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A B S T R A C T

Purpose: Understanding the inflammation and histopathological changes in vivo caused by Escherichia coli
infection is of great significance for scientific research and clinical diagnosis.
Methods: Mice were randomly divided into 6 groups (N ¼ 10) after adaptive feeding, and it challenged by
intraperitoneal injection with different concentrations of E. coli ATCC25922. The survival situation within 7 days
was recorded, and the half-lethal dose (LD50) was calculated by Karber's method. After the end, the blood, heart,
liver, spleen, lung, and kidney of the mice were collected. We detected the concentration of inflammatory cy-
tokines (IL-6, IL-β, and TNF-α) and inducible nitric oxide synthase (iNOS) in serum by ELSIA. Organs were
observed by histopathological staining and electron microscope observation.
Results: The LD50 of mice infected with E. coli was 1.371*106 CFU/kg. The concentrations of IL-6, IL-β, and TNF-α
increased with time after infection in mice, reaching the highest concentration on the 7th day. iNOS was
significantly increased on the 1st day of infection, and then decreased over time (P < 0.01). Within a week after
infection, the colony counts of the heart, liver, spleen, lung and kidney showed a first decrease, and then reached
a surge on the 7th day. Pathological results showed that a small amount of mitochondrial swelling and autophagy
were seen in the spleen, lung and kidney tissues of the infected group; and a small amount of secondary lysosomes
and autophagy were also seen; but no pathological changes were found in the liver and heart.
Conclusion: Escherichia coli can cause inflammation and oxidative stress in mice, causing different degrees of
damage to the spleen, lung, and kidney tissues, which provides theoretical support for inflammatory and path-
ological changes caused by Escherichia coli infection in vivo.
1. Introduction

Escherichia coli (E. coli) colonizes the intestines of humans and other
warm-blooded animals. E. coli, which was one of the most important
pathogens for hospital infections, animal infections, food poisoning and
water pollution [1, 2], it spreads widely among people, animals, and the
environment [3, 4]. Clinically, E. coli can cause a variety of clinical dis-
eases in all age groups [5], including diarrhea, urinary tract infections,
bacteremia, meningitis, septicemia and pneumonia [6].

In order to fight pathogens, the immune system is activated, leading
to the release of pro-inflammatory cytokines and the recruitment of in-
flammatory cells [7]. IL-6, IL-β and TNF-α play important roles in
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coordinating innate immune response [8]. TNF-α, is a cytokine produced
mainly by activated macrophages, and a kind of pro-inflammatory cy-
tokines that can up-regulate the expression of IL-6 and IL-1βand increase
the permeability of epithelial cells [9], jointly complete the task of
removing invaders. On the other hand, upon the triggering of immuno-
logic or inflammatory stimulus, iNOS can produce most of the NO in vivo
to defend invading infectious pathogens, meanwhile, iNOS is contribute
to antigen-specific T cells and NK cells secrete TNF-α, IL-1β and IL-6 to
defend pathogen infection [10].

Therefore, the establishment of a model of mouse infection with
E. coli is convenient for understanding the dynamic changes during the
infection process for in-depth research in the future.
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2. Material and methods

2.1. Establish a mouse model of E. coli infection

We purchased KM mice (SPF grade) mice, weighing 18–22 g, half
male and half female. After one week of feeding, they were randomly
divided into 6 groups according to their body weight, with 10 rats in each
group, and divided into 5 experimental groups and 1 blank group. The
standard strain of E. coli ATCC25922 (presented by Sichuan Antibiotics
Industry Research Institute) was activated, propagated, and then inocu-
lated in solid nutrient agar for cultivation. The standard strain of E. coli
ATCC25922 was cultured at a constant temperature at 37 �C to the log-
arithmic phase. The bacterial solution was diluted with physiological
saline into five bacterial solutions with different concentration gradients,
and the blank group was injected with physiological saline solution (The
dosage is shown in Figure 1), and KM mice were injected intraperito-
neally. The mortality of mice in the experimental group within 72 h was
recorded. Statistic results of death rate, calculated half lethal dose (LD50).
Preparation of infection model mice: KM mice (SPF) were injected
intraperitoneally with LD50 bacterial solution to prepare a mouse model
of E. coli infection. All animal experiments were conducted in accordance
with the principles of good laboratory animal care and performed in
compliance with the Animal Ethics Review Committee of Chengdu
Medical College.

2.2. Changes in inflammatory response and oxidative stress levels in mouse
models of E. coli infection

We collected blood from mice injected with LD50 bacterial solution to
detect inflammatory factors. The inflammatory factor interleukin-1β (IL-
1β), Interleukin-6 (IL-6), tumor necrosis factor (TNF-α) and inducible
nitric oxide synthase (iNOS) levels were determined according to the
instructions of the ELISA kit (NEOBIOSCIENCE, ShenZhen, CHINA).

2.3. Fluctuation of Escherichia coli in organs of mice after infection

The mice were sacrificed after ether anesthesia, and the heart, liver,
spleen, kidney, lung and other tissues were weighed and homogenized.
The homogenates were serially diluted in phosphate-buffered saline and
inoculatedoned MacConkey agar plates, whichwere incubated at 37 �C
over night and then the numbers of bacterial colonies were counted.

2.4. Pathological changes in mouse models of E. coli infection

2.4.1. Observation of the effect of HE staining (hematoxylin-eosin staining)
on the organs of mice

After collectinged the heart, lung, liver, spleen, and kidney tissues of
infected mice, they were washed with Physiological saline and fixed with
4% formaldehyde fixative solution. After being soaked for 24 h, the fixed
heart, lung, liver, spleen and kidney were dehydrated. Paraffin embed-
ding, section, HE staining, microscopic image collection and pathological
Figure 1. Survival proportions of Escherichia coli infection in mice.
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section analysis were completed by Chengdu Lilai Biotechnology Co.,
Ltd.

2.4.2. Transmission electron microscope observation of the effect on mice
organelles

The samples were pre-fixed with 2.5% glutaraldehyde, rinsed 3 times
with 0.1M phosphoric acid rinsing solution, and fixed with 1% osmium
tetroxide after 15 min each time. The samples were then dehydrated step
by step with acetone with a concentration gradient of 30% → 50% →
70% → 80% → 90% → 95% → 100% (change 3 times in 100% concen-
tration). The tissues were embedded in pure acetone and embedding
solution (2:1) at room temperature for 3–4 h and then sliced by ultra-
micro cutting machine. The samples were stained with uranyl acetate
and lead citrate for 15–20 min at room temperature, and then observed
by JEM-1400PLUS transmission electron microscope.

2.5. Data analysis

We analyzed the statistical data and significant differences through
Graphpad. P< 0.05 was considered statistically significant. P< 0.01 was
considered to have significant statistical significance. P < 0.001 was
considered to be of extremely significant statistical significance.

3. Results

3.1. The 50% lethal dose of E. coli infection in mice

Mice were infected with different amounts of E. coli 25922, and the
survival proportions of mice within 7 days was counted, as shown in
Figure 1. The median lethal dose (LD50) was 1.371*106 CFU/kg calcu-
lated by survival proportions. During the experiment, we observed that
the death of the mice mainly occurred at 12h–24h after infection, and the
survival of the mice had stabilized after 3 days.

3.2. Dynamic changes of inflammatory factors and iNOS in mice infected
with E. coli

The concentrations of IL-1β, IL-6, TNF-α and iNOS in the serum of
LD50 model mice before and 1, 3, 5, and 7 days after infection were
detected, respectively. The results are shown in Figure 2, the concen-
tration of inflammatory factors increased with time after infection in
mice, but the increase rate gradually slowed down, peaked on day 7 (the
concentrations of IL-1β, IL-6, TNF-α were 72.61 ng/mL, 113.58 ng/mL,
2539.10 ng/mL respectively). In contrast, iNOS concentrations peaked
on the first day and were significantly different from the blank control
group (****p-value<0.0001), and then decreased to a level that was
indistinguishable from the blank control group.

3.3. Fluctuation of Escherichia coli in organs of mice after infection

We counted the bacterial colonies in heart, lung, spleen, kidney and
liver homogenates showed on the 1st, 3rd and 7th days after the LD50

model mice were infected with Escherichia coli, all organs were infected to
a greater degree, the decrease appeared on the third and fifth days, and
the highest value of infected bacteria was reached on the seventh day
(Figure 3).

3.4. Histopathological changes in mice model of E. coli infection

The HE staining results showed that compared with the control group,
there were no obvious pathological changes in the heart, liver, and lungs
(Figure 4A, 4B, 4D). Comparedwith the control group, the spleen showed
slight dilation of the red pulp area, splenic sinusoids, stasis of red blood
cells, and kidneys. The glomeruli in the cortical area were enlarged, and
the renal cysts almost disappeared (Figure 4C, 4E).



Figure 2. The concentrations of IL-1β (A), IL-6 (B), TNF-α (C) and iNOS (D) on the 1st, 3rd and 7th day after E. coli infection in mice.
Notes: *p-value < 0.05, **p-value < 0.01, ***p-value < 0.001, ****p-value < 0.0001 compared to control.

Figure 3. Bacterial load in different organs of mice for 1st, 3rd and 7th days
after the LD50 model mice were infected with Escherichia coli.
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Transmission Electron Microscope (TEM) results showed that
compared with the control group, the experimental groups had no
obvious pathological changes in the heart and liver (Figure 5A, 5B), but
there were abnormal structures in the spleen, lungs and kidneys. Lym-
phocytes were clearly seen in the spleen. The nuclei were large and
polygonal. The chromatin distribution was relatively uniform, mainly
heterochromatin. The nuclear membrane was clear and intact, but the
mitochondrial cytoplasm was abnormally swollen. The visual field shows
the characteristics of necrotic cells, namely nuclear chromatin loss,
mitochondrial swelling, autophagy and dilatation of rough endoplasmic
reticulum (Figure 5C). The structure of alveolar type II epithelial cells
was intact, but most of the mitochondria swelled, the crest ruptured and
even disappeared, some of the rough endoplasmic reticulum dilated into
3

sacs, and the lamellar corpuscles were fragmented or dissolved and
cavitated (Figure 5D). The nuclei of renal tubular epithelial cells were
oval, the structure was complete and clear, a few mitochondria were
slightly swollen, and a small amount of secondary lysosomes and auto-
phagy could be seen (Figure 5E).

4. Discussion

In recent years, drug-resistant E. coli has become a major and
increasingly serious public health problem [11, 12, 13]. Therefore, the
clinic is also facing the limitation and passive situation of the medication
of Escherichia coli. The mouse model of Escherichia coli infection can be
used to study the disease process and factors, so that the clinic can have a
better understanding of the in vivo infection caused by Escherichia coli
and lay a theoretical foundation for drug research and development.

In the experiment, we injected Escherichia coli into mice and found
that the LD50 of Escherichia coli was 1.371*106 CFU/kg. The tissues of
mice were taken for colony count on the 1st, 3rd, 5th and 7th day after
injection of LD50 of Escherichia coli. We found that all organs were
infected to a greater degree, the decrease appeared on the third and fifth
days, and the highest value of infected bacteria was reached on the
seventh day. The lethal dose of Escherichia coli and the invasion of bac-
teria to the tissue of mice after injection of Escherichia coli, which laid the
foundation for the follow-up experiment.

It is generally known that inflammatory phagocytosis of pathogenic
microorganisms and non-inflammatory phagocytosis of apoptosis are the
result of innate immune recognition [14]. The concentration of inflam-
matory factors in mice can reflect the degree of immune response of the
body. Among them, IL-1β is an effective cell pro-inflammatory factor.



Figure 4. The comparison of HE staining in Heart (A), Liver (B), Spleen (C), Lung (D) and Kidney (E) of normal mice and Escherichia coli infected mice.
Notes: E. coli infection on internal organs revealed by HE staining. In Spleen tissue, “ ” represents Mild splenic sinus congestion. In Kidney tissue, “ ” represents
Glomerular enlargement.
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Figure 5. The comparison of TEM examination in Heart (A), Liver (B), Spleen (C), Lung (D) and Kidney (E) of normal mice and Escherichia coli infected mice.
Notes: E. coli infection on internal organs revealed by TEM examination. In Heart tissue, “ ” represents Dark band., “ ” represents Z line, “ ” represents Mitochondrial

swelling, “ ” represents Myofibril lysis; In Liver tissue, “ ” represents Lipid droplets, “ ” represents Mitochondrial swelling, “ ” represents Autophagy; In Spleen tissue,

“ ” represents Normal lymphocytes, “ ” represents Autophagy, “ ” represents Mitochondrial swelling; In Lung tissue, “ ” represents Mitochondrial swelling, “ ”

represents Lamellar body fragmentation or dissolution cavitation; In Kidney tissue, “ ” represents Mitochondrial swelling, “ ” represents Autophagy, “ ” represents
Secondary lysosome, “ ” represents Brush border.
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When the body is infected or injured, its defense response can effectively
stimulate the body to produce an immune response [15], but it can also
aggravate chronic diseases and acute tissue damage [16], Clinicians can
use the value produced by IL-1β for reference to target medications, such
as inhibiting the synthesis of caspase-1 to inhibit the release of IL-1β [15],
so as to reduce the damage to the body. IL-6 mainly plays a role in
maintaining homeostasis in vivo. When homeostasis is destroyed by
infection or tissue damage, IL-6 will help the host resist this emergency
stress by activating the immune response. However, when the body ap-
pears acute systemic inflammatory response syndrome and chronic
immune-mediated diseases, the excessive and continuous synthesis of
IL-6 will cause the body to produce a pathological response [17]. At
present, some studies have suggested that IL-6 can be used as an indicator
for early diagnosis of sepsis [18]. TNF-α is a pro-inflammatory cytokine.
It was usually undetectable in healthy people. However, under inflam-
mation and infection conditions, the levels of TNF-α in serum and tissue
will increase and cause inflammation, which can remove irritants and
accelerate tissue regeneration, but it may also cause tissue damage, and
in severe cases, it may even lead to organ failure and death [10]. In
addition, the concentration of iNOS reflects the oxidative stress level of
the body under stimulating conditions to a certain extent [19].

Clinical bacterial infections are mainly diagnosed by blood tests and
tissue biopsies, inflammatory infiltration of organs was evident after
most bacterial infections [20, 21]. In this infection model, we found that
different degrees of mitochondrial swelling and autophagy were
observed in the spleen, kidney and lung tissues under the transmission
electron microscope. Mitochondrial swelling signals cell damage and
death. Combined with the pathological changes of the spleen, lung and
kidney tissues of the mice in the experimental results, it is guessed
whether the pathological damage of the mouse tissue after E. coli infec-
tion is due to the rise of inflammatory factors?

In this study, we discover E. coli can cause inflammation and oxidative
stress in mice, causing differen cause different degrees of damage to the
spleen, lung, and kidney tissues of the body, through this experiment, we
can provided theoretical data support for inflammatory and pathological
changes in vivo after Escherichia coli infection, and lay the foundation for
more in-depth scientific research.
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