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ABSTRACT

Background: Giardia intestinalis is a flagellate protozoan that infects both humans and animals. Formation of reactive
oxygen species (ROS) during several physiological processes in tissues and cells is indicative of the pathogenesis of
different parasitic infections involving Giardia lamblia.

Objectives: the current study aimed to assess the potential effects of Punica granatum on interactions of G. intestinalis
with the intestinal barrier and its role in ameliorating oxidative stress in a murine model using serum biochemical analysis
of both malondialdehyde (MDA) and reduced glutathione (GSH).

Methodology: Five experimental groups were involved: Group | included control healthy, group Il included infected
untreated, group Il included infected-treated with metronidazole, group 1V included infected-treated with P. granatum,
Group V received P. granatum for seven days before and also during induction of infection then regular administration of
the drug for an additional seven days.

Results: The highest serum levels of MDA (nmol/ml) were expressed in group Il 7.03 £ 0.19 followed by group IV that
was 5.29 + 0.62 then group V 4.17 + 0.28, while group 111 had 3.58 + 0.18. On the other side, the highest serum levels of
GSH (nmol/ml) were expressed in group V 9.93 £ 0.18, followed by group 1V 7.41 + 0.19 nmol/ml, while in group 11l was
6.11 + 0.40. Group Il had 5.00 + 0.15 nmol/ml. There was significant difference between different groups.

Conclusions: Decreased expression of MDA in prophylactic and treated groups by P. granatum, moreover increased
expression of GSH in group V prophylactic group explains the protective effect of P. granatum against lipid peroxidation
and oxidative stress induced by Giardia infection.
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INTRODUCTION stress state ©). One term for oxidative stress is an

Giardia intestinalis (Syn. G. lamblia or G. unbalanced state of antioxidants and oxidants. It may be
duodenalis), a flagellate protozoan that infects both the outcome of multiple processes occurring within the
humans and animals. G. lamblia is transmitted through organism's body. Either a reduction in antioxidants or a
the ingestion of cysts in contaminated water or food or via rise in oxidant production is the cause ©.
autoinfection . The clinical presentation has a bimodal Under physiological conditions, oxidants and
age distribution, the first peak at ages 0 to 5 years while antioxidant biomarkers are known to occur. Anyway,
the second peak occurs at 3" and 4™ decades. Giardia has even minor changes in the quantities of antioxidants or
a high occurrence rate in the developing countries @. oxidants may throw them out of balance and cause
Reinfections in giardiasis are common this may be oxidative damage. When there is insufficient antioxidant
attributed to incomplete acquired immunity against G. system to control oxidative reactions brought on by
lamblia due to either antigenic variation of the parasite or reactive oxygen species (ROS) and controlled oxidative
ineffective immune defenses ©. alterations of proteins, fats, and genomic DNA, the state

Regarding the manifestations of giardiasis, may be becomes hazardous. The free radicals are constantly
asymptomatic and vary among patients, varying from created by regular metabolic activities, however during
acute to chronic manifestations. In case of acute giardiasis some parasite illnesses, their production rate rises. The
patients may complain of foul-smelling explosive watery production of ROS in tissues and cells during a variety of
diarrhea, abdominal pain, steatorrhea, nausea & vomiting. regular processes is suggestive of the pathophysiology of
While, in patient with chronic infection the main certain parasite diseases, such as Entamoeba histolytica,
complain may be in the form of diarrhea, abdominal pain, T. gondii, G. lamblia, and Leishmania sp. Lipid
weight loss, in addition to malabsorption manifestation. peroxidation (LPO) is the process that damages cell
Researches on human and animal models have proven membranes and releases hepatotoxic marker enzymes as
that intestinal epithelium not invaded by Giardia a result, and it has been attributed to the pathophysiology
trophozoites, however the pathophysiology includes of liver injury caused by derivatives of free radicals. An
partial atrophy of the villi and increased intraepithelial end product called malonaldehyde (MDA) can often be
lymphocytes @ used as an indicator of lipid peroxidation @,

Certain factors associated with this immune According to a research by Allain et al. ® Giardia
response may cause the host's body to go into an oxidative sp parasite produces the enzyme arginine diemnase,
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which helps to regulate several variables that lead to
oxidative stress in the colon including nitric oxide. As a
continuation of our previous work, © the goal of current
study was to assess the potential effects of Punica
grantum on interactions of Giardia intestinalis with the
intestinal barrier and its role in ameliorating oxidative
stress in a murine model using serum biochemical
analysis this was achieved through estimation of both
MDA and GSH.

MATERIAL AND METHODS

Punica granatum peel extract: Punica granatum was
extracted in methanol using the peels. It was purchased at
a neighborhood market in Giza, Egypt. It was stored in
the Department of Medicinal Chemistry at Theodor
Bilharz Research Institute (TBRI). After washing the
pomegranate fruit, the skins were carefully removed and
cut into small fragments, after drying and then ground
turning it into a fine powder. The powdered plant sample
was extracted using Soxhlet extraction equipment for 24
hours at 85% methanol. After doing the aforementioned
steps three times, the extract was vacuum-concentrated
utilizing the rotatory Buchi evaporator and stored in
desiccators till needed @9,

Experimental animals:

The study was conducted from April 2022 to May
2023 at TBRI at the Parasitology Department. The 50
female Swiss albino mice used in this study were
purchased and housed in TBRI's animal home. Their ages
varied from 8 to 12 weeks and weighted from 20 to 25 g.
Stool samples were checked three days before to the start
of the experiment to make sure that mice were not
harboring intestinal parasites. Upon incorporating
D'Antoni's iodine into the smears, they underwent an
instant swab @9,

Preparing for Giardia infection

The original source of the parasite: Cysts of Giardia
that prepared to infect mice was collected from patients
presenting to Al Zahraa University Hospital's Outpatient
Clinic in Cairo, Egypt, with complaints of diarrhea. To
extract Giardia cysts, samples were washed and sieved
several times in normal saline (0.9%).

These cysts were manipulated so that, by oral gavage,
each mouse received 1 x 10° cysts in 100 p of normal
saline. After then, fresh pellets were gathered every day
to make sure they didn't get contaminated. The bedding
was changed and each group's pellets were weighed in
order to avoid re-infection.

Design of experiments

Groups of the current study: The animals had been
divided up into the following groups. Each group
included ten mice: Group | included control healthy,

2324

group 1l include (Positive control) infected-non treated
mice, group Il included infected and then treated with
Metronidazole (MTZ), group IV that included infected
and then treated with P. granatum peels extract mice and
group V, which included mice that received P. granatum
for seven days before and also during induction of
infection then regular administration of the drug for an
additional seven days (prophylactic group).

The administrated treatments:

All studied groups except for negative control group
were administered with 1x 102 cysts of Giardia. Group 111
was treated orally with a suspension of Metronidazole125
mg/ml (Flagyl, SANOVI Pharmaceutical Industries,
Alexandria, Egypt) that was given orally for seven days
at a dosage of 0.3 mg/mouse/day *?. Groups IV and V
were given the plant extract orally. Peel extract was
produced and supplied in accordance with Oshiba et al.
13 with a dose of 3 g/kg body weight.

Collection of samples:

A quick decapitation was used to quickly sacrifice
every mouse ten days after the treatment had been
completed. Mice in every group had blood samples
obtained for hematological testing. The serum sample
from each mouse was centrifuged for 10 min at 1000-
3000 rpm, then the supernatant was stored at -20 °C to be
used for estimation of both lipid peroxidation by
measuring liver thiobarbituric acid reactive substances
(TBARS) as malondialdehyde (MDA) ¥ and reduced
glutathione (GSH) 9.

Malondialdehyde measurement:

This method depends on colorimetric measurement
of reactional products of MDA as an end product of the
lipid peroxidation and the Thiobarbituric Acid (TBA).
The pink change of MDA-TBA mix was quantified easily
by spectrophotometer at OD 532 nm (6),

Method (8):

Thiobarbituric Acid (TBA) solution was solubilized in 7.5
ml of glacial acetic acid. Sludge was shifted to another
tube after which the final volume was modified to 25 ml
with Double distilled water (ddH>0O). All were mixed well
to be dissolved and sonicated in a water bath. MDA
standard dilution was prepared via dilution of 10 ul of
standard MDA in 490 pl of ddH2O. The samples were
prepared by slowly mixing 20 pl of serum with 500 pl of
Sulfuric acid (H2SQO,) in a micro centrifuge tube, then 125
ul Phosphotungstic acid solution was added, and all were
vortexed, then they were incubated for 5 min. at normal
room temperature and centrifuged for 3 min. at 13,000 xg.
After gathering, the pellet was reconstituted on ice with
100 pl ddH20. Final volume was adjusted to 200 pl with
ddH20. Then 600 pl of TBA solution were added to 200
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ul standard and 200 pl test samples. TBA-standard/TBA-
sample mixture was incubated at 95°C for one hour.
Cooling to the room temperature in bath of an ice for 10
min. From each 800 pl TBA-standard and TBA-sample
reaction mixture, 200 pl were pipetted into a 96 well
microplate. Plate was measured promptly at OD 532 nm
for colorimetric assay. Finally the concentration of MDA
in the samples was estimated as: MDA Concentration =
(Al ml)) x4 x D.

Where: A = Amount of MDA in the sample that was
determined using the standard curve (nmol) (Figure 1A).
ml = The initial plasma volume that was utilized (ml). 4
= correction for using 200 p of the 800 pl Reaction Mix.
D = The factor of sample dilution.

Reduced glutathione (GSH) serum measurement:

The procedure was established on the recycling system of
glutathione by dithiobis nitro benzoic acid (DTNB) and
glutathione (GSH) reductase. DTNB and glutathione
respond to produce 2-nitro-5-thiobenzoic acid that has a
yellowish coloration. Consequently, GSH levels can be
detected by calculating the amount of absorption at 412
nm @7, For standard preparation, 50, 40, 30, 20, 10, and 0

pl of the 1 pg/ul GSH standard were added into each
micro centrifuge tube and 50 pl of 1% Sulfo salicylic acid
(SSA) was then added to reach the total volume of 100
ul/tube.

Method:

For plasma sample preparation, the uppermost layer
of plasma was moved to a fresh tube to which 50 pl of 5%
SSA was added and mixed well then 10 min
centrifugation at 8000 x g at 4°c and supernatant was then
switched to an entirely new tube. The standard and the test
samples were amalgamated in a 96-well plate to make a
reaction mix. 160 pl of the reaction mix was added to each
well and incubated for 10 min at room temperature to
produce Nicotinamide adenine dinucleotide phosphate
(NADPH). Then 20 pl of either GSH standard solutions
or sample solution was added, and the plate was incubated
for 5-10 min at room temperature. 20 ul of the substrate
solution were added and let it sit at room temperature for
5 to 10 minutes. With the use of a micro plate reader, the
absorbance was determined at 412 nm. The concentration
of GSH was determined by using the standard curve of
glutathione (figure 1B). All reagent was supplied from
(Abcam, cat#118970, China).
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Figure (1): Standard curve of malondialdehyde (plate A) and glutathione (plate B).
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Ethical considerations:

This study was approved according to TBRI
Research
international valid guidelines and approved by the
Ethics Board of Al-Azhar University. Animals were
maintained under suitable conditions at animal house

in TBR

Ethics

Statistical analysis
The statistical package of social science (SPSS)
program for Windows (version 22) was used to code,
process, and analyze the data. Based on the independent
t-test, the p-value indicates a significant difference when
comparing each treated group with the control group.
P-value varies significantly between groups
based on the results of the One-way ANOVA test. When
comparing groups using a post hoc test (Tukey HSD), P-
values < 0.05 were considered significant, while those
less than 0.01 were regarded as highly significant.

Committee
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(TBRI-REC)

RESULTS
Biochemical analysis:

In the current study, the highest serum levels of MDA
were expressed in group Il (Infected-non-treated), 7.03 +
0.19 nmol/ml followed by group IV (infected and treated
with P. granatum) was 5.29 + 0.62 nmol/ml, and then
group V (prophylactic group) 4.17 £ 0.28 nmol/ml. While
the serum levels of MDA: In group Il (Infected and
treated with MTZ) was 3.58 £ 0.18 nmol/ml. On the other
side, the highest serum level of GSH was expressed in
group V (prophylactic group, 9.93 = 0.18 nmol/ml)
followed by group IV (Infected and treated with P.
granatum) that was 7.41 £ 0.19 nmol/ml. While, in group
Il infected and treated with MTZ, it was 6.11 + 0.40
nmol/ml and in group Il (Infected-non-treated), GSH was
5.00 £ 0.15nmol/ml. There was significant differences.
existed between the various groups (Chart 1 and table 1).
Using Independent t test showed a high level of
significance between MDA and GSH in each group
separately (Chart 2 and table 2).
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Chart (1): The expression of both MDA and GSH in different studied groups
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Chart (2): Correlation of MDA with GSH in various study groups.

Table 1: Serum expression of both MDA and GSH in various study groups

Group | Group Il Group 111 Group IV Group V
MDA (nmol/ml), Mean+ SD | 2.86+ 0.35° 7.03+0.19° | 3.58+0.18° 5.29+0.62¢ 4.17+0.28°
ANOVA test F=196.7
P value 0.000*
GSH (nmol/ml), Mean+ SD | 3.49+0.072 5.00£0.15° | 6.11+0.40° 7.41+0.19¢ 9.93+0.18°
ANOVA test F=111.6
P value 0.001*

*Significant difference (p value < 0.05). NB. a, b, c, d different superscript letter indicates significant difference between different
groups.

Table (2): Correlation between MDA and GSH in different studied groups using independent t test

Group | Group Il Group 111 Group IV Group V
MDA/nmol/ml:
Mean+ SD 2.86+ 0.35 7.03+0.19 3.58+0.18 5.29+0.62 4.17+0.28
GSH/nmol/ml:
Mean+ SD 3.49+0.07 5.00+0.15 6.11+0.40 7.41+0.19 9.93+0.18
Independent t test | t=5.5 1=25.56 t=-17.8 t=-10.2 t=-53.1
P value 0.001* 0.001* 0.001* 0.001* 0.001*

There was significant difference between both markers in different studied groups using independent t test. *Significant difference (p
value < 0.05).
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Using correlation coefficient, there was no
correlation between MDA and GSH among all treated
groups (p> 0.05) (Table 3).

Table 3: Correlation of MDA with GSH in different
groups using Correlation coefficient.

Correlation of MDA | Correlation P value
with GSH in: coefficient (r)

Group | -0.146 0.686
Group 11 -0.409 0.241
Group 111 -0.145 0.689
Group IV -0.106 0.770
Group V 0.012 0.974
DISCUSSION

G. lamblia, an intestinal protozoon, causes diarrhoea
in people and animals worldwide. It adheres to mucosa
and, its appearance is subtle ¢ )., Due to its mutagenic and
carcinogenic properties of MTZ and nitroimidazole,
albendazole and nitazoxanide are alternative treatments
for giardiasis *®. Unfortunately, most utilized drugs are
contraindicated as they have significant adverse reactions
19 Also, Giardia may acquire drug resistance to these
drugs @9, Consequently, this research was directed to find
the effect of alternative herbal regimens against
giardiasis. In murine giardiasis, glutathione and
malondialdehyde were used as an indicator of the
oxidative stress prevalence.

In the present study, the highest serum levels of
MDA were expressed in group Il (Infected-non-treated,
7.03+ 0.19 nmol/ml), reflecting the role of Giardia
infection in lipid peroxidation and oxidative stress, while
in group I it was 3.58 £ 0.18 nmol/ml and in group 1V,
itwas 5.29 + 0.62 nmol/ml. Group V (4.17+0.28 nmol/ml)
was the nearest result to the group infected and treated
with MTZ. On the other side, the highest serum levels of
GSH were expressed in group V (9.93 £ 0.18 nmol/ml).
While, in group Il it was 6.11 + 0.40 nmol/ml and in
group 1V it was 7.41 £ 0.19 nmol/ml. Consequently, this
finding supports the antioxidant and protective effect of
Punica granatum. Supporting our study, serum MDA was
substantially greater in Giardia-positive individuals than
in controls, but serum total antioxidant capacity was
significantly lower @,

People with giardia had higher MDA and lower
glutathione levels in their serum than in healthy. In
accordance with our results on natural compound like
Punica granatum, El-Derbawy et al. @ reported that
chitosan nanoparticles loaded with aqueous ginger extract
may reduce liver peroxidation and boost liver function in
S. mansoni-infected mice, reflecting GSH's antioxidant
defense mechanism. This agrees with Ahmed et al. ¢®
who reported that in rats with experimentally-induced
oxidative stress, feeding of diet with ginger (1% wi/w)
showed preserving antioxidant enzymes; catalase,
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superoxide dismutase, and glutathione peroxidase that
reduced lipid peroxidation. Also, Ahmed et al. ®¥
reported that ginger-fed rats reduced lindane-induced
lipid peroxidation via modulating oxygen free radical
scavenging enzymes; glutathione (GSH) and its
dependent enzymes, glutathione reductase, peroxidase,
and S-transferase.

Other research has connected oxidative stress to
parasite species, supporting the present finding as a study
by Abd Al-Wahab et al. ?® who found that control group
had considerably lower levels of serum MDA than in
parasitic-infected patients, including giardiasis. Also, the
study of Demirci et al. @ reported that children with
chronic giardiasis had lower serum zinc and iron levels,
higher MDA levels, and lower superoxide dismutase
enzyme effect on red blood cell walls compared to
uninfected children. Chronic giardiasis in children
promotes protein-energy malnutrition, vitamin A
deficiency, iron deficiency anaemia, and poor academic
and cognitive performance according to other study @,

Reduction in manganese and zinc in the studies
mentioned previously due to G. lamblia infection may
cause free radicals increase, which induce MDA
compound formation and deplete or reduce GSH as these
minerals act as cofactors for some antioxidant enzymes
@8, The results of Kadhim and Naemy @? indicated that
levels of MDA increase with age. This is supporting the
theory of the correlation between oxidative stress and
aging @®. Dkhil ¢ also found a significant antioxidant
status increase and host tissue protection against
pomegranate extract-induced damage. In an lIraqi
investigation by Jasim and Al-Azzauy @ on Kala-azar
patients, malondialdehyde levels in erythrocytes were
higher than in healthy controls. Kadhim et al. ¢, also
reported low GSH and high MDA serum level in amoebic
dysentery cases versus the control group.

Immune suppression may cause oxidative stress and
lipoprotein composition alterations in the host response to
giardiasis, which may disrupt metabolic processes and
decrease nutritional status ©3. Thus, the invasion of
parasites stimulates immune cells to produce reactive
oxygen species (ROS) and reactive nitrogen species
(RNS) to defend against the parasite, but excessive
production of these free radicals instead of killing the
parasite causes more damage to the body by oxidizing
many compounds @4,

CONCLUSION

G. lamblia infection, showed considerably higher
serum MDA that explains the relationship between G.
lamblia infection and oxidative stress. While decreased
expression of MDA in prophylactic and treated groups by
P. granatum, and increased expression of GSH in
prophylactic group explains the protective effect of P.
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granatum against lipid peroxidation and oxidative stress
induced by Giardia infection.
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