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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 histological study included preparation of cross-

sections of liver tissue of infected mice and dosed with ZrO2NPs, the 

results exhibited mild central venous congestion and mild sinusoidal 

dilation  after 7th day of administration and normal appearance with a 

few infiltration of hepatocytes and small necrosis, hydropic degeneration 

after 21th day compared with control positive group which exhibited 

moderate central venous congestion, mild infiltration and the magnified 

sections revealed moderate cellular swelling and necrosis of hepatocytes 

after 7th day  and  became  sever damage with multiple focal necrosis, 

sinusoidal dilation, and infiltration of inflammatory cells with 

disarrangement of hepatic cords and increased kupffer cell after 21th. 

 

 

 

   

 

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

International License. 

 

 

1. Introduction 

Leishmania parasites, which are obligate intracellular pathogens, infect macrophages and monocytes in 

mammals, causing zoonotic leishmaniasis [1]. More than 100 million people worldwide are infected with 

visceral leishmaniasis, which causes 500,000 new cases and more than 50,000 fatalities each year. More 

than 90% of cases have been reported from India, Bangladesh, Nepal, Sudan, and Brazil [2]. The clinical 

symptoms of visceral leishmaniasis infection severe abdominal enlargement owing to hepatosplenomegaly 

and splenomegaly, as well as general symptoms including fever, loss of appetite, weight, malaise, chills, 

emaciation, pallor of mucous membranes, and hypergammaglobulinemia [3]. Pentavalent antimonials, 

which have been used as first-line medications for more than 70 years, are still utilized as sodium 
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stibogluconate (Pentostam) or meglumine antimoniate (Glucantime) in numerous parts of the world [4], [5]. 

Furthermore, it has been found that strains of the most human-infectious Leishmania species are resistant to 

traditional chemotherapeutic [6]. As a result, the development of new medications to treat leishmaniasis is 

critical. nanotechnology continues to attract a lot of attention, due of its influence on several currently 

significant fields, including energy, medicine and electronics, Due to their distinctive characteristics in the 

fields of chemistry and optics, it's that have one or more dimensions of the order of 100 nm or smaller 

continue to attract a lot of attention [7]. in this study the effect of ZrO2 NPs on liver mice infected with 

L.donovani, Comparing with liver of mice treated with pentostam and control positive 

 

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) [8]. 

 

 
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 

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 [9]. 
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 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) 

 

2.5 Histological study of mice liver 

After 7th and 21th days the mice were sacrificed, the liver was removed and fixed in 10% formalin. Then 

processed by washing, dehydration process, clearing, infiltration, embedding, trimming, sectioning and 

finally staining with hematoxylin and eosin for studying histological changes [10]. 

 

3. RESULTS AND DISCUSSION 

 

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 [11]. 

 

 
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 [12]. 
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Figure (3): Transmission electron microscopy (TEM) images of ZrO2NPs prepared using the PLAL 

technique at 50 pulses 

 

3.3 Histological study of the mice liver 

After mice were infected by L.donovani promastigotes. The infected mice were divided into three groups, a 

group was treated with pentostam and a group ingested with ZrO2 NPs, the other group was left infected, 

then sacrificed after 7th and 21th day post-infection, take the liver and made slides sections stained with 

hematoxylin and eosin stain for study the histological changes. after 7th day the histological changes in the 

liver in infected mice control +ve(G2) appeared clearly difference compared with uninfected mice control –

ve(G1), which showed normal appearance of hepatic lobules, normally arranges hepatic cords and normal 

cytoarchetcture of liver cells include hepatocytes and kupffer cells Figure (4),while the liver section for 

control +ve (G2) after 7th days showed moderate central venous congestion, mild infiltration and the 

magnified sections revealed moderate cellular swelling and necrosis of hepatocytes Figure (5) and (6), the 

liver section  for mice dosed by ZrO2NPs(G3) showed milld central venous congestion and sinusoidal 

dilation Figure (7), the liver section of mice treated with pentostam drug (G4) showed moderate damage 

with dilated sinusoid, mild vascular amyloidosis, disarrangement of hepatic cords Figure (8). After 21th day, 

the damage of liver tissue in control +ve(G2) was becoming sever damage with multiple focal necrosis, 

sinusoidal dilation, and infiltration of inflammatory cells with disarrangement of hepatic cords and 

increased Kupffer cell Figure (9), while the changes noticed in sections of liver for mice dosed with 

ZrO2NPs(G3), normal appearance with a few infiltration of lymphocytes and small necrosis, hydropic 

degeneration Figure (10). The sections of liver tissue taken from a group of mice treated with 

pentostam(G4) showed that the damage was less and the tissue back to normal status, normal hepatic cords, 

normal hepatocytes and mild infiltration lymphocytes and plasma cells Figure (11). 
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Figure (4): cross section of liver (control negative) shows normal appearance of central vein (C) & hepatic 

cords (Asterisks) and the kupffer cells(Black arrows) .H&E stain 100x 

 

 
Figure (5): Liver cross section of mice infected with Leishmania donovani after one week shows moderate 

central venous congestion (Asterisks) and mild infiltration (Black arrows) .H&E stain 100x 
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Figure (6): Liver cross section of mice infected with Leishmania donovani after one week shows moderate 

cellular swelling of hepatocytes (Asterisks) and necrosis (Black arrows) .H&E stain 400x 

 

 
Figure (7): Liver cross section of mice dosed with ZrO2NPs after one week shows milld central venous 

congestion (C) and sinusoidal dilation (Asterisks), H&E stain 100x 

 

 
Figure (8): Liver cross section of mice treated with pentostam after one week shows moderate damage with 

dilated sinusoid (Red arrow), mild vascular amyloidosis (Black arrows), disarrangement of hepatic 

cords(Asterisks). H&E stain 100x 
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Figure (9): Liver cross section of mice infected with Leishmania donovani after three weeks shows sever 

damage with multiple focal necrosis (Black arrows), sinusoidal dilation and infiltration of inflammatory 

cells (Red arrows) with disarrangement of hepatic cords (Asterisks)(H&E stain, 100X). 

 

 
Figure (10): Liver cross section of mice dosed with ZrO2NPs after three week shows normal appearance 

with a few infiltration of lymphocytes and small necrosis (Red arrows), hydropic degeneration(Black 

arrows) . H&E stain 100x 
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Figure (11): Liver cross section of mice treated with pentostam after three week shows shows normal 

hepatocytes and hepatic cords, mild infiltration lymphocytes & plasma cells (Black arrows). H&E stain 

100x 

 

In this study, it's essential to comprehend how the ZrO2NPs effect on the liver of mice infected with VL and 

the histological changes that occur in all cases. 

 

A study by [13] showed that liver involvement in visceral leishmaniasis may appear as chronic 

granulomatous hepatitis, intracellular amastigotes, focal and piecemeal necrosis. However diffuse hepatitis 

process, a necro-inflammatory pattern, without forming granulomas were observed in the liver biopsy 

specimens. In a study by [14] showed pathogenic changes in the reticuloendothelial system as a result of 

Leishmania visceral infection, and mild pathological changes in their livers, including the formation of 

granulomas and centrilobular necrosis in the liver parenchyma, as well as liver disorganization and 

hypocellularity, hepatic sinusoidal dilation, and congestion, and mild hepatic central vein congestion in 

mice. In the other report [15] showed that The liver is the first important organ become infected with 

visceral leishmaniasis after the parasite has spread and caused damage to the reticuloendothelial system. 

Patients with VL may initially experience an asymptomatic infection that progresses to a systemic condition 

characterized by an enlarged liver. According to [16], hepatosplenomegaly, which appears 30 days after 

infection and increases macrophage protection as a defense against parasites, is caused by the accumulation 

of amastigotes in the liver and spleen, which also causes hyperplasia in the cells of the endothelial 

reticulum. The spleen also plays the largest role in the host body's immune defense.  Infected people also 

have high levels of antibodies and a severe expansion of parasites in their target organs. In all patients, 

Leishmania amastigotes were discovered in Kupffer cells. Ischemic necrosis, macrovesicular steatosis, 

portal inflammatory, and piecemeal necrosis were associated with liver histological changes [17]. Also [18] 

showed as the disease progresses, the people who have visceral leishmaniasis usually have a fever, weight 

loss, and enlargement of the liver and spleen with the invasion of parasites in the reticuloendothelial cells.  

The current results of the positive control group(G2) revealed that leishmaniasis is characterized by severe 

damage; multiple focal necrosis, sinusoidal dilation and infiltration of inflammatory cells with 

disarrangement of hepatic cords these findings are supported by [19]. 
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Others showed severe hepatic necrosis, infiltration of lymphocytes and macrophages, and engulfment of 

leishmania bodies. The production of reactive oxygen and reactive nitrogen is closely correlated with 

hepatic resistance to L. donovani infection [20]. The liver is a major organ for the accumulation of NPs that 

enters into the body because it is a reticuloendothelial system, where both hepatocytes and Kupffer cells 

take up NPs with a selectivity that is probably based on the surface properties of the NPs [21]. 

 

In the present study, after the infected mice dosed with ZrO2NPs, the repair occurred in the parenchymal 

liver after one week with milld central venous congestion and sinusoidal dilation, and after three weeks 

showed a few inflammatory cells were infiltrated. NPs have the tendency to penetrate the circulatory and 

lymphatic systems, enabling them to get to distant organs and bodily tissues where they interact with 

biological molecules and affect physiological functions [21]. 

 

Due to the lack of studies on the effect of zirconium oxide on mice infected with leishmaniasis, results are 

consistent with [22] demonstrated that Ag NPs have significant anti-leishmanial effects by controlling the 

growth and metabolic activity of promastigotes. also, [23] demonstrate that several parasites, including 

Leishmania, are affected by the presence of nanoparticles of silver, gold, chitosan, and a metal oxide either 

by inhibiting their growth or by promoting it. Nanoparticles can be employed alone or in combination to kill 

parasites. 

 

There are other studies that have been conducted on the effect of nanomaterials on liver tissues, and it has 

been proven that nanomaterials have a toxic effect on cells, but in current study, animals were dosed with 

low concentrations of nanomaterials and at low doses, It is possible that continuous dosing for animals with 

nanomaterials can be counterproductive. 

 

Report done by [24] showed that ZrO2NPs has a substantial role in enhancing ROS formation, which in turn 

causes the generation of free radicals, these free radicals harm many tissues, including the liver, so,its 

enzymes may leak excessively into the bloodstream. 

 

According to [25] research, inorganic nanomaterials mostly caused the damage to the liver. where 

lymphocytic infiltration, microgranulation and degenerative necrosis of hepatocytes were obviously 

observed. The result indicate toxicity of ZrO2NPs at high dose when they enter the body by intravenous 

injection may cause damage to liver. 

 

Also, a study by [25] showed that oxidative stress is a result of imbalance between the antioxidant defense 

system and the formation of reactive oxygen species (ROS), which has been recognized deleterious due to 

the damage to cell membranes and DNA. Oxidative damage may cause cell damage, death and exacerbate 

several chronic diseases including cancer, fatty liver, hepatic fibrosis and Alzheimer’s disease, where 

shown that ZrO2NPs can cause oxidative stress to the liver. These indicate the liver maybe the major target 

organs of ZrO2NPs when they entered the body by intravenous injection 

 

Other research showed ZrO2NPs are toxic if the concentration is increased but in lower concentrations the 

function is best. The zirconium oxide nanoparticles can be used as antibacterial agents against the oral 

pathogens in small quantities. Thus in future nanoparticles are going to role the developing countries in 

various fields of medicine [26]. 

 

On the other hand, Sodium stibogluconate (pentostam) was evaluated for anti-leishmanial efficacy in mice 

by [27]. Animals infected with Leishmania donovani received the treatment at 7th and 8th day of infection. 
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On 14th day after infection, both treated and control animals displayed significantly decreased parasite 

levels in the liver (99 % suppression), but had no impact on parasite counts in the spleen or bone marrow. 

Therefore, compared to the free medicine, the carrier forms of the treatment were much more successful at 

reducing parasite loads in the liver. 
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