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Aim: Cryptosporidiosis causes colon dysplasia. This research aimed to evaluate the effect of a novel com-
bination between artesunate and nitazoxanide on intensity of infection and the resulting intestinal dys-
plasia. Materials & methods: Subjects were divided into five groups. Artesunate was used alone, then
combined with nitazoxanide. Results: The highest efficacy in reducing oocyst shedding obtained from
the combined therapy (68.5, 75.9, 99%) after 7, 14 and 21 days. The histopathology of infected colonic
mucosa showed marked improvement and low-grade of dysplasia in the infected and treated group with
the combined therapy. The immunohistochemistry of the same group revealed mild dysplastic changes
in colonic epithelium without nuclear expression for cyclin D1. Conclusion: These results give hope for
treatment of Cryptosporidium and improving intestinal dysplasia.
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Cryptosporidiosis is a gastrointestinal infection caused by Cryptosporidium species. It is transmitted by direct fecal
contamination or waterborne routes causing diarrhea [1]. In immunocompromised individuals, it is life-threatening
as it extends from its habitat; the small intestine and extraintestinal organs such as the biliary tract, lungs and
pancreas. Furthermore, there is no fully effective drug treatment [2]. Some studies suggest that infection with Cryp-
tosporidium parvum can lead to digestive carcinogenesis in humans [3,4], stating that C. parvum can be propagated
in immunosuppressed mice causing several pathological changes in gastrointestinal epithelial cells, especially in
the immunocompromised host. This infection may result in a higher risk of developing colorectal malignancy [5].
Certad et al. [6] confirmed the ability of C. parvum isolated from human origin to cause gastrointestinal and biliary
adenocarcinomas in an experimental model, which was previously evidenced by Certad et al. [7] who proved the
direct role of this parasite in the induction of digestive cancer. The current optimal therapy for cryptosporidiosis
is nitazoxanide (NTZ) [8]. NTZ is the most common drug for treating cryptosporidiosis in humans. NTZ, a
nitrothiazole benzamide compound, has proved to be effective against a wide variety of protozoa and helminths [9].
Although NTZ has been used for cryptosporidiosis in immunocompetent children and adults, it has limited efficacy
in children and has no effect in immunocompromised individuals [10]. Available therapies for cryptosporidiosis are
imperfect. Artemisia annua is a plant used in traditional Chinese medicine [11]. It was confirmed that artemisinin
exhibits high efficacy against several stages of Plasmodium and other protozoan parasites [12]. Apicomplexan parasites
are complex unicellular eukaryotes; they are the causal agents of malaria, toxoplasmosis and cryptosporidiosis [13].
The parasites in this phylum have an infective stage that enters the host via its apical complex. The life cycles of
these parasites contain asexual and sexual reproduction. However, all these parasites invade cells and have to adapt
to the intracellular environment of their hosts [14]. Artemisinins have broad anticancer effects, they reduce cell
proliferation, angiogenesis and trigger apoptosis [15]. The Chinese government’s program reported the anticancer
properties of artemisinins [16]. Because artemisinin gives a high efficacy against malaria and cancer as well, we pre-
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Table 1. The oocyst shedding of Cryptosporidium parvum after of nanazoxide, artesunate therapy and their
combination in immunosuppressed mice.
Variable 7 days 14 days 21 days Test p

Control: mean ± SD 76,536 ± 4686 78,913 ± 1675 81,847 ± 2215 3.578 0.06 (NS)

Nanozoxide: mean ± SD 67,186 ± 3706 70,327 ± 4378 75,167 ± 2218 6.411 0.01 (S)

Artesunate: mean ± SD 49,405 ± 9180 36,277 ± 5137 32,037 ± 3948 7.761 0.03 (S)

Combined: mean ± SD range 24,039 ± 4153 18,962 ± 2397 809.9 ± 311.7 103.6 �0.001 (HS)

P#1: 0.007 0.01 0.002

P#2: �0.001 �0.001 �0.001

P#3: �0.001 �0.001 �0.001

Test: one-way ANOVA, repeated measures.
#: Independent sample t-test; HS: Highly significant; NS: Not significant; P1: The difference between control and nanozoxide; P2: The difference between control and artesunate;
P3: The difference between control and combined therapy; S: Significant.

Table 2. The percent efficacy of the selected drugs used against Cryptosporidium in immunosuppressed mice.
Groups Treatment Percent efficacy at different days

7 days 14 days 21 days

2 Nanozoxide 12.2 10.8 8.2

3 Artesunate 35.4 54 60.8

4 Nanozoxide + artesunate 68.5 75.9 99

sumed that it may give an effect against C. parvum infection and the resulting intestinal dysplasia. Cell proliferation
in certain tissues can be assessed by immunohistochemistry (IHC) measurement of the proliferation-associated
antigen expression. Overexpression of D1 has been observed in many tumors. It promotes cell proliferation and
differentiation through shortening the G1/S transition. A significant proportion of dysplasia contains molecular
abnormalities that may result in cyclin D1 overexpression [17]. Cyclin D1 protein overexpression has been reported
in colon carcinoma cell lines, in 30–46% of primary colorectal cancers [18]. (Bartkova et al.)1994 Cyclin D1 is
a good and useful marker for the detection of intestinal dysplasia [19]. In this research C. parvum obtained from
a human was processed for DNA extraction and PCR amplification of C. Parvum then used for infection. The
therapeutic benefit of artesunate was evaluated parasitologically, histopathologically and immunohistochemically
(cyclin D1).

Materials & methods
The animal
This study was carried out on laboratory-bred Swiss albino female mice (n = 50) weighing about 20 g. Examining
their stools for three consecutive days using the formol–ether concentration method [20] and modified Ziehl–
Neelsen technique [21] to exclude any parasitic infection. The experiment design contains five groups of ten mice
each. Animals are immunocompromised: group 1: infected with Cryptosporidium oocysts; group 2: infected then
treated with nanozoxide; group 3: infected then treated with artesunate; group 4: infected then treated with an
combination of artesunate and nanozoxide; group 5: normal control. The administration doses of the drug started
7 days postinfection (PI) and persisted for 7 days. Fecal samples were collected from each mouse of treated and
control groups on 7, 14 and 21 days PI and oocysts were counted as described.

Immunosuppression was carried out by giving the mice dexamethasone orally at a dose of 0.25 μg/g/day for 14
successive days prior to inoculation with Cryptosporidium oocysts and throughout the experiment [22].

Cryptosporidium oocysts were obtained from infected humans in Zagazig University Hospital. Samples were
concentrated by modified formalin–ether sedimentation technique [20]. The stool samples were examined by mod-
ified Ziehl–Neelsen staining method for confirming the presence of oocysts [21]. Part of the samples was frozen for
molecular studies. Other parts of positive samples were purified according to Arrowood and Sterling and preserved
in 2.5% potassium dichromate (K2Cr2O7) [24]. The number of Cryptosporidium oocysts was determined [25].
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Molecular identification of C.parvum
Part of the samples was processed for detection of Cryptosporidium copro-DNA via DNA extraction by isolation of
DNA from the fecal sample using (QIAamp DNA Stool Mini Kit QIAGEN, Hilden, Germany). According to the
manufacturers’ protocol. Amplification of extracted DNA was done using Quantification of Cryptosporidium 18S
Ribosomal gene for general laboratory and research use (Figure 1).

The infection
All mice groups except the control were inoculated intraesophageal with 103Cryptosporidium oocysts [26]. The im-
munosuppressed groups were inoculated after 15 days of dexamethasone therapy [27]. Tuberculin syringe connected
to a polyethylene tube was used.

The drugs
Nanazoxide Circle 75 Pkwy #1120, Atlanta, GA 30339, USA (Medizen Pharmaceutical Industries from Utopia
Pharmaceuticals) was given orally in a dose of 500 mg/kg body weight twice daily for five consecutive days [28].
Artesunate (Ipca Laboratories, Kandivli Ind. Estate, Ratlam, India) was given orally in a dose of 200 mg/kg body
weight for five consecutive days. The combination of drugs used was given in a dose of 250 mg/kg body weight
for nanazoxide and 100 mg/kg body weight for artesunate.

Assessment of the infection & the drug effect
Stool examination
Fecal specimens were collected from mice on days 7, 14 and 21 for monitoring oocyst shedding using modified
Ziehl–Neelsen stain [21]. The number of oocysts was calculated according to the following equation (total number of
oocysts counted × dilution factor) / (tested stool volume in g). The efficacies of drugs were assessed by comparing
the median numbers of oocysts present in treated opposed to infected control mice. Moreover, the reduction
percentages in the median number of oocysts in treated opposed to infected control mice were calculated. Efficacy
of selected drugs against Cryptosporidium oocysts was calculated as per the formula:

% (Efficacy Total oocysts before treatment Total oocysts after tr  eeatment Total oocysts before treatment). .100

Histopathological examination
Part of the terminal ileum was removed from each mouse, fixed in 10% neutral formalin then embedded in paraffin.
Sections of 4 μm thickness were obtained and stained with hematoxylin and eosin.

Immunohistochemistry (cyclin D1)
We used the EnVision (GA, USA) method for immunohistochemical staining. Tissue sections (3–5 μm) were
deparaffinized in xylene and rehydrated in a graded alcohol. Slides were incubated for 10 min in 3% hydrogen
peroxide to block endogenous peroxidase activity. Dako target retrieval solution (pH 6.0) was used for 20 min.
Antibody binding was detected by Dako’s HRP Envision Kit (Dako Cytomation, Glostrup, Denmark). Tissue
samples were incubated with primary antibody (anticyclin D1 antibody [SP4], ab16663, Abcam, Cambridge, UK,
diluted in 1/100 PBS) for 1 h. Human colon cancer tissue samples were used as positive control. The areas highly
stained were graded based on the staining intensity as follows: grade 0, the total absence of staining or <5% of cells
stained; grade 1, mild-to-moderate nuclear staining (5–50% cells stained); grade 2, strong nuclear staining (>50%
cells stained) [29].

Ethical & regulatory guidelines
An informed consent was taken from all patients before taking fecal samples. The study was approved by the
Research Ethics Committee, Faculty of Medicine, and Zagazig University. The experimental animal studies were
conducted according to internationally valid guidelines and maintained in SBSP animal house of TBRI.

Statistical analysis
Data were analyzed by SPSS software version 19. Test one way ANOVA was used to calculate the significance
between all groups but independent t-test used between every two groups. The results were considered statistically
significant if the p-value was < 0.05.
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Figure 1. Amplification plots showing results of stool samples by real-time PCR assay for determination of Cryptosporidium parvum
species. Plots (g, h) have fluorescent values above the threshold line ‘horizontal blue line’ so considered positive samples but with
different CT values. Plots (a, b) were ACTB controls while the remaining plots were amplified standards. N were negative samples.

Results
When comparing oocyst shedding among the immunosuppressed groups on days 7, 14 and 21 to control group, it
showed a slight decrease in groups treated with nanozoxide (67,186 ± 3706, 70,327 ± 4378, 75,167 ± 2218) while
groups treated with artesunate showed more decrease (49,405 ± 9180; 36,277 ± 5137; 32,037 ± 3948). But the
combined therapy of artesunate and nanozoxide gave the least mean number of oocysts shedding (24,039 ± 4153;
18,962 ± 2397; 809.9 ± 311.7). There was a significant difference between control and groups treated with
at different measurement timings. This difference was highly significant between control and combined treated
groups (Table 1). According to percent efficacy of used drugs on days 7, 14 and 21 and, consequently, nanozoxide
was at (12.2, 10.8, 8.2) percent efficacy and artesunate was (35.4, 54, 60.8) percent efficacy. Finally, the combined
therapy of artesunate and nanozoxide gave the highest efficacy in oocyst reduction among the immunosuppressed
groups (68.5, 75.9, 99%; Table 1).

Discussion
Cryptosporidium is one of the five leading causes of diarrheal disease in young children worldwide and also causes
morbidity in immunocompromised patients [30]. NTZ is partially effective against cryptosporidiosis and the results
in AIDS patients remain disappointing [31] in addition to its dose-dependent toxicity [32]. So, a substitute for this
drug is urgently needed.

Cryptosporidium belongs to phylum apicomplexan protists, along with Plasmodium and Toxoplasma [33], and
artesunate was used for the treatment of malaria by inhibiting an essential parasite calcium adenosine triphosphatase
enzyme [34]. Moreover, artesunate possesses selective anticancer properties. It has a cytotoxic effect against a wide
range of cancer in vitro and in vivo. Its action is mediated by artemisinin-induced changes in multiple signaling
pathways and interfering simultaneously with multiple hallmarks of cancer [35]. From this point of view, we decided
to explore the role of artesunate as treatment of cryptosporidiosis and its effect in improving the resulting intestinal
dysplasia of immunocompromised mice.

The combined therapy of artesunate and nanozoxide in our research gave the least mean number of oocysts
shedding (24,039 ± 4153; 18,962 ± 2397; 809.9 ± 311.7) on 7, 14 and 21 days consequently when compared
with the groups treated with single drug either nanozoxide or artesunate (Table 1). Moreover, the combined
therapy gave the highest reduction percentages in oocyst shedding among the immunosuppressed groups (68.5,
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75.9, 99%) when measured on days 7, 14 and 21 consequently (Table 2). It decreases oocyst shedding from 60
to 20 oocysts/100 μl feces. Our results are superior to that of Yin et al. and Masood et al. [36,37] who reported an
efficacy in oocyst reduction of 43.05, 58.7 and 64.6% at 13, 20 and 27 days PI after albendazole treatment, 32.8,
53.3 and 56.6%, respectively, after metronidazole and 55.04, 68.5 and 79.4% afterparomomycin. Atorvastatin was
used alone and combined with NTZ resulting in percentage reduction from (53.7 and 77.5%) oocytes shed at 21
days PI, respectively, when compared with the infected untreated group [38]. Our better results may be due to the
unique combination used.

The histopathological examination of colonic mucosa of its infected immunocompromised group 1 confirms
high-grade dysplasia manifested by marked pleomorphism, the absence of mucin, and frequent mitoses (Figure 2A).
However, there was a marked improvement in group 4 that was infected, then treated with a combination
of artesunate and nanozoxide. The improvement was declared by low-grade dysplasia that manifested by mild
pleomorphism, the absence of mucin, and hyperchromatism, in addition to marked mucosal infiltration by
inflammatory cells and improvement of the intestinal mucosa (Figure 2B & C). There were several studies that

Figure 2. Histopathological and histochemical changes in the studied groups. (A) Infected colonic mucosa of
immunocompromised mice (G1) after 21 days postinfection showing high-grade dysplasia in seven out of ten mice
and manifested by marked pleomorphism (red arrow), the absence of mucin (yellow arrow) and frequent mitoses
(black arrow) (H&E × 400); (B) (H&E × 400). Infected colonic mucosa in (G4) 21 days postinfection showing low-grade
dysplasia manifested by mild pleomorphism (black arrow), the absence of mucin (yellow) and hyperchromatism (red
arrows) in addition to marked mucosal infiltration by inflammatory cells (red arrow) (C ) (H&E x 100). (D) Over nuclear
expression of cyclin D1 in the dysplastic colonic epithelium infected by Cryptosporidium parvum (red arrow;
immunohistochemical staining × 400). (E) Mild dysplastic colonic epithelium infected with C. parvum
(immunohistochemical staining × 400; red arrow) showed no nuclear expression for cyclin D1.
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Figure 2. Histopathological and histochemical changes in the studied groups (cont.). (A) Infected colonic mucosa of
immunocompromised mice (G1) after 21 days postinfection showing high-grade dysplasia in seven out of ten mice
and manifested by marked pleomorphism (red arrow), the absence of mucin (yellow arrow) and frequent mitoses
(black arrow) (H&E × 400); (B) (H&E × 400). Infected colonic mucosa in (G4) 21 days postinfection showing low-grade
dysplasia manifested by mild pleomorphism (black arrow), the absence of mucin (yellow) and hyperchromatism (red
arrows) in addition to marked mucosal infiltration by inflammatory cells (red arrow) (C ) (H&E x 100). (D) Over nuclear
expression of cyclin D1 in the dysplastic colonic epithelium infected by Cryptosporidium parvum (red arrow;
immunohistochemical staining × 400). (E) Mild dysplastic colonic epithelium infected with C. parvum
(immunohistochemical staining × 400; red arrow) showed no nuclear expression for cyclin D1.

proved the association between Cryptosporidium infection and induction of digestive neoplasia in mice even in a
very low (1–10 oocysts) infection dose [6]. There was a close relationship between cryptosporidiosis and many cases
with human colorectal cancer [39]. In addition, Shebl et al. [4] reported that cryptosporidiosis was associated with a
rare squamous cell carcinoma of the colon in AIDS cases. This can be explained by Lantier et al. [40] stating that
immune cell recruitment and retention in the infected intestine are crucial in the mechanism of protection against
C. parvum. Abdou et al. [20] declared that Cryptosporidium may trigger cellular dysplasia in an animal model. The
immunohistochemical staining in our research for infected immunocompromised mice group 1 showed high grade
dysplastic colonic epithelium with over nuclear expression of cyclin D1 (Figure 2D) when compared with mild
dysplastic colonic epithelium in group 4 that infected then treated with combination of artesunate and nanozoxide
viewing no nuclear expression for cyclin D1 (Figure 2E). Less severe neoplastic lesions were detected in seven out
of ten mice.

This is in accordance with Tan et al. [41] who reported that artemisinin and its semisynthetic have exhibited
potential anticancer functions. It demonstrates cytotoxic effects against a wide range of cancer types in vitro and in
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vivo mediated by artemisinin-induced changes in multiple signaling pathways that interfere simultaneously with
multiple cancer hallmarks [35]. Finally, the combination of artesunate and nanazoxide showed a synergistic effect
by reducing the number of oocysts shed and improving dysplastic changes induced by Cryptosporidium infection in
the colon of immunosuppressed mice when compared with that induced by either artesunate or nanazoxide alone.

Conclusion
The combination of artesunate and nanazoxide showed a synergistic effect by reducing the number of C. parvum
oocysts shed and improving dysplastic changes induced by Cryptosporidium infection in the colon of immunosup-
pressed mice when compared with that induced by either artesunate or nanazoxide alone. Our results open a new
prospective hope for treatment of Cryptosporidium in immunocompromised individuals in addition to its notable
effect in improving intestinal dysplasia caused by this infection.

Summary points

• Cryptosporidium parvum is a gastrointestinal infection having a devastating effect in the immunocompromised
host in addition to the high risk of developing a colorectal malignancy.

• Artesunate gives a high efficacy against protozoan parasites and selective anticancer properties as well.

• Stool examination by (modified Ziehl–Neelsen stain), histopathology, immunohistochemistry with an expression
of cyclin D1 was done to evaluate the therapeutic effect of a novel combination between artesunate and
nitazoxanide on the intensity of infection and the resulting intestinal dysplasia.

• Combination of artesunate and nanozoxide gave the best therapeutic effect represented by the least mean
number of oocysts shedding.

• This combination leads to improvement in histopathological examination of colonic mucosa in
immunocompromised mice.

• Immunohistochemical staining of colonic mucosa in target group reveals mild dysplastic changes with no nuclear
expression for cyclin D1 when compared with the high-grade dysplasia and over nuclear expression of cyclin D1 in
control infected group.

• Combination of artesunate and nanozoxide showed synergistic effects.
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