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1. Introduction 

Klebsiella pneumoniae causes a wide variety of 

infectious diseases. It is a Gram-negative, rod shape, 

non-motile, facultatively anaerobic, lactose fermenter 

with a protuberant capsule bacillus, which is 

universally present in the environment such as water, 

soil, vegetation and freely isolated from mammalian 

mucosal surfaces (1), incapable of growth at 10ºC, not 

forming H2S and negative for indole test (2). 

Lipopolysaccharide (LPS) is a large heat-stable 

polymer that is gram-negative bacteria's major outer 

membrane component, accounting for roughly 75% of 

the surface area and 5-10% of the total dry weight. 

Lipid A, core oligosaccharide, and repeating 

polysaccharide designated as ′′O′′ antigen make up their 

basic composition. Lipid A is highly conserved and is 
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Abstract 

Klebsiella pneumoniae causes a wide variety of infectious diseases. Lipopolysaccharide (LPS) is a large heat-

stable polymer that is gram-negative bacteria's major outer membrane component, accounting for roughly 75% 

of the surface area and 5-10% of the total dry weight. Therefore the current in vivo study was carried out to 

investigate the immunomodulatory effect of purified lipopolysaccharide produced from local clinical Klebsiella 

pneumoniae isolates compared with ZnO-NPs and LPS-ZnO NPs. To do the experimental evaluations 35, 

Balb/c mouse was injected intramuscularly (i.m.) with different concentrations of the purified LPS, ZnoNPs and 

LPS-ZnoNPs for 12 days and immunized with 10% SRBCs (i.p) on day 4 and 8 of the schedule, while K. 

pneumoniae suspension and normal saline for positive and negative control groups. Focus on estimating body 

weight before and after treatment, Arthus and delayed-type hypersensitivity, and detecting serum level of 

cytokines (TLR-2, IL1Beta, IL4, and IL10) using sandwich ELISA. The data showed the highest value before 

and after treatment with LPS-ZnO NPs recorded in 2µg/mouse was 27. 92±1.48 and 31.50±0.4, respectively. In 

Arthurs reaction and Delayed type hypersensitivity, the highest results showed in the positive control group 

injected with K. pneumoniae 4.08±0.17 and 4.86±80.02, respectively. The results of TLR-2 showed the highest 

value in the positive control group, 242.17±3.98 pg/ml, followed by Group LPS at 135.51.58 pg/ml. The results 

of Interleukin-1Beta showed the highest value in the positive control group, 254.88±3.51 pg/ml, followed by 

Group LPS 174.3± 1.46 pg/ml. The concentration of IL-4 in serum of treated albino mice showed the highest 

value in the positive control group, 136.2±1.12 pg/ml, followed by Group LPS 86.12±1.49 pg/ml. While the 

highest value of IL-10 was recorded in the positive control group, 98.58± 4.09 pg/ml, followed by Group LPS- 

ZnoNP in concentration 4µg/ mouse was 86.018±0.69 pg/ml. The results of the statistical analysis showed a 

significant difference (P≤0.05) between LPS, ZnoNPs, and LPs-ZnoNPs treated groups and control groups 

(positive & negative). In the present study, we can conclude that LPS-ZnO NPs had a positive 

immunomodulatory effect on immune response in immunized mice. As shown in the results of the level of IL-1 

beta, IL-4, IL-10, and TLRs-2, Abs titer, and Arthus and DTH reactions.  

Keywords: K. pneumoniae, LPS- ZnO NPs, Arthus, DTH Reactions, Cytokines, TLR-2  
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responsible for its toxicity due to its endotoxic action 

(3). 

Nano-technology is high-speed science related to 

other sciences like Biology, Physics, Chemistry, 

Engineering, and other sciences. It deals with 

Nanoparticles sized 0.1 to 100 nm; also, these 

compounds display properties like electrical 

conductance, chemical reactivity, magnetism, thermal 

conductivity, chemical stability, physical strength, and 

optical effects from huge compounds due to their small 

size (4). 

Zinc oxide nanoparticles are inorganic metal oxide 

that can be used safely as a medication, antibacterial 

agent, and package preservative. It quickly permeates 

meals and eliminates microorganisms. Nanoparticles of 

antibacterial zinc oxide infiltrate the cell membrane and 

inhibit the development of pathogens. By oxidative 

stress, lipids, proteins, carbohydrates, proteins, and 

DNA are all harmed (5).  

Cytokines are hormone-like glycoproteins with low-

molecular synthesized by different immune cells, 

mainly by T cells, neutrophils, and macrophages, which 

are responsible for promoting and regulating immune 

responses such as activity, differentiation, proliferation, 

and production of cells. These glycoproteins act on 

signaling molecules and cells, stimulating them toward 

sites of inflammation, infections, and traumas and 

acting on primary lymphocyte growth factors and other 

biological functions (6). 

IL-1 beta is a pro-inflammatory cytokine produced by 

a limited number of cell types, such as circulating 

immune cells, monocytes, tissue macrophages, and 

dendritic cells. It plays a central role in generating and 

regulating inflammation as a part of the immune 

response during inflammation and in influencing 

additional physiological and pathological functions 

such as auto-immune diseases and malignancies (7). 

IL-4 is a cytokine produced by Th2 cells, mast cells, 

basophils, eosinophils, and neutrophils that stimulates a 

diverse array of biological responses. It plays a vital 

role in regulating inflammation and immune responses. 

Interleukin-4 plays a critical regulatory role in allergic 

responses and has antitumor and anti-inflammatory 

effects. IL-4 acts upon B lymphocytes, monocytes, 

dendritic cells, and fibroblasts and its expression (8). 

Interleukin-10 is an effective anti-inflammatory and 

immunosuppressive cytokine that plays a vital role in 

preventing inflammatory and auto-immune pathologies. 

It has a broad range of direct and indirect effects on 

innate and adaptive immunity (9). 

Toll-like receptor 2 (TLR2) is a member of the Toll-

like receptor family and plays a significant role in the 

induction of innate immune cells through an MYD88-

dependent pathway. It is an innate immune cell 

receptor that recognizes several pathogen-associated 

molecular patterns (PAMPs) and DAMPs and 

subsequently activates MYD88-dependent intracellular 

signaling (10). Therefore, determining the 

immunomodulation activity of the pure 

lipopolysaccharide coating of zinc oxide nanoparticles 

in vivo was the objective of this investigation.  

2. Materials and Methods 

2.1. Isolation and Identification of Klebsiella 

pneumoniae 

One hundred and fifty samples of K. pneumoniae 

were collected from different sources in sterilized 

containers from different hospitals in Baghdad, Iraq (as 

mentioned in the previous study). 

2.2. Extraction, Purification, and Binding of LPS- 

ZnO-Nanoparticles  

LPS extraction and purification LPS was extracted by 

a hot phenol-water method described by Galanos, 

Lüderitz (11). Partial Purification of LPS by Gel 

Filtration (Sephacryl S-300) (12). ZnO-NPs powder 

was purchased from Iran, and the binding of ZnO-

nanoparticles with lipopolysaccharide was done 

according to Li, Shi (13). 

2.3. Study Design 

Thirty- five female albino mice (Balb/c), aged 

between 8-12 weeks and 26–31.5 g weight, were used 

in this study. The mice were obtained from Al-Nahrain 

Biotechnology Research Center and kept in plastic 

cages, housed under a standard condition in the animal 
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house of the Department of Biology/College of 

Science/ Mustansiriyah University. The mice were left 

for 2 weeks for adaptation before the experiments 

began. 

 The current study included seven (7) groups, all 

Balb/c mice injected intramuscularly (i.m.) for 12 days 

as follows: 

Group 1: Negative control: injected with 50 µl of 

normal saline. Group 2: Positive control injected with 

50 µl of Klebsiella pneumoniae suspension equal to 

<1×109 CFU/ml adjusted to 0.5 Macfarland turbidity 

tube. Group 3:  injected with 50 µl of 

lipopolysaccharide (0.001µg/mouse) Group 4: injected 

with 50 µl of ZnO-nanoparticles (15µg/mouse) Group 

5:  injected with 50 µl of lipopolysaccharide ZnO-

nanoparticles (1µg/mouse) Group 6: injected with 50 µl 

of lipopolysaccharide ZnO-nanoparticles (2µg/mouse) 

Group 7: injected with 50 µl of lipopolysaccharide 

ZnO-nanoparticles (4µg/ mouse). Also, all groups were 

challenged on days 4 and 8 of the injection schedule by 

10% sheep RBCs (0.2ml/ mouse, i.p.). The immune 

response was assayed on days 11 and 12 of treatment 

using in vivo and in vitro assays. 

2.4. Blood Sample Collection 

After 12 days of treatment, the whole blood samples 

were collected in plan tubes to obtain serum, and the 

serum was stored at -20°C until used for 

immunological assays. The body weight of all the 

animals was measured before and after treatment in 

immunized albino mice treated with LPS, ZnoNPs, 

LPs-ZnoNPs, and positive and negative control groups. 

2.5. Arthus and DTH Reactions                                                                      

All mice in the study groups were injected with 50 μl 

of 10% washed SRBC in the right footpad and the left 

footpad injected with 50μl of normal saline as control. 

The thickness was measured after 4 hrs. to determine 

Arthus reactions and after 24 hours to determine DTH 

Reactions (14). 

2.6. Hemagglutination Test 

Hemagglutination test was performed as follows: to  

 

do this serial double-fold dilution of serum samples 

was made that obtained on day 12 in the 96 healthy 

round bottom microtiter plate by mixed 50 μl of serum 

in the first well with 50 μl of phosphate buffer saline 

and transport 50 μl to another wall which contains 50 μl 

PBS, then added 50 μl of 5% washed sheep red blood 

cells added to each well, and the plate incubated at 37 

ºC for 2hrs. After the incubation period, read 

agglutination. Control for serum and SRBCs were 

made. Hemagglutination is expressed as titer: the 

inverse of the last dilution is positive. 

2.7. Measurement of Serum Cytokines and TLRs-2 

Levels   

The levels of IL-1Beta, IL-4, IL-10, and TLRs-2 in 

the serum of mice were measured through ELISA. All 

the procedures were performed according to the 

manufacturer’s instructions of Elab-science. 

2.8. Statistical Analysis 

The Statistical Analysis values of the investigated 

parameters were given in terms of Mean ± Standard 

Error, and the differences between means were assayed 

by ANOVA, and LSD test, by using the computer 

programmer SPSS version 20. The differences were 

significant when the probability value was equal to or 

less than 0.05.  

3. Results 

The present work shows the mean body weight of 

treated albino mice in seven 7groups before and after 

treatment with purified LPS, ZnoNPs and LPs-ZnoNPs. 

The highest value recorded in the LPs-ZnoNPs group 

(2 µg/mouse) is (27. 92±1.48) and (31.50±0.4) 

respectively, Then the highest value was in groups 

treated with ZnoNPs (15µg/mouse) was (27.51±1.14) 

and (29.9±0.72) respectively. In comparison, the LPS 

group (0.001 µg/mouse) was (26.5±0.82) and 

(28.83±0.53), the lowest value recorded in the Positive 

Control group (25.47±1.19) and (25.68±0.16) 

respectively, with a significant difference at P≤0.05 

(Table 1).  
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As appeared in table 2, Arthus reaction and Delayed 

type hypersensitivity have revealed these results 

(Figure 1). The highest value was recorded in the 

positive control group injected with K. pneumoniae 

(4.08±0.17) and (4.86±80.02), respectively. In groups 

treated with LPS-ZnoNPs (4µg/mouse), the highest 

value of Arthus reaction was (3.56±0.12) Delayed type 

hypersensitivity highest value was (4.23±0.09) and the 

lowest value recorded in the LPS group (3.30±0.07) 

and (3.44±0.09) respectively, other groups recorded 

different values of significant difference at P≤0.05. 

The mean of Abs titer showed the highest value in the 

positive control group (551.62±7.68), followed by 

Group LPS (411±11.04). The lowest value was 

recorded in group LPs-ZnoNP in concentration 2µg 

/mouse (236.52±6.22) with a significant difference 

(P≤0.05), while the other groups recorded different 

values as shown in table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hemagglutination antibody titer essay is one of the 

parameters used to evaluate the animal's humoral immune 

response. In the present work, it has been found that 

sensitization of albino mice with 10% SRBCs stimulate 

the immune system of mice for the formation of antibody 

and high antibody titer found in LPS Group (411±11.046) 

that treated with 0.001µg /mouse of purified LPS, 

ZnoNPs was (397.72±5.679) that treated with 15 

µg/mouse, and LPS-ZnoNPs was (276.2±6.475) that 

treated with 1 µg/mouse where at this concentration they 

have immune-stimulant activity on the immune system of 

the albino mice. On the other hand, this study found that 

the results of the TLR-2 showed the highest value in the 

positive control group (242.17±3.98) pg/ml, followed by 

Group LPS (135.51.58) pg/ml, and the lowest value was 

noted in group ZnoNPs (64.25±1.85) pg/ml with 

significant difference (P≤0.05) while the other groups 

recorded different values as shown in table 4. 

 

 

 

 

 

 

 

Table 1.  The effect of LPS, ZnoNPs, and LPs-ZnoNPs on body weight in albino mice 

 

P-value 
Body Weight After 

(M±SE) 

Body Weight Before 

(M±SE) 
Study groups 

0.335 28.936±0.714B, a 26.79±0.974A, a Negative control 50 µl of normal saline 

0.428 25.683±0.165C, a 25.47±1.194A, a Positive control 50 µl of Klebsiella pneumoniae suspension 

0.245 28.833±0.538B, a 26.5±0.824A, a LPS(0.001µg/mouse) 

0.416 29.9±0.724AB, a 27.51±1.144A, a ZnoNPs (15µg/mouse) 

0.450 30.596±0.55A, a 27.72±1.247A, a LPs-ZnoNPs (1 µg/mouse)µg 

0.505 31.507±0.449A, a 27.92±1.48A, a LPs-ZnoNPs (2 µg/mouse)µg 

0.413 30.393±0.548AB, a 27.33±1.171A, a LPs-ZnoNPs (4 µg/mouse)µg 

 3.380379 0.776 P-value 

 1.607 Non. Sign. LSD1.11. 

 

M: Mean, SE: standard error, µg: microgram, ml: milliliter, P: probability. Different letters represent a significant difference between 

means in columns (P≤0.05), while similar letters denote non-significant differences between means in columns (P>0.05) 

Table 2. LPS, ZnoNPs, and LPS-ZnoNPs on Arthus and delayed-type hypersensitivity in immunized albino mice 

 

Delayed type hypersensitivity (24 h) Arthus reaction (4 h) 
Study groups 

Mean ± SE (mm) Mean ± SE (mm) 

3.1332±0.026E 2.4038±0.039D Negative control 50 µl of normal saline 

4.8668±0.026A 4.081±0.175A Positive control 50 µl of Klebsiella pneumoniae suspension 

3.4476±0.095D 3.305±0.079BC LPS (0.00 1µg/mouse) 

3.784±0.131C 3.326±0.091BC ZnoNPs (15 µg/mouse) 

3.5076±0.063D 3.1586±0.025C LPs-ZnoNPs (1 µg/mouse) 

3.9468±0.079C 3.342±0.05BC LPs-ZnoNPs (2 µg/mouse) 

4.236±0.094B 3.563±0.127B LPs-ZnoNPs (4 µg/mouse) 

0.00006 0.00021 P-value 

0.237709 0.282059 LSD 

 

M: Mean, SE: standard error, µg: microgram, ml: milliliter, P: probability. Different letters represent a significant difference between 

means in columns (P≤0.05), while similar letters denote non-significant differences between means in columns (P>0.05) 
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Figure 1. Delayed type hypersensitivity after 24 hours. A: proper footpad control. B: left footpad test injection SC by 50 µl of 10% RBCs 

Table 3. Antibodies titer in studied groups 

 

Antibodies titer * 
Study groups 

Mean ± SE 

56.837±0.466F Negative control 50 µl of normal saline 

551.62±7.687A Positive control 50 µl of Klebsiella pneumoniae suspension 

411±11.046B LPS (0.001µg/mouse) 

397.72±5.679B ZnoNPs (15 µg/mouse) 

276.2±6.475D LPs-ZnoNPs (1 µg/mouse) 

236.52±6.229E LPs-ZnoNPs (2 µg/mouse) 

298.13±3.135C LPs-ZnoNPs (4 µg/mouse) 

0.00034 P-value 

19.0805 LSD 

 

M: Mean, SE: standard error, µg: microgram, ml: milliliter, P: probability. Different letters represent a significant difference between 

means in columns (P≤0.05), while similar letters denote non-significant differences between means in columns (P>0.05). 

Table 4. Serum level of TLR-2, IL-1 Beta, IL-4, IL-10 (pg/ml) in LPS, ZnoNPs and LPs-ZnoNPs treated BALB-c mice and control groups 

 

IL-10 IL-4 IL-1 Beta TLR-2 
Study groups 

 Mean±SE 

pg/ml 

Mean±SE 

pg/ml 

Mean±SE 

pg/ml 

Mean±SE 

pg/ml 

63.211±0.798D 26.833±0.36F 71.68±1.274F 17.167±0.912F Negative control 50 µl of normal saline 

98.58±4.092A 136.2±1.127A 254.88±3.515A 242.17±3.98A Positive control 50 µl of klebsiella pneumoniae suspension 

85.14±1.082B 86.12±1.498B 174.3±1.462B 135.5±1.583B LPS( 0.001)µg 

71.807±0.786C 44.571±0.632E 101.52±1.516E 64.25±1.855E ZnoNPs(15 µg/mouse) 

74.66±2.271C 63.202±0.347D 133.9±0.584D 87.167±0.912D LPs-ZnoNPs ( µg/mouse 1) 

82.68±1.69B 61.06±0.275D 130.8±0.253D 85.5±1.583D LPs-ZnoNPs( 2 µg/mouse) 

86.018±0.692B 80.405±0.249C 162.4±0.579C 98.83±1.824C LPs-ZnoNPs( 4 µg/mouse) 

0.00012 0.00005 0.00013 0.00007 P-value 

5.757758 2.273188 4.794245 5.921519 LSD 

 

M: Mean, SE: standard error, µg: microgram, ml: milliliter, P: probability. Different letters represent a significant difference between 

means in columns (P≤0.05), while similar letters denote non-significant differences between means in columns (P>0.05). 
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The level of Interleukin-4 was determined in the 

serum of treated albino mice showed the highest value 

in the positive control group (136.2±1.12) pg/ml, 

followed by Group LPS (86.12±1.49) pg/ml and the 

lowest value was recorded in group ZnoNPs 

(44.57±0.63) pg/ml with significant difference 

(P≤0.05) while the other groups recorded different 

values as shown in table 4.  

Interleukin 4 is associated with activation of B 

lymphocytes and differentiation to IgE-producing cells. 

IgE has a role in evoking allergy. The decline in IL-4 is 

a good marker that ZnoNPs (0.004 µg/mouse) and LPs-

ZnoNPs (2µg/mouse) could be used in treating disease. 

The results of Interleukin-10 showed the highest 

value in the positive control group (98.58±4.09) pg/ml, 

followed by LPS-ZnoNP in concentration (4µg/ mouse) 

(86.018±0.69) pg/ml and the lowest value was recorded 

in ZnoNP (71.807±0.78) pg/ml with significant 

difference (P≤0.05) while the other groups recorded 

different values as shown in table 4.  

From the results of the current study, it has been 

found that highly significant differences were observed 

in IL-10 concentration in the serum of mice treated 

with 4 µg/mouse of the purified LPS-ZnoNPs. A 

significant increase in the level of IL-10 provides 

evidence that this cytokine plays an essential role in 

immune and inflammatory response towards the 

purified LPS-ZnoNPs, where the Expression of 

cytokine IL-10 contributes to reducing the 

inflammation. Interleukin-10 is considered a prototypic 

anti-inflammatory cytokine and inhibits the production 

of pro-inflammatory cytokines in vitro and in vivo. 

4. Discussion 

The obtained results showed that purified LPS, 

ZnoNPs, and LPS-ZnoNPs treated mice sensitized with 

SRBCs had high levels of antibodies when these mice 

were injected subcutaneously with SRBCs (Arthus 

reaction). The term refers to the inflammation that 

results from the deposition of immune complexes at a 

localized site (15). It represents an experimental model 

investigating the mechanism responsible for immune 

complex-mediated pathologies such as serum sickness 

or systemic lupus erythematosus. ZayedP (16) 

concluded that the administration of ZnO NPs in rats 

induces significant changes in body and organ weight 

and feed intake, perhaps does of ZnO NPs cause many 

toxicities and certain disturbances in the body.  

The immunoglobulins involved in the Arthus reaction 

are complement-fixing IgG or IgM, and antibodies do 

not mediate in the DTH reaction; the DTH is dependent 

upon the interaction of exogenous antigens T cells, and 

also antigen-presenting cells all produce cytokines that 

stimulate a local inflammatory response in a sensitized 

individual. Delayed type hypersensitivity has been used 

as a parameter to measure the animal's cell-mediated 

immune response (17). 

Matsui, Rouleau (18) concluded that the delayed 

inflammatory response in sensitive animals might be 

the reason for their susceptibility. Chen, Xie (19) used 

LPS to activate immunity in advance, significantly 

improving the survival rate. This coincides with the 

latest progress in domestication immunotherapy for 

leptospirosis (20). The protein levels of pro-

inflammatory cytokines TNF-α and IL-1β were up-

regulated in mice induced by LPS. It is reported that 

IL-1β and TNF-α promote the activation of 

macrophages and subsequent secretion of immuno-

regulators, including pro-inflammatory factors that 

amplify the inflammatory response (21) 

IL-1beta is a 17-kDa cytokine primarily produced by 

monocytes and macrophages and plays a crucial role in 

several inflammatory processes. IL-1 induces fever, 

expression of leukocyte adhesion molecules, 

hypotension, and synthesis of cyclooxygenase 

products. Therefore, IL-1 is a likely mediator of the 

systemic effects of Gram-negative infections. Although 

IL-l alpha and IL-l beta are distinct gene products, 

these two forms of IL-1 bind to the same receptors and 

share biological activities. A naturally occurring "IL-1 

inhibitor" had been shown to block IL-1 activity by 

competing with IL-1 for occupancy of its receptor (22). 

The inflammatory activity of LPS is mainly due to the 

activation of the TLR4 signaling pathway in innate 
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immune cells. Upon TLR4 activation, cells produce 

many inflammatory and stimulating cytokines such as 

IL1b, a crucial inflammatory immune feedback 

mechanism, and anti-inflammatory factors such as the 

IL-1 inhibitor IL-1Ra (23).         

The binding of LPS to TLR4 leads to the activation of 

NF-_B through the recruitment and activation of 

MyD88, IL-1R kinase (IRAK), TNFR associated factor 

6 (TRAF-6), as well as NADPH oxidase (Nox). 

Olejnik, Kersting (24) used different concentrations of 

solid ZnO. Their results showed that ZnO Nanospheres 

and ZnO Microrods caused low expression of some 

cytokines levels: IL-1a, IL-1b, IL-1ra, and IL-3. In 

contrast, high expression was noticed in IL-6. Other 

concentrations showed a variable effect on the studied 

parameters.   

(IL-4) is an anti-inflammatory cytokine that is a 20-

kDa polypeptide secreted by T cells and mast cells and 

has pleiotropic effects on hematopoietic cells. Human 

IL-4 promotes the growth of activated B and T cells, 

induces IgE production, and enhances the expression of 

B cell surface antigens, including the low-affinity 

receptor for IgE (FceRII/CD23) and class II major 

histocompatibility complex molecules (25). 

The increased level of IL-10 provides evidence that 

this cytokine plays an essential role in immune and 

inflammatory responses. In contrast, the Expression of 

Interleukin 10  is a potent anti-inflammatory cytokine 

that plays an essential role in preventing inflammatory 

and auto-immune pathologies.IL-10, produced by the 

various innate and adaptive immune cells, including 

monocytes, macrophages, dendritic cells, B cells, and 

CD4+ and CD8+ T cells, IL-10 plays an important 

protective role. It is required to prevent bacterial 

dissemination and host morbidity by controlling 

effector T cells and the associated downstream 

hyperactivation of inflammatory (26). 

Hanley, Thurber (27) illustrated and concluded that 

ZnO nanoparticles of controlled size were synthesized, 

and their cytotoxicity toward different human immune 

cells was evaluated. A differential cytotoxic response 

between human immune cell subsets was observed, 

with lymphocytes being the most resistant and 

monocytes being the most susceptible to ZnO 

nanoparticle-induced toxicity. An inverse relationship 

was observed between nanoparticle size and 

cytotoxicity, as well as nanoparticle size and reactive 

oxygen species production. In addition, ZnO 

nanoparticles induce the production of the pro-

inflammatory cytokines, IFN-γ, TNF-α, and IL-12, at 

concentrations below those causing appreciable cell 

death. These results underscore the need for careful 

evaluation of ZnO nanoparticle effects across a 

spectrum of relevant cell types when considering their 

use for potential new nanotechnology-based biological 

applications. This may explain the influence of ZnO on 

the immune parameters used in this study (27).                                                                                                 

Li, Shi (13) used E. coli LPS coated with gold (Au) 

NPs and examined the effects of LPS adsorption on the 

NP surface on the formation of a corona in biological 

fluids and on the subsequent inflammation-inducing 

activity of LPS onto the NP surface can affect the 

corona formation and the inflammatory properties of 

NPs. Thus, for an accurate interpretation of NP 

interactions with cells, it is essential to distinguish the 

intrinsic NP biological effects from those caused by 

biologically active contaminants such as endotoxin.    

Jang, Xu (28) studied the lipopolysaccharide (LPS) 

coated copper sulfide nanoparticles (LPS-CuS) for 

immuno-photothermal therapy. They evaluated the 

effect of LPS-CuS for induction of apoptosis of CT26 

cells and activation of dendritic cells. Moreover, the 

LPS-CuS and laser irradiation were examined for anti-

metastasis effect by liver metastasis model mouse in 

vivo. Their results demonstrated the potential usage of 

LPS-CuS for immuno-photothermal therapy against 

various types of cancer by showing the apparent 

elimination of primary colon carcinoma with complete 

prevention of spleen and liver metastasis.                                                         

 In the present study, we can conclude that LPS-ZnO 

NPs had a positive immunomodulatory effect on 

immune response in immunized mice. As shown in the 
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results of the level of IL-1 beta, IL-4, IL-10 and TLRs-

2, Abs titer, and Arthus and DTH reactions, it may be 

possible to apply this complex as new nanoparticle-

based vaccine adjuvants or immune therapeutics.  
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