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Abstract

Cryptosporidium is a protozoan parasite that cause diarrhea with significant morbidity and mortality.
Few antiparasitic drugs are effective against it. Therefore, finding an alternative is necessary. The
current study aimed to evaluate the therapeutic efficacy of ginger (Zingiber officinale) in
experimentally infected mice. Mice were divided into five groups: G1: healthy controls, G2:
infected/untreated, G3: infected/ginger-treated, G4: infected/nitazoxanide-treated and Gb5:
uninfected/ginger-treated. On day 7 post-inoculation, each group started its specific treatment.
Diarrhea, weight, daily oocyst shedding, serum levels of IL12, IFNy, TNFa, IL10, and IL4 levels
were recorded. Furthermore, ileal histopathology was done. The mean weight gain of G3 and G4 mice
was significantly higher than that in G2 (P< 0.001). Oocyst shedding was significantly reduced in G3
and G4 by day 10 pi (P< 0.02), till zero by day 20 pi. On day 10, IFNy, TNFa and IL12 were
significantly lower in G3 and G4 than that in G2. On day 21, G2 showed a significant upregulation of
TNFa compared to that in G3 and G4. Both G3 and G4 showed upregulation of 1L4 vs. G2 (p value <
0.0001). The histological architecture of villi in G3 and G4 showed visible improvement compared to
that in G2. These results suggest that ginger is a promising anti-cryptosporidium treatment without
side effects.
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Introduction:

Human cryptosporidiosis is caused by infection
with apicomplexan protozoa of the genus
Cryptosporidium.  Molecular studies have
demonstrated that it is caused by at least 15
different species. Among the more common
species are Cryptosporidium hominis (C.
hominis), for which humans are the only natural
host, and Cryptosporidium parvum (C.
parvum), which infects bovines as well as
humanstl. C. parvum is highly resistant to the
current drug treatments®?. Though the
pharmaceutical industry has made several
attempts to develop an effective treatment for
cryptosporidiosis, this disease still constitutes a
major health problem.

Infection with Cryptosporidium is associated
with an acute clinical illness characterized by
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diarrhea in humans and many domestic and
wild animals. Its infection is most pathogenic in
neonates and elderly people™. In immune-
competent patients, the disease causes profuse
watery diarrhea, abdominal cramps, nausea,
vomiting and low grade fever, which may last
2-12 days but these symptoms are usually self-
limiting . On the other hand, the infection may
persist for longer duration with mal-absorption
and severe dehydration in  immune-
compromised or malnourished patients, which
may require fluid replacement therapy © 71,

The United States Food and Drug
Administration has approved nitazoxanide
(NTZ), a broad-spectrum anti-parasitic drug
that is effective against cestodes, trematodes,
nematodes, and protozoa in humans®.
However, NTZ does not show any curative
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effect against C. parvum infection in calves!.
Furthermore, other anti-parasitic treatments
have received considerable attention due to the
increased  development of  chemo-drug
resistance™®.. Consequently, the available drugs
are considered ineffective in the treatment of
cryptosporidiosis. The development of drug-
resistant strains of this organism evokes the
importance of using alternative medicine.

Ginger (Zingiber officinale) is known
worldwide as a spice and flavoring agent. It has
an antioxidant effect that enhances the immune
response, allowing the body to fight the
infections naturally. Moreover, ginger has other
activities that may help in parasitic clearance,
such as its ability to increase digestive fluids,
absorb and neutralize toxins. Studies were
conducted on the antibacterial, antiviral,
antifungal™ and antiparasitic activity of ginger
and its constituents 2 13 14,

Therefore, this study was carried out to evaluate
the protective and therapeutic effects of ginger
in experimentally infected mice with C.
parvum.

Materials and methods

Ethical consideration:

The study protocol was accepted by the Ethics
Committee of the Department of Medical
Parasitology, Faculty of Medicine and by the
Institutional Committee of Research Ethics
(approval No. 3332022).

Type of the study:

This case—control study was conducted during
the period from July 2022 to September 2022 in
the Parasitology Department, Faculty of
Medicine, Minia University, Minia, Egypt.

Preparation of C. Parvum oocysts (Source of
C. parvum and genotyping)

C. parvumoocysts were collected from
naturally infected humans. Oocysts were
concentrated by the water ether technique and
identified by modified Zeihl Neelson stain .
The purified oocysts were confirmed as C.
parvum by Nested polymerase chain reaction
(nPCR) amplification to amplify a 214-base
pair fragment of the Cryptosporidium 18S
ribosomal RNA gene encompassing the
polymorphic region between nucleotides 179
and 271. Restriction fragment length
polymorphism (RFLP) was done for the product
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of nPCR that initially digested with the
restriction  endonuclease  Tagl (Thermo
Scientific, EU, Lithuonia, #ER0671, 3000U,
Lot: 00399406, concentration: 10U/ pl,
supplied with; 1ml of 10X buffer Taqgl), then
the Tagl +ve product was digested with Asel
restriction enzyme (Thermo Scientific, Thermo
Fisher Scientific, EU, Lithuonia) to differentiate
C. hominis from C. parvum as previously
described by Gabr et al., ™. Oocysts were kept
in a BPS solution and counted using a
hemocytometer '),

Preparation of drugs:

Ginger solution: 50 gm of ginger powder was
soaked in distilled water for about 2 days to
prepare a stock solution of 100 mg/ml. The
solution was filtered through grade 1 filter
paper (Whatman UK). The solution was stored
in a sterile dark bottle at -20° ¢ until use ™. The
concentration of ginger extract was adjusted to
a final concentration of 50mg/kg body
weight/day™®. Nitazoxanide (NTZ) suspension:
It was given at a dose of 100 mg/kg to mice M.

Animals:

Fifty, eight-week-old male albino laboratory
mice, each weighing 20+5 gm., were obtained
from the experimental house, Faculty of
Medicine, Minia University. The animals had
free access to standard rodent food and water.

Experimental design:

Mice were divided into five groups (G1-G5),
ten mice each. G1 represented healthy control,
while G2 represents infected/untreated group.
G3 mice were infected/ginger-treated, G4 mice
were infected/ NTZ-treated, and G5 mice were
uninfected/ginger-treated. Each mouse in G2, 3
and 4 was infected by oral administration of 1 x
10* C. parvum oocysts! ¥ using gastric gavage.
On day 7 post-inoculation (pi), G3 and G5
received an aqueous suspension of ginger and
G4 received NTZ daily by gastric tubes 1 h
before meals for 7 consecutive days. To
determine the potency of the treatments, the
animals were given a recovery period of 7 days
at the end of the treatment period.

Follow up of mice:

Behavioral observations and mice survival:
The activity of animals in different groups and
survival were recorded every other day.

Body weight measurements:
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All animals were weighed on days 0, 7, 14 and
21(pi).

Fecal examination:

Fecal samples were collected and examined on
day 0 to exclude mice infection (not shown
data). Then fecal samples were collected every
other day starting from the second day (pi). The
number of oocysts was detected per mg of feces
using a hemocytometer.

Cytokines measurements:

Blood samples were taken from the medial
canthus on days 10 and 21. The blood was left
and then centrifuged to obtain sera. The sera
were kept at -20° C for cytokine detection. In
different study groups, a two-site sandwich
enzyme-like immunosorbent assay (ELISA) kit
according to the manufacturer’s instructions
(Wuhan Elabscience Biotechnology Co., Ltd.)
measured IFNy, IL-12, TNFa, IL-4, and IL-10
levels?,

Histopathological analysis:

All the mice were sacrificed on day 21. Small
intestine (ileum) sections were excised and
fixed in 10% formalin. The obtained tissue
sections were fixed on glass slides,
deparaffinized and stained with hematoxylin
and eosin stain. Then the sections were
examined under a light microscope at 10, 40
and 100 X magnifications 4.

Statistical analysis:

Statistical significance was determined using
Kaplan meier, Chi-square tests, and Kruskal
Wallis test. Data are presented as means +
standard error (SE) using Statistical SPSS for
Windows, issue 15.8 with P 6 .05 as significant
and P 6 .01 as very significant.

Results

Behavioral observations and survival of mice
Pathological symptoms were observed from day
7, with maximum severity on day 14 pi in the
infected untreated group (G2). Symptoms
involved lack of energy, diarrhea and stool
contamination of the back. Other groups (G1, 3,
4 and 5) did not display any pathological
symptoms.

Mice in all studied animal groups were alive till
day 13. From day 15, the survival rate of
infected/untreated (G2) mice started to decrease
until on day 21, it became 50%. It was
statistically significantly lower than the other
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groups (p value< 0.02). There was no difference
in the survival rate of mice between the
infected/ginger-treated (G3) and the infected/
NTZ-treated (G4) groups, as shown in Fig. 1.

The effect of ginger extract treatment on
body weight of mice:

On day 7, there was a significant difference in
the body weight reduction of mice of the three
infected groups (G2, G3 and G4) compared to
the healthy control group (p value <0.03).
While on days 14, and 21, the weight loss of
mice in the infected/untreated group (G2) was
statistically significant (P <0.0001 and 0.001,
respectively). There was no significant differ-
ence in body weight of mice between the
infected/ginger-treated group (G3) and the
infected/NTZ-treated (G4), as shown in Table 1

The effect of ginger extract treatment on
fecal oocyst levels:

Oocysts started to appear in stool from day 4 pi
in all infected animal groups (G2, G3 & G4)
until day 8 without any statistically significant
difference. On day 10, (3 days after starting the
treatment regimen), the number of shed oocysts
significantly decreased in both the infected/
ginger treated (G3) and the infected/NTZ
treated (G4) compared to the infected/untreated
G2 (P<0.02).

This significant difference showed more
increases on successive days (12, 14, 16, 18 and
20) (P< 0.0001). The number of shed oocysts
became nearly zero on day 20 in G3 and G4
(Table 2).

Cytokines:

On day 10, the three infected groups (G2, G3 &
G4) showed significant upregulation of
proinflammatory cytokines (IFNy, TNFa, IL12)
compared to that in healthy control group (G1)
and the uninfected/ginger treated (G5) (p value
< 0.002). While there was no statistical
difference in 1L4 and IL10 between all of them.

The infected untreated G2 showed higher
upregulation of proinflammatory cytokines
(IFNy, TNFa, IL12) compared to that in G3and
G4 (p value < 0.001, 0.001, 0.01 respectively).

On day 21 pi, G2 showed significant upregu-
lation of only TNFa compared to that in G3 and
G4 (p values <0.0001). Both G3 and G4
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showed upregulation of IL4 vs. G2 (p value
<0.0001). There was no significant change in
the levels of both [FNy and IL10 in all groups
(Fig. 2).

Histopathological examination

The healthy control group displayed normal
architecture of the villi of the ileum epithelium
(Fig. 3f). On the other hand, small intestinal
sections of infected untreated mice (G2)
showed classical cryptosporidiosis-associated
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pathological changes, including villi blunting
and ulceration, bleeding as a result of dilated
blood vessels and capillaries, lymphocytic
infiltration in the lamina propria and oedema .
C. parvum parasites were present on the brush
border (Fig. 3a, b and c). While both groups of
mice that were infected and treated by ginger or
NTZ (G3 and G4) showed improved villi
symmetry, lengthened villi, improvement in the
cellular structure of the absorptive cells, and
reduced bleeding compared to G2 with
complete absence of oocyts. (Fig. 3d and e).
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Fig.1: Survival rate of the different groups of mice.

(#) Diamonds show the data from the healthy group G1.

(w) Squires show the data from the infected untreated G2.

(A) Triangles show the data from the infected treated + Ginger G3.
(%) X-shapes show the data from the infected treated+ NTZ G4.

(*) Stars show the data from healthy taking ginger G5.

Data are presented as the mean £ SEM.
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Fig. 2: Serum cytokines on day 10 and day 21.

*: P value: <0.05, **: P value: <0.001
Il shows the data from the healthy group G1.
= shows the data from the infected untreated G2.
shows the data from the infected treated + Ginger G3
shows the data from the infected treated+ NTZ G4.
£8% show the data from healthy taking ginger G5.
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Fig. 3 Histological photos of cryptosporidiosis in intestinal sections of different study
groups of mice stained with H&E.

(a-c): Photomicrograph of intestinal section of infected untreated mice shows (a) changes in
the villi architecture, including a blunting, villi ulceration (black arrow) (X40). (b) Dilated
blood vessels and capillaries with bleeding (blue arrow), lymphocytic infiltration in the lamina
propria and several Cryptosporidium oocysts (green arrows) (X100). (c) The tips of the
microvilli were denuded (black arrow) and Cryptosporidium oocysts (green arrows) (X100).

(d, e): Photomicrograph of intestinal section of infected treated mice either with ginger and/ or
NTZ show improvement of villi symmetry, lengthened villi, improvement in the cellular
structure of the absorptive cells, reduced bleeding d (X100) and e (X40).

(f) Photomicrograph of intestinal section of healthy control shows normal mucosal walls with
average villi, crypts and submucosa.
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Table 1: Changes in the body weight of the mice of the various studied groups:

Groups/N* Day 0 Day 7 Day 14 Day 21
Healthy group 21.45+1 21.3+1.5 22.79+0.89 23.43+0.84
Infected untreated 22.18+0.6 20.54. £0.6 18.44+1.4 18.15+1.4
Infected (+ ginger) 21.81+0.6 20.23+0.8 21.47+1.4 22.08+1.4

Infected (+ NTZ) 22.39+0.9 20.89+0.91 21.76+0.92 22.5+1.3
Healthy (+ginger) 21.55+0.8 21.85+0.85 22.18+0.9 22.55+0.92

N*= 10 mice in all groups except in infected un-treated , here N equals 7 mice on day 14 and 5 mice
on days 21.
P value < 0.05 (significant).

Table 2: Cryptosporidium oocyst's shedding intensity in the stool of mice of the various studied
groups.

days post infection | 2 4 6 8 10 12 14 16 18 20
Groups
Healthy group 0 0 0 0 0 0 0 0 0 0
Infected untreated | O 19+ | 3.96+ | 8.12+ | 9.81+ | 12.77 | 15.6+ | 19+ 21.25 | 23.46
014 (013 (048 |045 |09 |06 0.5 +0.75 | 0.4
Infected ginger 0 1.87+ [ 4.01+ [ 797+ | 886 | "10.1 | 76.84 | 7241|713 | 70.23
treated 015 (014 |01 +0.68 | 3+0.2 | £0.85 | £+0.41 | £0.3 | £0.16
Infected NTZ 0 1.79+ | 4.02+ | 8.06% | 8.98+ | 9.84+ | 6.49+ | 2.13+ | 1.3+ | 0.18%
0.12 |0.17 |0.168 |0.17 |028 |022 |033 |034 |0.17
Healthy ginger 0 0 0 0 0 0 0 0 0 0
treated

*: P value: <0.05, **: P value: <0.001

N= 10 mice in all groups except in infected un-treated G2, here N equals 7 mice on day 14 and 5 mice

on days 21

Discussion

Ginger (Zingiber officinale) is one of the most
widely used spices due to its taste and
pungency. The rhizome of this plant is one of
the most commonly used medicinal herbs
because it has many pharmacological effects
such as antioxidant effect, potent antibacterial
activity™, strong antifungal activity’®®! and

anthelmintic activity™®".

In this study, by observing the pathological
symptoms, the infected untreated group (G2)
displayed lack of energy, diarrhea, and soiling
of the back area with feces, while the other
groups (G1, 3, 4 and 5) did not display any
pathological symptoms. Also, the survival rate
was significantly lower in the infected/untreated
(G2) mice (50% on day 21) than in that of the
infected/ginger-treated (G3) and the infected/
NTZ-treated (G4) ones. Our study is in accor-
dance with a study done by Fayer ' who
reported that the most significant pathological
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manifestations of cryptosporidiosis observed in
the infected animals were diminished activity
and the presence of diarrhea, weight loss, and
mortality. The absence of pathological symp-
toms and increased survival rate in the infected
ginger treated group could be attributed to
ginger's wide range of biological activities,
which include  anti-inflammatory, anti-
microbial, antioxidant and analgesic actions,
anti-parasitic effects, and gastro-protective
effects!?].

Regarding weight reduction, the infected/
untreated G2 animals experienced significant
weight loss on days 14 and 21 of the experiment
compared to that of the healthy control mice
(G1). Whereas there was no significant differ-
ence in body weight between the infected/ginger
treated (G3) and infected/NTZ treated (G4)
groups of mice. The weight loss in G2 could be
attributed to parasite multiplication and immune
response, which resulted in atrophy and
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sloughing of the upper tips of the intestinal villi,
resulting in malabsorption®!,

Infected mice treated with ginger (G3) & NTZ
(G4) showed weight gain during the treatment
period. This may be explained by ginger limited
the parasite multiplication, minimized the
parasite load and the pathology associated with
C. parvum infection. These led to better
absorption and increased appetite!®,

Our results agreed with a study done by
Shahbazi " who stated a significant reduction
in the mean body weight of infected mice
compared to that of the healthy control.

As previously reported, ginger (Zingiber
officinale) extract has anti-cryptosporidium!*®
29 anti-Toxoplasma gondii activity %, anti-
Giardia lamblia activity ®, and anti-protozoan
activity against Blastocytis ™. It also has an
antioxidant effect that enhances the immune
response, allowing the body to fight infections
naturally 2

C. parvum oocyst shedding started in all
infected groups 4 days after inoculation and
continued to increase in the infected/untreated
group (G2) throughout the duration of the
experiment. On the other hand, C. parvum-
infected mice treated with ginger and NTZ
showed a significantly decreased number of
shed oocysts until they disappeared on day 21.
The reduction and elimination of fecal oocyst
shedding in response to ginger treatment
described here may be attributable to a direct
effect on parasite growth in the intestines, the
production of the sexual stages, and/or the
formation of oocysts.  Ginger's  anti-
Cryptosporidium effect may be due to gingerols,
shogaols and phenolic compounds are the major
bioactive components present in Zingiber
officinale (ginger) (%%

Abouel-Nour and others *# reported that oocyst
shedding in ginger-treated mice decreased
gradually till it disappeared. Moreover, another
study reported a statistically significant
reduction in oocyst shedding in ginger and NTZ
treated groups till no oocysts were found at days
21 and 23 P, respectively ™,

C. parvum infection and pathogenesis are
controlled by interaction of both Thl (IFN v,
TNF o, and IL12) and Th2 (IL4 and IL10)
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cytokine responses. In the infected untreated
group, there was a significant increase in
proinflammatory cytokines in an attempt to
control infection and parasite multiplication, but
also this led to severe pathogenesis with no
significant change in the level of Th2 (anti-
inflammatory cytokines) compared to that in the
healthy control group.

Both ginger and NTZ treatments modulate
immune responses. In the early stage of
infection, G3 and G4 showed a significantly
lower level of Thl cytokines (IFN y, TNF a and
IL12) compared to that of the G2 to control
infection. Later, more balanced responses
through Th2 cytokines (IL4) occurred, which
increased significantly to limit intestinal
pathology and facilitate cure. This result
matches that of Abouel-Nourand others [*®!
(except that they measured IL5 as a Th2
cytokine) and Fawzy and others %

Many medicinal plants and drugs have been
tested on C. parvum infection, primarily through
immune response modulation, as they reduce
TH1 cytokines (pro-inflammatory cytokines)
and increase anti-inflammatory cytokines (IL4,
IL5, or IL10). This immune response matches
the immune response in this experiment %,

Ginger had a therapeutic effect in many
disorders by modulating immune response by
decreasing proinflammatory cytokine secretion
(IFNy, TNF a, IL6, IL12, IL17) and increasing
anti-inflammatory (IL4, IL5 & IL10) cytokines
%8, 34 " Also, 6-gingerol showed efficacy in the
treatment of DSS-induced ulcerative colitis in
mice ¥ and against chemical induced cutaneous
inflammation ¢

Many medicinal plants and drugs have been
tested on C. parvum infection, primarily through
immune response modulation, as they reduce
TH1 cytokines (pro-inflammatory cytokines)
and increase anti-inflammatory cytokines (IL4,
IL5, or IL10). This immune response matches
\3/;/]ith the immune response in this experiment *®
Regarding histopathological examination, the
infected/untreated group (G2), showed sub-
epithelial cell edema, bleeding, atrophy and
sloughing of the upper tips of the intestinal villi
of the ileum with inflammatory cell infiltration.
These pathological changes can be attributed to
the multiplication of the parasite, secreted
toxins, increase of the levels of proinflammatory
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cytokines, causing an asymmetrical loss of
epithelial cells resulting in shortening and fusing
of the villi. Toxins secreted by C. parvum that
directly damage epithelial cells B,

Both the infected/ginger-treated group (G3) and
infected /NTZ -treated group (G4), showed
obvious improvement in the villi symmetry,
length and the cellular structure of the
absorptive cells with reduced bleeding. This
may be explained by ginger has many
compounds such gingerols and shogaols and
phenolic compounds which might block or
compete for receptor sites on the intestinal
surface, which leads to a reduction in C. parvum
colonization ¥ or the inhibitory effect of
immunomodulation on parasite growth and
multiplication ®%. Similar findings were found
in studies conducted by Abouelsoued and others
4land Abouel-Nour and others 12,

Conclusions

The potency of aqueous suspensions of ginger in
the treatment of C. parvum has been recognized
in all measurement parameters used in this
study. Infected mice that were treated with
ginger showed continuous weight gain and
improved intestinal histopathology throughout
the course of the experiment. Furthermore,
ginger-treated mice stopped shedding fecal
oocysts by day 21. These data presented here
indicate that ginger is a promising natural
treatment for cryptosporidiosis.
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