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ABSTRACT 

The present study was carried out to discover the protective and curative effects of alcoholic extracts of garlic 

(Allium sativum) and black seeds (Nigella sativa) in rabbits experimentally infected by Eimeria magna using in vivo, 

in vitro, and histopathological examination. Overall oocysts number per gram was significantly lower in the garlic 

treatment and pretreatment groups, compared to the control positive, sulfadimidine treatment, and black seed 

treatment groups. At the end of the experiment, the oocyst disappeared in garlic pretreatment, garlic treatment, and 

black seed pretreatment groups. While oocyst counts of control positive and sulfadimidine groups were increasing 

oocysts similarly at the end of the experiment with repeated cycles. In vitro sporulation inhibition of garlic extract 

showed significant efficacy on E. magna oocysts in comparison with black seed extract and high significant efficacy 

of sporulation inhibition, compared to sulfadimidine. While black seed extract showed high significant efficacy of 

sporulation inhibition, compared to sulfadimidine. Body weight gain increased in control negative, garlic 

pretreatment, and garlic treatment groups in comparison with other groups. The results showed that there were no 

significant differences in erythrocytes counts in all experimental groups while leukocyte counts showed a significant 

decrease in control positive and sulfadimidine groups, compared to the other groups. Similarly, the histopathological 

examinations on days 14 and 28 post-infection revealed pathological changes in intestinal villi of the control positive 

group that appeared thickened and deformed with hypertrophied enterocytes containing numerous developmental 

stages of E. magna. Both garlic and black seed extract had beneficial effects on improving the lesions grossly and 

microscopically. The results obtained in the present study proved that garlic pretreatment had a better effect on a 

prophylaxis and treatment for coccidiosis than garlic treatment and both had more beneficial effects, compared to 

black seed extract. Therefore, it is recommended to use garlic as a natural feed additive in rabbit feeding as a 

prophylaxis and treatment for coccidiosis to minimize the economic losses caused by this parasite. 
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INTRODUCTION 

  

Rabbit meat is considered as a good source of calcium, phosphorus, and protein with high linoleic acid, low fat, and 

cholesterol, which can be used for biological and medical purposes (Beal et al., 2004; Nistor et al., 2013). Eimeria 

species cause coccidiosis, the most common infectious parasitic disease in rabbits (Shi et al., 2016). Eimeria inhabits the 

digestive tract and destroys intestinal epithelial cells causing digestive disorders leading to bloat, diarrhea, intoxication, 

and damage to the host’s body (Kowalska et al., 2012).  

The wide prevalence of Eimeria species resulted from prolonged resistance to different environmental conditions 

and strong fecundity, so almost all rabbits are affected (Lebas et al., 1997; Jing et al., 2012). It can invade and destroy 

hosts’ intestinal cells causing poor absorption of nutrients, electrolyte imbalance, and anemia (Pakandl, 2009). Most of 

Eimeria spp. affects the rabbit production leading to massive worldwide economic losses in the rabbit industry, including 

reduced feed conversion, growth rate, and increased mortality due to their pathogenicity level and difficult eradication 

(Pakandl, 2009; Tao et al., 2017). Rabbits with subclinical infection appeared generally in good health but there was a 

decrease in their food conversion and growth rates (Jing et al., 2012). 

Eimeria is an obligate intracellular parasite that infects intestinal epithelial cells (Duszynski and Couch, 2013), 

which can infect all domesticated rabbits, especially the young ones (1-4 months) (Bachene et al., 2018). Eimeria magna 

is widespread in rabbits and is often found in great numbers (Jing et al., 2012). A highly pathogenic Chinese isolate of E. 

magna was identified by Tao et al. (2017) indicating that infection with only 1 × 10
2
 oocysts caused a 55% reduction in 

weight gain during 14 days.  
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Intestinal coccidiosis revealed epithelial cell hyperplasia with the presence of Eimeria oocytes and gametocytes 

within the epithelial cells of the villi was associated with lymphocytic infiltration in the lamina propria (EL-Hendy et al., 

2018). In China, one of the most prevalent species was E. magna (28.8%, Jing et al., 2012). 

The spread of chemoresistant coccidia (E. magna, E. media, and E. perforans) is now common (Licois, 2004). 

Drug-resistant parasites and the side effects of anti-coccidial drugs are counted as serious concerns for disease control in 

the future (Williams, 2006). The use of safe and effective medicinal plants to control coccidiosis can reduce the costs and 

protect animal health (Pakandl, 2009; Baghdadi and Al-Mathal, 2011).  

Garlic (Allium sativum L.) has been used as a useful medicinal plant for thousands of years (Abu-Akkada et al., 

2010). It has strong anti-inflammatory and antiparasitic effects and improves digestion, blood circulation (flow), and 

boosts immunity in animals (Kowalska et al., 2012). Its efficacy due to allicin which is an organic compound 

(phytoncide) represents approximately 70% of the garlic thiosulfinates which has beneficial effects on health (Kowalska 

et al., 2012; Adulugba et al., 2017). The efficacy of garlic against coccidiosis in rabbits was supported by Toulah and Al-

Rawi (2007).  

  Oil emulsions and aqueous suspensions of black seeds are effective and safe treatments of coccidiosis in rabbits 

infected with Eimeria stiedae. These emulsions and suspensions reduced the shedding of coccidian oocysts in rabbit 

feces and led to significant body weight gain (Baghdadi and Al-Mathal, 2011).  

The aim of the present research was to evaluate the protective and therapeutic effects of alcoholic extract of garlic 

and black seed against experimental infection with Eimeria magna in rabbits considering fecal oocysts count and to 

determine the effect of garlic and black seed alcoholic extracts on the histopathological changes accompanied with the 

infection. In addition, the current study examined the effect of garlic and black seed extracts in sporulation inhibition of 

E. magna oocysts in vitro.  

 

MATERIALS AND METHODS 

 

Preparation of garlic and black seed extracts 

To conduct the study, 500g of Allium sativum (Liliaceae) bulb were purchased, crushed, dried while 500g of 

Nigella Sativa L. (Ranunculaceae) seeds were purchased, crushed, defatted with n-hexane then dried. Following that 

both were extracted with 70% ethanol by maceration till exhaustion. The ethanolic extracts were concentrated under 

reduced pressure to give a dark brown viscous residue (13g garlic and 38g black-seed) as described by Biren Shah 

(2009). 

 

Preparation of Eimeria magna oocysts 

E. magna oocysts were collected from feces of naturally infected rabbits and sporulated in 2.5% potassium 

dichromate, kept at 25-28°C for 72 hours, and stored at 4°C till inoculation (Jahangiri et al., 2017). Potassium 

dichromate was removed from sporulated oocysts by three times washing using the distilled water before rabbit 

inoculation (Coudert et al., 1993; Indrasanti et al., 2017).   

 

Ethical approval 

Rabbits were obtained from the Department of Animal Husbandry, Faculty of Agriculture, and the experiments 

were performed in the animal house, Faculty of Medicine, Assiut University, Egypt. Rabbits were housed and 

maintained under standard management conditions according to the recommendations of NRC (2011). 

 

Experimental animals 

The study was conducted on 37 coccidial-free weaned New-Zealand rabbits 6 week-old (weighing 600-900g). The 

absence of Eimeria species oocysts was confirmed by daily fecal examination for 3 days before the experiments (Abu-

Akkada et al., 2010; Baghdadi and Al-Mathal, 2011; Ali et al., 2015).  

 

Experimental design 

The current study was performed using two experiments. The first experiment was conducted for the propagation of 

E. magna in two Eimeria-free rabbits of one month old. Each rabbit was inoculated with 10000
 
sporulated E. magna 

oocysts through a gastric tube (Seddiek and Metwally, 2013). Feces were examined daily until the shedding of oocysts. 

Oocysts were collected and sporulated in 2.5% potassium dichromate solution and then used in the next experiment.  

The second experiment aimed to evaluate the effects of Nigella sativa and Allium sativum extracts on E. magna 

infection in 35 rabbits. Each rabbit in infected groups was inoculated with 10000
 
sporulated E. magna oocysts through a 
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gastric tube (Seddiek and Metwally, 2013).  All rabbits were clinically observed daily for 28 days post-infection and 

divided into seven groups each of five rabbits as following: control negative group (uninfected and untreated) and 

control positive group (infected with 10
4
 sporulated oocysts per rabbit and untreated). Sulfadimidine group was infected 

and treated with a daily dose of 2 gm sulfadimidine/ liter of drinking water. The garlic treatment group was infected and 

treated with a daily dose of 60mg/Kg BW of alcoholic garlic extract (Indrasanti et al., 2017). Black seed treatment group 

was infected and treated with a daily dose of 300mg/Kg BW of alcoholic black seed extract (Baghdadi and Al-Mathal, 

2011). Garlic pretreatment group; were pretreated with a daily dose of 60mg/Kg BW of alcoholic garlic extract daily for 

five successive days just before infection with E. magna, then infected on the 6
th

day after extract administration and 

treated with a daily dose of 60mg/Kg BW of garlic extract (Indrasanti et al., 2017). Black seed pretreatment group; were 

pretreated with a daily dose of 300mg/Kg BW of alcoholic black seed extract daily just before the infection for five 

successive days, then infected on the 6
th

day after extract administration and treated with a daily dose of 300mg/Kg BW 

black seed extract (Baghdadi and Al-Mathal, 2011). Rabbits in sulfadimidine, garlic treatment, black seed treatment, 

garlic pretreatment and black seed pretreatment groups were treated daily on the 6
th

 day post infection for five successive 

days. 

 

Oocyst count  

Faecal samples were collected daily from each group for parasitological examination from days 7 to 28 post-

infection. The oocysts number per gram of feces was counted from each sample using the McMaster method (Taylor et 

al., 2007). The reduction (%) of oocysts was determined based on the number of oocysts per gram of feces before and 

after treatment.    

 

Sporulation inhibition of E. magna oocysts in vitro (Cedric et al., 2018) 

Petri dishes were used and contained a total volume of 35 ml fecal sample with 105 µl of black-seed extract or 70 

µl of garlic extract or sulfadimidine or without treatment as control inoculated with an equal number of unsporulated 

oocysts and incubated at 28°C. The oocysts were examined after 36 hours and the numbers of sporulated and non-

sporulated oocysts were counted. The percentage of sporulation was estimated by counting the number of sporulated 

oocysts in a total of 100 oocysts. The sporulation inhibitory percentage was calculated as described by Cedric et al. 

(2018) for six days as follows: 

             
                              

                          
     

 

                        
                                               

                       
     

 

Body weight 

Animals were weighed at the beginning of the experiment, on days 14, and 28 post-infection. The daily weight gain 

was also calculated by Abu-Akkada et al. (2010) and Baghdadi and Al-Mathal (2011).  

 

Hematological studies 

The collection of blood samples in ethylenediamine tetraacetic acid (EDITA) containing tubes was performed at 

day 28 post-infection for counting red and white blood cells (RBCs, WBCs) as well as differential leucocytic count 

(Hana et al., 2011). The RBCs and WBCs counts were estimated using the standard pipette and hemocytometer and 

differential leukocyte counts were performed by preparing Giemsa stained blood smears and examined microscopically 

(Leica Microsystems, Switzerland, model /PN:DM 500 / 13613210, Coles, 1986).     

 

Histopathological studies 

On 14 and 28 days post-infection, rabbits of each group were used for sacrificing and necropsy. The intestine of the 

different groups was inspected grossly for pathological changes and jejunum tissue specimens were collected in 10% 

neutral buffered formalin and processed routinely according to Bancroft and Gambl (2008). Thin paraffin sections (4 

µm) of the intestinal tissue were stained with Hematoxylin and Eosin (H&E) for microscopical examination and 

histological scoring. The jejunum tissues of different groups were scored for the number of various Eimeria stages in 

lamina propria and enterocytes on at least 10 fields (X 400 magnification) for each animal individually. Scoring criteria 

were performed according to Ogolla et al. (2018). As a result, 1 (Minimal) shows less than 10% of tissue involved, 2 
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(Mild) suggest between 11-20% of the tissue is involved, 3 (Moderate) signifies between 21-40% of the tissue is 

affected, and 4 (Marked) means between 41-100% of the tissue is affected. 

 

Statistical analysis  

All data were expressed as mean ± standard deviation (SD). Statistical analysis was performed by using (Graph pad 

prism 8.0.1) software. One-way analysis of variance (ANOVA) followed by Tukey multiple comparisons for post hoc 

was used to demonstrate the significant differences between groups,  p values < 0.05 were considered significant. 

Shapiro-Wilk normality test was used to assess whether the data met the assumptions of the statistical approach and if 

the assumptions were not met, Kruskal-Wallis test ANOVA and Dunn's Multiple Comparison Test for Post hoc were 

used (Sorour et al., 2018). 

 

RESULTS 

 

Overall oocysts number was significantly lower in garlic treatment and pretreatment groups throughout the experiment, 

compared to control positive (control +ve), sulfadimidine, and black-seed treatment groups. The oocyst counts of 

control+ve and sulfadimidine groups were similar in increasing oocysts at the end of the experiment with repeated 

cycles. While oocyst disappeared at the end of the experiment in garlic, black-seed pretreatment, and garlic treatment
 

groups (Table1). There were highly significant differences between groups (p < 0.01). In the current study, oocysts of E. 

magna were ovoidal with yellow to the yellowish-brown wall (22.28-23.64 μ ×34-36.30 μ), a large residual body, and a 

visible micropyle surrounded with lip-like elevation (Figure 1 A, B).  

In vitro, sporulation inhibition of garlic extract showed significant efficacy on E. magna oocysts in comparison 

with black seed extract (p = 0.01) and very high significant efficacy of sporulation inhibition, compared to sulfadimidine 

(p < 0.01). Black seed extract showed high significant efficacy of sporulation inhibition, compared to sulfadimidine (p < 

0.01, Table 2). The characteristic clinical signs observed on rabbits after infection were loss of appetite, rough hair coat, 

and diarrhea developed on day 7 of infection and lasted for 3 days. Animals treated with garlic or black seed showed a 

slight decrease in appetite and mild diarrhea lasted for 2days then returned to normal. No mortality was recorded. Body 

weight gain increased in control - ve, garlic pretreatment, and garlic treatment groups in comparison with other groups 

on days 14 and 28 post-infection without any statistically significant difference (Table 3). Red blood cell counts showed 

no significant differences with the highest count in the control +ve group. However, white blood cell counts indicated 

very high significant differences between groups (p < 0.0001, F = 11), where control +ve and sulfadimidine treatment 

groups were significantly lower in comparison with control -ve, garlic treatment, pretreatment, and black-seed 

pretreatment groups. Likewise, only neutrophils and lymphocytes showed highly significant differences between groups 

in the differential leukocytic count (p = 0.005, F = 4.471) and (p = 0.0095, F = 3.912), respectively. Neutrophils were 

significantly lower in the control +ve and sulfadimidine treatment groups in comparison with the garlic treatment and 

garlic pretreatment groups and lymphocytes were significantly higher in the control +ve and sulfadimidine treatment 

groups, compared to garlic pretreatment groups (Table 4). 

Grossly, most of the rabbits from the control +ve, sulfadimidine group, and few animals in the black seed treatment 

groups had rough hair coats and a matted perineal region (Figure 2A). On the other hand, rabbits from control –ve, garlic 

treatment, garlic pretreatment and black seed pretreatment groups did not show any apparent gross findings. At necropsy, 

the normal intestine appeared on the control –ve group on day 14 of the experiment (Figure 2B). Control +ve group on 

day 14 showed severe congestion of the jejunum and ballooned section of the ileum (Figure 2C). On day 28, the 

intestinal wall developed to a thicker one with semi-solid luminal content and mild activated pyre’s patches (Figure 3A). 

Hyperemic intestine with some ballooned sections appeared in the sulfadimidine group on day 14
 
(Figure 2D), while 

mild hyperemia with intestinal wall thickening appeared on day 28 (Figure 3B).  

All groups, including garlic treatment and garlic pretreatment as well as black-seed treatment and black-seed 

pretreatment showed prominent activated pyre’s patches of intestine on days 14 and 28, while black-seed treatment 

showed also mild intestinal wall thickening. Intestine from garlic pretreatment and black seed pretreatment on days 14 

and 28 had minimal to no gross lesions (Figures 2E, 2F, 2G, 2H) (Figures 3C, 3D, 3E, 3F).  Microscopically, the normal 

intestine of control–ve was recorded on days 14 and 28 (figures 4A and 5A). The control +ve group had marked 

thickening of intestinal villi with congestion of villous core on day 14 (Figure 4B) with numerous developmental stages 

of E. magna (figures 4D and 4E) then developed to fill most of the villi on day 28 (Figure 5B) with different 

developmental stages of E. magna (developing schizont, microgamytocytes, macrogamytocytes, and oocyst surrounded 

by parasitophorous vacuole) were present either in the epithelium of villi or in lamina propria (figures 5D and 5E). 
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Similar lesions were seen in the intestine of the sulfadimidine group but to a lesser extent, the villi appeared broad with 

congested lamina propria at day 14 (Figure 4C). After that, the lesions become more prominent by the presence of 

various Eimeria developmental stages in enterocytes and lamina propria at day 28 (figures 5C, 5D, and 5E).  

In the garlic treatment group, minimal villous deformity with congested intestinal blood vessels was found on day 

14 (Figure 4F) which returned to normal villi with no evidence of Eimeria stages on day 28 (Figure 5F). In the black 

seed treatment group, a mild increase in goblet cells population with the widening of villous lacteal was recorded on day 

14 (Figure 4G). On day 28, a few parasite stages were associated with lymphocytic cell infiltration from activated pyre’s 

patches (Figure 5G). Garlic pretreatment had superior efficacy in treating these lesions, the intestine appeared normal on 

day 14 (Figure 4H) and showed activation of pyre’s patches on day 28 (Figure 5H). The black-seed pretreatment had 

satisfactory efficacy in repairing lesions of coccidia with minimal deformity of intestinal villi, lymphocytic cells 

infiltration in lamina propria on day 14 (Figure 4I) then developed to marked activation of pyre’s patches on day 28 

(Figure 5I).  

Mean intestinal lesion scores were significantly lower in the garlic treatment
 
and garlic pretreatment groups on day 

14 of the experiment, compared to the control +ve, sulfadimidine treatment, black seed treatment, and black seed 

pretreatment groups. On day 28 of the experiment, it was significantly lower in the garlic treatment,
 
garlic pretreatment, 

and black seed pretreatment groups, compared to the control +ve, sulfadimidine treatment, black seed treatment groups. 

There were very high significant differences between groups of intestinal microscopic lesion scores on days 14 (p ˂ 0.01, 

F=17.5) and 28 of the experiment  (p ˂ 0.0001, F= 287, Table 5).  

 

Table 1. Means of oocysts count of E. magna per gram of feces in control and treated groups of rabbits. 
                                  Days of infection 

Groups 
7 9 11 13 15 17 19 21 23 25 27 

Control +vea 0 900 12150 5850 500 0 3450 300 400 150 30800 

Sulfadimidine treatmenta 50 300 450 1350 800 0 2800 7550 1100 36000 11600 

Garlic treatmentb 0 50 3500 1000 0 0 0 0 50 0 0 

Black-seed treatmenta 27400 24800 5750 27150 550 0 0 0 800 0 100 

Garlic pretreatmentb 0 50 900 150 0 0 0 0 0 0 0 

Black-seed pretreatab 3700 6450 3050 2000 1100 0 1250 0 0 0 0 
a,b: Groups followed by different superscripts in the same column are statistically different (p < 0.05; p < 0.01). 

 

Table 2. Sporulation inhibition percentage of garlic, black seed extracts, and sulfadimidine on E. magna oocysts in vitro 

incubated for 6 days in rabbits (mean ± standard deviation).  

Days of incubation 
Sporulation inhibition (%) 

Black Seed 

extract 
Garlic extract Sulfadimidine 

2 58.7 ± 9.7 61.8 ± 4.2 2.3 ± 2.1 

3 24.4 ± 9.8 62.7 ± 2.1 21.5 ± 12.1 

4 33.1 ± 23.9 64.7 ± 5.1 34.1 ± 4.5 

5 48.9 ± 17.5 54.7 ± 4.8 20.8 ± 6.3 

6 52.0 ± 20.9 63.0 ± 13.7 29.2 ± 2.8 

 
Table 3. Evaluation of body weight gain in control and treated groups of rabbits experimentally infected with E. magna 

(mean ± standard deviation).  

Groups 
Initial Body weight 

(g) 

Body gain on day 14 Body gain on day 28 

Body weight (g) Daily weight gain (g) 
Body weight 

(g) 

Daily weight 

gain (g) 

Control -ve 827 ± 58 1317 ± 328 35 ± 19.5 1764 ± 355 33 ± 9.8 

Control +ve 645 ± 68 1062 ± 153 30 ± 7.4 1377 ± 64 27 ± 2 

Sulfadimidine treatment 569 ± 61 1008 ± 165 31.3 ± 10.2 1343 ± 138 29 ± 7.1 

Garlic treatment 1128 ± 214 1704 ± 224 41 ± 4.2 2063 ± 238 37 ± 3.2 

Black seed  treatment 1034 ± 197 1388 ± 115 25.3 ± 15.7 1955 ± 132 27.7 ± 1.2 

Garlic pre treatment 1164 ± 183 1644 ± 233 34 ± 4.1 2003 ± 205 34 ± 1.9 

Black seed pre treatment 1102 ± 174 1541 ± 270 31.4 ± 9.1 1813 ± 227 28.9 ± 6.1 
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Table 4. Comparison of red, white blood cells counts, and differential leukocytic counts of rabbits in all experimental 

groups (mean ± standard deviation) on day 28 post-infection. 

Groups 
RBCs count 

x10
6
/mm

3
 

WBCs 

count 

(x10
3
/mm

3
) 

Differential leukocytic count (%) 

Neutrophils Eosinophil Basophil Monocyte Lymphocyte 

Control -ve 5.59 ± 0.41 7.82 ± 0.60
b
 36 ± 9

 ab
 2 ± 2 0 ± 1 4 ± 1 58 ± 11

 ab
 

Control +ve 6.10 ± 0.27 3.96 ± 1.08
 a
 30 ± 3

 a
 2 ± 0 0 ± 0 6 ± 2 62 ± 4

 a
 

Sulfadimidine treatment 5.50 ± 0.47 4.66 ± 0.83
 a
 28 ± 3

 a
 2 ± 1 0 ± 0 7 ± 2 63 ± 4

 a
 

Garlic treatment 5.96 ± 0.78 7.52 ± 0.59
b
 47 ± 8

 b
 4 ± 2 0 ± 1 5 ± 2 44 ± 9

 ab
 

Black seed treatment 4.97 ± 0.42 6.36 ± 0.96
 ab

 42 ± 16
 ab

 4 ± 3 0 ± 0 7 ± 3 45 ± 17
 ab

 

Garlic pretreatment 5.61 ± 0.51 8.20 ± 1.24
b
 46 ± 9

 b
 3 ± 1 0 ± 0 5 ± 1 46 ± 9

 b
 

Black seed pretreatment 5.50 ± 0.40 8.44 ± 0.98
b
 39 ± 5

 ab
 3 ± 1 0 ± 0 4 ± 1 54 ± 4

 ab
 

p value, F 0.244, 1.45 <0.0001, 11 0.005, 4.471 0.113, 2.00 0.850, 0.43 0.300, 1.30 0.009, 3.912 

Sig NS ** ** NS NS NS ** 

a, b: Means followed by different superscripts in the same column are statistically different at (p < 0.05, p < 0.01) **: high significant difference (p ≤ 

0.01). NS: Non-significant, RBCs: Red blood cells, WBCs: White Blood Cells   

 

 
Table 5. Intestinal microscopic lesion scores quantifying the Eimeria stages in lamina propria and enterocytes in all 

experimental groups (mean ± standard deviation).  

Treatment group 

Various Eimeria stages in lamina propria and enterocyte 

Day 14 of the experiment** Day 28 of the experiment** 

Control +ve 3.3 ± 0.48a 3.9 ± 0.32 

Sulfadimidine treatment 3.1 ± 0.32a 3.8 ± 0.42 

Garlic treatment 2.4 ± 0.52b 1.1 ± 0.32a 

Black seed treatment 3.3 ± 0.48a 2.5 ± 0.53 

Garlic pretreatment 1.7 ± 0.48b 1 ± 0.00a 

Black seed pretreatment 3 ± 0.67a 1.4 ± 0.52a 

p value, F <0.0001, 17.5 <0.0001, 287 

a,b: Means values without similar superscript in the same column are statistically different ( p ˂ 0.05; p ˂ 0.01) ** High significant statistical variation 

between day 14 of the experiment and day 28 of the experiment. 

 

 

 
Figure 1. Oocysts of Eimeria magna from experimentally infected rabbits (x 100)  

A: Unsporulated oocysts, B: Sporulated oocysts. 
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Figure 2. Clinical signs and gross intestine of rabbits. A: Diarrhea matted perineal region of control +ve group, B: Control –ve normal 

intestine, C: Gross intestinal lesions of rabbit infected with E. magna on day 14 showing control +ve congestion and hyperemia of the 

jejunum (arrow) with the ballooned section of the ileum (arrowhead), D: Sulfadimidine treatment hyperemia and ballooned section 

(arrow), E: Garlic treatment prominent pyre's patches (arrow), F: Black seed treatment prominent pyre's patches (arrow) and mild 

thickening of the intestinal wall (arrow head), G: Garlic pretreatment marked prominent Pyre's patches (arrows), and H: Black seed 

treatment showing pyre’s patches (arrow). 
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Figure 3. Gross intestinal lesions on day 28 Rabbits. A: Control +ve thickening of the intestinal wall and mild activated 

pyre's patches (arrow), B: Sulfadimidine treatment hyperemia and thickening of the intestinal wall (arrow), C: Garlic 

treatment marked prominent pyre's patches (arrows), D: Black seed treatment prominent pyre’s patches (arrows), E: 

Garlic pretreatment activated pyre's patches (arrows), F: Black seed pretreatment activated pyre’s patches (arrows). 
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Figure 4. Histopathology of rabbit intestine on day 14. A: control –ve normal intestinal villi, B: Control +ve thickening 

of villi with congested villous core (arrow), C: Sulfadimidine treatment broad villi with edema and congestion of lamina 

propria (arrow), D and E: Higher magnifications of different Eimeria developmental stages in control +ve and 

sulfadimidine treatment include oocyst (Os), developing schizont (Sch), microgamytocytes (Mi), and macrogamytocytes 

(Ma) (x 400), F: Garlic treatment minimal villous deformity with congested blood vessels (arrow). G: Black seed 

treatment mild increase in goblet cells with the widening of villous lacteal (arrows), H: Garlic pretreatment almost normal 

villi, I: Black seed pretreatment mild villous deformity with lymphocytic cells infiltration (arrow, H&E stain, x 100) 
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Figure 5. Histopathology of rabbit intestine on day 28. A: control –ve with normal villi (A), B: Control +ve E. magna 

developmental stages in lamina propria and enterocytes (arrows), C: Sulfadimidine treatment Eimeria developmental 

stages (arrows) with villous epithelium hyperplasia (x 100), D & E: Higher magnifications of different developmental 

stages of Eimeria include oocyst (Os), developing schizont (Sch), microgamytocytes (Mi), and macrogamytocytes (Ma), 

parasitophorous vacuole (PV) in control +ve and sulfadimidine treatments (x 400), F: Garlic treatment intact mucosa 

with no evidence of developmental stages, G: Black seed treatment few developmental stages (arrow), activated pyre's 

patches (asterisk), H: Garlic pretreatment activated pyre's patches (asterisk), I: Black seed pretreatment lymphocytic 

infiltration in lamina propria of villi (asterisk, H&E stain, x 100). 
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DISCUSSION 

 

In the present study, oocysts of E. magna were ovoidal with a yellow to the yellowish-brown wall with a large residual 

body and a visible micropyle surrounded with lip-like elevation. These results agree with those obtained by Duszynski 

and Couch (2013) and Tao et al. (2017). 

In the current study, higher oocyst output in the control and sulfadimidine groups was observed throughout the 

experiment, compared to the other groups. Garlic groups revealed a valuable effect on reducing the oocysts number per 

gram of feces. The oocyst counts of the control and sulfadimidine groups were similarly increased at the end of the 

experiment with repeated cycles. This finding was confirmed by Bachene et al. (2019) who found that the prevalence of 

coccidiosis is still high despite the continuous use of coccidiostat in farms.  

 Kowalska et al. (2012) mentioned that natural coccidiostat alternatives are safe for humans and animals and 

suitable for increasing restrictions on food safety. Therefore, there is a need to combat coccidiosis with effective drugs 

that are safe for rabbits and the environment from natural medicinal plants or herbs (Ali et al., 2015). Consequently, 

natural preparations which have bactericidal or fungicidal effects and inhibit growth of pathogenic protozoa seem most 

suited to prophylaxis. Garlic is one of the most medicinal plants used to prevent farm animal’s coccidiosis. It is also 

important to give animals proper breeding, hygienic conditions, and adequate nutrition because coccidiosis often 

develops in animals with compromised immunity (Kowalska et al., 2012). Nigella Sativa (family of Ranunculaceae) is 

an herbaceous plant used in traditional medicine for thousands of years because of its antioxidant effects and other 

various medicinal effects (Ali et al., 2015). Black-seeds are used safely and effectively for the treatment of rabbits' 

coccidiosis with no side effects (Baghdadi and Al-Mathal, 2011).  

In the present study, the overall oocyst number per gram was significantly lower in the garlic treatment and 

pretreatment groups throughout the experiment, compared to the control positive, Sulfadimidine treatment, and black 

seed treatment groups. Similar results reported by Abu-Akkada et al. (2010) who mentioned that oral administration of 

crude garlic was effective for reducing the excretion of Eimeria oocysts and Indrasanti et al. (2017) who recorded that 

administration of garlic extract resulted in a significant reduction of both the number of the sporulated and unsporulated 

oocysts of E. Stiedai. Additionally, Pourali et al., (2014) recorded that garlic powder was effective for treatment of the 

coccidiosis.  

Garlic pretreatment group give better results in the reduction of oocyst count than the garlic treatment
 
group. 

Similar effects were reported by Toulah and Al-Rawi (2007) who stated that oral administration of raw garlic as 

prophylaxis is more efficient and decreases excretion of oocysts prior to the infection rather than being used as a 

medication. In the current study, oocyst disappeared in garlic treatment
 
and pretreatment groups at the end of the 

experiment. This was explained by Pourali et al. (2014) stating that the garlic extract was effective in the prevention of 

coccidiosis due to the bioactive compound of garlic. Garlic is also rich in organosulfur compounds, including allicin, 

diallyl sulfide, and diallyl trisulfide, which has antioxidant and anti-inflammatory effects. Muthamilselvan et al. (2016) 

recorded that allicin is naturally phytochemicals that interfere with Eimeria life cycle, inhibit the development of 

Eimeria spp sporozoites, and contain propyl-thiosulfinate which is beneficial as an immunity protector. 

In the present study, the black seed pretreatment group was a lower oocyst output throughout the experiment, 

compared to the black seed treatment groups. Oocyst disappeared at the end of the experiment in black seed 

pretreatment. In agreement with Baghdadi and Al-Mathal (2011) who recorded the disappearance of E. stiedae oocysts 

from rabbit feces treated with N. Sativa. This explained by (Majid, 2018) who recorded that black seed had anti-

inflammatory properties and powerful antioxidants. Moreover, Ali et al. (2015) explained that the antioxidants found in 

N. Sativa seeds could limit the growth and development of parasites in the host body and reduce the oocyst formation 

and appearance in feces. N. Sativa oil emulsion contains higher concentrations of alkaloid nigellicine which has a 

detrimental effect on parasites (El-Shenawy et al., 2008). Seddiek and Metwally (2013) found a significant decline in the 

number of E. stiedae oocysts in rabbits treated with black seed oil due to the effect of thymoquinone substance, which 

might inhibit the development and growth of E. stiedae invasive stages (sporozoites and merozoites) leading to reduced 

oocysts formation in the bile. The disappearance of fecal oocyst shedding is considered an indicator of recuperation 

(Baghdadi and Al-Mathal, 2011).  

In the current in vitro study, sporulation inhibition of garlic extract showed significant efficacy on E. magna 

oocysts in comparison with black-seed extract and very high significant efficacy, compared to sulfadimidine. Similar 

results were recorded by Muthamilselvan et al. (2016) who found that allicin (active sulfur compounds in garlic) was 

accountable for successfully inhibiting oocyst sporulation of E. tenella in vitro. Furthermore, Indrasanti et al. (2017)
 

reported that using garlic extract significantly reduced the sporulated oocysts number of E. stiedai than usual coccidiostat 

of sulfaquinoxaline in vitro. 

In the current study, the clinical signs include anorexia, diarrhea, weight loss with no deaths in groups, which 

agrees with Al-Saeed et al. (2017). There were increases in body weight and weight gain in garlic treatment and 

pretreatment groups that possibly due to the appetizing materials contained within the garlic extract. Consistently, Abu-
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Akkada et al. (2010) indicated that oral administration of raw garlic could enhance the body weight gain of rabbits 

infected with hepatic coccidiosis.  

No significant differences in erythrocytes count were observed in all groups with the highest count in the control 

+ve group, which was probably caused by hemoconcentration due to the dehydration effect of diarrhea. On the other 

hand, leukocyte counts showed a significant reduction in control +ve and sulfadimidine groups, compared to other 

groups that are considered a part of the clinical intestinal coccidiosis complex. The inflammatory process locally 

recruited leukocytes, so they are lost through damaged intestinal epithelium when oocysts release that probably leads to a 

reduction in leukocyte count (Kulišić et al., 2006). These findings disagreed with the previously reported study in which 

Hana et al. (2011) recorded leukocytosis after E. magna infection in rabbits. However, the obtained results of the current 

study indicated that treatment with garlic and black seed extracts can ameliorate the reduction in leukocyte count to a 

normal level. In this context, a study by Fadlalla et al. (2010) reported that dietary garlic supplementation in safe broiler 

diets for 28 days improved total white blood cell count. Rodrigues and Percival (2019) demonstrated that garlic has 

immunomodulatory activity. In addition, Hermes et al. (2011) indicated that the addition of N. Sativa in form of oil 

(0.5%), seeds (1%), or meal (10%) in broiler diets under stress conditions improved RBCs, WBCs, and Hb counts. The 

lymphocyte counts significantly increased in both control +ve and sulfadimidine groups similar observation was 

recorded by Hana et al. (2011), where a single oral infective dose of Eimeria magna in rabbits results in lymphocytosis 

after 5 days of infection.
 
Eosinophil showed no significant changes although the fact that Eimeria magna is a parasitic 

infection similar result reported by Kulišić et al. (2006) that eosinophils remained unchanged in rabbits with intestinal 

coccidiosis.  

Histopathological examination of the present study revealed no gross or microscopic intestinal lesions in the control 

–ve group. Intestinal villi of the control +ve group appeared thickened and deformed with hypertrophied enterocytes 

containing numerous developmental stages of E. magna. Similar results were reported by Licois (2004) who 

demonstrated that the characteristic lesion of intestinal coccidiosis was only an enterocytes hypotrophy with intact 

cellular structure till the oocysts release then the cells burst and desquamate. These epithelial lesions could be attributed 

to liberated toxins or mechanical irritation provoked by the Eimeria (Abu-Akkada et al., 2010).  

In the present study, both garlic and black seed treatments improved gross and microscopic intestinal lesions of 

rabbit coccidiosis, but the garlic treatment and pretreatment were more effective in all examined aspects than black seed 

treatment and pretreatment. The prophylactic and curative efficacy of garlic in ameliorating intestinal gross and 

microscopic lesions could be explained by the fact that garlic is a rich source of active phytochemicals (allicin, diallyl 

sulfide, diallyl trisulphide, and allyl mercaptan) content that results in improved gut activities, immunity and health 

status as well as its parasiticide effect (Ogbuewu et al., 2019). The beneficial effect of black seed treatment and 

pretreatment may be attributed to active constituents (thymoquinone) that possessing antioxidant properties with anti-

inflammatory effects (Majid, 2018). In addition, its ability to hamper the production of leukotrienes causes cells and 

tissue damage (Al-Douri and Al-Kazaz, 2010) and disallowed loss and leakage of enzymes from the cells (Ali et al., 

2015). On the other hand, the results of the current study on sulfadimidine treatment revealed unsatisfactory efficacy in 

ameliorating gross and microscopic lesions of intestinal coccidiosis. The obtained results of the present study are in 

agreement with the previous study showing that sulphonamides are best used prophylactically as they are not effective as 

coccidiostats once clinical signs are presented (Duszynski and Couch, 2013). 

 

CONCLUSION 

 

This study indicated that garlic and black seed extracts had a protective and therapeutic effect of coccidiosis caused by 

Eimeria magna in rabbits than sulfadimidine. Both garlic and black seed treatments improved gross and microscopic 

intestinal lesions of rabbit coccidiosis, but the garlic pretreatment had a better effect in all examined aspects than garlic 

treatment and both had a better effect than black seed treatment and pretreatment. Therefore, it is recommended to use 

garlic as a natural feed additive in rabbit feeding as a prophylaxis and treatment for coccidiosis to minimize the 

economic losses caused by this parasite. 
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