

after the injection led to an increase in DTH, which in turn leads to a harmful 

inflammatory reaction that leads to autoimmune diseases. 
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