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Abstract

Giardia lamblia, protozoan intestinal flagellate, is the causative agent of human giardiasis.
Currently used therapeutic agents have significant side effects or contraindicated in some
clinical conditions and show failure due to drug resistance. This study evaluated the probiotic
in vivo-therapeutic efficacy; potent Acidophillus probiotics versus metronidazole against
giardiasis in experimentally infected mice, by histopathological changes of intestinal mucosa,
and their impact on the ultrastructure of the pathogenic trophozoites.

Forty seven Swiss albino mice were divided into groups: GI: 2 mice non-infected, non-
treated mice. GII: 15 mice only infected with G. lamblia cysts, (non-treated). GIII: 15 mice
infected and treated orally with potent Acidophillus probiotics. G IV: 15 mice infected with
G. lamblia cysts and treated orally with metronidazole. All mice were subjected to
parasitological, histo-pathological, goblet cells mucous secreting activity and trophozoite

ultrastructural studies.

There was high significant difference between the infected non-treated controls and potent

Acidophillus-treated group concerning; patent period,

infection intensity, reduction

percentage of cyst shedding and cure rate, but without significant difference between potent
Acidophillus-of treated group and metronidazole-treated group.
Keywords: Giardia lamblia, Swiss albino mice, potent Acidophillus, Ultrastructure, Intesti-

nal Mucus & Histopathology.
Introduction

Giardia lamblia is the protozoan parasite
responsible for giardiasis, a disease that is
characterized by either acute or chronic inte-
stinal malabsorption, diarrhea, dehydration,
weight loss, and abdominal pain in humans
particularly in children. It is one of the most
common luminal parasites, with about 200-
300 million annual worldwide human cases
(Travers et al, 2016). Children suffering
from giardiasis have high morbidity due to
nutritional deficiencies with a very bad imp-
act on public health mainly in developing
countries (Veenemans et al, 2011).

Metronidazole (5-nitroimidazole) remains
the drug of choice for giardiasis (Leitsch er
al, 2011). But, many side-effects as vertigo,
anorexia, nausea, vomiting, and dizzyness
were reported (Gardner and Hill, 2001); the
existence of drug resistance and contra-indi-
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cation in certain clinical situations necessi-
tate research on the alternative therapeutic
strategies (Ansell ef al, 2015).

Probiotics are live microorganisms that if
consumed in tolerable amount stimulate and
regulate immune responses and enhance the
mucosal barrier (Claude et al, 2011). This
was done by competition for binding sites
and available food sources of the parasite in
the intestinal lumen leading to diminished-
pathogen survival (Reid and Hammond,
2005). Genera Lactobacillus and Bifidobac-
terium are mainly the most commonly cons-
umed probiotics. Probiotics could mend the
host health by various mechanisms includ-
ing; augmentation of immune function by
reinforcing the mucosal barrier function, re-
ducing mucosal transfer of the luminal orga-
nisms and metabolites to the host, cumuli-
tive mucosal antibody production, reinforc-



ement of epithelial integrity and direct anta-
gonism of pathogenic microorganisms (Co-
nlon and Bird, 2015). In the gut, colonizati-
on of lactic acid bacteria can control mucin
production by motivating different signaling
cascades and secretory chemical agents
(Dharmani et al, 2008). Mattar et al. (2002)
also suggested that there might be binding
between Lactobacillus and specific receptor
sites on the enterocyte that may enhance up
regulation of mucin 2 (MUC2).

The present study aimed to evaluate the
probiotic in vivo-therapeutic efficacy; potent
Acidophillus probiotics versus metronidazo-
le against giardiasis in experimentally infec-
ted mice,

Materials and Methods

Parasite: Fresh stool samples were obtain-
ed from a heavily infected patient attending
the outpatient clinic, Department of Pedia-
tric, Zagazig University Hospital.

Animal groups: Weanling laboratory-bred
Swiss Albino mice of either sex, aged 3-4
weeks old, weighing 15-20gm each, intest-
inal parasites free and protected against ac-
quisition of any parasite were infected by
100.000 cysts/mouse (Hill et al, 1983) and
divided into groups: GI: Two mice, non-inf-
ected, non-treated. GII: 15 mice infected,
non-treated. GIII: 15 mice infected with G.
lamblia cysts and orally treated with probio-
tics (Eotent Acidophillus) for 10 days from
the 7" day post-infection. GIV: 15 mice in-
fected with G. lamblia cysts and orally trea-
Oted with metronidazole (Flagyl) for 10 days
from the 7" day post-infection.

Ethical consideration: Mice were mainta-
ined in accordance with the research proto-
cols of the National Institutes of Health Gu-
ide recommendations for care and use of la-
boratory animals, Faculty of Medicine, Zag-
azig University.

Therapeutic agents: Commercial potent
Acidophillus capsules (GNC, Saudi Arabia)
each contain a mixture of 50 million live
probiotic bacteria of five species: Lactobaci-
llus acidophilus, Lactobacillus bulgaricus,
Lactobacillus sylvarius, Lactobacillus brevis
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and Bifidobacterium bifidum were given or-
ally as aqueous suspension in a single daily
dose of 130.000bacteria/0.2ml/mouse (Pa-
get and Barnes, 1964). Metronidzole (Flag-
yl) tablets 500mg (EPICO, Egypt) was given
orally as aqueous preparation, in a daily do-
se of 1.37mg/mouse divided in 2 doses. Bo-
th therapeutic agents were given for 10 days
starting from 7" day post-infection accordi-
ng to drug table of Paget and Barnes (1964).
All mice were subjected to:

Parasitological Study: For the determina-
tion of patent period, intensity of infection,
percent-age of reduction in cyst shedding at
10, 13 & 17" post infection days and cure
rate (Blagburn, 1998).

Transmission Electron Microscopy: Infe-
cted groups were subjected for TEM study
in the Electron Microscopy Unit at Al-Azhar
University, Cairo. One mouse from each inf-
ected treated and non-treated group was sac-
rificed on 10™ post-infection day under ether
anesthesia. Specimens from duodenum and
jejunum were rapidly dissected out, cut into
1 mm blocks, fixed in 2.5% cold buffered
glutaraldehyde solution; then processed for
electron microscopy. Specimens were wash-
ed twice in PBS fixative and post fixed in
1% osmium tetroxide in phosphate buffer
for 3 hrs at 4°C and washed twice in water
and transferred to 1% uranyl acetate in 50%
ethanol for 1 hr. Specimens were dehydrated
in ascending grades of ethanol up to 100%
and finally embedded in Ebon 812 resin. Po-
lymerization of resin was achieved at 70°C
over a period of 12 h. Sections for TEM
were cut on ultra-microtome using a diamo-
nd knife and were loaded onto 200 mesh
copper grids. They were stained with uranyl
acetate and lead citrate (Smith and Croft,
1991), and examined with a JEOL-JEM
1010 TEM at accelerating voltage 80 KV.

Histopathological Study: On the 10"&17"
post infection days, the jejunum upper part
of sacrificed mice from infected treated and
non-treated groups was dissected, fixed in
10% formalin, for 48 hrs, dehydrated by gra-
ded ethanol and embedded in paraffin. Tran-



sverse sections of Spum thickness were obta-
ined from all specimens stained with hemat-
oxylin and eosin and examined under light
microscopy. Other sections were stained
with Periodic acid schiff (PAS) to demonst-
rate mucous secretory activity of goblet cells
(Bancroft, 1975).

Statistical analysis: Data were presented as
mean £SD. Analysis was done by paired "t"
test for differences within same group. Diff-
erences between groups were determined by
a one-way ANOVA and correlation co-efti-
cient (r). P>0.05 was not significant, P <0.05
significant and P<0.01 highly significant.
SPSS version (14) program for Windows
(SPSS Inc. Chicago, 1L, USA) was used.

Inoculation of 45 mice with 100.000 living
G. lamblia cysts/mouse caused 100% infect-
ion by the presence of cysts and/or trophoz-
oites in stool by direct iodine stained smears.
Giardia cysts shedding started 4-6 days
post-infection.

Results

Parasitological patent period: Mice of pro-
biotics (potent Acidophillus) treated group
had short duration of excretion of Giardia
cysts (12.8+£3.6) compared to control infect-
ed one (30.1+4.6) with highly significant di-
fference (P<0.01) in between, without signi-
ficant difference (p>0.05) compared with
metronidazole treated group patent period
(11.5£3.4).

Table 1: Patent period in treated and non-treated infected groups.

Groups Patent period (days)
GII 30.1+4.6"
GlII 12.8+3.6°
GIV 11.5+3.4°
Statistical analysis P <0.001**

SD: Standard deviation, **Highly significant (P<0.01)

Intensity of infection: Mice of control-
infected (GII) without significant (p>0.05)
reduction in mean count of cyst shedding at
10, 13 & 17" post infection days. Mean co-
unt of cyst shedding (X40) of control infec-
ted groups at 10, 13 & 17" post infection
days was 15.60+1.92, 13.00+1.49 & 12.20+
1.78 respectively. Probiotics treated (GIII)
showed significant reduction in mean count
of cyst shedding at 10, 13 &17" post
infection days. Mean count of shedding

cysts (X40 microscopic field) of probiotics
treated group at 10, 13 &17™ post infection
days was 5.2+1.06, 3.3+1.201 &1.32+0.38
respectively with highly significant differ-
ence (P<0.01). Metronidazole treated (GIV)
showed significant reduction in mean count
of shedding cysts at 10, 13 & 17" post infec-
tion days. Mean count of shedding cysts (in
X40 microscopic field) at 10, 13 & 17" post
infection days was 4.90+1.6, 2.90+1.77&
1.17+0.40 respectively.

Table 2: Intensity of infectionin non-treated and treated infected groups at different post infection periods.

infection days Number of cyst shedding PA
Groups 1 Oth 1 3th 1 7th
>0.05 (NS)!
GII 15.60£1.92% | 13.00£1.49% | 12.20+1.78° | >0.05 (NS)?
>0.05 (NS)°
<0.001%*!
GIII 5.2+1.06° 3.3+1201° | 1.32+0.38° <0.001**?
<0.001**°
<0.001%*!
GIV 4.90+1.6° | 2.90+1.77° 1.17 £0.40° <0.001%*2
<0.001**>
Statistical analysis P <0.001** | P<0.001** | P<0.001%**

F: ANOVA test

P Paired t test, **: Highly significant (P<0.01), NS: Non significant (P>0.05), **D:10™ day versus 13"

day paired ttest, **2:10™ day versus 17" day paired t test **:13" day versus 17" day paired t test.

Reduction % in probiotics treated group
was 66.66+11.97, 74.61+6.98 & 89.18+8.14
at 10, 13 & 17" post infection respectively
with highly significant difference (P<0.01).

Reduction % in metronidazole treated group
was 68.9548.8, 77.69+5.09 & 90.4+3.18 res-
pectively with highly significant difference
(P<0.01). Cure rate of probiotics treated gro-



up was (84.61%), metronidazole treated mi-
ce cured (100%). Cure rate was measured on
13 mice of each treated groups by absence
of cysts/trophozoites in stool for 3 conse-
cutive days after treatment on the 177-19™

days post-infection and absence of luminal
trophozoites in H&E stained jejunal sections
of 3mice/group sacrificed on 19" day post-
infection.

Table 3: Percentage of reduction in cyst shedding among different treated groups at different post-infection days.

ost-infection days Percentage of reduction in cyst shedding (post infection days)
Groups 10" 13" 17" pr
<0.001*"
I 66.6611.97° 74.616.98 ° 89.18 +8.14° <0.001%*2
<0.01%**
<0.001**!
v 68.95+8.8° 77.69+5.09° 90.4 +£3.18° <0.001%*2
<0.001%**
Statistical analysis P >0.05 (NS) P >0.05 (NS) P >0.05 (NS)

P*: Paired t test, **: Highly significant, NS: Non significant (P>0.05). **':10™ day versus 13" day paired t test,
#42:10" day versus 17" day paired t test ***:13" day versus 17" day paired t test.

TEM: Ultrastructure of infected control
luminal trophozoite (Figs. 1, & 2) was nor-
mal. Trophozoite showed a lot of peripheral
vesicles beneath cell membrane mainly in
dorsal surface and naked area. Such vacuo-
les were absent beneath the ventral disk and
the ventro-lateral flange. Cytoplasm contain-
ed also, endoplasmic reticulum and rando-
mly distributed microtubules. Two ovoid
nuclei lacked nucleoli. Four pairs of flage-
llae were found, run in their intra-cytopla-
smic course as axonemes consisting of nine
pairs of peripheral microtubules encircling
one central pair (9+2). The part of the ven-
tro-lateral flange surrounding ventral disk
was supported by striated marginal plates.
The ventral disk composed of microtubules
layer underlying the plasma membrane.
Changes were in the overall morphology and
cytoplasm of luminal trophozoites treated
with probiotics at 10t day post infection.
These changes (Figs. 3, 4, 5 & 6) included
decreased number of peripheral vesicles be-
neath dorsal plasma membrane and nuclear
changes. The loss of normal integrity of fla-
gellae, ventral disk, ventro-lateral flange and
lateral crest were evident. Deformed shape
with vacuoles was inside cytoplasm of lum-
inal trophozoite treated with metronidazole
(Figs. 7, 8 & 9) at 10" day post infection,
disappearance of peripheral vesicles beneath
dorsal plasma membrane and the contents of
cytoplasm were depleted, appearance of cyt-
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oplasmic protrusions on cell surface. Defor-
med nuclei with heavy electron dense depo-
sits were seen in the cytoplasm. Gross of en-
doplasmic reticulum and vacuolization of
cytoplasm were seen. Microtubules associa-
ted with ventral disk, flagellae, ventro-later-
al flange and lateral crest were notably alter-
ed so the parasite appeared as luminal ghost.

Histopathological examination of jejuna
sections of control non-infected G1 showed
normal villous architecture (Fig.10). The
control infected (GII) (Fig. 11) showed shor-
tening, fusion, and crypts hyperplasia. It was
noticed that probiotics when given as a ther-
apeutic supplementation to Giardia infected
mice (GIII) at 31 day post treatment (10th
day post infection), broadening, fusion and
shortening of villi were noticed (Fig. 12). At
day 17p.i. there was improvement in patho-
logic mucosal changes with restoration of
normal villous architecture and mild inflam-
matory cell infiltrate in lamina propria
(Fig.13). The supplementation of metronida-
zole to Giardia infected mice (GIV) at 10™
day post infection showed abnormal villous
architecture as shortening and fusion of villi
(Fig.14). At 17" day post infection, histopa-
thologic examination (GIV) treated with me-
tronidazole, had almost normal mucosal mo-
rphology (Fig.15). Jejunal mucosa of control
non-infected (GI) showed intense PAS reac-
tion in villi (Fig.16). Control infected non-
treated (GII), at 10™ day post infection redu-



ced PAS reaction in villi (Fig.17). At day 17
post infection (Fig. 18) showed more red-
uction of PAS reaction in villi. GIII treated
by probiotics at 10" day p.i. showed incr-
ease in mucous content in goblet cells with
intense reaction in villi (Fig.19). At 17day
p.i. or end of probiotics treatment, intense
PAS reaction in villi became normal (Fig.
20). GIV, metronidazole treated at 10™ day
p.i. showed slight increase of PAS reaction
in villi (Fig. 21). At day 17 p.i. or end of
metronidazole treatment, villi reaction was
normal (Fig. 22).
Discussion

Great attention was paid to probiotics as
potential substitutes, or as combined therapy
to currently used anti-Giardia drugs. This
was due to their influential action, stability
and low toxicity to mammalian hosts includ-
ing man (Hagel et al, 2011). Many mechani-
sms were employed by probiotics in prohibi-
ting G. lamblia infection, including compet-
ition for limited adhesion sites, competition
for nutrients that would otherwise be utilized
by G. lamblia, stimulation of host immune
response and by producing substances to in-
hibit infection (Tangtrongsup and Scorza,
2010). Gupta and Garg (2009) and Shukla
and Sidhu (2011) stated that Lactobacillus
and Bifidobacterium species are the most
widely used to prevent and treat giardiasis.
This agreed with the present study where
potent Acidophillus contained a mixture of
Lactobacillus acidophilus, Lactobacillus bu-
lgaricus, Lactobacillus sylvarius, Lactobac-
illus brevis and Bifidobacterium bifidum
showed significantly less patent period,
decrease in infection intensity and signi-
ficant increase in reduction of cyst shedding
at the 10, 13 & 17" post infection days as
compared to control infected one (P<0.01).
But, no significant difference between pro-
biotics treated group compared with metro-
nidazole (P>0.05). The end of probiotics-
treated group achieved 84.61% cure rate,
without significant difference with metron-
idazole that showed complete cure (100%).

The present study agreed with Benyacoub
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et al. (2005) who found that number of tro-
phozoites recovered from intestine of Enter-
ococcus faecium 68-fed mice (EF68) was
lower than that from control infected ones.
Clinically, Besirbellioglu ef al. (2006) found
that Saccharomyces boulardii decreased G.
lamblia cysts number in feces from adult pa-
tients treated with a combination of S. bou-
lardii and metronidazole as compared with
patients only treated with metronidazole.
The results agreed with Shukla ef al. (2008),
Shukla and Sidhu (2011) and Shukla et al.
(2013) who found that Giardia cysts count
in stool was significantly lower in mice from
Giardia-L. casei probiotic group than that of
control infected group. This finding may be
due to better colonization of L. casei with an
adjuvant effect on immune responses (both
specific & nonspecific), enhancing anti-para-
sitic activity or interference with pathogen-
enterocyte interaction, both acts synergisti-
cally to limit giardiasis (Madsen, 2006). Ri-
beiro et al. (2018) reported that treating Gi-
ardia infected gerbils with Saccharomyces
boulardii probiotics (ITSB) and continued
until the end of experiment (22nd days) caus-
ed drop of 70% of parasite load, suggesting
its use as a co-adjuvant in giardiasis treat-
ment. Also, Shukla ef al. (2019) found that
Giardia infected mice treated with pro-
biotic protein of Lactobacillus rhamnosus
GG showed significant reduction in cyst
count compared with Giardia-infected mice.
In the present study, probiotics treated tro-
phozoite, ultrastructural changes at 3 day
of treatment, showed the least number or
disappearance of peripheral vesicles beneath
dorsal plasma membrane of t treated groups
that reflected inhibition of pinocytosis or
complete digestion of its content. Vannier-
Santos and de Castro (2009) reported that
the size of these vesicles differed due to
their activity for obtaining soluble substan-
ces in intestinal lumen. Grossing of endo-
plasmic reticulum of metronidazole might
reflect its hyperactivity as a response against
injurious toxic effect of treating agents.
Flagellae and ventral disk showed lethal



effect of probiotics, misshaping of nuclei re-
flected DNA affection. Electron dense depo-
sits were in cytoplasm of metronidazole,
indicating a lethal anti-giardial effect. In me-
tronidazole treated group, electron dense de-
posits on nuclear membrane that agreed with
Campanti and Monteiroleal (2002). These
results agreed with Perez ef al. (2001) who
found that trophozoites treated with Lacto-
bacillus acidophilus culture supernatants in
vitro had a cellular damage that was obser-
ved by SEM, taking into account that dam-
aged trophozoites might be unable to grow.
Also, these data agreed with Amer et al.
(2014) who found that oral inoculation of
bacteriocins derived from L. acidophilus &
L. plantarum probiotic strains in a dose of
50pg/mouse for 5 successive days resulted
in marked changes in cellular architecture of
trophozoites with evident disorganization of
cell membrane, adhesive disk and cytoplas-
mic components. Perrucci et al. (2019) repo-
rted that G. lamblia trophozoites treated wi-
th commercial Slab51 supernatant probioti-
cs for 24 hours ex-vivo (culture of intestinal
cell line of control normal mice with G. /a-
mblia trophozoites) gave variations of cellu-
lar membrane and with a vacuolar degener-
ative form, damaged nuclei and ventral disk
rupture.

The histopathological results showed that
probiotic agreed with Shukla er al. (2008),
Shukla and Sidhu (2011) and Shukla et al.
(2013) who reported that daily administra-
tion of probiotics Lactobacillus casei to Gi-
ardia infected mice reduced atrophied villi
and infiltrating cells in small intestinal muc-
osa compared to severe microvillus atrophy,
oedematous, vacuolated epithelial cells and
ileitis in control-infected mice. Shukla et al.
(2016) found that inulin supplementation
either before or concurrently with prebiotic
tomal nourished mice-infected with Giardia,
caused less mucosal damage in microvilli
compared with severely damaged and blun-
ted villi of the malnourished Giardia infect
ed mice. Also, Ribeiro et al. (2018) reported
that treating Giardia infected gerbils with
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Saccharomyces boulardii probiotic (ITSB)
15 days prior to infection with G. lamblia
and continued until the end of experiment
(22™days), improved damaged intestinal
villi and crypt compared to the Giardia-infe-
cted and non-treated gerbils. Also, Shukla ez
al. (2019) found that treating Giardia infec-
ted mice with probiotic protein of Lactoba-
cillus rhamnosus GG, probiotic had intact
mucosal epithelium lining, basal crypts with
normal villi compared with severe micro-
villus atrophy, vacuolated epithelial cells
and ileitis in Giardia-infected non-treated
mice.

Periodic acid—Schiff (PAS) staining could
be used to validate if there was alteration in
secretion of polysaccharides upon Giardia
infection and treatment with probiotics. Sec-
retion of mucus by intestinal cells generally
increased due to presence of pathogenic mi-
croorganisms (Yu et al, 2008). Control in-
fected group at 10" day p.i. showed reduc-
tion of PAS reaction in villi. At day 17 post
infection, mucous secreting activity showed
more reduction of PAS reaction in villi. This
agreed with Shukla e al. (2012) and Shukla
et al. (2019) who found that Giardia infec-
ted bulb/c mice had reduced number of gob-
let cells as with advanced Giardia infection,
marked micro-villus damage led to reduce of
goblet cells number and severe ileitis. Also,
Aly et al. (2013) and Ammar et al. (2014)
found that Giardia infected hamsters had re-
duced number of goblet cells with depletion
of its contents. Zenian and Gillin (1985) and
Kim and Khan (2013) attributed the deple-
tion to Giardia’s mucin-degrading enzymes,
which may disrupt mucin-2 (MUC2) integ-
rity to produce less viscous physical barrier
to aid movement of the parasite and penet-
ration of the host mucous barrier.

In the present study, at 10" day post infec-
tion (3" day of treatment), there was increa-
se in intensity of PAS reaction of goblet ce-
lls in the villi and at the brush border. At day
17p.i. by the end of treatment, intensity of
PAS reaction returned to normal. This agre-
ed with Ribeiro et al. (2018) who reported



that treatment of Giardia infected gerbils
with Saccharomyces boulardii (ITSB) pro-
biotic to the trial end (22™ days), caused in-
creasing in goblet cells and mucus produc-
tion of the ITSB groups as compared with
Giardia-infected non-treated gerbils. Fonse-
ca et al. (2019) supposed that Bifidobateri-
um longum enhanced mucus production in
Giardia-infected gerbils hindering adheren-
ce of Giardia to luminal epithelium. This
mucus layer gave a negative feedback, espe-
cially for parasite luminal adhesion (Roske-
ns and Erlandsen, 2002). Shukla et al
(2019) found that Giardia infected mice
treated with probiotic protein of Lactobaci-
llus rhamnosus GG and killed probiotics
increased goblet cells number compared to
severe microvillus atrophy, vacuolated epi-
thetlial cells, reduced goblet cells number
and ileitis in Giardia-infected non-treated
mice. Babinska er al. (2005) found that the
supplementation of diets containing Bifidob-
acterium and Lactobacillus acidophilus bac-
teria to piglets increased goblet cells numb-
er. Aliakbarpour et al. (2012) found that L.
probiotics induced mucins secretion (MUC2
& MUC3) and prevented enteric pathogens
adherence, indicating that enriched mucous
layers overlying intestinal epithelium gave
protection against pathogens invasion. Also,
Smirnov et al. (2005) found that probiotic
supplementation increased the expression of
MUC2 gene in rat jejunum & colon (Caba-
llero-Franco et al, 2006). Mucin is the major
component of mucous layer (Iwashita et al,
2003) defends intestinal absorptive surface
areas against injurious microbes and acts as
a lubricant between brush border and lumi-
nal contents (Deplanck and Gaskins, 2001;
Uni et al, 2003). So, mucous layer is the first
line of host luminal defense that powers
digestion & nutrient absorption.
Conclusion

The potent Acidophillus caused morpholo-
gical changes and improved histopatholog-
ical changes of intestinal mucosa with rapid
parasite clearance. Probiotics diffuse to tro-
phozoite membrane and seriously affected
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its nucleus, ventral disk and flagellae. Adhe-
rence of trophozoite to mucosa thus caused
parasite rapid clearance and giardiasis con-
trol. More studies to exploit probiotics spe-
cific strains role in treating giardiasis, other
intestinal protozoa, and possible combinat-
ion with chemotherapeutic agents are ongo-
ing and will be published in due time else-
where.
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Explanation of figures
Fig. 1: TEM section of luminal G. lamblia trophozoite of control non-treated group (II) showed a normal convex dorsal surface with
normally distributed peripheral vesicles (PV), normal appearance of cytoplasmic vacuoles (CV), shape of nucleus (N), pattern of flagellar
microtubules (9+2) and ventral disk microtubules (VD) with preserved caudal edge (CE) (Scale bar = 1um).
Fig. 2: TEM section of luminal G. /amblia trophozoite of control non-treated (GII) showed a normal size of endoplasmic reticulum (ER)
Fig. 3: TEM section of luminal G. lamblia trophozoite of probiotics treated (GIII) at 10" day post infection showing smaller number of
peripheral vesicles (PV) beneath dorsal plasma membrane, no changes of endoplasmic reticulum (ER), misshaping of nuclei (N), loss of
normal integrity of flagellae (F) and destructed microtubules of ventral disk (VD). Intestinal microvilli (Iv) covering intestinal epithelium
(Ie), (15000X, Scale bar = 500 nm).
Fig. 4: TEM section of luminal G. lamblia trophozoites of probiotics treated (GIII) at 10" day post infection showing smaller number of peri-
pheral vesicles (PV), loss of normal integrity of ventral disk (VD), ventro-lateral flange (VLF), lateral crest (LC) & flagellae (F). (20000X,
Scale bar = 500 nm).
Fig. 5: TEM section of luminal G. lamblia trophozoites of probiotics treated (GIII) at 10" day post infection showing abnormal appearance
of Giardia trophozoite, smaller number of peripheral vesicles (PV), loss of normal integrity of ventral disk (VD) and flagellae (F) with
appearance of electron dense deposits (EDD). Intestinal microvilli (Iv) covering intestinal epithelium (Ie) (10000X, Scale bar = 2um).
Fig. 6: TEM section of luminal G. lamblia trophozoites of probiotics treated group at 10" day post infection showing abnormal appearance of
Giardia trophozoite, smaller number of peripheral vesicles (PV), loss of normal integrity of ventral disk (VD) and flagellae (F), intestinal
microvilli (Iv)covering intestinal epithelium (Ie) (12000X, Scale bar =2um).
Fig. 7: TEM section of luminal G. lamblia trophozoites of metronidazole treated (GIV) at 10" day post infection showing disruption in cell
shape, appearance of cytoplasmic protrusions (CP) together with appearance of intra-cytoplasmic vacuoles (V), misshaping of nuclei (N),
electron dense deposits (EDD) on cell surface, destruction of microtubules of flagellae (F) and distension of endoplasmic reticulum (ER).
Parasite appeared as luminal ghost (10000X, Scale bar = 2pum).
Fig. 8: TEM section of luminal G. lamblia trophozoites of metronidazole treated (GIV) at 10™ day post infection showing distortion of cell
shape together with disruption of cell membrane, destruction of microtubules of ventral disk (VD), destructed shape of ventro-lateral flange
(VLF) and lateral crest (LC) with smaller number of peripheral vesicles (PV).(15000X, Scale bar = 500 nm).
Fig. 9: TEM section of luminal (Lu) G. lamblia trophozoites of metronidazole treated (GIV) at 10" day post infection showing distortion of
cell shape together with disruption of cell membrane, swollen axoneme (A), destruction of microtubules of ventro-lateral flange (VLF) and
flagellae (F) with disappearance of peripheral vesicles (PV). Intestinal microvilli (Iv) covering intestinal epithelium (Ie) (20000X, Scale bar
=500 nm).
Fig. 10: Jejunal section of a non-infected non-treated (GI) mouse showing normal villous architecture (V) with brush border, lamina propria
(LP) and intestinal glands (IG) (X 200, H&E).
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Fig.11: Jejunal section of an infected non-treated mouse (GII) showing shortening, fusion (red arrow) and crypts hyperplasia (black arrows)
(X 200, H&E).

Fig. 12: Jejunal section of an infected mouse, 10" day post infection and 3™ day of treatment by probiotics (GIII) showing shortening and
fusion of villi (black arrows) (X200, H&E).

Fig.13: Jejunal section of an infected mouse, 17" day post infection and 10" day of treatment by probiotics (GIII) showing improvement of
pathological mucosal changes with restoration of villous appearance (V) and mild inflammatory cell infiltrate (double headed arrow ) (X
200, H&E).

Fig. 14: Jejunal section of an infected mouse, 10" day post infection and 3™ day of treatment by metronidazole (GIV) showing shortening
(black arrow) broadening and fusion of villi (red arrow) and abnormal shaped villi (double headed arrow) (X200, H&E).

Fig.15: Jejunal section of an infected mouse, 17" day post infection and 10" day of treatment by metronidazole (GIV) showing apparent
improvement of villous architecture (black arrow), (X 200, H&E).

Fig.16: Jejunal section of non- infected non-treated control mouse (GI) normal mucous content and intense reaction of mucopolysacharides
(PAS +ve) at goblet cells (G), brush border of intestinal villi (V) and intestinal glands (IG) (X 200, PAS stain).

Fig. 17: Jejunal section (transverse section) of an infected non-treated mouse (GII) at 10" day post infection showing less intense PAS
reaction in goblet cells (black arrow) and intestinal glands (IG) (X250, PAS).

Fig.18: Jejunal section of an infected non-treated mouse (GII), at 17" day post- infection showing more decrease in intensity of PAS reaction
in the villi and at brush border (black arrows) (X250, PAS).

Fig. 19: Jejunal section of an infected mouse, 10" day post infection and 3" day of treatment by probiotics (GIII) showing increase in
mucous content in goblet cells (black arrows) with intense reaction in villi (X200, PAS).

Fig. 20: Jejunal section of an infected mouse, 17" day post infection and 10" day of treatment by probiotics (GIII) showing intense PAS
reaction in villi (black arrow) (X200, PAS stain).

Fig. 21: Jejunal section of an infected mouse, 10" day post infection and 3™ day of treatment by metronidazole (GIV) showing slight increase
of PAS reaction in villi (black arrows) (X200, PAS stain).

Fig. 22: Jejunal section of an infected mouse 17" day post infection and 10" day post treatment by metronidazole (GIV) showing normal
intensity of PAS reaction in villi (black arrows) (X200, PAS stain).
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