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Abstract: The gastrointestinal microbiome is the largest and most diverse reservoir of all the human body
niches. The aim of the study relationship between gut microbiota Escherichia coli in mice joints
inflammation. In this study, 100 samples of stool were gathered from healthy individual and 20 urine
samples from people with recurrent Urinary Tract Infection (UTI) and both types of samples were
proceeded accordingly to isolate E. coli strains where 92 strains were isolated from stool samples and 10
from urine samples. The isolated strains were subjected to antibiotic sensitivity test and the results
indicated that 39.2% out of the total number of the isolates were multidrug resistance while all the
pathogenic strains were multidrug resistant. According to the sensitivity results three isolates were chosen
to DNA isolation, two of them isolated from stool samples (Sensitive and Resistant) and one from urine
samples. The extracted DNA was divided to two parts one of them was subjected to cleavage by EcoR1
restriction enzyme and the other remains without treatment as a whole DNA, both were injected directly
to mice knee joints to study the histopathological effects of bacterial cell free DNA on knee joints. | was
conclude that indicated no effect where all the tested tissues were similar to those of group control.
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Introduction

The innate immune system is
programmed to attack foreign objects
including microorganisms which are not
recognized as self-components of the
host. However, most of the bacterial
populations inside human body are non-
pathogenic where they presented itself
as an essential component of human
health and development and exert many
vital functions in human hosts when it
comes to the metabolism of nutrients
and drugs, maintenance of integrity of
the gastro-intestinal mucosal barrier,
immune-modulatory roles and even
protection against exogenous
pathogens(1).

The gastrointestinal microbiome
is the largest and most diverse reservoir
of all the human body niches. From the

mouth to the anal cavity, each digestive
organ section provides a specific
environment that allows the growth and
colonization of organisms (2). Using
prebiotic dietary microbial supplements
to modify gut populations, cause-and-
effect relationships between the gut
microbiome and systemic inflammation,
metabolic  dysregulation, and host
iliness have been discovered (3).
Several studies found that cell free
DNA (CFDNA) levels rise in body
fluids during different pathological
conditions, including trauma,
inflammatory disorders and cancers. In
addition,  researches that  study
autoimmune diseases, especially in
rheumatoid arthritis (RA): have shown
that increased level of CFDNA in
plasma  correlates  with  disease
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progression, therefore, such condition
considered as a marker to the response
of some autoimmune  diseases
therapeutic processes (4).

Between bacterial DNA and
vertebrate DNA, there are a number of
significant distinctions. One of these is
that bacterial DNA contains far more
non-methylated CpG oligonucleotides
than human DNA, especially in base
contexts known as "CpG motifs" (5). It
is logical to hypothesize that bacterial
DNA, and specifically non-methylated
CpG oligonucleotides, are capable of
producing inflammation in the joints
and may contribute to the disease
progression since DNA is readily taken
up by leukocytes (6).

Septic arthritis can result from
localized bacterial infections in the
joints. Other destructive joint diseases,
including autoimmune diseases like
rheumatoid arthritis, are linked to an
increased prevalence of bacterial
arthritis. In humans, bacterial arthritis is
a rapidly progressing and very
destructive joint disease (7).

Materials and methods

One hundred stool samples were
gathered from healthy individual to
isolate E. coli from the gut microbiota,
the age range was between 2 to 40 years
old. Freshly collected samples were
brought to the lab in a cooled
environment and streaked on a
Macconkey agar plate before being
incubated at 37°C for 24 h. (8)

Twenty urine samples from a
patient with recurrent urinary tract
infections were collected in a sterile 50
ml plastic cups, transported to the lab,
spread on Macconkey agar, and
incubated for 24 h. at 37°C (9).

Biochemical testing was used
for  further identification and
conformation.

Antibiotic susceptibility test

The susceptibility test was
conducted according to Kirby-Bauer
disc diffusion method, where the
inoculum was prepared by moving three
to five colonies from the primary
culture plate to a sterile saline tube and
compared to the 0.5 McFarland
turbidity standard, the turbidity was
adjusted when needed.

Using a sterilized swab, the
inoculum was streaked onto a Mueller
Hinton agar plate and allowed to dry at
room temperature, then, using a pair of
sterile forceps, the suitable
antimicrobial discs from 10 different
antibiotics (Table 1) were placed on the
inoculation plates and incubated for 18
h. at 35 °C, the resulted inhibition zones
was recorded(10).

Guidelines from the Clinical and
Laboratory Standards Institute (CLSI,
2020) were wused to interpret the
results(11).

Isolating of genomic DNA

Wizard genomic purification kit
(Promega, USA) was used to extract the
genomic DNA from E. coli isolates.
Measurement and purity of DNA

The absorbance using a UV
spectrophotometer at 260 and 280 nm
wavelengths were used to determine the
purity and concentration of the DNA
samples, where the reading of OD (260)
was used to calculate the DNA
concentration, while the ratio of
0D260/280 reading was used to
measure the purity of DNA (12).
Cleavage and purification of DNA

The cleavage of DNA was
performed using EcoR1 restriction
enzyme  produced by  Promega
corporation and according to the
procedure mentioned in the leaflet
provided by the company while the
purification of cleaved DNA was
performed using wizard SV Gel and
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PCR clean-up system Kit produced by
Promega corporation and according to
the protocol provided in the kit.
The injection protocol

The knees of the mice were
sterilized with alcohol and the right
knee was intraarticularly injected with
100 ul of DNA dissolved in Tris-EDTA
buffer (TE) while the control mice were
only injected with 100 ul of only TE.
The animals were divided into groups
according to the type of treatment, the
first group received injections of whole
DNA, the second one received
injections of cleaved DNA, and the

control group were treated as mentioned
above. Three replicates were used for
each treatment, all the injections were
carried out on sedated mice and animals
were Kkept in their cages for 24 h. before
sacrificed.
Histopathological examination
Following customary fixation,
decalcification, and paraffin embedding,
Hematoxylin and eosin was used to
stain sections. All of the slides were
coded and evaluated and
histopathologic alterations in joints
were examined (13).

Table (1): The types of Antibiotics used in this study.

L Sensitivit
No Ant'.b lotic determinar¥ts Mechanism of action
Kind | s
1 Azithromycin 15 (AZM) <12 | - >13 Protein synthesis
2 Amikacin 30 (AK) <14 15-16 | >17 Cell wall
8 Augmentin 20/10 (AMC) <13 | 14-17 | >18 Cell wall
4 Ceftriaxone 30 (CRO) <19 | 20-22 | >23 Cell wall
5 Ceftazidime 30 (CAZ) <17 | 18-20 | >21 Cell wall
6 Ciprofloxacin 5 (CIP) <21 22-25 | =26 DNA synthesis
7 Cefotaxime 30 (CTX) <22 23-25 | =26 Cell wall
8 Imipenem 10 (IMP) <19 20-22 | =23 Cell wall
9 Gentamicin 10 (CN) <12 13-14 | >15 Cell wall
10 Tetracycline 30 (TE) <11 12-14 | >15 Protein synthesis

Results and discussion
Isolation of microbiota E. coli from
stool samples

According to the results of
chromogenic agar, microscopic

examination and the biochemical tests
(Table 2) ninety-two E. coli isolates
were gathered from stool samples and
ten from urine samples.

Table (2): The results of biochemical tests.

Test

Result

Growing on MacConkey agar

Pink color solid colony

Growing on EMB

Green metallic sheen

Lactose fermentation

+

Gram stain reaction

Indole

Methyl red

+
+
+

Vogas-proskaurs

Citrate

TSI

Acid/Acid, with gas , No H2S

Urease

Catalase

+

Oxidase

Motility
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Antibiotic susceptibility test
Susceptibility of gut microbiota E.
coli

The result showed that 39.2%
out of the total number of the isolates
were multidrug resistance where they
resist at least three antibiotics from
three different groups, 8.7% resist three
antibiotics from two different groups,
21.7% resist two antibiotics and 30.47%
resist one antibiotic and none of them
were susceptible to all of the used
antibiotics. In addition, the results
indicated that all of the isolates resist
(AMC) while all of them showed a
100% susceptibility to (AK, IPM). The
percentage of response to the other
antibiotics was varying, whereas the
greatest susceptibility rate was to (CN)
with a 97.8%, while the greatest
resistant rate was to (AZM) with a
43.5% (Figure 1).
Susceptibility test for pathogenic E.
coli

All the pathogenic isolates tested
in this study were multidrug resistant
where the result indicated that 10% of
them resist eight antibiotics, 60% resist
seven antibiotics, 20% resist six
antibiotics and 10% resist five
antibiotics. All the tested isolates were

197

resistant to the (AMC, CTX, CAZ and
CRO) antibiotics, while all of them
were susceptible to (AK and IPM). The
greatest susceptibility for the rest of
antibiotics was for (AZM) with 70%,
while the greatest resistance was to
(CIP) with a percentage of 90%
(Figure 2).
Susceptibility of gut microbiota
isolates compared to pathogenic ones
Both types of E. coli isolates
were sensitive to (AK, IPM) and resist
(AMC). While 90% of PA were
resistant to (CIP): the majority of gut
microbiota were susceptible to the same
antibiotic with a percentage of 60%.
Another difference appeared between
the two types in the response towards
cephalosporins (CTX, CAZ and CRO)
where the PA were totally resistant to
this group while the results of gut
microbiota was uneven, with highest
susceptibility to (CAZ) followed by
(CRO) then (CTX). Furthermore, the
difference in results between pathogenic
and gut microbiota was more obvious in
response to (CN) where 70% of
pathogenic isolates were resistant, while
97.8% of the gut microbiota were
susceptible (Figure 3).
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Figure (1): Susceptibility test for gut microbiota E. coli
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Figure (3): Comparison between the susceptibility results of gut microbiota and pathogenic isolates

DNA extraction

Deoxyribonucleic  acid  was
extracted from an overnight culture of
E. coli from three isolates one of them
was isolated from urine sample and
showed resistance to antibiotics (U/R)
the other two were isolated from stool
samples, one of them was resistant to
antibiotics (Sm/R) and the other was
sensitive (Sm/S) using Wizard genomic
DNA purification kit Promega which
proofed its high accuracy in extraction
of DNA from Gram-negative bacteria
with high purity. Genomic DNA was
further analyzed quantitatively and
qualitatively by gel electrophoresis

(Figure 4) which showed one band of
DNA for each type. This indicates the
methods used to extract and purify the
DNA were effective.
Estimation of the
concentration of DNA

The purity value of the extracted
DNA from the three isolate were (U/R-
1.8): (Sm/S- 1.9): (Sm/R- 1.8). the
result demonstrated to be within the
accepted range of 1.7-2.0 (14). The
bacterial DNAs were then adjusted to
the required concentrations as a final
concentration used in the subsequent
steps.

purity and
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Histopathological
The histopathological results of
knee joint indicated that the isolated

break) tested showed no effect on the
knee joints of the mouse were all the
tested tissues appeared similar to those
of the control group (Flgures 4,5).
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Figure (4):
(A): Section of joint (control group) shows: normal of synovial cavity (C,): bone epiphysis
(Asterisk): articular hyaline cartilage (arrows.) HandE stain.100x.
(B): Section of joint (control group) shows: normal of synovial cavity (C,): bone epiphysis (Asterisk)
and articular hyaline cartilage with normal chondrocytes (arrows).HandE stain.400x.

From the results mentioned above,
it has been proved that the resistance
ability is common among pathogenic
and gut microbiota E. coli isolates with
several isolates resist multiple drugs
from different groups. similar results
found in many studies (15,16,17,18,19
and 20).

According to Vardanyan and Hruby
(21):  Imipenem has an Alpha-
hydroxyethyl ~ side chain,  which
significantly increases its resistance to
hydrolysis by beta-lactamases in
contrast to penicillins and
cephalosporins, which have a side
aminoacyl group side chain. This may
explain the results gathered in this study
where the (IMP) was very effective
against pathogenic and gut microbiota
isolates. Jacoby (22) mentioned that
chromosomes of many
Enterobacteriaceae contain genes coded

for AmpC beta-lactamases enzymes,
these genes located on transmissible
plasmids therefore they can appear in
bacteria lacking these kinds of genes
like E. coli, such enzymes confer
resistance to beta-lactamase inhibitor
beta-lactam combination and over
expression of these enzymes mediate
resistance to cephalosporins including
ceftriaxone, cefotaxime and
ceftazidime. On the other hand,
Carbapenems usually used to treat
infections caused by AmpC beta-
lactamases enzymes producing bacteria.
Furthermore, Shamki et al.; (23)
conducted a study on 325 fecal
specimens collected from children with
diarrhea, they found that 28 isolate were
E. coli, all of them were multi-drug
resistant. However, none of them were
found resistant to imipenem.
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Figure (5):

G1(U/R): Group 1 injected with whole DNA isolated from urine sample/multidrug resistant shows:
normal of synovial cavity (C,): bone epiphysis (Asterisk): articular hyaline cartilage (arrows).
HandE stain.100x.

G2c(U/R): Group 2 injected with cleaved DNA isolated from urine sample/multidrug resistant shows:
normal of synovial cavity (C,): bone epiphysis (Asterisk): articular hyaline cartilage (arrows).
HandE stain.100x.

G3(Sm/S): Group 3 injected with whole DNA isolated from microbiota sample/sensitive shows: normal
of synovial cavity (C,): bone epiphysis (Asterisk): articular hyaline cartilage (arrows). HandE
stain.100x.

G4c(Sm/S): Group 4 injected with cleaved DNA isolated from microbiota sample/sensitive shows:
normal of synovial cavity (C,): bone epiphysis (Asterisk): articular hyaline cartilage (arrows).
HandE stain.100x.

G5(Sm/R): Group 5 injected with whole DNA isolated from microbiota sample/multidrug resistant
shows: normal of synovial cavity (C,): bone epiphysis (Asterisk): articular hyaline cartilage
(arrows). HandE stain.100x.

G6¢(SM/R): Group 6 injected with cleaved DNA isolated from microbiota sample/multidrug
resistant shows: normal of synovial cavity (C,): bone epiphysis (Asterisk): articular hyaline
cartilage (arrows). HandE stain.100x.
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Similar results were noticed in
this study where most of the isolates
were resistance to (AMC) and
cephalosporins (CTX, CAZ, CRO)
while they were susceptible to (IMP)
which may indicate that some of the
tested isolates harbor the bla(AmpC)
gene.

Many studies revealed that
bacterial DNA has a direct link with
arthritis, Malalah et al., (24) tested the
effect of purified DNA extracted from
Staphylococcus aureus on knee joints of
Rats and the histopathological results
showed  degeneration of  joint
space, aggregation of lymphocyte
and necrosis. Also, Kadhim et al., (25)
clarified that purified DNA
isolated from Proteus mirabilis caused
congestion, inflammatory cells
infiltration, edema and necrotic cells
when injected in knee joints of a rat
model. Deng and Tarkowski (26) stated
that bacterial cell free DNA might
induce arthritis. They injected the knee
joints with bacterial DNA and the
results indicated that arthritis was
induced by bacterial DNA. Zeuner et
al., (27) clarified that the CpG
oligonucleotides induced arthritis where
their histological results indicated that
several changes including perivascular
infiltration by mononuclear cells and
hyperplasia of the synovial lining after
injection of oligonucleotides. Deng et
al., (28) showed that unmethylated
CpG motifs were responsible for
the  induction of arthritis, as
oligonucleotides containing these motifs
produced the arthritis and indicate an
important pathogenic role for bacterial
DNA in septic arthritis. Ohshima et al.,
(29) also agreed with the previous
studies. The results indicated from this
study contradict the previous result
where after 24 hours' injection of
bacterial DNA in knee joints of mice the
histological tests indicated no effect

where the tissues were similar to those
of control group.

Cukrowska et al. (30) stated that
intestinal microbiota doesn't induce
immune responses that may lead to
arthritis. However, as a result of
dysregulation of intestinal microbiota,
normal microbiota can act as an external
antigen to stimulate  lymphocyte
proliferation and differentiation.
Activated lymphocytes can then release
various cytokines, such as IL-1, IL-6,
IL-17, and TNF-o. IL-1 and TNF-a
prompt white blood cells to accumulate
in the articular cavity and stimulate
production  of  small molecule
inflammatory ~ mediators, thereby
leading to cartilage damage and changes
in bone. But they mentioned that
whether the bacterial DNA is involved
in Osteoarthritis pathogenesis remains
controversial. Which might explain the
results obtained from this study where
the injection time (24 hours) was not
enough to generate pathological effects.
Conclusion

The results of this study has
shown that the multidrug resistance
ability are spread among gut microbiota
E. coli. Furthermore, the ability of free
bacterial DNA in arthritis development
and progression remains controversial
and need further studies to elucidate the
complete picture.

Recommendations

More research is needed in these
fields to face the challenge raise by the
disruptions of antibiotic resistant ability
among gut microbiota and the role of
bacterial free DNA in pathogenicity and
dieses progression
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