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Abstract 

 The Titanium dioxide nanoparticles (TiO2 NPs) have been synthesized via biological methods using Aspergillus flavus, and 
were subjected to numerous tests to confirm the formation of nanoparticles such as UV visible spectroscopy X-ray 
diffraction (XRD), Fourier transform infrared (FTIR), Atomic force microscope (AFM) and Scanning electron microscope 
(SEM) analysis. This study evaluates the immunogenic and hematologic effects of TiO2 NPs in vivo in rabbit groups as 
treatment after infection by two pathogenic bacteria; Escherichia coli (G1) and Staphylococcus aureus (G2). A dosage of 20 
mg/kg of TiO2 NPs was administrated orally to the rabbit groups (G1, G2) and the results were compared with the control 
group (G3) which received the same dosage of TiO2 NPs without any prior bacterial infection. The infected groups showed a 
significant reduction in the values of RBC, PCV, Hb compared with the control group (G3) and the groups (TG1, TG2, TG3) 
that were treated with TiO2 NPs. Neutrophils percentages were higher than Lymphocytes in the infected groups compared 
with the control group before and after the treatment. The titers of IgG and IgM showed a significant increase in the infected 
animals compared with the control group and the group that was administrated TiO2 NPs only. The levels of IL-10, IL-6, 
IFN-γ and TNF-α showed a significant elevation (P <0.05) in the serum of infected groups (G1, G2) compared to those 
treated with TiO2 NPs or that found in the control. The oral dosage of TiO2 NPs showed no significant differences at (P 
>0.05) in group (TG3) compared with the control group (G3).  
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1. Introduction 

     According to recent studies, the effectiveness of 
nanoparticles has been evaluated in stimulating the 
immune system. Nanoparticles that target immune cells 
can manipulate or control the immunological diseases such 
as infectious diseases or tumor therapy. If the immune 
system cannot recognize any foreign substance as body-
threatening, this substance is ignored or tolerated. 
Therefore, the immune response must be considered when 
it deals with nanoparticles within the body of the 
organism, (Moyano et al., 2012). There are critical issues 
that should be highlighted in this regard; the most 
important of which is the immune system’s rejection of 
nanoparticles, which the body identifies as foreign 
substances. The toxicity of nanoparticles should be 
assessed and considered, as they could introduce 
pathological changes to the immune system, and that 
would render the nanoparticles incompatible with the 
immune system (Boraschi et al., 2012). Nanoparticles can 
be used as adjuvants (Li et al., 2014), for example,  the 
HIV-2 virus vaccine in mice consists of 
Polymethylmethacrylate (PMMA) nanoparticles which are 

used as adjuvants that can enhance the response of the 
antibodies one hundred times higher than the conventional 
adjuvant aluminum hydroxide [Al(OH)3] (Stieneker et al., 
1991). The mechanism of nanoparticle usage as an 
adjuvant is not well understood, but nanoparticles are 
thought to improve the ingestion of antigen, or stimulate 
the action of antigen-presenting cells (APCs) 
(Dobrovolskaia and McNeil, 2007). A number of studies 
are carried out in vitro and in vivo focusing on the direct 
toxic effects, crystal phase composition, size, charge, the 
route of administration, and amount of dosage of TiO2 
NPs. These are important factors when considering TiO2 
NPs as a drug (Ivo Iavicoli et al., 2012). The American 
Food and Drug Administration (FDA) has determined that 
TiO2 NPs are non-toxic, and have been used in human 
food, medicine, food contact materials (Wist et al., 2004). 
The continual resistance of microorganisms to 
conventional antibiotics stimulates scientific researchers to 
find out alternatives to them especially against the 
multidrug-resistant bacteria. The unique properties of TiO2 
NPs render them important in the pharmaceutical and 
medical industries (Gerhardt et al., 2007). TiO2 NPs have 
a broad spectrum of activity against microorganisms, 
including Gram-negative, Gram-positive and fungi as well 
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(Josset et al., 2008). The other prosperity is that when 
manipulating TiO2 NPs biologically, no toxic substances 
will be produced. Consequently, TiO2 NPs are 
environmental friendly (Llorens et al., 2012).  

2. Material and Methods 

     TiO2 NPs have been synthesized from Aspergillus 
flavus. The biomass of the fungus was prepared by 
cultivation according to Baskar et al. (2013), and the 
synthesis of TiO2 NPs was preformed according to 
Tarafdar et al. (2013). The manufactured nanoparticles 
were subjected to numerous tests to confirm the formation 
of nanoparticles such as UV visible spectroscopy ((UV-
1800 series-Shimadzu/Japan), X-ray diffraction (XRD) 
(XRD-6000- Shimadzu/ Japan), Fourier transform infrared 
(FTIR) (Bruker/ Germany), atomic force microscope 
(AFM) (Phywe measure nano/ England), and scanning 
electron microscope (SEM) (Angstrom/ advanced/ USA) 
analysis. 
2.1.  Preparation of Bacterial Suspension 

 The bacterial suspension was prepared according to 
(Baron et al., 1998), which used to induce experimental 
infection in rabbits.  
2.2. Preparation of Laboratory Animals 

Twelve males of local rabbits (laguscaniculus orycto/ 
SDI/ Samarra) were used in this experiment. Their ages are 
6 months, and their weights range from 700 to 950 g. To 
ensure their safety, they were examined by a specialist 
veterinarian, and were set under observation for seven 
days before the experiment, providing adequate ventilation 
and lighting conditions and a temperature between 23 and 
25oC. The rabbits were fed the optimal formula according 
to (NAS-NRC, 2002). Food was provided, and the 
cleanliness of the cages has been observed, and sawdust 
was periodically changed throughout the experiment. 
2.3. Distribution of Experimental Animals 

As illustrated in Figure 1, three laboratory experiments 
were carried out as follows: 
1. First experiment: Incubation Period 

In the first stage of the experiment, all the animals were 
incubated under the same conditions.  

2. Second experiment: Feeding 
The animals were divided into three groups (each group 
has four animals): G1 was given the bacterial 
suspension of Escherichia coli (E. coli), and G2 was 
given a bacterial suspension of Staphylococcus aureus 
(S. aureus) with an amount of 1 mL per day (1× 108 
cell/ mL). G3 was left without being given any kind of 
dosage. The health status of the animals was monitored 
and the changes were recorded daily. Symptoms began 
to appear clearly on the fifth day, and were clearer on 
the seventh day; these include inactivity, solitude, lack 
of movement, lack of appetite, as well as diarrhea in the 
animals infected with E. coli, and conjunctivitis in the 
animals infected with S. aureus. All the animals have 
been examined by a specialist veterinarian to ascertain 
their infection. Blood samples were withdrawn from 
the animals, and these samples were dispensed in two 
tubes, one without EDTA for serological tests, and the 

other with EDTA for hematological tests (Theml, et. 
al., 2004). 

3. Third Experiment: Treatment 
 The animals that were subjected to the infection (G1, G2) 
and the control group (G3) were administrated TiO2 NPs 
with a concentration of 20 mg/ mL (Sankar et al., 2013) 
via mouth. The health status of all animals was monitored, 
and the procedure continued until the complete 
disappearance of the disease symptoms. Again, their safety 
was checked by a specialist veterinarian. Then, the blood 
samples were withdrawn in two sets of tubes. 

 
Figure 1. Illustrate the experiment design   

G1:   animals infected with E. coli; G2:   animals infected with S. 
aureus; G3:   control group; TG1: Infected G1 treated with TiO2 
NPs; TG2: Infected G2 treated with TiO2 NPs; TG3: G3 treated 
with TiO2 NPs. 

2.4. Parameters Studies 

2.4.1. Hematological Parameters 

     Blood was withdrawn from all groups to perform 
the hematological tests. One mL of blood was withdrawn 
by cardiac puncturing using sterile medical syringes. 
Blood was collected in plastic tubes containing 
anticoagulant EDTA. The total number of white blood 
cells and the differential number of white blood cells (the 
lymphocyte and granulocyte), RBC, Hb, PCV and PLT 
were calculated using automation automatic analysis 
(Company/ Minaray BC-3000 plus/ Germany). 
2.4.2. Serological Parameters  

Immunological tests were carried out on the serum of 
the rabbits to detect the presence of IL-6, IL-10, IFN-γ, 
TNF-α, IgG and IgM in all groups. Blood was collected by 
cardiac puncture. 5 ml of blood was collected in plastic 
tubes free of anticoagulant to obtain the serum using 
centrifuge 3000 rpm for five minutes. The serum samples 
were kept at -20°C until the time of testing using (Elisa kit/ 
eBioscience and Abnovo / UK). 

3. Results and Discussion 

3.1. Hematological Parameters 

     Only few studies have investigated the influence of 
TiO2 NP exposure on the hematological parameters (Ivo 
Iavicoli et al., 2012). Table 1 illustrates some of these 
parameters in the treated rabbit groups. The results 
revealed that there are many effects of E. coli and S. 
aureus infection in male rabbit’s blood parameters. The 
hematological parameters in the infected groups (G1, G2) 
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which are administered 1 mL of E. coli and S. aureus 
suspension, showed significant changes (p<0.05) when 
compared with the normal control group (G3). The total 
white blood cells (WBC) count was found to be increased 
with the reduction in the total red blood cell (RBC) count, 
hemoglobin (Hb), PCV and PLT. The total white blood 
cells count in the group infected with E. coli and S. aureus 
reached 17.5, 16.1(×103 cell / mm3) respectively compared 
with 3.9 (×103 cell / mm3) in the control group.  

The increase in the number of white blood cells after 
being infected with bacteria is attributed to inflammation, 
which usually occurs after bacterial infections. The 
lipopolysaccharide (endotoxin) of gram negative and 
exotoxin of gram positive was found to be immunogenic 
and mitogenic for many immune cells such as B cells and 
T cells (Pulendran et al., 2001; Su et al., 2002). However, 
there were no significant changes of these parameters in 
the treated groups (G1 and G2) which received oral doses 
of 20 mg/mL of TiO2 NPs compared with the control 
group. The results of this study agree with (Aysa, 2017).  

Table 1 shows the significant reduction in the 
hemoglobin level (p< 0.05) for the study groups compared 
with the control group; for the groups infected with E. coli 
and S. aureus it decreased to 9.1, 8.9 (dl/mL)  respectively 
while for the control group it was 12.5 (dl/mL). The 
groups infected with E. coli and S. aureus showed a 
significant reduction in the percentage of PCV reaching 
29.1%, 27 % respectively, compared to 41% for the 
control group. Also, there was a significant decrease in 
platelets count in the infected groups compared with the 
control group. This table shows that the treatment of the 
groups, (G1, G2), with TiO2 NPs restored the number of 
white blood cells close to the control groups. This can be 
ascribed to the positive effects of these inorganic oxides in 
removing the harmful effects of bacteria and the recovery 
of the natural parameters’ values. Accordingly, there was a 
significant decrease in the white blood cells numbers in the 
infected groups after being treated with TiO2 NPs reaching 
4.9, 4.6 (×103 cell / mm3) respectively. The reason for this 
significant decrease in the level of Hb and PCV can be 
attributed to the ability of the pathogenic bacteria to 
produce hemolysin enzyme (Nester et al., 2001). Since 
PCV is a measure of the volume of packed cells, the 
hemolysin in red blood cells leads to a decrease in their 
level. It can also be attributed to the bacterial infection 
impact on the animals’ appetite and the lack of nutritional 
elements that are necessary for the formation of red blood 
cells such as minerals and vitamins. The results were 
consistent with those found in Al-Zamely and Shaymaa 
(2011) regarding the experimental infection in male rats 
with E. coli which resulted in a significant decrease in 
PCV and Hb compared to the control group. Also, the 
results showed that the treatment of the infected groups 
(G1 and G2) with TiOR2R NPs leads to a significant increase 

in Hb and PCV levels. Table 1 indicates an improvement 
in the condition of animals and a recovery of red blood 
cells to their natural composition and formation of 
hemoglobin. This can be ascribed to the ability of TiOR2R 
NPs to control the infection in a short time, and the high 
oxidizing power of the free radicals that can directly 
destroy bacteria. TiOR2 RNPs can inhibit the activity of 
ATPase which leads to the reduction of the essential ATP 
to sustain the bacterial cell life (Cui et al., 2011).  

Table 2 shows that the types of white blood cells 
(eosinophils, monocytes, and basophils) of G1 and G2 
after infection have no significant changes in their levels 
when compared to the control group (P >0.05). The results 
showed that the percentages of neutrophils in the G1 and 
G2 were 19.0 %, 22.3 % respectively, while in the control 
group (G3) it was 53.3 % demonstrating a significant 
decrease. The Lymphocytes showed a significant increase 
in the percentages in G1 and G2 after infection reaching 
47.6 %, 50.7 % respectively compared to the control group 
which reached to 22.6 %. The increased number of 
lymphocytes may be attributed to the infection by the two 
types of bacteria which stimulated the immune system to 
form defensive cells that caused an increase in the total 
number of white blood cells generally and lymphocytes 
particularly. These cells play an important role in 
immunity by secreting the chemical immunoglobulins 
consequently, controlling the pathogenic microorganisms 
(Stites, 1987). The reason behind the decrease of 
neutrophils is the production of leucocidin that destroys 
neutrophils through the lysis of the granule cytoplasm 
(Todar, 2004). When the bacterial infection is severe, these 
cells cannot resist the infection, and the body is forced to 
use lymphocytes as a second line of defense. After 
treatment with TiO2 NPs, the results showed a significant 
increase in the neutrophils proportions at 43.0 % and 
47.3%   respectively   compared to the proportion in the 
infected groups (G1 and G2) before treatment. The 
outcomes of the treatment resulted in the lymphocytes 
reduction reaching 30.3, 26.6 in G1 and G2, respectively.   

The reason for the ability of the cells to recover their 
normal level is the action of nano-oxides in inhibiting 
pathogenic bacteria. The small size enables the 
nanoparticles to penetrate the cell membrane and to 
destruct it leading to loss of minerals, proteins, genetic 
material and finally to the cell death (Foster et al., 2011). 
Adams et al., (2006) noted that ZnO NPs can inhibit about 
90 % of the Gram-positive bacteria and less than that in 
the case of Gram-negative bacteria. The mechanisms of 
cellular toxicity of nanoparticles, including ROS, increase 
the antioxidant system; consequently the cells enter 
oxidative stress that leads to the breakdown of cellular 
components such as lipids, proteins, and genetic material 
(Lovric et al., 2005).  
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Table 1. Effect of TiO2NPs in some hematological parameters in infected animals.  

Parameters 
Groups 

WBC 
(×103 cell / mm3) 

PCV 
% 

RBC 
(×103cell / mm3) 

Hb 
(dl/ml) 

PLT 
(×106 cell / mm3) 

infection stage  
G1 17.5± 1.17 a 29.1± 1.2 b 2.6± 0.35  b 9.1± 1.1 c 34.6± 14.1c 
G2  16.1± 1.08 a 27.0± 2.7 b 2.5± 0.50  b 8.9± 0.4 c 28.0± 4.3 c 
G3  3.9± 0.64 b     41.2± 4.1 a 4.8 ± 0.34 a 12.5± 0.8 a 253.6±55.5a 
treatment stage with TiO2NPs 
TG1  4.9± 0.50   b 37.4±3.0  a 3.7± 0.20   a 11.7± 0.6ab 136.7± 41.6 b 
TG2  4.6± 0.80   b 36.4± 1.2 a 3.4± 0.5    ab 10.5± 1. cb 123.3± 25.1 b 
TG3  3.7± 1.00   b 39.1± 2.7 a 4.3± 0.9    a 11.6± 0.7ab 190± 45.8 ab 

a,c: Values within columns followed by different letters differ significantly at  (p<0.05). 
Table 2. The effect of oral administration of TiO2 NPs in the differential number of white blood cells in rabbits infected with bacteria. 

Parameters 
Groups 

Neutrophils 
% 

Lymphocytes 
% 

Monocytes 
% 

Eosinophils 
% 

Basophils 
% 

infection stage 
G1 19.0± 3.6  c 47.6±2.6  a 0.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a 
G2 22.3± 3.0  c 50.7±6     a 0.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a 
G3  53.3± 4.7  a 22.6±2.5 c 1.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a 
treatment stage with TiO2NPs 
TG1 43.0± 3    b 30.3±3.2 b 0.6 ±0.5 a 0.0± 0.0 a 0.0± 0.0 a 
TG2  47.3±6.8 ab 26.6± 2.8 b 1.0± 1.0 a 0.0± 0.0 a 0.0± 0.0 a 
TG3  50.6± 4  a b 23.6± 4   bc 1.0± 0.0 a 0.0± 0.0 a 0.0± 0.0 a 

a, b: Values within columns followed by different letters differ significantly at  (p<0.05).  
3.2. Immunological Parameters 

     Table 3 demonstrates the levels of immune-
globulins; IgG, IgM that are produced as a result of the 
infection with pathogenic bacteria and treatment with TiO2 
NPs using Elisa kit. The effects of the pathogenic bacteria 
E. coli and S. aureus on the level of IgG and IgM are clear 
through the significant increase (P < 0.05) in the titers 
values 10.3, 12.3 for IgG and 15.3, 13.3 for IgM in 
comparison to the results obtained from the samples before 
infection which were 6.7 and 10.3 respectively. It was 
found that the oral administration of TiO2 NPs 
significantly increased the titer of IgM, and IgG in G1 and 
G2 respectively. Table 3 reveals that the value of IgG in 
G3 treated with TiOR2R NPs was higher than that in the 
control group, while IgM is the same in both groups. 
However, the statistical results show that there are no 
significant differences between G3 and TG3. The slight 
elevation can be attributed to different factors such as the 
genetic effects on the IgG levels including the immune 
state and environmental factors. The results concerning the 
elevation of the immunoglobulin might be interpreted as a 
beneficial host response for recovery from the injury.  

Table 3. The effect of oral administration of TiO2NPs on 
immunoglobulin values in the infected animals. 
            Parameters 
Groups 

IgG. mg/dl IgM mg/dl 

infection stage 
G1 10.3± 1.5  ab 15.3± 1.5 a 
G2 12.3± 2.3  a 13.3± 1.4 ab 
G3  6.7± 0.5    c 10.3± 1.5  c 
treatment stage with TiO2NPs 
G1T 11.0± 1.0  ab 11.0± 1.0 bc 
G2 T 10.6± 1.5  ab 10.0± 2.0  c 
G3 T 9.0± 1.0    bc 10.0± 1.0  c 
a, c: Values within columns followed by different letters differ 
significantly at  (p<0.05).  

The treatment of animals with TiO2 NPs showed lower 
levels of TNF-α and IL-6 in the control group (G3) and in 
the pre samples that were collected before the beginning of 
the experiment compared with G1 and G2 before treatment 
with TiOR2 RNPs (Table 4). For cytokines TNF-α and IL-6, 
high expression levels were observed in rabbits seven days 
following the bacterial infection. Thus seven days post-
infection, the TNF-α was 11.0, 11.2 pg/mL in the infected 
groups (G1 and G2) respectively, while IL-6 level was 
31.6, 27.6 pg/mL in the same groups. Under such 
conditions, feeding the infected animals with TiOR2 RNPs 
can reduce the expression level of both cytokines (TNF-α, 
IL-6) significantly, and enhance the anti-inflammatory 
cytokines that could reduce the inflammatory response of 
animals (Chih-Yuan et al., 2013). A recent study (Rossi et 
al., 2010) demonstrated that, in ovalbumin-sensitized 
mice, silica, coated rutile TiOR2R NP inhalation decreased 
TNF-α and IL-13 expression in spleen cells. The results of 
the present study show a significant increase in the IL-10 
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concentration (P <0.05) 32.4, 31.1 pg/ mL for the G1 and 
G2 after infection compared with 18.3 pg/ mL values 
obtained from control group (G3) before infection. These 
results are similar to those obtained by Moore et al. (2002) 
and Yoshida et al. (2001) who indicated that the level of 
IL-10 increased in rats injected with K. pnemaniae. The 
IL-10 is characterized by an immunological regulation that 
includes positive and negative effects. As shown in Table 
4, the level of IFN-γ significantly increased in the infected 
groups (G1, G2) compared to the control group (G3). This 
finding agrees with the results of (AL-Refaei, 2016) who 
found that the concentration rate of the IFN-γ in serum 
after the injection with (O), and (K) antigen of K. 
pneumoniae was elevated in the experimental animals. 
When all groups are treated with TiO2 NP, the level of 
IFN-γ significantly decreased to be closer to the value of 
the control group. IFN-γ is an immune regulator of 
macrophages and T and B cells (Talaro, 2012).  
Table 4. The effect of oral administration of TiO2NPs in some 
levels of cytokines in the infected animals. 

 Parameters 

 

Groups 

IL-6    
pg/mL 

 

IL-10 
pg/mL 

IFN-γ 
pg/mL 

TNF-α 
pg/mL 

Infection stage 

G1 31.6± 3.2a 32.4± 3a 53.0± 8.1a 11.0± 1.0 a 

G2 27.6± 3.7a 31.1± 4.1a 46.3± 3.2 a 11.2± 0.6 a  

G3  2.9± 0.6 b 18.3± 1.5c 28.3± 1.5c 1.26± 0.25d 

treatment stage with TiO2NPs 

TG1 5.8± 1.5 b 27.6± 4.9 ab 37.0± 3b 6.4± 0.5b 

TG2 4.8± 0.3 b 24.0±4.5 bc 36.3± 2.8b 4.8± 0.3c 

TG3 1.8± 0.3 b 22.3± 2.5 bc 32.0±3.6bc 1.8± 0.3d 

a,d: Values within columns followed by different letters differ 
significantly at  (P<0.05).  

4. Conclusion 

The laboratory animals that have been infected with 
pathogenic bacteria and treated with TiO2 NPs showed 
improvement in the values of hematological and 
immunological parameters in addition to the significant 
restore of the rates of white blood cells, lymphocytes, and 
granules after treatment with TiO2 NPs. Also, the results 
indicate stimulating the immune response of 
immunoglobulins by increasing the value of IgG and IgM 
in the rabbits treated with TiO2 NPs. Cytokines showed 
different  levels of cellular interleukins, IFN-γ and TNF-α. 

Acknowledgements 

This work was supported by the Department of 
Pathological Analysis/ College of Applied Sciences/ 
University of Samarra. 

References 

Adams LK, Lyon DY and Alvarez  PJJ. 2006. Comparative eco-
toxicity of nanoscale TiO2, SiO2, and ZnO water suspensions. 
Water Res., 40 (19): 3527–3532. 

AL-Refaei, OMS. 2016. Effect some antigens of  Klebsiella 
pneumonia as a immune catalyzer for laboratory rabbits against 
infected by Entamoeba histolytica. Ph.D thesis. College of 
Education for pure Science. University of Tikrit. 

Al-Zamely H. and Shaymaa Z. 2011. The effect of experimental 
Escherichia coli infection on some blood parameters and 
histological changes in male rats. Iraqi J. Vet. Med. 35 (2): 22 – 
27. 

Aysa AHA. 2017. Detection the Inhibition Activity of Some 
Oxides Nanoparticals and Fruits of Graviola Annona muricata 
Against Some Bacterial Species Isolated from Different Sources 
of Infections. PH.D thesis. College of Science. University of 
Tikrit. 

Baron EJ, Peterson LR and Feingold SM. 1998. Diagnostic 
Microbiology. "15th ed". The C.V. Moisby Co. Toronto. Canada. 

Baskar G, Chandhuru J, Sheraz Fahad K and Praveen AS. 2013. 
Mycological synthesis, characterization and antifungal activity of 
zinc oxide nanoparticles , Asian J Pharm Tech., 3 (4):142-146. 

Boraschi  D, Costantino L, and Italiani  P. 2012.Interaction of 
nanoparticles with immunocompetent cells: nanosafety 
considerations, Nanomedicine (London), 7(1): 121–131. 

Chih-Yuan Chen, Hau-Yang Tsen, Chun-Li Lin, Chien-Ku Lin, 
Li-Tsen Chuang, Chin-Shuh Chen and Yu-Cheng Chiang. 2013. 
Enhancement of the immune response against Salmonella 
infection of mice by heat-killed multispecies combinations of 
lactic acid bacteria. J Med Microbiol., 62: 1657–1664 

Cui Y, Liu H, Zhou M,  Duan Y, Li N, Gong X, Hu R, Hong M 
and Hong F. 2011. Signaling pathway of inflammatory responses 
in the mouse liver caused by TiO2 nanoparticles. J Biomed Mater 
Res A., 96: 221-229.  

Dobrovolskaia MA and McNeil SE .2007. Immunological 
properties of engineered nanomaterials. Nat Nanotechnol., 2: 469-
78 

Foster HA, Ditta IB, Varghese S and Steele A. 2011. 
Photocatalytic disinfection using titanium dioxide: spectrum and 
mechanism of antimicrobial activity. Appl Microbiol Biotechnol., 
90: 1847–1868. 

Gerhardt LC, Jell GMR and Boccaccini AR. 2007. Titanium 
dioxide (TiO2) nanoparticles filled poly (D,L lactic acid) 
(PDLLA) matrix composites for bone tissue engineering, J Mater 
Sci: Mater Med. 95: 69–80. 

Ivo Iavicoli I, Leso V and Bergamaschi A. 2012. Toxicological 
effects of titanium dioxide nanoparticles: A Review of In Vivo 
studies. J Nanomaterials, Article ID 964381,  36.  

Josset S, Keller N, Lett MC, Ledoux MJ and Keller V. 2008. 
Numeration methods for targeting photoactive materials in the 
UV-A photocatalytic removal of microorganisms. Chem Soc Rev.. 
37:744–755.  

Li X, Aldayel AM and Cui Z. 2014. Aluminum hydroxide 
nanoparticles show a stronger vaccine adjuvant activity than 
traditional aluminum hydroxide microparticles. J Control 
Release,173:148-157. 

Llorens A, Lloret E, Picouet  PA, Trbjevich R and Ferna´ndez A. 
2012. Metallic-based micro and nanocomposites in food contact 
materials and active food packaging. Trends Food Sci. Technol., 
24: 19–29. 

Lovric J, Cho SJ, Winnik FM and Maysinger D. 2005. 
Unmodified cadmium telluride quantum dots induce reactive 
oxygen species formation leading to multiple organelle damage 
and cell death. Chem Biol.,12:1227-34. 

 



 © 2019 Jordan Journal of Biological Sciences. All rights reserved - Volume 12, Number 2 140 

Moore TA, perry ML, Getsoian AG, Newstead MW, Standifor TJ. 
.2002. Divergent role of gamma interferon in a murine model of 
pulmonary versus systemic Klebsiella pneumoniae Infection. 
Infect Immun.,70: 116310-631.  

Moyano DF, Goldsmith M, Solfiell DJ, Landesman-Milo D, 
Miranda OR, Peer D and  Rotello VM.2012. Nanoparticle 
hydrophobicity dictates immune response. JACS., 134 (9): 3965–
3967. 

National Research Council Recommended (NAS-NRC). 2002. 
Dietary Allowance. 15th Ed Washington D.C. 

Nester EW, Anderson DG, Roberts CE, Pearsall NN and Nestor 
MT. 2001. Microbiology a Human Perspective, 3ed Ed. 
McGraw-Hill Higher Education., PP. 295-512,691-712. 

Pulendran B, Kumar P, Cutler CW, Mohamadzadeh M, VanDyke 
T and Banchereau J. 2001. Lipopolysaccharide from distinct 
pathogens induce different classes of immune response in vivo. J 
Immunol., 167 (9): 5067-5076.  

Rossi, E., Pylkkanen, L., Koivisto, A., Nykasenoja, H., Wolff, H., 
Savolainen, K. and Alenius, H. 2010. Inhalation exposure to 
nanosized and fine TiO2 particles inhibits features of allergic 
asthma in a murine model. Particle and Fibre Toxicol., 7: 35. 

Sankar R, Dhivya R, Ravikumar V. 2013. Wound healing activity 
of Origanum vulgare engineered titanium dioxide nanoparticles in 
Wistar Albino rats. J Mater Sci: Mater Med. DOI 
10.1007/s10856-014-5193-5. 

Stieneker F, Kreuter J and Löwer J. 1991. High antibody titres in 
mice with polymethyl methacrylate nanoparticles as adjuvant for 
HIV vaccines. AIDS, 5:431-5. 

Stites DP.1987. Basic and Clinical Immunology.6th Ed. Apleton 
and lange, San Francisco. 

Su L, Goyert SM, Fan M, Aminlari A, Gong KQ, Klein RD, Myc 
A, Alarcon WH, Steinstraesser L, Remick DG and Wang SC. 
2002. Activation of human and mouse Kupffer cells by 
lipopolysaccharide is mediated by CD14. Am J Physiol 
Gastrointest Liver physiol, 283(3): 640-645. 

Talaro, KP. 2012. Foundation in Microbiology Basic Principles. 
8th Ed.  McGraw Hill. 

Tarafdar A, Raliya R, Wei-Ning W, Biswas P and Tarafdar JC. 
2013. Green synthesis of TiO nanoparticle using, Aspergillus 
tubingensis. Adv Sci Eng Med., 5: 1–7. 

Theml H, Diem H and Haferlach T 2004. Color Atlas of 
Hematology, Practical Microscopic and Clinical Diagnosis. 
2nd revised Ed., Stuttgart. New York. 

Todar K. 2004. Text book of Bacteriology University of 
Wisconson -Madison, Department of Bacteriology. U. S. A. 

Wist J, Sanabria J, Dierolf C, Torres  W and  pulgarin . 2004. 
Evaluation of photocatalytic disinfection of crude water for 
drinking water  production . J Photochem. Photobiol A, 
Chem.,147: 241-246. 

Yoshida K, Tetsuya M, Kazuhiro T, Kou U, Shiro T and Keizo Y. 
2001. Induction of interlukin-10 and down regulation of cytokine 
production by Klebsiella pneumoniae capsule in mice with 
pulmonary infection. J Med Microbiol., 50:456-461. 

 

 
 

 
 
 
 
 
 


