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INTRODUCTION

Escherichia coli is a bacterium whose colonies are regis-
tered in the lower intestine of mammals and birds.Under
certain conditions, they are pathogenic and cause dis-
ease (Tran et al., 2021). Some bacteria can move with the
help of flagella. On the surface of the cells there are fim-
briae, saws. There are stationary strains. Disputes do not
form (Nunayon et al., 2022). Escherichia coli is heat-re-
sistant and can survive in the wild for several months
(Lim et al., 2021). More than a hundred pathogenic sero-
types of Escherichia coli that cause diseases in humans,
animals, including birds have been systematised. Esche-
richia coli is resistant to antibiotics (Li et al., 2022). The
emergence of antibiotic-resistant strains of Escherichia
coli has caused economic losses to livestock (Khawaskar
et al.,2021). At present, the resistance of E. coli to antibac-
terial drugs has become an increasingly serious global
problem. Therefore, it is urgent to find drugs that can
fight against E. coli infection and are not easy to develop
drug resistance. Antimicrobial peptides have become
aresearch hotspot and considered to be one of the most
potential antibiotic substitutes.

Antimicrobial peptides are molecules made up of
amino acids produced by the body, they are an important
part of the body’s immune system (Vimberg et al., 2022).
Peptides have low molecular weight,broad antibacterial
spectrum, and endurance to resistance (Lin et al., 2021).
Peptide molecules consist of 12 to 100 amino acids (Suda-
dech et al., 2021). Both gram-positive (G+) and gram-neg-
ative (G-) bacteria have an inhibitory effect, most anti-
microbial peptides have bactericidal activity, and their
mode of action is specific to cellular targets (Peng et al.,
2019). With the expansion of research, people gradually
discovered antimicrobial peptide have a wide range of
effects and have attracted much attention in anti-inflam-
matory and intestinal barrier function. The earlier study has
found that intraperitoneal injection MPX could alleviate
the damage of E. coli to the intestines of mice, reduce the
mRNAexpression of inflammation-related factors and
improve the intestinal barrier function of mice (Zhao et al.,
2021). However, whether orally administered MPX can
also relieve intestinal inflammation and improve intes-
tinal barrier function in mice infected with E. coli is still
unknown.

The purpose of this study was to explore the effect
of orally administered MPX on intestinal inflammation and
intestinal barrier function in mice infected with E. coli.

MATERIAL AND METHODS

Ethics statement. BALB/c mice (6 to 8 weeks old, female)
were bought from Zhengzhou University. Animal studies
were conducted per the principles of humane treat-
ment of animals according to the International Guide-
lines for Biotic Standards and the requirements of the
International Science Committee and the Animal Ethics
Committee of the Henan Institute of Science and Tech-
nology (June 1,2021).

Antimicrobial peptide synthesis. MPX (H-INWK-
GIAAMAKKLL-NH2) was synthesised and purified by
Jiershenghua (Shanghai, China). High-performance liquid
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chromatography (HPLC) and mass spectrometry were
used to purify MPX. The purity of MPX was greater than
98 %. MPX was dissolved in dd H,0 and stored at -20°C.

E. coli strain culture. Escherichia coli (enterohemor-
rhagic Escherichia coli 0157: H7ATCC43889) were isolated
from faeces of patients who with symptoms of diarrhoea
and intestinal inflammation and obtained from the China
Institute of Veterinary Drug Control (Beijing, China). LB
(Solarbio, China) solid agar was used to obtain isolated
pure E. coli colonies. Single E. coli colonies were seeded
in 5 mL LB liquid medium with inoculation rings in an
aseptic operation room. Next, the cultures were placed
on a shake (Thermo, USA) at 180 rpm for 10 h at 37°C.
Then, 1 mL of E. coli-containing liquid was replaced in
a 1.5 mL centrifuge tube, then centrifuged at 8000 rpm for
5 min, and then resuspended in phosphate buffer (pH=7.4).
After diluting, the bacteria were smeared on an LB solid
plate for colony counting. Then, the LB plates were
placed ina 37°Cincubator for 12 h and counted after the
growth of visible single bacterial colonies. Authors first
set up three E.coli gradients of 4.5x10% CFU/mice;
4.5x107 CFU/mice and 4.5x10¢ CFU/mice for preliminary
experiments. According to the results, authors ultimately
found that the dose of 4.5x10% CFU/mice of E. coli infec-
tion. Finally, the bacteria were administered to mice at
4.5x10° CFU/mice in the experiment.

Animal experiment. A total of 48 BALB/c mice (aged
6-8 weeks, 18-20 g, female) were randomly divided into
4 experimental groups (control, MPX, E. coli,and MPX+E. coli;
12 mice per group, 6 mice at separate times). The mice
had ad libitum access to food and water. The MPX group
and MPX+E. coli group mice orally administered MPX
at a concentration of 100 ug/mL (200 pL/mouse) every day
for 7 consecutive days. The control group was intra-
gastrically administered 200 uL of normal saline for
7 days. Authors challenged mice with E. coli at 24 h after
an orally administered MPX.The E. coli and MPX+E. coli groups
were processed with E. coli via oral administration at
4.5x10° CFU/mouse. Mice showed diarrhoea, decreased
appetite, and were prone to gathering after E. coli infection.

Necropsy observation. Mice were euthanised via
CO, inhalation at different time points. After the mice
were killed by anaesthesia, the liver, lungs, and spleens
of mice were collected a septically with forceps, and
pathological observations were performed. Aseptic
operation was performed to observe the pathological
changes of the liver, spleen and lungs of the mice after
E. coli infection. The main pathological changes after
E. coli infection in mice.

H&E staining observation. Autopsy was performed
on dead mice after infection to observe the pathological
changes of mice organs. The lung, liver, spleen, and intes-
tines of mice were taken out with scissors, wipe them
clean with alcohol cotton, and put them ina 15 mL cen-
trifuge tube. Selected organs and intestines were fixed
in 4% paraformaldehyde, then paraffin-embedded, sections
were made, H&E was stained, and pathological changes
were determined (Su et al., 2021).

gRT-PCR. 0.1 g of jejunum tissue was weighed




and placed in liquid nitrogen for grinding. The ground
jejunum powder was placed ina 1.5 mL centrifuge tube.
1 mL RNA was added to each well for 10 min, 200 pL
of chloroform was added to each well. Shaked on the
instrument for 15 s, placed it on ice for 2~3 min, cen-
trifuged at 12000 rpm, 4°C for 10 min, slowly aspirated
the supernatant, added 500 pL of isopropanol and mixed
well, centrifuged at 12000 rpm, 4°C for 10 min, discarded
the supernatant, added 1 mL of 75 % ethanol to each
tube, centrifuged at 12000 rpm, 4°C for 5 min, slowly
discarded the supernatant, and allowed the RNA to dry
naturally for 10 min. Added a proper amount of DEPC
water, generally 20~30 uL, and the RNA concentration
was determined by NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, United States). 2 g of total RNA
was converted into cDNA. A reverse transcription kit (Thermo
Scientific, USA) was used for this purpose. The reaction
volume was 10 pl and included 5 pl of SYBR Green Master
Mix (QuantiNova, China), 0.5 pl of reverse primer (10 uM),
0.5 pl of direct primer (10 uM), 0.5 ul of cDNAand 3,5 pl
of ddH20. The reaction of the thermocycler took place
for 2 min at 95°C and included 40 cycles at 95°C for
20 s and at 60°C for 30 s, considering the melt curves
by fluorescence quantitative instrument (ABI7900,
America).The primer sequences of IL-2,1L-6, TNF-a,Z0-1,
Claudin-1, Occludin as bellow: IL-2, F:5-CCTGAG-
CAGGATGGAGAATTACA-3’, R:5-TCCAGAACATG-
CCGCAGAG-3’; IL-6, F:5-CTCTGGCGGAGCTATT-
GAGA-3’, R:5-AAGTCTCCTGCGTGGAGAAA-3"; TNF-aq,
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F:5-CTCATGCACCACCATCAAGG-3",R:5-ACCTGAC-
CACTCTCCCTTTG-3’; ZO-1, F:5~ACCCGAAACTGATGCT-
GTGGATAG-3’, R:5-AAATGGCCGGGCAGAACTTGTGTA-3’;
Claudin-1, F:5-AGCTGCCTGTTCCATGTACT-3', R:5-CTC-
CCATTTGTCTGCTGCTC-3’; Occludin, F:5-ACGGACCCT-
GACCACTATGA-3’, R:5-TCAGCAGCAGCCATGTACTC-3..

RESULTS

MPX relieves the pathological damage of E. coli to the
organs of mice

The results of necropsy found that E.coli infection
caused pathological changes in the liver and spleen
of the mice, such as congestion and necrosis, and the
pathological changes on day 7 were more serious than
that on day 28 (Fig. 1A). There was no obvious patho-
logical change in the lungs. Compared to E. coli group,
the liver, lungs, and spleen of the negative control mice
did not show the above adverse symptoms and orally
administered MPX can effectively alleviate the above
symptoms. Furthermore, H&E results found that the
liver, spleen, and lungs of the mice in the control group
had no lesions (Fig. 1B, C, D). E. coli infection leads to
necrosis in the liver, caseous necrosis in the spleen,and
insignificant pathological changes in the lungs. Orally
administered MPX could relieve liver and spleen damage.
The above results showed that orally administered MPX
can effectively alleviate the pathological damage of E. coli
to the organs of mice.

Control

MPX +E. cali

Control MPX E. coli MPX +E. coli

Control MPX E. coli MPX +E. coli

Figure 1. The results of necropsy and H&E staining of mice infected with E. coli after orally administered MPX.A:
Observation of autopsy results of liver, lung, and spleen of mice; B-D: Observation the results of H&E staining of liver,
lung, and spleen of mice. Lung, liver, and spleen are highlighted respectively by white arrows, black arrows and green

arrows to indicate lesions or normal parts. In addition, separate groups are indicated by different lowercase letters.
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MPX can effectively alleviate the intestinal morphology

As shown in Fig. 2, H&E staining of the duodenum showed
that the control group intestinal villi were arranged
neatly and there was no villi loss. E. coli infection in mice
causes damage to the structure of the duodenum, the
intestinal villi fall off, the arrangement is uneven, the
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figure 2. Observation of the H&E staining pathologiéal results in duodenu

depth of the intestinal crypts increases,and the intestinal
villi become shorter. The orally administered MPX group
significantly relieved the above symptoms on day 7 and
day 28. The above results show that orally administered
MPX can effectively alleviate the intestinal damage caused
by E. coli infection.

E. coli MPX+E. coli

X

of E. coli infected mice after orally administered MPX

Orally administered MPX reduces the expression of
inflammation-related factors in duodenum

To study the effect of an orally administered MPX on
duodenum inflammation-related factors in mice, RT-gPCR
was used for detection of the effect of MPX on the mRNA
expression oflL-2, IL-6,and TNF-a in duodenum (Fig. 3A,
B, C). The results showed that the mRNA levels of
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inflammation-related factors IL-2,1L-6,and TNF-a increased
significantly on day 7 and day 28 after E. coli infection.
Orally administered MPX can inhibit the mRNA levels
of inflammation-related factors in the jejunum infected
with E. coli. This result shows that orally administered MPX
can reduce the mRNA expression of inflammation-related
factors and relieve intestinal inflammation.
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Figure 3. The effect of an orally administered MPX on the mRNA expression
of inflammatory factor in the duodenum infected with E. coli

Orally administered MPX improves intestinal barrier
function

To study the effect of orally administered MPX on the
intestinal barrier function of mice. The mRNA expres-
sion of tight junction proteins Occludin, Claudin-1,Z0-1
were detected by RT-gPCR (Fig. 4A, B, C). Compared to

control group, E. coli infection resulted in decreased mRNA
expression of tight junction protein in the duodenum
of mice. While orally administered MPX could signifi-
cantly increase the mRNA level of intestinal tight junc-
tion proteins, thereby improving the intestinal barrier
function of mice.
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Figure 4. The effect of orally administered MPX on the mRNA expression
of tight junction protein of mice infected with E. coli
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Orally administered MPX increases MUC 2 protein in mouse
jejunum

In case of study the effect of an orally administered MPX
on MUC2 in jejunum, authors have used immunohisto-
chemistry for detection of the effect of an orally admin-
istered MPX on the intestinal barrier function of mice.
As shown in Figure 5, compared to control group, the

Control

DISCUSSION

This study found that after infecting mice with E. coli,
it caused organ damage, and orally administered
MPX could effectively alleviate the above symptoms.
E. coli infection in mice leads to increased expression
of inflammation-related factors,and orally administered
MPX could effectively reduce jejunum inflammation-
related factors. In addition, E. coli-infected mice disrupted
the mouse’s intestinal barrier function and reduced tight
junction protein and mucin levels, while orally admin-
istered MPX can increase tight junction protein and
mucin levels. This study lays the foundation for the use
of antimicrobial peptides as feed additives to prevent
the occurrence of diseases in the clinic.

Many studies have reported that antimicrobial
peptides are closely related to inflammation. The antimi-
crobial peptides Cathelicidin have been shown to reduce
the increased expression of anti-inflammatory cyto-
kines in the intestines of mice caused by LPS, compa-
rable results were obtained in experiments on porcine
macrophages (Fijalkowska et al., 2021; Ting et al., 2021).
The anti-inflammatory effect of LL-37 peptide has been
most thoroughly studied (Vera-Cruz et al., 2021). LL-37
can alleviate the inflammation caused by pathogenic
bacteria, LPS or other TLR agonists through a variety
of signalling pathways. Studies have found that antimi-
crobial peptide LL-37 not only has anti-inflammatory
effects, but also increases the expression of pro-inflam-
matory factors under certain conditions. For example, the
expression of IL-8 in macrophages and IL-6 in dendritic
cells may be enhanced by the peptide LL-37 (Mohanty
et al.,, 2021). Peptides such as defensins, LFP-20 inhib-
its the NF-kB signalling pathway and reduces inflam-
mation (Rodriguez-Carlos et al., 2021; Zong et al., 2015).
Therefore, antimicrobial peptides may have the function
of selectively regulating inflammation, thereby support-
ing the balance of the body’s immune system.The results
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mRNA expression of MUC2 decreased in the jejunum
after E. coli infection, and orally administered MPX can
effectively alleviate the decreased MUC2 mRNA expres-
sion caused by E. coli infection. Authors’ results showed
that via an orally administered MPX can considerably
increase MUC2 mRNA expression caused by E. coli infec-
tion in mice.

MPX

Figure 5. Immunohistochemical detection of MUC2 protein level in jejunum of mice

of this study found that the orally administered MPX can
effectively reduce the mRNA expression of inflammation-
related IL-2, IL-6 and TNF-a in the intestinal, thereby
alleviating the inflammation of the jejunum caused by
E. coli infection in mice.

Antimicrobial peptides have abilities to increase
the expression of tight junction of proteins. Antimicro-
bial peptides C-BF and LFP-20 reduce damage to dense
compounds, increase protein expression and protect
the physical barrier function of the intestine (Feng
et al., 2020; Han et al., 2013). Snake-derived antimicro-
bial peptide C-BF may increase the expression of tight
junction proteins Occlud in and ZO-1 in porcine jeju-
nal epithelial cells IPEC-J2through the MAPK signalling
pathway, and enhance the epithelial barrier function
(Feng et al., 2020). At the same time, studies have found
that the porcine antimicrobial peptide PR-39 enhances
the transmembrane resistance of small intestinal epi-
thelial cells, increases the expression of tight junction
proteins, and enhances the intestinal physical barrier
function. The mechanism may be through up-regulation
of the Rho-Rac 1 signalling pathway (Haiwen et al.,
2019). Authors’ results found that via an orally admin-
istered MPX expression of tight junction of protein can
increase in the intestine after E. coli infection in mice.
The above results showed that antimicrobial peptides
can regulate the intestinal barrier function.

CONCLUSIONS

In summary, in this study, necropsy and H&E staining
results showed that oral antimicrobial peptide MPX
could effectively alleviate the pathological damage
of E. coli in the intestine, liver, spleen and lung of mice.
RT-gPCR results showed that orally administered MPX
can reduce the expression levels of inflammation-related
factors IL-2, IL-6 and TNF-a mRNA, thereby alleviating
the intestinal inflammation caused by E. coli infection
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in mice. In addition, orally administered MPX could
increase the expression levels of tight junction pro-
tein Claudin-1,Z0-1 and Occlud in mRNA and improve
the barrier function in the intestine. Furthermore, jeju-
num immune histochemistry results showed that oral
administration antimicrobial peptide MPX could effec-
tively increase the mucin MUC2 protein expression lev-
els in the jejunum. The above results show that oral
antimicrobial peptide MPX could effectively alleviate
intestinal inflammation and enhance the intestinal
barrier function of mice caused by E. coli infection. This
study lays the foundation for adding antimicrobial pep-
tides in feed to relieve inflammation and improve barrier
function in clinical.
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BnsiMB opanbHOro 3aCTocyBaHHA aHTU6aKTepianbHoro nentnay MPX
Ha 3anaJjieHHd KMLWeYHUKA MULLEN NpPu eKCrnepuMeHTanbHin iHpekuii
Escherichia coli wutamy O157:H7

Croeuinb Yxao'?, laHHa AHaTtoniiBHa DotiHa?, TetaHa IBaHiBHa DoTiHa?, AHr Xy, Jli BoHr!

1XeHaHCbKMI IHCTUTYT HAYKK | TEXHIKK
453003, CxigHuii Xyan/lan npocn., M. CiHbcsiH, Kutan

2CYyMCbKMIA HaLiOHANbHUI arpapHUii yHiBepCcuTeT
40000, Byn. I. KoHapaTtbeBa, 26, M. CyMu, YKpaiHa

AHotauis. Escherichia coli - ue rpaMHeratMBHa 6akTepisi, KNWKOBUIM NATOreH, IKUIA MOXE BUKIMKATKU 3ananeHHs
KMLIEYHMKA. AHTUMIKPOOHI MenTuaM — Lie KNac nenTuAiB 3 HEBEIMKO MOJIEKY/IOH), IKi MakOTb XOPOLLY aHTUbaKTepiasbHy
aKTUBHICTb MPOTU PiZHOMAHITHUX FPaMNO3UTUBHUX | HEraTMBHKUX BakTepii. MeToto Liei poboTn Byno gocnianTm
BMN/MB NepopanbHOro BBEAEHHS aHTUMiKpobHoro nentuay MPX Ha 3ananeHHs KMLWeYHUKA Ta QYHKLIK KMLWKOBOIO
6apepy y muwen, iHdikoBanux E.coli. MPX(H-INWKGIAAMAKKLL-NH2) 6yB CMHTE30BaHMI Ta OUMULLEHWIA KOMMAHIED
Ji er Sheng Hua (WaHxaw, Kutai). ng ounweHHs MPX BukopuctoByBanu BUCOKOEhEKTUBHY piAMHHY XpoMaTorpadito
(BEPX) i mac-cnektpomeTpito. Kuwkosa nanuuka (eHTeporemopariyHa Escherichia coli O157:H7ATCC43889) byna
BUAiNeHa 3 Gekanii nauieHTa 3 reMoNiTMKO-ypeMiYHUM CMHOPOMOM Ta OTPUMaHa 3 KMUTaiCbKOro iHCTUTYTY BETEPUHAPHOIO
KOHTPO/O Haf, Nikapcbkimu 3acobamm (MekiH, Kntai). Ing oTpuMaHHS i301b0BaHNX YMCTUX E.coli KynbTyp BUKOPWUCTOBYBaNM
arap LB (Solarbio, Kutai). Pesynbtatvt po3TrHy nokasanu, o nepopanbHe BBeAeHHS MPX Moxe nonerwmTm ypaxeHHs
KMLUKOBOI MaNNYKOK NEYiHKK, CENe3iHKM Ta NereHb, Li OpraHn MeHLwWw noctpaxaanu. Pesynstatn H&E nokasanu, wo
3actocyBaHHsi MPX npu nepopanbHOMy BBEAEHHI 3HAYHO nonerwye BNAMB E. coli Ha ABaHAAUATUMNANY KULLKY Ta
opraHu Ha 7-i Ta 28-i peHb. qQRT-PCR pe3ynbrat nokasanu, Wo nepopasnbHe BBeaeHHS MPX Moxe 3MeHWwnTH
dakTopu, NoBA3aHi i3 3ananeHHsaM, ekcnpecito MPHKIL-2,1L-6 i TNF-a Ha 7 i28 peHb. Kpim Toro, nepopanbHe BBeAEHHS
MPX Moske 3HauHO 36inbwmnTh ekcnpecito MPHK 6inkiB winbHoro 3eaHaHHg Occludin i Zo-1 Ha 7 i 28 peHb. Pe3ynbratu
iMyHOriCTOXiMii TaKoX NoKa3anu, Lo nepopanbHe BBeaeHH MPX Moxe 36inbwmnti ekcnpecito MPHKMUC2 B nopoxHii
Kuwui. HaBeneHi Bulle pe3ynsTaTv NMokKasanu, Wo nepopanbHuin npuinoM MPX Moxe nocnabuti BRAMB KULLIKOBOI
MaAMYKM Ha KMULLUKOBMI TPaKT MULLEN,3MEHLINTU KULLKOBE 3amnafieHHs Ta NOKpawuTy GyHKLI0 KULWKOBOro 6apepy.
Lle mocnioxeHHs 3aknafae TeOpeTUYHY OCHOBY A1 A0AABAHHS aHTUMIKPOOHMX NenTuaiB A0 KOpMIB. [lepopanbHuit
npuiioM MPX mMoxe 3meHwWwnTn ekcnpecito MPHK dakTopis, NoB'A3aHMX i3 3ananeHHaIM, TUM CaMUM NOJerilyoun
KMLLKOBE 3ananeHHs, BUukankaHe iHdekuieto E. coli y muweit. Kpim Toro, nepopanbHe BBefeHHS MPX Moxe 36inbLunTy
ekcnpecito MPHK 6inka LWinbHOro 3eAHaHHS B KMLLIEYHMKY Ta MOKPALLMTM BapepHY PYHKLiH0 KMLeyHuKa. Lie nocnimkeHHs
3aK/1afa€ OCHOBY A1 AOAABAHHS aHTUMIKPOOHMX NENTUAIB Y KOPM AN 3HATTS 3anafeHHs Ta NoKpaLleHHs 6apepHoi
DYHKUIT B KNIHIYHIA NpakTULi

KntouoBi cnoBa: aHTMMiKpobHUiA nentua, MPX, eHTeporemMoparivHa E. coli, npoLec 3ananeHHs, KULWKoBMi 6ap'ep, 6ini Muwwi
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