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INTRODUCTION                                                                 

Cryptosporidium spp. are universal obligatory 
intracellular protozoa that infect most mammalians, 
targeting the brush border of epithelial cells of the 
digestive and respiratory tracts of a broad spectrum 
of animals[1,2]. Zoonotic transmission from animal to 
human was reported under poor hygienic conditions[3]. 
Intestinal cryptosporidiosis causes self-limited 
diarrhea in immunocompetent individuals and severe 
illness in immunocompromised patients[4]. In Africa 
and Asia, it is the second cause of severe diarrhea in 
young children[5]. Due to the extensive host range, low 
infective threshold, high excretion of resistant oocysts 
from infected patients, and water-borne transmission, 
Cryptosporidium spp. were prevalent in developing 

countries[6]. Nitazoxanide was initially prescribed 
as an oral antibiotic to treat traveler’s diarrhea or 
colitis[7]. Because of the poor bioavailability of the 
commonly used drugs, a vehicle or carrier is required 
to facilitate their dispersion, selectivity, and activity[8]. 
Nitazoxanide has good efficacy as demonstrated 
by fast patients’ recovery, good tolerance due to its 
unique pharmacokinetics, absence of systemic side 
effects, and great patients’ satisfaction. It can be 
recommended as the first-choice empirical treatment 
in adult patients with acute diarrheal syndrome[9].

Nanomedicine is the use of nanotechnology in 
treatment, monitoring, prevention, control, and 
vaccination of biological diseases. In order to use 
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ABSTRACT

Background: Considering low efficacy, and high toxicity of the commonly used drugs in cryptosporidiosis, 
in addition to the development of drug resistance, trial for a novel approach is required.
Objective:  To evaluate the efficacy of Nifuroxazide (Antinal), Trimethoprim-Sulfamethoxazole (Septrin), 
Nitazoxanide (NTZ), loaded-on copper-benzene tricarboxylate (Cu-BTC) metal organic frameworks 
(MOH) for treatment of Cryptosporidium-experimentally infected mice.
Material and Methods: Ninety male Swiss albino mice were divided into nine groups. Except for the 1st 
group (control negative), all mice were infected with 103 Cryptosporidium oocysts. Except for 2nd group 
(infected non treated), the remaining groups of infected mice were administered the tested drugs 2nd 
day post infection (PI) for 7 days. Daily stool examination for oocyst shedding from day 3 to 18 PI was 
conducted to evaluate drugs’ efficacy. Furthermore, to confirm Cryptosporidium complete eradication, real 
time PCR (RT-PCR) was performed on stool samples collected after 3 weeks PI. Survival rate was also 
calculated for 3 weeks PI (at 7th, 14th and 21st d) to detect drugs’ efficacy. Besides, physical characterization 
and toxicity of Cu-BTC were performed before mice treatment. 
Results: Electron micrographs revealed 300-500 nm pyramidal crystals of Cu-BTC. Non-loaded Antinal, 
Septrin, and NTZ showed 67.2%, 62.2% and 76.6% reduction in oocyst shedding, while loaded drugs 
showed 88.4%, 66.7%, and 98.3% reduction, respectively. Additionally, RT-PCR revealed that the best 
treatment for cryptosporidiosis was NTZ@Cu-BTC, followed by antinal@Cu-BTC. Interestingly, using Cu-
BTC alone had a relative positive therapeutic effect. Concerning the survival rate, Cu-BTC alone had 90% 
total survival that increased to100% when Cu-BTC was incorporated with studied drugs in all treated 
groups.
Conclusion: The results indicated that Cu-BTC is an efficient delivery system that improved the efficacy 
of the commonly used drugs.  
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nanomedicine, it is necessary to pinpoint the precise 
targets (cells and/or receptors) associated with 
the clinical disease and choose the most effective 
nanoparticles for the delivery system to reduce 
the negative effects of the original medication. 
Macrophages, endothelial, dendritic, and tumor cells 
are examples of these exact targets[10]. Nanotechnology 
has demonstrated its potential by creating a liposome 
of amphotericin B for treating leishmaniasis[11]. To 
improve immunity against a variety of infections, 
including M. tuberculosis and T. gondii, nanoparticles 
are employed as an adjuvant or as an immunostimulant 
adjuvant[12]. It is worth mentioning that Cu-BTC 
possesses good biocompatibility, high drug loading 
capacity and excellent surface-enhanced Raman 
scattering effects[13]. Besides, Cu-BTC has the potential 
to be a promising treatment for chronic toxoplasmosis, 
especially when combined with herbal extracts[14].

Therefore, we designed a new trial by loading NTZ, 
Antinal and Septrin onto a nano copper-based MOH. 
The present study aimed to explore Cu-BTC efficacy 
as delivery system to improve the bioavailability of 
the commercially used drugs for cryptosporidiosis. In 
addition, we insured that all drugs do not affect Cu-BTC 
framework for its crystallinity using X-ray diffraction 
(XRD). It is a versatile non-destructive analytical 

technique used to examine the physical characteristics 
of Cu-BTC regarding phase composition, crystal 
structure and orientation[15]. 

MATERIAL AND METHODS                                                                 

This case-control study was conducted at Zoonotic 
Diseases Department, National Research Centre, Cairo, 
Egypt, during the period from September 2022 to 
December 2022. 

Study design: Groups of experimentally infected mice 
with Cryptosporidium oocysts were respectively treated 
with Antinal, Septrin, NTZ, and Cu-BTC metallic organic 
framework (MOF) loaded drugs. Except for the 1st group 
(control negative) and 2nd group (control positive), all 
infected were treated on the 2nd day post infection (PI) 
for 7 d. Parameters used to evaluate drugs’ efficacy 
included 1) daily stool examination for oocyst shedding 
from day 3 to 18 PI, 2) RT-PCR on stool samples, and 
duodenal tissues collected after 3 weeks PI, and survival 
rate for 3 weeks. Physical characterization and toxicity 
of Cu-BTC were also performed.

Chemicals: Table (1) shows chemicals and reagents 
used in the study.

Drugs: Antinal (nifuroxazide 220 mg/5 ml), Septrin 
(each 5 ml contains 40 mg Trimethoprim and 200 mg 
Sulfamethoxazole) and NTZ (100 mg/5 ml powder for 
oral solution after reconstitution), were obtained from 
local Egyptian companies, Amon, GlaxoSmithKline, 
and Utopia Pharmaceuticals, respectively.

Parasites: Oocysts of C. parvum were kindly provided 
from a strain maintained in mice at the Department 
of Zoonotic Diseases, National Research Centre, Cairo, 
Egypt.

Animals: The study utilized 90 male Swiss albino 
mice weighing 20–25 g, two weeks of age. The animals 
were obtained from the National Research Centre in 
Dokki, Egypt, and kept with normal pellet food and 
water. They were housed in ventilated cages with 
perforated lids, and their bedding was changed daily. 

Preparation of Cu-BTC: Fifty ml Dimethylformamide 
(DMF) were used to dissolve 2.077 g of copper 
(II) nitrate trihydrate and 1.0 g of benzene-1,3,5-
tricarboxylic acid. The mixture was heated in open 

Table 1. Compounds used in the study according to their prescribed method.

Methods Chemicals Company

Preparation of Cu-BTC
• Dimethylformamide (DMF)
• Copper (II) nitrate trihydrate
• Benzene-1,3,5-tricarboxylic acid Sigma-Aldrich 

(Oakville, ON, Canada)
Preparation of oocysts • 2.5% potassium dichromate solution

Cu-BTC toxicity

• Normal human dermal fibroblast (BJ1 cell line)
• Methylthiazol tetrazolium (MTT)
• Dulbecco's modified eagle medium 
• Antibiotic-antimycotic mixture
• 96-well microtiter plastic plates
• 10% Sodium dodecyl sulphate (SDS)
• Doxycycline (DOX)

Sheldon 
(TC2323, OR, USA)

DNA extraction for RT-PCR
• MagMAXTM CORE nucleic acid kit
• Primers 
• 2 HERA qPCR kit (Cat. No. WF10302001)

Willowfort (UK)
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air at 160°C until the extra DMF had evaporated. After 
cooling at room temperature, the solid Cu-BTC was 
separated by centrifugation and five times washing 
with ethanol to eliminate unreacted components. 
The Cu-BTC product was then dried in a 105°C oven 
overnight until needed[13].

Drug loading: Dried Cu-BTC (200 mg) was dissolved 
in 20 ml water/methanol (1:1), followed by 0.1 mmol 
Cu-BTC. The NTZ, Antinal, and Septrin were added 
separately at room temperature and stirred for one 
hour. The reaction mixture was centrifuged, and the 
deposited solids were allowed to soak in methanol five 
times for 3 h before being removed. In an oven, the 
solids were dried at 105°C for six h and stored at room 
temperature in dry conditions until use[16].

Physical characterization of the studied drugs 
loaded with Cu-BTC: The X-ray diffraction 
(XRD) patterns were studied on the X'Pert MPD 
Philips diffractometer (UK) coupled with Cu.Kα 
monochromated, as a detector. Prepared compounds 
were measured using scanning electron microscope 
(SEM) (Hitachi SU-70-JP, Japan)[17]. 

Investigating Cu-BTC toxicity: A biosafety assay 
was done to determine the used Cu-BTC dose. 
The mitochondrial dependent reduction of yellow 
methylthiazol tetrazolium (MTT) to purple formazan 
was used to measure cell vitality. The operations were 
performed in a biosafety class II level laminar flow 
cabinet in a sterile environment (Baker, SG403INT, 
Sanford, ME, USA). At 37oC with 5% CO2, cells were 
suspended in Dulbecco's modified eagle medium 
(DMEM-F12) with 1% antibiotic-antimycotic mixture 
(10,000 U/ml potassium Penicillin, 10,000 g/ml 
Streptomycin sulfate and 25 g/ml Amphotericin B). 
Using a water jacketed carbon dioxide incubator, cells 
were batch grown for 10 d before being seeded at a 
concentration of 104 cells per well in new complete 
growth media in 96-well microtiter plastic plates. Cells 
were incubated either alone (negative control) or with 
various sample dilutions to obtain a final concentration 
of 100, 50, 25, 12.5, 6.25, 3.125, 1.56 and 0.78 ug/ml. To 
terminate the reaction and dissolve formed crystals, 200 
µl of 10% sodium dodecyl sulphate (SDS) in deionized 
water were added to each well and incubated overnight 
at 37oC. Under the same circumstances, doxycycline 
was utilized as a positive control[18]. In our study, the 
total extract was screened in the same manner and 
the 100 µg concentration was found most suitable for 
application[19].

Mice infection: Oocysts from experimentally 
infected mice were collected and isolated using 
concentrated Sheather's sugar solution and confirmed 
microscopically by staining with the modified Ziehl-
Neelsen method[20]. Hemocytometer was used to count 
number of oocysts in a phosphate buffer saline (PBS) 

solution before inoculation, and 3000 oocysts in 100 μL 
PBS were used to infect each mouse[3]. Except for group 
(1), all mice were infected with 1x103 Cryptosporidium 
oocysts/mouse[21] via gastric gavage, utilizing a 
25-gauge needle with a plastic tube at the tip[22]. 

Study groups: Ten mice were allocated in each of the 
9 groups. Group 1 was retained as the adverse control 
(neither infected nor-treated). All other groups were 
infected with C. parvum oocysts. Group 2 included 
infected non-treated mice (control positive). While 
group 3 received Cu-BTC treatment alone; groups 4-9 
received NTZ, NTZ@Cu-BTC, Antinal, Antinal@Cu-BTC, 
Septrin, and Septrin@Cu-BTC, respectively.

Drugs and Cu-BTC dosage administration: Except 
for group (2), all infected mice were administered 
100 mg/kg Cu-BTC, NTZ[23], NTZ@Cu-BTC, Antinal[24], 
Antinal@Cu-BTC, Septrin[25], and Septrin@Cu-BTC on 
the 2nd day PI for seven days. Doses were given daily 
through stomach tubes one hour before meals.

Treatment effect on oocyst shedding: From 
day 3 to 18 days PI, stool samples were collected, 
and microscopically examined to count C. parvum 
oocysts shedding from each mouse in 50 fields[26] (oil 
immersion), and the mean number for each group was 
calculated.

Treatment effect on Cryptosporidium eradication 
Sample collection: After sacrifice, stool samples were 
collected from each mouse and transferred in ice boxes 
to the laboratory for three sterile PBS buffer washes 
(PH 7.4).

Cryptosporidium DNA extraction: For extraction of 
DNA from oocysts the QIAamp DNA Mini Kit (Qiagen, 
Cat. No. 51304) was used according to the magnetic 
bead-based separation technique. It is a quick, simple, 
and efficient tool to separate the particles after the 
nucleic binding or elution step and a far less rigorous 
method than traditional techniques, e.g., centrifugation 
that generates shear forces leading to nucleic acids 
degradation. Therefore, DNA is completely separated 
from cell lysate components that can inhibit the enzyme 
(Taq polymerase) used in the PCR reaction[27].

Performance of RT-PCR: Primers that specifically 
target the Cryptosporidium species-specific small 
subunit (SSU) ribosomal RNA gene were used. The 
primers were P1 5-CAA TTGGAG GCC AAG TCT GGT 
GCC AGC-3, and P2 5-CCT TCC TAT GTC TGG ACCTCG 
TGA GT-3[27]. The reaction mixture was prepared using 
positive and negative controls that contained 12.5 µl of 
the 2 HERA qPCR Kit (Cat. No. WF10302001, Willowfort, 
UK), 1 µl (100 nmol) of each primer, and 2 µl of crude 
template DNA, and was completed to 25 µl using 
deionized double distilled water. The manufacturer's 
standard technique for amplification was followed (2 
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min at 95°C, followed by 40 cycles of 95°C for 20 s, 
68°C for 20 s and 72°C for 30 s). Using an MX30005P 
Agilent RT-PCR System (Germany), amplification, 
data collection, and analysis were carried out. Cycle 
threshold values were exported to Microsoft Excel for 
additional examination. Melting curve analyses were 
used to verify each amplified PCR product's positive 
sample specificity. With each PCR run, both positive and 
negative controls were employed. The cycle threshold 
(Ct), which identified the cycle when a given sample's 
fluorescence considerably outperformed the baseline 
signal, was used to express the results. Higher Ct value 
indicated lesser Cryptosporidium spp. load, whereas 
lower Ct value indicated higher Cryptosporidium spp. 
load (DNA). Negative Ct results indicated the parasite 
was completely eradicated. The SYBR Green method of 
RT-PCR was used. 

Survival rate: For each group, mice survival rate was 
recorded daily for 3 weeks PI (at 7th, 14th and 21st day).

Statistical analysis: Means and standard deviations 
of the oocyst shedding count data were calculated. 
Using SPSS version 15 software, t-test, Duncan, and 
analysis of variance (ANOVA) were used to determine 
the statistical significance between the study groups. 
Significant difference is considered when P<0.05.

Ethical consideration: The study was ethically 
approved by research ethics committee of Benha 
Faculty of Medicine. Experimental animals were 
handled in strict accordance with good animal practice 
according to the Animal Ethics Procedures and 
Guidelines. The study is reported in accordance with 
ARRIVE guidelines. 

 RESULTS                                                                 

Physical characterization of Cu-BTC and loaded 
drugs: Figure (1) shows X-ray diffraction (XRD) of 
Cu-BTC and Cu-BTC after immobilization with drugs 
(Antinal, Septrin and NTZ). The obtained data were 
matched with the XRD of commercial Cu-BTC and the 
results clearly showed that Cu-BTC MOF retained its 
crystalline structure. Before addition of drugs electron 
micrography illustrated Cu-BTC crystals of pyramidal 
shape and dimensions in the range of 300-500 nm 
(Fig. 2a). Figures (2 b-d) show similar well diffraction 
patterns of NTZ@Cu-BTC, Antinal@Cu-BTC, and 
Septrin@Cu-BTC that confirmed drugs encapsulation 
inside Cu-BTC pores without destroying its framework. 

Toxicity of Cu-BTC: The sample was tested against 
cultured normal human dermal fibroblast cell line (BJ1) 
in a concentration range between 100 to 0.78 µg/ml 
using MTT assays. It was demonstrated that up to 12.5 
ppm concentration, Cu-BTC showed zero TC50 while 
TC90 (toxicity concentration that causes the death of 
50%, and 90% of cells in 48 h, respectively) was zero% 
TC50 100%. These results were compared with DMSO 

Fig. 2. SEM of Cu-BTC [a], NTZ@Cu-BTC [b], Antinal@Cu-BTC 
[c], and Septrin @Cu-BTC [d].

Fig. 1. The XRD of Cu-BTC [a], NTZ@Cu-BTC [b], 
Antinal@Cu-BTC [c], and Septrin @Cu-BTC [d].
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at 100 ppm that showed 1%, and 100% for its TC50 and 
TC90, respectively. 

Oocyst shedding: The C. parvum oocyst counts from all 
infected and treated groups (2nd to 9th group) revealed 
that there was a gradual reduction in oocyst shedding in 
the infected non-treated group and continued till a few 
oocysts were found at day 18 PI. There was a statistically 
significant reduction in oocyst shedding in antinal@
Cu-BTC and NTZ@Cu-BTC groups till no oocysts 
were found at days 17 and 18 PI, respectively. Oocyst 
shedding in Cu-BTC and Antinal, NTZ administrated 
groups diminished gradually till reaching negligible 
numbers of oocysts at day 15-18 PI. Treatment with 
NTZ@Cu-BTC, and antinal@Cu-BTC diminished C. 
parvum oocysts count significantly in experimentally 
infected mice than other treatments on almost all days 
PI. Examination of stools of both mentioned groups at 
days 17 and 18 PI were negative especially group NTZ@
Cu-BTC, while antinal@Cu-BTC was nearly negative 
for C. parvum oocysts. Although Septrin treated group 
showed highest oocysts shedding than other groups, 
the Septrin @Cu-BTC revealed fewer excreted oocysts 
than the control non treated group (Table 2, and Fig. 3).

Results of RT-PCR: The amplification plot revealed 
that the Ct value came later when compared with the 
untreated control (A1); such a result indicated the anti-
Cryptosporidium effect of the used drugs in the current 
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Table 2. Cryptosporidium oocysts shedding in experimentally infected groups.

Days
Infected groups F 

valueNon-treated Cup-BTC NTZ NTZ@ Antinal Antinal@ Septrin Septrin@
2 92.1±0.71ab* 90.4±1.3 86.1±1.41ab 84.0±1.41c 89.4±0.89a 87.6±1.58ab 91.7±1.79ab 86.4±1.3bc 2.14NS

3 93.6±1.34b* 91.1±1.1d 88.8±1.3a* 85.0±1.4d 91.8±1.92b 90.6±1.14a 94.1±1.22a 91.8±1.3a 3.65*

4 92.8±0.84bc 90.2±1.1d 87.3±1.82ab 68.6±1.95f 88.8±0.84d 85.6±1.14ab 95.2±1.92a 86.8±0.84e 6.82**

5 94.8±0.84b* 86.8±1.92a 84.6±1.82a 52.2±1.1d 88.1±2.45b 84.2±1.92a 96.1±1.92a 87.6±2.3c 4.85*

6 97.8±1.67c 83.4±1.58a 79.1±1.14a 29.6±1.1d 83.0±1.58b 78.4±0.89a 93.0±2.35a 86.8±3.63c 5.53**

7 100.3±1.58c 73.4±1.58a 67.0±1.58a 21.3±1.3e 76.6±3.29b 63.2±2.17a 83.6±0.89a 81.2±2.12d 7.3**

8 98.2±1.14d 66.4±2.07b 64.8±1.64b 14.5±1.3f 65.4±3.91c 61.2±1.1a 75.4±3.13b 70.4±6.43e 336.7**
9 89.1±1.3d 66.8±1.3d 57.6±0.89b 8.4±1.3f 57.8±1.92c 55.7±0.84a 63.8±2.95b 60.6±1.14e 94.5**

10 87.1±1.87c 66.0±1.0b 53.6±1.82a 6.5±0.71d 46.0±1.0b 42.4±1.82a 64.8±3.49a 55.6±0.55d 113.4**
11 79.2±1.14d 55.4±1.14 49.4±2.07b 3.5±1.0f 43.2±2.39c 20.0±1.73b 57.4±3.13a 46.4±0.71e 524.3**
12 65.5±1.1c 54.4±1.14 44.0±2.12a 2.7±0.55d 41.4±1.34b 10.9±1.41a 52.6±2.12a 43.1±1.0d 414.5**
13 60.6±2.52d 50.0±2.07b 17.8±1.48c 1.1±0.84e 32.0±2.07b 8.9±1.87a 40.2±1.1c 36.1±0.55e 792.7**
14 55.6±1.87c 48.0±1.7a 13.0±1.0c 0.9±0.4d 18.2±1.3b 6.4±1.34a 21.0±1.0c 18.5±0.4d 1003**
15 32.5±1.48 24.2±1.8a 11.2±0.84b 0.6±0.5e 12.5±1.0d 3.8±0.89b 16.1±0.84b 9.3±0.5e 1031.3**
16 18.6±0.55a 17.5±0.4d 6.9±0.8c 0.0±0.0d 7.5±1.0b 2.5±0.84a 9.4±0.89c 7.5±0.3d 664.71**
17 7.2±0.0c 5.1±0.4b 2.8±0.8ab 0.0±0.0c 4.1±0.89b 0.1±1.1a 5.0±0.7ab 3.9±0.23c 31.1**
18 2.3±0.0c 1.4±0.89c 1.3±0.8ab 0.0±0.0c 0.4±0.89b 0.0±1.1a 2.0±0.7ab 1.5±0.23c 168.8**

All data expressed as mean±SD; @: Loaded with Cu-BTC; *: Significant (P<0.05); **: Significant (P<0.001); NS: Not significant; a,b,c: 
Significance between columns, d,e,f: Significance inside each column.

Fig. 3. Cryptosporidium oocysts shedding in experimentally infected non-treated, Cu-BTC, NTZ, NTZ@Cu-BTC, Antinal, Antinal@
Cu-BTC, Septrin, and Septrin @Cu-BTC.
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study (Figs. 4 and 5). The dissociation curve of all the 
tested samples showed the melting temperature (Tm) 
of the products around 78°C. These results indicated 
the amplification of the target sequence (no primer 
dimmer noticed). All tested samples gave positive 
results except for sample G1 (negative control), and 
the lowest Ct was for sample G1 (positive control), 
while the highest Ct samples (with lowest parasite 
load) were as follows: G9, G7, G6, G5, G4, G3 and finally 
G2 (Table 3). This means that the best treatments for 
Cryptosporidium spp. were NTZ@Cu-BTC followed by 
antinal@Cu-BTC. Interestingly, using Cu-BTC alone had 
a relative positive therapeutic effect.

Survival rate: Table (4) showed that treatment with Cu-
BTC (G3) resulted in 90% total survival; this percentage 
changed when Cu-BTC was incorporated with the other 
studied drugs. The survival rate in the infected untreated 
group (G2) was reduced by the 3rd week PI to 80%. In 
the case of Septrin alone (G8) the survival rate was 80%. 
There was no statistically significant increase in the 
survival rate as compared to infected untreated control.  
On the other hand, G4-7 and G9 mice that were treated 
with NTZ, NTZ@Cu-BTC, Antinal, Antinal@Cu-BTC and 
Septrin@Cu-BTC respectively, showed  increase in 
survival rate to 100% at the 21 day PI (Table 4).
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Table 3. The Ct and Tm of both the standard (G1 and G8) and the treated samples (G2-G7 and G9).

Well name Mice group Ct Final Tm
G1
G2
G3
G4
G5
G6
G7
G8
G9

Positive control (infected, non-treated)
Infected, treated with Cu-BTC
Infected, treated with Septrin
Infected, treated with Antinal
Infected, treated with Septrin@Cu-BTC
Infected, treated with NTZ
Infected, treated with Antinal@Cu-BTC 
Negative control (non infected, non treated) 
Infected, treated with NTZ@Cu-BTC

12.03
19.84
19.94
23.41
27.70
32.65
36.25
No Ct
36.74

+
+
+
+
+
+
+
-
+

78.15
78.15
78.15
78.15
78.10
78.67
78.15
78.67
78.10

Ct: cycle threshold; Tm: melting temperature.

Table 4. Survival rates of G1-G9 mice on 7th, 14th, 21st days PI.

Groups
Number of dead mice days PI (n=10) Survival rate

(%)7th 14th 21st

G1
G2
G3
G4
G5 
G6
G7
G8
G9

0
0
0
0
0
0
0
0
0

0
0
1
0
0
0
0
1
0

0
2
0
0
0
0
0
1
0

100
80 
90

100
100
100
100
80

100
G1: Non-infected, non-treated (control negative); G2: Infected, non-treated (control positive); G3: Infected, treated with Cu-
BTC; G4: Infected, treated with NTZ; G5: Infected, treated with NTZ@Cu-BTC; G6: Infected, treated with Antinal; G7: Infected, 
treated with Antinal@Cu-BTC; G8: Infected, treated with Septrin; G9: Infected, treated with Septrin@Cu-BTC; PI: Post infection.

Fig. 4. Amplification plots of RT-PCR show 
the positive and negative cases. G1: Positive 
control (infected with Cryptosporidium spp. 
and non-treated); G2: Infected and treated 
with Cu-BTC; G3: Infected and treated 
with Septrin; G4: Infected and treated 
with Antinal; G5: Infected and treated with 
Septrin@Cu-BTC; G6: Infected and treated 
with NTZ; G7: Infected and treated with 
Antinal@Cu-BTC; G8: Negative control 
(non-infected non-treated); G9: Infected 
and treated with NTZ@Cu-BTC.
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Fig. 5. Dissociation curve analysis of 
the amplicons obtained from RTPCR. 
G1: Positive control (infected with 
Cryptosporidium spp. and non-treated); 
G2: Infected and treated with Cu-BTC; 
G3: Infected and treated with Septrin; 
G4: Infected and treated with Antinal; G5: 
Infected and treated with Septrin @Cu-
BTC; G6: Infected and treated with NTZ; 
G7: Infected and treated with Antinal@Cu-
BTC; G8: Negative control (non-infected 
non-treated); G9: Infected and treated with 
NTZ@Cu-BTC.

G1
G2
G3
G4
G5
G6
G7
G8
G9

Temperature (C)
62             64       66      68       70     72       74       76      78       80      82      84       86       88      90       92      94

Fl
uo

re
sc

en
ce

 R
T

1600
1500
1400
1300
1200
1100
1000

900
800
700
600
500
400
300
200
100

0
-100
-200
-300



Delivery system and treatment of cryptosporidiosis                                                                                                                                           Soliman et al.,

145

DISCUSSION                                                                 

Cryptosporidium-infected individuals, particularly 
immunosuppressed patients, are prone to 
complications due to Cryptosporidium infection in both 
industrialized and developing nations. Aside from the 
numerous negative effects of the available therapeutics, 
the majority of immunodeficient patients do not benefit 
from the available medications. Consequently, there 
is a critical need for novel effective medications[28,29]. 
Consequently, Octaarginine proved to improve NTZ 
efficacy as an anti-cryptosporidial therapeutic[30]. In 
the current investigation, experimental mice infected 
with Cryptosporidium were treated for the first time 
with Antinal and Septrin, either alone or added to Cu-
BTC. The C. parvum oocyst isolation and counts from all 
infected and treated groups (from the 2nd to 9th group) 
showed that Antinal@Cu-BTC and NTZ@Cu-BTC 
treated groups experienced a statistically significant 
decrease in oocyst shedding. Complete disappearance 
of oocysts in NTZ@Cu-BTC treated group was on 16th 
to 18th d PI, and Antinal@Cu-BTC on 16th d. Additionally, 
oocyst shedding in the Cu-BTC, uncombined Antinal, 
and uncombined NTZ administered groups rapidly 
decreased until insignificant amounts of oocysts were 
present at days 16 to 18 PI.

Treatment of experimentally infected mice, by 
NTZ@Cu-BTC and Antinal@Cu-BTC considerably 
reduced the number of C. parvum oocysts compared 
to other treatments on practically all PI days. At 16th 
d, the examined stools of NTZ@Cu-BTC group was 
negative for C. parvum oocysts followed by Antinal@
Cu-BTC which was negative at 18th d PI. Septrin@Cu-
BTC treated mice showed significant decrease in oocyst 
count in comparison with control positive group and 
insignificant value in comparison with other treated 
groups.

In our study the encouraging results for treatment 
with NTZ-Cu-BTC is in agreement with previous 
work by Metawae et al.[31] who described nearly 
complete clearance of histopathological alterations in 
Cryptosporidium infected and treated groups, when 
comparing treatment with NTZ alone to NTZ loaded 
silica. 

The number of Cryptosporidium oocysts was 
dramatically reduced by both NTZ@Cu-BTC and NTZ 
alone, and the clinical cure proved most effective with 
the former. Notably NTZ is a curative antibacterial drug 
used to treat infections of the digestive tract[9].The two 
nitroheterocyclic antibiotics nifuroxazide (Antinal) 
and nitrofurantoin, which have structural similarities 
with nifurtimox, are among the most promising 
ones since they also have potent anti trypanosomal 
activity. Nifuroxazide showed activity comparable to 
that of the recommended medication pentamidine[32]. 
Additionally, nifuratel (antibacterial, antiprotozoal, and 
antifungal), nitrofurazone and furazolidone, as well as 

nifurtimox (antiprotozoal), are frequently employed[33]. 
To produce an anti-pathogenic impact clinical 5- 
Nitrofurans (NFs) are activated by azoreduction, 
followed by nitroreduction, which is catalyzed by 
azoreductases and nitroreductases (NTRs)[34]. 

When parasite NADPH-cytochrome P450 
reductases are present, nitroreduction takes place 
when the nitro group is reduced by type I or type II 
NTRs. Under anaerobic conditions, type I NTRs catalyze 
the reduction of 5-NFs to create anti-pathogenic 
hydroxylamine. Reactive oxygen and nitrogen species 
(ROS/RNS), which are produced during aerobic 
nitroreduction catalysed by type II NTRs, cause 
oxidative stress in pathogens, and ultimate death. Due 
to the number of 5-NFs functions, these medications 
can be used repeatedly to treat serious illnesses[34]. 
In the present study the Cu-BTC infected and treated 
group had higher effects than other groups because Cu-
NPs have effective antiparasitic abilities[35].

Initially, nifuroxazide was prescribed as an oral 
antibiotic to treat colitis or traveler's diarrhea. Studies 
have shown that this medication is efficient at inhibiting 
the constitutive phosphorylation of the STAT-3 
signal transducer and activator of transcription 3 in 
multiple myeloma (MM), which lowers the expression 
of the STAT-3 target gene Mcl-1[36] Additionally, the 
immunology of bovine cryptosporidiosis provides 
further evidence that STAT-3 down-regulation reduces 
the number of dendritic cells[37]. Typically, a vehicle or 
carrier is needed to administer these insoluble bioactive 
substances, which enhances activity, selectivity, 
and dispersion[38]. Many different carbon-based 
nanoparticles have been used to transport drugs and 
drug combinations, but they must be able to specifically 
target receptors in order to improve their effectiveness 
and reduce any side effects[39]. 

Our results related the antiprotozoal properties 
of Antinal@Cu-BTC and NTZ @Cu-BTC to their 
active ingredients. Additionally, the drug containing 
nanoparticles may hasten the blockade or compete for 
receptor sites on the gut surface, resulting in decreased 
C. parvum colonization[40]. This could account for the 
Antinal@Cu-BTC and NTZ@Cu-BTC apparent anti-
cryptosporidial activity in addition to their previously 
noted anti-cryptosporidial and antiprotozoal 
properties[37]. The amplification plot showed that the 
Ct value decreased over time when compared to the 
untreated control (G1); this finding confirms that the 
medications utilized in the current investigation had an 
anti-Cryptosporidium impact.

In conclusion, it is determined that the Antinal@
Cu-BTC and NTZ@Cu-BTC have significant anti-
cryptosporidial activity, reducing oocyst shedding, and 
protecting healthy animals from infection. The best 
results were for NTZ@Cu-BTC which showed 98.3% 
confirmed high performance. This conclusion suggests 
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that these compounds may be used to treat similar 
infections in humans and animals that are susceptible 
to them. Additionally, it is the first time the more potent 
efficacy of Antinal, particularly when loaded on Cu-BTC 
nanoparticles, has been demonstrated.
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