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 Visceral leishmaniasis consider a great health problem in Iraq, the 

traditional antileishmanial therapies are toxic and most are costly. For 

this reason, new approaches in the treatment of leishmaniasis are 

requested, zirconia nanoparticles ZrO2NPs, is a nano-sized and hollow 

colloidal metal oxide, it was recorded as anticancer agent, the approach 

was to prepare 17.4 μg/ml of ZrO2NPs by pulsed laser ablation. These 

nanoparticles are described to confirm the shape, size and other physical 

properties of the crystal using the following techniques: X-Ray 

Diffraction (XRD), results were indicated diffraction peaks at (28.2°, 

31.5°, 38.5°, 50°, and 59.8°) were correspond to the (111, 111, 120,022 

and 131), respectively. The Transmission Electron Microscopy (TEM) 

shown confirms the formation of nanostructures with granular size by 50 

pulses of laser.  The effect of ZrO2NPs on the parasite was tested in vivo 

by observation the levels of liver enzyme (aspartate aminotransferase 

AST, alanine aminotransferase ALT and cholesterol CL) in serum of 

infected mice and dosed with ZrO2NPs (0.1 ml / day) and comparing 

with control positive group after 7,14 and 21 days of dosed. The results 

showed that the level of AST in treated mice with ZrO2NPs significantly 

decreased at second and third week (49.17±0.70, 46.83±0.70 U/L) 

respectively, compared with the positive group was (61.83±1.33, 84.00 

±2.63U/L), there is significantly decrease at second and third week in 

level of ALT (50.00±0.58, 45.33 ±0.80) respectively, compared with the 

positive group (66.33±0.92, 79.67±2.22 U/L), respectively. As well as 

the results showed a significant increase in the cholesterol level within 

second and third weeks when mice were dosed with ZrO2NPs (164.83 

±1.70, 170.33 ±1.31 mg/dl) compared with positive group (139.83±1.35, 

98.33±4.62 mg/dl). 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Visceral leishmaniasis(VL), commonly called as kala-azar, is still a serious public health concern around 

the world, particularly in developing countries [1]. It is transmitted by sandflies known as Phlebotomus 
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argentipes [2]. Around 350 million people are at risk of acquiring leishmaniasis, which is the second 

leading cause of death and the fourth leading cause of illness after malaria, schistosomiasis, and African 

trypanosomiasis [3]. VL is a systemic disease that affects a number of internal organs. Symptoms 

experienced by patients include prolonged fever, weight loss, hepatosplenomegaly, anorexia, pancytopenia, 

and anemia [4]. only a few drugs have been produced to treat Leishmania spp., and none of them are ideal 

for therapy because of parasite resistance, the necessity for hospitalization, high toxicity, high cost, and the 

long treatment period [5]. As current chemotherapy for treating leishmaniasis exhibits numerous drawbacks 

and due to the lack of effective human vaccine, there is an urgent need to develop new antileishmanial 

therapy treatment. Various nanotechnology-based techniques and products have emerged as anti-

leishmanial drugs, including liposomes, lipid nano-capsules, metal and metallic oxide nanoparticles, 

polymeric nanoparticles, nanotubes and nanovaccines, due to their unique properties, such as 

bioavailability, lowered toxicity, targeted drug delivery, and biodegradability. Many new studies have 

emerged with nanoparticles serving as promising therapeutic agent for anti-leishmanial disease treatment 

[6]. Nanoparticles are tiny particles with a diameter of 1 to 100 nanometers that are made of carbon, metal, 

metal oxides, or organic compounds [7]. Zirconium oxide (ZrO2) has made great development as a novel 

nanomaterial in the domain of biological applications [8]. ZrO2 NPs can also have impressive antibacterial 

effects [9]. Thus, the aim of study to evaluate the serum AST,ALT and cholesterol, in mice infected with 

Leishmania donovani   before and after inoculated by ZrO2 NPs. 

 

2. Materials And Methods 

 

2.1 Preparation of zirconium oxide (ZrO2NPs) concentration 

The ZrO2 powder employed as pellet with a diameter of 1 cm and a thickness of 2 mm by pressing under 

pressure 13 tons. This target is immersed in distilled water (D.W) at a depth of 0.7 mm, the distance 

between the target and the laser lens is 10cm, and the amount of water added to the beaker is 2.5 ml. Nd: 

YAG laser employed to ablate a pellet of ZrO2 at the wavelength of (1064 nm) with a repetition rate (5 Hz). 

The fluency of used laser just after the laser system was (19.1 J/cm2) and the number shots of laser were 50 

pulses. and then ablated with a laser to produce the ZrO2NPs As shown in the figure (1) [10]. 

 

 
Figure (1): illustrates pulsed laser ablation in a liquid (PLAL). 

 

2.2 Characterizationof Zirconium oxide (ZrO2) 

The optical and structural properties of ZrO2NPs were measured by the following techniques: X- Ray 

Diffraction (XRD) was used to study the crystallite size of the ZrO2NPs, Transmission electron microscopy 

(TEM) A microscope (Model: LEO 912 AB) was utilized (Made in Germany). Images were taken at a 
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voltage of 120 (kv) and a magnification of ten times (25000x-63000x). 

 

2.3 Parasite culture 

Leishmania donovani was obtained from Baghdad University's/ College of Science/ Biology department, it 

was cultured and maintained by serial passage in Novy–MacNeal–Nicolle (NNN medium) every 8 days and 

incubation at 27 C°. 

 

2.4 Animal grouping 

Sixty mice were infected with 1×107 parasite/mL of Leishmania donovani promastigotes injected 

intraperitoneal and the Eighteen of uninfected mice was considered a control group [11]. 

 Group 1: ingested orally by stomach tube (0.1mL/day) normal saline considers as negative control 

group.(uninfected) 

 Group 2: Ingested orally by stomach tube (0.1 mL/day) normal saline considers a positive control 

group. (infected)  

 Group 3: ingested orally by stomach tube ZrO2 NPs of 17.4 μg/ml (0.1mL/day) considers as an 

ZrO2 NPs- dosed group. (infected) 

 Group 4: injected with 0.1mL/day from Pentostam (10 mg/ml) drug by intramuscular each day 

consider therapeutic control group. (infected) 

 

Blood collection: After the 7th, 14th, and 21th days, 1-1.5 ml of blood from a mouse's ocular vein was taken 

and deposited in a gel tube, which was then left at room temperature for 35 minutes. The serum was taken 

after centrifugation, and the levels of each AST, ALT and CL. were measured. 

 

Measurement of liver function: The principle of work of Aspartate Aminotransferase (AST), Alanine 

Aminotransferase (ALT) and cholesterol (CL.) was carried out by Spin 200 according to the manufacturer's 

instructions. The kit used in this gadget is made by the same business, and the way of operation is an open 

system. These kits are Aspartate Aminotransferase (AST)-LQ, Alanine Aminotransferase (ALT)-LQ and 

Cholesterol-LQ. 

 

2.5 Statistical analysis 

The statistical analysis was carried out by SPSS (v 20). Data expressed as mean ± SD 

 

3. RESULTS 

 

3.1 Characterization of ZrO2 NPs by X-RayDiffraction 

To acquire more about the crystalline size of ZrO2 nanostructures, X-ray diffraction (XRD) experiments 

were carried. Figure 2 of the XRD pattern demonstrates the corresponding crystalline diffraction peaks for 

the [111], [111], [120], [022], and [131] planes of monoclinic ZrO2 at 2 theta values of 28.2, 31.5, 38.5, 50, 

and 59.8 degrees, respectively [12]. 
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Figure (2): X-ray diffraction pattern for target zirconium oxide. The spectrum corresponds to the 

monoclinic structure 

 

3.2 Characterization of ZrO2 NPs by Transmission electron microscopy (TEM) 

The transmission electron microscopy (TEM) image shown in Figure (3) confirms the formation of 

nanostructure with granular size by 50 pulses of laser and the average particle diameter is 9.65 nm, for 

which the concentration of the zirconium oxide nanomaterial was calculated 17.4 μg/ml [13]. 

 

 
Figure (3): Transmission electron microscopy (TEM) images of ZrO2NPs prepared using the PLAL 

technique at 50 pulses 

 

Measurement of liver function: the results in this study as shown in table 1, 2 and 3 in demonstrating that 

there were significant changes in the level as follows: 

Table (1) showed that AST liver enzyme was significantly higher in G2, G3 and G4 compared with healthy 

Group G1 (P≤ 0.05) during the period of three weeks the AST level increased significantly in G2 group 

(57.83, 61.83, 84) respectively (P≤ 0.05). In the other groups G3 and G4 the AST level at 7th day was 

(52.50, 50) respectively and began to decrease until 21th day (46.83, 41.83) respectively. The AST liver 

enzyme was decreased significantly   in G3 and G4 at second and third weeks compared with G2 (P≤0.05). 

there's no significant difference along the period of three weeks in each of G2 and G3 group. 
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Table (2) showed that ALT liver enzyme was significantly higher in G2, G3 and G4 compared with healthy 

Group G1 (P≤ 0.05). The ALT level increased significantly in G2 group during the period of three weeks 

(54, 66.33, 79.67) respectively (P≤ 0.05). In the other groups G3 and G4 the ALT level at 7th day was 

(53.17, 51.83) respectively and began to decrease until 21th day (45.33, 44.50) respectively. The ALT liver 

enzyme was decreased significantly in G3 and G4 at second and third weeks compared with G2 (P≤0.05) 

and there's no significant different along the period of three weeks in each of G2 and G3 group. and this 

indicates that the nanoparticles have anti-leishmanial effect. 

 

Table (3) showed that cholesterol level was significantly lower in G2, G3 and G4 compared with healthy 

Group G1 (P≤ 0.05). during the period of three weeks the cholesterol level decreased significantly in G2 

group (156.67, 139.83, 98.33) respectively (P≤ 0.05). In the other groups G3 and G4 the cholesterol level at 

7th day was (158.83, 159.00) respectively and began to increase until 21th day (170.33, 171.00) 

respectively. The cholesterol level was increased significantly in G3 and G4 at second and third weeks 

compared with G2 (P≤0.05). there was a significant difference in the G3 between the second and third week 

(P≤ 0.05). 

 

Table (1): The serum level of AST U/L in the study groups 

Group 

N.V less than 45 U/L 

Mean ± SE of AST (U/L) P value 

Tested groups 

and healthy 

control 

P value 

Tested 

groups 

7 days 14 days 21 days   

Control – ve (G1) 36.00±1.18 36.00±1.18 36.00±1.18 ---- ---- 

Control +ve (G2) A 

57.83±1.17 

A 

61.83 

±1.33 

b 

B 

84.00 

±2.63 

b 

0.05 

 

0.05 

 

ZrO2NPs (G3) 52.50±0.85 49.17 

±0.70 

a 

46.83 

±0.70 

a 

0.05 NS 

Pentostam drug (G4) 50.00±0.58 47.00 

±0.58 

a 

41.83 

±0.65 

a 

0.05 NS 

P value NS 0.05 0.05   

LSD value ----- 3.6 7.81   

Data expressed as mean ± SE. LSD test was used to calculate the significant differences between tested mean, the 

letters (A, B and C) LSD for rows and (a,b and c ) for colums represented the levels of significant, highly significant 

start from the letter (A) or (a) and decreasing with the last one. Similar letters mean there are no significant 

differences between tested mean 

Note: The horizontal P-value was calculated for all experimental groups except for the negative control 

 

Table (2): The serum level of ALT U/L in the study groups 

Group 

N.V less than 45 U/L 

Mean ± SE of ALT (U/L) P value 

Tested 

groups and 

healthy 

control  

P value 

Tested 

groups 

7 days 14 days 21 days ----- ---- 

Control – ve (G1) 31.50±0.76 31.50±0.76 31.50±0.76   
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Control +ve (G2) A 

54.00±1.29 

B 

66.33 

±0.92 

b 

C 

79.67 

±2.22 

b 

0.05 0.05 

 

ZrO2NPs (G3) 53.17±0.70 50.00 

 ±0.58 

a 

45.33 

 ±0.80 

a 

0.05 NS 

Pentostam drug (G4) 51.83±0.60  47.83 

 ±0.65 

a 

44.50 

±0.43 

a 

0.05 NS 

P value NS 0.05 0.05   

LSD value ----- 2.6 6.5   

Data expressed as mean ± SE. LSD test was used to calculate the significant differences between tested mean, the 

letters (A, B and C) LSD for rows and (a,b and c) for colums represented the levels of significant, highly significant 

start from the letter (A) or (a) and decreasing with the last one. Similar letters mean there are no significant differences 

between tested mean 

Note: The horizontal P-value was calculated for all experimental groups except for the negative control  

 

Table (3): The serum level of cholesterol mg/dl in the study groups 

Group 

N.V : >200 mg/dl 

Mean ± SE of cholesterol ( mg/dl ) P value 

Tested groups 

and  healthy 

control   

P value 

Tested groups 

7 days 14 days 21 days   

Control – ve (G1) 175.83±2.77 175.83±2.77 175.83±2.77   

Control +ve (G2) A 

156.67±1.82 

B 

139.83 

±1.35 

b 

C 

98.33 

±4.62 

b 

0.05 0.05 

 ZrO2NPs (G3) B 

158.83±1.40 

B 

164.83 

 ±1.70 

a 

A 

170.33 

 ±1.31 

a 

0.05 0.05 

Pentostam drug 

(G4) 

159.00±1.79  167.50 

 ±2.32 

a 

171.00 

±1.39 

a 

0.05 NS  

P value NS 0.05 0.05   

LSD value ---- 11.9 10.8   

Data expressed as mean ± SE. LSD test was used to calculate the significant differences between tested mean, the letters 

(A, B and C) LSD for rows and (a,b and c) for colums represented the levels of significant, highly significant start from 

the letter (A) or (a) and decreasing with the last one. Similar letters mean there are no significant differences between 

tested mean 

Note: The horizontal P-value was calculated for all experimental groups except for the negative control 

 

 

4. DISCUSSION 

In this study data in table (1) and (2) indicated an increase occurs in serum level of AST and ALT during 

three weeks post-infection, this finding corresponds with [14] who recorded that visceral leishmaniasis 

causes derangement of liver functions and rarely VL patients also can present with severe life-threatening 

infection and indicated that in VL patients, a change in liver function could be caused by an enlarged liver 

and the creation of an immunological complex. It's also been proven that the creation of reactive oxygen 

species by activated macrophages contributes to changes in liver function. [15] reported that IL-12 secreted 
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by dendritic cells initiates the Th1 response against L. donovani, IL-12 is an essential cytokine in the 

development of protective immunity to L. donovani, since blocking IL-12 reduced both IFN production and 

granuloma formation in the livers of infected mice, and this blocking leads to an increase in the levels of 

both AST and ALT. Likewise [16] stated, L. donovani disrupts host metabolic pathways, which has 

significant implications for immune cell activation and infection outcome, resulting in an increase in AST 

levels. Furthermore, [17] found that serum ALT and AST activity were significantly higher in all instances 

of kala-azar investigated when compared to normal controls. On the other hand, the dosed of infected mice 

with nanoparticles gave results that are close to the effect of the traditional drug (Pentostam), this supports 

the idea of may using nanoparticles as a therapeutic material or using them to deliver  the chemical 

materials to targets , especially after studies have found that the chemotherapy which consider the first 

choice for treatment (sodium stibogluconate (Pentostam) and meglumine antimoniate (Glucantime) are 

toxic and require of hospitalization for the administration also these drugs have side effects such as : 

pancreatitis, cardiotoxicity, nephrotoxicity, hepatotoxicity [18]. While other studies observed that metallic 

and metal oxide nanoparticles provide a promising approach for the reduction and treatment of all types of 

leishmanial activity [18], [6] these outcomes are considered as supporting results in current study as shown 

in table (1) and (2) that ZrO2NPs reduced the values of AST and ALT during the period of administration. 

This is due to different mechanisms were proposed for antimicrobial property of nanoparticles, one 

mechanism is binding of nanoparticle to sulfur/ phosphorus-containing biomolecules such as proteins and 

DNA, which leads to impairment of cell membrane, enzymes, and DNA, Some nanoparticles are deposited 

within mitochondria and impair oxidative stress pathway. On the other hand, adenosine triphosphate (ATP) 

synthesis is inhibited when mitochondrial proteins are damaged [19]. 

 

As shown in table (3) the level of cholesterol decrease in the infected mice, This result are in agreement 

with study conducted in Brasil, India and Ethiopia which recorded that Hypocholesterolemia is one of the 

major observations in visceral leishmaniasis [20], [21], this may be due to that patients with VL have 

cholesterol concentrations that were inversely correlated with their splenic parasite load. Due to the high 

parasitic loads in the liver and spleen, patients with active VL experience dysfunctions in these organs, 

which is responsible for cholesterol biosynthesis, thus increasing the morbidity of this disease [20]. Another 

explanation for the decrease of cholesterol levels in VL infections may be related with certain cytokines and 

acute-phase protein levels such as IL-1b, IL-6 and TNF. The autoimmune phenomena occur in patient 

during immunological mechanism also influence cholesterol metabolism in various ways: by forming 

immune complex, accelerate degradation and impairing responsible enzyme. The host membrane 

cholesterol are required for binding and internalization of Leishmnaiasis using complentary approaches 

[22]. On the other hand hypocholesterolemia may due to the extraction of membrane cholesterol by L. 

donovani and the changes in the levels of lipoproteins may be directly related to the modulation of the 

immune response [14]. Also Recent works have shown that the hypocholesterolemia observed in L. 

donovani infection is due to the release of metalloprotease GP63 by the parasites infecting Kupffer cells in 

the liver. GP63 cleaves dicer (endonuclease RNAse III) in hepatocytes, reducing the expression of miR122 

and leading to reduced production of cholesterol. miR122 is a posttranscriptional regulator (miRNA) that is 

abundantly expressed in the liver and modulates various functions. It comprises more than 70% of the 

miRNA in the liver and is mainly responsible for homeostasis and lipid metabolism [23]. As noticed above 

there’s much reason to hypocholesterolemia in mice infected with L. donovani ,which started responding to 

nanomaterial as its response to chemotherapy (pentostam) and the level of cholesterol approximately return 

to normal values after 3 weeks of administration, these properties of ZrO2NPs may due to that nanoparticles 

in general are less stable, exhibit weaker bonding and interaction with other molecules, they provide greater 

benefits. NPs are also involved in disruption of cell wall synthesis, inhibition of various enzymes, for 

instance DNA gyrase and DNA-dependent RNA polymerase, especially, ZrO2NPs has the ability to 



M. H. Mohammed, H. A. Majeed and N. J. Mohammed, 2022                             Azerbaijan Medical Journal 

 

2546 
 

eradicate bacterial colonization with low cytotoxic effects due to its property of insolubility in water, 

Zirconia based NPs are highly potent against specific microorganisms such as E. faecalis and thus, widely 

used as an anti-microbial agent [24]. 
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