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Abstract

Purpose The current study was to evaluate the immunomodulatory impact of either lactoferrin (LF), lactoferrin nanocapsule
(LF-NC), or lactoferrin conjugation with nanazoxid (NZ). Moreover, identifying drugs can effectively eliminate and suc-
cessfully treat the infection with Cryptosporidium.

Methods Sixty male Swiss albino mice were divided into six groups, each of 10 mice. G1 served as the control, and G2 was
inoculated with 10* oocysts. Mice were orally administered NZ (200 mg/kg b.wt.), LF (150 pg/kg b.wt.), or LF-NC (150 mg/
kg b.wt./day) for a period of six days post-infection. The immunomodulatory potential and drug efficacy were assessed by
fecal and intestinal oocyst counts, measuring antioxidant activities and cytokine levels in addition. Intestinal tissues were
examined histopathologically.

Results The cytokines TGF-p, INF-y, and IL-10 were increased during infection and decreased following therapy. Mutually,
the quantity of pathological lesions and oocysts in the ileal tissues was significantly diminished with the NZ plus LF-NC
treatment. In addition, a considerable reduction of both fecal and intestinal samples, as well as a notable deterioration in
oocyst counts, suggested that treatment with NZ alone or in combination with LF-NC was more effective.

Conclusion LF or LF-NC was found to exert a potent immunomodulatory effect on infected mice as well as minimize patho-
logical lesions. This therapy approaches a successful therapeutic alternative for the treatment of cryptosporidiosis with few
adverse effects.
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mal pathogen that is both waterborne and foodborne [8].
Cryptosporidium is a parasitic infection for the small intes-
tine's epithelium that causes diarrhea and severe illness in
immunocompetent and immunocompromised patients [18].
As well, infection with Cryptosporidium parvumis common
in cattle, buffaloes, goats, sheep, horses, cats, human beings,
and other vertebrates [24]. According to recent studies,
Cryptosporidium spp. causes between 48,000 and 202,000
deaths and 7.6 million infections among young children in
low-resource settings [20]. The oocysts of Cryptosporidium
invade the apical intestinal epithelium, resulting in the devel-
opment of new oocysts expelled by the host [20]. Newborns
are susceptible to infection because their immune systems
are immature and can become infected by ingesting small
amounts of parasite oocysts. Cryptosporidium hominis and
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C. parvum species are infrequently detected in people; per-
son-to-person transmission is most frequently identified in
humans [16].

Until now, there has been no effective vaccine to pre-
vent the disease, and treatment options are limited. Over
200 compounds have been assessed in humans and animals
for their anti-cryptosporidial acts; no vaccine or even appro-
priate drug is yet to be present [21]. Nitazoxanide (NZ)is
the only Food and Drug Administration-approved treatment
for cryptosporidiosis [10]. NZ prevent parasitic anaerobic
metabolism, which is crucial for energy production, which
relieves clearance of parasitic infection [26].

The identification of natural compounds with antipara-
sitic activity has been a pivotal aim of alternative therapies
against several parasites and other diseases [29-31]. Lacto-
ferrin (LF) is considered an attractive natural compound for
its protective properties against a wide range of microbes,
and it was found to inhibit the growth of cancerous tumors
[27, 32]. LF inhibits the growth of protozoan parasites,
such as Toxoplasma gondii, Plasmodium falciparum, and
Trypanosoma cruzi [32]. Nanoparticles (NPs) attract more
attention in applications for drug delivery and treatment
[6]. Nanoparticles were industrialized into smart systems
for controlled drug delivery and enhanced bioavailability,
enhancing the pharmacokinetic profile of encapsulated ther-
apeutic agents [13, 33]. The present study was conducted to
evaluate the immunomodulatory effect of LF or LF-NC or
their combination with NZ drugs against cryptosporidiosis
in an immunosuppressed mouse model.

Material and Methods
Chemicals and Drugs

Nanazoxid was purchased from Medizen Pharmaceutical
Industries for Utopia Pharmaceuticals; it was given at 200
mg/kg/day successively for seven successive days. Dexa-
methasone was purchased from Dexazone, Al Kahira phar-
maceutical and chemical industry company. Carboxymethyl
sephadex-C50 chromatography was purchased from FPLC
(Bio-RAD, USA). Cytokines, including IL-10, INF-y, and
TGF-p ELISA Kkits, were purchased from QIAGEN Com-
pany. Biochemical kits were purchased from Bio-diagnostics
Company (Giza, Egypt).

Collection of C. parvum oocysts

Patients attending outpatient clinics at Theodor Bilharz
Research Institute (TBRI) Hospital. The accepted experi-
mental group to collect the oocysts of C. parvum, they
were with diarrhea or gastrointestinal problems. Fresh fecal
samples were exposed to a direct smear examination, and
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modified Ziehl-Neelsen stain [1, 34]. Fecal specimens in
three vials were received by the parasitology laboratory at
TBRI. The vial contains 2.5% potassium dichromate, 10%
formalin, or polyvinyl alcohol (PVA). Specimens submit-
ted in PVA were processed and examined by modified
Ziehl-Neelsen acid-fast stain.

Oocyst’s Preparation and Counting

The samples were examined and then stained with modified
Ziehl-Neelsen acid fast stain (MZN), according to Garcia
[15]. Briefly, stool samples were centrifuged at 500xg for 5
min, and the supernatant fluid was discarded. The sediment
was washed twice in 1 ml of phosphate buffered saline (PBS)
with centrifugation at 13,000Xxg for 2 min. Fecal debris
was eliminated form samples after repeated washing and
centrifugation.

Fifty ul of prepared cryptosporidium sample was counted
under microscope. All mice groups were orally infected with
C. parvum oocysts by means of esophageal tubes, excluding
the control group, obtained from TBRI under the high-power
field (HPF), and stained by Kinyoun’s acid-fast stain. Each
animal was infected with about 10* oocysts [12, 14].

Induction of Imnmunosuppression in Mice

The immune suppression in experimental rats was achieved
by treatment with oral dexamethasone, a synthetic corticos-
teroid, by oral-gastric gavage for 14 consecutive days at a
dosage of 0.25 mg/g/days prior to inoculation with Crypto-
sporidium oocysts [28].

Preparation of Lactoferrin

Cow milk colostrum samples were collected within
72 h after delivery (Faculty Dairy Farm of Behshahr,
Mazandaran). After collection, the colostrum sample was
placed in an ice flask and transported to the laboratory.
The colostrum was centrifuged at 10,000 rpm for 20 min
at 4 °C to separate the cream. The cream was discarded,
while the skim (whey) was acidified to pH 4.6 using 2
N HCI and kept for 30 min at 40 °C. Acidic pH and heat
caused the precipitation of casein. The acid whey was
centrifuged at 10,000 rpm at 4 °C for 30 min, and the
precipitate was discarded. The acid whey was neutralized
to pH 6.8 with 2 N NaOH, and the neutralized whey was
incubated at 65 °C for 30 min for pasteurization. Then the
whey was precipitated using ammonium sulphate in two
steps and centrifuged at 10,000 rpm at 4 °C for 30 min.
After analyzing the proteins, we discard the sediment
from the first stage. The second-stage sediment was fil-
tered in phosphate-buffered saline (20 mM). Other pro-
teins like B-lactoglobulin, a-lactalbumin, lactoperoxidase,
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and LF remain in the precipitation. LF was purified using
carboxymethyl sephadex-C50 chromatography. Phosphate
buffer (200 mM, pH 7.7) and a linear gradient of NaCl
from 0.0 to 0.5 M were used, and LF was exited from 0.4
to 0.5 M of the NaCl linear gradient [23, 35].

Preparation of Lactoferrin Nano-Capsule

The lactoferrin nano (LF-NC) was prepared using a double
emulsion/solvent evaporation technique. The lipids were
dissolved in dichloromethane, and the aqueous phase was
prearranged by dissolving the LF in PBS containing 30%
Kolliphor® P407. Sonication solutions at 15% amplitude for
2 min (pulse: 30-5 s) to obtain the first emulsion. The sec-
ond emulsion was formed by mixing the first emulsion with
a a-Tocopherol PEG solution, sonicating at 20% amplitude
for 5 min (pulse: 30-5 s), and evaporating. The subsequent
LF-NC was then supplemented with a maturation medium,
filtered, and ultracentrifuged for 1 h. LF-NC final concen-
tration was homogenized in Milli-Q® water, measured, and
lyophilized. The supernatant was retrieved for further studies
[4,22].

Experimental Design

Sixty male Swiss Albino mice were randomly assigned to
six groups (10 per group) as follows:

G1: uninfected normal group.

G2: Infected with C. parvum oocysts (10*/mouse).

G3: Infected with C. parvum oocysts and treated with NZ
(200 mg/kg b.wt./day) seven days post infection and contin-
ued for 3 days.

G4: Infected with C. parvum oocysts and treated with LF
(150 mg/kg b.wt./day) seven days post infection and contin-
ued for 3 days.

GS5: Infected with C. parvum oocysts and treated with
LF-NC (150 mg/kg b.wt./day) seven days post infection and
continued for 3 days.

G6: Infected with C. parvum oocysts and treated with
LF-NC and with NZ. Each was injected separately with
same doses. Seven days post infection and continued for
3 days.

Stool Examination

Stool samples were daily collected after infection and exam-
ined by staining with modified MZN stain, and C. parvum
oocysts count was calculated using oil immersion magnifi-
cation at X 100 magnification [34]. Evaluation of the oocyst
shedding of C. parvum species in the fecal samples was done
by collection, cleaning, and homogenization in PBS. The

mean shedding was estimated 12 days post-infection (12th
dpi).

Duodenal Content Examination

Mice were sacrificed on the 12th day to collect the duodenal
content, and to homogenize in PBS to estimate and calculate
the number of [C. parvum oocyst shedding [34].

Histopathological Examination

The mice were sacrificed at 12 days post-infection [6], the
pancreatic tissues were embedded in paraffin wax blocks,
and stained at the pathology laboratory in TBRI's. Expert
histopathologists assessed the pathological dissimilarities,
vascular wall changes, and Langerhans islet changes pattern
abnormalities [11, 13].

Evaluation of Antioxidant and Oxidant Markers

Following intestinal tissue homogenization in PBS and cen-
trifugation at 5000 rpm for 30 min, the supernatants were
used to measure the oxidative stress biomarker. Malondial-
dehyde (MDA), and glutathione (GSH) were measured [17].

Cytokine measurements

The cytokines were determined using ELISA kits for IL-10,
INF-y, and TGF-p, according to the manufacturer instruc-
tions. The blood was collected, and centrifuged to collect the
serum, and the supernatant was stored at -80°C.

Statistical Methods

The findings presented in this study represent the average
values obtained from three independent replicates. The data
were reported as the mean value + SDE. The comparison
between groups was conducted using a one-way analysis of
variance (ANOVA). To estimate the presence of a substan-
tial disparity between means, a Turkey post hoc analysis
was performed to compare several groups. In the context of
statistical tests, a P value less than 0.05 was deemed to be
statistically significant. The data and statistical analysis were
conducted using SPSS version 25.

Results
Fecal Cryptosporidium Oocyst Sheddings

The present study evaluated the impact of LF and LF-NC
on the shedding of C. parvum oocysts in infected mice in
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Table 1 The total count of fecal and duodenal C. parvum oocysts in
the different studied group

Groups No. of Cryptosporidium oocysts

Fecal Duodenal
Infected untreated 247,000+ 1921 344,000+ 3217
Infected/NZ 54,000 +989 90,000+ 1322
Infected /LF 201,000+ 1306 259,000+ 1989
Infected /LF-NC 197,000+ 1011 202,000+ 1431
Infected /LF-NC/NZ 43,000+ 762 72,000+ 1081

Data was expressed as mean=+S.D.
NZ Nanazoxid, LF Lactoferrin, LF-NC Lactoferrin nanocapsule

Reduction percentage (R%). Number of oocysts in infected untreated/
number of oocysts in treated group

comparison with the reference drug NZ. Table 1 shows
the number of C. parvum oocyst sheddings and the reduc-
tion percentages (R%) in the different studied groups. The
mean C. parvum oocyst shedding was 247,000 + 1921in
the untreated infected group. Mice that were treated
with LF had a non-significant reduction in C. parvum to
201,000 + 1306(9.9%).Mice that were treated with LE-NC
had the C. parvum oocyst shedding significantly reduced to
197,000+ 1011 (21.2%) (p <0.001) compared to the infected
mice that were treated with NZ, where the C. parvum oocyst
shedding was significantly reduced to 54,000 + 989 (79.1%)
(p<0.001).A significant reduction in C. parvum oocyst
shedding was observed in a group of mice treated with
LC-NC loaded with NZ (82.6%) (p<0.001).

Duodenal Content Examination

The mean number of C. parvum oocysts from the col-
lected intestinal contents in each group of mice was cal-
culated using MZN stain. The oocysts were seen as pink,
bright-rose ovoid, and round bodies with varying intensity
grades against a bluish background. The number of intes-
tinal C. parvum oocysts shedding and the R% in different
studied groups are illustrated in Fig. 1. The mean C. par-
vum oocysts shedding was 344,000+ 3217 in the infected,
untreated group. Mice that were treated with LF showed
a non-significant reduction in C. parvum oocysts shed-
ding (259,000 + 1989,24.7%). The mice that were treated
with LC-NC showed a significant reduction in C. parvum
oocysts to 2202,000 + 1431 (41.3%) (p <0.01) compared
to treatment with NZ. The C. parvum oocyst shedding was
significantly reduced to (91,000 + 1322, 73.5% (p <0.001).
A significant reduction in C. parvum oocyst shedding was
observed in a group of mice treated with LC-NC loaded with
NZ (79.1%) (p<0.001).
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Cytokine Measurements

The level of IL-10 in the infectednontreated group was
49.8 +4.5 pg/ml compared to its level in the normal group
4.35+0.012 pg/ml. The infected mice were treated with
NZ, LF, or LC-NC and showed different means in con-
centration levels of IL-10. The mean value of IL-10 was
reduced to 12.2+0.57 pg/ml in the group of infected that
was treated by NZ. A significant reduction in the IL-10 level
was observed in the group that received combined treatment
of LF-NC and NZ. The levels of TGF-f in all groups are
demonstrated in Table 2. The level of TGF-f was highly
significant (p <0.001) in the infected group (993.7 + 112 pg/
ml) as compared to the normal control (225.3 + 17pg/ml).
TGF-p levels were decreased in all treated groups as com-
pared to the infected group. The maximum reduction in the
level of TGF-f was observed in the group of mice that were
treated by LF-NC combined with the NZ drug; the level was
331+ 54 pg/ml, and in the group of infected mice that were
treated with the NZ drug, the level of TGF-f was 413.5+36
pg/ml. The mean level of INF-y in the normal control group
was 114.5+12.1 pg/ml, while in the infected group, an
increment in the concentration was observed at293 +11.5
pg/ml. In general, pre- and post-infection, levels of INF-y
increment were higher when compared to all other groups.
The levels of INF-y in groups of mice that were treated with
NZ were 165+ 16.3 pg/ml and 132.3 + 14.5pg/ml in the
group of mice that were treated with LF-NC combined with
the NZ drug (Table 2).

Evaluation of Oxidative Stress and Antioxidant
Markers

The level of MDA in normal control was 21.8 +0.678
mmol/g, while it was 45 +4.86 mmol/g in the infected
control group as depicted in Fig. 2. Moreover, MDA lev-
els decreased in the treated groups in comparison to the
infected groups. A significant reduction in the MDA level
was reported in the group that was treated with NZ and
LF-NC. In addition, GSH level in the normal control group
was 4.33+0.179 mmol/g, while a significant decrement
was shown in the infected group (1.93 +0.115 mmol/g;
p<0.001). The most significant level of GSH was observed
in the group of mice treated with NZ and in the group treated
with LF-NC (p <0.001).

Histopathological Examination

Inflammatory changes were detected in [C. parvum-infected
groups, with a significant dysplastic change were observed
in both infected and untreated groups (Fig. 3B). High-grade
dysplasia was accompanying to the number of endogenous
developmental stages of the parasite, with a higher mean
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Table2 IL-10, TGF- B, and INF-y levels were examined in various Discussion

groups

Groups IL-10 TGF- B INF-y
Control 435+0.012 2253+17 1145+12.1
Infected 49.8+4.5 993.7+112  293+11.5
Infected/NZ 12.2+0.57 413.5+36 165+16.3
Infected /LF 39.1+5.7 802.9+109 213+22.1
Infected /LF-NC 232+38 562.3+84 181+28.1
Infected /LF-NC/NZ 9.4+0.72 331+54 132.3+£14.5

number of oocysts in the infected, and untreated con-
trol group (Fig. 3B). Low-grade dysplastic changes were
observed in the infected mice and treated with lactoferrin
(Fig. 3C), while no dysplasia and no frank carcinoma devel-
oped in the groups treated with NZ or LF-NC (Fig. 3D-F).

In the current work, the therapeutic efficacy of nanazoxid
(NZ), lactoferrin (LF), LF-NC, and LF-NC/NZ in treating
immunocompromised mice experimentally infected with C.
parvum oocysts was evaluated. Among the indicators used
for defining the treatment efficacy of the used drugs was
C. parvum oocyst shedding and subsequent counts in both
stool and intestinal contents and calculating their percent
reduction. [C. parvum oocyst numbers shed in stools and
intestinal contents and their R% among the immunocompro-
mised groups were assessed. It was noticed that [C. parvum-
infected mice treated with NZ-loaded LF-NC showed the
highest percentages of reduction in oocyst shedding (82.6%),
followed by a group of mice that were treated with NZ alone
(79.1%), in contrast to their equivalent infected untreated
group. These findings were consistent with previous data
[25]. The highest oocyst shedding was observed in infected
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Fig.2 A The level of Hepatic (A) 40 -
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glutathione (GSH) in experi-
mental groups to measure the
oxidative stress and antioxidant
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and untreated immunosuppressed groups, reaching values of
344,000-3217/g of duodenal contents. This was in parallel
with the study conducted by others [5], who disclosed that in
severe immunodeficient mice, even when injected with a low
parasite load, the parasite excretion increased, reaching mean
oocyst numbers of more than 10,000/g feces on the 45th dpi.
Correspondingly, another group found that the defeat of the
immune system caused by dexamethasone made C. parvum
organism clearance very problematic, increasing the dura-
tion and severity of infection in immunosuppressed mice
[36]. However, when NZ was solely administered, it showed
79.1% and 73.5% reduction rates for C. parvum oocyst in
stool and intestinal contents, respectively, with statistical
significance as compared to the control-infected nontreated
group. This agreed with earlier researchers, who established
the success of NZ in both immunocompetent and immuno-
compromised groups [2].

Serum levels of IFN-y, TNF-a, and IL-10 were increased
in infected and untreated groups. This finding was agreed
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Infected

Infected/NZ Infected/LF Infected/LF-NC Infected/LF-NC/NZ

upon by colleagues, who found that protection against this
parasite has been associated with the production of IFN-,
TNF-a, and IL-10 [9, 25]. Similarly, IL-10 was an impor-
tant factor in an efficient anti- [C. parvum immune response
[19]. The level of hepatic MDA in immunocompromised
groups increased in infected groups as compared to normal
controls. Hepatic MDA levels were found to be decreased
in all treated groups as compared to the infected group. A
significant reduction was observed in the group treated with
LF-NC + NZ. Our data, in agreement with others, regard-
ing the GSH designation for the liver of immunocompro-
mised groups showed the level of GSH in the normal control
group of mice was 4.33 +0.179; the infected group showed
a decrease to 1.93 +0.115 mmol/g. The level of GSH in all
treated groups was increased in the group that was treated
with LF-NC +NZ [7].

The current study observed that the administration
with NZ and LF improves mucosal damage in the infected
group. Moreover, inhibit C. parvum colonization and
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Fig.3 Representative intestinal stained with Hematoxylin and Eosin in various groups. Control uninfected group (A), infected control (B),
infected treated with NZ (C), infected treated with LF (D), infected treated with LE-NC (E), infected treated with LF-NC + NZ (F)

multiplication via diminishing anti-cryptosporidial effects.
Daily intake of NZ prevents C. parvum intestine tissue
lesions in immunodeficient mice [3]. In the present study,
the liver could also be considered the site of accumulation
of the nanoparticles in the mice; in this context, a toxico-
logical study was performed on this organ.

Conclusion

The current data demonstrated that NZ-loaded LF-NC,
due to its non-toxic nature and minor anti-Cyclosporid-
ium action, had the highest significant effectiveness in all
subgroups. It is a potential drug that requires continuing
efforts to treat cryptosporidiosis in both immunocompetent
and immunocompromised humans.
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