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			Abstract | New formulation of nanocurcumin (curcumin-olive oil nano-composite; C-Oo.Nc) was produced and characterized in the present study. The produced nanoparticles are spherical with 63 nm zeta size and high stability in the aqueous media. The coccidiocidal efficacy of the C-Oo.Nc was evaluated versus five chicken Eimeria species oocysts. The immature oocysts were exposed to 5, 10, 20, and 40 ppm, each for 1, 3, 6, 9, 12, 24, and 36 h. Percentage of sporulation inhibition in oocysts and comet assay were used to investigate the C-Oo.Nc destructive effects. The infectivity of sporulated oocysts exposed to LC50 & LC90 were evaluated by In vivo inoculation of broiler chicks. The results demonstrated that the increase in the rate of sporulation inhibition is directly related to the increase in C-Oo.Nc concentrations and exposure time. Analyzing the DNA damage in the oocysts exposed to different concentrations using comet assay revealed a significant direct variation (p ≤ .05) between the increase in the dose and the degree of the DNA genotoxic damage as represented by variations in the tail length (μm), percent of DNA in the tail segment, and tail moment (μm). Postmortem (PM) inspection of birds inoculated by LC90 exposed sporulated oocysts demonstrated a very slight or un-apparent reddens without thickening in the cecal wall with close relation to the normal un-infected control group. This with in contrast to the group inoculated by LC50 exposed sporulated oocysts. The study concluded that C-Oo.Nc is a promising effective anticoccidial compound for controlling infection in chickens. 
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			INTRODUCTION

			 

			Nanotechnology has been considered as a promising field for generating innovative materials with dimensions ranging from 1 to 100 nanometers since 1974. In the metric system, “Nano” equals a billionth, so a nanometer is one-billionth of a meter (units of 10 -9 meters) (Elgadir et al., 2015). Nanotechnology has significant potential in the field of medicine including veterinary medicine as it is enhancing drug or other medicinal products delivery with special significance for biomedical applications in vivo and In vitro (Youssef et al., 2021).

			 

			Coccidiosis is a serious parasitic disease in the poultry industry which is one of the main suppliers of animal protein worldwide. It is caused by the genus Eimeria which belongs to the phylum Apicomplexa. Seven Eimeria species were identified in poultry, each targeting a specific part within the intestines with different pathogenicity (Pop et al., 2019; Mesa-Pineda et al., 2021). Poultry coccidiosis causes high morbidity, low growth rate, increased susceptibility to other diseases, and high mortalities during severe infection leading to high economic losses in poultry farms (Santos et al., 2020). 

			 

			Different anti-coccidial drugs have been used to prevent and control coccidiosis. However, the excessive usage of these drugs may cause drug resistance and residues in tissues (Yadav and Jha, 2019). To overcome this issue; new drugs, drugs combinations, and different methods of administration such as supplements with antioxidants (Abdel-Rahman and Abdel-Radi, 2022) or testing other related drugs (Abou-Okada et al., 2021) were applied, but this increases the cost of the poultry industry (Jamil et al., 2022). Moreover, the rotational program of vaccines and drugs is a common strategy (Hafez, 2008). In addition, supplying ionophores and some feed additives have been used to reduce coccidiosis in poultry (Teng et al., 2020). Due to the side effects of anti-coccidial drugs, the disadvantages of conventional vaccines, ionophores poultry toxicity, and resistance of some Eimeria spp. to some ionophores and anti-coccidial drugs (Wunderlich et al., 2014), the research directed towards using some new natural alternatives and exploring the antimicrobial activity of different herbal plants or their extracts which are specific, effective, inexpensive and safe to consumers in order to limit the emergence of resistance in Eimeria strains and to extend the effectiveness of available anticoccidial medications  (Lillehoj et al., 2018; Pop et al., 2019; Raza et al., 2022).

			 

			One of the studied natural compounds in this respect is curcumin, a polyphenolic compound extracted from the Curcuma longa herbal plant, commonly known as turmeric (Kocaadam and Sanlier, 2017). Turmeric is an ancient perennial herb native to India that belongs to the Zingiberaceae family and is widely farmed in tropical and subtropical regions of the world (Esatbeyoglu et al., 2012). 

			 

			Curcumin has different pharmacological effects such as anti-inflammatory, anti-mutagenic, antitumoral, wound healing, and anti-angiogenesis properties. Also, it has gastroprotective, antiproliferative, antiarthritic, and neuroprotective effects for humans and animals (Willenbacher et al., 2019). Moreover, it has an antioxidant and antimicrobial property, effectively reducing poultry coccidia and other protozoa infections (Abbas et al., 2010; Nagajyothi et al., 2012). Many studies were performed to investigate the anti-coccidial activity of curcumin on different Eimeria spp. Curcumin reduces the small intestinal infections caused by E. acervulina and E. maxima. Furthermore, curcumin can destroy sporozoites of E. tenella (Khalafalla et al., 2011), affect the wall of the oocysts, and reduce the oocyst shedding and gut lesions (Fatemi et al., 2015). Moreover, it can inhibit the sporulation of the exposed oocysts (Felici et al., 2021). 

			 

			The normal form of curcumin is highly lipophilic and insoluble in water at basic pH. Moreover, it is unstable in working solution and degrades during long timed sample preparation. These lead to its incomplete absorption, poor bioavailability, and low organ penetration property (Ajay et al., 2012). Tsai et al. (2011) reported that the nano form of curcumin is easily dissolvable in water and has a significantly higher penetration and distribution rate. Therefore, the researchers directed to minimize the average diameter of curcumin solid particles and use the nano-curcumin in controlling coccidiosis (Gogoi et al., 2019). Using nanocurcumin as a dietary supplementation at low doses is safe and effective on carcass characteristics and physical and chemical properties of broiler chicken meat infected with Eimeria acervulina, Eimeria maxima, and Eimeria tenella (Partovi et al., 2019). 

			 

			In the present study, curcumin-olive oil nano-composite (C-Oo.Nc) was originally prepared and characterized. Its coccidiocidal efficacy was evaluated against five Eimeria species of poultry. Moreover, its sporulation inhibitory effects were evaluated on immature oocysts. The effect of its LC50 & LC90 on the infectivity of sporulated oocysts was evaluated by inoculation to broiler chicken. Finally, the degree of DNA genotoxic damage in the exposed and control oocysts was analyzed using the comet assay.

			 

			MATERIALS AND METHODS

			 

			The tested curcumin-olive oil nano-composite (C-Oo.Nc)

			Materials: Curcumin was purchased from (Sigma Aldrich Company) and olive oil was bought from (Sekem Company, Cairo, Egypt). While Tween 80 was purchased from (Al Nasr Company for Pharmaceutical Chemicals, Cairo, Egypt). All substances were used in a pure form without any modification.

			 

			Curcumin nanoparticles were synthesized by sonochemical methods. Curcumin was exposed to ultrasonic waves using a specialized sonicator (Sonorex Digitec, Model: Andelin; 35 kHz, Germany) which led to the formation and growth of micro-bubbles. The formed micro-bubbles have an extreme temperature (45ºc) and pressure (P 20 Mega Pascal) on the inner and outer sides of bubbles. When collapsing, the curcumin molecules subjected to these extreme conditions cause nucleation of nanoparticles, then rapid cooling lead to the synthesis of curcumin nanoparticles. 

			 

			For the preparation of nano-curcumin oil-in-water (O/W), the oil phase and surfactant (Tween 80) were mixed (by a ratio of 1:9 w/w) under continuously stirring for 15 minutes to form the oily phase. The oil acts as a stabilizer, coating curcumin nanoparticles and preventing aggregation. However, 0.01 g of curcumin was added to a 10 ml oil phase and then let under a magnetic stirrer for stirring for 1 h at 600 rpm. Then the solution was subjected to sonication, and the mixture was placed in a sonicator bath for 1 hour to obtain a clear yellow homogeneous oily solution. Subsequently, the final nanocomposite was formed by adding deionized water to the oily phase (5:1 w/w) and preceded with stirring at 500 rpm for 30 minutes under a temperature not exceeding 80oC. The total sonication time is 1.5 hours with rest intervals of 1 second, under 75% amplitude. Finally, the materials were supplied as a solution; each 1.0 ml contains 100 ppm of the active material. The product was easily dissolved in water to reach the required concentrations.

			 

			Characterization of the prepared (C-Oo.Nc): Characterization is classified into two sectors; identification and shape-size sector. The identification sector was carried out to confirm the synthesis without any contamination or change in the chemical or crystallography of curcumin nanoparticles. However, the shape-size sector was performed to illustrate the morphology of curcumin nanoparticles. Shape-size sector is classified into two subsectors; the size sector carried out by DLS using Malvern Instruments Ltd. Model of Nano Sight NS500 and the shape sector demonstrated by SEM (Prisma E Thermo Scientific Company) and TEM (EM-2100 High-Resolution at magnification). 

			C-Oo.Nc was produced in the Departement of Pharmacology, Faculty of Veterinary Medicine, Cairo University, Egypt. While it is characterized in the Nano-science Department, Basic and Applied Sciences Institute, Egypt-Japan University of Science and Technology, New Borg El Arab, Alexandria, 21934, Egypt and in Faculty of Nanotechnology for postgraduate studies - Cairo University Sheikh Zayed Branch, Giza PO 12588, Egypt.  

			 

			Reference drug 	

			As a standard anti-coccidial medication, Amprolium (20 percent amproxine, Water Soluble Powder, Pharma Swede Pharmaceuticals Co.Ltd., Egypt) was used. They were given their concentration and exposure time in accordance with the manufacturer’s recommendations. The medication was used at 240 ppm (El-Khtam et al., 2014; Felici et al., 2021).

			 

			The used Eimeria species oocysts

			Eimeria spp. oocysts were obtained from naturally infected ceca collected from freshly slaughtered natural infected chickens at the Department of Parasitology, Faculty of Veterinary Medicine Cairo University; according to (Chand et al., 2016). The caecal contents were collected, homogenized then sieved to remove the coarse fecal debris, and the oocysts were cleaned by washing several times and precipitation in water. The oocysts were separated by concentration flotation technique, then identified according to (El-Khtam et al., 2014), and then kept in potassium dichromate (2.5%) in a refrigerator until used. Five Eimeria spp. oocysts were detected and used in the present study in the following percentage; E. tenella 65%, E. maxima 12%, E. acervulina 10%, E. neatcrix 8%, and E. mitis 5%.

			 

			Testing and evaluating the coccidiocidal effects of C-Oo.Nc

			Anti-coccidial effects of the produced (C-Oo.Nc) were tested versus Eimeria spp. un-sporulated and sporulated oocysts. The cleaned, freshly collected Eimeria spp. un-sporulated oocysts were spread as a thin layer in the bottom of 6 cm diameter Petri-dishes for a series of upgraded concentrations of C-Oo.Nc; 5, 10, 20, and 40 ppm each for 1, 3, 6, 9, 12, 24, and 36 hours of exposure time in duplicates at room temperature. Amprolium (20%) was used simultaneously at a concentration of 240 ppm as a reference drug (Felici et al., 2021); moreover, control oocysts in distilled water were associated with also. A tested solution was removed at the end of the exposure time, and the oocysts were cleaned by washing and sedimentation several times. The exposed immature oocysts were incubated at 28ºC for 5-7 days in potassium dichromate for sporulation.

			 

			To evaluate the coccidiocidal effect of C-Oo.Nc on the exposed Eimeria spp. un-sporulated oocysts, sporulated and non-sporulated oocysts were counted using the McMaster technique (Chand et al., 2016), then the percentage of sporulation inhibition was calculated by counting the number of unsporulated oocysts from a total of 100 oocysts (3 replicates) for each concentration. The sporulation inhibition percentage was calculated using the following equation; 

			 

			Sporulation inhibition %
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			In addition, single-cell gel electrophoresis (SCGE) / comet assay was adopted to evaluate the effect of the products on the DNA damage in the exposed oocysts (Singh et al., 1988).

			 

			In order to evaluate the coccidiocidal effect of C-Oo.Nc on Eimeria spp. sporulated oocysts, a sufficient number of the collected immature oocysts from the naturally infected chickens, were sporulated by keeping them in 2.5% potassium dichromate solution in Petri-dishes, then incubated at 28ºC  for 5-7 days. Potassium dichromate was washed off, then the adjusted number of sporulated oocysts counted by the McMaster technique was exposed to the calculated LC50%, and LC90% of (C-Oo.Nc) previously recorded after exposure of the immature oocysts. After that, the comet assay was performed to evaluate the effect of the products on the DNA damage in the exposed oocysts (Singh et al., 1988). Moreover, the destructive effect of C-Oo.Nc was evaluated on the sporulated oocysts exposed to the calculated LC50 & LC90 (Salama et al., 2012) by In vivo inoculation to chicks as the following:

			 

			Chicken: One hundred of one-day-old Hubbard broiler chicks were obtained from a local broiler hatchery. They were kept under observation till became of 14-days-old chicks. All chicks were kept under good hygienic measures supplied by water and a balanced ration free from anti-coccidial drugs. Before inoculations, their feces were microscopically examined to ensure they were free from infection. 

			 

			In vivo inoculation: The 14-days-old chicks were kept in separate nine equal groups, each of ten chicks. The groups were divided as the following:

			 

			Table 1: Evaluation of the infectivity of the exposed sporulated oocysts (Experimental design).

			
				
					
					
					
				
				
					
							Chicken groups (n=10)
							
							In vivo study

						
					

					
							
							Control groups

						
							
							G1

						
							
							Non-inoculated chickens (control negative)

						
					

					
							
							G2

						
							
							Inoculated chickens with non-exposed sporulated oocysts (control positive)

						
					

					
							
							Inoculated with sporulated oocysts exposed to the calculated LC50

						
							
							G3

						
							
							5.0 ppm C-Oo.NC

						
					

					
							
							G4

						
							
							10.0 ppm C-Oo.NC

						
					

					
							
							G5

						
							
							20.0 ppm C-Oo.NC

						
					

					
							
							G6

						
							
							40.0 ppm C-Oo.NC

						
					

					
							
							Inoculated with sporulated oocysts exposed to the calculated LC90

						
							
							G7

						
							
							20.0 ppm C-Oo.NC

						
					

					
							
							G8

						
							
							40.0 ppm C-Oo.NC

						
					

					
							
							Reference drug group

						
							
							G9

						
							
							sporulated oocysts exposed to amprolium 20% in a dose of 240 ppm 

						
					

				
			

			

			 

			The oocysts were orally inoculated/bird (approximate dose of 7 X 103) (El-banna et al., 2005). The chickens were kept under observation. Clinical symptoms and the presence of bloody feces were observed. Moreover, calculating the mean total number of shed oocyst/grams of feces/bird per each group during the whole period (5th to 10th dpi) was determined. In addition, slaughtering of the birds, post-mortem (PM) inspection, and the lesion score were determined in each case at the end of the experiment (12th dpi).  

			 

			PM scoring of inoculated birds: PM inspection was performed for the whole intestine of birds inoculated by sporulated oocysts previously exposed to LC50 & LC90 and control non-exposed oocysts. The lesion score was determined according to El-Banna et al. (2005) at the end of the experiment as the following: 

			Grade 0 (-):  There is no lesion recorded.

			Grade 1 (+): There is a slight degree of redness with mild thickening associated with 1 to 3 focal lesions in a 3 cm2 of the intestinal wall.

			Grade 2(++):  The intestinal wall has moderate redness and thickening with focal lesions (3-6) in a 3 cm2 of the wall with ballooning in the caecum.

			Grade 3 (+++): The intestine wall has severe congestion with more thickening associated with ballooning of the caecum and the presence of a “bloody cecal core” of variable degrees.

			 

			Evaluation of DNA damage by the comet assay

			The comet assay was used to analyze the DNA damage as described by Singh et al. (1988). Visualization of DNA damage in the exposed and controlled Eimeria spp. oocysts were visualized in ethidium bromide-stained DNA using a fluorescent microscope (40x objective) with Komet 5 image analysis software (Kinetic Imaging, Ltd. Liverpool, UK), attached by a CCD camera that can assess the quantitative and qualitative extent of DNA damage in the cells by measuring the length and the percentage of DNA migration. Then the program calculates the tail moment. The damage to DNA was measured by the percentage of DNA in the tail (% DNA tail). One hundred cells per treatment were selected randomly and analyzed. The score of the comet assay was calculated according to the formula of Singh et al. (1988) in the range of 0- 400 arbitrary units.

			 

			Statistical analysis 

			The obtained data were statistically analyzed using analysis of variance (ANOVA), and comparing groups were performed using the least significant difference (LSD) at p ≤ 0.05 according to Petrie and Watson (1999) and computerized using SPSS II (2001). 

			 

			RESULTS

			 

			Characterization of the prepared (C-Oo.Nc)

			Scanning (SEM) and transmission (TEM) electron microscope characterization: SEM 3D and TEM 2D images for curcumin-olive oil nano-composite (C-Oo.Nc), as illustrated in (Figure 1), confirmed the nano-composite formation. They illustrated the spherical structure of cur

			Table 2: Mean % of sporulation inhibition in the exposed immature Eimeria spp. oocysts. 

			
				
					
					
					
					
					
					
					
					
				
				
					
							Tested conc.
							
							Mean ±SD of inhibition of sporulation in Eimeria spp. oocysts after exposure to

						
					

					
							
							1h

						
							
							3h

						
							
							6h

						
							
							9h

						
							
							12h

						
							
							24h

						
							
							36h

						
					

					
							
							C-Oo.NC

							5.0 ppm

						
							
							7.8±1.3c

						
							
							27.6 ± 1.14c

						
							
							36.4 ±0.87c

						
							
							46.6 ±1.4c

						
							
							58.8 ± 0.85c

						
							
							70.8 ±

							0.8b

						
							
							77.2 ± 1.5b

						
					

					
							
							C-Oo.NC

							10.0 ppm

						
							
							27.6±1.14b

						
							
							36.6 ± 0.83b

						
							
							53.6 ±1.14b

						
							
							63.2 ±2.86b

						
							
							67.4 ± 1.4 bc

						
							
							78.2 ±0.9b

						
							
							85.4 ± 1.3ab

						
					

					
							
							C-Oo.NC

							20.0 ppm

						
							
							36.2± 0.84ab

						
							
							40.8 ± 0.84b

						
							
							65.2 ±0.8ab

						
							
							69.2±1.79ab

						
							
							71.8 ± 1.1bc

						
							
							86.3±0.84ab

						
							
							95.8 ±2.1a

						
					

					
							
							C-Oo.NC

							40.0 ppm

						
							
							42±0.7a

						
							
							65.4 ±0.89a

						
							
							75.6 ±1.1a

						
							
							81.6 ±1.8a

						
							
							87.6±1.13b

						
							
							94.8 ±1.3a

						
							
							98.7 ±0.9a

						
					

					
							
							Amprolium 20% 

							240 ppm

						
							
							34.5± 0.17ab

						
							
							41.3± 0.12b

						
							
							56.5± 0.11b

						
							
							76.3±0.8b

						
							
							98.7 ±0.9a

						
							
							98.7 ±0.9a

						
							
							-

						
					

					
							
							Control -Ve

						
							
							0.00

						
					

				
			

			

			* Concentration before these concentrations did not induce any mortalities.

			* Data represented as mean ± SD. 

			*a-c Means with different superscripts within the same column are significantly (p-value ≤ 0.05) different.

			 

			cumin nanoparticles in nanosized form.
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			Figure 1:  SEM and TEM images of the produced C-Oo.Nc
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			Figure 2: AFM images for (C-Oo.Nc)

			 

			Atomic force microscope (AFM) study: AFM analysis was performed for the C-Oo.Nc to confirm the shape, size, concentration, and agglomeration obtained from TEM and SEM data. AFM images (Figure 2) illustrated the spherical structure of curcumin-olive oil nanocomposite with a maximum thickness of less than 50 nm. It was clear from the figure that the C-Oo.Nc does not tend to form agglomeration in certain areas. 

			 

			Zeta size and potential: Zeta size and potential were measured for curcumin nanoparticles to determine their size and stability in aqueous media. The curcumin nanoparticles size was 63 nm with a zeta potential of -24 mV. The size obtained matched the size given by TEM, SEM, and AFM images, and zeta potential values illustrated the good stability of the C-Oo.Nc in the aqueous media.

			 

			Coccidiocidal effect of the C-Oo.Nc

			To study the coccidiocidal effect of the C-Oo.Nc, the sporulated immature Eimeria spp. oocysts were exposed to 5, 10, 20, and 40 ppm of the C-Oo.Nc each for 1, 3, 6, 9, 12, 24, and 36 hours. The data illustrated in (Table 2 and Figure 3) revealed that the increase in the rate of sporulation inhibition is directly related to the increase in C-Oo.Nc concentrations and exposure time. Exposing the oocysts to 5 ppm induced only 7.8 ± 1.3 % mortalities in the oocysts exposed for 1 h. This increased gradually to 77.2 ± 1.5 % after 36 h of exposure. Ten ppm revealed 27.6 ± 1.14% mortalities increased to 85.4 ± 1.3% after 36 h of exposure. At the same time, 20 ppm revealed 36.2 ± 0.84 % mortalities increased to 95.8 ± 2.1 % after 36 h, while the maximum mortalities were recorded after exposure to 40 ppm as it reached 42 ± 0.7% after 1 h exposure time and increased to 95.8 ± 2.1% then to 98.7 ± 0.9% after 48 and 36 hours, respectively. On the other hand, amprolium 20% at a concentration of 240 ppm revealed inhibition reached 98.7 ± 0.9% after 12 h exposure time with neglected sporulation inhibition of the control during calculation in each time.

			 

			The data in (Table 3 and Figure 3) demonstrated the calculated LC50 & LC90 for each tested concentration. The LC50 was 5 ppm/9 h, 10 ppm/5 h, 20 ppm/4 h, and 40 ppm/90 minutes exposure time. The 20 ppm and 40 ppm concentrations only proved that they could inhibit sporulation of the exposed immature oocysts after 28 and 15 hours of exposure, respectively.

			 

			Table 3: The calculated LC 50 LC90 of C-Oo.Nc versus Eimeria spp. unsporulated oocysts.

			
				
					
					
				
				
					
							LC50
							LC90  
					

					
							
							5.0 ppm/ 9 h

						
							
							--

						
					

					
							
							10.0 ppm/ 5 h

						
							
							--

						
					

					
							
							20.0 ppm/ 4h

						
							
							20.0 ppm/ 28 h

						
					

					
							
							40.0 ppm / 1.30 h

						
							
							40.0 ppm / 15 h
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			Figure 3: Demonstrating the effect of different C-Oo.Nc doses and exposure time on sporulation inhibition of the exposed immature oocysts as well as calculation of LC50 & LC90.

			 

			Effect of the drug LC50 and LC90 on the infectivity of the sporulated oocysts

			Different groups of chicks were inoculated by sporulated oocysts exposed to the calculated LC50 & LC90 of the C-Oo.Nc and amprolium 240 ppm/24 h and then counted for the total number of oocysts/gram feces/bird that shed during the 5th-10th dpi. The mean total number of oocysts shed per gram of feces/bird revealed a marked decrease in the mean number of oocysts shed from the group exposed to LC90 (1633 ± 153 to 1500 ± 265) and amprolium 240 ppm/24 h (1432 ± 153) as well as a significant decrease (p ≤ 0.05) in the number of shed oocysts in groups exposed to LC50 (11473 ± 851 to 10100 ± 500)  in comparison with (32633 ± 850) shed from control birds inculcated by the same number of unexposed oocysts (Table 4). 

			 

			PM inspection of these birds at the 12th dpi revealed a marked difference (Figure 4). Only very slight or un-apparent redness without thickening in the wall was closely related to the normal un-infected control in the group inoculated by oocysts exposed to LC90. In contrast, those inoculated by oocysts exposed to LC50 revealed scores between grades 1 and 2  (+ and ++ ) (Figure 4), as their intestinal wall have light to moderate redness with mild thickening associated with sporadic focal lesions without ballooning of the ceca. At the same time, severe infection regarding grade 3 (+++) was recorded in all birds inoculated by the non-exposed oocysts (Figure 4). The intestine wall has severe congestion with more thickening associated with ballooning of the caecum and presence of “bloody cecal core” of variable degrees.

			 

			Table 4: Mean number of shed oocysts/birds inoculated groups during 5th - 10th dpi.

			
				
					
					
					
					
				
				
					
							
							Dose of

							C-Oo.NC

						
							Mean number of shed oocyst/bird/gram feces during the whole period of oocysts exposed to
							
							Grad of 

							Lesion Score

							 

						
					

					
							
							LC 50

						
							
							5.0 ppm/ 9 h

						
							
							11473± 851b

						
							
							Grade 2 (++)

						
					

					
							
							10.0 ppm/ 5 h

						
							
							11460±943b

						
							
							Grade 2 (++)

						
					

					
							
							20.0 ppm/ 4h

						
							
							10770±580b

						
							
							Grade 1 (+)

						
					

					
							
							40.0 ppm / 1.30 h

						
							
							10100±500b

						
							
							Grade 1 (+)

						
					

					
							
							LC 90

						
							
							20.0 ppm/ 28h

						
							
							1633±153c

						
							
							Grade 0 (-)

						
					

					
							
							40.0 ppm / 15 h

						
							
							1500±265c

						
							
							Grade 0 (-)

						
					

					
							
							Amprolium (20%) 

							240 ppm/24h

						
							
							1432 ±153c

						
							
							Grade 0 (-)

						
					

					
							
							Control non-exposed oocysts

						
							
							32633 ±850a

						
							
							Grade 3 (+++)

						
					

				
			

			

			* Data represented as mean ± SD. 

			*a-c Means with different superscripts within the same column are significantly (p-value ≤ 0.05) different.
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			Figure 4: Variations in the degree of lesion score in chickens inoculated by sporulated oocysts exposed to LC50 of C-Oo.Nc (A) in comparison with non-exposed control oocysts (B) with a marked difference in the level of the lesion in the ceci.

			 

			DNA damage in exposed oocysts (Comet assay)

			The comet assay was used to analyze the DNA damage in the exposed and control Eimeria species oocysts. DNA damages were visualized in immature oocysts exposed to the tested four concentrations of C-Oo.NC after 24 h exposure time, for sporulated oocysts exposed to LC90 (20 ppm/28 h and 40 ppm/15 h) as well as in control (ampro

			Table 5:  Comet parameters and level of damage in DNA of Eimeria spp oocysts after 24 h exposure to different concentrations of nano-curcumin. 

			
				
					
					
					
					
					
					
					
				
				
					
							
							Tested concentration

							 

						
							% of sporulation inhibition
							% of DNA damage
							
							Tail length(μm)

						
							% of DNA in tail
							
							Tail moment (μm)

						
					

					
							
							Un-

							Sporulated

							Oocysts

						
							
							5 ppm/24h

						
							
							70.8±0.8bc

						
							
							12.2± 0.3d

						
							
							7.6± 0.5d

						
							
							6.5±0.6d

						
							
							0.6 ± 0.02c

						
					

					
							
							10 ppm/24h

						
							
							78.2±0.9b

						
							
							14.3± 0.8bc

						
							
							8.3 ± 0.6c

						
							
							8.34 ± 0.5c

						
							
							0.62 ± 0.04c

						
					

					
							
							20 ppm/24h

						
							
							86.3±0.84ab

						
							
							16.44± 0.55b

						
							
							9.5 ± 0.5c

						
							
							9.7±0.7c

						
							
							0.86 ±0.02ab

						
					

					
							
							40 ppm/24h

						
							
							94.8±1.3a

						
							
							18.3 ± 0.81a

						
							
							10.3 ± 0.7ab

						
							
							10.7 ±0.5ab

						
							
							0.91 ±0.01a

						
					

					
							
							Sporulated oocysts

						
							
							20ppm/28h

						
							
							LC 90 %

						
							
							17.8 ± 0.62a

						
							
							9.7 ± 0.9ab

						
							
							9.9 ±0.7b

						
							
							0.88 ±0.03ab

						
					

					
							
							40ppm/15h

						
							
							LC90%

						
							
							18.2 ± 0.4a

						
							
							11 ± 0.26a

						
							
							11.9 ±0.5a

						
							
							0.92 ±0.04a

						
					

					
							
							Amprolium 240 ppm/24h

						
							
							98.7 ±0.9a

						
							
							18.8± 0.5a

						
							
							11.6 ± 0.56a

						
							
							12±0.25a

						
							
							0.98 ±0.08a

						
					

					
							
							Negative control

						
							
							0.0

						
							
							4.2 ±0.4

						
							
							3.7 ±0.4

						
							
							3.43± 0.4

						
							
							0.46± 0.03

						
					

					
							
							P-value

						
							
							≤ 0.05

						
					

				
			

			

			* Data represented as mean ± SD. 

			*a-c Means with different superscripts within the same column are significantly (p-value ≤ 0.05) different.

			 

			lium 240 ppm/24 h) and of negative control non-exposed oocysts (Table 5 and Figure 5). 

			 

			The data demonstrated a direct relationship between the increase in the dose of n curcumin and the degree of the overall DNA genotoxic damage as it is also represented by variations in the tail length (μm), % of DNA in the tail segment, and tail moment (μm). When investigating the migration of DNA fragments by agarose gel electrophoresis, an increase in the % of sporulation inhibition from 70.8 ± 0.8 to 94.8 ± 1.3 was observed with increasing the curcumin dose from 5 ppm to 40 ppm, respectively. A significant increase (p ≤ 0.05) in the % of DNA damage was also detected from 12.2± 0.3 to 18.9 ± 0.4, the mean tail length (μm) increased from 7.6 ± 0.5 to 11 ± 0.26, the % of DNA in the tail was increased from 6.5 ± 0.6 to 11.4 ± 0.5, and the tail moment (μm) was also increased with increasing the concentration from 0.6 ± 0.02 at 5 ppm to 0.95 ± 0.04 in oocysts exposed to 40 ppm. The values gradually increased with the tested concentrations from 5 to 40 ppm (Table 5). The same facts were also recorded in sporulated oocysts exposed to LC90. 

			 

			The mean values of destruction in DNA parameters in unsporulated oocysts exposed to 40 ppm and in sporulated ones exposed to LC90 have no significant difference (p ≤ 0.05) compared to that recorded after exposure to the control reference drugs (amprolium 240 ppm). At the same time, significant very low destruction (4.2 ± 0.4%) in DNA and the other estimated parameters were recorded in control non-exposed oocysts (Table 5 and Figure 5).
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			Figure 5: Comet assay demonstrate the damage in DNA of Eimeria spp. oocysts exposed to C-oo.Nc; (A&B) are control non-exposed oocysts; (C&D) low level of damage recorded in that exposed to 5 & 10 ppm/24h and (E&F) high level of damage in recorded in oocysts exposed to 40 ppm and Amprolium (20%) 240 ppm /24h.

			 

			DISCUSSION

			 

			Medicinal plants and potential herbs are still very widely exposed for improvement to be used in the field of human, animal, and poultry health, especially those that have bioactive functions such as antimicrobial, antioxidant, anti-diabetics, antiparasitic, anti-cancerous, and other functions  (Haniarti et al., 2019; Jamil et al., 2022). There is a general increasing demand to reduce applying antibiotics in poultry farms and replace them with new natural alternatives (Raza et al., 2022). Curcumin extracted from Curcuma longa herbal plant is widely investigated in this respect as it has anti-inflammatory, antimicrobial, antiproliferative, neuroprotective and wound healing properties for humans and animals (Willenbacher et al., 2019).

			 

			It was recorded that curcumin has anti-protozoal and antioxidant activity, effectively reducing coccidia and other poultry protozoal infections (Abbas et al., 2010). Curcumin possesses many medical benefits but must be used at high concentrations (10 g/L) to induce considerable sporulation inhibition to the immature Eimeria spp. oocysts (El-Khtam et al., 2014; Yadav et al., 2020). Moreover, crude curcumin is unstable in the working solution and degrades during long-timed sample preparation (Ajay et al., 2012).

			 

			For these causes, the direction towards developing and manufacturing nano-curcumin was performed to gain the benefits of curcumin after using a low dose level and small-sized particles with higher stability. In this respect, the present study was initiated to evaluate the anti-coccidial effects of native original newly formulated nano-curcumin molecules after loading at particles of olive oil. 

			 

			C-Oo.Nc was produced in Departement of Pharmacology Faculty of Veterinary Medicin Cairo University, Giza, Egypt. Characterization of the produced C-Oo.Nc using TEM, SEM, and AFM revealed that the obtained particles are spherical structures with maximum thickness less than 50 nm. Moreover, it was noticed that C-Oo.Nc particles do not tend to form agglomeration in certain areas. Zeta size and potential values demonstrated that the produced molecules are 63 nm sized with good stability in the aqueous media. The obtained particle size was within the range previously described for the suitable size of nanoparticles. These characteristics are identical to the findings of (Kamel et al., 2019) who characterized and described the successful nanoparticles characters.

			 

			In this study, anti-coccidial effect of the produced C-Oo.Nc was evaluated in Department of Parasitology, Faculty of Veterinary Medicine, Cairo University, Egypt. The current study evaluated the inhibitory effects of C-Oo.Nc on un-sporulated and sporulated oocysts of five Eimeria spp.; aiming to determine C-Oo.Nc LC50 and LC90 to be used in the second part of the study versus infected chicken in vivo. Efficacy of the product was evaluated by measuring its sporulation inhibitory % of unsporulated oocysts, while the sporulated oocysts exposed to the calculated LC50 & LC90 were evaluated after inoculation to groups of broiler chickens. In addition, DNA damage of the exposed and control oocysts was also evaluated using the comet assay. 

			 

			The current study proved that C-Oo.Nc inhibited the sporulation ability of the exposed immature Eimeria spp. oocysts. This increased with the increase in C-Oo.Nc concentration and exposure time. This was in agreement with (El-Banna et al., 2005; Ramadan et al., 1997; El-Khtam et al., 2014). The mean rate of inhibition was increased from 9.82 ±0.88 % after exposure of the oocysts to 5 ppm/1h to reach 77.50±0.75 % after 36 h exposure time.  Also, the % of sporulation inhibition in oocysts exposed to 10ppm was increased from  28.66 ±0.97% to 85.24±1.25 % with an increasing the exposure time from 1h to 36h Exposure to  20 ppm/1h revealed  36.0 ± 1.5 % sporulation inhibition rate increased to  97,33±1.7 % after 36 h. The maximum inhibitory effects were recorded after exposure to 40 ppm/1h as it reached 42.0± 1.2% increased to 95 then to 97.66±0.95 % after 48h & 36 h respectively. Increasing the inhibitory rate of sporulation in exposed Eimeria spp. oocysts In vitro agreed with that previously described by Felici et al., (2021). 

			 

			From the previous screening, the calculated LC50 was 5.0 ppm/9 h, 10 ppm/5 h, 20 ppm/4 h, or 40 ppm/90 minutes of exposure time. The LC90 was recorded after exposure to 20 ppm and 40 ppm only after 28 and 15 hours of exposure time, respectively. These results agreed with Felici et al. (2021). The recorded high efficacy of the tested C-Oo.Nc at the lower concentrations has come in agreement with Gogoi et al. (2019) who reported that nano-curcumin has a great anti-coccidial effect on the experimentally infected broiler chicks at low doses. Moreover, Tsai et al. (2011) reported that the nano form of curcumin is easily dissolvable in water and has a significantly higher penetration and distribution rate. In addition, Partovi et al. (2019) conducted that dietary supplementation with nanocurcumin at low doses is safe and effective on carcass characteristics and physical and chemical properties of broiler chicken breast meat infected with Eimeria acervulina, Eimeria maxima, and Eimeria tenella. 

			 

			However, these results were contrary to that mentioned by El-Khtam et al. (2014), as they obtained 60% inhibition in sporulation of the exposed oocysts at a very high dose (0.8 to 10 g/L during 6-18 hours of exposure with no significant difference between the different concentrations and exposure time. This may be due to variations in the level of the solubility of the type of curcumin they evaluated. Moreover, Curcumin’s biological action is dependent on its bioavailability. Curcumin bioavailability was affected by the amount and concentration at which it is absorbed, occurs in the plasma, and reaches its target area (Paulraj et al., 2019).

			 

			The recorded efficacy of newly formed C-Oo.Nc on the level of this study gives this formulation special superiority related to induction of good target effect at low concentrations. On the contrary of this, nano-chemicals such as nano-silver materials proved potent effects at low doses than the other similar nano-plant extracts such as nano-curcumin, but the nano chemicals usually have a narrow safety margin than that of plant one (Elnabarawy et al., 2020; Madbouly et al., 2022). 

			 

			The damage in DNA of the exposed and control Eimeria spp oocysts was evaluated using the comet assay on immature oocysts exposed to the tested four concentrations of C-Oo.NC after 24 h exposure time, for sporulated oocysts exposed to LC90 (20 ppm/26 h & 40 ppm/15 h) as well as in control non-exposed oocysts. Comet assay revealed a direct relationship between the increase in the dose of C-Oo.NC and the degree of the overall DNA genotoxic damage which is represented by variations in the tail length (μm), % of DNA in the tail segment, and tail moment (μm). Investigating the migration of DNA fragments by agarose gel electrophoresis revealed no significant difference (p ≤ .05) in the mean values of destruction in DNA parameters in unsporulated oocysts exposed to 40 ppm and sporulated ones exposed to LC90 as well as that exposed to the control reference drugs. Moreover, significant very low destruction (2.30±0.31) in DNA and the other estimated parameters were recorded in the control non-exposed oocysts. The ability of nano-curcumin to induce DNA damage in the exposed agents was previously described by Kumar et al. (2015) and Attaullah et al. (2020) as they mentioned that changes in the tail length investigated by comet assay in comparison with the control non-exposed stages was reflected marked DNA damage and this damage was increased by the increase in the concentration of tested curcumin extract.

			 

			To investigate the effect of the C-Oo.Nc on the exposed sporulated oocysts. The sporulated oocysts exposed to the previously estimated LC50 & LC90 were inoculated to separate groups of 14th days old broiler chickens. The results revealed a marked decrease in the mean total number of oocysts shed from each bird during the whole period (5th to 10th dpi) (2200 ± 50  and 1580 ± 50 )  in the group inoculated by oocysts exposed to both calculated LC90 (20 ppm/28 h and 40 ppm/15 h)  as well as a significant decrease (p ≤ 0.05) in the mean total number of shed oocysts in groups exposed to LC50 (11520 ± 120 to 10080 ± 100)  in comparison with that shed from control birds  (33680 ± 150) inoculated by un-exposed sporulated oocysts. This decrease in pathogenicity of the exposed sporulated oocysts was clearer at PM inspection performed at the end of the experiment (12th dpi) as very slight or un-apparent reddens without thickening in the wall of ceci. This was closely related to the normal un-infected control was recorded in the group inoculated by oocysts exposed to LC90. This was in contrast to the group inoculated by sporulated oocysts exposed to LC50. The direct relation between infectivity inhibition and the degree of the produced lesion score after exposure to different concentrations of the tested drugs was in agreement with that recorded in previous works of Ramadan et al. (1997) and El-Banna et al. (2005) on other anti-coccidial drugs. The ability of the used medical plants to inhibit the infectivity of the exposed oocysts was previously mentioned by several authors, for example, Tsai et al. (2011) and El-Khtam et al. (2014), as a clear sign of the success of treatment and control of the disease. It is worth mentioning that the marked severe effect of PM was observed in control birds in ceca due to increasing the % of E.tenella oocysts in the original inoculum (Ramadan et al. 1997; El-Banna et al. (2005). 

			 

			CONCLUSION

			 

			An original new formulation of nano-curcumin on olive oil base (C-Oo.Nc) was prepared, evaluated, and investigated. The present study proved that this new formulation has an effective, safe, economic coccidiocidal effect in low concentrations which able to induce severe genotoxic damage on the DNA level of the zygote and its sporocysts. It markedly inhibited the sporulation and infection of mature and immature Eimeria spp. oocysts. The authors of the present study are currently performing an experimental In vivo study on larger groups of chickens to apply more investigations to evaluate the efficacy of C-Oo.Nc as a coccidiocidal product regarding to different aspects such as chickens’ health, body weight, immunity, biochemical parameters, histopathological study and other factors.
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Abstract | New formulation of nanocurcumin (curcumin-olive oil nano-composite; C-Oo0.Nc) was produced and
characterized in the present study. The produced nanoparticles are spherical with 63 nm zeta size and high stability
in the aqueous media. The coccidiocidal efficacy of the C-Oo.Nc was evaluated versus five chicken Eimeria species
oocysts. The immature oocysts were exposed to 5, 10, 20, and 40 ppm, each for 1, 3,6,9, 12, 24, and 36 h. Percentage
of sporulation inhibition in oocysts and comet assay were used to investigate the C-Oo.Nc destructive effects. The
infectivity of sporulated oocysts exposed to L.C, & LC, were evaluated by Iz vivo inoculation of broiler chicks. The
results demonstrated that the increase in the rate of sporulation inhibition is directly related to the increase in C-Oo.
Nc concentrations and exposure time. Analyzing the DNA damage in the oocysts exposed to different concentrations
using comet assay revealed a significant direct variation (p < .05) between the increase in the dose and the degree of the
DNA genotoxic damage as represented by variations in the tail length (um), percent of DNA in the tail segment, and
tail moment (jum). Postmortem (PM) inspection of birds inoculated by LC, exposed sporulated oocysts demonstrated
avery slight or un-apparent reddens without thickening in the cecal wall with close relation to the normal un-infected
control group. This with in contrast to the group inoculated by LC_ exposed sporulated oocysts The study concluded
that C-Oo.Nc is a promising effective anticoccidial compound for contro]lmg infection in chickens.
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INTRODUCTION et al., 2015). Nanotechnology has significant potential in

the field of medicine including veterinary medicine as it is

anotechnology has been considered as a promising ~enhancing drug or other medicinal products delivery with

field for generating innovative materials with dimen- ~ special significance for biomedical applications in vivo and
sions ranging from 1 to 100 nanometers since 1974. In the 2 vitro (Youssef et al., 2021).

metric system, “Nano” equals a billionth, so a nanometer is
one-billionth of a meter (units of 10 -9 meters) (Elgadir Coccidiosis is a serious parasitic disease in the poultry in-
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