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Abstract
Background: Cryptosporidium species are pathogenic intestinal protozoa that contribute to significant morbidity and mortality rates. Our study aim was to study the effectiveness of rosuvastatin (crestor) on treatment of cryptosporidiosis as an attempt to overcome shortcomings of other traditional drugs to decrease the incidence of cryptosporidiosis.
 Methods: This experimental interventional trial that was done on 50 laboratory-bred male Swiss albino mice at Parasitology and Zoonotic Diseases Department, Faculty of Medicine, Benha University and Zoonotic Diseases Department, Theodor Bilharz Research Institute, Cairo, Egypt. Animals were distributed into 5 groups: Group A: Non infected non treated (control negative), Group B: Infected untreated (control positive), Group C: Infected treated with nitazoxanide (nanazoxide) 500mg/kg once daily for 1week, Group D: Infected treated with rosuvastatin (crestor) 20 mg/kg once every day for 1week and Group E: Infected treated with nitazoxanide (nanazoxide) 250 mg/kg once every day and with rosuvastatin (crestor) 10 mg/kg once every day for 1week. 
Results: There were highly significant reduction in Cryptosporidium oocysts in all treated groups(P<0.001) than group B (infected non treated) with best reduction was observed on group E (combination therapy) as percentage of reduction 98.94%.Infected non treated (group B) showed many Cryptosporidia oocysts in intestinal lumen and there were marked intestinal changes in the form of marked villous broadening, focal fusion and moderate inflammatory infiltration of the lamina propria.Group treated by nitazoxide (group C) and group treated by combination of nitazoxide and rosuvastatin (group E) showed significant difference than Infected non treated (group B), In intestine: less intestinal villous changes, less inflammatory infiltrate. In lung: less interstitial inflammatory infiltrate.
 Conclusion:There was reduction in oocysts number in stool when infected mice treated by nitazoxanide alone or in combination with rosuvastatin. The infected non-treated group showed marked intestinal pathologal changes with many Cryptosporidia oocysts. In contrast, treatment with nitazoxanide alone or in combination with rosuvastatin there was markedly improvement in both intestinal and pulmonary histopathological changes, which showed by reduction in villous alterations and diminished inflammatory infiltration.
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Introduction
Cryptosporidium is a contaminated zoonotic parasite that causes diarrhea.  Approximately 40 distinct species have been identified as capable of causing severe to moderate illness in humans, with Cryptosporidium parvum and Cryptosporidium hominis functioning as the principal pathogenic agents. The primary zoonotic reservoir for Cryptosporidium is domesticated animals such as cattle.  The transmission of the disease occurs through the ingestion of oocysts from animals to humans or between humans, via fecal-oral contact, as well as through the consumption of contaminated water and food (1). In numerous countries worldwide, cryptosporidium infection presently constitutes a significant public health issue.  While self-limited watery diarrhea constitutes the predominant manifestation in immunocompetent patients, it can result in fatal consequences in immunosuppressed (2). Numerous studies have been conducted to establish effective therapeutic strategies for cryptosporidiosis, particularly in cases with acquired immune deficiency syndrome (AIDS) (3).
The prevailing standard of care for treating Cryptosporidium infections, nitazoxanide, exhibits limited efficacy that depends on the immune response (4). Nitazoxanide has received approval from the U.S. authorities.  Food and Drug Administration (FDA) for the cryptosporidiosis treatment in cases exhibiting a robust T helper (TH-1) immune response (5).
Broad-spectrum assays have exhibited activity against Cryptosporidium in several existing pharmaceutical agents, involving clofazimine and statins, with the latter progressing into clinical studies. Cryptosporidium calcium-dependent protein kinase 1 (CDPK1) has been recognized as a promising therapeutic target, and bumped kinase inhibitors have been developed that effectively inhibit CDPK1 and demonstrate activity against Cryptosporidium proliferation both in and vivo in vitro (6). Rosuvastatin (Crestor) is a lipid-lowering agent that also reduces the inflammatory response (7). Numerous studies have demonstrated a correlation between the use of statins and a decrease in sepsis incidence.  Rosuvastatin demonstrates significant antibacterial effectiveness against Gram-negative and Gram-positive bacteria, potentially exhibiting synergism when co-administered with cefixime (8). Rosuvastatin may potentially influence key targets that are critical for the survival of Toxoplasma gondii.  The application of rosuvastatin in vitro suppressed the replication of the parasite and diminished the inflammatory action triggered by the infection (9).
Our study aimed to study the efficacy of rosuvastatin on treatment of cryptosporidiosis as an attempt to overcome shortcomings of other traditional drugs to decrease the incidence of cryptosporidiosis. 
materials and methods
[bookmark: _Hlk208139397]This experimental interventional trial that was done on 50 laboratory-bred male Swiss albino mice, housed in plastic cages fed a commercial complete food mixture and potable water for consumption, the mice were kept under measured circumstances of illumination (12-hour light/dark cycle) and temperature (25 ± 2°C). They were administered an immunosuppressive medication (dexamethasone) for 15 days prior to infection. The animal experiment was done based on globally valid instructions. The study was carried at Parasitology Department, Faculty of Medicine, Benha University and Zoonotic Diseases Department, Theodor Bilharz Research Institute, Cairo, Egypt from November 2023 to January 2024. 
The study was done after being approved by the Research Ethics Committee, Faculty of Medicine, Benha University.
Groups: Animals were distributed equally into 5 groups: Group A (n=10): Non infected non treated (control negative), group B (n=10): Infected untreated (control positive), group C (n=10): Infected treated with nitazoxanide (nanazoxide) 500mg/kg once daily for 1week, group D (n=10): Infected treated with rosuvastatin (crestor) 20 mg/kg once daily for 1week and group E (n=10): Infected treated with nitazoxanide (nanazoxide) 250 mg/kg once daily and with rosuvastatin (crestor) 10 mg/kg once daily for 1week.
Dexamethasone (dexazone 0.5mg):
Drug was provided in tablets form (Chemical Industries Company and, Kahira Pharmaceuticals Egypt). The tablets were ground into fine powder and subsequently dissolved in distilled water to prepare an oral suspension.  The administered dose was 0.25 mg per kilogram per day (10). The calculated dose for each mouse was 0.005 mg/mouse (200 microliter) of oral suspension per day taken via gastric tube.  
Nitazoxanide (Nanazoxide tabs):
Drug was provided in tablets form (UTOPIA Pharmaceuticals and Chemical Industries Company). The tablets were ground up and dissolved in distilled water to prepare an oral suspension, which was administered via an esophageal tube. The used dose was 500mg/kg /day (11). Therefore, the determined dose for each mouse was 12.5 mg per mouse (200 microliter) of oral suspension per day given for 7 consecutive days.
Rosuvastatin (Crestor tabs):
Drug was provided in tablets form (AstraZeneca Pharmaceuticals and Chemical Industries Company). The tablets were ground up and dissolved in distilled water to prepare an oral suspension and given orally via oesophageal tube.The used dose was 20mg/kg /day (8).
Parasitological evaluation:Stool examination for oocyst counting in all different groups. Examination under oil immersion lens at x100 magnifaction of light microscope for oocyst counting. The quantity of Cryptosporidium oocysts in the inoculum was quantified using a hemocytometer (12). Several samples were read then we take the mean number of oocysts in each group.
Histopathological assessment:
Tissue samples from ileal and lung tissue of studied groups. Sections 4 micron thick were stained with H&E for light microscopic examination (Olympus BX50, Tokyo, Japan) (13). Scoring of ileal tissue changes according to Tzipori et al. (14) evaluating intestinal inflammatory infiltrate (1 if mimimal to mild and 2 if moderate to marked), villous change with broadening, fusion and blunting (1 if mimimal to mild and 2 if moderate to marked), number of cryptosporidia cysts (1 if no or few and 2 if many). Scoring of lung tissue changes evaluating intensity of interstitial inflammatory infiltarate (1if focal scattered foci and 2 if moderate patchy infiltrate).
Approval code: MS 37-8-2023

Statistical analysis: 
The clinical data were documented on a report form. They were then tabulated and analyzed using SPSS (Statistical Package for the Social Sciences), version 25. Descriptive statistics were calculated, including mean and standard deviation (±SD) for quantitative variables, and frequency and distribution for qualitative variables. For analytical statistics, differences between groups were assessed using appropriate tests after confirming non-normal data distribution with the Kolmogorov–Smirnov test. Analysis of Variance (ANOVA) was used to compare quantitative data across different time points within the same group. A p-value < 0.05 was regarded as significant, whereas a p-value > 0.05 was regarded insignificant. A p-value < 0.01 was regarded as highly significant in all analyses (15).
Results
[bookmark: _Ref132084226][bookmark: _Ref132086909]There were highly significant reduction in Cryptosporidium oocysts in all  treated groups(P<0.001) than group B (infected non treated) with best reduction on treated with   group E (combination therapy) as percentage of reduction 98.94%. Table 1
Table 1: Effect of  nitazoxanide (nanazoxide) and rosuvastatin (crestor) on Cryptosporidium oocytes in stool in immunosupressed infected and treated groups
	Studied groups
	Cryptosporidium oocytes in stool in 10 successive power fields (100x10)
	Change
(%)
	P-value

	
	Mean± SD
	
	

	Group A: non infected non treated (control negative). (N: 10 mice)
	-
	-
	-
	-

	Group B: infected non treated (control positive).
(N: 10 mice)
	113.0± 12.0
	-
	(P<0.001) **
	-

	Group C: Infected treated with nitazoxanide (nanazoxide).
(N: 10 mice)
	46.6±6.02
	↓58.76%
	
	<0.001
**

	Group D: Infected treated with rosuvastatin (crestor). (N: 10 mice)
	74.2±7.19
	↓34.34%
	
	<0.001**

	[bookmark: _Hlk164599416]Group E: Infected treated with nitazoxanide (nanazoxide) and with rosuvastatin (crestor). (N: 10 mice)
	23.8±4.92
	↓98.94%
	
	<0.001**


Data was presented as Mean± SD or frequency (%).Data of groups A,C, D and E were compared with those of group B, (NB all groups are immunosuppresed by dexamethathone) **: statistically significant as p value <0.05.
Infected non treated (group B) showed many Cryptosporidium oocysts in intestinal lumen and There were marked intestinal changes in the form of marked villous broadening, focal fusion and moderate inflammatory infiltration of the lamina propria.  Group treated by nitazoxide (group C), and group treated by combined nitazoxide and rosuvastatin (group E) showed significant difference than Infected non treated (group B). In intestine: less intestinal villous changes, less inflammatory infiltrate.nIn lung:  less interstitial inflammatory infiltrate. Table 2
Table 2: Effect of nitazoxanide (nanazoxide) and rosuvastatin (crestor) on lung and intestine in immunosupressed infected and treated groups
	Group

	Cryptosporidium oocysts
intensity in intestinal section
	pathological changes
(inflammarory infiltrate and villous broadring and expansion)
	Lung interstitial inflammation with inflammatory infiltrate
	Total

	
	Few
	Many
	Mean ±
Std. Deviation
	Minimal to mild
	Moderate to marked
	Mean ±
Std. Deviation
	Minimal/scattered foci
	Moderate patchy
	Mean ±
Std. Deviation
	

	Group A: non infected non treated (control negative) N: 10 mice
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Group B: infected non treated (control positive) N: 10 mice
	0
	(100%)
	2.0000±0.000000
	0
	(100%)
	2.0000±0.00000
	(40%)
	(60%)
	1.6000±0.54772
	(100%)

	Group C: Infected treated with nitazoxanide (nanazoxide) N: 10 mice
	(100%)
	0
	1.0000±0.00000
	(60%)
	(40%)
	1.40000.54772*
	(60%)
	(40%)
	1.4000±0.54772
	(100%)

	Group D: Infected treated with rosuvastatin (crestor). N: 10 mice
	(100%)
	0
	1.0000±0.00000
	(40%)
	(60%)
	1.6000±0.54772
	(40%)
	(60%)
	1.6000±0.54772
	(100%)

	GroupE: Infected treated with nitazoxanide and withrosuvastatin. N: 10 mice
	(100%)
	0
	1.0000±0.00000
	(80%)
	(20%)
	1.2000±0.44721*
	(80%)
	(20%)
	1.2000±0.44721
	(100%)


Data was presented as Mean± SD or frequency (%). Mild inflammation was recognized as less than 30 inflammatory cells/high-power field; moderate inflammation was definite as 30 to 100 inflammatory cells/high-power field; and marked inflammation was regarded as more than 100 inflammatory cells/high-power field. P value in intestinal changes <0.001**, P value in changes in cryptosporidium cyst intenisity in lumen <0.001**, P value in lung changes =0.333.

Figure 1 shows pathological changes in immunosuppressed mice intestine:Infected not treated, infected treated by nitazoxide (nanazoxide), infected treated by rosuvastatin (crestor) and infected treated by combined nitazoxide (nanazoxide) & rosuvastatin (crestor). 
Figure 2 shows pathological changes in immunosuppressed mice lung:Infected not treated, infected treated by nitazoxide (nanazoxide), infected treated by rosuvastatin(crestor) and infected treated nitazoxide (nanazoxide) & rosuvastatin (crestor). 
Discussion
Cryptosporidium species are pathogenic intestinal protozoa that are responsible for significant morbidity and mortality on a global scale.  Pediatric populations demonstrate increased vulnerability to clinical manifestations due to the relative immaturity of their immunity, undernutrition, predominantly within low- and middle-income nations. The spectrum of signs and clinical presentations in pediatric patients can vary from asymptomatic to fatal (16).Norouzi et al. (17), presented the assessment of the effectiveness of chitosan nanoparticles containing rosuvastatin in the management of acute toxoplasmosis:  demonstrated that rosuvastatin-based chitosan nanoparticles effectively reduced 98.950 ± 1.344% (P < 0.05) of Toxoplasma gondii tachyzoites. In vivo analysis of peritoneal fluid demonstrated that Chitosan nanoparticles markedly decreased the parasite burden in the group treated with Chitosan nanoparticles based on rosuvastatin, in comparison to the negative control group (P < 0.001).
According to this study results, nitazoxanide was used in a dose of 500 mg/kg/day and gave (58.76%) reduction in oocysts shedding. This agreed with Li el al. (18), Who investigated the prolonged anti-cryptosporidium activity of NTZ in an immunosuppressed rat model and demonstrated that administering NTZ at doses of 50 mg/kg/day, 100 mg/kg/day, or 200 mg/kg/day over one week resulted in a dose-dependent reduction (45.1%) in oocyst shedding. 
According to the results of this study, the therapeutic dose of rosuvastatin (20 mg/kg) produced a highly significant reduction in oocysts (34.34%) when administered alone or in combination with nitazoxanide (98.94%) than the infected control group. (table 1) which agreed with Al-ghandour et al. (19)  who reported that, atorvastatin (40mg-kg) in combination with nitazoxanide (500mg-kg) resulted in a substantial decrease in oocyst shedding on day 7 post-infection (PI) compared to the infected untreated control group.
According to the current results, histopathological examination of sections of intestine stained with (H&E) from infected non treated group  exhibited  many Cryptosporidium oocysts in intestinal lumen and there were marked intestinal changes in the form of marked villous broadening, focal fusion and moderate inflammatory infiltration of the lamina propria which agreed with Hassan et al. (20), Who demonstrated that histopathological examination of the intestinal sections from infected, untreated mice revealed severe detrimental impacts on intestinal mucosa as a consequence of Cryptosporidium oocysts infection. 
According to this study results, the best results in group treated by combination between rosuvastatin and nitazoxanide) in the form of less intestinal villous changes, less inflammatory infiltrate also this group showed significant statistical difference than infected non treated group. Also, Madbouly et al. (21), demonstrated that the groups treated with the atorvastatin and nitazoxanide combinations exhibited a significant effect, as evidenced by a notable improvement of the histopathological alterations.
This study shows that the infected nontreated group show changes in lung tissue in form of interstitial inflammation with inflammatory infiltrate which agreed with Beshay et al. (22)  who revealed significant disruption of pulmonary hemorrhage, focal ulceration, intra-alveolar septa, and bronchial lamina propria inflammation, with numerous cryptosporidium oocysts observed along the epithelial membrane of bronchi in the infected control group.
In this study, the group treated with nitazoxanide exhibited no significant alterations in lung tissue compared to the untreated infected group and its agreed with Beshay et al.(22) who revealed that the group treated with nitazoxanide exhibited interstitial, bronchial inflammation, and pulmonary hemorrhage; however, no oocysts were detected at the epithelial lining.  This study demonstrates no significant alterations in the group treated with Rosuvastatin alone or in combination with nitazoxanide in lung tissue when compared to the infected untreated group.  

Conclusion
[bookmark: _Hlk208139205]There was reduction in oocysts number in stool when infected mice treated by nitazoxanide alone or in combination with rosuvastatin. The infected non-treated group showed marked intestinal pathologic changes with many Cryptosporidia oocysts. In contrast, treatment with nitazoxanide alone or in combination with rosuvastatin there was markedly improvement in both intestinal and pulmonary histopathological changes, which showed by reduction in villous alterations and diminished inflammatory infiltration.
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Figure 1: Group B: Immunosuppressed infected not treated group showing (A): moderate to marked villous broadening, fusion and expansion by moderate to marked mixed inflammation (Red arrows, with clusters of cryptosporidium oocysts (Red circles) (H&E stain X40), (B): diffuse moderate to marked villous broadening, fusion , red arrows and expansion by moderate to marked mixed inflammation Yellow arrows, (C): showing focal moderate to marked villous broadening, fusion, red arrow, & expansion by moderate to marked mixed inflammation, yellow arrow. There are many cryptosporidium oocysts related to intestinal mucosa, red circle, (D): showing diffuse moderate to marked villous broadening, fusion, red arrows, & expansion by moderate to marked mixed inflammation yellow arrows. There are clusters of cryptosporidium oocysts, red circled,  (E): showing many cryptosporidium cysts related to intestinal mucosa, red arrows (H&E stain X400). Group C: immunosuppressed infected treated by nitazoxide (nanazoxide) group (F): showing focal villous broadening andfussion, red arrow, with moderate lymphocytic infiltrate, yellow arrow. There are few scattered cryptosporidium oocysts, red circle. (H&E stain X10). Normal villi labeled by black stars, (G): showing scattered small foci of interstitial lymphocytic inflammatory infiltrate, yellow arrow. (H&E stain X400), Group D: Immunosuppressed infected treated by rosuvastatin (crestor)group (H): showing focal villous broadening, red arrows, with mild to moderate lymphocytic infiltrate, yellow arrow. Almost normal villi labeled by black stars, (I): showing focal villous broadening, red arrow, with mild to moderate lymphocytic infiltrate. Normal villi labeled by black stars. (H&E stain X200), (J): showing focal villous broadening, red arrow, with mild to moderate lymphocytic infiltrate, yellow arrow. There are almost normal villi labeled by black stars. (H&E stain X200), Group E: Immunosuppressed infected treated by combined nitazoxide (nanazoxide) & rosuvastatin (crestor)group (K): showing focal mild villous broadening with mild lymphocytic infiltrate, red arrows.  Normal villi labeled by black star. (H&E stain X40, (L): intestinal tissue almost normal villi with minimal lymphocytic infiltrate, labeled by black stars, (M): showing focal moderate villous broadening with moderate lymphocytic infiltrate, red arrows   Normal villi labeled by black star. (H&E stain X100)


	
	
	

	
	
	

	
	
	

	
	
	

	
	


Figure 2: Group B:Immunosuppressed infected not treated group (A): lung tissue with showing patchy interstitial lymphocytic inflammatory infiltrate; Yellow arrows. (H&E stain X40), (B): lung tissue with showing patchy interstitial lymphocytic inflammatory infiltrate; Yellow arrow. (H&E stain X40), (C): lung tissue with showing patchy interstitial lymphocytic inflammatory infiltrate; Yellow arrow. (H&E stain X100), (D): lung tissue with showing patchy interstitial lymphocytic inflammatory infiltrate. (H&E stain X40), Group C: immunosuppressed infected treated by nitazoxide (nanazoxide) group (E): lung tissue showing scattered small foci of interstitial lymphocytic inflammatory infiltrate, yellow arrows. (H&E stain X40), (F): lung tissue showing scattered small foci of interstitial lymphocytic inflammatory infiltrate, yellow arrow. (H&E stain X400), Group D: immunosuppressed infected treated by rosuvastatin (crestor) (G): Lung tissue with patchy moderate lymphocytic infiltrate, yellow arrow. (H&E stain X40), (H, I): Lung tissue with patchy moderate lymphocytic infiltrate, yellow arrow (H&E stain X100), (J, K): Lung tissue with patchy mild lymphocytic infiltrate, yellow arrow (H&E stain X100), Group E: immunosuppressed infected treated by combined nitazoxide (nanazoxide) and rosuvastatin (crestor)group (L, M): lung tissue showing minimal foci of interstitial lymphocytic inflammatory infiltrate labeled by black star (H&E stain X100), (N): lung tissue showing minimal foci of interstitial lymphocytic inflammatory infiltrate, yellow arrow (H&E stain X200)
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