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Abstract
Giardia lamblia is one the most common human zoonotic protozoan affecting about 200 million people annually, but recurrent symptoms and drug resistance were reported in giardiasis patients. The present study assessed the therapeutic effect of Tomex® and probiotics against giardiasis as well as evaluated efficacy of chitosan nanoparticles and metronidazole. Sixty healthy male hamsters were divided
into 6 groups. Each group consists of 10 hamsters as following: GI non-infected hamsters, GII infected
control, GIII, GIV, GV & GVI infected with G. lamblia and treated with tomex, probiotics, chitosan
nanoparticles (CsNPs), and metronidazole (MTZ) respectively. Hamsters were orally infected with
10,000 Giardia cysts. After 3 weeks stool samples were examined for Giardia samples and contents
for intestinal histopathology and electron microscopy of Giardia trophozoite ultrastructure. The highest reduction in Giardia cyst and trophozoite were in hamsters received MTZ but with natural alternative therapies chitosan nanoparticles showed a therapeutic effect with highest reduction in cyst and
trophozoite counts (80.59% & 76.55%) respectively and best recovery in intestinal pathology. MTZ
gave higher reduction rates (91.04% & 90.75%) respectively with normal intestinal histopathology.
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reported with them (Bansal et al, 2006; Tejman-Yarden et al, 2011). Great efforts were
done to developdrug against giardiasis with
least side effects (Muller et al, 2018).
Chitosan, is a natural amino polysaccharide (cationic polysaccharide), produced by
alkaline deacetylation of chitin present in the
shells of insects and murine crustacean, with
a wide range of antimicrobial and antifungal
activity plus reducing toxicity to mammalian
cells (Kumar, 2000; Said et al, 2012). Polymeric nanoparticles of synthetic and natural
polymers have received the majority of value due to the stability and facility of surface
modified, chitosan nanoparticles (CsNPs)
produced mild protection in giardiasis treatment (Said et al, 2012).
Argüello-García et al. (2018) found that
Allium sativum (garlic) proved effective in
treated giardiasis. Its efficacy was due to
anti-oxidant effect (Prasd et al, 1995).
Probiotics therapy also have attracted attention as a potential substitute alone or as
combined therapy against Giardiasis due to
their powerful activity, stability and low toxicity to humans and other mammal hosts
(Hagel et al, 2011). Tangtrongsup and Scorza (2010) approved that, Probiotics interfere

Introduction
Giardia lamblia was firstly reported in
1681 by Van Leeuwenhoek (Magill et al,
2013), since it was considered the commonest human zoonotic protozoan affecting
about 200 million people annually (Pecková
et al, 2018). Giardiasis patients may be asymptomatic or present with dehydration-causing diarrhea and abdominal discomfort,
producing chronic diarrhea in malabsorption, and weight loss contributed to increased
mortality of malnourished and immune deficient children especially on first 3 years of
life (Cotton et al, 2011). G. lamblia presented in one of two forms, either infective quadrinucleated cysts or trophozoites attached
to mucosal epithelium of small intestine causing different mucosal inflammations (Ankarklev et al, 2010). Giardiasis patients must
be treated with anti-giardial drugs and to
stop passage of infective cysts in the environmental (Dyab et al, 2016).
Update metronidazole (1- -hydroxyethyl2-methyl-5-nitroimidazole) is widely used to
treat; G. lamblia, Entamoeba histolytica, Trichomonas vaginalis and Blastocystis spp.
(Mirza et al, 2011; Leitsch et al, 2011). Recurrent symptoms and drug resistance were
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with G. lamblia infection through different
mechanisms, including competition for limited adhesion sites, competition for nutrients
with G. lamblia. Perrucci et al. (2019) suggested blending the nutritional interventions
like probiotics in treating and minimizing
giardiasis signs and symptoms.
The present work aimed to assess the therapeutic effect of garlic (Tomex tablets),
prob-iotics and chitosan nanoparticles versus
Metronidazole (Flagyl tablets) in giardiasis
by evaluating Giardia infection intensity,
jejunum histopathological changes and ultrastructural changes of Giardia trophozoites
in experimentally infected hamsters.
Material and Methods
Experimental animals: Sixty healthy laboratory bred male Syrian hamsters (Mesocricetus auratus) weighted 100-110gm were used. They were kept on standard diet of 24%
protein, 4% fat and about 4-5% fiber, water
ad-libidum and under a temperature of 24 oC
in animal house of Theodor Bilharz research
institute (TBRI).
Ethical consideration: Approval was taken from the institutional review board
(IRB), Faculty of Medicine Zagazig University, Official permission from Authorities of
Pediatrics Department of Zagazig University
and Informed consents were taken from parents of all the children.
Hamsters were maintained following the
research protocols following the NIH guide
for care and use of laboratory animals approved by TBRI ethics committee.
Giardia lamblia and hamsters infection:
Fresh stool samples containing at least 3-5
G. lamblia cysts and free from other parasites, were obtained from patients attended
outpatient clinic, Pediatric Department of
Zagazig University Hospital.
Stool samples were processed (Aly et al,
2013) to obtain the infecting dose 10,000
cysts/ml. Each hamster except those of GI
was orally infected with 1ml of G. lamblia
cyst suspension containing 10,000 cysts, using esophageal tube.
Experimental design: Hamsters were divi-

Ded into six groups of 10 hamsters each as
followed: GI: non-infected and non-treated,
GII: infected and non-treatment, GIII: infected and treated with Allium sativum (Garlic) Tomex tablets 200mg given orally in
aqueous suspension, as a single daily dose of
1.04mg/0.2ml/hamster for 14 days started
from 7th day post infection (Paget and Barnes, 1964), GIV (Probiotic): infected and
treated with commercial potent Acidophilus
capsules (GNC, Saudia Arabia) each contained a mixture of 50 million live probiotic
bacteria: Lactobacillus acidophilus, L. bulgaricus, L. sylvarius, L. brevis and Bifidobacterium bifidum were given orally in aqueous
suspension in a single daily dose of 130.000
bacteria/0.2ml/hamster for 14 days started
on 7th day post infection (Paget and Barnes,
1964). GV (CsNPs): infected and treated
with chitosan nanoparticles suspension in a
dose of 50µg/hamster/day for 7 consecutive
days (Said et al, 2012). GVI: infected and treated with full dose of metronidazole (MTZ)
suspension 125mg (Sanofiaventis Pharmaceutical, Cairo) purchased in a dose (7ml/ hamster/day) for 7 consecutive days (Ammar
et al, 2014).
CsNPs preparation and characterization:
CsNPs were prepared using ionic gelation
technique. Chitosan (Cs) was dissolved in
1% acetic acid solution with sonication, until
solution appeared transparent. Sodium hydroxide was added to raise PH to get 4.6-4.8.
Tripolyphosphate (TPP) as 1mg/ml was prepared by dissolving of TPP in distilled water. The acidic chitosan solution (0.3%) was
added to an equal volume of TPP solution,
with magnetic stirring at room temperature,
and formation of CsNPs was spontaneously
obtained. Nanoparticles were purified by centrifugation at 10.000rpm for 30min at 4°C,
followed by supernatant removal and CsNPs
were rinsed via distilled water for removal
of any sodium hydroxide. These nanoparticles were at 4-8°C till used (Elzatahry and
Mohy-Eldin, 2008).
Using photon correlation spectroscopy and
laser Doppler measurements of size of nano623

particles and zeta potential were done on fresh samples with an average size of 20±5nm

es and degree of mucosal healing (Slaoui
and Fiette, 2011).
TEM: This was done at electron-microscope

Half the hamsters were sacrificed on 10th
day PI to study ultrastructure changes, and
second half was sacrificed on 21st day PI.
Euthanasia was done by intraperitoneal anesthesia using thiopental sodium as 1gm in 20
ml distilled water/hamster (Ammar et al,
2014).
Parasitological drug evaluation: Three weeks post infection feces were collected for
copro-parasitological examination using direct smear method (unstained and Lugol's
iodine stained) to detect G. lamblia cysts.
Two weeks treatment, feces were collected
from hamsters for cyst counting using merthiolate iodine formaldehyde (MIF) as 1gm
for parasites number by a hemocytometer
(Aly et al, 2013).
Histopathological evaluation: After hamsters scarification, three segments of 1cm each were cut at a distance of 5, 15 & 25cm
from gastroduodenal junction, stained with
hematoxylin-eosin and examined for chang-

unit Mansoura University. Intra-intestinal trophozoites of all groups were collected on 10th day
PI. Specimens of jejunum upper part were fixed
in 2.5% Glutaraldehyde (Polysciences), 4% sucrose in 0.1 mol/L sodium cacodylate buffer (pH
7.2) for 1hr, post-fixed in 1% Osmium tetroxide (Polysciences) & 0.8% Potassium ferricynide
in same buffer for 40min, dehydrated in acetone
series, and embedded in Polybed resin (Polysciences). Blocks were sectioned by ultra-microtome
using diamond knives and examined at accelerating voltage 80KV (Smith and Croft, 1991).
Statistical analysis: Data were triplicated 3 times, and analyzed (ANOVA) P values below
0.05 were significant. Percentage reduction
(%R) in parasite count was calculated as: %R=
100 (C-E)/ C, where C: control hamsters and E:
experimental ones (Penido et al, 1994).

Results
Mean number and percentage reduction of
Giardia cysts and trophozoites per gram
stool showed a significant difference among
groups (P < 0.001) as in (Tab. 1).

Table 1: Percentage reduction of Giardia trophozoite and cyst count per gram stool among groups
Items
Trophozoite count/ H.P.F in small intestine
Cyst count/ H.P.F per gram stool
Mean ± SD
R%
Mean ± SD
R%
GII
362.5±16
13400 ± 1300
G III
168.5 ± 30.8
53.51%
6250 ± 1075
53.35%
G IV
196 ± 45
45.9%
6800 ± 985.6
49.25%
GV
85 ± 9.75
76.55%
2600 ± 873.3
80.59%
GVI
33.5 ± 5.6
90.75%
1200 ± 410.3
91.04%
F
1396.7
283.06
P
< 0.001
< 0.001
SD: Standard deviation
F: ANOVA test
(P<0.001): Highly significant
Table 2: Percentage of goblet cell count and reduction in inflammatory cell count / H.P.F in groups
Items Inflammatory cell count/H.P.F
(R%)
Goblet cell count/H.P.F
GI
22.25 ± 3.5
12.4 ± 1.5
GII
90.2 ± 4.25
3.8 ± 2.2
GIII
48.7 ± 6.2
46%
6.2 ± 2.5
GIV
58.4 ± 3.6
35.25%
4.7 ± 1.4
GV
40.5 ± 5.0
55.1%
4.7 ± 2.3
GVI
20.75 ± 2.5
77%
8.5 ±1.5
F
238.86
280.37
P
< 0.001
< 0.001

Histopathological examination of small
intestinal sections showed significant difference (P < 0.001) in goblet cell count/ H.P.F
among groups, with significant difference (P
< 0.001) in inflammatory cell counts/H.P.F
in small intestinal sections (Fig 1- 6). In

normal intestinal histopathology (Fig.1), GII
showed marked changes in form of villous
shortening and degeneration, decreased ratio
of villous height to crypt length and diffuse
loss of brush border (Fig. 2a,b).
After therapeutic treatment, GIII & GIV
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showed mild improvement in histopathological changes, as intestinal mucosa was partial healed with mild villous shortening and
no marked decrease in ratio of villous height
to crypt length (Fig. 3a, b & Fig. 4a, b). GV
showed a moderate degree of improvement
in form of mild mucosal ulceration and preservation of brush border (Fig.5a, b). GVI
showed highest improvement degree as marked healing intestinal mucosa, no mucosal
ulceration, preservation of brush border, average villous architecture and preserved ratio
of villous height to crypt length (Fig. 6a,b).
TEM: Infected control luminal trophozoite
(Fig.7a) was normal shaped with a lot of peripheral vesicles beneath cell membrane mainly in dorsal surface. Cytoplasm contained
two nuclei. Flagellae consisted of nine pairs
of peripheral microtubules encircling one
central pair (9+2). Ventral disk composed of
microtubules layer underlying plasma membrane. Part of ventro-lateral flange and lateral crest surrounding ventral disk was supported by striated marginal plates.
GIII showed evident changes in all morphology and cytoplasm of luminal trophozoite
treated with tomex, as shape distortion with
irregular appearance, smaller peripheral vesicles number beneath dorsal plasma membrane, nuclei completely disintegrated, and
adhesive disk was seriously affected with
some flagellae (Fig. 7b). GIV showed changes in all morphology and cytoplasm of luminal trophozoites treated with probiotics,
as peripheral vesicles disappearance beneath
dorsal plasma membrane and nuclear changes, disruption of Giardia cell membrane,
loss of flagellar normal integrity, ventral disk, ventro-lateral flange and lateral crest microtubules (Fig.7c). GV showed luminal trophozoites treated with chitosan nanoparticles
changes in all morphology and cytoplasm, as
smaller peripheral vesicles number beneath
dorsal plasma membrane and nuclear changes, loss of flagellar normal integrity and ventral disk microtubules, ventro-lateral flange
and lateral crest microtubules were notably
altered (Fig.7d).

GIV showed evident changes in all morphology and cytoplasm of luminal trophozoite
treated with metronidazole, as distortion shape with ovoid and irregular appearance,
lack of peripheral vesicles beneath dorsal plasma membrane, complete disintegration of
nuclei, and adhesive disk and fagellae was
bad affected with parasite as luminal ghost
appearance (Fig.7e).
Discussion
Giardia lamblia is one of the commonest
zoonotic protozoa, causing diarrhea in millions of people worldwide (Tian et al, 2010).
Giardiasis infection in man was an increase
ng problem especially in developing countries (Gholami et al, 2014).
Metronidazole, albendazole and mebendazole were used for giardiasis (Plummer et al,
2001), with metronidazole as drug of choice
in the last decades (Buret 2008). But, failure
due to gastrointestinal disturbances, headache and neurotoxic effects increased parasite
resistance (Andrade et al, 2010). Srivastava
et al. (2009) declared that medicinal plants
or herbal remedies were alternative drugs.
In the present study, among the natural
studied agents chitosan nanoparticles treated
group showed the highest percentage reduction in both cyst and trophozoite counts in
hamsters (80.59% & 76.55%) respectively.
Goy et al. (2009) reported that chitosan nanoparticles only hindered Giardia parasites
growth rather than killing them. Divya et al.
(2017) found that chitosan nanoparticles
have a higher anti-giardiasis activity due to
the interaction between polycationic chitosan and negatively charged parasite surface,
and the large surface area of chitosan nanoparticles facilitated its tight adherence to its
surface. Yarahmadi et al. (2016) and Chabra
et al. (2019) assessed the validity of chitosan nanoparticles in treating experimental G.
lamblia infection, found reduction of Giardia cysts and trophozoites number in stool
compared to infected untreated control, and
recommended CsNPs as a safe, effective alternative therapy for giardiasis.
In the present study, tomex® treated hams625

ters showed high reduction percentages in
cyst and trophozoite counts in infected intestines (53.35% & 53.51%) respectively as compared to control infected ones. The mechanism by which garlic inhibited cyst shedding was due to the sulphur-containing compounds especially allicin, that showed a variety of antigiardial activities (Ankri and Mirelman 2009). Sanad and Al-Ghabban (2011)
found that Giardia infected mice treated
with fresh crushed garlic cloves caused significant reduction (P<0.001) in infection intensity and reduced cyst shedding. Increased
doses of garlic cloves alcoholic extract gave
more active in reduction of trophozoites in
stool of mice (Abid Al-Khfaji, 2017).
In the present study, probiotics treated hamsters showed (49.25% & 45.9%) reduction
of cyst and trophozoite counts respectively.
This was attributed to interference with parasite enterocyte interactions (Bibiloni et al,
1999), modulation of immune response (Haller et al. 2000), probiotics bacteria exocellular factors (Lievin-Le et al, 2002), gave a
better intestinal environment to inhibit trophozoites adhesion to the mucus epithelium
(Koji, 2005).
Shukla et al. (2008) found that daily administration of Lactobacillus casei simultaneously with a single dose of 5×106 trophozoites in mice for 30 days significantly reduced
their number in gut. Shukla et al. (2019)
found that given Lactobacillus casei, and albendazole significantly reduced cysts and
trophozoite in counts of intestinal fluid.
In the present study, MTZ treated hamsters
showed the highest reduction in both cyst
and trophozoite counts (91.04% & 90.75%)
respectively. This agreed with Fahmy et al.
(2014) who gave metronidazole in a dose of
120µg/kg, twice per day for 5 days to infected hamsters and found 92.15% reduction in
trophozoite count as compared to infected
control ones. Dyab et al. (2016) reported
that using of metronidazole in a dose of 15
mg/kg/day to infected mice for 7 days gave
complete disappearance of cyst and trophozoites from small intestinal content. So, met-

ronidazole acted against giardiasis by DNA
damage, strand breaking and crosslinking or
by causing many genes modification that participated in mitosis completion (Plummer et
al, 2001) or inhibited parasite oxygen consumption (Gardner and Hill 2001).
On the contrary, this disagreed with Lemée et al. (2000) in France assessed metronidazole susceptibility of 11 clinical isolates G.
lamblia using a neonatal mouse model and
found clinical resistant to metronidazole.
Nash et al. (2001) reported that metronidazole failed in some cases, in spite of receiving successive treatment courses.
In the present study, histopathological changes were improved in treated hamsters as
compared to infected untreated control ones.
Besides, the use of chitosan nanoparticles
and metronidazole showed best cure evidence as compared to other natural agents.
In the present study, infected control hamsters G. lamblia affected the architecture of
intestinal mucosa in the form of villi shortening, broadening and blunting with altered
villous/crypt ratio and lamina propria infiltration with inflammatory cells. Mahmoud et
al. (2014) reported that villi of G. lamblia
infected and untreated hosts showed shortening, atrophy and villi fusion led to blunting
with desquamation of most villi, heavily infiltrated lamina propria and aggregated lymphocytes with necrosis of some enterocytes.
In the present tomex® treated hamsters, jejunal mucosa showed thickening of villi
with flattening of enterocytes surface, reduction (46%) of infiltrating inflammatory cells
in lamina propria. An ultimate immune function mediator within cell was toxic to Giardia (Eckmann et al, 2000). Capasso (2013)
added that the anti-giardial efficacy of garlic
in vivo was due to stimulated nitric oxide
synthase (NOS).
In the probiotics treated ones, histopathological examination of jejunal mucosa showed marked broadening, shortening and villi
fusion with villous/crypt ratio 2/1 in some,
and decrease in inflammatory cell infiltrate
in lamina propria but a least of 35.25% was
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zoites in all treated hamsters at the 10th day
post infection with evident distortion in its
shape indicating diffusion of treating agents
through the cell surface, flagellae and ventral disk was affected with misshaping nuclei by DNA affection.
In the present study, Tomex caused trophozoite mild swelling with loss of flagellae.
This agreed with Miron et al. (2000) who
found that disk fragmentation was due to
direct allicin action on parasite DNA and
Harris et al. (2001) who found in vitro effect
of whole garlic on G. lamblia trophozoites.
Argüello-García et al. (2018) reported that
in vitro incubation of trophozoites with several thioallyl compounds from fresh crushed
aqueous garlic extracts led to a complete integrity loss of plasma membrane, marked
destruction of cytoplasmic contents, but ventral disk cytoskeletal elements and flagellae
remained structurally unaltered.
In this study, probiotics showed little changes in cellular architecture of trophozoites
with less cell membrane distortion. This partially agreed with Perez (2001) who found
that trophozoites in vitro treated with L. acidophilus had a cellular damage by SEM, and
that trophozoites were unable to grow. Amer
et al. (2014) found that oral inoculation of L.
acidophilus &
probiotic strains
in a dose of 50µg/mouse for 5 successive days caused marked changes in cellular architecture of trophozoites with adhesive disk &
cytoplasmic components distortion. Perrucci
et al. (2019) found that G. lamblia trophozoites treated with commercial Slab51 supernatant probiotics for 24hrs ex-vivo gave
variations of cellular membrane and with a
vacuolar degenerative form, damaged nuclei
and ventral disk rupture.
In the present study, chitosan nanoparticles
treated hamsters showed marked trophozoites ultrastructural changes. This agreed with
Choi and Hu (2008) who found nanoparticles interaction with parasites surface. Saad et
al. (2015) by SEM found that Cryptosporidium parvum cysts treated with silver & copper oxide nanoparticles showed many struct-

among them. Arvola et al. (1999) found that
probiotics modulated the cytokines release
that played a central role in the defense mechanism. Also, Shukla et al. (2019) and Perrucci et al. (2019) reported that in Giardia
infected mice, Lactobacillus casei reduced
villous atrophy and infiltrating inflammatory
cells in the small intestinal tissue. These results showed the antigiardial effect of probiotics particularly L. casei, by modulating the
gut cells inhibited in-vivo colonization and
multiplication of trophozoites and reduced
pathogenicity. In the present study, histopathologically chitosan nanoparticles treated
hamsters sho-wed partial healing of mucosa
with mild villous shortening, without
marked decrease in villous height ratio to
crypt length and mild improvement of goblet
cell count with 55.1% reduction of inflammatory cellular infiltration.
Ahmed and Aljaeid (2016) reported that
CsNPs showed significant effect against local GIT diseases and intestinal disinfection.
Wardani et al. (2018) found that chitosan
nanoparticles improved GIT mucosal epithelial cells necrosis caused by toxic agents. Hu
et al. (2011) rep-orted that chitosan nanoparticles produced cellular oxidative stress by
increasing reactive oxygen compounds associated with cytotoxicity to various cells including mucosal epithelium.
In the present study, metronidazole showed histopathological improvement in partially healed small intestinal mucosa with
mild improvement goblet cells count mild
shortening of villi and mild decrease in the
ratio of villous height to crypt length. Also,
lamina propria showed reduction of inflammatory cellular count (77%). This agreed
with Leffler and Lamont (2009) reported
that metronidazole has anti-inflammatory,
anti-oxidant and immunomodulatory effect
especially in intestinal lumen. Ammar et al.
(2014) who found healing of small intestinal
mucosa and mild inflammatory reaction in
lamina propria after metronidazole administration to infected hamsters. Besides, many
ultra-structural changes occurred in tropho627
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In the present study, by ultra-structure metronidazole showed complete trophozoite distortion with ghost appearance by nitrogroup reduction in drug by ferrodoxins electrons with subsequent drug activation due to
the DNA molecules of Giardia trophozoite.
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Conclusion
Among the natural alternative therapies
against giardiasis chitosan nanoparticles
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well as the best recovery in intestinal pathology but metronidazole gave high reduction rates (91.04% & 90.75%), respectively
with nearly normal intestinal histopathology.
Conflict of interest: Authors neither have
conflict of interest nor received fund
References
Abid AL-Khfaji, MS, 2017: Antigiardial activity of garlic (Allium sativum) on white mice. J.
Babylon Univ./Pure Appl. Sci. 25, 3:1105-10.
Ahmed, TA, Aljaeid, BM, 2016: Preparation,
Characterization, and potential application of chitosan, chitosan derivatives, and chitosan metal
nanoparticles in pharmaceutical drug delivery.
Drug Design Develop. Thera. 10:483-507.
Aly, MM, Shalaby, MA, Attia, SS, El Sayed, S
H, Mahmoud, SS, 2013: Therapeutic effect of
Lauric acid, a medium chain saturated fatty acid
on Giardia lamblia in experimentally infected
hamsters. Parasitol. Unit. J. 6, 1:89-98.
Amer, EI, Mossallam, SF, Mahrous, H, 2014:
Therapeutic enhancement of newly derived bacteriocins against Giardia lamblia. Exp. Parasitol.
146:52-63.
Ammar, IA, Mahmoud, SS, El Hefnawy, NN,
2014: Effect of ginger on hamsters infected by
Giardia lamblia. J. Environ. Stud. Res. 1, 1:4556.
Andrade, EC, Leite, ICG, Rodrigues, VO,
Cesca, MG, 2010: Parasitoses intestinais: Uma revisão sobre seus aspectos sociais, epidemiológic-

628

activity. Fibers Polym. 18, 2:221-30.
Dyab, AK, Yones, DA, Ibraheim, Z, Hassan,
TM, 2016: Anti-giardial therapeutic potential of
dichloromethane extracts of Zingiber officinale
and Curcuma longa in vitro and in vivo. Parasitol. Res. 115, 7:2637-45.
Eckmann, L, Laurent, F, Langford, TD, 2000:
Nitric oxide production by human intestinal epithelial cells and competition for arginine as potential
determinants of host defense against lumen-dwelling pathogen Giardia lamblia. J. Immunol. 164:
1478-87.
Elzatahry, AA, Mohy-Eldin, MS, 2008: Preparation and characterization of metronidazole-loaded chitosan nanoparticles for drug delivery application. Polym. Adv. Technol. 19, 12:1787-91.
Fahmy, ZH, Aly, E, Shalsh, I, Mohamed, A
H, 2014: The effect of medium chain saturated
fatty acid (monolaurin) on levels of the cytokines on experimental animal in Entamoeba histolytica and Giardia lamblia infection. Afri. Pharm.
Pharmacol. 8, 4:106-14.
Gardner, TB, Hill, DR, 2001: Treatment of giardiasis. Clin. Microbiol. Rev. 14, 1:114-28.
Gholami, S, Azadbakht, M, Hezarjaribi, HZ,
Esboei, BR, 2014: Antigiardial activity of chloroformic extract of Tanacetum parthenium & Artemisia annua in vitro. Res Mol. Med. 2:45-50.
Goy, RC, De-Britto, D, Assis, OBG, 2009: A review of the antimicrobial activity of chitosan. Polimeros 19, 3:241-7.
Hagel, I, Cabrera, M, Puccio, F, Santaella, C,
Buvat, E, et al, 2011: Co-infection with Ascaris
lumbricoides modulates protective immune responses against Giardia duodenalis in school Venezuelan rural children. Acta Trop. 117, 3:189-95.
Haller, D, Blum, S, Bode, C, Hammes, WP,
Schiffrin, EJ, 2000: Activation of human peripheral blood mononuclear cells by nonpathogenic bacteria in vitro: evidence of NK cells as primary targets. Infect. Immun. 68:752-9.
Harris, JC, Cottrell, SL, Plummer, S, Lioyd,
D, 2001: Anti-microbial properties of Allium sativum (garlic) Appl. Microbiol. Biotechnol. 57:
282-6.
Hu, YL, Qi, W, Han, F, Shao, JZ, Gao, JQ,
2011: Toxicity evaluation of biodegradable chitosan nanoparticles using a zebrafish embryo
model. Inter. J. Nanomed. 6:3351-9.
Koji, N, 2005: Prevention of infection by probiotics. J. Biosci. Bioeng. 100, 6:583-92.
Kumar, MNV, 2000: A review of chitin and

chitosan applications. React. Funct. Polym. 46,
1:1-27.
Leffler, DA, Lamont, JT, 2009: Treatment of
clostridium difficile-associated disease. Gastroenterology 136:1899-912.
Leitsch, D, Burgess, AG, Dunn, LA, Krauer,
KG, Tan, K et al, 2011: Pyruvate: ferredoxin
oxidoreductase and thioredoxin reductase are invlved in 5-nitroimidazole activation while flavin
metabolism is linked to 5-nitroimidazole resistance in Giardia lamblia. J. Antimicrob. Chemother. 66:1756-65.
Lemée, V, Zaharia, I, Nevez, G, Rabodonirina, M, Brasseur, P, et al, 2000: Metronidazole
and albendazole susceptibility of 11clinical isola
tes of Giardia duodenalis from France. J. Antimicrob. Chemother. 46, 5:819-21.
Lievin-Le, MV, Amsellem, R, Servin, AL, Coconnier, MH, 2002: Lactobacillus acidophilus
(strain LB) from the resident adult human gastro
intestinal microflora exerts activity against brush
border damage promoted by a diarrheagenic Escherichia coli in human enterocyte-like cells.
Gut 50:803-11.
Magill, AJ, Hill, DR, Solomon, T, Ryan, ET,
2013:
ing Infectious Disease. 9th Ed. Saunders, an imprint of Elsevier Inc. USA.
Mahmoud, A, Attia, R, Said, S, Ibraheim, Z,
2014: Ginger and Cinnamon: Can this household remedy treat giardiasis? Parasitological and
histopathological studies. Iran. J. Parasitol. 9, 4:
530-40.
Miron, T, Rabinkov, A, Mielman, D, Wilchek, M, Weiner, L, 2000: The mode of action of
allicin: Its ready permeability through phospholipids membranes may contribute to its biological
activity. Biochem. Biophys. Acta 1463:20-30.
Mirza, H, Wu, Z, Kidwai, F, Tan, KS, 2011:
A metronidazole-resistant isolate of Blastocystis spp. is susceptible to nitric oxide & downregulates intestinal epithelial inducible nitric oxide
synthase by a novel parasite survival mechanism. Infect. Immun. 79:5019-26.
Müller, J, Hemphill, A, Müller, N, 2018: Physiological aspects of nitro drug resistance in Giardia lamblia. Int. J. Parasitol. Drugs Drug Resist. 8, 2:271-7.
Nash, TE, Ohl, CA, Thomas, E, Subramanian, G, Keiser P, et al, 2001: Treatment of patients with refractory giardiasis. Clin. Infect. Dis.
33, 1:22-8.

629

Paget, GE, Barnes, JM, 1964: Interspecies dosage conversion scheme in evaluation of results
and quantitative application in differentspecies:
Evaluation of drug activities. Pharmacometrics
1:160-2.

lus casei as a probiotic on modulation of giardiasis. Digest. Dis. Sci. 53, 10:2671-9.
Shukla, G, Sharma, A, Bhatia, R, Sharma, M,
2019: Prophylactic potential of synbiotic (Lactobacillus casei and Inulin) in malnourished murine giardiasis: An immunological and ultrastructural study. Probiot. Antimicrob. Prot. 11, 1:16574.
Slaoui, M, Fiette, L, 2011: Histopathology procedures: From tissue sampling to histopathological evaluation. In: Drug Safety Evaluation,
Methods in Molecular Biology (Methods & Protocols).Gautier, JC (ed.) Vol. 691: Humana Press
Inc, Totowa, New Jersey, USA.
Smith, M, Croft, LS, 1991: Embedding and thin section preparation. In: Electron Microscopy
in Biology, a Practical Approach. Rickwood, D,
Harris, BD (eds.) IRL Press, Oxford.
Srivastava, SK, Naresh, B, Hema, P, 2009: Traditional insect bioprospecting as human food &
medicine. Ind. J. Tradit. Knowl. 8, 4: 485-4.
Tangtrongsup, S, Scorza, V, 2010: Update on
the diagnosis and management of Giardia spp.
infections in dogs and cats. Top. Comp. Anim.
Med. 25:155-62
Tejman-Yarden, N, Millman, M, Lauwaetm,
T, et al, 2011: Impaired parasite attachment as
fitness cost of metronidazole resistance in Giardia lamblia. Antimicrob. Agen. Chemother. 55,
10:4643-51.
Tian, H, Chen, B, Wen, J, 2010: Giardiasis,
drug resistance and target discovery. Infect. Disord. Drug Targ. 10:259-302
Wardani, G, Eraiko, K, Koerniasari, K, Sudjarwo, SA, 2018: Protective activity of chitosan
nanoparticle against cadmium chloride induced
gastric toxicity in rat. J. Young Pharm. 10, 3:
303-7.
Yarahmadi, M, Fakhar, M, Ebrahimzadeh,
MA, Chabra A, Rahimiesboei, B, 2016: Antigiardial effectiveness of fungal and commercial
chitosan against Giardia intestinalis cysts in vitro. J. Parasit. Dis. 40, 1:75-80

et al, 2018: Effect of piper beetle on
Giardia intestinalis infection in vivo. Exp. Parasitol. 184:39-45.
Penido, MLO, Nelson, DL, Vieira, LQ, Coelho, PMZ, 1994: Schistosomal activity of alkyl
aminooctanethiosulfuric acids. Mem Inst Oswaldo Cruz 89, 4:595-602.
Perez, PF, 2001: Inhibition of Giardia intestinalis by extracellular factors from lactobacilli: An
in vitro study. Appl. Environ. Microbiol. 67:
5037-42.
Perrucci, S, Fichi, G, Ricci, E, Galosi, L, Lalle, M, Rossi, G, 2019: In vitro and ex vivo evaluation of the anti-Giardia duodenalis activity 5
of the supernatant of Slab51 (Sivo-Mixx). PloS
One 14, 3:e0213385.
Plummer, S, Harris, J, Lloyd, D, 2001: Antigiardial drugs. Appl. Microbiol. Biotechnol. 57:
614-9.
Prasd, K, Laxdal, VA, Yu, M, Raney, BL, 1995:
Antioxidant activity of allicin, an active principle
in garlic. Mol. Cell Biochem. 148: 183-9.
Saad, AHA, Soliman, MI, Azzam, AM, Mostafa, AB, 2015: Antiparasitic activity of silver
and copper oxide nanoparticles against Entamoe
ba histolytica and Cryptosporidium parvum
cysts. J. Egypt. Soc. Parasitol. 45, 3:593-602.
Said, DE, ElSamad, LM, Gohar, YM, 2012:
Validity of silver, chitosan, and curcumin nanoparticles as anti-Giardia agents. Parasitol. Res.
111, 2:545-54.
Sanad, MM, Al-Ghabban, AJ, 2011: Therapeutic efficacy and in vivo Giardia lamblia morphological alterations induced by some naturrphological alterations induced by some natural medicinals. Res. J. Biol. Sci. 6, 6:263-71. Shukla, G,
Devi, P, Sehgal, R, 2008: Effect of Lactobacil

Explanation of figures
Fig. 1: Intestinal cut section in GI (normal control) showed normal villi with average number of goblet cells and in
flammatory cells in lamina propria (H&E, 400x).
Fig. 2: H&E stained intestinal cut section in GII showed shortened and fused broad villi (black arrow) with crypt hyperplasia
showed marked inflammatory cells infiltration in lamina propria (yellow
arrow) with goblet cells depletion (blue arrow) and ulceration of intestinal epithelium (red arrow).
Fig. 3: H&E stained intestinal cut section in GIII showed
Fig. 4: H&E stained intestinal cut section in GIV showed
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Fig. 5: H&E stained intestinal cut section in GV showed

ld inflammatory cells infil-

Fig. 6: H&E stained intestinal cut section in GVI showed
ation (yellow arr
Fig. 7a: TEM section of luminal G. lamblia trophozoite of control non-treated (GII) showed intact cell membrane, normal
flagellar (F) microtubules (9+2) ,a normal shape of nucleus (N) and ventral disk microtubules (VD) with preserved lateral
crest (LC)and ventro- lateral flange .
Fig. 7b: TEM section of luminal G. lamblia trophozoites of tomex treated (GIII) showed distortion of cell shape, destruction
of ventral disk (VD) and flagellar (F) microtubules, Smaller peripheral vesicles (PV) number, complete nuclear disintegration.
Fig. 7c: TEM section of luminal G. lamblia trophozoites of probiotics treated (GIV) showed distortion of cell shape together
with disruption of cell membrane, destruction of flagellae (F), Destruction of microtubules of ventral disk (VD), ventrolateral flange (VLF) and lateral crest (LC), Disappearance of peripheral vesicles (PV) beneath dorsal plasma membrane and
mild nuclear changes.
Fig. 7d: TEM section of luminal G. lamblia trophozoites treated by chitosan nanoparticles (GV) showed distortion of cell
shape together with disruption of cell membrane (CM), destruction of flagellar (F) and ventral disk (VD) microtubules.
Smaller peripheral vesicles (PV) number, oNuclei (N) completely distorted. Ventro-lateral flange (VLF) and lateral crest
(LC) altered. Brush border (BB) destructed beneath trophozoite.
Fig. 7e: TEM section of luminal G. lamblia trophozoites of Metronidazole treated (GVI) showed distortion of cell shape
with ovoid and irregular appearance, appeared as luminal ghost (G). Complete destruction of microtubules of ventral disk and
flagellar microtubules. Nuclei were completely distorted, Disappearance of peripheral vesicles (PV).
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