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Abstract 
Introduction: Cryptosporidiosis has become an issue of great interest being life-threatening among immunocompromised hosts worldwide. This 
study explored the curative effect of Allium sativum (garlic) and Artemisia herba-alba ethanolic extract versus Nitazoxanide drug on both 
immunocompetent and immunosuppressed-Cryptosporidium experimentally-infected mice. 
Methodology: One hundred male Swiss albino mice were divided into the following groups: (GI) non-infected non-treated group, (GII) infected 
non-treated group, (GIII) garlic treated group, (GIV) A. herba-alba treated group, (GV) Nitazoxanide treated group, each group subdivided 
into two subgroups (a) Immunocompetent, (b) immunosuppressed. The assessment was performed by parasitological counting of fecal oocysts, 
histological examination of intestinal tissue, immunological detection of interferon-gamma levels in mice sera, and ultrastructural study by 
transmission electron microscopy.  
Results: Garlic and A. herbal-alba extracts showed a decrease in the mean oocyst counts through all days of follow-up. This was associated 
with significant up-regulation of interferon-gamma cytokine levels in serum and histological improvement in intestinal tissues of mice 
compared to control groups and the results were confirmed by transmission electron microscopy. The highest efficacy was obtained by garlic, 
then by A. herbal-alba extracts followed by Nitazoxanide treated group; where the immunocompetent groups showed better improvement than 
immunosuppressed ones. 
Conclusions: Garlic has a perfect effect as a promising therapeutic agent against Cryptosporidiosis and therefore validates their traditional use 
in parasitic infections. Accordingly, it may offer a good option for cryptosporidium treatment in immunocompromised patients. They could be 
used as a natural safe product for the preparation of a new therapeutic agent. 
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Introduction 

Cryptosporidium is an opportunistic, enteric 
protozoan parasite of chief medical importance in 
clinical practice. The most frequently recognized 
species infecting humans are Cryptosporidium parvum 
and Cryptosporidium hominis [1]. This parasite mainly 
affects the intestinal epithelium, resulting in gentle to 
serious acute watery diarrhea that is typically self-
settled within two weeks in immunocompetent, but it 
could be chronic, life-threatening, devastating 
infection, leading to dehydration, starvation, and even 
mortal outcome in immunocompromised hosts [2].  

Till now, Nitazoxanide (NTZ) is the main FDA-
approved therapy for cryptosporidiosis [3], yet it does 
not work without adequate immunity and showed poor 
efficacy in immunocompromised hosts [4]. As there is 
neither an effective vaccine nor therapeutic preventing 

or treating such hosts, identification of new remedies is 
essential. Herbal products received a great reputation 
and were used as non-conventional antiparasitosis [5].  

Garlic (Allium sativum) has been used as a 
medication for millennia in various civilizations. Its 
medicinal mystical properties were written about on the 
walls of ancient temples. It has been identified not only 
as a spice but also as a chemical pharmaceutical agent 
capable of controlling microbes [6], thus garlic is 
receiving great attention as a potent antimicrobial and 
antiparasitic medicinal plant. 

Artemisia herba-alba plant is a single-stemmed 
annual weedy herb. The most important bioactive 
compounds are artemisinin, dihydroartemisinic acid, 
artemisinic acid, and arteannuin B [7]. Various studies 
have analyzed the antiparasitic role of artemisinin and 
its derivatives against several infections like; 
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cryptosporidiosis, giardiasis, amoebiasis, 
leishmaniasis, clonorchiasis, malaria, and 
schistosomiasis [8].  

Therefore, this work was performed to determine 
the therapeutic efficacy of garlic and A. herba-alba 
extracts as compared to the conventional treatment for 
cryptosporidiosis, NTZ, in experimentally infected 
immunocompetent and immunosuppressed mice at 
parasitological, biochemical, histological, and 
ultrastructural levels.  

 
Methodology 
Parasite 

Stool samples were collected from several 
immunocompromised individuals with persistent 
diarrhea at Zagazig University Hospitals’ Inpatient 
Departments. Cryptosporidium-positive samples 
without other parasitic co-infections were preserved in 
2.5% potassium dichromate aqueous solution at 4°C 
until required [9]. 

 
Experimental animals 

This study involved 100 healthy laboratory-bred 
Swiss albino male mice, (20-25 gm; 3- 4 weeks age) 
provided by Schistosomal Biological Center at Theodor 
Bilharz Research Institute (TBRI) in Giza, Egypt. All 
mice were housed in separate cages that were 
appropriately ventilated. Pelleted food and water were 
available all over the day [10]. They were cared for in 
accordance with the research procedures and Animal 
Experimentation Guidelines established by the National 
Institutes of Health Ethics committee at Zagazig 
University's Faculty of Medicine authorized the 
experimental protocol (Institutional Review Board, 
IRB, ZU-IRB 4672- (4-6-2018). 

 
Design of the experiment 

Five groups of mice (20 mice each) were created. 
Each group was then sectioned into two equal 
subgroups: GIa: Immunocompetent (IC) - free of 
infection, received no treatment; GIb: 
Immunosuppressed (IS) - free of infection, received no 
treatment; GIIa: IC, infected with Cryptosporidium, 
non-treated; GIIb: IS, infected, non-treated mice; GIIIa: 
IC mice with Cryptosporidium infection, and received 
garlic at a dose of 50mg/kg/day; GIIIb: IS, infected, and 
treated with the same dose of garlic; GIVa: IC, infected, 
and treated with A. herba-alba (500 mg/kg/day); GIVb: 
IS mice with Cryptosporidium infection which received 
the same dose of A. herba-alba; GVa: IC, infected, and 
treated with NTZ (100 mg/kg/day); GVb: IS, infected, 
and treated with NTZ. Treatment regimens were 

provided daily via stomach tubes 1 hour before meals 
beginning on the fifth day after Cryptosporidium 
infection and lasting 5 days in immunocompetent 
subgroups [11] and 10 days in immunosuppressed ones 
[12]. 

 
Immunosuppression 

For 14 days previous to infection with 
Cryptosporidium oocysts, 0.25 mg/kg/day of synthetic 
corticosteroid (dexamethasone) manufactured by a 
local pharmaceutical company in Egypt (Kahira) were 
taken orally. Throughout the trial and until the 
completion of the study, the mice received the same 
dosage of dexamethasone [13]. 

 
Infection 

Positive stool samples were diluted with distilled 
water, filtered, and centrifuged at 2500 rpm for 10 
minutes. The supernatant fluid was discarded and the 
sediment was washed twice in 1 mL of phosphate buffer 
saline (PBS), with centrifugation at 13,000 rpm for 2 
minutes. After repeated washing followed by 
centrifugation, fecal debris was eliminated [14]. 

For counting the number of Cryptosporidium 
oocysts in 1mL of the sample, three slides were 
prepared from the sample; each of them 50μL, stained 
by MZN stain, and then the mean of three counts of 
oocysts per high-power field was calculated and 
multiplied by 20 to get the number in 1000 μL (1mL) 
[15]. 

Except for the negative control, prepared inoculums 
of Cryptosporidium oocysts (103 oocysts/ mouse) were 
used to infect the entire examined mice groups through 
the esophagus using a tuberculin syringe linked to a 
polythene tube. The mice were inoculated once[16]. 
This step occurred on the 15th day for dexamethasone 
immunosuppressed groupings [17]. The mice were 
dehydrated overnight before being implanted orally.  

 
Plant material 
Allium sativum (garlic) 

Freshly peeled bulbs of garlic were thoroughly 
rinsed with distilled water. Garlic bulbs were dried 
before being crushed in a blender. In distilled water, the 
powder was dissolved to make an aqueous solution of 1 
gm/ml concentration. Small aliquots of raw garlic 
mixture were kept at -20 degrees Celsius until needed 
[18]. The workable solution was created by diluting the 
stock one with distilled water. The garlic dosage used 
in this study was 50 mg/kg/day [19]. 
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Artemisia herba-alba (Shih) 
The dry leaves of the plant were ground by the 

electric grinder. Before filtering with filter paper, the 
plant powder was steeped in 70% ethyl alcohol for three 
days. The revolving evaporator condensed the filtrate 
under a vacuum. The technique was performed multiple 
times until the plant materials were utterly depleted. 
Out of 200 gm dried powder, 55 gm ethanolic extract of 
A. herba-alba was obtained [20]. The dosage chosen for 
this study was 500 mg/kg/day [21]. 

 
Nitazoxanide 

Medizen Pharmaceutical Industries manufactured 
and supplied Utopia Pharmaceuticals with 500 mg tabs 
of Nanazoxide. The selected dosage for the present 
work was 100 mg/kg/day [22].  

 
Animal scarification 

At the end of the research (21st-day post-infection), 
all mice were killed by quick decapitation. Parts of the 
intestine from each mouse were removed and subjected 
to histological and TEM examination. The serum also 
was subjected to immunological studies. 

 
Evaluation of the anti-cryptosporidial activity of garlic 
and A. herba-alba extracts 
Parasitological assessment  

From all mice groups, fecal pellets were gathered 
before and after the treatment schedule at 5th, 10th, 15th 
& 21st dpi, and subjected to parasitological examination 
to count Cryptosporidium oocysts. The oocysts number 
was expressed per gram of feces [23]. Using the 
following equation, the effectiveness percentage of 
each extract was computed. 

Efficacy percentage =
𝑚𝑚𝑝𝑝𝑝𝑝  − 𝑚𝑚𝑡𝑡

𝑚𝑚𝑝𝑝𝑝𝑝
𝑥𝑥100 

where: mpc =mean oocyst count of positive control 
group; mt = mean oocyst count of treated group. 

 
Histological light microscopic analysis 

After scarification, fine sections from the terminal 
part of ileum of all mice groups were fixed in formalin 
10% and stained with hematoxylin and eosin (H&E) 
[24]. To determine the number of goblet cells, staining 
of some sections with Alcian blue was done. The goblet 
cells were counted on ten non-overlapping fields of 
villous-crypt units that were randomly chosen for each 
section at ×400 magnification (VCU) [25]. 

 
Transmission electron microscopy (TEM) 

Nearly 1 mm3 of the distal ileum of all mice groups 
was immediately fixed after scarification in 

glutaraldehyde 5% prepared in 0.1 M Sodium 
Cacodylate solution for 24 hours at 4 °C. Further 
fixation was accomplished by immersing the samples in 
Osmium Tetroxide (OSO4) 1% in the same buffer for 2 
hours at room temperature. Fixed specimens were 
dehydrated in ascending grades of ethanol before being 
implanted in epoxy resin. To designate the target region 
for ultra-structural analysis, stained semi-thin slices 
with toluidine blue dye were visualized under optical 
microscopy. As a final step, the cut ultrathin slices were 
stained with Uranyl acetate and lead citrate [26], before 
being investigated for ultra-structural changes in the 
invasive stages of the parasite with a JEOL-JEM 1010 
TEM at 80 kV at the Regional Center for Mycology. 

 
Determination of interferon-gamma (IFN-γ) level using 
ELISA 

As a final step before ending this experiment, blood 
samples were withdrawn from the heart under 
ketamine/xylazine anesthesia (0.1 mL/100g IP) into 
heparin-free tubes. Blood tubes were left in an upright 
position at room temperature for 30 minutes then 
centrifuged at 3000 rpm for 15 min to separate the sera 
which were aliquoted and stored at -20 ºC. 
Concentrations of IFN-γ were assessed by 
commercially available ELISA Kit after the 
manufacturer´s instructions (Mouse IFN- γ ELISA kit, 
Chongqing Biospes Co., Ltd #BEK1081, Chongqing 
Shi, CN). At 450 nm filters, the optical density values 
were estimated. Concentrations of IFN-γ were 
determined from standard curve 31.2-2000 pg/mL 
assay ranges. 

 
Statistical analysis 

The obtained information was entered into a 
computer excel sheet and statistically evaluated with 
the Statistical Package for Social Science program 
version 27.0 [27]. All data was provided as mean ± SD. 
"One-way ANOVA" was utilized for the distinction 
between quantitative variables between more than two 
groups, while the repeated measure ANOVA test was 
utilized for the same group for many periods. A p value 
< 0.01 was considered extremely statistically 
significant, p < 0.05 was considered significant, and p 
> 0.05 was considered insignificant. 

 
Results 
Parasitological results 

Oocysts of C. parvum were identified in the fecal 
samples of the infection groups (Figure 1). On the 21st 
dpi; comparing the mean oocyst counts in 1 gm stool of 
immunocompetent and immunosuppressed mice 
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groups, there were highly statistically significant 
differences between mean oocyst counts on all days of 
follow-up (p < 0.01) in all treated groups. The 
percentage of oocysts reduction was 82.65%, 50.92%, 
and 73.9% in GIIIa, GIVa, and GVa groups, 
respectively. Moreover, the percentage of oocysts 
reduction was 72.38%, 33.21%, and 50.50% in GIIIb, 
GIVb, and GVb groups, respectively. Furthermore, 
with the passage of follow-up time, the percentage of 
oocyst reduction increased across the various groups of 
infected mice (Tables 1 and 2). Garlic therapy resulted 
in the highest percentage of reduction in oocyst counts 
82.65%, while the A. herba-alba treated group showed 
the lowest percentage of reduction 50.92%.  

 
Histological light microscopic results 

Examination of hematoxylin and eosin-stained 
sections in the ileum of the non-infected, non-treated 
groups revealed normal villous architecture with 
preserved brush border (Figure 2a), while those of 
infected, untreated groups showed a broadening of the 
villi, areas of lost brush border, superficial ulcerations 
(Figure 2b). Moreover, sub-epithelial villous edema and 
inflammatory cellular infiltrations were noted plus 
several areas of dysplasia in the form of nuclear 
stratification. Cryptosporidium oocysts were also seen 
attached to the brush border (Figure 2c). After treatment 
with garlic, the best results were reported, and there was 
a restoration of the normal architecture of the majority 
of the sections compared to infected and untreated 

groups, especially among IC mice. However, limited 
areas of villous edema and inflammatory cellular 
infiltrates were seen beside the attached 
Cryptosporidium oocyst (Figure 2d, 2e). After A. 
herba-alba treatment, mice showed minimal 
improvement in the histological structure, changes were 
similar to the infected untreated control groups with 
different degrees of dysplastic changes, villous edema, 
and submucosal inflammatory cellular infiltrates 
(Figure 2f). In IS A. herba-alba treated mice, the 
improvement in the histological structure was less, and 
intraepithelial lymphocytic infiltrations were obvious 
(Figure 2g). After NTZ treatment, mild improvement in 
the histological picture was noted.  

  

Table 1. Comparison of mean oocyst counts in 1gm stool in the immunocompetent mice subgroups at various follow-up time points. 

Group (x̄ ± SD) ×103 Percentage of reduction 
F^ p value 5th dpi 10th dpi 15th dpi 21st dpi 

GIa -- -- -- --   
GIIa 93.8 ± 3.77 89.7 ± 2.83 a 83.33 ± 2.92 a 78.56 ± 2.13 a 30.08 0.01* 
GIIIa 93.8 ± 3.77 44.6 ± 455 b, 50.28% 30.5 ± 4.7 b, 63.4% 13.7 ± 3.27 b, 82.65% 557.69 < 0.001** 
GIVa 94 ± 3.77 65.4 ± 4.99 c, 27.09% 51.22 ± 2.54 c, 38.53% 38.56 ± 3.75 c, 50.92% 749.83 < 0.001** 
GVa 94.4 ± 3.17 49.5 ± 5.62 b, 44.82% 35.9 ± 3.45 d, 56.92% 20.5 ± 4.35 d, 73.9% 402.07 < 0.001** 

F 0.06 193.51 421.05 647.5  P 0.98 NS < 0.001** < 0.001** < 0.001** 
 
 
 
Table 2. Comparison of mean oocyst counts in 1gm stool in the immunosuppressed mice subgroups at various follow-up time points. 

Group (x̄ ± SD) ×103 Percentage of reduction F^ p value 5th dpi 10th dpi 15th dpi 21st dpi 
GIb -- -- -- --   
GIIb 219.1 ± 5.43 224.13 ± 5.59 a 222.29 ± 5.82 a 218.43 ± 3.95 a 26.58 0.004* 
GIIIb 219.8 ± 4.05 127.33 ± 4 b, 43.19% 96.56 ± 3.81 b, 56.56% 60.33 ± 4.72 b, 72.38% 3517.59 < 0.001** 
GIVb 222.2 ± 5.37 178 ± 5.29 c, 20.58% 163 ± 6.74 c, 26.6% 145.88 ± 5.49 c, 33.21% 149.30 < 0.001** 
GVb 222 ± 5.66 149.4 ± 3.24 d, 33.34% 127.25 ± 5.15 d, 42.75% 108.13 ± 5.62 d, 50.50% 496.15 < 0.001** 

F 0.91 718.78 767.48 1382.02  P 0.46 NS < 0.001** < 0.001** < 0.001** 
SD: Standard deviation; F: ANOVA test; F^: Repeated measure ANOVA test; *: significant (p < 0.05); **: highly significant (p < 0.001); NS: nonsignificant (p 
> 0.05). Groups with different letters are statistically significant (p < 0.05); Common letters are statistically non-significant (p ˃ 0.05). 

Figure 1. Cryptosporidium oocysts (arrow) in stool samples 
stained by MZN (× 1000). 
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Figure 2. Hematoxylin and eosin-stained sections in intestinal tissue showing: (a) non-infected control groups: normal villous architecture 
with normal preserved brush border (arrow). In IC infected not treated group (b), the villi appear broad (double head arrow) with areas of 
lost brush border (arrow) and superficial ulcerations (notched arrow) beside Cryptosporidium oocysts that are seen attached to the brush 
border (arrowhead). hyperchromatic nuclei (pentagon), nuclear stratification (double arrows) and eosinophilic stained Paneth cells (star) 
are also noticed. In IS-infected not treated group (c), wide broad villi (double head arrow) appear with loss of the brush border (arrow), 
ulcerations (star), sub-epithelial villous edema (double stars), and attached Cryptosporidium oocysts (arrowhead). Nuclear stratification 
(double arrows) with inflammatory cellular infiltration in the lamina propria (notched arrow) are obvious. In the IC garlic treated group 
(d), villi/crypt pattern is normal (arrow), and some villi show edema (star). Inflammatory cells infiltrate the lamina propria (notched arrows) 
and eosinophilic stained Paneth cells are seen at the base of the crypts (arrowhead). In IS garlic-treated group (e), normal villi/crypt pattern 
appears with preserved brush border (arrow), and lamina propria shows eosinophilic inflammatory infiltration (circle). In IC Artemisia 
treated group (f), villi are broad (double head arrow) with dysplastic changes in the form of hyperchromatic nuclei (arrow) and nuclear 
stratification (double arrows). Cryptosporidium oocyst is noticed attached to the brush border (arrowhead) with underlying villous edema 
(star) and submucosal inflammatory cellular infiltrates (notched arrow). Paneth cells are obvious at the base of the crypts (double stars). 
In IS Artemisia treated group (g), many areas with lost brush border (arrow) and nuclear stratification (double arrows). Intraepithelial 
lymphocytic infiltration (notched arrow) and sub-epithelial villous edema are marked (star). Cryptosporidium oocysts are attached to the 
brush border (arrowhead). IC NTZ treated group (h), shows broad villi (double head arrow) and marked submucosal inflammatory cellular 
infiltration (notched arrow). Cryptosporidium oocysts are attached to the brush border (arrowhead). In IS NTZ treated group (i), villi are 
broad (double head arrow) with marked sub-epithelial villous edema (star). Nuclear stratification and hyperchromatism are observed 
(notched arrow). Inflammatory cellular infiltration is seen all over the lamina propria (arrow). [H&E, Scale bar = 50µm]. 



Elbahaie et al. – Garlic and Artemisia extracts in Cryptosporidiosis     J Infect Dev Ctries 2023; 17(6):732-743. 

737 

Many villi were short and broad with areas of 
luminal epithelial cell desquamation, sub-epithelial 
villous edema, inflammatory cellular infiltration, and 
dysplastic changes, especially in IS mice (Figure 2h, 
2i). 

Alcian blue-stained sections showed an average 
number of Alcian blue positive goblet cells in the non-
infected non-treated groups (Figure 3a, 4). In infected 
non-treated groups, Alcian blue positive goblet cells 
were very few, even some villi demonstrated areas of 
total goblet cells depletion (Figure 3b). In garlic-treated 
groups, goblet cells were abundant, and the droplets 
were fully filled with the stain and scattered all over the 
length of the villi and crypts (Figure 3c). In A. herba-
alba treated groups, goblet cells were moderate in 
number with many areas of goblet cell depletion (Figure 
3d).In NTZ-treated groups, numerous goblet cells were 
variable in size and scattered all over the length of the 
villi and crypts (Figure 3e).  

  
Transmission Electron Microscopic (TEM) results 

The TEM examination of ultrathin sections of the 
small intestinal epithelial cells in GI revealed 
absorptive columnar cells with numerous apical 
microvilli. Each cell contains oval euchromatic nuclei, 
and abundant mitochondria, in addition to well-
developed cell junctions in between. Goblet cells were 
visualized studded with plenty of mucous granules of 

moderate electron density (Figure 5a). After infection 
induction to GII group, the ultrastructure of the small 
intestine in IC mice (GIIa) showed lost apical 
microvilli, degenerated epithelial cells with rarified 
cytoplasm, pycnotic nuclei, degenerated organelles, and 
several multivesicular bodies (Figure 5b). In addition, 
the ultrastructure of IS mice (GIIb) showed 
macrogametes between microvilli that were enveloped 
by a parasitophorous vacuole. The cytoplasm of 
macrogametes contained many polysaccharide granules 
and rough endoplasmic reticulum.  
  

Figure 3. Alcian blue-stained intestinal sections showing: (a) In the non-infected control groups, average number of Alcian blue positive 
goblet cells (arrow). The colored droplets are variable in size and scattered all over the length of the villi and crypts. (b) In infected not 
treated groups, very few Alcian blue positive goblet cells (arrowhead). Some villi show areas of total goblet cell depletion (arrow). (c) In 
garlic treated groups, abundant Alcian blue positive goblet cells (arrow). The droplets are fully filled with the stain and scattered all over 
the length of the villi and crypts. (d) In artemisia treated groups, moderate number of Alcian blue positive goblet cells (arrow) with many 
areas of goblet cells depletion (arrowhead). (e) In NTZ treated groups, numerous Alcian blue positive goblet cells (arrow). The colored 
droplets are variable in size and scattered all over the length of the villi and crypts. [Alcian blue, Scale bar = 50μm].  

Figure 4. Percentage of goblet cells number in Alcian blue-
stained sections in all the study groups. 
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Figure 5. Transmission electron micrographs of sections in the small intestine showing; (a) non-infected control groups, intestinal 
columnar epithelial cells with prominent microvilli (mv) and regular euchromatic nuclei (N), plentiful mitochondria (m), rough 
endoplasmic reticulum (RER) and well-developed cell junctions (cj). (b) In IC infected not treated group, lost apical microvilli and even 
apical cell membrane (arrow), degenerated epithelial cells with rarified cytoplasm (RC), pycnotic nucleus (PN) and degenerated organelles 
(DO). Several multivesicular bodies (MBV) and rough endoplasmic reticulum (RER) are seen. (c) IS infected not treated group, 2 
macrogametes (arrows) present between microvilli (MV) and enveloped by a parasitophorous vacuole (P), the cytoplasm of both 
macrogametes contains many polysaccharide granules (PG) and rough endoplasmic reticulum (ER), the attachment zone (AZ) is obvious 
at the base of the upper one only. Goblet cell is seen containing mucous granules of moderate electron density (gr). The columnar epithelial 
cells contain multiple swollen mitochondria (m). (d) IC garlic treated group, the absorptive columnar cells appear with numerous apical 
microvilli (mv), plentiful mitochondria (m), regular oval euchromatic nuclei (N), and well-developed cell junctions (cj). Macrophage (mac) 
with prominent pseudopodia (arrow) is seen in between. (e) IS garlic treated group, Cryptosporidium trophozoite (T) is incarcerated 
between apical microvilli (MV) and completely covered with the double-layered membrane derived from the microvilli; the 
parasitophorous vacuole (P), the parasite pellicle forms a feeder organelle at the attachment zone (AZ). The enterocytes are full of swollen 
mitochondria (m). (f) IC artemisia treated group, Cryptosporidium trophozoite (T) is incarcerated in between the apical microvilli (MV) 
with its characteristic nucleus (N) and a double membrane pellicle (arrows). The attachment zone (AZ) is not yet fully formed. (g) IS 
artemisia treated group, microvilli (mv) appear distorted with manifestations of cellular degeneration; rarified cytoplasm (RC), pycnotic 
nucleus (PN), swollen mitochondria (m), cell membrane blebbing (arrow), and well-demarcated outer limiting membrane (arrowhead). 
Multiple cisternae of rough endoplasmic reticulum (RER) are seen. (h) IC NTZ treated group, regularly arranged apical microvilli (mv) 
with oval euchromatic nuclei (N), plentiful mitochondria (m) and well-developed cell junctions (cj). Atypical goblet cell appears with 
electron-dense condensed secretion (S). Part of the mucus is seen extravasating into the intestinal lumen (arrow). (i) IS NTZ treated group, 
distorted apical microvilli (MV) with two trophozoites embedded in between, the characteristic nuclei (N) and prominent nucleoli (n) are 
seen within. The attachment zone (AZ) is obvious in the upper trophozoite and the parasitophorous vacuole (P) is prominent in the lower 
one. Swollen mitochondria (m) are plentiful.  
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Goblet cells were also seen containing mucous 
granules of moderate electron density. The columnar 
epithelial cells appeared with multiple swollen 
mitochondria (Figure 5c). Evident changes were 
noticed in the overall cellular ultrastructure and 
cytoplasm of the luminal trophozoites treated with 
garlic (GIII) when compared to the infected non-treated 
group (Figure 5d, 5e). Cryptosporidium trophozoite 
appeared incarcerated in between the microvilli with 
near normalization of the villi architecture. After A. 
herba-alba administration (GIV), deformed 
trophozoites were seen with altered intestinal cells 
ultrastructure, especially in IS mice. The intestinal cells 
showed distorted microvilli, cellular degeneration, 
pycnotic nuclei, and swollen mitochondria (Figure 5f, 
5g). In GV group, NTZ- treated mice showed different 
degrees of deviation from the normal ultrastructure. 
Some intestinal cells showed normal columnar 
epithelial cells with numerous apical microvilli, regular 
oval euchromatic nuclei, and plentiful mitochondria, 
others showed distorted microvilli and swollen 
mitochondria especially among IS mice (Figure 5h, 5i). 

 
Determination of interferon-gamma (IFN- γ) level using 
ELISA 

ELISA analysis of serum IFN-γ revealed a 
significantly substantial rise in all treated groups (p < 
0.01) when compared to the non-treated infected 
groups. Nevertheless, its level in all immunosuppressed 
groups was lower than the corresponding 
immunocompetent ones (Figure 6). 

 
Discussion 

Cryptosporidium infection is considered the second 
driving reason of infectious diarrheal illnesses in 
developing countries that could possess a fatal outcome, 
mostly in children and immunosuppressed patients 
[28]. There is no satisfactory treatment for 
cryptosporidiosis, therefore, searching for an alternate 
effective therapy is a worthy research topic. 

 In the present study, both garlic and A. herba-alba 
extracts were assessed in the treatment of 
cryptosporidiosis, as a potential replacement for the 
already used chemotherapeutic drug "NTZ" for all mice 
groups. The chemical suppression of immunity in 
immunosuppressed subgroups increases the 
susceptibility to Cryptosporidium infection.  

In this study, garlic herbal extract was found to be 
the most effective therapy against cryptosporidiosis. On 
the 21st day of treatment, the therapeutic outcome of 
garlic on cryptosporidiosis was statistically significant 
in both IC and IS mice subgroups which agrees to some 

extent with studies that show garlic successfully 
eradicates the oocysts from the feces of experimentally 
infected mice [29]. Additionally, Fareed et al. [30] 
reported that Allium sativum was utilized to treat 
cryptosporidiosis in HIV patients suffering persistent 
diarrhea, with complete recovery in some and partial 
healing in others. Several mechanisms could explain 
garlic's success in the treatment of experimental 
cryptosporidiosis. It enhances phagocytic activity of 
natural killer cells with subsequent improvement of the 
host immunity against infection. Garlic also inhibits 
some regular activities of the parasite, like food 
absorption, motility, and replication, according to 
Azimi et al. [31]. On the other hand, one study from 
Iraq reported a lower efficacy of garlic against 
Cryptosporidium infection due to the suboptimal used 
dose [21]. So, the effectiveness of garlic increases with 
increasing doses of plant extracts. 

On the 21st day of the study, A. herba-alba exhibited 
a statistically significant effect on Cryptosporidium 
infected mice which was in line with the results of Al-
Hamairy et al. [21] as well as Majeed et al. [32], who 
found A. herba-alba to have antiprotozoal action 
against C. parvum oocyst shedding in infected mice. 
The active artemisinin and santonin in Artemisia may 
be the reason for its potency, it prevents 
Cryptosporidium oocysts from penetrating cells and 
protects against cellular damage [33].  

The impact of NTZ on cryptosporidiosis-infected 
mice was statistically significant on the 21st day of 
treatment. These findings are nearly comparable to 
those of Amadi et al. [34], who observed cession of 
diarrhea in HIV-free patients after nitazoxanide 
treatment, but with no significant parasitological effect 
in HIV-infected patients. Madbouly et al. [35] recorded 

Figure 6. Serum IFN-γ level among both IC and IS mice 
subgroups. 
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a 52.7% decrease in oocyst shedding in experimentally 
infected immunosuppressed mice treated with NTZ at 
21st dpi. However, Mostafa et al. [36] exhibited a very 
low reduction rate, about 8.2% at 21st dpi in 
immunosuppressed infected mice treated with NTZ. 
These disparities could be attributed to variations in the 
doses, drug formulations, and the used animal models. 

In our study, the histological sections were 
evaluated to assess the structural alterations associated 
with cryptosporidium infection. Marked alterations in 
the small intestinal sections in infected untreated mice 
groups were also seen. These findings were in line with 
Madbouly et al. [35], who revealed that 
cryptosporidiosis pathological changes varied from 
limited to total villous atrophy with heavy cellular 
infiltrates. The justification for these findings was 
attributed to the ability of the parasite to dislodge the 
brush borders, producing an asymmetric loss of the 
epithelial cells, resulting in shorter villi, fusing, and 
broadening. Villous atrophy was explained by the direct 
damage to the epithelial cells via the secreted toxins. 
Cellular atrophy and fluffing due to edema in the lamina 
propria induced by the infection, along with mucosal 
inflammation, can result in reduced fluid, water, and 
electrolyte absorption in the gut [37]. 

Hyperplasia is usually thought to indicate an 
attempt to rebuild the destroyed villus epithelium 
induced by microbes, and it also contributes to 
immunity by releasing antimicrobial peptides to protect 
against the invading pathogen [38]. The IC subgroups 
showed a satisfying degree of histological structural 
corrections compared to the IS groups which agreed 
with Moawad et al. [15]. 

The garlic-treated mice group demonstrated a 
significant improvement in the villi architecture. The 
significant improvement due to garlic use can be 
explained by the restoration of the brush border to its 
original form, even in areas where the parasite was still 
attached, as well as a rise in the number of Paneth cells 
performing a defensive role of antibody production 
against microbes [39]. 

A. herba-alba treated mice group showed limited 
improvement in the histological picture, Majeed et al. 
[32] reported significant improvement in intestinal 
histopathology after A. herba-alba treatment. A. herba-
alba has been used as a cytoprotective agent for gastric 
ulcers and assumed that its active principle, 
dehydroleucodine, increased gastric glycoproteins 
synthesis and prevented gastric mucosa lesions [40].  

Nitazoxanide-treated mice group showed mild 
improvement with the restoration of some villi and 
crypts architecture compared to the infected non-treated 

groups, although some sections showed detached 
irregular villi, cellular infiltration, edema, and fewer C. 
parvum oocysts. This was consistent with the findings 
of Sadek and El-Aswad [12] who found that NTZ had 
moderate efficacy against C. parvum infection. 

Paneth cells were detected with their characteristic 
granules at the base of the crypts in immunocompetent 
mice groups and reduced in immunosuppressed ones 
which agreed with Kelly et al. [41], who showed fewer 
Paneth cells in HIV-infected patients with 
Cryptosporidium because of a decrease in the granule 
content of terminally developed Paneth cells. These 
cells are thought to regulate microbial density in the 
small intestine lumen by preventing penetration into the 
crypt microenvironment [42].  

Regarding Alcian-blue staining, the number of 
goblet cells decreased within the infected sections and 
this agreed with Maruyama et al. [43], who reported the 
loss of goblet cells plus some absorbent cells that 
appeared in the form of empty vacuoles in 
Cryptosporidium infection. On the other hand, 
hyperplasia of goblet cells could occur due to 
cryptosporidiosis infection playing a key role in the 
production of antimicrobial agents [39]. We could 
attribute this discrepancy to the severity and stage of 
infection. A strongly positive reaction in infected 
groups was explained by the presence of high secretions 
of sulfamic and sialomucine which act as magnificent 
protectors against Cryptosporidium infection [44]. 
Those mucins are highly hydrophilic and can bind water 
to form a gel-like structure, preventing direct contact 
between enterocytes and the intraluminal content, 
especially pathogenic microorganisms [45].  

In the current work, the count of goblet cells 
increased in all treated groups as compared to the non-
treated infected group. These findings were agreed with 
Oshiba et al. [46], who documented the improvement in 
the local immune response in the intestinal mucosa after 
NTZ treatment and increased the number of goblet 
cells. They added that goblet cells play a vital role in 
local humoral immunity by anti-microbial antibodies 
production. Moreover, goblet cells maintain intestinal 
homeostasis as they establish intimate interactions with 
gut immune cells [47]. 

In the present work, TEM was done to investigate 
the underlying ultra-structural alterations responsible 
for the light microscopic histological findings. The 
histopathological alterations found in the infected, non-
treated groups (GII) matched with Ayabe et al. [42] and 
Fawzy et al. [48]. Variable degrees of microvilli 
regeneration and restoration of normal architecture with 
different stages of the parasite were identified in the 



Elbahaie et al. – Garlic and Artemisia extracts in Cryptosporidiosis     J Infect Dev Ctries 2023; 17(6):732-743. 

741 

treated groups. The garlic-treated group improved 
significantly, with a picture similar to the control 
groups. The NTZ-treated group showed moderate 
improvement in villous architecture, while A. herba 
alba-treated group showed very limited improvement. 
Cryptosporidium trophozoites were observed 
incarcerating in between the microvilli with shortening 
of the adjacent microvilli. The structure of the 
trophozoites were matched with the findings of Sanad 
et al. [49]. 

IFN-γ is the most important cytokine in the battle 
against Cryptosporidium because it stimulates Th1 
cytokine production such as nitric oxide, reactive 
oxygen species, in addition to antimicrobial peptides. 
All of which inhibit intracellular parasite growth [50]. 
In the current study, the serum level of IFN- γ cytokine 
increased significantly in GII-infected mice. This is 
consistent with Abouel-Nour et al. [51] and El-Sayed 
and Fathy, [52], who reported a significant rise in the 
level of all circulating cytokines in Cryptosporidium 
infected mice compared to control mice. Opposite 
observation of relatively low levels of serum IFN- γ in 
the immunocompromised infected mice in comparison 
to normal control non-infected have been obtained by 
other researchers [3,53].  

In comparison with the negative control group, all 
of our treated mice subgroups, particularly the 
immunocompetent ones, showed a substantial rise in 
IFN- γ serum levels. This rise is directed against 
Cryptosporidisois establishment. These observations 
come in accordance with Sanad et al. [49], and Al-
Ghandour et al. [53], who found that protection against 
this parasite has been largely concomitant with the 
production of IFN- γ. The level of IFN-γ was higher in 
the immunocompetent than in the corresponding 
immunosuppressed ones which is in agreement with the 
finding of Farid et al. [54]. 

 
Conclusions 

The highest efficacy was obtained by garlic, then by 
Artemisia herbal extracts followed by Nitazoxanide 
treated group; where the immunocompetent groups 
showed better improvement than immunosuppressed 
ones. Garlic has a perfect effect as a promising 
therapeutic agent against Cryptosporidiosis and 
therefore validates their traditional use in parasitic 
infections. Accordingly, it may offer a good option for 
cryptosporidium treatment in immunocompromised 
patients. They could be used as a natural safe product 
for the preparation of a new therapeutic agent. 
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