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Abstract

Background: This study was conducted for the period from January 2022 until the end of December
2022 at Samarra University / Graduate Studies Laboratory of the College of Applied Sciences,
Methods: 50 New Zealand white rabbits with weight ranged from (1500-1800) gm obtained from the
National Center for Drug Control and Research in Baghdad, while their ages ranged from (10-14)
months.The present study included the effect of Outer Membrane Proteins (OMPs) or (O-Antigen)
extracted from Escherichia coli on the immune response in male rabbits infected with G. lamblia
parasite, by measuring the levels of cytokines (IL-4, IL-6 and IL-10). Results: The cytokines under
study, its level increased in the serum of laboratory rabbits, and our study showed that the level of IL-4
for the O-antigen group increased significantly compared with the negative control group, where its
average of concentration was (12.35 and 8.71) pg/ml, respectively. An increase in the level of IL-4
occurred in Challenge group, compared to the positive control, where its average of concentration
reached (14.11 and 10.98) pg/ml, respectively. The results of the current study indicated that the level
of IL-6 of the O-antigen group increased significantly compared with the negative control group, where
its average of concentration was (5.24 and 3.37) pg/ml, respectively, and also the level of IL-6 in
Challenge group, it increased non-significantly when compared with the positive control, where its
average of concentration was (6.11 and 5.82) pg/ml, respectively. As for IL-10, there was a significant
increase in its level in the O-antigen group compared with the negative control group, where average of
concentration was (17.17 and 10.41) pg/ml respectively, and the IL-10 levels of Challenge group
increased, and it was noted that the IL-10 level increased more than previous compared with the
positive control to reach (21.84 and 14.79) pg/ml respectively. Discussion: Immunization of laboratory
rabbits with outer membrane proteins purified from E. coli had a clear effect on the levels of under
study cytokines, and this led to a reduction in the effect of infection with Giardia lamblia.
Conclusions: Elevation of interleukins

concentration under study after immunization with O-antigen. The outer membrane proteins extracted
from E. coli and at under study concentrations can be considered as non-specific immunomodulators
and non-toxic compounds at the specified concentrations and as stimulators of the immune system
against infection with the G. lamblia parasite in white laboratory rabbits.
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Introduction

Giardiasis is one of the common zoonosis diseases between humans and animals,™ and it is
caused by parasites of the genus Giardia spp.!) Giardia lamblia (syn. Giardia intestinalis, Giardia
duodenalis) is a cosmopolitan flagellated,"® and one of the top ten protozoan parasite infecting small
intestine (duodenum and jejunum) of humans, and this type of pathogenic agents that cause diarrhea in
humans and mammals,!*®! where infection with parasites of this type spread all over the world.["! The
clinical signs associated with infection with G. lamblia vary from the absence of pathological
symptoms to the appearance of various pathological symptoms.® Symptoms of infection usually vary
depending on the parasite strain and the host's immune response.”! Steatorrhea, abdominal cramping,
nausea, anorexia and weight loss are among the most obvious clinical signs of giardiasis.!*%.

Giardiasis is a major cause of diarrhea all over the world, affecting 280 million people annually.™
As the parasite globally caused the death of 125 thousand children in the last five years.!*™ The parasite
spreads in different regions of the world, especially tropical and subtropical regions, crowded industrial
areas and poor environments. Generally, the parasite spreads in developing countries.’>*! Many
studies conducted in Iraq confirmed the prevalence of the disease in many governorates of the country,
as well as studies that indicated many epidemiological aspects of the disease.l***® The presence of the
G. lamblia parasite in the gastrointestinal tract stimulates the host's immune response, and that response
may be associated with the disease with its various symptoms.

A lot of information has been reached about the immune response of the host through studies
conducted on experimental animals (mice and rats), where these studies indicated the possibility of
recovery from infection within a period of time ranging between 3-4 weeks.*! Cellular and humoral
immunity contributes in the immune response against giardiasis infection, and the primary immune
response is likely to occur in Peyer's patches of the small intestine, and studies by electron microscopy
have confirmed the presence of the parasite inside macrophages cells in Peyer's smear,’?” where the
trophozoite of the parasite is swallowed by opsonization.l?) Cytokines such as IL-6, IL-17, and others
play an important role in regulating innate and acquired immunity against infection with G. lamblia.[??
IL-10 has been found in some studies to be significantly elevated in the case of parasitic infections such
as malaria.”® The outer membrane is a distinctive structure of the cell wall in Gram-negative bacteria,
the cell wall consists of the outer membrane and one or very few layers of peptidoglycan. The
peptidoglycan is covalently linked to lipoproteins in the outer membrane, and the last one consists of
lipopolysaccharides (LPS), lipoproteins and phospholipids.®

In Gram-negative bacteria, the outer membrane proteins are of the g-barrel type, the most important
of which are OmpA proteins.”® OMPs act as antigens that stimulate the immune response in the
body. 12!

E. coli has long known as a commensal bacterium colonizing the gastrointestinal tract.?”? E. coli
possess enzymatic proteins such as glutaminase that stimulate each T-cells and B- cells.!*® The outer
membrane proteins are very effective vaccines that stimulate both Innate immunity and acquired
immunity are long-term, because they represent antigenic determinants that are displayed on the surface
of the bacterial cell, and they are highly stable among different types of Gram-negative bacteria.[?>!
Based on the above, the objectives of the current study were identified as follows:

1. Experimental infection with G. lamblia in laboratory rabbits.
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2. Testing the ability of outer membrane proteins (O-antigen) extracted from E. coli to modify the
immune response in laboratory rabbits against passive infection with giardiasis based on several criteria
including changes in the levels of cytokines, (IL-4, IL-6 and IL-10).

Materials and Methods

The study was conducted for the period from January 2022 until the end of December 2022 at
Samarra University / Graduate Studies Laboratory of the College of Applied Sciences, and 50 rabbits
obtained from the National Center for Drug Control and Research in Baghdad were used in this study,
and the weights of the animals used ranged from (1500-1800) gm, while their ages ranged from (10-14)
months, and they were given water and food continuously throughout the study period.

The study included the effect of Outer Membrane Proteins (OMPs) or (O-Antigen) extracted from
Escherichia coli bacteria on the immune response in male New Zealand white rabbits infected with G.
lamblia parasite that causes giardiasis, by measuring the levels of cytokines (IL-4, IL-6 and I1L-10). The
parasite was isolated from patients attending Samarra General Hospital according to the method
mentioned later.

Preparation of media

The culture media (Nutrient agar, MaCconkey agar and Brain heart infusion broth), this media was
later used to grow the bacteria under study,®® and were prepared according to the manufacturer's
instructions, which were attached to the box and the pH was adjusted. They were autoclaved at a
temperature of (121) °C under a pressure of (15) bar for a period of (20) minutes and incubated at a
temperature of (37) °C for a period of (24) hours in order to ensure that it is not contaminated and to get
rid of excess moisture on the surface of the medium.

Sucrose solution

A saturated sugar solution was prepared according to the Peakman and Vergani method, consisting
of (500) grams of sucrose in (320) ml of tap water, then (6.5) grams of phenol was added to the
solution.*!

Samples collection
First: Collecting parasite samples

The parasite G. lamblia and its two phases (trophozoite and cyst) were obtained from the faeces of
infected persons only and those attending the general hospital and primary health care centers in
Samarra, where the samples were collected in sterile plastic bottles, and the cysts samples were used to
infect the laboratory rabbits under study.

Type of sampling and reasons for selection
Randomized stratified sampling techniques to remove bias and sampling errors.
1- Examination of stool samples

Microscopic Examination Direct

Faecal samples taken from people infected with the G. lamblia parasite were examined by direct
wet mount preparation according to Ali et al. *
2- Preparation of the parasite cyst suspension used in the dose of laboratory animals

Isolation of the parasite from fecal samples obtained from patients with diarrhea who had
confirmed the presence of the parasite by direct microscopy, then, the Clark & Diamond method was
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followed in preparing the parasite cyst suspension, which became ready to dose laboratory animals and
cause infection.?
3- Experimental infection of Rabbits

The number of parasite cysts was calculated using a hemocytometer, in order to determine the oral
infection dose, which was 5 x 10° cysts. The parasite cysts were investigated in the feces of rabbits
daily for two weeks after the dose of the cysts was given to ensure that parasite infection occurred. The
infection was confirmed by preparing a swab of the infected rabbit's feces on a glass slide and
examining it under a microscope, observing the parasite and its different stages. Logal’s Iodine and
eosin dyes were used.

Sample of bacteria
Pure E. coli isolates were obtained from the microbiology laboratory at the College of Applied

Sciences and the diagnosis was confirmed using the VITEK 2 device as well as using Eosin Methylene
Blue Agar (EMB) medium.
First: preservation and perpetuation of the bacterial isolation

The bacterial isolate (after diagnosis) was grown in Brain heart infusion Broth (BHIB) at a
temperature of (37) °C for a period of (24) hours, then it was grown on nutrient broth under the same
development conditions, and then kept at a temperature of (4) °C These isolates were used in daily
work, taking into account their monthly renewal and maintenance.
Second: Extraction and purification of outer membrane proteins (O-Antigen)

The outer membrane proteins were extracted according to Murphy et al. method. &
Third: prepare and estimate the amount of protein

The standard curve was prepared and the protein concentration in the samples was estimated
according to Lowry et al. ** and as shown in Figure (1).
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Figure 1: The standard curve for the determination of protein concentration in the purified protein
solution
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Toxicity test for outer membrane proteins (O-Antigen)

The used concentrations of outer membrane proteins were tested for the treatment of experimental
rabbits, which are (100, 200, 400, 800, 1000, 1200 and 1400) pg/ml according to what was mentioned
by Al-Refaei.®™ Thirty-five male rabbits aged 10-14 months were used in this experiment. It was
divided into eight groups, each group consisting of (5) rabbits, and the antigen concentrations were
injected into the intraperitoneum, at a rate of (1) ml for each concentration.

Immunization of rabbits with the O-antigen

(5) rabbits were vaccinated with O-antigen, and immunization was carried out according to the
method Griffiths and Tomas, ®3" where the method of subcutaneous and intramuscular injections was
used to give doses to animals at a rate of (1) ml per animal, and concentrations (100, 200, 400 and 800)
pug/ml were used, depending on the toxicity test, blood samples were drawn from rabbits by heart stab a
week after the end of immunization, and it was used in the subsequent immunological examinations.

Expermental design

(15) male rabbits, whose ages ranged between (10-14) months, were used after making sure that
they were safe from apparent diseases and free from infection with intestinal parasites. They were
divided into three groups, and each group included (5) rabbits:

Group I: the negative control group

They were injected with physiological salt solution (0.9%) subcutaneously at an amount of (1) ml
per day for two weeks, after which blood was drawn for the purpose of obtaining serum and measuring
IL-4, IL-6 and IL-10.

Group I1: O-Antigen/ outer membrane proteins group

Immunization was done with O-antigen according to the method of ***") for a period of (14) days
with an amount of (1) ml of antigen and as indicated in the above paragraph, and after the end of
immunization, blood was drawn for the purpose of obtaining serum and measuring IL-4, IL- 6 and
IL-10.

The second group was dosed above after completing the immunological experiments with G.
lamblia was treated orally at a dose of 5 x 10° cysts /ml and was considered a challenge group, and the
stool was examined daily to verify the occurrence of infection, and two weeks after infection, the
immunological tests were repeated to compare the immunization with the O-antigen before and after
infection with the parasite.

Group I11: The positive control group

Animals of this group were infected with G. lamblia were treated with an oral dose of 5 X 10° cysts
of the parasite. Animal feces were examined daily to confirm the occurrence of infection. Two weeks
after infection, blood was drawn for the purpose of obtaining serum and measuring IL-4, IL-6 and IL-
10.

Immunological Study
First: Estimation of the concentration of interleukins (IL-4, IL-6 and IL-10) in blood serum.
The concentration of interleukins (IL-4, IL-6 and 1L-10) in the blood serum of laboratory rabbits

was estimated using a special analysis kit prepared by the Chinese company SUNLONG, where the
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concentration of each of the above interleukins in the blood serum was measured using the Sandwich-
ELISA method, which is based on The principle of color change resulting from the binding of specific
antibodies specific to the antigen.

Statistical Analysis
The present results were statistically analyzed by using Duncan¥s multiple range test; the means of
the groups were measured with P < 0.05 and by using the SPSS program. [38]

Results
Diagnosis and isolation of the parasite

G. lamblia was diagnosed by direct examination using physiological saline (0.9%), iodine-allocale
solution and eosin dye. trophozoites and cysts appeared in the examined smears.

Diagnosis of Escherichia coli
Identified bacteria E. coli using the VITEK 2 device, as well as the use of Eosin Methylene Blue
Agar (EMB) medium, which gives colonies with a green metallic sheen. [*]

Estimation of the concentration of proteins in the outer membrane protein extract sample
The concentration of the extracted outer membrane proteins was estimated according to the method
of Lowry et al,®¥ and by using the standard curve that shows the linear relationship between the
absorbance at a wavelength of (750) nm and the standard protein concentrations estimated at (pg/ml), it
was found that the protein concentration in the outer membrane proteins solution was 280 pg/ml.
Estimation of toxicity of outer membrane proteins
The results of the O-antigen toxicity experiment on rabbits treated with concentrations (100, 200,
400, 800, 1000 and 1400) pug /ml showed the following:
++ No disease sign was observed in the animals treated with concentrations (100, 200, 400 and 800)
pg/ml compared to the negative control group and they were monitored for two weeks.
+¢ Lethargy and general weakness were observed in animals treated with a concentration of 1000
pg/ml.
+» It was observed (general weakness, hair loss from different parts of the body, and poor movement)
on animals treated with a concentration of 1200 pg /ml.
+¢+ There were deaths in a number of animals treated with a concentration of 1400 mcg / ml on the fifth
day, and based on these results
The used concentrations were tested (100, 200, 400 and 800) pg /ml under study.

Immunological tests
Effect of O-antigen on the level of interleukin-4 in serum

The results of the current study showed, as shown in Figure (2), that the IL-4 level of the O-antigen
group increased significantly compared with the negative control group, where its concentration was
(12.35 and 8.71) pg/ml, respectively.
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The current results (Figure 2) showed a significant increase in the level of IL-4 in the challenge
group, and it was found that the level of IL-4 increased more than before compared to the positive
control, where its concentration averaged (14.11 and 10.98) pg/ml, respectively.
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Figure 2: Interleukin-4 level of rabbits in the study groups, Similar letters indicate to non-significant
differences at P > 0.05, while Different letters indicate to significant differences at P < 0.05
The effect of O-antigen on the level of interleukin-6 in serum

The results of the current study (Figure 3) indicated that the level of IL-6 of the O-antigen group
was significantly increased compared with the negative control group, where its concentration was

(5.24 and 3.37) pg/ml, respectively.

It was found through the current results (Figure 3) that the level of IL-6 in the challenge group
increased in a non-significant manner compared to the positive control, as its concentration averaged
(6.11 and 5.82) pg / ml, respectively.
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Figure 3: Interleukin-6 level of rabbits in the study groups, Similar letters indicate to non-significant
differences at P > 0.05, while Different letters indicate to significant differences at P < 0.05
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The effect of O-antigen on the level of interleukin-10 in serum

The results of the current study (Figure 4) showed a significant increase in the level of IL-10 in the
O-antigen group compared with the negative control group, where its concentration was (17.17 and
10.41) pg/ml, respectively.

The current results, as shown in Figure (4), indicated a significant increase in the levels of IL-10 in
the challenge group, and it was noted that the level of IL-10 increased more than previously compared
with the positive control to reach (21.84 and 14.79) pg/ml, respectively.
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Figure 4: Interleukin-6 level of rabbits in the study groups, Similar letters indicate to non-significant
differences at P > 0.05, while Different letters indicate to significant differences at P < 0.05

Discussion

The current results of IL-4 were consistent with the results of Majeed, who indicated that inoculation
with K. pneumoniae vaccine caused a significant increase in the level of IL-4 compared with the control
group, as its concentration reached (74.76 and 61.36) pg/ml, respectively, % and also agreed with the
results of Schaut, where they confirmed that there was a significant increase in the level of IL-4 in
laboratory mice after they were vaccinated with E. coli vaccine, where its concentration reached (4.80
and 0.90) pg / ml, respectively.*” Antigenic proteins purified from the outer membrane of E. coli
stimulate a T-cell-dependent cellular and humoral immune response. 2 The reason for the increase in
the level of IL-4 when immunizing with O-antigen can be explained by the fact that the immune system
includes T cells, which are classified into two subgroups (based on the function and discrimination of
MHC molecules and the expression of cell surface proteins), which are the helper cells (CD4+ T) and
cytotoxic cells (CD8+ T), in addition to classifying T cells into two secondary classes (Subset)
depending on the cytokines, they produce, where different types of cytokinesis are secreted in response
to antigen stimulation, the first class (Thl) produces IL-2 and IFN-y. The second (Th2) produces
interleukins (4, 5, 10 and 13). [4344
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For the challenge group we did not find studies published in the literature indicating agreement or
lack thereof with the current findings. Jiménez reported an elevated level of IL-4 in the case infection
with G. lamblia,* Cotton showed that infection with G. lamblia causes increased expression of
several cytokines, including IL-4, and the reason may be due to the activity of the parasite's cysteine
protease enzyme, which stimulates the functional differentiation of Th2 cells, “®! The infection with G.
lamblia stimulates the immune response by T helper cells of both types (Th1 and Th2),""! and since T
cells (Th2) when activated produce IL-4 (which is the main cytokine produced by activated Th2 during
infection with Giardiasis), the reason for the high level of IL-4 can be attributed to it, and it was found
that the cellular and humoral immune response dependent on T cells It is stimulated when infection
with the G. lamblia, and that stimulation of T cells (CD4+T) causes B cells to produce specific
antibodies to parasite’s antigens.*”

Galdiero and Gupta, confirmed outer membrane proteins of Salmonella typhimurium stimulate the
production of several cytokines, including IL-6.14*1 The ability of outer membrane proteins to
stimulate IL-6 is probably attributed to the presence of so-called loops that confer many biological
properties on these proteins.[*] The current results agreed with the results of Turkan, where he
indicated to significant increase in the level of IL-6 in people infected with the same parasite under
study compared with healthy subjects, as its concentration averaged (18.60 and 8.34) pg/mi,
respectively.®” Das-Neves indicated that G. lamblia stimulates the expression of several cytokines,
including IL-6.5Y The control on infection with G. lamblia parasite requires both humoral and cellular
immune response, which includes the release of cytokinesis (IL-4, IL-6, IFN-y and TNF-a), and IL-6 is
the main cytokinesis whose concentration is elevated during infection with Giardiasis, as well as a pro-
inflammatory cytokine, stimulate the innate immune response against G. lamblia.[??

The current results for IL-10 are agreement with the results of Al-Refaei, which showed that outer
membrane proteins purified from K. pneumoniae resulted in a significant increase in the level of IL-10
after its use in immunizing laboratory rabbits compared with the negative control, where the
concentration of 1L-10 reached (34.58 and 18.72) pg/ml, respectively,=* and agreed with the results of
Majeed, who indicated that vaccination with the vaccine K. pneumoniae caused a significant increase in
the level of IL-10 compared with the control group, and it was revealed that the level of 1L-10 reached
(132.93 and 109.56) pg/ml, respectively, ¥ while the current results were not agreement with those of
Schaut, where they confirmed that there was a significant decrease in the level of IL-10 in laboratory
mice after they were given a vaccine of E. coli bacteria compared with the control, where the
concentration of interleukin-10 was (2.5 and 8.5) pg/ml, respectively.*? IL-10 is an important molecule
in the control of viral, bacterial, and parasitic infections, allergic conditions, and autoimmune
diseases. *2

Jiménez showed a significant increase in the level of IL-10 in the case of immunization of mice
with the enzyme cysteine protease of the G. lamblia parasite compared with the control, where the
concentration of 1L-10 was (34.58 and 18.72) pg/ml, respectively./*! The experimental infection with
G. lamblia leads to increased 1L-10 production./*® Perhaps the reason for the increase in the level of IL-
10 in the challenge group can be explained by the presence of T cells, which are components of the
immune system, and are classified into two subgroups (based on the function and discrimination of
MHC molecules and the expression of cell surface proteins) into helper cells (CD4+ T) and Cytotoxic
cells (CD8+ T), in addition to classifying T cells into two secondary classes (Subset) depending on the
cytokines they produce, where different types of cytokines are secreted in response to antigenic
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stimulation, the first class Thl produces IL-2 and IFN-y, while the second class is called Th2 produces
Interleukins (4, 5, 10 and 13), and each type of T cells has a different immune response from the other,
as Thl stimulates cellular immunity responsible for intracellular pathogens such as some bacteria and
viruses, while Th2 cells stimulate humoral immunity responsible for the production of specific
antibodies against extracellular pathogens (fungi, bacteria and parasites),/**** Since the parasite G.
lamblia is an extracellular parasite, the immune response towards it may be stimulated by Th2, and this
was confirmed by the results of the current study and some studies that indicated that the parasite
antigens stimulate the production of different cytokines (IL-4, IL-5, IL-10 and IFN-y), that have a role
in parasite resistance.?l Changes in the growth of epithelial cells of the intestinal lining are an essential
response to intestinal infections and facilitate the removal of damage and cells infected with the
pathogen. G. lamblia inhibits the regeneration of intestinal epithelial cells and induces their
apoptosis.[*® Therefore, I1L-10 is very important because it increases host resistance by maintaining the
intestinal epithelial barrier.®® 1L-10 has a significant role in protecting the host from direct damage
caused by protozoan or helminth infection, but the mechanism is unclear. %

The current results for IFN-y were agreement with the results of Al-Refaei, showing that outer
membrane proteins purified from K. pneumoniae resulted in a significant increase in the level of IFN-y
after immunization of laboratory rabbits compared with the negative control, where the concentration
of IFN-y was (29.18 and 20.36) pg/ml, respectively, B! It also agrees with the results of Schaut, where
who indicated a significant increase in the level of IFN-y in laboratory mice vaccinated with E. coli,
where the concentration of IFN-y reached (212.0 and 101.0) pg/ml, respectively.*®! Protein antigens
purified from the outer membrane of E. coli stimulate a T-cell-dependent cellular and humoral immune
response, [*>**! and protein nature of antigens stimulate a T-cell-dependent humoral immune response,
and antigens are phagocytized by macrophages (antigen-presenting cells) and presented in the form of a
peptide carried on MHC Class I1 that interferes with T cell receptor (TCR).®! As mentioned above, the
immune system includes two secondary classes of T cells (Thl and Th2), depending on the cytokinesis
that they produce. Different types of T cells are secreted in response to antigen stimulation. The first
class (Th1) produces IL-2 and IFN-y.[43#4

Turkan, indicated that there was a significant increase in the level of IFN-y in people infected with
the same parasite under study compared with healthy subjects, as its concentration averaged (39.51 and
21.98) pg/ml, respectively,[SO] and also agreed with the results of Brune, indicated that the level of IFN-
vy was higher in patients with giardiasis than in healthy subjects, as its concentration averaged (14.50
and 4.40) pg/ml, respectively.®® The infection with G. lamblia parasite stimulates the immune response
by T-helper cells of both types (Th1 and Th2), "% as host control of infection with G. lamblia parasite
requires both humoral and cellular immune response, which includes liberation of cytokines (IL- 4, IL-
6, IFN-y and TNF-a).[*Y Since T cells (Th1) when activated produce IFN-y, ?? the reason for the high
level of IFN-y can be attributed to them. The action of IFN-y in Giardiasis infection is also associated
with the production of active oxygen against the parasite by macrophage cells, but its mechanism of
action is not clear. **

Conclusions

1- Elevation of interleukins concentration under study after immunization with O-antigen.
2- Elevation of gamma-interferon concentration after immunization with O-antigen.
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3- The outer membrane proteins extracted from E. coli bacteria and at the concentrations used in the
current study can be considered as non-specific immunomodulators and non-toxic compounds at the
specified concentrations and as stimulators of the immune system against infection with the G.
lamblia parasite in white laboratory rabbits.

Limitation of the study

Patients infected with the Giardia lamblia parasite did not refuse to give a stool sample in support of
scientific research, in addition to that we did not need more than three samples to cause an experimental
infection of laboratory rabbits.
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