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Abstract Cryptosporidiosis is a zoonotic disease caused
by a well-known parasitic protozoan called Cryptosporid-
ium. Infection in livestock causes important economic
losses among farm animals and its control has a global
concern. In this study, internal white and external red
layers were separated from pomegranate peels (Punica
granatum) then; they were grinded to reach Nano form.
Anticryptosporidial effect of their water extracts was
investigated in experimentally infected mice. Also, their
antioxidant activity, biochemical and histopathological
changes were studied. Briefly, hot aqueous extracts of
pomegranate peels were prepared regarding its good sen-
sory attributes at concentration of 10% W/V. Analysis of
total phenolics, individual phenolics by HPLC-DAD and
antioxidant activities have been done. Forty-five mice were
divided into five groups each one containing nine mice.
The first group was healthy mice and the 2nd one was
infected orally with 10* Cryptosporidium parvum (C.
parvum) oocysts/mice and not treated. The other 3 groups
were infected and orally treated with Nitazoxanide (NTZ)
for the 3rd group, pomegranate red peel extract for the 4th
group and pomegranate white peel extract for the 5th
group. Blood samples were collected after 1 and 2 weeks
post treatment for protein profile, liver enzymes and
antioxidant activity evaluation. After 3 weeks, all animals
were sacrificed and ileal tissues were embedded in paraffin
for histopathological examination. The results showed that
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pomegranate peel extracts were rich in phenolic com-
pounds, had high antioxidant activity and therapeutic effect
on C. parvum in experimentally infected mice. Red peel
extract diminished C. parvum oocysts count significantly in
experimentally infected mice than white peel and NTZ
treatments. Also, the histopathological examination
revealed that red peel treated mice ileal sections showed a
great enhancement in the shape and structure of villi
towards normal structure than other treated groups. Most of
the measured biochemical parameters after 2 weeks’
treatment with red pomegranate peel and NTZ were
enhanced in their concentrations towards the healthy nor-
mal status. In conclusion, this study showed the effec-
tiveness of Nano-form of pomegranate white and red peel
extracts against C. parvum oocysts. Pomegranate red peel
extract was found to have antioxidant activity that could
significantly enhance the serum biochemical parameters
and oxidative stress towards the healthy normal status.
Furthermore, it is suggested that pomegranate peel should
be separated and used in the daily animal diet or as a
functional beavarage for human as accepted from the
panelists to give protective effects against this parasite as
well as to improve health benefits.

Keywords Cryptosporidium parvum - Therapeutic effect -
Pomegranate peel - Nano-form - Antiparasitic beverage -
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Introduction
Cryptosporidium is a protozoan parasite that is found all
over the world in humans and animals (Pumipuntu and

Piratae 2018). It causes diarrhea and gradually decreases
with age; the adults might harbor the parasite without any
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symptoms (Morsy et al. 2014). Infection of livestock with
Cryptosporidium can result in mortality, retarded growth of
the animals, the cost of drugs and veterinary assistance,
decreased production and loss of income for the livestock
sector (Shafiq et al. 2015). Control of cryptosporidiosis
remained a global challenge in both veterinary and human
medicine. Many agents had been tested and there was no
effective or approved treatment for cryptosporidiosis. In the
scope of food safety and public health, plants and their
compounds offered an alternative approach to treat parasitic
diseases (Hegazi et al. 2018). Some reports tested the effect
of plant extracts in the treatment of cryptosporidiosis such
as: garlic (Abdel Megeed et al. 2015), cinnamon and onion
(Abu El Ezz et al. 2011) and pomegranate (Al-Mathal and
Alsalem 2013).

Many studies were conducted to examine the effect of
Punica granatum (P. granatum) in treating many diseases
and microbial infections. Some of these studies indicated
that P. granatum had anticestodal, antinematodal (Abdel-
Ghaffar et al. 2010) and antiprotozoan activities (Dell’ Agli
et al. 2009). Al-Mathal and Alsalem (2012) reported that P.
granatum peel is a promising treatment for Cryptosporid-
ium parvum (C. parvum)—induced cryptosporidiosis that
did not induce any side effects. There is a need for
development of pomegranate both as pharmaceutical as
well as dietary supplement (Wang et al. 2010). Fruit peel of
P. granatum had protective effects against coccidiosis as
well as it possesses an anthelmintic activity (Dkhil 2013).
Punica peel extract counteracted the Eimeria papillata-
induced loss of the total antioxidant capacity (Amer et al.
2015). The pomegranate peel which is normally considered
to be a waste is an important antidiarrheal and antidiabetic
agent (E1 Mageid et al. 2016).

Nano-suspensions can be prepared by top-down pro-
cesses such as media milling and high-pressure homoge-
nization. The optimum particle size of Nano suspensions
for parenteral application depends on the desired biophar-
maceutical properties. Rapid clearance by the phagocytic
cells of liver, spleen and bone marrow is achieved in the
case of particles > 150 nm (Lockman et al. 2002).

Therefore, in this study anticryptosporidial effect of P.
granatum Nano-form red and white peel extracts were
investigated in mice model and their effect on the
histopathological and biochemical changes as well as
antioxidant activity were studied.

Materials and methods
Ethical approval

Experimental animals were housed in good conditions at
specific cages in the animal house of the National Research
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Centre (NRC), Egypt, with free access of food and water.
At the end of the experiment, mice were slaughtered
rapidly and painlessly. Small intestine parts were collected
after mice slaughtering followed by hygienic disposal of
the carcasses. The study protocol was approved by the
Medical Research Ethics Committee of NRC, Egypt with
the number (18-117).

Plant material

1. Pomegranate Fruits: P. granatum were purchased
from local market, Cairo, Egypt.

1.1 Preparation of pomegranate peels The pomegra-
nate was washed and then peeled off, separated into
internal white and external red layers of peels. The
peels were cut into small pieces, drained and dried
on perforated trays by using the microwave
(Samsung, Model MF245) with oven, air temper-
ature 40 °C for 6 min (Mahmoud et al. 2018).

1.2 Milling The pomegranate peels were carefully
prepared with the separation of the internal white
peel from the outer red peel. The samples were
grinded so fine and a special mill (Braun KMM
30 mill), type 3045, CombiMax (Germany) then
high energy planetary ball mill type MTI SFM
(QM-3SP2) 250 rpm rotation was used to get
ultra-fine powder (Nano form). The dried samples
peels were dissolved in water with concentration
of 1 g/10 ml hot water.

2. Determination of proximate composition Chemical
analysis of the pomegranate peel and was evaluated,
namely moisture, protein, ash, fat and crude fiber
according to the methods described in the AOAC
(2000).

3. Droplet size measurement Droplet size of Nano- and
double emulsions were analyzed using a dynamic light
scattering method (Zetasizer Nano Zs, Malvern Instru-
ment, Malvern, UK). To avoid multiple scattering, all
samples diluted using 0.1% water. For microstructure
analysis, some images were through a Zeiss optical
microscope (Germany) and analyzed by Image J
software (Hosseini et al. 2015).

4. Determination of total phenolic compounds Peels
powder (10 g) was extracted with 100 ml of hot water
in an ultrasonic device (200 W, 59 kHz, Shanghai
Kudos Sonication Machine Company Ltd., China) for
60 min at room temperature (Hayat et al. 2010). The
Folin—Ciocalteu assay, adapted from Ramful et al.
(2011) was used for the determination of total
phenolics.

5. Antioxidant activities
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5.1

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scav-

enging activity Estimated according to the
procedure described by Hayat et al. (2010) with
some modifications. An aliquot of 0.5 mL of
sample solution was mixed with 1 mL of
methanolic solution of DPPH (0.2 mM). The
mixture was incubated for 30 min in the dark-
ness at room temperature. The absorbance was
measured at 517 nm with spectrophotometer.
Control was conducted with ethanol instead of
sample. DPPH scavenging capacity was calcu-
lated by the equation:

Ac — A
Scavenging Activity (%) = % x 100
c

where Ac and As are the absorbance’s at 517 nm of the
control and sample, respectively.
5.2 Trolox equivalent antioxidant capacity (TEAC)

assay The ABTS free radical was assayed
according to Ventura et al. (2013) based on
the ability of antioxidants to reduce with
ABTS ™.

5.3 Ferric reducing power (FRAP) assay The FRAP

assay (Barros et al. 2012) was based on the
ability of phenolics to reduce Fe*' to Fe **.

5.4 Determination of reducing power (RP) The reducing

power of the extracts was measured according
to the method of (Oyaizu 1986).

6. Determination of polyphenols by HPLC-DAD The

HPLC system was an Agilent 1260 equipped
with a quaternary pump, online degasser,
autosampler and. A waters HPLC system con-
sisting of a 600 controller pump, a temperature
control Module, diode-array detector (DAD)
water. Chromatographic separation was achieved
on Zorbax (Luna 5 p C18 (2) column
(250 x 4.6 mm). The column temperature was
maintained at 35 °C and the flow rate was
1 ml min~', using water (A) and 0.02% tri-
floroacetic acid in acetonitrile (B) as the mobile
phases at a flow rate of 1 ml/min. The elution
programmer used was as follows: 0 min (80%
A); 0-5min (80% A); 5-8 min (40% A);
8-12 min (50% A); 12-14 min (80% A) and
14-16 min (80% A). DAD analysis was carried
out at three different wave length (280, 270 and
254 nm) and calculation of peak area was at
270 nm wave length chromatogram.

7. Pomegranate beverage

7.1

Preparation Pomegranate beverage was prepared by

dissolving the powder in boiling water

with percentages of 0.5, 1, 1.5 and 2%
W/V.

7.2 Sensory evaluation The sensory quality of the

pomegranate peels beverage was evalu-
ated according to Mahmoud et al. 2017 in
terms of appearance, aroma, taste, odor
and overall acceptability by an evaluation
group composed of 10 trained members.
The samples approximately 100 mL each
were served in clear glass cups. All
evaluations were performed in a well-
controlled lab. at the Dept. of Food Tech,
NRC. The results were presented as a
score of 10 degrees for each parameter,
and the full score was 50.

Experimental infection

1.

Animals A total number of 45 male albino mice ob-
tained from a colony at NRC, Egypt, 2-3 weeks of age,
weighing 20-25 g were used. They were housed in
good ventilated cages with perforated covers, supplied
with standard pellet food and water.

Preparation of C. parvum oocysts C. parvum 0ocysts
were collected from naturally-infected calf feces.
Oocysts were concentrated by floatation in Sheather’s
sugar solution (Current and Reese 1986) and identified
by modified Ziehl-Neelsen staining technique (Hen-
riksen and Pohlenz 1981). Sedimented oocysts were
collected and stored in a 2.5% potassium dichromate
solution at 4 °C. Before experiment, oocysts were
concentrated and counted in a PBS solution using a
hemocytometer.

Infection Mice were divided into five groups each one
containing nine mice. The first group was healthy
mice, non-infected, non-treated, the 2nd was experi-
mentally infected (10* C. parvum oocysts), non-
treated, the 3rd was infected and treated with Cryp-
tonaz® (100 mg Nitazoxanide) drug, the 4th was
infected and treated with pomegranate red peel extract
and the 5th group was infected and treated with
pomegranate white peel water extract. Therapeutic
dose of pomegranate peel extracts was 3 g/kg body
weight were prepared freshly as 3 gm/ml peel powder
in distelled water according to Al-Mathal and Alsalem
(2013) and administered daily by gastric tubes 1 h
before meals and for 5 consecutive days. Therapeutic
doses were administered to the treated animals at the
day 3 post inoculation (PI). All healthy and infected
mice were sacrificed at the day 24 PIL.

Fecal analysis and oocyst shedding Fecal samples
were collected from the third day PI till the end of the
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experiment for the determination of the number of
Cryptosporidium oocysts output counted for each
group in 50 fields (oil immersion).

Histopathological studies

At the end of experiment, Ilea of all mice were fixed
directly in 10% formalin for 24 h, dehydrated, cleared,
embedded in paraffin, sectioned at 4um and stained with
H&E staining according to Bancroft and Stevens (1990).

Biochemical examination

Blood samples were collected 1- and 2-weeks post treat-
ment, placed in plain centrifuge tubes for serum separation
and used for biochemical analysis. Serum concentrations of
total protein (Biuret method) and albumin were determined
by coloremetric method (Cannon et al. 1974; Doumas et al.
1971) using SPECTRUM kits (BioMerieux, SA). Globulin
and albumin globulin (A/G) ratio were calculated. Lipo-
gram biochemical value was determined by measuring
serum cholesterol by enzymatic colorimetric method
(Zohreh et al. 2012) using a Linear Chemicals Kits. Vari-
ous liver enzymes like alanine aminotransferase (ALT),
aspartate aminotransferase (AST) were determined by UV
enzymatic colorimetric method according to the standard-
ized method described by Winn-Deen et al. (1988) using
Linear Chemicals.S.L. Kits. The colorimetric reaction was
measured using spectrophotometer.

Serum antioxidant activity

Serum activities of glutathione peroxidase (GSH-Px),
catalase (CAT) as well as total antioxidant capacity (TAC)
were measured using SPECTRUM kits (BioMerieux, SA).
Absorbances were measured at 340 nm, 520 nm and
560 nm, respectively, by spectrophotometer.

Statistical analysis

Data of pomegranate analysis were statistically subjected
to analysis of variance (ANOVA); t-test and means sepa-
ration were by Snedecor and Cochran (1980). The least
significant difference (L.S.D.) value was used to determine
significant difference between means and to separate
means at p < 0.05. Statistical significance of the bio-
chemical examination results and serum antioxidant
activity was determined using t-tests according to Petrie
and Watson (1999). Data were presented as mean =+ stan-
dard error (SE). All results were analyzed using Statistical
SPSS for Windows, issue 15.8.
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Results
Proximate composition of pomegranate peels

Table 1 showed that there was a significant difference in
the composition between the internal white peel and red
peel, as the red peel contained a higher proportion of fat,
ash and fiber, while white peel contained higher content of
moisture and protein.

Droplet size measurement

The droplet size of the test samples Fig. 1 showed that both
red and white pomegranate peel powder had narrow size
distribution and small diameters, while red peel had par-
ticle size of 226 nm and white peel had 571 nm.

Total phenolic compounds

There was a significant (p < 0.05) difference between red
and white peel in total phenolic content which was ranged
from 180.5 mg gallic acid/gm for red peel to 209.5 mg
gallic acid/gm for white (Table 2).

Antioxidant activities

Antioxidant activity of red and white peels screened by
DPPH, TBTZ and reducing power was shown in Table 2.
There were significant differences (p < 0.05) between the
antioxidant activities of red and white layers of peels, where,
white peel had more antioxidant activities than red peel.

Characterization of phenolic compounds by HPLC

Figure 2 showed that there were 11 phenolic compounds
identified by HPLC-DAD. Gallic acid was found to be the
main component of phenolic represents 3.645 mg/gm
sample in red peel and 4.9687 mg/gm sample in white peel
followed by chlorogenic acid (0.3425 mg/gm sample in red
peel and 0.3572 mg/gm sample in white peel). Red peel
was rich in catechin, quercetin, caffein, coffiec acid, syr-
ingic acid and naringenin, while white peel was rich in
gallic acid, chlorogenic acid and cinnamic acid.

Sensory evaluation of pomegranate peel beverage

There was a significant difference (p < 0.05) between red
and white peels in sensory characteristics. There was a
convergence of color and taste characteristics in the small
concentrations of 0.5 and 1%, but in the higher concen-
trations, there was a significant difference between the
sensory characteristics of the white and red peels. In
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Table 1 Proximate composition of pomegranate peels processing by-products (% dw)

Components Moisture Ash Protein Fat Crude fiber Total carbohydrates*
Red peel 4.66 + 1.01° 4.2 £+ 0.05* 2.82 4 0.04° 4.47 £+ 0.03* 18.98 + 1.8* 64.87
White peel 6.50 £ 0.5* 3.70 £ 0.03° 4.41 £ 0.02* 2.51 &+ 0.02° 17.26 + 2.42° 65.62
F value 7.72 193.6 3787.01 8885.77 0.975 -
LSD 0.0186 0.1004 0.072 0.058 - -
All values are means of triplicate determinations &+ standard deviation (SD)
Means within the same column with different letters are significantly different (P <0.05)
*Total carbohydrates: calculated by differences (100—Sum of all components)
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Fig. 1 Particle size distribution of pomegranate peel powder

Table 2 Total phenolic content and antioxidant activities of pomegranate peels

PH Total phenols mg gallic acid/ % scavenging activities TPTZ mg Trolox eq/gm Reducing power (peroxide
g DPPH sample radical)
Red Peel 3.91 180.5 & 5.9° 54.4 + 0.86° 1.268 + 0.166" 17.87 + 0.25°
White 3.53 209.5 £ 2.1° 75 £ 0.77° 1.096 + 0.73° 20.9 + 0.802°
Peel
F value - 62.97 83.355 116.62 39.237
LSD - 10.159 5.729 0.048 1.344

All values are means of triplicate determinations =+ standard deviation (SD)

Means within the same column with different letters are significantly different (P <0.05)

general, concentration 1% was more accepted in all attri-
butes and red pomegranate peel was more accepted by
having scores more than white peel (Table 3).

Therapeutic effect of red, white peel water extracts
and NTZ on C. parvum oocyst shedding
in experimentally infected mice

Examination of fecal smears for detection of C. parvum
oocysts in 50 microscopic fields revealed that there was a

gradual reduction in oocyst shedding in the infected non-
treated group from the 9th day PI and continued till almost
no oocysts found at day 24 PI. Also, all infected treated
groups shed oocysts from the 3rd day PI and counts started
to decrease from the 6th day PI (the 3rd day after treat-
ments). There was a statistically significant reduction
(P <0.05) in oocyst shedding in red peel, white peel and
NTZ treated groups till reaching negligible numbers of
oocysts or no oocysts found at days 15, 19 and 21 PI,
respectively. Red peel extract diminished C. parvum
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Fig. 2 HPLC chromatogram of red and white peels, Peaks appeared with its retention time sequentially of each phenolic acid

Table 3 Sensory evaluation of pomegranate peel beverage (Percentages of 0.5, 1, 1.5 and 2% W/V)

Samples Color (10) Taste (10) Flavor (10) Overall acceptability (10)
Red White Red ‘White Red White Red ‘White
0.5% 89" +0.32 84+ 0.52 8.6% + 0.52 84+ 052 897 +032 86°+052 87°+05 8.5+ 0.5
1% 89" +0.32  8.3%+ 048 8.1° + 0.35 8.0°+ 047 82°+0.632 8.0°+047 85%+05 8.2% + 0.4
1.5% 81°+035 7.7°+ 048 6.7+ 0.5 6.7° £ 048  7.4°+0.52 72°4+042 730 +048 72°+04
2% 56°+£032 6.0°+0471 629+042 58 +042 639+048 639+ 048 5.8°+04 5.1° £ 0.316
F value  88.612 51.627 66.17 63.518 49.866 44.259 77.312 188.912
LSD 0.347 0.446 0.403 0.433 0.457 0.433 0.439 0.391

All values are mean + standard deviation (SD)

“"*Data within the same row for each parameter are significantly different (P < 0.05), shown by t-test

Data within the same column with different small letters are significantly different (P <0.05)

oocysts count significantly (P <0.05) in experimentally
infected mice more than white peel and NTZ treatments in
almost all days PI (Fig. 3).

Histopathological examination findings

All observations were compared with healthy non-treated
animal intestinal tissues (Fig. 4a, b). Light microscopic
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examination of C. parvum-infected ileal sections revealed
the presence of altered mucosal architecture, with infiltra-
tion, sloughing and complete erosion of epithelial cells and
shortening, blunting, stunting and atrophy of the intestinal
villi (Fig. 5a, b). The villi of the infected treated groups;
NTZ, (Fig. 6a, b), red peel (Fig. 7a, b), and white peel (8a,
b) treated groups; showed slight or no pathological changes
and regained their normal appearance like healthy non-
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Fig. 3 Cryptosporidium oocyst shedding in treated and non-treated
experimentally infected mice

infected mice. In red peel treated group, lower
histopathological changes than other treated groups were
found and a great enhancement was found in the shape and
structure of villi with the presence of goblet cells.

Biochemical examination results

Protein profile expressed in Table 4 showed a significant
(P < 0.01) decrease in serum albumin and a significant

(P < 0.01) increase in serum globulin concentrations in C.
parvum experimentally infected mice than the healthy
mice. After treatment for 1 week, it was clear that albumin
concentrations significantly (P < 0.05) increased in treated
either with NTZ or red pomegranate peel comparing to
non-treated experimentally infected mice. However, glob-
ulin concentrations significantly (P < 0.05) decreased in
red pomegranate peel treated mice. Concerning the liver
enzymes, there was a significant (P < 0.01) elevation in
ALT and AST levels in C. parvum experimentally infected
mice compared to healthy mice. After one-week of treat-
ments, AST levels significantly (P < 0.05) decreased in red
pomegranate peel treated mice comparing to infected non-
treated mice.

As shown in Table 5 there was a significant (P < 0.01)
decrease in serum albumin and a significant (P < 0.01)
elevation in ALT and AST concentrations in C. parvum
experimentally infected mice after 2 weeks post treatment
than the healthy mice. The results after treatment for
2 weeks showed that globulin concentrations significantly
(P < 0.05) increased in red pomegranate peel treated mice

Fig. 5 Ileal tissue sections in Cryptosporidium experimentally infected mouse showing shortening of villi (red arrows), sloughing and complete
erosion of epithelial cells (dashed arrow) and goblet cells (dotted arrow) H&E, a: X40, b: X100
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Fig. 6 Ileal tissue sections of NTZ-treated Cryptosporidium experimentally infected mouse showing slight enhancement of the shape and
structure of villi (solid arrows) and goblet cells (dotted arrows), H&E, a: X40, b: X100

Fig. 7 Ileal tissue sections of red peel-treated Cryptosporidium experimentally infected mouse showing great enhancement of the shape of villi
tending to normal structure, H&E, a: X40, b: X100

Fig. 8 Ileal tissue sections of white peel-treated Cryptosporidium experimentally infected mouse showing little enhancement of the shape and
structure of villi, H&E, a: X40, b: X100

comparing to infected mice. Concerning the liver enzymes  peel treated mice comparing to infected mice. However,
level after 2 weeks’ treatment, there was a significant  AST level was significantly (P < 0.05) decreased only in

decrease in ALT level in NTZ, red and white pomegranate
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Table 4 Effect of one-week post treatment by NTZ, red and white pomegranate peel on serum protein profile and liver enzymes in healthy and
Cryptosporidium experimentally infected mice

Parameters Animals

Healthy mice Cryptosporidium experimentally infected mice

Infected non-treated One-weeks post treatment

NTZ Red pomegranate peel White pomegranate peel
Total Protein (gm %) 7.49 £ 0.74 6.15 £ 042 6.21 £ 0.62 7.04 £ 0.61 6.28 £+ 0.34
Albumin (gm %) 3.72 £ 0.1%* 242 £ 0.04 3.04 £ 0.12% 3.51 £ 0.03* 277 £ 033
Globulin (gm %) 4.0 + 0.05%* 4.9 + 0.01 439 £+ 0.24 3.97 + 0.02%* 4.62 £ 0.12
A\G ratio 0.83 &+ 0.03 091 £ 0.05 0.84 £ 0.07 0.91 £ 0.02 0.83 £ 0.03
Cholesterol (mg %) 176.5 +£ 6.9 198.54 £+ 11.67 187.31 £ 8.3 184.61 £+ 4.76 199.76 £ 5.97
ALT/GPT (U/L) 252 £ 3.1%* 74.82 £ 4.68 69.31 £ 7.15 63.41 £ 5.27 77.54 £ 3.66
AST/GOT (U/L) 128.8 £ 8.2%* 259.52 £ 9.65 225.1 £11.5 187.29 £ 4.39%* 238.12 £ 9.24

* and ** Significantly different than infected non-treated group at P < 0.05 and P < 0.01, respectively

Table 5 Effect of 2 weeks post treatment by NTZ, red and white pomegranate peel on serum protein profile and liver enzymes of Cryp-
tosporidium experimentally infected mice

Parameters Animals

Healthy mice Cryptosporidium experimentally infected mice

Infected Non-treated Two weeks post treatment

NTZ Red pomegranate Peel White pomegranate Peel
Total protein (gm%) 7.34 £0.52 6.77 £ 0.16 6.38 + 0.66 7.32 £ 0.26 6.08 £ 0.12
Albumin (gm%) 3.84 + 0.02%* 3.35 £ 0.02 3.18 £ 0.05 3.73 £ 0.31 3.61 £ 0.05
Globulin (gm %) 4.38 £ 0.07 4.5 £ 0.06 43 £0.11 4.68 £ 0.01* 4.24 £ 0.06
A\G ratio 0.89 + 0.05 0.96 £+ 0.08 0.8 £ 0.1 0.8 + 0.03 0.82 + 0.04
Cholesterol (mg%) 17439 £ 5.4 201.65 + 10 175.65 £ 9 1775 £ 4.8 187.98 + 8.47
ALT/GPT (U/L) 28.3 + 2.49%* 101.8 + 4.7 87.5 + 8.8* 37.8 & 6.55*% 44.46 £ 8.18*
AST/GOT (U/L) 132.6 £ 5.4%* 263.6 + 6.3 2312+ 10 149.1 £ 5.82% 226.3 £7.51

* and ** Significantly different than infected non-treated group at P < 0.05 and P < 0.01, respectively

Table 6 Effect of one-week post treatment by NTZ, red and white pomegranate peel on GSH-Px, CAT and TAC of Cryptosporidium
experimentally infected mice (Mean + SE)

Parameters Animals

Healthy mice Cryptosporidium experimentally infected mice

Infected non-treated Two weeks post treatment

NTZ Red pomegranate peel White pomegranate peel
GSH-Px (U/ml) 8.32 £ 0.32* 10.12 £+ 0.26 8.44 £ 0.25* 11.12 £ 0.26 10.46 £+ 0.23
CAT (U/ml) 281.14 £+ 9.31 248.56 + 11.44 265.87 + 9.35 276.56 + 11.44 279.18 + 10.34
TAC (mM/L) 1.98 + 0.15* 2.74 £+ 0.06 1.99 + 0.17* 2.96 + 0.26 2.50 £+ 0.23

*Significantly different than infected non-treated group at P < 0.01
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Table 7 Effect of 2 weeks post treatment by NTZ, red and white pomegranate peel on serum GSH-Px, CAT and TAC of Cryptosporidium

experimentally infected mice (Mean + SE)

Parameters Animals

Healthy mice

Cryptosporidium experimentally infected mice

Infected Non-treated

Two weeks post treatment

NTZ Red pomegranate peel White pomegranate peel
GSH-Px (U/ml) 8.12 + 0.26%* 6.2 +0.32 8.16 £ 0.12%* 10.62 £ 0.78* 9.54 £ 0.78%
CAT (U/ml) 2789 £ 7.22 254.23 £+ 8.12 233.2 £ 7.36 236.38 £+ 6.52 2274 £ 9.15
TAC (mM/L) 1.93 £ 0.08* 132+ £02 1.96 + 0.06* 2.51 £ 0.03** 2.01 £0.11

* and ** Significantly different than infected non-treated group at P < 0.05 and P < 0.01, respectively

red pomegranate peel treated mice comparing to infected
mice.

Table 6 showed the changes of antioxidant activity after
1 week of treatment. GSH-Px and TAC serum activities in
infected mice was significantly (P < 0.01) higher than
healthy mice. However, they significantly (P < 0.01)
decreased in NTZ treated mice compared with infected
non-treated group.

As seen in Table 7, both GSH-Px and TAC serum
activities in infected mice was significantly (P < 0.01)
higher than healthy mice. However, GSH-Px activity sig-
nificantly (P < 0.05) increased in NTZ, red and white
pomegranate peel treated mice comparing to infected non-
treated group. Moreover, TAC activity significantly
(P < 0.01) increased in red pomegranate peel treated mice
comparing to infected non-treated group.

Discussion

Pomegranate is rich of bioactive compounds with phar-
macological nature (Seeram et al. 2006). Singh et al.
(2018) mentioned the phenolic compounds as beneficial
phytochemicals in pomegranate peels. As far as we know,
there is no published research on the antiparasitic effects of
internal white and external red layers of P. granatum
separately and based on the hypothesis that Nano-form
improves the absorption as well as bioavailability of sup-
plements in the body, this work was conducted to study the
anticryptosporidial effect of this Nano-form of peels in
mice model.

Pomegranate peels were by-products of the food
industry. Using microwave for drying led to increase the
total phenolic compounds in addition to maximizing its
bioactivities (Abou-Arab et al. 2016). Results of the pre-
sent study indicated that both prepared red and white
pomegranate peel powders had narrow size distribution and
small diameters. The particle size and its distribution might
be of a great importance in determining the fate of micelles
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after oral administration. Morsy et al. (2018) prepared
pomegranate peel Nanoparticles by lyophilization of its
solubilized part. In this study, it was found that both tested
pomegranate peel extracts were rich in phenolic com-
pounds. There was a significant (p <0.05) difference
between red and white peel in total phenolic content, ran-
ged from 180.5 mg gallic acid/gm for red peel to 209.5 mg
gallic acid/gm for white, which was higher than that
reported before for peels of Egyptian pomegranate
(124.34 mg GAE/g) (Moneim 2012) and Tunisian pome-
granate (144.96-292.23 mg GAE/g)(Abid et al. 2017). In
this study, there were 11 phenolic compounds identified by
HPLC-DAD. Gallic acid was found to be the main com-
ponent of phenolic represent 3.645 mg/gm sample in red
peel and 4.9687 mg/gm sample in white peel followed by
chlorogenic acid (0.3425 mg/gm sample in red peel and
0.3572 mg/gm sample in white peel). The results reflected
that both red and white peels had high antioxidant activities
and could be considered as a good cheap source of natural
antioxidants. Kharchoufi et al. (2018) proved the greatest
antioxidant activity of pomegranate peel water extract. The
activity of these wastes might not depend on the content of
phenols but depends on the quality and chemical structure
of these phenols. In this study, sensory evaluation of
pomegranate beverage indicated that the concentration of
1% of red peel beaverage was the most accepted in all
attributes having scores than white peel. It was cleared that
the extent to which the panelists accepted the pomegranate
peel beverage, this might be a good indicator of the pos-
sibility of applying the production of pomegranate red peel
beverage.

C. parvum is a widespread parasite and had a global
significance. Development of effective therapeutics for
cryptosporidiosis is undoubtedly a medical imperative. In
this study, examination of fecal smears revealed that there
was a gradual reduction in oocyst shedding in the infected
non-treated group from the 9th day PI and continued till
almost no oocysts found at day 24 PI. This agreed with
previous findings that the interval which covered the
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natural Cryptosporidium oocyst shedding period in mice
was about 24 days (Matsui et al. 2001) or about 3—4 weeks
(Lacroix et al. 2001). Also, in this study, C. parvum oocysts
detected in mice fecal smears were morphologically similar
to those of C. parvum described in previous studies (Has-
sanain et al. 2011; Abdelrahman et al. 2015). In this study,
a gradual reduction in oocyst shedding was noticed in all
infected animal groups. Red and white pomegranate peel
extracts successfully eradicated the C. parvum oocysts
from feces and almost no oocysts were detected in feces by
the end of the experiment. This impressive effect of
pomegranate was similarly obtained using P. granatum
whole peels extract on cryptosporidiosis in mice (Al-
Mathal and Alsalem 2012), however in our study, the effect
of Nano-form of the outer red and inner white peel extracts
each separately were evaluated. Several compounds had
been isolated from P. granatum and proved to have anti-
proliferative and antioxidant activities (Qnais et al. 2007).
NTZ treatment also caused a marked decrease in the mean
number of oocysts after the initiation of therapy. Similar
findings had been recorded in several studies including
in vitro and in vivo studies using several animal models
and in clinical trials, which had demonstrated the effec-
tiveness of NTZ in treating diarrhea and enteritis caused by
Cryptosporidium species (Abdou et al. 2013). In this study,
red peel extract significantly (P < 0.05) diminished C.
parvum oocysts count in experimentally infected mice than
white peel and NTZ treatments in almost all days post
treatment. These obvious anticryptosporidial effects might
be due to the phenolic compounds found in red and white
pomegranate peels. Phenolic compounds could interfere
the energy generation mechanism by uncoupling the
oxidative phosphorylation and also could interfere with the
glycoprotein of the cell surface of the parasites and cause
death (John et al. 2009). The antioxidants content of veg-
etables and fruits played a major role in diseases prevention
(Han et al. 2008). Peel extract’s phenolic compounds dis-
played a potent antioxidant activity. Also, crude extracts
and purified fractions from pomegranate peels could offer
health improvement and might be involved in food
preservation and pharmaceutical purposes (Shiban et al.
2012). Also, this anticryptosporidial effect, detected in our
study, might be maximized due to the Nano-form of the
used peels. Nano-form might play a great role in the
activity of the red peel particles which was smaller two or
three times than white peel and that need further more
investigations. This hypothesis was supported by Chaudhry
and Castle (2011) who found that Nano-form could
improve the uptake, absorption, and bioavailability of
nutrients and supplements in the body compared to bulk
equivalents.

Light microscopic examination of C. parvum-infected
ileal sections revealed the presence of altered mucosal

architecture, with sloughing and complete erosion of
epithelial cells, shortening, blunting, stunting and atrophy
of the intestinal villi. These findings agreed with Abu El
Ezz et al. (2011) and Abdelrahman et al. (2015). Sasahara
et al. (2003) found that at the time when the number of C.
parvum oocysts in the ileum was maximal, absorptive and
columnar goblet cells decreased in the ileal epithelium with
a significant reduction in the height of the villi. In this
study, concerning the villi of the infected NTZ, red and
white peels treated groups, they regained their normal
appearance like healthy non-infected mice. However, red
peel treated group showed the greatest enhancement in the
shape and structure of villi with the presence of goblet cells
than other treated groups. These results might be due to the
anticryptosporidial effect of red peel besides the antioxi-
dant effect that helped the enhancement of intestinal tissue.

Cryptosporidiosis in mice might induce a chronic disease
state extending throughout gastrointestinal tract or/and extra-
intestinal sites leading to hepatic dysfunction (Mead et al.
1994). In the current study, the infection dynamics in mice
model were characterized with screening the changes in the
liver function. Mean values of serum albumin levels of
Cryptosporidium experimentally infected non-treated mice
were decreased all over the experiment than the healthy mice,
however, serum globulin levels were increased. These results
were supported by similar findings recorded by Mousa et al.
(2014) and Abdel Megeed et al. (2015). This reduction in
serum albumin in infected non-treated mice could be due to
poor absorption of nutrients and excessive protein breakdown
(Malina et al. 1994). The hyperglobulinemia could be
attributed to hepatic damage associated with hypoxia (En-
wezor and Sackey 2005). The decline in albumin beside the
hyperglobulinemia could be a result of stresses (Hilali et al.
2006) and also might be explained as a response to the par-
asitic antigen (Azza 2008).

Concerning the liver enzymes measured in this study,
there was an elevation in ALT and AST in Cryptosporid-
ium experimentally infected non-treated mice. These
results confirmed that cryptosporidiosis might have extra-
intestinal effects (Chalmers and Davies 2010). It was found
that 32% of hepatocellular carcinoma and diarrhea har-
bored Cryptosporidium that indicated the involvement of
cryptosporidiosis as a major factor for hepatic
encephalopathy (Mousa et al. 2014).

As the treatment modalities for Cryptosporidium were
still limited, prevention and risk reduction became the most
essential interferences (Chalmers and Davies 2010).
Moreover, there was expanding epidemiological and
pharmacological proof that plants contain free radical
scavengers that provide good health and protection against
degenerative diseases. It was known that various in vivo
pathological reactions had been attributed to the role of
oxygen radicals and lipid peroxides (Li et al. 2006). In this
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study, after 1 week, albumin concentrations increased in
both NTZ and red pomegranate peel treated mice com-
paring to non-treated mice. However, globulin concentra-
tions decreased in red pomegranate peel treated mice while
increased at 2 weeks’ post treatment. Concerning, the liver
enzymes levels after 2 weeks’ treatment, there was a sig-
nificant decrease in ALT level in NTZ, red and white
pomegranate peel treated mice. However, AST level
decreased only in red pomegranate peel treated mice
comparing to infected mice. Determination of the enzy-
matic antioxidant activities, such as GSH-Px and CAT as
well as estimation of serum TAC was a means of assessing
oxidative stress (Saleh et al. 2011). In current study, it was
found that GSH-Px and TAC serum activities in infected
mice increased, while, they were decreased after one-week
treatment with NTZ. However, after 2 weeks of treatment,
GSH-Px activity increased in NTZ, red and white pome-
granate peel treated mice. Moreover, TAC activity
increased in red pomegranate peel treated mice. This data
reflected the oxidative stress in Cryptosporidium infected
mice as the infection was linked with oxidative status,
hence suggesting overload while dealing with an infection
could exaggerate oxidative stress (Abo-Aziza et al. 2017).
These results parallel to a previous study recorded that
pomegranate seed-juice could be used as treatment for
chronic diseases relative to over-production of free radicals
as it was a potential source of natural antioxidant (Anahita
et al. 2015). Chidambara Murthy et al. (2002) found that
pretreatment with an extract of pomegranate peel enhanced
the free-radical scavenging activity of the hepatic enzymes
as catalase, peroxidase and super oxide dismutase. Similar
results were previously reported for pomegranate bark
(Tanaka et al. 1986) and leaves (Nawwar et al. 1994). Most
of the measured biochemical parameters after 2 weeks’
treatment with red pomegranate peel or NTZ were
enhanced in their concentrations towards the healthy nor-
mal status. This means that red pomegranate peel and NTZ
treatments improved the animals’ health benefits.

Conclusion

It was concluded that the Nano-form of P. granatum peel
extracts were rich in phenolic compounds, however, red
peel extract had high antioxidant activity and a therapeutic
effect on C. parvum in experimentally infected mice. Also,
the biochemical parameters and oxidative stress in Cryp-
tosporidium experimentally infected mice was significantly
enhanced towards the healthy normal status by red pome-
granate peel extract administration. Finally, pomegranate
peels should be separated and used in the Nano-form in the
daily human and animal diet to give protective effects
against this parasite as well as to improve health benefits.
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