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ANNOTATION

Ping Xu «Anti-inflammatory effect and mechanism of Chlorogenic acid extract
from Taraxacum officinale on LTA-induced mastitis in dairy cows» — Qualifying
Educational and Scientific Work on the Rights of the Manuscript. Dissertation for the
degree of the Doctor of Philosophy in the specialty 211 «Veterinary medicine» — Sumy
National Agrarian University, Sumy, 2022.

Based on scientific demonstration and experimental research, this thesis is
devoted to studying Anti-inflammatory effect and mechanism of Chlorogenic acid
extract from Taraxacum officinale on LTA-induced mastitis in dairy cows.

Mastitis is one of the costliest diseases affecting dairy cattle. Direct economic
costs associated with mastitis include reduced milk yield and quality, increased
veterinary costs, discarded milk (during the course of treatment) and somatic cell count
(SCC) penalties.

When analyzing literary sources, we established that mastitis still remains a
pressing problem for many countries, including China and Ukraine.

And extracts from plant have obvious therapeutic effects and play an inportent
role in the treatment of mastitis in dairy cows. They can not only avoid the production
of drug-resistant bacteria caused by the application of antibiotics, but also avoid
problems such as drug residues.

Therefore, the application of plant extracts has always been high hopes in the
prevention and treatment of dairy cow mastitis. Therefore, research needs to
understand the antibacterial mechanism of plant extracts against pathogenic bacteria
such as Staphylococcus aureus and Escherichia coli, and reveal the protective
mechanism of plant extracts against mastitis in dairy cows.

It has long been known that mastitis resistance or susceptibility is a complex trait
that is comprehensively affected by the environmental, physiological and genetic
factors.

Analyzing plans for carrying out treatment and preventive measures in dairy

at present, antibiotics are mainly used for the treatment of cow mastitis.
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However, the abuse of antibiotics has lead to increased resistance to pathogenic

bacteria and serious drug residues.

Chlorogenic acid (3-O-caffeoylquinic acid) is the main active ingredient of an
extract from Dandelion (7Taraxacum officinale), which has played an important
pharmacological role in the study of many inflammatory diseases.

However, the molecular mechanism underlying the formation of resistance is
poorly understood.

This research takes chlorogenic acid as the research object, which is a natural
ingredient in the Chinese herbal medicine Taraxacum officinale. Firstly, the optimal
extraction conditions of chlorogenic acid in dandelion were determined by orthogonal
experiment. A high performance liquid chromatography (HPLC) method for the
detection of chlorogenic acid in dandelion was established. Secondly, detection of the
antibacterial mechanism of phenolic acid extract (include chlorogenic acid) against
Staphylococcus aureus. Lastly, the mammary epithelial cells were isolated and
cultured from milk, and obtained pure primary cells; BMEC inflammatory model was
established by Lipoteichoic acid (LTA); CCK-8, ELISA, qRT-PCR and WB were used
to analyze the protective and anti-inflammatory effect of chlorogenic acid on
LTA-induced inflammatory lesions. In order to provide a reference for the Chinese
herbs treatment of dairy cow mastitis, it provides scientific basis for the research and
development of Chinese herbs and related basic research.

In the study of detection and extraction process of chlorogenic acid extract from
Taraxacum officinale was conducted. The extraction technology of chlorogenic acid
was researched from multiple factors, the best parameters of the technology were
obtained that the ultrasonic temperature was 80 °C, the solid-liquid ratio was 1 : 30, the
solvent concentration was 50%, and the ultrasonic time was 40 min, then the extraction
rate can reach 1.921%.

The HPLC detection method of chlorogenic acid from Taraxacum officinale was
5% methanol elution condition 0 ~ 5 min, 5 - 15% methanol elution condition 5 ~ 15
min, 15 - 5% methanol elution condition 15 ~ 20 min, 5 % methanol elution condition
20 ~ 25 min, and the buffer salt was 1%o phosphoric acid aqueous solution, and the

wavelength was 350 nm. The method was stable and reliable.
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In the process of the antibacterial experiment, it was found that phenolic extract

from 7. Officinale has an inhibitory effect on S. aureus, and the mechanism of action
was to destroy the integrity of its cell walls and cell membranes. The minimum
inhibitory concentration (MIC) of dandelion phenolic extract exhibited against S.
aureus was 12.5 mg/mL.

The antibacterial kinetic curve analysis showed that the inhibitory effect of
dandelion phenolic extract on S. aureus was mainly in the exponential growth phase.
After the action of dandelion phenolic extract, the growth of S. aureus was obviously
inhibited entering into the decay phase early. Furthermore, after the action of
dandelion, the extracellular AKP (alkaline phosphatase) contents of S. aureus, the
electrical conductivity and the extracellular protein contents were all increased. The
phenolic extract also affects the normal reproduction of S. aureus.

When analysis the content of phenolic extract from 7. Officinale, the dandelion
was extracted by ultrasonic assisted extraction method with 70% methanol-water (v/v)
as a solvent. Subsequent identification and quantification of phenol in extract was
carried out using High Performance Liquid Chromatography (HPLC). The results
showed that chlorogenic acid (1.34 mg/g) was present in higher concentration,
followed by luteolin (1.08 mg/g), ferulic acid (0.22 mg/g), caffeic acid (0.21 mg/g),
and rutin (0.19 mg/g) in the dandelion phenolic extract.

When studying the establishment of bovine mammary epithelial cells (BMEC)
from the milk of Ukraine Holstein dairy cows in order to develop a general in vitro
model. The whole growth process is different when culturing epithelial cells from
tissue. Single adherent cells appear on the culture dish after culturing for 3-4 days.
Bovine mammary epithelial cells formed islands when cultured at low density after
5-7 days.

Primary epithelial cells were elongated after culturing for 8-10 days. Mammary
epithelial cells developed into different shapes, including oval, typical cobblestone,
and irregular polygon. Most of the isolated cells that extended from the milk had an
irregular polygon shape. The cells obtained after freezing and thawing maintained
normal morphology and growth characteristics. In the selection of frozen storage

medium, the frozen solution containing 90% FBS and 10% DMSO was more
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conducive to the survival of cryopreserved BMECs than DMEM/F12: FBS: DMSO=

5:4:1. For subsequent research, FBS containing 10% DMSO was used for
preservation of frozen cells.

The characteristics of BMECs were examined using real time cell assay (RTCA),
immunocytochemistry (ICC), reverse transcription- polymerase chain reaction
(RT-PCR), and Western blot (WB). RTCA provides a remarkable method for real
time monitoring of cell viability. The result showed that the best seeding density for
the proliferation of BMECs was 1 x 10* cells. The BMECs culture slowly grew
within the first 3 days and cells entered the stable phase in the best seeding density.
Cells exhibited strong positive staining for cytokeratin 18, which is specific for
epithelial cells, indicating that the cultured cells possessed the properties of epithelial
cells. RT-PCR was used to determine the mRNA expression and WB was used to
determine the milk proteins expression in the BMEC. And the results confirmed the
ability of the isolated cells to synthesize milk proteins. It is very important that MECs
express milk proteins and can mimic the in vivo system.

CCK-8 assay carried out to examine the viability of cells. The viability of
BMECs infected with LTA were lower than that of the normal BMECs. RTAC was
used to detect the effect of different concentrations of LTA on the proliferation of
BMECs, the results were shown that with the increase of LTA concentration, the
proliferation activity of BMEC cells was inhibited. According to the change of cell
index value and different proliferation curves, the dynamic detection after LTA
treatment of cells was found. The effects of LTA at different concentrations (0, 10, 20,
40, and 80 pg / mL) on BMEC were observed at different time points (12, 24 and 48
h); It was found that with the increase of LTA dose, the inhibition rate of cell vitality
increased gradually, indicating that LTA of certain concentration would cause the
damage of BMEC. According to 24 h of LTA action cells of different concentrations,
the inhibition rate of concentration of 20 pg / mL and 40 pg / mL was significantly
increased. The results of ELISA and qRT-PCR showed that the treatment of BMEC
with LTA at the concentration of 20 pg / mL for 24 h obviously induced TNF-a and

IL-6 protein and gene expression levels.
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In the last, the anti-inflammatory effect and mechanism of chlorogenic acid

extract were detected in LTA-stimulated bovine mammary epithelial cells. The effect
of chlorogenic acid extract on the viability of bovine mammary epithelial cell was
evaluated using the CCK-8 and RTCA assay. The effects of chlorogenic acid extract
on NF-«B activation was detected by Western blotting.

The effects of chlorogenic acid extract on LTA-induced inflammatory cytokines
expression were detected by ELISA and qRT-PCR. The results showed that the cell
viability was not affected by chlorogenic acid extract at the dose of 12.5, 25, 50, 100,
200, and 400 pg/mL. The ICsy of the CCK-8 and RTCA analysis methods were 326.8
and 320.4 ug/mL.

Meanwhile, chlorogenic acid extract inhibited LTA-induced TNF-a, IL-1B, and
IL-6 expression. Western blot analysis showed that chlorogenic acid extract
suppressed LTA-induced NF-kB activation in a dose-dependent manner.

This paper investigates the anti-inflammatory mechanism of chlorogenic acid
extract from Taraxacum officinale in inflammatory signaling pathways. It provides a
basis for reference to the study of drug prevention and treatment of mastitis in dairy
COWS.

We recommend using the materials of the dissertation work when studying the
courses " Veterinary microbiology", "Veterinary internal medicine" and Veterinary
sanitary examination" for masters of the Faculty of Veterinary Medicine of Sumy
NAU. And for the courses "Veterinary internal medicine" and "Chinese traditional
veterinary science" for masters of the Henan Institute of Science and Technology
(HIST).

We can recommend that at farm level, dandelion extract may use as a new type
of feed additive in production. And new therapies with CGA as a drug should be
developed in future.

Key words: chlorogenic acid, Bovine mammary epithelial cells, Lipoteichoic
acid, cytotoxicity, mastitis of dairy cows, herbal preparations, antimicrobial agent,
cow, milk, somatic cells, inflammation of the breast, mastitis pathogens, somatic
cells, milk productivity, microflora, milk quality, lactation, bacterial contamination,

milk fat, PCR, enzyme immunoassay, antibody.



AHOTALIS

Crou Ilins «IIpoTu3zananbHuil €pekT 1 MexaHi3M il eKCTPaKTy XJIOPOreHOBOT
kucnotu 3 Taraxacum officinale na LTA-1HAyKOBaHUN MACTUT y AIMHUX KOPIB». —
KBamidikauiiiHa HaykoBa mpaus Ha mnpaBax pykonucy. Jucepraumis Ha 3100yTTS
HAayKOBOI'0 CTymeHsi Joktopa ¢itocodii 3a cnemianpHicTIO 211 «Berepunaphna
meauimHay — CyMChbKHM HaIllOHAIBHUHN arpapHuil yHiBepcuTeT, M. CyMH.

Ha oOcCHOBI HayKOBHX, CKCIEPUMEHTAIbHUX JOCHIIDKCHb JHCEpTallis
NPHUCBIYCHA BHBYCHHIO MPOTH3AMAIbLHOTO €(PEeKTy Ta MeEXaHi3My [ii eKCTpakKTy
XJIOpOreHoBoi kuciaotu 3 Taraxacum officinale na LTA - iHIyKOBaHMI MacTUT y
MOJIOYHHUX KOPiB.

MacTuT — OJHE 3 HaWJIOPOXKYMX 3aXBOPIOBAaHb MOJIOYHOI xymoow. Ilpsmi
€KOHOMIYH1 BUTpPATH, MOB’sI3aH1 3 MACTUTOM, BKJIFOYAIOTh 3HWKCHHS HAJOIB 1 SIKOCTI
MOJIOKa, 30UIBIIICHHS BETEPUHAPHUX BHUTpAT, BHOpakoBaHEe MOJOKO (T dYac
JiKyBaHHs) Ta mTpadu 3a TABUIICHY KUTBKICTh comaTnyHuX KiiTuH (SCC).

AHani3yroun JIiTepaTypHl JDKepeida, MH BCTAaHOBWJIM, IO MACTHT JOCI
3aJIMIIAETHCS aKTYaJIbHOIO MPOOJIeMOIo i 6aratbox KpaiH, y Tomy uucii Kuraro ta
VYkpaiHu.

A €eKCTpaKTH 3 POCIMHH MalOTh OYEBHJIHY TEpaNeBTUUYHY JiF0 1 BiIIrparTh
BOXJIMBY pOJIb y JIIKYBaHHI MAacTHTy Yy NIMHUX KOpiB. BOHW MOXyTh HE TUIBKU
VHUKHYTH YTBOPEHHS CTIMKUX 10 JIKIB OakTepiil, CIPUYMHEHUX 3aCTOCYBaHHSIM
aHTUOIOTHKIB, alle ¥ YHUKHYTH TakKuX NpoOieM, SK 3aJIUIIKA BETEPUHAPHUX
mpenapariB B IPOAYKTaX TBAPUHHHUIITBA.

ToMy Ha 3aCTOCYBaHHS POCITMHHUX €KCTPAKTIB 3aBXKIU TOKIIAATNCS BEJIHKI
Ha/ii B podTaKTHIl Ta JIIKYBaHHI MAaCTUTY JIHHUX KOPIB.

Came TOMY Cy4acHi JOCITIKCHHS noTpeOyIOTh PO3yMIHHS
aHTHUOAKTEPIAIBHOTO MEXaHi3Myl il POCTUHHUX EKCTPAKTIB MPOTH MAaTOTEHHHUX
OakTepiit, Takux sk Staphylococcus aureus i Escherichia coli, 1 BUSBICHHS 3aXUCHOTO

MEXaH13MYy POCITMHHHUX €KCTPAKTIB MPOTH MACTUTY Y MOJIOUHUX KOPIB.
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JIaBHO BIiOMO, III0 PE3UCTEHTHICTh a00 CHPUUHATIMUBICT /10 MACTUTYy €

KOMILJIEKCHOIO O3HAKOI0, Ha Ky BIUIMBA€E CYKYITHICTh €KOJIOTTYHHX, (D1310JIOTTYHUX Ta
Tr€HETUYHUX (PaKTOPIB.

AHani3ylouu IUIaHW MPOBEACHHS JIIKYBAJIbHO-MPOPUIAKTUYHUX 3aXO/A1B Ha
MosioyHuX (epmax Ykpainu Ta Kurtaro, MU BCTaHOBWJIM, L0 HA JAHUWA dYac st
JIKyBaHHS MACTHTy KOpIB B TOCHOJApCTBAaX TIEPEBAXHO BHUKOPUCTOBYIOTH
AHTUO10TUKH.

OpHak  3JIOBXKMBAaHHS ~ aHTHOIOTMKAMH  TIPU3BEJIO  JIO  MiABUIICHHS
PE3UCTEHTHOCTI MAaTOT€HHUX OaKTepil 1 HAKOMWYEHHIO 3aJIMIIKIB BETEPUHAPHUX
IperapaTiB B MOJIOYHUX MPOAYKTAX Ta M'SCI.

XnoporenoBa kuciora (3-O-kodeoiixiHOBa KHUCIO0Ta) € OCHOBHUM JIFOYUM
IHTPEIIEHTOM €KCTpaKTy Kynb0adu (Taraxacum officinale), sxa BiirpaBae BaXJIUBY
¢hapMakoJIOT14HY POJIb Y BUBUEHHI 0araTh0oX 3arajbHUX 3aXBOPIOBAHb.

OpHak MOJIEKYJSIpHUM MEXaHI3M, WI0 JIeKHTh B OCHOBI (hOpMYyBaHHS
PE3UCTEHTHOCTI, HEIOCTATHHO BUBYCHUM.

B nuceprariifaiii paboTi B SKOCTI 00’€KTa IOCIIKEHHS OepeThcs came
XJIOPOT€HOBA KHUCIIOTA, SIKa € IPUPOJIHUM IHIPEIIEHTOM KUTAMChKOTO (piTOnpenapary
Taraxacum officinale.

[lo - mepie, MpoBeEHUMHU €KCIIEPUMEHTAMH, OYyJI0 BU3HAYEHO ONTUMAaTbHI
YMOBH €KCTPaKIIii XJIOPOr€HOBOI KUCIIOTH B KyJIb0a0i.

B Hacmimok Hammx AOCHIKEHb OYyJI0 CTBOPEHO METOJI BHCOKOS(HEKTHBHOI
pimuaHOT XpoMartorpadii (HPLC) qyist BusiBeHHS XJIOpOTr€HOBOT KUCIOTH B KyIb0a0i.

ITo - npyre, Oyio BUABICEHO aHTHOAKTEPIAIBHUN e€PEeKT eKCTPaKTy (EeHOIOBOT
KUCJIOTH (BKJIIOYAIOYH XJIOPOTEHOBY KHCIOTY) TIpoTu Staphylococcus aureus.
Hapemri, Oynu BuineH1 Ta KyJIbTHBOBAaHI 3 MOJIOKA €IMITETIabHI KIIITUHA MOJIOYHO1
3aJI034 1 OTPUMAaHI YHCTI IEPBUHHI KIITHHH. 3aMaibHy MOJIEIh SMiTeTaTbHUX KIIITHH
MOJIOUHOT 3ayo3u Benukoi poraroi xynoom (BMEC) cTBoproBamm 3a J0mOMOTORO
minoteiixoeBoi  kuciaotu  (LTA); CCK-8, ELISA, ¢qRT-PCR Ta WB
BUKOPHUCTOBYBAJIUCS ISl aHAJi3y 3aXUCHOI Ta MPOTHU3AMaibHOI i1 XJIOPOT€HOBOT
KHCJIOTH Ha 3amalbHi ypaxkenHs, cnpuunneri LTA. Jlist Toro, mo0 HagaTH MOCUIIaHHS

Ha JIKyBaHHS KWUTalCbKMMHU TpaBaMU MAacTUTY MOJIOYHUX KOpIB, Hama poOora
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3a0e3mnedye HayKOBY OCHOBY JUIsl JOCHIIKEHb 1 PO3pOOOK MpemnapaTiB Ha OCHOBI

KUTAaWChKUX TPaB 1 BIAMOBIIHUX (G yHAAMEHTAIBHUX JOCIIIKEHb.

byno mpoBeaeHo nocmiKeHHS MPOLIECY BHUSBICHHS Ta EKCTPaKIii €KCTPakKTy
XJIOporeHoBoi kucioTH 3 Taraxacum officinale. TexHonoris BUy4eHHs XJIOpOT€HOBO1
KHCIIOTH Oyna JOciikeHa 3 6aratboxX (pakTopiB Ta OTpUMaH1 HaWKpalll napameTpu
TEXHOJIOTII, a caMme: TemIepaTypa ynbTpa3ByKy ctaHosuiaa 80 °C, cmiBBimHOIIEHHS
TBEpJOI PEYOBMHU JO piguHU craHoBwio 1: 30, onTuManbHAa KOHIEHTpAIlis
po3unHHUKA 50%, a yac ynbTpa3ByKy OyB 40 XB, Mpu Takux mapamerpax MBUAKICTb
BUJIy4eHHS MOxke gocsrat 1,921%.

Takok BHKOPHUCTOBYBAJIM METOJ BHCOKOC(EKTHBHOI pPiIMHHOI XpomaTorpadii
(HPLC) nns BusBiIEHHS XJIOPOT€HOBOI KUCIOTH 3 Taraxacum officinale: 5% meranon,
ymoBu emtorii 0 ~ 5 xB, 5—-15% ymoBu MeTaHoiy, ymMmoBH 5 ~ 15 xB, 15-5% ymoBu
enronii Mmetanony, 15 ~ 20 xB, ymoBu entontii 5 % meranony 20 ~ 25 xB, a 0ydepHa cijib
Oyna 1%o BogHUM po3uynHOM (PocPOpHOT KUCIOTH, a TOBKUHA XBUIII cTaHOBMIA 350
M. Lle¥ MeTox BUSIBHBCS CTAOLILHUM 1 HATIHHM.

Y mporeci aHTHOAKTEPIaJbHOTO EKCIIEPUMEHTY OyJI0 BCTAaHOBJIEHO, IO
dbenonpHul ekcTpakT 7. Officinale mae npurHIYyBaIbHY 110 Ha S. aureus, a MEXaHI3M
Iii ToJIsirae B MOPYIICHH] IIUTICHOCTI HOTO KIIITHHHUX CTIHOK 1 KIITHHHUX MeMOpaH.
MinimanbsHa iHTIOyI04a KoHmeHTparis (MIK) ¢enonpHOro ekcTpakty Kyip0adu
npotu S. aureus ctaHoBuia 12,5 Mr/mi. AHami3 aHTHOAKTEpiadbHOI KIHETHYHOI
KpUBOi TOKa3aB, 10 iHTIOyrounii ePexT (HEeHOIBHOrO0 EKCTPaKTy Kyiab0abu Ha S.
aureus OyB TiepeBaxHO y ¢a3i ekcrmoHeHmiaasHoro pocty. Ilicns nii dheHnombHOTO
EKCTpaKTy Kynb0abu picT S. aureus OyB SIBHO NMPUTHIYCHUN, BCTymarouu y (asy
po3many pano. Kpim Toro, micis mii Kynp0aOw, MO3aKIITHHHHN BMICT (ITy>KHOI
docdatazu) AKP S. aureus, enexTponpoBiHICTE 1 BMICT MO3aKIITHHHOTO Oika Oyin
30inbIeH]. DEHOMBPHUN EKCTPAKT TaKOX BIUIMBAE HAa HOpPMaJbHE PO3MHOXKEHHS S.
aureus.

IIpu ananizi BMmicty ¢eHonbHOro excrpakry 3 1. Officinale xynn6aba Oyna
eKCTparoBaHa YJIbTPa3BYKOBHUM METOJOM €KCTpakuii 3 BukopuctanHsMm 70%
MeTaHoI-BoAa (00./00.) sk poszumHHUK. [lomameiny igeHTHdIKaIi0 Ta KUIbKICHE

BU3HAYEHHSI (PEHOIly B E€KCTPaKTI MPOBOJWIIMA 3a JIONMOMOTOI BHCOKOE(H)EKTUBHOI
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piauaHOi Xpomartorpadii (HPLC). Pe3ynbratu nokaszanu, 1mo XJ0OporeHoBa KUCIOTa

(1,34 mr/r) Oyna mpucyTHs y BUUIIA KOHIEHTpauii, notiM atoreonaid (1,08 mr/r),
depynosa kucnota (0,22 mr/r), kaBoBa kuciora (0,21 mr/r) 1 pyrun (0,19). mr/r) y
(peHOJIbHOMY €KCTPaKTI Ky1b0a0u.

Byno npoBeneHo BUBUEHHS NPOLIECY YTBOPEHHS €MITENIaIbHUX KIITHH MOJIOYHOL
3a5103u Benukoi poraroi xyaoou (BMEC) 3 Monoka MOJIOYHUX KOPIB TOMIITHHCHKOT
nopoju YKpaiHu 3 METOI pO3pOoOKM 3arajibHO1 Mojeli in vitro. Beck mpoliec pocty
BIPI3HSAETbCA MpU KYJIbTUBYBAaHHI €MITENIAJbHUX KIITUH 13 TKaHuHW. [licis
KyJIbTUBYBaHHS MPOTATOM 3-4 JHIB Ha YaIllli 3 KyJbTYpPOIO 3’ SIBISIOTHCS MOOTUHOKI
NpUKJIeEH] KINTUHU. EniTenianpHi KIIITHHA MOJIOYHOI 3aJ1031 BEJIUKOI poratoi Xxyao0u
YTBOPIOBAJIM OCTPIBIIl MPHU KYJIbTUBYBAHHI MPH HU3BKIA MIUIBHOCTI yepe3 5-7 NIHIB.
[lepBuHHI emiTenialibHI KIITUHUA TOJOBXYBAIHUCS MICHs KYJIbTHUBYBaHHS MPOTSATOM
8-10 gniB. EnitenianbHi KIITHHU MOJIOYHOT 3271031 HAO0YU Pi3HUX (HOPM, BKITFOUAIOUU
OBaJIbHY, TUTIOBY OPYKIBKY Ta HENPaBWIbHUN 0araTOKyTHUK. BUTBIIICTh 1307 1b0BaHUX
KJIIITHH, SK1 BiAOWpamu 3 MoJioka, Mau (HOPMY HEIPaBUIBHOTO OaraTOKyTHHKA.
KiituaM, oTpuMaHi Micis 3aMOpOXKYBaHHS Ta BiATaBaHHs, 30epirajii HOPMaJIbHY
Mop(doJiorito Ta XapakTepucTuku pocty. [Ipu BUGOpi 3aMOPOKEHOTO CepeloBHUIIa JITIst
30epiraHHs BHKOPUCTOBYBaJIM po3uuH, mo Mictuth 90% FBS (emOpionanbha
cupoBartka Benukoi poratoi xynoou) i 10% DMSO (mumeruncynsdokcun (JAMCO) ,
OyB OUTBIII CIPUATIUBHAM sl BIDKUBAHHS KPIOKOHCEPBOBAHUX €MITENIaIbHUX KIITHH
MOJIOYHOT 3a51031 Benukoi poratoi xynoou (BMEC), nixk DMEM/F12: FBS: DMSO=
5:4:1. [ns mojanbIuX JOOCTIIKEHb JUIsl 30€peKEHHs 3aMOpPOKCHHX KIIITHH
BukopucroByBanu FBS, mo mictuts 10% DMSO.

Xapaxkrepuctuku BMEC pocnimkyBanu 3a JTOMOMOTO0 KIITHHHOTO aHANI3y B
peanmpaOMy 4aci (RTCA), imynomutoximii (ICC), monmiMepa3HOi JTaHIFOTOBOI peaKilii
3BopoTHOi Tpanckpumilii (RT-PCR) i1 Becrepu-6mor (WB). RTCA 3abe3neuye
HAJITHUN METOJ MOHITOPUHTY JKATTE3/IATHOCTI KIIITHH Yy peasibHOMY 4aci. Pe3ynbraT
MOKa3aB, 10 HaWKpailla HUIbHICTh nociBy st nporidepanii BMEC 6ymna 1 x 104
kinitud. Kynetypa BMEC noBinbHO pocia mpoTsromM mnepmux 3 AHIB, 1 KIITUHU
yBiIIK B cTaOuIbHY a3y 3 Hallkpaumow MIUIBHICTIO MociBy. KiliTuHH

MPOJIEMOHCTPYBAJIM CHUJIbHE MO3UTUBHE (apOyBaHHA Ha LUTOKEpaTHH 18, akuil €
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cnenupIYHUM 7151 emiTeTialbHUX KIIITHH, 110 BKa3y€ Ha T€, 1110 KYJIbTUBOBaHI KJIITUHU

BOJIOJIIFOTH BJIACTUBOCTSIMU €MITEN1aTbHUX KIIITHUH.

RT-PCR BukopuctoByBanmu i BuzHaueHHs ekcnpecii MPHK, a WB
BUKOPHUCTOBYBAJIM JIJIsl BUBHAUEHHs ekcrpecii MonouHux 0uikiB y BMEC. Pesynbratu
MIITBEPUIN 3JAaTHICTh 130JIbOBAHUX KIIITUH CUHTE3YBaTH OUIKM Mojoka. [lyxe
BXXJIMBO, 00 emiTenianbHl KITHHU MosiouHoi 3a503u (MEC) ekcnipecyBayin OUTKU
MOJIOKa 1 MOTJIM IMITYBaTU CUCTEMY in ViVo.

bys nposenenuii ananiz CCK-8, 3 MeTOI0 MepeBIpKU >KUTTE3IATHOCTI KIIITHH.
Kurreznataicte BMEC, indikoBanux LTA, 6yna Huxyoro, Hixk y 3sudaitHux BMEC.

RTAC BuxopuctoByBaBcs Uisl BUSBIICHHS BIUIMBY pi3HUX KoHUeHTpauii LTA Ha
npodgideparito BMEC, pe3ynbsTaTi mokasanu, mo 31 30 UtbIlieHHsIM KoHIeHTpalii LTA
akTuBHICTH Tipoiidepartii kiaituH BMEC npurniuyBanacs. BiamoBigHo 10 3MiHU
3HAYEHHS KJIITHHHOTO 1HAEKCY Ta PI3HUX KPUBUX Ipodidepallii BUSBICHO TUHAMIUHY
HasBHICTB Ticist oO0pooku kiituH LTA. BrtuB LTA B pisaux koHuentparisx (0, 10,
20, 40 1 80 mxr / mur) Ha BMEC cnoctepiraBcst B pi3Hi MOMeHTH Yacy (12, 24 1 48
roguH). byno BusBiIeHo, mo 31 30uUTbeHHSM 103W LTA mBUAKICTH 1HT1IO0yBaHHS
KUTTENISIIBHOCTI KIIITUH TMOCTYIOBO 3pocTajia, Mo BKazye Ha Te, mo LTA neBHOi
KOHIIeHTpallii cnpuanHsie nomkopkeHAass BMEC. 3rinHo 3 24-ToIuHHOO JTI€F0 KITITHH
LTA pi3HUX KOHIIEHTpAIlii MBHAKICTh 1HT1OyBaHHS KoHIeHTparii 20 Mkr/mi ta 40
MKr/Ma Oyna 3HayHoO 30utbiieHa. Pesynbrat ELISA ta qRT-PCR mokaszanu, 1o
oopooka BMEC LTA y xonmentpamii 20 MKr/mi mpoTsiroM 24 TOJ, OYEBUIHO,
iaykyBana TNF-o ta [L-6 6inku Ta piBHI eKCIIpecii TeHiB.

Marepianu aucepraimiifHoi poOOTH BHKOPHCTOBYIOTHCS TPU BUBUYEHHI KYpPCiB
«Berepunapna MIKPOO10J10T15I», «BuyTpimHi XBOpOOH TBapUH» Ta
«BetepunapHo-caHiTapHAa €KCHepTHU3a» JUIsl MaricTpiB (akyabTeTy BETEPUHAPHOT
meauiman Cymcekoro HAY, a takox mis KypciB «BHyTpinrHi XBopoOHu TBapuH» Ta
«Kuraiicpka TpaauiliiiHa BETEpUHAPIS» TSI MAricTpiB XEeHAHCHKOTO IHCTUTYTY HAYKHU
1 rexHogoriit (HIST).

Ekcrpakt kynp0abu, sK HOBUH BHJ KOPMOBOi J00AaBKH, PEKOMEHIOBAHO
BUKOPHCTOBYBATH y arpoOIPOMHUCIOBUX TOCIIOAAPCTBA ITPU BUPOOHHUIITBI MOJIOKA.

[lepcnikTUBHUM € po3poOKa HOBUX 3aC001B JiKyBaHHs 3 BUKopucTaHHsIM CGA.
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Kuarwo4oBi ciioBa: XjJoporeHoBa KHUCJIOTA, €MIiTENabHI KIITUHU MOJIOYHOI
3aJ1034, JIMOTENX0€BA KUCTIOTA, IUTOTOKCUYHICTh, MACTUT MOJIOYHUX KOPIB, POCIUHHI1
npenapaTu, IpoTUMIKpOOHUI 3aci0, KOPOBA, MOJIOKO, COMAaTHYH1 KJIITUHH, 3aMajCHHS
MOJIOYHOT 3aJ7103H, 30y AHUKHA MacTUTY, COMAaTUYH1 KJIIITUHH, MOJIOYHA IPOAYKTUBHICTbD,
Mikpoduiopa, SKICTh MOJIOKA, JJaKTaIlisl, OakTepiaibHa KOHTaMIHAIlisl, MOJIOYHUM KUD,

[JIP, imyHO(epMeHTHHUIA aHal13, aHTUTLJIA.
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INTRODUCTION

Actuality of theme. Mastitis is one of the costliest diseases affecting dairy
cattle. Direct economic costs associated with mastitis include reduced milk yield and
quality, increased veterinary costs, discarded milk (during the course of treatment) and
somatic cell count (SCC) penalties. The main indirect costs, which are usually
underestimated by farmers, are the increased risk of culling and reduced fertility. On
average, each case of clinical mastitis causes an estimated loss of around 200 Euros.
The cost of subclinical mastitis depends on the number of cows with an increased SCC
and 1s mainly attributed to losses in milk production.

Mastitis has a wide range of incidence, occurring in dairy farms in Ukraine,
China, and even all over the world. Antibiotics play an important role in the prevention
and treatment of mastitis. However, antibiotics are often accompanied by drug residue
problems and are harmful to human health. Therefore, people are forced to find safer
drugs to prevent and treat mastitis in dairy cows. Traditional Chinese medicine has a
history of thousand years of clinical application and has been used for the prevention
and treatment of breast diseases. Among them, the Chinese herbal medicine
Taraxacum officinale is often used as an important ingredient in certain rented houses
and participates in the treatment of mastitis. As one of the important effective
ingredients in dandelion, dandelion chlorogenic acid has been proven to have
anti-inflammatory, antibacterial and anti-tumor effects, and has attracted increasing
attention from scientific researchers.

Chlorogenic acid, a phenolic acid isolated from Taraxacum officinale, has been
used in this study. Firstly, we determined the optimal extraction conditions of
chlorogenic acid in dandelion by orthogonal experiment. And we established the high
performance liquid chromatography (HPLC) method for the detection of chlorogenic
acid in dandelion. Secondly, we investigated the anti-bacterial effects of phenolic acid
extract (include chlorogenic acid) against Staphylococcus aureus. Lastly, the
mammary epithelial cells were isolated and cultured from milk, and obtained pure
primary cells; BMEC inflammatory model was established by Lipoteichoic acid (LTA);
CCK-8, ELISA, gRT-PCR and WB were used to analyze the protective and
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anti-inflammatory effect of chlorogenic acid on LTA-induced inflammatory lesions. In

order to provide a reference for the Chinese herbs treatment of dairy cow mastitis, it
provides scientific basis for the research and development of Chinese herbs and related
basic research.

Connection of work with scientific programs, plans, topics. The materials of
the dissertation work are part of comprehensive scientific research of the Department
of Veterinary Expertise, Microbiology, Zoohygiene and Safety and Quality of
Livestock Products of the Sumy National Agrarian University according to the
following thematic plans of research works: "System of monitoring methods of control
and veterinary and sanitary measures, regarding the quality and safety of livestock
products in diseases of infectious etiology" (state registration No. 0114U005551,
2014-2019); "Forecasting the risks of cross-border introduction and spread of
particularly dangerous animal diseases and the development of scientifically based
disinfection systems based on innovative import-substitutable highly effective means"
(state registration No. 01150001342, 2018-2023)

The aim and objectives of the study. The aim of this study is to explore the
anti-inflammatory effect of Chlorogenic acid on LTA-induced Bovine Mammary
Epithelial Cells (BMEC) and its mechanism, especially on the pathway. To provide
theoretical guidance and help for the clinical application of Chlorogenic acid in
veterinary medicine and the development of dairy cow mastitis prevention and
treatment drugs.

For the purpose were assigned the following tasks:

1. Extraction and detection of chlorogenic acid (CGA) in Taraxacum
officinale.

2. Antibiofilm activity against Staphylococcus aureus and content analysis of
Taraxacum Officinale phenolic extract.

3. In vitro culture and evaluation of bovine mammary epithelial cells from
Ukraine dairy cows.

4. Establishment of inflammatory model of bovine mammary epithelial cells

(BMEC) induced by LTA.

5. Effect of chlorogenic acid (CGA) on inflammatory response induced by
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LTA in BMEC.

Object of study antibacterial mechanism of chlorogenic acid in Taraxacum
officinale, anti-inflammatory effect and mechanism of chlorogenic acid extract from
Taraxacum officinale in the LTA-induced bovine mammary epithelial cell in vitro

inflammation model, Mammary epithelial cells of dairy cow mastitis caused by

Staphylococcus aureus LTA stimulation, Holstein breed.

Subject of study Antibiofilm activity against Staphylococcus aureus, content
analysis of Taraxacum Officinale Phenolic extracts, in vitro culture and evaluation of
bovine mammary epithelial cells from dairy cows, inflammatory model of bovine
mammary epithelial cells (BMEC) induced by LTA, Effect of Chlorogenic acid
(CGA) on inflammatory response induced by LTA in BMEC.

Research methods: clinical (history taking, clinical examination),
microbiological (microscopic, biological), bacteriological (the antibacterial efficiency
of the drug), pharmacological, toxicological (degree of toxicity and harmlessness of
the drug), immunological (drugs cause changes in gene and protein levels of
inflammatory factors) and statistical (processing of research results).

Scientific novelty of the obtained results. For the first time, chlorogenic acid
(CGA) in dandelion (Taraxacum officinale) was conducted extraction and detection. A
high performance liquid chromatography method was established for simultaneous
detection of five phenolic acids in dandelion, and the method was efficient and stable.
Antibiofilm activity against Staphylococcus aureus of Taraxacum Officinale phenolic
extract was determined. In vitro culture and evaluation of bovine mammary epithelial
cells from Ukraine dairy cows was conducted. Inflammatory model of bovine
mammary epithelial cells (BMEC) induced by LTA was established. At last, the effect
of chlorogenic acid extract on inflammatory response induced by LTA in BMEC was
studied.

The practical significance of the obtained results. We recommend using the
materials of the dissertation work when studying the courses " Veterinary
microbiology", "Veterinary internal medicine" and Veterinary sanitary examination"

for masters of the Faculty of Veterinary Medicine of Sumy NAU. And for the courses
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"Veterinary internal medicine" and "Chinese traditional veterinary science" for masters

of the Henan Institute of Science and Technology (HIST).

We can recommend that at farm level, dandelion extract may use as a new type
of feed additive in production. And new therapies with CGA as a drug should be
developed in future.

The main provisions of the dissertation were included in the Methodological
Recommendations of Modern methods of cow mastitis diagnostic and prevention, for
laboratory, practical classes and independent work for master’s students of veterinary
department from disciplines "Veterinary = Microbiology"and  “Veterinary
Zoohygiene”, specialties: 211 "Veterinary Medicine", 212 "Veterinary Hygiene,
Sanitation and Expertise". (approved by the Scientific Council of SNAU, protocol
No. 5, dated December 29, 2021).

Research results are introduced to the "Veterinary internal medicine" and
Veterinary sanitary examination" sections when creating educational and
methodological complexes and are used in distance learning of students based on the
"Moodle" platform.

Personal contribution of the applicant. The author took part in the
implementation of scientific programs, which are the basis of the dissertation;
developed schemes and methods of conducting experiments in laboratory and
production conditions; performed experimental and analytical studies; conducted the
analysis and generalization of the obtained results; conclusions and practical
recommendations are substantiated. Personally or in co-authorship, with the consent of
the co-authors, scientific works have been prepared for publication, in which the main
material of the dissertation is presented.

The author expresses his gratitude to the heads and employees of laboratories,
institutes of dairy farms, for their help during the dissertation work.

Approbation of dissertation results. The main provisions and results of the
research were reported and received general scientific approval at the annual scientific
reports and conferences of faculty and graduate students of Sumy National Agrarian
University, Faculty of Veterinary Medicine (2018-2021); Fifth Annual Regional
Scientific Symposium One Health Concept, Kyiv (2019); Twentieth Chinese National
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Conference on Animal Genetics & Breeding, Guangzhou (2019); The 2021

Academic Forum of the Veterinary Microbiology Committee of the Chinese Society
of Microbiology, Zhengzhou (2021); The 7 International Symposium on Dairy Cow
Nutrition and Milk Quality, Beijing (2021), Food Quality and Safety, Health and
Nutrition Congress, Ohrid, Macedonia (2019 and 2021).

Publications. For the materials of the dissertation, 20 scientific works were
published, including: in scientific and professional publications of Ukraine - 4, Scopus
publication 3, publications in Chines journal — 3, in conference materials— 9, and 1
methodical recommendation.

The structure and scope of the dissertation. The dissertation is presented on
146 pages of computer text, illustrated with 15 tables and 38 figures and consists of
annotation, introduction, review of literature, materials and methods, results of own
research, generalization, analysis and discussion of research results, conclusions,
proposals, list used sources, applications. The list of used sources of literature includes

182 names.
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CHAPTER 1

LITERATURE REVIEW ON THE TOPIC AND CHOICE OF
RESEARCH DIRECTIONS

1.1 Research progress of dairy cow mastitis

Mastitis is an inflammatory disease of the mammary gland, which has a
significant economic impact and is an animal welfare concern. Mammary gland
development and regression was directly related with cow lactation. Many different
microbial and environmental factors can induce mastitis. Escherichia coli and
Staphylococcus aureus were the mian cause of mastitis. The treatment of clinical and
subclinical mastitis mainly focuses on the use of antibiotics. At present, although some
progress has been made in the clinical diagnosis, antibiotic treatment, and pathogenesis
control of dairy cow mastitis, the molecular mechanism of the pathogenicity of dairy
cow mastitis was still not very clear. So, it is important to understand the mechanisms
controlling the immune response at the molecular level. A deeper understanding of the
molecular mechanisms of mastitis in dairy cows will help to discover new ways to
reduce the harm that mastitis poses to dairy farming.

Etiology and treatment of the dairy cow mastitis. Dairy cow mastitis is an
inflammatory reaction caused by a variety of pathogens. It is also one of the most
serious diseases in dairy farming. The occurrence of cow mastitis not only reduces the
yield and quality of milk, but also lead to prolonged estrus time and pregnancy time
after delivery of the dairy cows. Disorders can cause cows to be eliminated or even die
in severe cases, causing huge economic losses to the dairy farming industry [123]. In
the past few decades, the economic losses caused by dairy cow mastitis to the world
dairy industry have remained basically unchanged [47]. A deeper understanding of the
molecular mechanisms of mastitis in dairy cows will help to discover new ways to

reduce the harm that mastitis poses to dairy farming.
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Pathogenic microorganisms causing mastitis in dairy cows have been found to

have at least 150 species, among which Escherichia coli, Staphylococcus aureus,
Streptococcus dysgalactiae, Streptococcus uberis, and Mycoplasma [8]. Among them,
Staphylococcus aureus and Escherichia coli are the most common pathogen causing
mastitis in dairy cows and has been widely used to inducing pathogens in subclinical
and clinical mastitis models [13]. S. aureus intramammary infection (IMI) often causes
slight clinical symptoms; in contrast, E. coli IMI often leads to severe clinical mastitis,
especially during calving, which seriously affects the health of the cow [31]. In the past
few decades, people have been able to stably and effectively reveal specific
pathogen-induced effects pathological mechanism of mastitis in dairy cows through in
vivo infection experiments [150]. It has been shown that E. coli and S. aureus are
effective substitutes for inducing clinical and subclinical mastitis, respectively. In
addition, S. aureus secretes a variety of virulence factors during the process of
infection to cause local suppurative inflammation, damage of skin and soft tissues.

In the past, antibiotic therapy was used in the treatment of mastitis in cows.
However, due to the increasing resistance of pathogenic microorganisms, the
effectiveness of antibiotic therapy is getting worse and worse, and antibiotic residues in
dairy products are also affecting human health. Therefore, the prevention and control
of the mastitis of dairy cows has always been the focus and hotspot of research.

With the development of technology, modern molecular analysis methods have
provided new methods for detecting transcriptional regulation of immune-related
factors in experiments over the past decade. This will help to dissect the relevant
molecular mechanisms in the broader field of dairy mastitis and provide a basis for
developing more effective ways to prevent and treat mastitis in dairy cows.

Immune mechanism of the dairy cow mastitis. When bacteria invade the
mammary gland through the nipple sphincter and local catheter or through the
epidermal wound, bacterial PAMPs such as LPS further activate the immune defense
of the mammary gland, and neutrophils, macrophages and lymphocytes become
chemotaxis into the inflammatory area to perform the immune system function [ 164].
In addition to exerting a barrier function, mammary epithelia 1 cells are also stimulated

by antigen to produce an inflammatory response [43]. Interstitial fibroblasts are also
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involved in the process of inflammation [169]. When the mammary gland encounters

bacterial invasion, macrophages in the breast tissue and milk recognize the invading
pathogens and initiate an inflammatory response, while secreting various
pro-inflammatory factors to recruit neutrophils to the mammary gland inflammation
center area to resist the bacteria. The health mammary gland cells distributed in the
breast tissue and the milk are mainly breast epithelial cells and macrophages, while the
diseased tissues and the milk they secrete are mainly changed macrophages into
neutrophils.

First, macrophages by releasing neutrophils and other pro-inflammatory factors to
kill bacteria, such as TNF-a, IL-1B. while enhancing the release of prostaglandins and
leukotrienes to exacerbate the inflammatory reaction. These could quickly and
powerfully against the pathogen. When the pathogenic bacteria adhered the mammary
epithelial cells, the mammary epithelial cells were continuously induced by
toxicological components of pathogenic bacteria to produce TNF-a, IL-6 and IL-8.
Vascular endothelial cells, under the action of pro-inflammatory factors and
chemokines induced by macrophages and mammary epithelial cells, secrete cell-
binding molecules to attract neutrophils in the blood to the inside of the vascular
endothelium. Neutrophils migrate through the gap between the epithelial cells and the
subcutaneous matrix through deformation and eventually reach the infected area.
Eventually most of the mastitis-causing bacteria will be recruited to the reactive
oxygen species, low molecular weight antimicrobial peptides and defensins produced
by neutrophils in the center of the infected area, and then the bacterial fragments will
be endocytosed by phagocytes and further digested and degraded by intracellular
lysosomes. When the inflammation is overreacted or out of control [ 168], normal cells
are damaged, and the breast tissue is not restored in time.

Research status of the dairy cow mastitis. In dairy farming, antibiotics are the
first choice in clinical practice for the treatment of dairy cow mastitis. In particular,
antibiotics can have a very obvious therapeutic effect in the treatment of acute clinical
mastitis, and it is necessary for the conversion of acute clinical mastitis to chronic or

even sepsis. Can play an effective therapeutic role.
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At present, antibiotics used in the treatment of dairy cow mastitis in clinical

practice mainly include penicillin, streptomycin, sulfa drugs and kanamycin and other
antibiotics. Although antibiotics can effectively treat mastitis in dairy cows, they often
cause some side effects on the animal body, such as the decline of the body's immune
function, the loss of animal appetite, and the imbalance of the flora in the animal body.
Moreover, long-term use of antibiotics will also cause bacteria to develop drug
resistance, which will weaken the therapeutic effect of antibiotics.

The long-term use of a large number of antibiotics will cause drug residues in the
animal's body, causing a large amount of antibiotics in the milk of dairy cows, which
not only greatly reduces the quality of milk and dairy products, but also seriously
endangers human health. In veterinary clinical practice, antibiotics are still mainly used
to treat dairy cow mastitis, but they can no longer be used as an effective strategy to
treat dairy cow mastitis. Therefore, safer and more effective methods for treating
mastitis have become the main research hotspot of researchers.

In our country, the use of Chinese herbal medicine to treat dairy cow mastitis has
a long history. Medical studies have confirmed that a variety of traditional Chinese
herbal medicines and their active ingredients have good effects on antibacterial,
anti-inflammatory, and improving immunity. In the process of clinical application, it
has the advantages of low toxicity, less residue, and resistance to bacteria. There fore,
in the treatment of mastitis in dairy cows, traditional Chinese herbal medicine and its
effective ingredients have very broad application prospects and great research value.
At present, researchers have developed a variety of Chinese herbal medicine
compound preparations and Chinese herbal medicine extracts for the prevention and
treatment of mastitis in dairy cows. It has been reported that Chinese herbal medicines
such as aloe and houttuynia have good effects on the treatment of mastitis in dairy
cows. Zhang et al. [173] confirmed that the use of Chinese medicine with honeysuckle
and dandelion as the main components can have a good therapeutic effect on diseased
dairy cows, and its effect is significantly better than that of cefazolin sodium. Geng et
al. [35] showed that the extract of Chinese herbal medicine Sanguis sylvestris is
significantly better than cephalexin in the treatment of mastitis in dairy cows.

Therefore, our country's traditional Chinese herbal medicine and its effective
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ingredients have great advantages and potentials in the treatment of dairy cow mastitis

in clinical practice.

At present, such as antimicrobial peptides, lysozyme, cytokines and transgenic
technology, etc., have become the research hotspots of domestic and foreign
researchers in the treatment of dairy cow mastitis. In the production of dairy products,
it will bring serious economic losses. Therefore, it is necessary to study effective, safe,

and alternative methods.

1.2 Research progress of LTA-induced inflammation

Staphylococcus aureus mastitis remains a major pathology of dairy ruminants. It
poses unsolved problems owing to the long persistence of infections and the poor
success rate of treatments with antibiotics [6]. A number of studies have resorted to
intramammary infections with S. aureus to explore the host/pathogen interactions in
the mammary gland, and a great deal of information has accumulated on the immune
and inflflammatory responses of ruminants and on the virulence factors of S. aureus
[10, 12, 134]. In spite of their usefulness, experimental infections have two major
drawbacks: they are costly because they last long and may result in the culling of the
experimental animals, and the complexity of the interactions between host defences
and the array of the bacterial virulence factors and modulins defifies the analysis [ 142].
Also, the infection foci usually involve small and scattered portions of the mammary
tissue. This complicates investigations based on the analysis of tissue samples (PCR
and immunohistochemistry). A more controlled bacterial stimulus than live bacteria
would be of help. In the case of Escherichia coli mastitis, the lipopolysaccharide (LPS)
is used as a surro gate for infection. This Gram-negative bacteria outer-membrane
component has been extensively used to mimic mastitis due to E. coli, and it has been
shown that the responses it provokes are in many respects representative of those
induced by the infection [13]. This makes LPS a relevant substitute for E. coli mastitis.
A surrogate has yet to be defifined for S. aureus mastitis. Progress in the knowledge
and the availability of pathogen-associated molecular patterns (PAMP) for Gram

positive bacteria, and in particular S. aureus [29], makes it feasible to research the role
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of defifined molecules in the early inflflammatory response induced in the mammary

gland through interaction with the innate immune system. One of these molecules is
lipoteichoic acid (LTA) of S. aureus, which is anchored to the cytoplasmic membrane
and 1s exposed at the surface of the bacteria: LTA has been shown to be an important
pattern for immune recognition of S. aureus [142]. Until recently, the effects of LTA
on immune and inflflammatory cells have been controversial, because most
preparations of LTA were contaminated with endotoxin and other immunostimulatory
components [29,95]. Moreover, the isolation procedure yielded partially degraded
LTA with much reduced immunostimulatory properties [94]. A new procedure was
developed to obtain pure and active LTA, which proved to be a potent stimulus for
cytokine release and neutrophil recruitment [94,96,143]. The availability of a
commercial preparation based on this improved isolation procedure makes it possible
to investigate the effects of S. aureus LTA in the mammary gland. One of the
advantages of LTA as a tool to model inflflammation is that it is a defifined bacterial
PAMP which targets identifified pattern recognition receptors (PRR) and increasingly
defifined accessory molecules for recognition and for the signaling cascade. The
recognition complex includes TLR2, TLR6 and CD14 [46,120]. Other receptors such
as the platelet activating factor (PAF) receptor or the scavenger receptor CD36 are also
involved, maybe in a tissue-specifific way, as well as the adaptor molecule LPS
binding protein (LBP).

The response of the bovine mammary gland to lipoteichoic acid (LTA), which is a
major pathogen-associated molecular pattern of Gram-positive bacteria. Purified LTA
looks promising as a convenient tool to investigate the inflammatory and immune

responses of the mammary gland to S. aureus.

1.3 Research progress on the prevention and treatment of dairy cow

mastitis with plant-derived drugs

As a natural substance, plant-derived drugs contain a variety of effective
biologically active ingredients. It has the characteristics of antibacterial,

anti-inflammatory, anti-drug resistance, low toxicity and low residue [136], and has the
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dual functions of medicine and nutrition. In recent years, experts at home and abroad

have conducted a lot of research on the use of plant-derived drugs to treat dairy cow
mastitis, playing an irreplaceable role in preventing and treating dairy cow mastitis,
achieving green farming, and producing animal products and related products without
drug residues [63]. It can be seen from the examination and approval of preparations
for cow mastitis in China that plant-derived pharmaceutical products have a place [62].

The author summarizes the action mechanism of the plant-derived plants, main
active ingredients, and plant extracts for preventing and treating cow mastitis in recent
years, and prospects for the future development of traditional Chinese medicine
treatment of cow mastitis.

Types of plant-derived medicines and their chemical components. Published
literature shows that more than 30 kinds of plant extracts have an inhibitory effect on
dairy cow mastitis in vivo or in vitro, such as, musk, stevia, scutellaria, rhubarb,
astragalus, dandelion, honeysuckle, forsythia, licorice and so on. Many active
ingredients in plants have strong bactericidal effects. For example, phenolic acids,
alkaloids, flavonoids, terpenes, volatile oils and other drugs. They can directly or
indirectly inhibit pathogenic bacteria killing and exert anti-inflammatory effects.
Finding new anti-pathogenic bacteria ingredients from plant extracts is great
significance to scientific research.

Phenolic acids. The phenolic acid extracts of various plants have protective
effects on different types of dairy cow mastitis, which mainly include chlorogenic
acid, caffeic acid, tea polyphenol compounds and so on. Gao et al. [34] have reported
that anti-inflammatory effects of chlorogenic acid against LPS-induced mastitis may
be due to its ability to inhibit TLR4-mediated NF-kB signaling pathway. CGA
significantly reduced TNF- a, IL-1p and IL-6 production compared with LPS group.
Liu et al. [80] showed that the protective effect of caffeic acid on LPS-induced
inflammation injury in bMEC was at least partly achieved by the decreased by the
effect of reducing the kB inhibitor a degradation and p65 phosphorylation in the
NF-kB pathway. The use of caffeic acid would be beneficial in dairy cows during
Escherichia coli mastitis as a safe and natural anti-inflammatory drug. Total phenol

extract from Clerodendranthus spicatus could effectively scavenge DPPH free
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radicals, reduced the production of NO and TNF-a in RAW264.7 cells induced by

LPS, down-regulated the expression of IL-1B and IL-2, up-regulated the expression
of IL-10, and increased cell viability of the breast epithelium under oxidative stress
[146].

Alkaloids. Alkaloids plays an important role in the treatment of many chronic
diseases and exhibits strong anti-bacterial and anti-inflammatory activity. A study
reported that, chelerythrine isolated from root of Toddalia asiatica (Linn) Lam
possesses antibacterial activities through destruction of bacterial cell wall and cell
membrance and inhibition of protein biosynthesis. Chelerythrine showed strong
antibacterial activities against Gram-positive bacteria, Staphylococcus aureus (SA),
Methicillin-resistant S. aureus (MRSA), and extended spectrum B-lactamase S. aureus
(ESBLs-SA) [45]. Lai et al. [62] Found that indirubin can inhibit the expression of
TLR4 in a dose-dependent manner, and play a therapeutic role in LPS-induced
MMECs inflammation and mouse mastitis. Staphylococcus epidermidis (S.
epidermidis) is an opportunistic pathogen with low pathogenicity and a cause of the
repeated outbreak of bovine mastitis in veterinary clinical settings. Li et al. [72]
suggested that total alkaloids of Sophora alopecuroides has an inhibitory effect on
biofilm formation of clinic S. epidermidis, which may be a potential agent warranted
for further study on the treatment prevention of infection related to S. epidermidis in
bovine mastitis.

Flavonoids. It has been reported that flavonoids possess a number of biological
properties, such as anti-inflammatory, anti-virus, anti-bacteria, anti-tumor, and
immunosuppressive properties. Astragalin, a main flavonoid component isolated from
Chinese herbs, which has several medical functions including treating allergy,
antiatopic dermatitis, and anti-inflammatory effects. Li et al. [68] showed that
astragalin suppressed the expression of TNF- o, IL-6 and NO in a does-dependent
manner in mouse mammary epithelial cells (mMECs), the expression of inducible
nitric oxide synthase and cyclooxygenase-2 was also inhibited. Besides, astragalin
efficiently decreased LPS-induced TLR4 expression, NF-kB activation, IkBa
degradation, and the phosphorylation of p38, extracellular signal-regulated kinase in

BMEC:s. It may be a potential therapeutic agent for bovine mastitis. Baicalin, one of
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the major flavonoids in Scutellaria baicalensis, has natural antioxidant and

anti-inflammatory properties in various cell types. Baicalin exerts protective
antioxidant effects on bovine mammary cells, which suggests that it could be used to
prevent oxidative metabolic disorders in dairy cows [106]. Emodin is
an anthraquinone derivative from the Chinese herb Radix et Rhizoma Rhei. Emodin
has protective effect against lipopolysaccharide (LPS)-induced mastitis in a mouse
model by reduced MPO, IL-6, IL-1 f and TNF- a. It acts on mastitis through the
NF-KB pathway like other flavonoids [67].

Terpenoids. Geniposide is a medicine isolated from Gardenia jasminoides Ellis.
Song et al. [129] use a lipopolysaccharide (LPS)-induced mouse mastitis model and
LPS-stimulated primary mouse mammary epithelial cells (mMECs) to explore the
anti-inflammatory effect and the mechanism of action of geniposide. The results
showed that geniposide significantly reduced the infiltration of inflammatory cells and
downregulated the production of TNF-a, IL-1B, and IL-6. Then, geniposide exerted its
anti-inflammatory effect by regulating TLR4 expression, which affected the
downstream NF-kB and mitogen-activated protein kinase (MAPK) signaling pathways.

Stevioside is isolated from Stevia rebaudiana, which reduced the expression of TNF-a,

IL-1B, IL-6 and TLR2 by inhibiting the phosphorylation of proteins in the NF-kB and
MAPK signaling pathways dose-dependently in the S. aureus-infected mouse

mammary gland and mouse mammary epithelial cells (MMECs), as well as caspase-3

and Bax [147,148].

1.4 The mechanism of plant-derived medicines on dairy cow mastitis

Preventive and therapeutic effects. Dairy cow mastitis has a huge impact on the
dairy industry. The key to its treatment is prevention. Its preventive measures mainly
include scientific feeding management, excellent hygienic conditions, scientific
milking methods, nipple medicine baths, and vaccine prevention. The studies found
that mammary gland epithelial cells will repair themselves by fine-tuning death caused

by pathogenic bacteria and other factors. According to further research, cell apoptosis
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is the main method in the early onset of mastitis. When mastitis is aggravated, cell

necrosis 1s the main method. Therefore, in order to avoid the occurrence and
development of inflammation, the body increases the apoptosis of epithelial cells in the
inflammatory reaction of breast, which is a self-protection mechanism to protect the
integrity of the breast to the maximum extent. Chen et al. [16] found that astragalus
polysaccharide (APS) has the effect of inducing apoptosis of tumor cells, which can
have reduced the number of cells in S phase and increased the number of cells in
GO0-G1 and G2-M phases. The increased of polysaccharide dose stayed in the G2-M
phase, indicating that inducing apoptosis of tumor cells is an anti-tumor way of
astragalus polysaccharides. Zhong et al. [177] studied the effect of astragalus
polysaccharides on E. coli endotoxin (LPS) -induced experimental mastitis in goats,
cows and rats. The results showed that local infusion of APS in the breast or feeding
animals can alleviate the effect of LPS on animal breast tissue. Briefly, the destruction
has a certain protective effect on animal breast tissue. The traditional Chinese medicine
and prescriptions for the treatment of mastitis were: synthetic Houttuynia cordata,
propolis mixture, Xianfang Huoming Yin, Gongying Shanjia Tang, Erhua Zaozi Yin,
Ruyan San, etc [145]. Studies by Zhang et al. [172] have confirmed that the use of
plant-derived drugs with honeysuckle and dandelion as the main components to treat
diseased cows can play a good therapeutic effect, and its effect is significantly better
than cefazolin sodium. Geng [36] have shown that the extract of the plant-derived
medicine Ulmus pumila is better than cefalexin in the treatment of dairy cow mastitis.
Zhang et al. [167] selected Chinese herbal medicines such as angelica, chuanxiong,
astragalus, dandelion, salvia miltiorrhiza, motherwort to feed dairy cows with latent
mastitis, and detected the lymphocyte stimulation index (SI) and neutrophil
phagocytosis of dairy cows. The results showed that the additive directly strengthens
the phagocytic power of neutrophils and stimulates the proliferation of lymphocytes.
Through the action of antibodies and complements, the phagocytic power of
neutrophils 1s further strengthened. It had obvious therapeutic effect. Therefore,
Chinese traditional plant-derived drugs and their active ingredients have great

advantages and potential in clinical treatment of cow mastitis.
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Inhibition of pathogenic bacteria. According to the reports, there are more than

130 pathogenic microorganisms that can cause mastitis in dairy cows, and even more
than 20 kinds are common. The pathogens with the highest detection rate are
Staphylococcus aureus, Streptococcus and Escherichia coli. Mastitis caused by a
variety of pathogens can account for 90%. Therefore, the antibacterial activity of
plant-derived drugs is the important indicator of their effectiveness [113]. Luan et al.
[86] used eight Chinese herbal medicines, including Daqingye and Coptis, to detected
their resistance to B-lactamase-producing E. coli. Inhibition screening study found that
Scutellaria baicalensis had the most obvious inhibitory effect, followed by Coptis and
Daqingye. Liu et al. [81] used five Chinese herbal medicines to test the drug resistance
inhibition screening of drug resistant strains producing extended-spectrum B-lactamase
and sustained high yield AmpC enzyme, such as Forsythia suspensa, Senecio,
Scutellaria baicalensis, etc. As a result, it was found that 5 kinds of traditional Chinese
medicines inhibited the production of extended-spectrum B-lactamase and AmpC
enzyme strains to varying degrees. Among them, the effect of Scutellaria baicalensis
was more obvious, followed by Coptis chinensis and Senecio. Honeysuckle is known
as "Chinese medicine penicillin" and has inhibitory effects on a variety of bacteria,
including S. aureus, E. coli, Vibrio cholerae, and hemolytic streptococcus, etc [128].
In vitro antibacterial experiments of 10 Chinese herbal medicines showed that, the
antibacterial effects of Chinese herbal medicines on E. coli were: Myrobalan, Viola
and Houttuynia cordata, which were moderately sensitive; Prunella vulgaris,
Scutellaria, Senecio, Astragalus, Gorgon, Teasel were followed by low sensitivity. The
antibacterial effect on S. aureus were: Myrobalan, Scutellaria, Pomegranate Peel and
Rhubarb had the best effects, which were the highly sensitive; Forsythia, Chuanxiong
and Shegan were second, and were the moderately sensitive; Prunella vulgaris,
Xanthium grass, Fried gardenia, and Rhubarb were low sensitivity. The antibacterial
effect of Streptococcus agalactiae were: Astragalus and pomegranate peel were the
highly sensitive; Ligusticum chuanxiong, Shegan, Phellodendron amurense and
Houttuynia cordata were moderately sensitive; Forsythia, Myrobalan, Radix

Scutellariae, Viola Ding, Rhubarb and Wangbu Staying were low sensitivity [88]. In
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summary, Chinese herbal medicine has a good inhibitory effect on E. coli, S. aureus

and Streptococcus agalactiae.

Mechanism of action on inflammation. In recent years, the role of
non-professional immune cells such as dairy cow mammary epithelial cells in resisting
pathogens from invading the cow’s mammary gland has received attention. When
pathogenic bacteria invaded the mammary gland of dairy cows, epithelial cells would
first synthesize and secrete a variety of immunologically active substances to resisted
the infection of pathogenic bacteria and reduced or even relieved the inflammatory
response. After pathogenic microorganisms were infected, its lipoteichoic acid,
peptidoglycan and lipopolysaccharide could trigger the natural immune system of the
mammary gland, activated intracellular signal transduction pathways such as NF-kB,
MAPKs and JAK/STAT, and finally led to chemokines and inflammation factor
release. Most scholars use pathogenic microorganisms or their products to stimulate
breast tissue or breast epithelial cells, established in vivo and in vitro models of
mastitis, and use Chinese herbal medicine or its main active ingredients to detect
inflammatory factors such as IL-1B, IL-6 and TNF-a, TLRs, NF-kB, MAPKs and
JAK/STAT signal pathway changes. Studies have shown that chlorogenic acid [34]
and caffeic acid [80] in honeysuckle and dandelion, emodin in rhubarb [67], thymol in
musk [149], indirubin in Indigo Naturalis [62], and berberine hydrochloride in Coptis
[163], Astragalus glycosides in Astragalus vulgaris [68], Geniposide in Gardenia
[129], flavonoids baicalin [106], Kidney tea total phenols [146], Dandelion sterols
[117], Astragalus polysaccharides [106], all of them could inhibited NF-kB, MAPKSs
and JAK/STAT pathways, reduced the expression level of inflammatory factors and
played a protective effect on breast cells or animals.

Improve immune function. The mammary glands of dairy cows contained the
necessary components for immune response to invading pathogenic microorganisms.
When the low content of immunoglobulin and complement in breast secretions and the
existence of certain inhibitory factors, the immune function of the breast was
suppressed [49]. According to the reports, a traditional Chinese medicine consisting of
astragalus, angelica, salvia, dandelion, etc. can increased animal antibody production

and promoted lymphocyte transformation [89]. Shang et al [125] added Chinese herbal
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medicine additived to the diets of normal dairy cows at the early stage of lactation, and

the results showed that the addition of Chinese herbal medicines in the early stage of
lactation can significantly increased the milk production of dairy cows by 7.4 (P <
0.01), it also improved the milk composition, and increased the milk fat rate by 11.7 (P
< 0.05). That means the Chinese herbal medicine can reduce the incidence of
non-clinical mastitis, and enhanced the immunity of dairy cattle. Another study has
found that Astragalus polysaccharides can enhanced the ability of phagocytes,
activated macrophages, promoted cell differentiation and the secretion of IL-2, thereby
enhancing the ability of macrophages to kill bacteria and disease, and enhance the
immune system of dairy cows. It could stimulate the release of cytokines, affect the
neuroendocrine-immune system [82]. The use of Chinese herbal medicine to prevent
and treat dairy cow mastitis has the advantages of no drug residues and high economic
benefits, and has broad application prospects in the dairy industry. Although the
prevention and treatment of mastitis by traditional Chinese medicine was indeed
effective, the current research and development efforts were not strong. It was
manifested that there were few varieties of traditional Chinese medicine preparations
for the prevention and treatment of mastitis. Most of them were powders and
decoctions. The effective ingredients, content and structure have not been researched
clearly, which restricts its wide application in clinic and application effect. Further
research is needed on the method of separating and extracting the active ingredients of
traditional Chinese medicine, the efficacy and mechanism of traditional Chinese
medicine. On this basis, we will develop efficient, safe and stable Chinese medicine
preparations so that Chinese medicine can play a greater role in the prevention and

treatment of cow mastitis.

1.5  The chemical constituents and pharmacological effects of Taraxacum
officinale

Taraxacum officinale, commonly called dandelion is herbaceous perennial plant
which belongs to the family of Asteraceae (Compositae). It grows in the intemperate

regions of the world and is found mostly in lawns, roadsides, disturbed banks, shores
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of water ways and other areas with moist soils. Because dandelion has a strong ability

to grow and reproduce, its raw materials are abundant and widely distributed. It
grows widely in Europe and North America, and is almost all over China except for
the Southeastern and Southern Provinces. Although, dandelion is considered a weedy
species, but it has been used in many herbal medical systems. In recent years, a large
number of scholars have studied the biologically active components of dandelion and
found that dandelion contains a variety of active ingredients. Yang [162] and others
researchers have showed that triterpenes, polysaccharides, carotenes, sterols, fatty
acids, choline, vitamins, flavonoids, sugars, minerals, proteins and other ingredients
were rich in the herbs of the same genus as 7. officinale. Choi et al. [20] were
successfully extracted triterpenes, flavonoids, carotene, phenolic acids, taraxsterol
and a variety of fatty acids. Scholars successfully obtained a new pigment -
KinobeonA, from the 7. officinale plant through tissue culture [122]. Tumbarski [140]
detected 20 kinds of flavonoids in 7. officinale flowers, and identified 10 of them by
the chromatographic analysis method. 7. officinale mainly contains many medicinal
ingredients, such as chlorogenic acid, caffeic acid, total flavonoids, alkaloids, and
polysaccharides [77]. Chlorogenic acid is a kind of depsip acid, a phenolic compound,
which can scavenge free radicals [152].

Antibacterial, anti-inflammatory and antioxidant effects. Chlorogenic acid is
a secondary metabolite that has inhibitory activity on pathogenic bacteria and shows
different inhibitory effects on a variety of pathogenic bacteria. Chlorogenic acid
extracted from sirloin leaves has certain inhibitory effects on Shigella dysenteriae,
Streptococcus pneumoniae, Staphylococcus aureus, Bacillus subtilis, and Escherichia
coli, and it has certain inhibitory effects on Shigella dysenteriae and Streptococcus
pneumoniae [85]. Terry [139] showed that as the concentration of chlorogenic acid
increases, strawberries are less susceptible to infection by Botrytis cinerea. Liu [80]
has proved that dandelion has antibacterial effect on Staphylococcus aureus,
Escherichia coli, Bacillus subtilis, Aspergillus niger, Paecilomyces variabilis, and the
antibacterial effect is stronger than fungi. Zhang [167] used reflux extraction method
to prepare dandelion extract, and determined its antibacterial power, thermal stability

and minimum inhibitory concentration. The research results showed that the
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dandelion extract have a strong inhibitory effect on Staphylococcus aureus and

Proteus. Inflammation is a defensive response of humans or animals to pathogenic
factors that invade the body. Inflammation is divided into infectious inflammation
and non-infectious inflammation according to whether it is infected or not. Although
the general chemical drugs have good anti-inflammatory effects, they still have
certain drug residues and have relatively large adverse reactions. However, Chinese
herbal medicine has the advantages of unique naturalness, small adverse reactions,
long-lasting efficacy, and two-way regulation [36, 54, 101, 127]. T. officinale is rich
in flavonoids, such as luteolin, quercetin, coumarin and scopolamine, which have
antioxidant and anti-inflammatory activities. Qiao [112] used mice as the research
object to study the effects of dandelion extract on inflammation, early risk changes of
atherosclerosis, oxidative stress, and recorded the data and concluded that dandelion
extract has an effect on atherosclerosis. It has a good inhibitory effect, and has a good
anti-oxidation and anti-inflammatory effect. Chlorogenic acid has a strong free
radical  scavenging ability and can  effectively scavenger n DPPH
(diphenylpicrylhydrazine) free radicals. Therefore, it can be used as an antioxidant
and is widely used in the fields of daily chemical and biological pharmacy. He [44]
found that 40.09 pg/mL apple-derived chlorogenic acid can scavenge 50% of DPPH
free radicals, and significantly improve the oxidative stability of soybean oil, and its
antioxidant effect is equivalent to the synthetic antioxidant TBHQ (tert-butyl
hydroquinone) , and higher than that of Vc. Zhou [180] found that chlorogenic acid

helps to improve the antioxidant capacity of the intestinal tract in rats; DPPH free
radical scavenging method and FRAP (iron ion antioxidant capacity) method were
used to characterize the antioxidant activity of honeysuckle extracts. The results show
that chlorogenic acid plays a major role in the antioxidant activity. It can be
considered that the higher the content of chlorogenic acid, the stronger the
antioxidant activity [154].

Antiviral, and anti-tumor effects. Chlorogenic acid is an important
component with antiviral activity in traditional Chinese herbal medicine. The quality
control standard of honeysuckle, which is a heat-clearing and detoxifying medicinal

material, is generally based on the content of chlorogenic acid. Xing [157] showed that
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the natural compound chlorogenic acid can resist pig reproduction and respiration in

vitro. PRRSV has a strong effect, which may be achieved by directly inactivating and
inhibiting cell apoptosis caused by PRRSV. The effect of chlorogenic acid in
inhibiting enterovirus 71 (EV71) in vitro is also very significant, mainly by
interfering with the expression of 2AmRNA and protein translation in the early stage
of EV71 replication to achieve antiviral effects [71]. In addition, chlorogenic acid can
inhibit HBV-DNA replication to fight hepatitis B disease (HBV) [144]. Chlorogenic
acid is an important secondary metabolite in plants, which can produce anti-tumor
effects through a variety of ways, such as regulating cell cycle, inducing cell
apoptosis, inhibiting cell growth, etc. It is considered to be an effective anti-tumor
natural extract. Studies have shown that chlorogenic acid can regulate the apoptosis
of non-small cell lung cancer by reducing the expression of VEGF (vascular
endothelial growth factor), down-regulating the level of Delta, and blocking Notchl
signaling pathway [70]. Zhou [179] found that chlorogenic acid can induce glioma
cells to up-regulate the expression of p53 and Bax, down-regulate the expression of
Livin and Bcl-2, and finally activate the activity of Caspase-3 protein, thereby
promoting the apoptosis of glioma cells. In addition, in view of its good liver
protection effect, the combined application of chlorogenic acid and anti-tumor
chemotherapy drugs can not only reduce the liver toxicity of chemotherapy drugs, but
also exert a synergistic anti-tumor effect. As early as 1993, Japanese scholars pointed
out that chlorogenic acid, which is naturally present in plants, can inhibit
4-nitroquinoline-1-oxide (4-NQO)-induced tongue cancer, and can be used to prevent
tongue cancer chemotherapy [137]. Zhang [166] used interleukin-13 to induce the
M2 polarization model of macrophages in vitro, and detected the expression of M2
marker CD206 (specific marker), and found that compared with lapatinib alone, it
inhibited the combined use of chlorogenic acid. CD206 expression is better (P<0.05),
which proves that the combination of lapatinib and chlorogenic acid can inhibit the
M2 polarization of macrophages and inhibit the metastasis of breast cancer.

Other effects. 7. officinale not only has the above pharmacological effects, but
also has the functions of reducing endotoxin, promoting insulin secretion, treating

edema, resisting fertility and reproduction, and promoting milk. Hussain [52] studied
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the effect of dandelion extract on the release of INS-1 cells on insulin secretion by

alcohol extraction of dandelion in vitro, and found that dandelion extract affects
insulin secretion, and different concentrations have different effects. When the
concentration of dandelion extract is 40g/mL, insulin secretion can be enhanced by
using dandelion extract. Zhu [182] has proved that dandelion leaves have a dredging

effect on blocked mammary ducts and can improve milk secretion.

1.6  Extraction of chlorogenic acid

Chlorogenic acid is a kind of phenylpropanoids formed by plants through the
shikimic acid pathway during aerobic respiration [32]. It has a variety of plant sources,
mainly in the genus Lonicera and Artemisia. The content is higher especially in
eucommia, honeysuckle, sunflower meal, and coffee. The leaves of Eucommia
ulraoides, Arctium lappa and Nicotiana tobacco are rich in chlorogenic acid, and the
content of chlorogenic acid in Eucommia ulraoides leaves can reach 2%~5% [18, 42,
51, 111]. Chlorogenic acid can be extracted from the roots, stems, leaves and flowers
of Lonicera japonica, and the content in flower buds is the highest [55]. At present,
chlorogenic acid is mainly extracted from Eucommia, honeysuckle, tobacco and other
plants in China, while coffee is used more as a raw material for extracting
chlorogenic acid in foreign countries [41, 65, 147]. Comprehensive extraction method
of chlorogenic acid can be roughly divided into water extraction method, organic
solvent extraction method, microwave-assisted extraction method, and
ultrasonic-assisted extraction method, etc (Table 1.1).

Water extraction method. Chlorogenic acid is a highly polar phenolic acid.
Based on the principle of similar compatibility, water can be used as a solvent to
extract chlorogenic acid. Stela [56] used subcritical water (referring to the water
heated to above the boiling point and below the critical point, and controlling the
system pressure to keep the water liquid) to extract chlorogenic acid from tobacco.
They found that too high temperature and too long extraction time would lead to
Decomposition of chlorogenic acid. Consistent with this result, Jeszka-Skowron [90]

study showed that extraction conditions such as temperature, time, and
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material-to-liquid ratio have significant effects on the extraction of chlorogenic acid

from plants. Response surface methodology (RSM) was used to optimize the water
content of chlorogenic acid in tea. After extraction, the content of chlorogenic acid
can be as high as 6.66 = 0.58 pg/mL. The optimal solution for extracting
chlorogenic acid from tobacco leaves with distilled water as solvent is the extraction

temperature of 60 ‘C, the ratio of material to liquid 1:16 g/mL, and the extraction

time of 60 min. The extraction rate under this condition can reach 2.33% [161].

Table 1.1
Extraction methods and extraction rate of plant chlorogenic acid
Extraction method Raw material The best extraction method Withdrawal
rate
Water extraction [144] Tobacco leaves T 60 °C, t 60 min, m/L 1:16 2.33%
(W/v)
Organic solvent extraction Sweet potato pH 5.0, t 90 min, m/L 1:2 (w/v), 3.517%
[130] leaves Ec 30%
Microwave-assisted Lonicera japonica T 60 °C, t 20 min, m/L 16:1 6.14%
extraction [171] flower buds (w/v), Ec 50%
Ultrasonic-assisted Eucommia pH 5.0, t 90 min, m/L 1:2 (w/v), 6.338%
extraction [55] ulmoides leaves Ec 30%
Cellulase extraction [41] Corn silk 1.4% cellulase, t 1.25 h, Ec 70% 8.94 mg/g
Extra-high pressure Honeysuckle Pressure 325 MPa, holding time 4.872%
extraction [141] flowers 10 min, t 2 h, m/L 1:10 (w/v), Ec
60%
Low eutectic solvent Honeysuckle T 70 °C, t 60 min, m/L 1:25 --
extraction [90] (W/v)
Super critical CO2 fluid Oiled-type Extraction pressure 63.94 MPa, 44.14%
extraction [14] sunflower seeds T72°C,t3h, Ec 15%

Note: T: Extraction temperature, t: extraction time, m/ L: material / liquid ratio,

Ec: ethanol concentration, w: Ultrasonic power.
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Considering economic benefits and environmental safety, water is the most ideal

solvent. Leker [65] also believe that the method of using subcritical water to extract
chlorogenic acid from green coffee beans is more economical and safer than organic
solvents. But it’ s worth noting that the high boiling point of water will cause too
much impurities in the extract. It is difficult to separate chlorogenic acid.

Organic solvent extraction method. The organic solvent extraction method
utilizes the chlorogenic acid's ability to dissolve in organic solvents, such as methanol
and ethanol for extraction. Studies have shown that methanol as a solvent can extract
antioxidant phenolic compounds chlorogenic acid from waste coffee grounds [41].
After extracting ginger leaves four times with 30% ethanol, the yield of chlorogenic

acid is 234 = 25 mg/100 g [14]. Chlorogenic acid can also be obtained by

extracting fermented plant extracts (FPE) with ethyl acetate [98]. Compared with the
water decocting method, the ethanol reflux method can significantly increase the
extraction rate of chlorogenic acid in honeysuckle. The extraction rate is as high as
7.2%, while the water decocting method is only 2.6% [73]. Li [69] optimized the
extraction method of chlorogenic acid in sweet potato leaves through orthogonal
experiments.

When the extraction process is 30% alcohol concentration, material-to-liquid
ratio 1:2 (w/v), pH 5.0, and extraction four times, after 90 minutes of distillation, the
extraction rate can reach 3.517%. Moreover, the extract obtained by this extraction
process is similar to the natural state, which is conducive to further purification.

Ultrasonic assisted extraction method. The principle of ultrasonic-assisted
extraction is to use ultrasonic waves to break the cell wall, so that the intracellular
components leak into the solution, so as to achieve the purpose of separation faster.
Pandey [102] used RSM to optimize the ultrasonic-assisted extraction of phenolic
compounds from rhubarb rhizomes, the extraction concentration of chlorogenic acid
reached 26.68 mg/g after only ultrasonic extraction for 30 min. Chen [17] also used
RSM to optimize the ultrasonic-assisted extraction method of phenolic compounds in
black wolfberry.

Under the optimal conditions, the concentration of chlorogenic acid was 6.48 +

0.16 mg/g. These research results show that the ultrasonic assisted extraction method
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not only shortens the extraction time, but also increases the extraction efficiency. The

optimization of the ultrasonic-assisted water extraction process solves most of the
conventional technical shortcomings mentioned in the literature, including the
degradation of chlorogenic acid caused by excessive extraction time in the extraction
process, the waste of energy caused by excessively high extraction temperature, and
the purity of chlorogenic acid. Therefore, the ultrasonic-assisted water extraction
process can be used as an environmentally friendly, safe and economical alternative
to the traditional extraction process.

Other methods. In addition to the above extraction methods, the extraction of
chlorogenic acid also involves Soxhlet extraction, ultra-high pressure extraction, hot
reflux extraction, enzyme extraction, supercritical CO, extraction and other methods.
Liu [83] explored an enzyme-assisted extraction method of chlorogenic acid based on
ionic liquids. This method mainly uses cellulase to decompose the cell wall to reduce
the mass transfer barrier and obtain a high extraction rate. Compared with other
conventional extraction techniques, this novel extraction method has more
advantages in terms of yield and efficiency. The honeysuckle is extracted with
ethanol after ultra-high pressure treatment. The extraction rate of chlorogenic acid
under the optimal extraction conditions can reach 4.872% + 0.049%, which is better
than ultrasonic extraction and heat reflux extraction, and has low energy consumption
and short time consumption [109].

Molecular imprinting technology is a technology that can create a specific cavity
complementary to the template molecule in shape, size and chemical function to
achieve adsorption. Some scholars have developed a new type of hydrophilic
magnetic molecularly imprinted nanoparticles based on this technology for selective
separation and determination of water-soluble chlorogenic acid. This method is more
effective in separating coexisting compounds with similar functional groups (caffeic
acid, gallic acid, etc.).

In addition, eutectic solvent extraction, hollow fiber solid phase microextraction
and supercritical CO, fluid extraction methods can also be used for the extraction of

plant chlorogenic acid [40, 53, 87, 178].
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At present, eutectic solvent extraction has not been widely used, and hollow

fiber solid phase microextraction is still in its infancy. Although the extraction rate of
supercritical CO; fluid is high, the technology industrialization research is relatively

weak and the equipment is expensive, and the development is relatively slow [155].

1.7 Conclusions from literature review

A review of the literature shows that mastitis remains a pressing problem for
many countries, including China and Ukraine. Plant extracts have obvious therapeutic
effects in the treatment of mastitis in dairy cows. They can not only avoid the
production of drug-resistant bacteria caused by the application of antibiotics, but also
avoid problems such as drug residues. Therefore, the application of plant extracts has
always been high hopes in the prevention and treatment of dairy cow mastitis.
Therefore, research needs to understand the antibacterial mechanism of plant extracts
against pathogenic bacteria such as Staphylococcus aureus and Escherichia coli, and

reveal the protective mechanism of plant extracts against mastitis in dairy cows.



49
CHAPTER 2

2.1 Research materials

The dissertation work is carried out in accordance with the programs of research
work of Sumy National Agrarian University: "System of monitoring methods of
control and veterinary and sanitary measures, regarding the quality and safety of
livestock products in diseases of infectious etiology" (state registration No.
01140005551, 2014-2019); "Forecasting the risks of cross-border introduction and
spread of particularly dangerous animal diseases and the development of scientifically
based disinfection systems based on innovative import-substitutable highly effective
means" (state registration No. 01150001342, 2018-2023).

The work was carried out for the period from 2018 to 2022 at the departments of
veterinary examination, microbiology, zooghygiene and safety and quality of animals
products, the department of epizootology and parazitology and the department of
virology, pathanatomy and bird diseases of Sumy National Agrarian University. In
addition, veterinary studies were conducted at Henan, China.

Object of study antibacterial mechanism of chlorogenic acid in Taraxacum
officinale, anti-inflammatory effect and mechanism of chlorogenic acid extract from
Taraxacum officinale in the LTA-induced bovine mammary epithelial cell in vitro

inflammation model, Mammary epithelial cells of dairy cow mastitis caused by

Staphylococcus aureus LTA stimulation, Holstein breed.

Subject of study Antibiofilm activity against Staphylococcus aureus, content
analysis of Taraxacum Officinale Phenolic extracts, In vitro culture and evaluation of
bovine mammary epithelial cells from dairy cows, inflammatory model of bovine
mammary epithelial cells (BMEC) induced by LTA, Effect of Chlorogenic acid
(CGA) on inflammatory response induced by LTA in BMEC.
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2.2. Research methods

Research on the topic of the dissertation was carried out according to the scheme
presented in fig. 2.1.
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Fig. 2.1. General scheme of conducting research

Clinical (history taking, clinical examination), microbiological (microscopic,
biological), bacteriological (the antibacterial efficiency of the drug), pharmacological,
toxicological (degree of toxicity and harmlessness of the drug), immunological (drugs
cause changes in gene and protein levels of inflammatory factors) and statistical
(processing of research results) research methods were used in the work.

Consumables — Gloves, masks, shoe covers. Alkaline Phosphatase Assay Kit

(Colorimetric, Abcam Cambridge, UK, ab83369). DNA extraction kit (TTANGEN
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BIOTECH Co., Ltd, Beijing, P. R. China, cat. KG203). Cytokeratin 18 (Abcam, UK,

Cambridge, cat.10830-1-AP).

Fluorescein isothiocyanate (FITC)-conjugated monoclonal anti-mouse 1gG (Sigma,
USA, Louis, MO, cat. F4143). PureLinkTM RNA Mini kit (ThermoFisher, USA,
Waltham MA, cat.12183018A). Dulbecco’s modified Eagle’s medium/Nutrient
Mixture F-12 (DMEM/F12, Gibco, USA, New York, cat.12400-024). Fetal bovine
serum (FBS, Biological Industries, Israel, Kibbutz Beit-Haemek, cat.04-011-1A/B)
Epidermal growth factor (EGF, Sigma, USA, Louis, MO, cat. E4127). Lipoteichoic
acid (LTA, Inviogen, Carlsbad, CA, USA, cat. tlrl-slta). RNAiso Plus (TaKaRa,
Dalian, P. R. China, cat. 9109). PrimeScriptTM RT reagent Kit with gDNA Eraser
(TaKaRa, Dalian, P. R. China, cat. RR047A). Cell counting KIT-8
(Beijing Solarbio Science & Technology Co., Ltd., Beijing, P. R. China, cat.CK04).
TB Green Premix Ex TaqTM II (TaKaRa, Dalian, P. R. China, cat#RR820B). Griess
reagent Nitric Oxide Assay Kit (Beyotime Biotechnology, Shanghai, P. R. China, cat.
S0023). BCA Protein Assay Kit (Solarbio Science & Technology Co., Ltd., Beijing, P.
R. China, cat. PC0020). 0.45 um membrane (Millipore, Carrigtwohill, Co. Cork,
Ireland). Cell culture dish, Cell culture 6-well plate, Cell culture 12-well plate,
centrifuge tube (Corning, USA, New York, cat.430639).

Equipment. 1. Micropipette (Eppendorf Germany); 2. Autoclave (Hirayama
Corporation); 3. Electric heating constant temperature drying oven (Shanghai
sunshine co., Itd.); 4. Inverted microscope (Zeiss, LSM7800, Germany, Oberkochen);
5. Confocal Laser Scanning Microscope (Zeiss Germany); 6. Constant temperature
magnetic stirrer (Heilongjiang Dongming Medical Instrument Factory); 7.
SDS-PAGE vertical electrophoresis instrument (Becton, Dickinson and Company,
USA); 8. Film transfer instrument (Becton, Dickinson and Company, USA); 9.
Horizontal electrophoresis system (Becton, Dickinson and Company, USA); 10.
Microplate reader (Bio-Rad, Hercules, CA); 11. Flow cytometer (Becton, Dickinson
and Company, USA); 12. Electronic balance (Sartorius, Germany); 13. Gel imaging
system (Shanghai Tianneng Biological Company); 14. 7500 Real-Time PCR system
(Applied Biosystems Inc., Foster City, CA); 15. PCR instrument (TaKaRa, Dalian, P.
R. China); 16. Ultraviolet spectrophotometer (Beijing Junyi-Dongfang
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Electrophoresis Equipment Co., Ltd China, Beijing, JY04S-3E); 17. Ultra Clean Desk

(Wujiang Purification Equipment General Factory); 18. CO; cell incubator (Thermo
Fisher Germany); 19. Centrifuge (Thermo Fisher Germany); 20. High-speed
refrigerated centrifuge (Thermo Fisher Germany); 21. Water bath (Shanghai Yiheng
Instrument Co., Ltd.); 22. Ice maker (Shanghai Bilang Instrument Co., Ltd.); 23.
Shaker (North Tongzheng Technology Co., Ltd.); 24.pH meter (Shanghai INESA
Scientific Instrument Co., Ltd. Beijing, P. R. China); 25. RTAC DP Analyzer (San
Diego, CA 92121, USA); 26. High performance liquid chromatography (Shimadzu,

Japan); 27. Ultrasonic cleaner (Liuyi Equipment Co., Ltd China, Beijing); 28. Lieci
conductivity meter (Shanghai INESA Scientific Instrument Co., Ltd. Beijing, P. R.
China, ca. DDSJ-308F); 29. NanoDrop 1000 (Thermo Scientific, Co., Ltd., P. R.
China); 30. Freeze dryer (Labconco, FreeZone 4.5 L, USA) .

Chemicals and solvents. 1. Ethanol (Tianjin Deen Chemical Reagent Co., Ltd.); 2.
Methanol (Tianjin Deen Chemical Reagent Co., Ltd.); 3. Phosphoric acid (Tianjin
Deen Chemical Reagent Co., Ltd.); 4. Chloroform (Tianjin Deen Chemical Reagent
Co., Ltd.); 5. Ammonium acetate (Tianjin Deen Chemical Reagent Co., Ltd.); 6.
hydrochloric acid (Tianjin Deen Chemical Reagent Co., Ltd.); 7. Methanol (99%, PA,
Fisher Scientific, Lisbon, Portugal); 8. Acetonitrile (99.9%, HPLC grade, Fisher
Scientific, Lisbon, Portugal); 9. Triton X-100
(Solarbio Science & Technology Co., Ltd., Beijing, P. R. China); 10. Chlorogenic
acid (98%, Sigma Aldrich St. Louis, MO, USA); 11. Caffeic acid (98%, Sigma
Aldrich St. Louis, MO, USA); 12. Rutin (98%, Sigma Aldrich St. Louis, MO, USA);
13. Ferulic acid (98%, Sigma Aldrich St. Louis, MO, USA); 14. Luteolin (98%, Sigma
Aldrich St. Louis, MO, USA); 15. Bovine serum  albumin
(Solarbio Science & Technology Co., Ltd., Beijing, P. R. China); 16. Coomassie
Brilliant Blue G250 (Solarbio Science & Technology Co., Ltd., Beijing, P. R. China);
17. Dextran gel (Solarbio Science & Technology Co., Ltd., Beijing, P. R. China); 18.
Phosphate buffered saline (Solarbio Science & Technology Co., Ltd., Beijing, P. R.
China); 19. Antibiotic-antimycotic (Gibco, USA, New York, cat.15240-062); 20.
DAPI (4,6-diamino-2-phenyl indole, Solarbio Science & Technology Co., Ltd.,
Beijing, P. R. China); 21. Biowest Agarose (Gene company LTD, Hong Kong).
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2.2.1 Collection of plant material

The whole plant of Taraxacum Officinale were collected from the campus of
Sumy National Agrarian University, Sumy, Ukraine, in May 2018 and 2019 and
identified by Professor Li MENG, Henan Institute of Science and Technology,
Xinxiang, China.

The voucher specimen was stored at the Institute of Chinese Materia Medica,
Henan University (Kaifeng, Henan, China).

The whole plants were cleaned, dried in shade for several days and pulverized in a

laboratory crusher.

2.2.2 Determination method of chlorogenic acid content in 7. officinale

Chromatographic Conditions and Instrumentation

Analysis was performed on a Shimadzu Acquity HPLC system (LC-20A,
Shimadzu, Japan). An Inertsil ODS-3 C18 column 6 pm, 250*4.6 mm) was applied
for all analyses. The mobile phase was composed of A (MeOH) and B (1%o Phosphoric
acid solution, adjusted to pH 8.0 with ammonia-water) with a gradient elution: 0-5 min,
5% A; 5-15 min, 5%-15% A; 15-20 min, 15%-5% A; 20-25 min 5% A. The flow rate
of the mobile phase was 1.0 mL/min. And the column temperature was maintained at
30 °C. Detection wavelength was set at 350 nm. Target peak was identified by
comparing their retention time of the respective standard. A standard graph of
chlorogenic acid was prepared by plotting concentration versus peak area.

Standard Preparation 10 mg chlorogenic acid standard was weighed, and then
was dissolved in a 10 mL one-mark volumetric flask with 10% methanol to form the 1
mg/mL stock solution. Draw 5 mL of 1 mg/mL chlorogenic acid solution, add 10%
methanol to a constant volume to 10 mL, and then sequentially dilute to obtain 6
concentration levels of the reference mixture 1, 0.5, 0.25, 0.125, 0.0625, 0.0313
mg/mL chlorogenic acid standard solution. The standard solutions were filtered
through a 0.45um membrane prior to injection. All solutions were stored in a

refrigerator at 4 °C before analysis.
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Extraction Preparation of Sample of 7. officinale Accurately weigh 1.0 g of

sample powder and add 50 mL of extraction solvent 60% ethanol. Ultrasonic (power
250 W, frequency 35 KHz) extraction for 40 min, suction filtration, repeat the
extraction operation 3 times, the extracts 3 times were combined, concentrated under
reduced pressure at 50 °C by rotary evaporator (N-1300D, EYELA, Japan), made up to
25 mL with 60% ethanol, and stored at 4 °C in the refrigerator. Filter with 0.45 pym
filter before injection.

Method Validation Through determining the linearity, LOD, LOQ, precision,
repeatability, stability, and accuracy additive recovery rate, the established HPLC
method was validated.

Calculation of chlorogenic acid extraction rate

cXvXa

Extractionrat @) = M

“v” 1is the volume of the extract; “c” is the concentration of chlorogenic acid in the

(1P 4]

extract; “a” is the dilution factor; “M” is the weight of the sample.

2.2.3 Single factor experiment for chlorogenic acid content in 7. officinale

The effect of different temperature (40 °C, 50 °C, 60 °C, 70 °C and 80 °C) on
extraction rate were tested, while the ethanol volume fraction for extraction was 70%,
the material-liquid ratio was 1:20 (g/mL), ultrasonic time was 40 min. After
confirming that 70°C of ultrasonic temperature of was better, the effect of the
material-liquid ratios (1:15, 1:20, 1:25, 1:30, and 1:35) on extraction was compared
under the fllowing conditions: the ethanol volume fraction was 70%, and the
ultrasound time was 40 min. After the material-liquid ratio of 1:30 was found better,
the effect of ethanol volume fractions (20%, 40%, 60%, 80% and 100%) on extraction
rate was tested. While ultrasonic time was 40 min, the ultrasonic temperature was
70 °C and the material-liquid ratio was 1:30. When the better volume fraction of
ethanol was determined, the effects of extraction of ultrasonic time (10 min, 20 min, 30

min, 40 min and 50 min) was tested under the conditions as followings: the ultrasonic
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temperature was 70°C and the material-liquid ratio was 1:30. Finally the optimal level

of each factor were determined. The dandelion sample was 1.0 g for each test.

2.2.4 Orthogonal experiment design

According to the single-factor test results, ultrasonic temperature (A),
material-liquid ratio (B), ethanol volume fraction (C) and ultrasonic time (D) were
selected as the investigation factors with the extraction rate of dandelion chlorogenic
acid as the evaluation index. Orthogonal experiment design L.9(34) was applied for
obtaining the best extraction process.

Statistical Analyses All statistical analyses, including the design of orthogonal
test and independent-sample t test, were carried out with EXCEL 2010 and PASW
(IBM SPSS Statistics) statistical software (version 19.0).

2.2.5 Quantification of five phenolic compounds in extract by High

Performance Liquid Chromatography (HPLC)

HPLC conditions The analysis was performed on Shimadzu LC-20A with
Inertsil ODS-3 C18 (5 um, 250 mmx4.6 mm). Acetonitrile and 2% acetic acid aqueous
solutions were used as mobile phase with the ratio of 80/20 flow rate of 1.0 mL/min.
Detection wavelength was 320 nm and the column oven temperature was 35 °C,

Standard curve Precisely weighed the 5 standard products (10 mg/each), put
them into a 10 mL volumetric flask, dissolved in 70% methanol water ultrasonically,
and diluted to the mark.

Drawn 1 mL of the 5 kinds of mother liquors from the 10 mL volumetric flasks,
and diluted to the mark to make 5 kinds of mixed standard solutions with a
concentration of 0.1 mg/mL. Inject 2, 4, 6, 8, and 10 pL, respectively and analyzed
them according to the above-mentioned high performance liquid chromatography
conditions with 3 repetitions. Used the formula to calculate and drawn a standard curve

related to the standard injection volume and the peak area.
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Preparation of phenolic extract Phenolic extract was obtained from plant

sample (1 g) with 30 mL of methanol: water (70:30, v/v) mixture at 30 °C for 30 min.
Three times collected extract were combined and concentrated under reduced pressure
to a constant volume of 10 mL. Sample was passed through 0.45 um membrane before

sample injection.

2.2.6 Bacterial strains and growth condition

The pathogenic bacterial strain S. aureus (ATCC 25923) was obtained from the
American Type Culture Collection (ATCC), which was grown on Nutrient Broth (NB)

and incubated overnight at 37 °C under aerobic condition.

2.2.7 Inhibition assay—Minimum Inhibitory Concentration (MIC)

The minimal inhibitory concentration (MIC) against S. aureus was determined by
microbroth dilution technique with some modifications. Dandelion phenolic extract
was diluted in sterile water to the concentration of 500 mg/mL, further dilutions were
made up to the concentration of 25, 20, 15, 10, 5 mg/mL.

Tested pathogenic microorganisms were cultured in MHB at 37 °C for 24 h.
Initially, the cultures were diluted to match the turbidity of 0.5 McFarland standard;
thereafter, further dilutions with sterile MHB made it possible to obtain a suspension of
about 5 x 10° CFU/mL. Aliquot of bacterial suspensions (50 uL) were added to a
sterile 96-wells plate containing 100 uL of MHB and 100 pL of dandelion phenolic
extract dilutions.

A positive control (without dandelion phenolic extract) was included on each
microplate. The plates were incubated in aerobic conditions at 37 °C for 24 h. A
microplate reader (Bio-Rad, Hercules, CA) was used to record the optical density (OD)
at 600 nm. The MIC was defined as the lowest concentration of dandelion phenolic

extract able to inhibit the microorganism’s growth.
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2.2.8 Microbial growth

S. aureus was cultured to the logarithmic growth phase and 2% (V/V) inoculum
was added to the medium. The dandelion phenolic extract was added with the final
concentration of 1/2MIC and 1MIC inhibitory concentration and a blank was set as
control group. Under aerobic conditions at 37 °C in a shaking incubator at 120 rpm/min.
Samples were taken at different times to determine the absorbance value, and to draw

the growth curve of S. aureus.

2.2.9 Antimicrobial activity

S. aureus was cultured to the logarithmic growth phase and 2% (V/V) inoculum
was added to the medium. The dandelion phenolic extract was added with the final
concentration of 1/2MIC and IMIC inhibitory concentration, with a blank used as
control group. Incubated in aerobic conditions and 37 °C in a shaking incubator at 120
rpm/min.

Effect of plant extract on the S. aureus cell wall permeability Samples
collected at different time intervals were centrifuged at 4500 rpm/min for 10 minutes,
and the supernatant was taken to test the alkaline phosphatase activity in accordance
with the operating steps of alkaline phosphatase kit. All assays were performed in
triplicate and three independent experiments were performed.

Effect of plant extracts on the integrity of S. aureus biofilms Samples
collected at different time intervals were centrifuged at 4500 rpm/min for 10 minutes.
The supernatant was taken to test the solution which was diluted to measure the
conductivity with a Lieci conductivity meter (Shanghai INESA Scientific Instrument
Co., Ltd. Beijing, P. R. China, ca. DDSJ-308F). All assays were performed in triplicate
and three independent experiments were performed.

Effect of plant extract on extracellular protein content The protein standard
curve was drawn with bovine serum albumin as a standard solution. The samples were
added to Coomassie Brilliant Blue G250 which were remained in standing position for

10 min. The absorbance was measured at a wavelength of 595 nm.
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Interaction between bacterial DNA and plant extract S. aureus was cultured

to the logarithmic growth phase and 2% (V/V) inoculum was added to the medium.
Incubated in aerobic conditions at 37 °C in a shaking incubator at 120 rpm/min for
overnight. DNA extraction kit (TTANGEN BIOTECH Co., Ltd, Beijing, P. R. China,
cat. KG203) was used to extract the DNA of S. aureus. The same amount of DNA
extracted and different concentrations of dandelion extract were mixed. The mixture
was reacted for 20 minutes, and then 1% dextran gel electrophoresis was performed.
Statistical analysis The results are expressed as means + SD. Statistical
differences were analyzed using a t-test for independent groups. The ANOVA was
performed using GraphPad Prism version 6.01 (GraphPad Software Inc., San Diego,
CA, USA). Statistical significance was declared as *P < 0.05, **P < 0.01, and ***P <

0.001. Each experiment was repeated at least 3 times.

2.2.10 Cell preparation, culture, and frozen

Milk was obtained from several Ukrainian dairy cows in middle lactation
(150-250 days after parturition). The nipples were scrubbed with sterile water, and the
milk was squeezed by hand. The first 50 mL of milk was discarded, then approximately
150 mL was collected in a sterile centrifuge tube. The tube was sealed over a fire,
brought back to the laboratory, stored at 37 °C, and treated within 2 h. The milk was
centrifuged at 1000 g for 20 min and the upper layer of milk was removed as much as
possible. The bottom turbid liquid was washed several times with phosphate buffered
saline (PBS) (1:1) solution containing antibiotic-antimycotic (Gibco, USA, New York,
cat.15240-062) until the solution was pellucid and did not contain milk. The bottom
pellet was mixed with fresh medium and transferred to an empty plastic cell culture
dish (Corning, USA, New York, cat.430639). The culture dishes were incubated at
37 °C under 5% CO2. The basal medium was replaced with a fresh medium every 48 h
until the cells were distributed across the bottom of the dish. The cells were

subcultured and frozen when they were distributed across 80% of the bottom.
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2.2.11 Growth characteristics

The real-time cell assay (RTCA) was used to monitor the growth of the
third-generation mammary gland epithelial cells. Totals of 4x10%, 2x10%, 1x10% 5000,
2500, 1250, and 625 cells per well were seeded on E-Plate, 16 plates, 150 uLL medium
per well.

Real time detection of cells was performed to plot cell growth curves while

optimizing optimal plate density.

2.2.12 Immunocytochemistry

The expression of cytokeratin 18 (Abcam, UK, Cambridge, cat.10830-1-AP) was
examined by seeding 1x10* cells/well in 12-well flat-bottom culture plates.
Cytostructural protein expression was examined on day 3 after seeding cells that were
cultured in induction media. Before staining, the cells were washed with PBS solution
and fixed with ice-cold methanol.

Cells were incubated in PBS containing 0.2% Triton X-100 at 37 °C for 5 min,
then rinsed with PBS. Nonspecific reactivity was blocked with 5% bovine serum
albumin (BSA) for 30 min at room temperature. First, anti-cytokeratin 18, was diluted
1/100 in PBS, added to the cells, and incubated for 1 h at room temperature.

The cells were then washed three times for 5 min each time with Phosphate
Buffered Saline-Tween20 (PBST). Secondary antibody, fluorescein isothiocyanate
(FITC)-conjugated monoclonal anti-mouse 1gG (Sigma, USA, Louis, MO, cat. F4143),
was diluted 1/50 in PBS, added to the cells, and incubated in the dark for 0.5 h. Cells
were then washed three times for 5 min each time with PBS.

DAPI (4,6-diamino-2-phenyl indole) was used as a nuclear counterstain. Finally,
the slides were washed three times and visualized with a microscopy characterization

facility (Zeiss, LSM7800, Germany, Oberkochen).
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2.2.13 RT-PCR

Total RNA from mammary tissue, BMECs cultured with the induction media, and
BMECs, and mammary alveolar cell-T (MAC-T) cells cultured with basal media were
isolated using a PureLinkTM RNA Mini kit (ThermoFisher, USA, Waltham MA,
cat.12183018A). The expressions of CSN2, BTN1A1, and GAPDH were determined
by RT-PCR. The integrity and concentration of the RNA was verified via analysis of 5
uL of each sample on a 1% agarose gel using an ultraviolet spectrophotometer (Beijing
Junyi-Dongfang Electrophoresis Equipment Co., Ltd China, Beijing, JY04S-3E). The
RT system (SuperScript@) was purchased from Invitrogen. CSN2, BTN1A1, and
GAPDH primers were designed with Primer 5.0 (Table 2.1) and synthesized by
Shanghai Sangon Biological Engineering Technology and Services Co. Ltd., China.

Table 2.1
Primer sequences for RT-PCR on identification of BMECs
Gene Primers forward/reverse Product Melting
length (bp) temperature
(9]
CSN2 F:5’AGGAACAGCAGCAAACAG3’ 579 55
R:5’TTTCCAGTCGCAGTCAAT3’
BTNIAI |F:5TGTGTTGCTGCTGATAGAGT3’ 305 53
R:5° CCTCCAAGTTCCTTTATGGGAT3’
GADPH | F:5GGCAAGTTCAACGGCACAY’ 128 56
R:5’ACCACATACTCAGCACCAGCAY’
Table 2.2
The reaction system of PCR (Total 20 uL)
Reagent Usage amount
10 x buffer 2.5 uL
Forward primer (10 uM) 1.0 uL
Reverse primer (10 uM) 1.0 uL
dNTP 2.0 uL
Taq 1.0 uL
DNA 1.0 uL.
RNase Free H,O Up to 25 pL
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2.2.14 Western-blot (WB)

Total protein was isolated from BMECs, MAC-T, and mammary tissues using
Radio Immunoprecipitation Assay (RIPA) (Servicebio, China, Wuhan, cat. G2002).
The proteins were run through a 12% polyacrylamide gel under reducing conditions,
and transferred onto polyvinylidene fluoride (PVDF) (0.45 um, GE Healthcare Life
Sciences, Pittsburgh, PA, USA). After blocking in Tris-HCI Buffered Saline (TBS) (20
mM Tris and 137 mM NaCl) containing 5% BSA, the membrane was incubated
overnight at 4 °C with rabbit anti-bovine casein antibody (Jingmei, Jiangsu, China, cat.
F030106). The membrane was washed three times for 5 min each with Tris-HCI
Buffered Saline-Tween20 (TBST), and incubated with Horseradish Peroxidase (HRP)
conjugated mouse anti-rabbit IgG (Beyotime, Shanghai, China, cat. TR-1003) for 1 h at
37 °C.

2.2.15 Cultivation and treatment of BMECs for the inflammatory model

The BMECs harvested from mid-lactation dairy cow milk were isolated by our
laboratory. Briefly, the base medium for this cell is DMEM/F-12 (Gibco, USA,
cat.12400-024). The complete growth medium included 10% fetal bovine serum
(Biological Industries, Israel, cat.04-011-1A/B), DMEM/F-12, and 10 ng/mL

epidermal growth factor (Sigma, USA, cat. E4127). Cells were maintained at 37°Cin

an incubator containing 5% CO2. When cells grew to 80% confluency, the cells were
rinsed twice with PBS, and then the primary mammary epithelial cells were

trypsinized with 0.25% trypsin plus 0.02% EDTA and passaged.
The BMECs were seeded into 6-well plated overnight at 37°C. Then, the cells

were treated with different concentration (0, 10, 20, 40, 80 ng/uL) lipoteichoic acid
(LTA) (Inviogen, Carlsbad, CA, USA, cat. tlrl-slta). After 12 h, 24 h, and 48 h of
stimulation, the BMECs were harvested for subsequent analyses.

Extraction and purification of total RNA Total RNA was extracted from
adherent BMECs using RNAiso Plus (TaKaRa, Dalian, P. R. China, cat. 9109) in
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accordance with the manufacturer’s instructions. The assessment of the quantity and

quality of RNA was verified using a NanoDrop 1000 (Thermo Scientific, Co., Ltd., P.

R. China). The 260:280 nm optical density value was between 1.8 and 2.0. Then, the

first-strand cDNA was synthesized using PrimeScriptTM RT reagent Kit with gDNA

Eraser (TaKaRa, Dalian, P. R. China, cat. RR047A).

Table 2.3
Reaction system for removing genomic DNA
Reagent Usage amount

5 x gDNA Eraser buffer 2.0 uL

gDNA Eraser 1.0 uL

Total RNA 1.0 uL

RNase Free H,O Up to 10 puL

Table 2.4

Reaction components of reverse transcription

Reagent Usage amount
5 x RT buffer 4.0 uL
RT Enzyme Mix 1.0 uL
RT primer 1.0 uL
The product of Table 2-3 10 uL
RNase Free H,O 4.0 uL

Cell Counting Kit-8 Assay

BMECs were seeded at a concentration of 1x104 cell per well in 96-well plates

with eight replicates per condition. At the indicated timepoint, Cell counting KIT-8
(Beijing Solarbio Science & Technology Co., Ltd., Beijing, P. R. China, cat.CK04)

solution at a medium dilution of 1:10 diluted was added to each well and the plate

was incubated at 37°C for 3 h.
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The absorbance was measured at a wavelength of 450 nm by a micoplate reader

(Bio-Rad, Hercules, CA), and the proliferation of each groups was calcuted using the
equation:
[(AS - Ab)/ (AC - Ab)]x100%.
AS: The absorbance value of the wells with cells, LTA, CCK-8;
AC: The absorbance value of the wells with cells, CCK-8;

Ab: The absorbance value of the wells without cells.

Real-Time Cell Assay (RTCA)

The Real-Time Cell Assay (RTCA) was used to detect the effect of different
concentrations (0, 10, 20, 40, 80 ng/uL) of LTA on BMEC proliferation. The CI
value is directly proportional to the number of cells. RTCA was determine the CI

value by measuring the impedance record.

Enzyme-linked immunosorbent assay (ELISA)

BMECs were cultured for 12h, 24 h, and 48h in fresh serum-free medium after
treatment with LTA. The medium was collected and centrifuged at 12,000 rpm for 5
min to remove celldebris.

The levels of tumor necrosis factor o (TNF-a), and Interleukin-6 (IL-6) in the
supernatants of BMECs were detected according to the ELISA kit instructions
(Jiangsu Mei Biao Biological Technology Co., Ltd., Jiangsu, P. R. China, cat.
MB-4838A\MB-4837A).

RT-qPCR analysis

Real-time PCR primers for amplification of mRNA were designed using Primer
Premier 5.0 and synthesized by Sangon Biotech (Shanghai, P. R. China, Co., Ltd.).
The primers used are in Table 2.2.

Real-time quantitative PCR was performed using TB Green Premix Ex TaqTM
I (TaKaRa, Dalian, P. R. China, cat#RR820B) on a 7500 Real-Time PCR system
(Applied Biosystems Inc., Foster City, CA). GAPDH was used as a reference gene.

ANACt

The relative gene expression was calculated using the 2- method.
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Table 2.5

Gene Accession Sequence Product
size (bp)
TNF-oa |NM _173966.3 F:5°GGTGGTGGGACTCGTATGCCAAT | 151
GC3’
R:5’GTGAGGAACAAGGGGGTGG3’
IL-6 NM 173923.2 F:5’ACAGCTATGAACTCCCGCTT3’ 226
R:S’
TCTCACATATCTCCTTTCTCATTGC3’
GADPH |NM 001034034.2 | F:5AGATGGTGAAGGTCGGAGTG3’ 189
R:5’CGTTCTCTGCCTTGACTGTG3’
Table 2.6

The reaction system of qRT-PCR

Reagent Usage amount
5 x RT buffer 7.5 uL
Forward primer (10 uM) 0.5 uL
Reverse primer (10 uM) 0.5 uL
cDNA 2.0 uL
RNase Free H,O Up to 15 uL

Statistical analysis

The results are expressed as means = SD. Statistical differences were analyzed

using a t-test for independent groups. The ANOVA was performed using GraphPad
Prism version 6.01 (GraphPad Software Inc., San Diego, CA, USA). Statistical

significance was declared as *P< 0.05, **P< 0.01, and ***P< 0.001. Each experiment

was repeated at least 3 times.

2.2.16 Effect of CGA on LTA-Stimulated BMECs

Cells Culture and Treatment Bovine mammary epithelial cells were isolated by

our laboratory from mid-lactation dairy cow milk. Briefly, the BMECs were cultured

in Dulbecco’s modified Eagle’s medium/Nutrient Mixture F-12 (DMEM/F12) (Gibco,
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USA, New York, cat.12400-024) supplemented with 10% fetal bovine serum (FBS)

(Biological Industries, Israel, Kibbutz Beit-Haemek, cat.04-011-1A/B) and 10 ng/mL
epidermal growth factor (EGF) (Sigma, USA, Louis, MO, cat. E4127). Cells were
maintained at 37 °C in an incubator containing 5% CO2. Cells were routinely passaged
at a rate of 70-80% for all the experiments. Cells were pretreated with different
concentrations of CGA (25, 50, 100 ng/uL) for 5 h followed by incubation with 20
ng/uL lipoteichoic acid (LTA) (Inviogen, Carlsbad, CA, USA, cat. tlrl-slta) for 24 h.
Phosphate Buffer Saline (PBS) was used as a positive control. Total prteins,
supernatants and mRNA were extracted from cells at specified time intervals.

CCK-8 Assay of Cell Viability The toxic effects of CGA on BMECs were
determined using the Cell counting Kit-8 (Solarbio Science & Technology Co., Ltd.,
Beijing, P. R. China, cat. CK04). The cells were seeded at a concentration of 1x10* cell
per well in 96-well plates with eight replicates per condition, and stimulated with CGA
(12.5, 25, 50, 100, 200, and 400 ng/uL) for 24 h. Another group stimulated with CGA
(25, 50, 100 ng/uL), then treated with LTA (20 ng/uL) for 24 h. At the indicated
timepoint, CCK-8 solution at a medium dilution of 1:10 diluted was added to each well
and the plate was incubated at 37°C for 3 h. Finally, the absorbance was measured at a
wavelength of 450 nm by a microplate reader.

Real-Time Cell Assay (RTCA) of Cell Viability

The Real-Time Cell Assay (RTCA) was used to detect the effect of different
concentrations (0, 12.5, 25, 50, 100 ug/mL) of CGA extract on BMEC proliferation.
The CI value is directly proportional to the number of cells. RTCA was determine the
CI value by measuring the impedance record.

Quantitative Real-Time PCR Analysis

Total RNA was extracted from the cells using RNAiso Plus (TaKaRa, Dalian, P.
R. China, cat. 9109) in accordance with the manufacturer’s instructions. The
assessment of the quantity and quality of RNA was verified using a NanoDrop 1000
(Thermo Scientific, Co., Ltd., P. R. China). The 260 : 280 nm optical density value was
between 1.8 and 2.0. Then, the first-strand cDNA was synthesized using
PrimeScriptTM RT reagent Kit with gDNA Eraser (TaKaRa, Dalian, P. R. China, cat.
RR047A). Quantitativ real-time PCR was performed using TB Green Premix Ex
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TaqTM II (TaKaRa, Dalian, P. R. China, cat. RR820B) on a 7500 Real-Time PCR

system (Applied Biosystems Inc., Foster City, CA). GAPDH was used as a reference
gene.

The relative gene expression was calculated using the 2"22* method. The primers
were designed using Primer Premier 5.0 and synthesized by Sangon Biotech (Shanghai,

P. R. China, Co., Ltd.). The primers used are listed in Table 2.7.

Table 2.7
Quantitative real-time PCR Primer Information
Gene Accession Sequence Product
size (bp)

TNF-a | NM _173966.3 | F:5>GGTGGTGGGACTCGTATGCCA
ATGC3’ 151
R:5°GTGAGGAACAAGGGGGTGGS’

IL-6 NM 173923.2 | F:5’ACAGCTATGAACTCCCGCTT3’
R:5’TCTCACATATCTCCTTTCTCA 226

TTGC3’
IL-1B | XM_00588998 | F:5’TCGAAACGTCCTCCGACGAG3
8.2 ’
R:5’TGAGAGGAGGTGGAGAGCCT 131
3 b
GADPH | NM 00103403 | F:5’AGATGGTGAAGGTCGGAGTG
4.2 3’ 189

R:5’CGTTCTCTGCCTTGACTGTG3’

Enzyme-linked Immunosorbent Assay (ELISA)

The BMEC cells were pre-treated with CGA 5 h before LTA stimulation, and 24
h later, the supernatants were collected. The concentrations of TNF-a, IL-6, and IL-1
in the supernatants were measured by ELISA kits (Jiangsu Mei Biao Biological
Technology Co., Ltd., Jiangsu, P. R. China, cat. MB-4838 A\MB-4905A\MB-4837A).

NO Assay

The cells were pre-treated with CGA 5h before CGA stimulation for 24 h. Then,
the supernatants were collected. The concentration of NO in the supernatants were
measured using Griess reagent Nitric Oxide Assay Kit (Beyotime Biotechnology,
Shanghai, P. R. China, cat. S0023) through detecting nitrite level. Nitrite level

represents the NO production.
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Western Blot Analysis

The whole cell proteins were isolated using RIPA buffer containing a protease
inhibitor mixture.

The concentration of protein in the extract from BMEC cells was determined
using a BCA Protein Assay Kit(Solarbio Science & Technology Co., Ltd., Beijing, P.
R. China, cat. PC0020).

Then, 40 pg proteins were separated on 12% SDS-PAGE and transferred onto
PVDF membranes and blocked with 5% non-fat dry milk in TBST for 2 h. The
membranes were then incubated with primary antibody (Abcam, Cambridge, UK, ca.
ab213676\ab140751\ab32518) overnight at 4 °C.

The membranes were incubated with primary antibodies. Then, the membranes
were incubated with HRP-conjugated secondary antibodies. B-Actin was used as the
control.

The protein levels of specific target genes expressed by electrophoresis were

detected by a 3,3'-diaminobenzidine (DAB) substrate chromogenic assay (n=3).

Table 2.8
Dilution method of BCA standard samples

NO. Diluent volume 2 mL/mL BSA Standard BSA final concentration

(uL) (1L) (ug/ mL)

A 0 120 2000

B 30 90 1500

C 60 60 1000

D 75 45 750

E 90 30 500

F 105 15 250

G 150 10 125

H 120 0 0 (Blank)
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Table 2.9

Preparation system of 12% separation adhesive

Reagent Volume
H,O 3.3 mL
30% Acrylamide (29:1) 4 mL
1.5 M TRIS-Hcl (Ph=8.8) 2.5mL
10% SDS 0.1 mL
10% Ammonium persulfate 0.1 mL
TEMED 0.004 mL
Table 2.10
Preparation system of 5% concentrated adhesive
Reagent Volume
H,O 3.42 mL
30% Acrylamide (29:1) 0.83 mL
1.5 M TRIS-Hcl (Ph=8.8) 0.625 mL
10% SDS 50 pL
10% Ammonium persulfate 75 uL
TEMED 75 pL

Statistical Analysis

Analysis was performed using GraphPad Prism 7.02 Software (GraphPad

Software, Inc., USA). Differences between mean values of normally distributed data

were analyzed using one-way analysis of variance (ANOV A) multiple comparisons.

p<0.05 or p<0.01 was considered statistically signficant. All data were obtained from

three independent experiment.




CHAPTER 3
RESULTS OF OWN RESEARCH

3.1 Determination and extraction process of chlorogenic acid in 7.

officinale

Chlorogenic acid is one of the important medicinal ingredients of Taraxacum
officinale. 1t is a phenolic compound with antibacterial, antioxidant and antiviral
effects. At present, the research on extraction of chlorogenic acid mainly focuses on
natural products such as Eucommia ulmoides and honeysuckle.

The Taraxacum officinale is more widely distributed and produces. However,
there were few studies on extraction technology of chlorogenic acid from
Taraxacum officinale. At present, the research of chlorogenic acid in dandelion is
mostly focused on the research of active function, and there are few research
methods using its detection and extraction process.

Due to the special biological effect of ultrasound, choosing appropriate
ultrasound parameters can form more pores between the cell walls of the plant,
thereby enhancing the permeability and selectivity of the cell membrane, and is now
widely used to extract biologically active ingredients in plants. Ultrasonic extraction
method has been used in the extraction of active ingredients of Eucommia ulmoides,
Lonicera japonica Thunb. and other plants.

Therefore, in this study resource-rich Taraxacum officinale was used as
materials for extracting chlorogenic acid, a high-performance liquid
chromatography method was used to establish the determination method of
chlorogenic acid in 7. officinale. On the basis of single factor experiment,
orthogonal experiment design was used to investigate the effect of the ethanol
volume fraction, material-liquid ratio, extraction time, and extraction temperature

on extraction rate of chlorogenic acid in 7. officinale.
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3.1.1 High performance liquid chromatography for determination of

chlorogenic acid

In the experiment of detecting chlorogenic acid content by high performance

liquid chromatography, all the analysis was performed on a Shimadzu Acquity

HPLC system (LC-20A, Shimadzu, Japan). And an Inertsil ODS-3 C18 column (5

um, 250*%4.6 mm) was applied for all analyses. After many repeated tests, the

mobile phase was final determinationed as compose of A (MeOH) and B (1%o
Phosphoric acid solution, adjusted to pH 8.0 with ammonia-water) with a gradient
elution: 0-5 min, 5% A; 5-15 min, 5-15% A; 15-20 min, 15%-5% A; 20-5 min 5% A.

The flow rate of the mobile phase was 1.0 mL/min.and the column temperature was
maintained at 30°C. Detection wavelength was set at 350 nm. Under this method, the

peak shape was good. The detection object and other components were well
separated. The high performance liquid chromatogram of chlorogenic acid standard
was shown in Figure 3.1.1. The standard curve for chlorogenic acid was y = 1.4624 x
- 2.5424, and the linear range was 0.00692~0.44 ng/mL. The linear relationship was
good (R2=0.999). The high performance liquid chromatogram of chlorogenic acid

sample was shown in Figure 3.1.2.

0 5 10 15 20 25
t/min

Fig. 3.1.1 High performance liquid chromatogram of chlorogenic acid

standard
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t/min

Fig. 3.1.2 High-performance liquid chromatogram of dandelion sample

The method was examined from the precision test, stability test, repeatability
test, and recovery rate. Take the reference solution and inject 6 times continuously
with a volume of 10 puL. The RSD of the chlorogenic acid peak area was 1.32%,
which indicated that the instrument precision was good.

Take the dandelion sample for the test sample solution and inject them at 0, 2,
4, 8,12, and 24 h, respectively, and measured the peak area according to the method
of"2.2.2". The RSD of the chlorogenic acid peak area was 1.02%, indicating that the
test sample solution is stable within 24 h.

Take 6 dandelion sample solutions to determine the content of chlorogenic
acid in the sample. The RSDs of the measured contents were 1.14%, indicating good
repeatability. Through the high-medium-low-concentration chlorogenic acid

reference substance addition recovery test, the recovery rate obtained was between

93.8-97.6%.

3.1.2 Single factor analysis

The single factor experiment was used to find the effects of solvent

concentration, microwave-assisted extraction (MAE) temperature and time, and

liquid/solid (ratio) on extraction of chlorogenic acid.
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3.1.2.1 Effect of extraction temperature on extraction rate of chlorogenic

acid

Through 40, 50, 60, 70, 80 degrees Celsius, five different temperatures were
used to explore the effect of extraction temperature on the extraction rate of
chlorogenic acid. As shown in Figure 3.1.3, the extraction rate of chlorogenic acid
increased first and then decreases slightly with ultrasonic temperature increasing.
When the extraction temperature was 70°C, the extraction rate of chlorogenic acid
was the highest with the rate of 1.41%. When the temperature exceeded 70°C, the
extraction rate decreased. High temperature is conducive to the dissolution of
compound besides the chlorogenic acid, and the temperature is too high, the active

ingredients are easily damaged. At the same time solvent lose easily [15].
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Fig. 3.1.3 The effect of ultrasonic temperature on the extraction rate

3.1.2.2 Effect of solid-liquid ratio (right) on the extraction rate of

chlorogenic acid

Solid-liquid ratio of 1:10, 1:20, 1:30, 1:40, and 1:50, were used to explore the
effect of solid-liquid ratio (right) on the extraction rate of chlorogenic acid. It can be
seen from Figure 3.1.4 that the chlorogenic acid extraction rate of dandelion rises
when the material-liquid ratio was increased at the beginning. The chlorogenic acid
of dandelion had basically dissolved out when the solid-liquid ratio reached at 1:30

g/mL, and then tends to be stable. For cost considerations, the solid-liquid ratio was
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1:30 g/mL. When the solid-liquid ratio was 1:50 g/mL, the extraction rate decreased
slightly. As the amount of solvent increasing, the dissolved amount of
alcohol-soluble and fat-soluble components in dandelion increased, which may
effect the dissolution of organic acid components. However, thereby reducing the
extraction rate of chlorogenic acid in dandelion. Finally, the extraction rate of

chlorogenic acid in dandelion reduced.
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Fig. 3.1.4 Effect of solid-liquid ratio (right) on the extraction rate

3.1.3 Effect of ethanol content on the extraction rate of chlorogenic acid

Here, ethanol content of 20%, 40%, 60%, 80%, and 100%, were used to
explore the effect of ethanol content on the extraction rate of chlorogenic acid. The
result was shown in Figure 3.1.5, at the beginning, the extraction rate of dandelion
chlorogenic acid increased significantly with the increasing of ethanol content in the
extraction solvent.

When the ethanol content was 60 % (volume: volume), the extraction rate of
dandelion chlorogenic acid reached the highest with the value of 1.51%. However,
as the ethanol content continued to increase, the extraction rate of dandelion
chlorogenic acid showed a downward trend. When the ethanol content was 80%, the

extraction rate decreases slightly. It was speculated that with the ethanol content
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increasing, the dissolution amount of some alcohol-soluble and fat-soluble in
dandelion increased. In addition, the viscosity of the solution increases, the diffusion
resistance of chlorogenic acid in the dandelion to the solvent increases, the diffusion

slowed down, and the extraction rate decreased [126].
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Fig. 3.1.5 The effect of ethanol content on the extraction rate

3.1.4 Effect of ultrasonic time on the extraction rate of chlorogenic acid

The effect of ultrasonic time on the extraction rate of chlorogenic acid was
tested for 25, 35, 40, 45, and 50 minutes of ultrasonic treatment, respectively. As
shown in Figure 3.1.6, at the beginning, the extraction rate gradually increased as the
extraction time increased. When the extraction time was 45 min, the highest
extraction rate was 1.67%. However, with the extraction time continual increasing
the extraction rate began to decline. It indicated that when the extraction time is
sufficient, chlorogenic acid in dandelion had basically dissolved out. If the
ultrasonic time was too long, a large amount of non-organic acids will be dissolved
out, resulting in a reduction in the extraction rate of organic acids and increased

energy consumption.
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Fig. 3.1.6 The effect of ultrasonic time on the extraction rate

3.1.5 Orthogonal experiment result
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Based on the single-factor experimental results, L9 (34) orthogonal test was

performed on the ultrasonic time, ultrasonic temperature, material-liquid ratio and

ethanol volume fraction. The orthogonal test design was shown in Table 3.1.1, and

the results were shown in Table 3.1.2.

Table 3.1.1
Factors and levels
Factor
B
Level A C D
. S/L ratio
Temperture (°C) Ethanol content (%) | Time (min)
150 1:25 50 35
2160 1:30 60 40
370 1:35 70 45

The range (R) of the orthogonal test was B>C>A=D, which indicated that the

order of the influence of various factors on the extraction rate of dandelion

chlorogenic acid was from large to small in order: material-liquid ratio > ethanol

content > ultrasonic temperature = ultrasound time. The optimal process conditions
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for dandelion chlorogenic acid extraction were A2B2C1D2 (solid-liquid ratio was

1:30, the ethanol content was 50%, the ultrasonic temperature was 60°C, and the

ultrasonic time was 40 min). Since this optimal combination did not appear in the

orthogonal test, a verification test should be performed on the obtained optimal

combination. The dandelion chlorogenic acid extraction rate test was repeated 5

times. The dandelion chlorogenic acid extraction rate was 1.92%, which was higher

than the highest chlorogenic acid extraction rate (1.89%) in Table 3.1.2. The relative

standard deviation was 0.83%, which proved that the process conditions were stable,

and suitable for the extraction of dandelion chlorogenic acid.

Table 3.1.2

L9 (34) arrangement and results of orthogonal test

NO A B C D Extraction rate (%)
1 1 1 1 1 1.41
2 1 2 2 2 1.67
3 1 3 3 3 1.58
4 2 1 2 3 1.39
S 2 2 3 1 1.89
6 2 3 1 2 1.81
7 3 1 3 2 1.53
8 3 2 1 3 1.85
9 3 3 2 1 1.12
K1 4.66 4.33 5.07 4.42
K2 5.09 5.41 4.19 4.81
K3 4.50 4.51 5.00 4.82
k1 1.55 1.44 1.69 1.47
k2 1.70 1.80 1.40 1.67
k3 1.50 1.50 1.66 1.61
R 0.20 0.36 0.29 0.20
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Note: “K” represents the sum of chlorogenic acid extraction rate at the same
level of each factor; “k” represents the average value of chlorogenic acid extraction
rate at the same level of each factor; “R” determines the magnitude of the influence
of factors on the test results.

In this part experiment, the results showed that the HPLC detection method of
chlorogenic acid from Taraxacum officinale was 5% methanol elution condition 0 ~
5 min, 5 - 15% methanol elution condition 5 ~ 15 min, 15 - 5% methanol elution
condition 15 ~ 20 min, 5 % methanol elution condition 20 ~ 25 min, and the buffer
salt was 1%o phosphoric acid aqueous solution, and the wavelength was 350 nm. The
method was stable and reliable. The extraction technology of chlorogenic acid was
researched from multiple factors, the best parameters of the technology were
obtained that the ultrasonic temperature was 80 °C, the solid-liquid ratio was 1 : 30,
the solvent concentration was 50%, and the ultrasonic time was 40 min, then the
extraction rate can reach 1.921%.

This study obtained the detection method and optimized the extraction process
of chlorogenic acid in Taraxacum officinale, and it provided a research basis for the

development and utilization of Taraxacum officinale medicinal value.

3.2 Antibiofilm activity against Staphylococcus aureus and content

analysis of Taraxacum Officinale Phenolic extracts

Staphylococcus aureus is a common zoonotic pathogen that exists widely in
nature. Among the main pathogenic bacteria causing diseases, E. coli and S. aureus
are ranked second. S. aureus can cause a wide range of infections and diseases
including purulent, sepsis, endocarditis, meningitis and others. It is also one of the
main pathogenic bacteria in dairy cow mastitis, which is quite common problem for
animal health and dairy industry. At the same time, it can cause food poisoning of
humans and animals and thus endanger the health of animals and humans. With the

use of western medicine, bacterial resistance has developed which has increased the
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toxic effects on animals as well as made it more difficult to choose
anti-Staphylococcus aureus drugs in clinical practice.

Several studies demonstrated the antimicrobial activity of dietary polyphenols,
and their activity on bacterial growth is mainly related to the strain, polyphenol
structure and dosage assayed.

Plant extracts are rich in polyphenols which are reported to inhibit the biofilm
formation by S. aureus, including methicillin-resistant Staphylococcus aureus
MRSA, Escherichia coli and Pseudomonas aeruginosa.

However, five types of microbial strains (Streptococcus mutans, Streptococcus
pyogenes, Streptococcus pneumonia, Streptococcus aureus, and Pseudomonas
aeruginosa) have been used for the estimation of antimicrobial effect of T.
officinale. Among all the plant extracts, the methanol extract was found to have the
antimicrobial potential against most bacterial strains. But the antibacterial
mechanism of 7. officinale extract was still unclear.

Considering the common and serious pathogenic characteristics of S. aureus in
the areas of food industry and safety, we selected 7. officinale phenolic extract as a
potential active compound, the effect of phenolic contents as well as the antibiofilm
activity against Staphylococcus aureus of phenolic extract from 7. Officinale were
evaluated in vitro.

With 70% methanol-water (v/v) as a solvent, the dandelion was extracted by
ultrasonic assisted extraction method. Subsequent identification and quantification
of phenol in extract was carried out using High Performance Liquid
Chromatography (HPLC). The minimum inhibitory concentration and antibacterial
kinetic curve of dandelion phenolic extract were analyzed by spectrophotometry.

Changes in extracellular alkaline phosphatase (AKP) contents, electrical
conductivity, intracellular protein contents, and DNA of S. aureus after the action of
dandelion phenolic extract were determined to study its effect on the permeability of

S. aureus cell wall and cell membrane. The results were shown as following:
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3.2.1 Five phenolic acid contents of 7. Officinale phenolic extract (TPE)

Phenolic acid has antibacterial and anti -inflammatory biological activity,
which is related to the content of phenolic acid. Generally, not only the total
phenolic acid content but also its composition of has the impact on its bioactivities.
In this study, the phenolic acid composition from 7. Officinale was analyzed by
HPLC. All the analysis was performed on a Shimadzu Acquity HPLC system

(LC-20A, Shimadzu, Japan). And an Inertsil ODS-3 C18 column (5 um, 250%4.6

mm) was applied for all analyses. After many repeated tests, the mobile phase was

final determinationed as compose of acetonitrile and 2% acetic acid aqueous
solutions with the ratio of 80/20(v/v), and with a gradient elution: 0-5 min, 5% A;
5-15 min, 5-15% A; 15-20 min, 15%-5% A; 20-5 min 5% A.

The flow rate of the mobile phase was 1.0 mL/min. And the column

temperature was maintained at 35°C. Detection wavelength was set at 320 nm. Each

of the five standard compounds (10.0 mg) was dissolved in methanol-water (70:30,
v/v) in a 10 mL volumetric flask to make the individual standard stock solutions.
The standard curve for each compound is shown in Figuer 3.2.1. The standard curve
for chlorogenic acid was y = 423,717 x + 1,972 (Figure 3.2.1A), and the linear
relationship was good (R*=0.998).

The standard curve for caffeic acid was y = 544,660 x + 2,940 (Figure 3.2.1B),
and the linear relationship was good (R?=0.999). The standard curve for rutin was y
= 110,639 x - 114 (Figure 3.2.1C), and the linear relationship was good (R>=0.997).

The standard curve for luteolin was y = 217,670 x - 753 (Figure 3.2.1D), and
the linear relationship was good (R?=0.998).

The standard curve for ferulic acid was y = 461,846 x + 2,689 (Figure 3.2.1E),
and the linear relationship was good (R?=0.999). The working stock solution

(designated as the mixed standard solution) containing the five standard compounds
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was formulated by mixing 1.0 mL of each standard compound stock solution in a 10
mL volumetric flask.

Finally, the linear relationship between the peak area and concentration of the
five phenolic mixture reference solutions established by HPLC detection method
were shown in Figure 3.2.2A. The results of HPLC detection of five phenolic acids
in the mixed sample were shown in Figure 3.2.2B.

The peak areas were recorded. Through linear regression the linear equations
were obtained. Calculate the content of each substance, the results showed that the
highest concentration in the phenolic mixture was chlorogenic acid (1.34 mg/g),
followed by luteolin (1.08 mg/g), caffeic acid (0.21 mg/g), rutin (0.19 mg/g) and
ferulic acid (0.22 mg/g) (Table 3.2.1).
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Fig. 3.2.1 Standard curve of five phenolic acids.
Note: A: Standard curve of chlorogenic acid; B: Standard curve of caffeic acid; C:

Standard curve of rutin; D: Standard curve of luteolin; E: ferulic acid.
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Fig. 3.2.2. HPLC chromatogram of five phenolic mixture reference solutions
(A) and T. Officinale phenolic extract (B).

Note: 1: chlorogenic acid, 2: caffeic acid, 3: rutin, 4: luteolin, 5: ferulic acid.

Table 3.2.1.
The standard curve of five phenolic mixture reference solutions and the

content in 7. Officinale phenolic extract (average value + SD)

Peak tR Content
. Compound Standard curve R?
NO. | (min) (mg-g™t)
Chlorogenic y=423717 x +
1 4.6 0.998 1.3+0.09
acid 1,972
y = 544,660 x +
2 6.3 Caffeic acid 0.999 0.2+0.02
2,940
3 7.5 Rutin y=110,639x-114 | 0.997 | 0.19+0.02
4 9.5 Luteolin y=217,670 x-753 | 0.998 | 1.08+0.03
y=461,846 x +
5 11.8 Ferulic acid 0.999 | 0.22+0.01
2,689
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3.2.2 Inhibition Assay

The minimal inhibitory concentration (MIC) of T. officinale phenolic extract
against S. aureus was determined by microbroth dilution technique with some

modifications.

Tested pathogenic microorganisms were cultured in MHB at 37 °C for 24 h.

The MIC was defined as the lowest concentration of 7. officinale phenolic extract
able to inhibit the microorganism’s growth.

The results of minimum inhibitory concentration test showed that by the mass
concentration of the extract was directly proportional to its inhibitory effect on S.

aureus. The MIC value of TPE against S. aureus was 12.5 mg/mL.

Fig. 3.2.3. Antibacterial activity of the plant extract.

Note: 1: positive control; 2-4: different concentrations of plant extract.
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3.2.3 Microbial growth

The effect of TPE on the growth curve of S. aureus was determined by the
absorbance value, and then the growth curve of S. aureus was drawed. The result
was shown in Table 3.2.2 and Figure 3.2.4.

Compared with the blank control group, the sample group with 0.5MIC and
IMIC TPE showed a lower bacterial absorbance, indicating that the TPE had a

certain inhibitory effect on the growth of S. aureus.

Table 3.2.2.
The absorbance value of S. aureus
ODsoo
Time (h) NC 0.5MIC MIC
0 0 0.030 0.046
4 0.363 0.201 0.186
8 0.823 0.452 0.354
12 1.165 0.593 0.463
16 1.28 0.702 0.463
20 1.375 0.764 0.492
24 1.432 0.846 0.542
28 1.454 0.932 0.594
32 1.421 0.864 0.574

Within a certain range, the antibacterial effect was increased with the increase

of TPE concentration.
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Fig. 3.2.4. Growth curves of S. aureus.
Note: NC: Normal control; 0.5MIC: TPE against S. aureus was 6.25 mg/mL;
IMIC: TPE against S. aureus was 12.5 mg/mL.

3.2.4 Effect of plant extract on the permeability of S. aureus cell wall

The effect of plant extract on the permeability of S. aureus cell wall was tested
by the alkaline phosphatase activity in accordance with the operating steps of
alkaline phosphatase kit. Figure 3.2.5 showed the effect of TPE on the cell
membrane permeability of S. aureus due to the change in alkaline phosphatase.
Compared with little change in the control group, the TPE treatment on S. aureus
showed that the activity of alkaline phosphatase outside the bacteria was increased
significantly, which was positively correlated with its concentration. As the
macromolecular substances such as alkaline phosphatase are located between the
cell wall and the cell membrane, which was leaked out of the cell indicating that

TPE caused changes in the permeability of S. aureus cell wall.
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Fig. 3.2.5. The effect of the TPE on the cell wall permeability. Note: NC: Normal
control; 0.5MIC: TPE against S. aureus was 6.25 mg/mL; IMIC: TPE against S.

aureus was 12.5 mg/mL.

3.2.5 Effect of plant extract on the integrity of S. aureus biofilms

The effect of TPE on the integrity of S. aureus biofilms was detectmined by
electric conductivity assay. The result was showed in Figure 3.2.6. During the whole
experiment period, there was a little change in the relative electric conductivity of
control group. However, both 0.5MIC and 1MIC groups showed a significant
increase in a dose-dependent manner after 2 h of TPE treatment. These results
indicated that TPE treatment caused the leakage of intracellular electrolytes

including K*, Ca?*, Na" and so on.
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Fig. 3.2.6. The effect of the TPE on membrane permeability.
Note: NC: Normal control; 0.5MIC: TPE against S. aureus was 6.25 mg/mL; IMIC:
TPE against S. aureus was 12.5 mg/mL.

3.2.6 Effect of plant extract on extracellular protein content

The protein standard curve was drawn with bovine serum albumin as a standard
solution (Figure 3.2.7).

The samples were measured at a wavelength of 595 nm of the absorbance, and
then the protein content was drawed.

As shown in Figure 3.2.8 that after the action of TPE, the protein content in the
S. aureus suspension increased, which was positively correlated with the drug
concentration.

The protein contents changed significantly in the first 2 h. The change of the
protein contents in the bacterial liquid also reflects the change of the permeability of

the bacterial cell membrane.
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Fig. 3.2.8. The effect of the TPE on extracellular protein content.
Note: NC: Normal control; 0.5MIC: TPE against S. aureus was 6.25 mg/mL; IMIC:
TPE against S. aureus was 12.5 mg/mL.
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3.2.7 Interaction between bacterial DNA and plant extract

The interaction of TPE with . aureus DNA as shown in Figure 3.2.9. The plant
extract with different concentrations (0~200 ng/uL) were co-culture with S. aureus
for a period of time. As the concentration of the drug decreased, the brightness of the
DNA band became brighter and brighter. When the concentration was 100 ng/pL,
almost no brightness was observed. It showed that TPE may bind to the DNA of S.
aureus, and the combination may affect its normal replication and transcription, and

then affect the normal reproduction of S. aureus.

2000 bpr
7500

Fig. 3.2.9. Interaction of TPE with S. aureus DNA.
Note: M: DL2000 marker; 1: Control group; 2: 200 ng/uL; 3: 100 ng/uL; 4: 50
ng/ul; 5: 25 ng/uL; 6: 12.5 ng/pL.

In this part experiment, the results showed that chlorogenic acid (1.34 mg/g)
was present in higher concentration, followed by luteolin (1.08 mg/g), ferulic acid
(0.22 mg/g), caffeic acid (0.21 mg/g), and rutin (0.19 mg/g) in the dandelion
phenolic extract. The minimum inhibitory concentration (MIC) of dandelion
phenolic extract exhibited against S. aureus was 12.5 mg/mL. The antibacterial
kinetic curve analysis showed that the inhibitory effect of dandelion phenolic extract
on S. aureus was mainly in the exponential growth phase. After the action of
dandelion phenolic extract, the growth of S. aureus was obviously inhibited entering

into the decay phase early. Furthermore, after the action of dandelion, the
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extracellular AKP contents of S. aureus, the electrical conductivity and the
extracellular protein contents were all increased. The phenolic extract also affects
the normal reproduction of S. aureus.

The results obtained in this work indicated that the mechanism of action of
phenolic extract from Taraxacum officinale against S. aureus cause membrane
depolarization and membrane permeabilization, affecting intracellular-enzyme
activities, eventually leading to bacterial death. Taraxacum officinale has an
inhibitory effect on S. aureus, and the mechanism of action was to destroy the

integrity of its cell walls and cell membranes.

3.3 In vitro culture and evaluation of bovine mammary epithelial cells

from Ukraine dairy cows

Mammary epithelial cells (MECs) have been widely-used over the years as
models to understand the physiological function of mammary disease. The first
successful in vitro growth of BMECs in cell culture was done by Ebner et al. in
1961. Although the study of BMECs began many years ago, issues have remained
that need to be addressed. It is not economical to slaughter a cow for the sole purpose
of obtaining a mammary gland. Mammary gland tissue can be obtained from healthy
cows via biopsy at any phase of reproductive life; however, the procedure is

time-consuming and inconvenient. The Ukraine Holstein is the main breed of dairy
cow in Ukraine, but studies of Ukraine Holstein mammary epithelial cells, or

isolation of mammary epithelial cells from milk, have not yet been reported. With
the rapid development of the dairy industry in Ukraine, mechanisms and/or factors
that might affect milk synthesis and quality have garnered much attention. This part
study aimed to establish a culture system and elucidate the unique characteristics of
bovine mammary epithelial cells (BMECs) from the milk of Ukraine Holstein dairy
cows in order to develop a general in vitro model. A primary objective of the current

study was to isolate and establish an in vitro BMEC culture from milk and to
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thoroughly characterize the BMECs via morphology, immunocytochemistry (ICC),
and reverse transcription-polymerase chain reaction (RT-PCR) analysis. A culture
system in which BMECs differentiate was developed to investigate the potential of
BMEC:s for use as a model to study MEC function in this breed of cattle. The results

were shown as following:

3.3.1 Establishment of BMECs

The whole growth process is different when culturing epithelial cells from
tissue. The milk was obtained from several Ukrainian dairy cows in middle lactation
(150-250 days after parturition). The nipples were scrubbed with sterile water, and
the milk was squeezed by hand. Pellet in the milk were collected by centrifugation.
And the culture dishes were incubated with 90% DMEM/F12 and 10% FBS at 37°C
under 5% CO,. The different culture stages are shown in Fig. 3.3.1, not including
tissue culture. Single adherent cells appear on the culture dish after culturing for 3-4
days (Fig. 3.3.1A). Bovine mammary epithelial cells formed islands when cultured
at low density after 5-7 days (Fig. 3.3.1B). Primary epithelial cells were elongated
after culturing for 8-10 days (Fig. 3.3.1C). Mammary epithelial cells developed into
different shapes, including oval, typical cobblestone, and irregular polygon. Most of
the isolated cells that extended from the milk had an irregular polygon shape (Figs.
3.3.1D and E). The isolated cells had the morphological characteristics of mammary
epithelial cells. Moreover, after multiple subcultures, the morphology of the cells
has not been change. At the same time, the morphological changes of cells were
observed by cryopreservation and resuscitation of cells. The cells obtained after
freezing and thawing maintained normal morphology and growth characteristics
(Fig. 3.3.1F). Thence, in the selection of frozen storage medium, the frozen solution
containing 90% FBS and 10% DMSO was more conducive to the survival of
cryopreserved BMECs than DMEM/F12: FBS: DMSO= 5:4:1. For subsequent
research, the culture medium FBS containing 10% DMSO was used for preservation

of frozen cells.
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Fig. 3.3.1 Morphology of bovine mammary epithelial cells (BMECs). A:
Cells from milk pellets on the 3rd day (x100), B: BMECs form islands when
grown at low density between 5 and 7 days (x100), C: BMECs cultured between 8
and 10 days (x100), D: BMECs had typical cobblestone morphology between 13
and 14 days (x100), E: BMECs with irregular polygon shape (x100), and F:

Morphology of resuscitated cells (x100).

3.3.2 Growth characteristics of BMECs

Real time cell assay provides a remarkable method for real time monitoring of
cell viability. The result showed that the best seeding density for the proliferation of
BMECs was 1 x 104 cells (Fig. 3.3.2). The BMECs culture slowly grew within the
first 3 days and cells entered the stable phase in the best seeding density.
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Fig. 3.3.2 Growth curves of bovine mammary epithelial cells (BMECs)
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with different seeding densities.
Cells were plated in an E-plate at seeding densities of 4 x 10* cells (1), 2 x 10*
cells (2), 1 x 10* cells (3), 5000 cells (4), 2500 cells (5), and 1250 cells (6).

3.3.3 Identification of cytokeratin 18 protein expression

Although the established cells appeared to have epithelial cell morphology, protein
expression of cytokeratin 18, which is specific for epithelial cells, was examined.
Cells exhibited strong positive staining for cytokeratin 18, indicating that the
cultured cells possessed the properties of epithelial cells (Figs. 3.3.3A-C).

C

A B

Fig. 3.3.3 Immunofluorescence identification of the isolated bovine

mammary epithelial cells (BMECs) (x100).

A: 4,6-diamino-2-phenyl indole (DAPI) staining of nucleus,
B: 4,6-diamino-2-phenyl indole (FITC) staining of cytoplasm, and C: DAPI
and FITC staining of BMECs.

3.3.4 Chromosomal analysis of BMECs

Chromosomal analysis demonstrated a non-transfromed normal mammary

epithelial cell lineage (Figure.3.3.4). The isolated primary epithelial cells had a

normal diploid configuration containing 60 chromosomes.



94

Fig. 3.3.4 Chromosome of the obtained bovine mammary epithelial cells.

3.3.5 RT-PCR analysis of BMECs

It is very important that MECs express milk proteins and can mimic the in
vivo system. Total RNA was isolated from mammary tissue, MECs cultured in
induction media, MECs cultured in basal media, and MAC-T cells. Reverse
transcription-polymerase chain reaction was used to determine the mRNA
expression of B-casein (CSN2) gene and the butyrophilin subfamily 1 member 4/
(BTN1A1) gene (Fig. 3.3.5). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as the reference gene. The result showed that BMECs cultured
in induction medium could expression CSN2 and BTN1A1 gene. The results

confirmed the ability of the isolated cells to synthesize milk proteins.
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Fig. 3.3.5 Reverse transcription-polymerase chain reaction (RT-PCR)
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analysis for CSN2 and BTNI1AI in bovine mammary epithelial cells (BMECsS).

CSN2 1s the B-casein gene, BTNIAI is the butyrophilin subfamily 1-member
Al gene, and GAPDH was used as reference gene. M: DL2000 marker. Lane 1:
Mammary tissues (the positive control), Lane 2: BMECs cultured in induction
medium (100 ng/ml insulin like growth factor (IGF) + 10 ng/ml epithelial growth
factor (EGF)), Lane 3: BMECs cultured in basal medium, and 4: Bovine mammary
alveolar cell-T (MAC-T) cultured in basal medium.

3.3.6 WB analysis of BMECs

Not only at the molecular level, we also examined the lactation function of
isolated cells at the protein level. WB was used to determine the milk proteins
expression (Fig. 3.3.6). The result showed that BMECs cultured in induction
medium could expression B-casein protein. The results also confirmed the ability of

the isolated cells to synthesize milk proteins.

Fig. 3.3.6 Western blot analysis of B-casein in bovine mammary
epithelial cells (BMECsS).

1: Mammary tissues (the positive control), 2: Bovine mammary alveolar
cell-T (MAC-T) cultured in basal medium, 3: BMECs cultured in basal medium, and
4: BMEC:s cultured in induction medium (100 ng/ml insulin like growth factor (IGF)
+ 10 ng/ml epithelial growth factor (EGF)).

In this part experiment, the results showed that BMECs can be recovered from

milk, grown in culture, and exhibit the characteristic cobblestone morphology of
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epithelial cells. The established BMECs retained MEC characteristics and secreted
B-caseins even when grew on plastic substratum. Thus, the established cell line had
normal morphology, growth characteristics, as well as secretory characteristics, and
it could be considered as a model system and useful tool for understanding the

biology of dairy cow mammary glands.

3.4 Establishment of inflammatory model of bovine mammary epithelial

cells induced by lipoteichoic acid

Lipoteichoic acid (LTA) is the main component of S. aureus cell wall and the
key cytotoxic factor causing inflammation. LTA has been shown to be an important
pattern for immune recognition of S. aureus. One of the advantages of LTA as a tool
to model inflammation, it is a defined bacterial PAMP which targets identified
pattern recognition receptors (PRR) and increasingly defined accessory molecules
for recognition and for the signaling cascade. LTA signals through toll like receptor
2 (TLR2) in the bovine mammary gland by bMEC. S. aureus by the mammary gland
is not as well as known the recognition of Escherichia coli, another major pathogen
for the mammary gland. The counterpart of FE. coli outer membrane
lipopolysaccharide (LPS) has been established, as a proinflammatory bacterial
agonist of the mammary gland innate immune system. But, LTA as a
proinflammatory bacterial agonist has not yet been established for S. aureus. In this
study, we used a purified commercial preparation of S. aureus LTA to determine
whether the bovine mammary gland responds to LTA, to determine the
dose-response effects, and to begin to characterize the induced inflammatory
response. The BMEC viability induced by LTA were evaluated by cell counting
kit-8 (CCK-8) assay and real-time cell Assay (RTAC). The expressions of
pro-inflammatory cytokines (TNF-o and IL-6) were measured by enzyme-linked
immunosorbent assay (ELISA) and Real-time quantitative polymerase chain

reaction (RT-qPCR). The establishment of the model will play an important role in
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the screening of anti-inflammatory drugs and the study of the mechanism of action

in the future. The results were shown as following:

3.4.1 Extraction and purification of total RNA

Sample RNA were extracted according to the instructions of the RNA
extraction kit. The results showed that the bands were bright and intact and could be

used for subsequent experiments.

Fig. 3.4.1 The purity detection of total RNA. Note: 1~4: total RNA of samples.
3.4.2 CCK-8 and RTCA assay for cell viability

CCK-8 assay carried out to examine the viability of cells. The viability of
BMECs infected with LTA were lower than that of the normal BMECs (Figure
3.4.2).

RTAC was used to detect the effect of different concentrations of LTA on the
proliferation of BMEC:s, the results were shown in Figure 3.4.3.

With the increase of LTA concentration, the proliferation activity of BMEC
cells was inhibited.

According to the change of cell index value and different proliferation curves,

the dynamic detection after LTA treatment of cells was found.
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Fig. 3.4.3 Effect of LTA on the BMEC proliferation

3.4.3 Secretion of inflammatory cytokines by BMEC

It shown that the basal expression of TNF-a and IL-6 protein in the culture
supernatant of BMECs in the blank control group was low (Figure 3.4.4). BMECs
were stimulated by different mass concentrations of LTA for different time, the
expression of TNF-a and IL-6 protein Significantly increased. When different mass
concentrations of LTA acted on cells for 12h, 24h, and 48h, the expression of TNF-a
and IL-6 protein reached its peak when the mass concentration of LTA was 20
ng/ulL. At the LTA mass concentration was 40 and 80 ng/uL, the expression of
TNF-a and IL-6 protein was lower than that at 20 ng/uL, but they were still
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significantly higher than the control group.
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Fig. 3.4.4 Effect of LTA on the BMEC TNF-a and IL6 production.
Note: The values presented are the mean + SE of three independent experiments. *
p <0.05, ** p <0.01, *** p <0.001vs. LTA 0 ng/uL group

3.4.4 Expression of inammatory cytokines by BMEC

It shown that the TNF-o and IL6 mRNA expression in the culture supernatant
of BMEC:s in the blank control group was low (Figure 3.4.5). As the BMECs were
stimulated by different mass concentrations of LTA for different time, the mRNA
expression of TNF-a and IL-6 increased significantly. The LTA acted on the cells
for 12h and 48h, the mRNA expression of IL-6 did not change significantly with the
increase in mass concentration. However, the mRNA expression of TNF-a changes

significantly. The mRNA expression of TNF-a and IL6 reached the maximum,when
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the LTA concentration was 20 ng/puL. with different times later. It can be seen that
the LTA of 20 ng/uL treating BMECs for 24 h can induce a significant cellular

immune response in BMECs.
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Fig. 3.4.5 Effect of LTA on the BMEC TNF-a and IL6 gene expression.

Note: The values presented are the mean £ SE of three independent
experiments. * p < 0.05, ** p <0.01, *** p <0.001vs. LTA 0 ng/uL group

In this part experiment, the results showed that the treatment of BMECs with
LTA at 20 ng/uL for 24 h obviously improved TNF-a and IL-6 protein and gene
expression levels. The establishment of the model will play an important role in the
screening of anti-inflammatory drugs and the study of the mechanism of action in

the future.
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3.5 Anti-Inflammatory Effects of Chlorogenic Acid from Taraxacum
officinale on LTA-Stimulated Bovine Mammary Epithelial Cells via the
TLR2/NF-kB Pathway

Mastitis 1s an inflammatory disease caused by microbial infection. The
prevention and treatment of mastitis caused by S. aureus is very difficult, because S.
aureus can evade the host immune system's attack, and has the ability to hide in the
host cells, making it useless for antibacterial drugs. Lipoteichoic acid (LTA) is the
main component of the cell wall of Gram-positive bacteria. Recent studies have
shown that in addition to assisting S. aureus adhesion and colonization, LTA is also
involved in stimulating inflammatory responses in host cells. Therefore, LTA is
considered to play an important role in the pathogenesis of S. aureus. Chlorogenic
acid (CGA), one of the major phenolic acids in Taraxacum officinale, has natural
antioxidant, anti-inflammatory, antibacterial, and anti-viral effects in several
studies. A previous study demonstrated that CGA alleviated the inflammatory
response induced by E. coli in sheep endometrial epithelium cells via inhibiting
activation of the TLR4/NF-«B signaling pathway.

Furthermore, CGA was found to be a potential therapeutic compound for
LPS-induced bovine mastitis, via reduction of NF-kB. however, the effects of CGA
on Lipoteichoic acid (LTA)-induced bovine mammary epithelial cells (BMECs)
have not been investigated. In this study, the CGA content in 7. officinale was
determined by High-performance liquid chromatography (HPLC). BMECs were
infected with LTA to induce the mastitis model. Different concentrations of CGA
were administered after establishing the LTA infection.

Cell viability was determined by Real-Time Cell Assay (RTCA) and Cell
counting kit-8 (CCK-8). Pro-inflammatory cytokine tumor necrosis factor-a
(TNF-a), interleukin-6 (IL-6), and interleukin-1p (IL-1P) levels were determined by
enzyme-linked immunosorbent assay (ELISA) and quantitative real-time

polymerase chain reaction (qQRT-PCR). Nitric oxide (NO) production was measured
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using a reagent kit. Toll-like receptor 2 (TLR2) expression and phosphorylation of
related proteins in nuclear factor-kappa B (NF-kB) signaling pathways were

detected by western blot. The results were shown as following:

3.5.1 Extraction and purification of total RNA

Sample RNA were extracted according to the instructions of the RNA
extraction kit. The results showed that the bands were bright and intact and could be

used for subsequent experiments.

285
185

58

Fig. 3.5.1 The purity detection of total RNA. Note: M: Trans 2K Plus; 1~9: total
RNA of samples.

3.5.2 CCK-8 and RTCA assay for cell viability

In the CCK-8 assay using BMEC cells, different concentrations of CGA extract
were prepared for the cytotoxicity evaluation. As calculated by Statistical Product
and Graphpad Prism 5, the ICso value was 320.4 pg/mL (Figure 3.5.2).
Establishment of an inflammation model by treating BMECs with 20 ng/mL LTA
for 24 hours. As shown in Figure 3.5.3, the results showed that CGA extract (25, 50,
and 100 pg/mL) had no cytotoxic effects on BMECs. LTA has an inhibitory effect
on cell viability compared to NC, and CGA could abrogate LTA-induced decrease
of cell viability at the dose of 25, 50, and 100 ug/mL.
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Fig. 3.5.2 Cell viability of BMEC induced by CGA extract after 24 h by CCK-8
assay.
Note: Different lowercase letters indicate significant differences at P<0.05.
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Fig. 3.5.3. The effect of chlorogenic acid (CGA) on the cell viability of
bovine mammary epithelial cells (BMECs:).
The values presented are the mean = SE of three independent experiments.
NC: normal control; LTA: lipoteichoic acid; LTA+CGA: lipoteichoic acid and
chlorogenic acid.
In RTCA, CGA extract of difffferent concentrations at 12.5, 25, 50, 100, and
200 pg/mL were chosen for recording the cell growth curves, and the ICso value of
326.8 ng/mL was obtained, which is close to the result of the CCK-8 assay. The cells
grew exponentially before the serum-free synchronization treatment, and that the
growth rate of the cells was slower after the synchronization treatment, suggesting
that the goal of synchronization treatment was achieved. The viability of BMECs
decreased significantly with increasing CGA concentration, and at a concentration

of 100 ug/mL, the cell index was only 3 (Figure 3.5.4).
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Fig. 3.54 Cell growth curve of bovine mammary epithelial cells
(BMEC:sS) induced by chlorogenic acid (CGA) extract in the Real-Time Cell
Assay (RTCA).

Note: The T1-T2 time period represents the length of synchronization.

3.5.3 ELISA to detect the best time of CGA extract pretreatment BMEC

In order to detect the best time of CGA extract pretreatment BMEC, the
expression of inflammatory factors in cell supernatants was measured by ELISA.
The results showed that with the CGA extract pre-treat 5 h, IL-1, IL-6, and TNF-a
have the lowest expression.

Therefore, in the subsequent studies, the pretreatment time of CGA extract

was selected to be 5 hours.

TNF-a

Relativ Expression of THF-a
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3.5.4 CCK-8 assay for BMEC cell viability with LTA infection

The cytotoxicity of CGA extract on cell viability was evaluated by CCK-8
assay after incubating BMEC for 24 h. As shown in Figure 3.5.6, the results showed
that CGA extract (25, 50, 100 ug/mL) has no cytotoxic effects on BMEC. Therefore,
in the subsequent studies, the doses of CGA extract were chosen as 25, 50, and 100

ug/mkL.
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Fig. 3.5.6 Viability of BMEC after different CGA extract concentrations
with LTA (20 ng/pL).

Note: The values presented are the mean = SE of three independent

experiments. ## p < 0.01 vs. control group; * p <0.05, ** p <0.01 vs. LTA group

3.5.5 Effects of CGA Extract from Taraxacum Officinale on

Inflammatory Cytokines

TNF-a, IL-6, and IL-1pB are important inflammatory mediators involved in the
inflammatory response. To investigate the anti-inflammatory effects of CGA, the
levels of pro-inflammatory cytokines were detected by qRT-PCR, and the
expression of inflammatory factors in cell supernatants was measured by ELISA. As
shown in Figures 3.5.7 and 3.5.8, LTA significantly upregulated TNF-a, IL-6, and
IL-1B gene and protein expression compared to control. CGA increased TNF-aq,
IL-6, and IL-1B gene and protein expression. However, CGA suppressed TNF-aq,
IL-1B, and IL-6 gene and protein expression in LTA-stimulated BMECs in a

concentration dependent manner.
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Fig. 3.5.7 Effect of chlorogenic acid (CGA) on lipoteichoic acid
(LTA)-induced gene expression of inflammatory cytokines.

Note: The values presented are the mean + SE of three independent
experiments. ## p < 0.01 vs. control group; * p < 0.05, ** p <0.01 vs. LTA group.
NC: normal control; LTA: lipoteichoic acid; LTA+CGA: lipoteichoic acid and

chlorogenic acid.
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Fig. 3.5.8 Effect of chlorogenic acid (CGA) on lipoteichoic acid
(LTA)-induced protein expression of inflammatory cytokines.

Note: The values presented are the mean + SE of three independent
experiments. ## p < 0.01 vs. control group; * p < 0.05, ** p <0.01 vs. LTA group.
NC: normal control; LTA: lipoteichoic acid; LTA+CGA: lipoteichoic acid and

chlorogenic acid.
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3.5.6 Effects of CGA Extract on LTA-Induced NO Production

The persistent expression of iNOS could lead to the production of NO. In this
study, we measured the effects of CGA on the NO production induced by LTA
(Figure 3.5.9). The results showed that stimulation of BMEC with LTA significantly
increased that the production of NO. However, the increases of NO production was

concentration -dependently suppressed by CGA extract.
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Figure 3.5.9 Effect of chlorogenic acid (CGA) on Nitric oxide (NO)

production. Note: The values presented are the mean = SE of three independent
experiments. # p < 0.05 vs. control group; ** p < 0.01 vs. LTA group. NC: normal
control; LTA: lipoteichoic acid; LTA+CGA: lipoteichoic acid and chlorogenic acid.

3.5.7 Effects of CGA Extract on LTA-Induced TLR2 Expression

The anti-inflammatory mechanism of CGA was further studied by detecting
the expression of TLR2 by Western blot. The results showed that the expression of
TLR2 was significantly up-regulated with LTA treatment. Meanwhile, pretreatment
with CGA significantly inhibited LTA-induced TLR2 expression by a

dose-dependent manner (Figure 3.5.10).
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Fig. 3.5.10 Effect of chlorogenic acid (CGA) extract on toll-like receptor
2 (TLR2) expression. The expression of TLR2 in BMECs was analyzed via
Western blot. B-actin was used as a reference control. Dexamethasone (DEX)
was used as a positive control. (A) The quantification histogram of TLR2
protein expression normalized by B-actin.

Note: The values presented are the mean + SE of three independent
experiments. ** p < 0.01 vs. control group; ## p < 0.01 vs. LTA group. (B) The
expression levels TLR2. Original blots are presented in Supplementary Figure 1,2.
NC: normal control; LTA: lipoteichoic acid; LTA+CGA: lipoteichoic acid and

chlorogenic acid; DEX: Dexamethasone.
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3.5.8 Effects of CGA Extract from Taraxacum Officinale on NF-kB
pathway

Whether NF-xB is involved in the mechanism of CGA regulating
inflammatory response was investigated by assessing the phosphorylation status of
IkBa and p65. The results showed that the NF-kB signaling pathway was
significantly up-regulated after LTA treatment. However, with CGA pretreatment,
the phosphorylation of IkBa and p65 in LTA-stimulated BMECs (Figure 3.5.11)
was significantly inhibited. Meanwhile, the results also indicated that CGA inhibited

LTA-induced NF-kB activation in a dose-dependent manner.
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Fig. 3.5.11 Effect of chlorogenic acid (CGA) on nuclear factor-kB
(NF-kB) activation. The NF-kB pathway was analyzed in BMECs via Western
blot. B-actin was used as a reference control. Dexamethasone (DEX) was used
as a positive control. (A) The quantification histogram of p-IkBoa protein
expression normalized by p-actin; and (B) the quantification histogram of
p-p65 protein expression normalized by B-actin. Note: The values presented are
the mean + SE of three independent experiments. **p < 0.01 vs. control group; ##p
< 0.01 vs. LTA group. (C) The expression levels of p-IxBa, IkBa, p-p65, and p65.
Original blots are presented in Supplementary Figure 3,4,5,6,7. NC: normal control;
LTA: lipoteichoic acid; LTA+CGA: lipoteichoic acid and chlorogenic acid; DEX:
Dexamethasone. In this part experiment, the results showed that CGA significantly
reduced the pro-inflammatory gene and protein expression of TNF-a, IL-6, and
IL-1B. In addition, CGA downregulated the NO, TLR2, and NF-kB signaling
pathways in LTA-infected bovine mammary epithelial cells. Our results indicate
that CGA reduced the expression of TNF-a, IL-6, IL-1B, and TLR2 by inhibiting the
phosphorylation of proteins in the NF-kB signaling pathways in a dose-dependent
manner. This finding suggests that CGA could be used for the prevention or

management of mastitis in dairy cows.
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CHAPTER 4

SUMMARY AND ANALYSIS OF RESULTS

Worldwidely, there is an increasing effort to investigate the antibacterial
efficacy of traditional medicinal plants. Dandelion root has been reported to
possess antibacterial activity which is linked to the presence of phenolic based
compounds in it [19, 54]. In spite of this, very few evidences are available which
can clearly identify the specific phenolic compounds responsible for the
antibacterial activity within the extract of dandelion. In order to better evaluate the
antibacterial effect of the dandelion extract, not only the comption but also the
contents of the phenolic extract need to elucidate. This study determined the
contents of chlorogenic acid, caffeic acid, rutin, luteolin and ferulic acid in the
phenolic extract of the whole dandelion plant by HPLC, which were 1.34 mg/g,
0.21 mg/g, 0.19 mg/g, 1.08 mg/g, and 0.22 mg/g, respectively. Compared with
Kenny et al [57] results, luteolin and rutin were higher while others like ferulic
acid, chlorogenic acid and caffeic acid were lowered than dandelion roots. It is
speculated that organic acids are unstable or transported to the roots in the later
stage of leaf growth, while flavonoids components are synthesized and stored in
the leaves.

Solvent polarity has a huge influence on the biological activity of extract.
Previous study showed that methanol is most effective in extracting flavonoids and
polyphenols from plants [165]. Wojdylo et al. [153] identified caffeic acid (0.726
+0.001 mg/g) from a methanol (80% v/v) dandelion root extract by HPLC-DAD
phenolic quantification analysis. Williams et al. [152] identified three caffeic acid
esters from a methanolic (80% v/v) dandelion root extract, including chlorogenic
acid, chicoric acid and caftaric acid. The study also highlighted the absence of
flavonoid glycosides in root extracts compared to leaf, bract and flower. However,
they both were unable to detect either luteolin or ferulic acid in the methanol root

extract which were both detected and quantified in our study (luteolin 1.08 mg/g
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and ferulic acid 0.22 mg/g). The reason was that we used the whole dandelion
plant for the extraction purpose. This may be also due to the increased detection
sensitivity obtained due to the difference in concentration of methanol. We
optimized the concentration of methanol to 70% (v/v).

Chlorogenic acid, caffeic acid and ferulic acid belongs to the C6-C3 type,
cinnamic acid type phenolic acid. Chlorogenic acid has antibacterial activity
against major pathogenic bacteria, especially S. aureus [61]. Up till now, the
antibacterial mechanism of phenolic acid compounds are not yet completely
investigated, which can be roughly divided into four aspects: (1) By destroying the
barrier function of the cell wall and cell membrane, increasing the permeability of
the membrane, causing the leakage of microbial intracellular components and
affecting the stability of cell structure [66]; (2) Through the energy metabolism
system, the metabolism is blocked, causing death of the bacteria; (3) Phenolic acid
compounds can combine with the genetic material of microorganisms and change
the physiology of microorganisms so that cells lose the basis for growth and
reproduction, thereby inhibiting their growth; (4) Phenolic acid compounds cause
protein denaturation through the acidification of cytoplasm, produce antimicrobial
activity and achieve antibacterial effect [76]. In our study, the changes of
extracellular alkaline phosphatase (AKP) contents, electrical conductivity,
intracellular protein contents, and DNA as well as the permeability of S. aureus
cell wall and cell membrane were investigated after the action of dandelion
phenolic extract. The results showed that dandelion extract increased the
extracellular AKP contents of S. aureus, electrical conductivity and extracellular
protein, and affect the normal reproduction of S. aureus. Cell membrane is a kind
of supramolecular structure, composed of protein, peptidoglycan, etc. It is closely
related to energy metabolism and information transmission [27]. The cell
membrane i1s an effective barrier to protect the entrance of bacteria. After the
bacteria interact with drugs having antibacterial activity, the cell membrane is

destroyed and the protective barrier is broken, causing the macromolecular proteins
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in the bacterial cytoplasm to leak into the culture solution, and the protein in the
culture solution contains. Therefore, change in the protein content in the bacterial
liquid reflects change in the permeability of the bacterial cell membrane. When the
permeability of the cell membrane of pathogenic bacteria is destroyed, the
electrolyte in the bacteria will infiltrate into the culture medium. According to the
conductivity of supernatant of S. aureus culture medium, it can indirectly reflect
the change of cell membrane permeability. Therefore, we thought that the
antibacterial mechanism of dandelion phenolic extract against S. aureus was to
destroy the barrier function of the cell wall and cell membrane.

Like other epithelial cells, MECs exfoliate and are shed into secretions. The
somatic cells described in dairy manuals as part of typical milk sediment are
actually leukocytes and exfoliated epithelial cells [65]. Isolating and cultivating
BMECs from milk by manual milking is not only simple to do but also low cost,
harmless to cows, and can be carried out in most laboratories. In this study, the
milk of healthy, high-producing Ukrainian Holstein dairy cows was mixed with
antibody-containing PBS at a ratio of 1:1. After centrifugation, the supernatant was
discarded and the pellet was cultured from which BMECs were successfully
separated. Compared with the supernatant, the pellet contained a larger number of
cells and fewer impurities, such as milk fat. Previous studies have reported that
BMECs can be obtained by centrifugation [11, 21, 22, 24], however, few studies
reported that using antibiotics in BMECs culture could effectively reduce the
pollution. Data from the present study suggest that BMECs can be obtained from
milk after culturing for 10-12 days, which is earlier than with the explant culture
method. Studies have shown that BMECs were elongated from the breast tissue in
8-10 days when using the tissue adherence method, though further purification
with fibroblasts is required for another 25-30 days [48, 115]. Therefore, although
milk can be easily contaminated when using the milk separation method [59, 176]
due to factors such as recessive mastitis in cows or centrifugation defect to remove

milk fat, it has the advantage of being fast. The main disadvantage of using milk as
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a source of BMECs is the relatively small number of mammary cells obtained
compared with explant cultures. However, in this study, the breast epithelial cells
in milk were generally from the breast tissue and the cell cycles were relatively
long, so the isolated primary cells grew very slowly. The 3-8 generation cells grew
faster than the 1-2 generation cells, however, the cells then appeared to grow
slowly again, and after forming islands in isolation, they no longer covered the
whole culture dish. The cause of this phenomenon needs further investigation.

The cells were cultured overnight in DMEM/F12 medium containing 10%
FBS and 10% EGF, the cells were distributed across 80% of the bottom. In
previous studies, only 10% FBS were used [37, 93, 124], the cells needed to
cultured over 48 h, when they were distributed across 80% of the bottom. However,
the use of EGF in this study significantly increased the cell doubling time.

Dairy cow MECs are a type of adherent culture cell that is not easily digested
from a culture dish. Compared with other cells, BMECs took longer to digest
(usually 6-7 min). In order to achieve complete digestion during passaging, the
density of the cultured cells and cell digestion time needed to be controlled.

According to the RTAC analysis, the optimal seeding density was 1 X 10*

cells/0.32 cm?. At the optimal seeding density, the logarithmic growth period of the
cells was longer and various experimental treatments could be performed.
However, when the cell density was high, the cells entered quickly to a stationary
phase without sufficient time for other treatments. When the cell density was low,
there was no stable phase.

Keratins are unique to epithelial cells of mammalian species. Cytokeratin 18
is one of the most common members of the intermediate filament gene family [30,
118]. It is expressed in single layer epithelial tissues of the body and is specific for
epithelial cells [7, 103, 119, 133, 138]. The purified BMECs showed positive
staining to cytokeratin 18, thereby provided direct evidence of their epithelial
nature.

Milk protein secretion is an important mammary-specific feature [108].
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Generally, insulin, hydrocortisone, and prolactin are used in culture media to
induce milk protein expression [2, 110, 132]. Casein secretion is the hallmark of
BMEC:s [1, 4]. In the present study, variations in marker gene expression between
cells cultured in basal and induction media were observed, indicating that the
difference in the composition of culture media may influence functional gene
expression. The expression of the CSN2, and BTNI1A1l genes was determined
using RT-PCR. This finding suggests that BMECs exhibited normal secretory
function. This study established a method for the isolation and culture of cow
MECs from the milk of Ukrainian

Inflammatory response refers to the multi-cytokine involved in the occurrence
and development of inflammation by regulating the balance between
pro-inflammatory factors and anti-inflammatory systems [23, 156]. TNF-a is the
earliest and most important inflammatory mediator in the process of inflammation.
IL6 can induce B cells to differentiate and produce antibodies, and is a promoter of
inflammatory response. LTA is an important component of the cell wall of
Staphylococcus aureus and can activate inflammatory cells to cause inflammation.
In the process of inflammation, LTA activates macrophages through the TLR2
receptor, which leads to the production of inflammatory cytokines TNF-a and IL6.
The secretion of cytokines can induce further activation of inflammatory cells,
leading to excessive or uncontrolled inflammatory response, and ultimately causing
inflammatory case damage to host tissues and organs [39]. Due to the immune
characteristics of BMECs, specific inflammatory substances can be selected to
induce BMECs to produce an immune response. The most used in the experiment is
LPS and bacterial culture filtrate. However, there are few reports on the
establishment of inflammation models by LTA on BMECs.In this study, LTA was
used as a proinflammatory mediator. The two classic acute early cytokines, IL-6 and
TNF-a, were selected as the criteria for measuring the success of the model. CCK-8,
RTAC, ELISA and qRT-PCR were used to test the method, the results showed that
treatment of bovine mammary epithelial cells with 20 ng/uLL LTA for 24 h can
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significantly increase the protein and gene expression levels of TNF-a and IL-6. The
establishment of this model could play an important role in screening
anti-inflammatory drugs and studying the mechanism of action in the future.

Nowadays, with the fast development and technical breakthrough in the
pharmaceutical industry, there is an urgent need for the drug screening and toxicity
tests. According to the analyzed signals, cell-based assays, in principle, can be
classified into colorimetric assays [28,30], Iluminogenic assays [26],
electrochemical methods [181], cell counting methods [9], and so on. Among these
methods, two conventional assays are usually applied for in vitro cellular
cytotoxicity evaluation because of their easy operation and standardized readout:
electrochemical methods as typified by the real-time cell analysis (RTCA) and cell
counting kit-8 (CCK-8) assay, respectively.

CCK-8 assay was established for the cytotoxic evaluation of drugs on the
basis of dye labels, it has the remarkable sensitivity and operational convenience
[75, 84]. In the CCK-8 measurement, the dye of WST-8
[2+2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4disulfophenyl)-2H-tetrazolium, monosodium
salt] was reduced by dehydrogenase in cells to form a water-soluble orange-colored
product (formazan). The amount of the produced formazan dye by cellular
dehydrogenases is correlated with the number of living cells. Therefore, the cell
viability can be simply estimated by recording the optical density (OD) of
formazan at 450 nm using a microplate reader. Although CCK-8 assay as a
representative end point method allows convenient colorimetric readout, it limits in
that each measurement can be conducted at a single time point.

Recently, RTCA holds promising potential in cellular assays because of the
advantages of recording signals in a dynamic and label-free mode. In a typical run,
upon cells’ incubation on the arrayed gold microchips, the produced electrical
impendence reflecting the physiological status of cells such as cell proliferation
and viability was continuously monitored [158, 159, 160]. Without the use of

labeled dyes, RTCA permits a direct and continuous measurement of cells under
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physiological conditions [99]. Notably, as electrochemical signals were obtained,
the cell number and morphology are the only determining factors in the RTCA
assay, whereas other physicochemical properties like the spectroscopic absorbance
of cellular components exert no influences on the analysis. Nevertheless, in the
cytotoxic assay by RTCA, attention should be paid to the drug formulations that
may contain electrically conductive additives.

From the perspective of the entire experimental process, RTCA can monitor
the growth status of cells at different times in real time. From the cell index curve,
you can intuitively see the growth of BMEC cells in the entire experimental process.
The node selection for processing time can be based on the growth of cells. The
basis for judging the situation is more sufficient and reliable. These results were
consistent with those of both the CCK-8 and RTCA assays, which also accord well
with those reported previously [79, 114, 131]. Taken together, the data obtained by
manual cell counting supported the comparison results between the CCK-8 and
RTCA assays, which suggested that the applicability of these two methods should be
taken into consideration in terms of cytotoxicity evaluation of the drugs.

we have compared the cytotoxicity evaluation results of CGA extract between
the CCK-8 and RTCA assays. The ICsy values obtained by the two methods are
326.8 and 320.4 pg/mL. The results indicated that the CCK-8 assay as an end point
method measured the optical intensity of dyes in the cell at a specific time point, of
which the readout interpretation can be interfered by the colored drugs used,
especially those with the absorbance peak close to 450 nm of dyes used for the
assay. By comparison, RTCA measured the drug-added cells on the basis of
electrochemical impedance and hence can give more reliable cytotoxicity evaluation
results. With the fast development of new drug formulation, our studies may indicate
that the preselection of methods is necessary for the drug cytotoxicity evaluation and
screening to avoid the misleading results, which will be meaningful for later clinical
practice.

Mastitis, an inflammation of the mammary gland, is a serious infectious disease
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triggered in cattle by infection with bacteria, and results in decreased milk
production and quality [5]. The inflammatory response to bovine mastitis caused by
S. aureus infection is often slow, and the infection causes both recessive mastitis and
clinical mastitis [121]. Lipoteichoic acid (LTA) is the main component of the cell
wall of Gram-positive bacteria [175,58]. Recent studies reported that LTA palys an
essential role in the pathogenesis of S. aureus by participating in its adhesion and
colonization, and by stimulating the inflammatory response of the host cells
[151,64]. When S. aureus LTA invades the mammary gland, it could induce TLR2
activation, and the signaling of TLR2 leads to the significant secretion of
inflammatory cytokines by mediating nuclear factor-xB (NF-xB) and
mitogen-activated protein kinases (MAPKSs) signaling pathways [97,174].

For a long time, plants have been a rich source of antibacterial, antiviral, and
immunomodulatory metabolites. In this sense, Taraxacum Officinale is a famous
traditional Chinese herb, and commonly used for the treatment of inflammatory and
infectious diseases, such as respiratory tract infection, hepatitis, bronchitis,
mastopathy and pneumonia [92,122,25]. Some plant extracts have been used in
treating clinical mastitis on organic dairy farm and demonstrated with good
therapeutic effect [107]. Taraxacum Officinale has been long used for treat human
diseases including inflammation [135]. Such anti-inflammation effect of dandelion
may be via its effect on macrophage by reducing nitric oxide (NO), prostaglandin
(PG) E2, TNF-a, IL-1B, IL-6, and cycloxygenase (COX)-2 [60,104,170]. Diverse
reports have shown that chlorogenic acid (CGA) was isolated from the Taraxacum
Officinale and has been known to have various activities, such as anti-inflammatory
[74], antibacterial [85], anti-viral [105] and anti-oxidative [116] effects. A previous
study demonstrated that CGA has alleviate the inflammatory response induced by E.
coli in the sheep endometrial epithelium cells via inhibiting the activation of the
TLR4/NF- «B signaling pathway [50]. Furthermore, CGA could be used as a
potential therapentic compound for bovine mastitis induced by LPS, through

reduction of NF- kB [33].
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TLR2 is the major receptor of LTA. Activation of TLR2 leads to activation of
NF-kB, which regulates the expression of inflammatory cytokines [78]. In this study,
our results showed that CGA significantly inhibited S. aureus LTA-induced TLR2
expression, suggesting that CGA inhibited S. aureus LTA-induced inflammation by
suppressing the TLR2 signaling pathway. The transcription factor NF-«xB is a key
regulator of inflammation and immune responses [38]. In normal cells, NF-«xB is
localized to the cytoplasm and bound to an inhibitory protein called IxBa. Once cells
are treated with various inducers, IkBa is degraded, and phosphorylated NF-kB p65
is transferred from the cytoplasm to the nucleus and promotes the transcription of
inflammatory cytokines [91]. A previous study showed that S. aureus internalization
was associated with the active state of NF-kB, and inhibition of NF-kB activation
could attenuate the internalization of S. aureus into bMECs [100]. In the present
study, S. aureus LTA caused phosphorylation of NF-kB p65 and IkBa in BMEC
cells. Subsequently, we found that CGA could inhibit LTA-induced NF-xB
activation in a dose-dependent manner. These results suggest that CGA inhibits

NF-«kB activation and reduces bacterial toxin-induced inflammation responses.
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CONCLUSIONS

In the dissertation work, based on research, it is explored the
anti-inflammatory effect of Chlorogenic acid on LTA-induced Bovine Mammary
Epithelial Cells (BMEC) and its mechanism, especially on the pathway. We
provided theoretical guidance and help for the clinical application of Chlorogenic
acid in veterinary medicine and the development of dairy cow mastitis prevention
and treatment drugs. Based on the results of the research, the following conclusions
are justified:

1. The best parameters of the extractiont echnology of chlorogenic acid were
obtained that the ultrasonic temperature was 80 °C, the solid-liquid ratio was 1 : 30,
the solvent concentration was 50%, and the ultrasonic time was 40 min, then the
extraction rate can reach 1.921%.

2. The phenolic extract content in Taraxacum officinale were chlorogenic
acid (1.34 mg/g), luteolin (1.08 mg/g), ferulic acid (0.22 mg/g), caffeic acid (0.21
mg/g), and rutin (0.19 mg/g).

3. Taraxacum officinale phenolic extract has an inhibitory effect on S.
aureus, and the mechanism of action was to destroy the integrity of its cell walls and
cell membranes. The minimum inhibitory concentration (MIC) of dandelion
phenolic extract exhibited against S. aureus was 12.5 mg/mL.

4. Bovine mammary epithelial cells can be recovered from milk, grown in
culture, and exhibit the characteristic cobblestone morphology of epithelial cells.

5. The treatment of BMECs with LTA at 20 ng/uL for 24 h obviously
improved TNF-a and IL-6 protein and gene expression levels, it is a good
inflammatory model induced by LTA.

6. The real time cell analysis method and the CCK-8 method showed that
different concentrations of chlorogenic acid extract reduced the viability of dairy
cow mammary epithelial cells, and the decrease was most obvious at 400 ug/mL.

The IC50 of the two analysis methods were 326.8 and 320.4 ug/mL.
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7. The chlorogenic acid extract from Taraxacum officinale is a modulator
of innate immune response in bovine mammary epithelial cells during S. aureus
infection. These data suggest that chlorogenic acid extract could be useful for

mastitis control.
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PRODUCTION PROPOSALS

I. On the basis of our recearsh Methodological Recommendations of
Modern methods of cow mastitis diagnostic and prevention, for laboratory,
practical classes and independent work for master’s students of veterinary
department from disciplines "Veterinary Microbiology"and ‘“Veterinary
Zoohygiene”, specialties: 211 "Veterinary Medicine", 212 "Veterinary Hygiene,
Sanitation and Expertise" was development. (approved by the Scientific Council of
SNAU, protocol No. 5, dated December 29, 2021).

2. We recommend using the materials of the dissertation work when
studying the courses " Veterinary microbiology", "Veterinary internal medicine"
and Veterinary sanitary examination" for masters of the Faculty of Veterinary
Medicine of Sumy NAU. And for the courses "Veterinary internal medicine" and
"Chinese traditional veterinary science" for masters of the Henan Institute of
Science and Technology (HIST).

3.  We can recommend that at farm level, dandelion extract may use as a

new type of feed additive in production. And new therapies with CGA as a drug

should be developed in future.
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committee and laboratory animal department.
2, The information I have given is accurate, detailed and comprehensive.

Applicant Signature (Seal): —(WV}W\ 4 W@

September 6, 2019

m tﬁ:s T,
. 49. f“' ¥ f {-ﬁh
Approval opinions: Vi X &
L;f 4 I “é.
B Approval o Not approve Biocer, S il '\"»5% %

Authorized Personnel klgm}tl}rc (Stamg}\

ilC.'.
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Appendix E

Laboratory Biosafety Certificate



KM EWREUET

BB L AEIRPE, TR IT: HARSRIFERX LTA %
RS, W R AT
KA. IZAEELRUREY, THRETEXEEREMZ 2
KAE, FMRE CAEMERIREMEDZF) (ER#EK.
2006115 5)  FE LY R EP PR EREREITRER
W, FHREREEDZE.

Laboratory Biosafety Certificate
Ping Xu, PhD student who involved in the use of pathogenic

microorganisms in the research on Anti-inflammatory effect and

mechanism of Chlorogenic acid extract from Taraxacum officinale on

LTA-induced mastitis in dairy cows. During the experiment, she strictly

abide by the relevant national and school biosafety regulations, and carry
out experimental activities in accordance with the standard operating
procedures in the biosafety protection level laboratory stipulated in the
"List of Pathogenic Microorganisms Infected Between Humans" (Wei Ke

Jiao Fa: 2006] No. 15) and ensure laboratq;;y%i@sa,ﬁ%ty.
P j’” y
Henan msﬁt}lﬁe ofzsci-enéé; qnd Technology

Date: September 6, 2019



mMEAAFNT

#H 4 (2009] 805

MHEABEIT
R A1 20084FBE ] i A s i TREEIAR
WO eI H A8

BEFEFK:

WE (FTHEHBETATHRUWBFEAREBRIEHA
BRSO AR ) (HOFHA (2008) 7375 ) MWiE, &%
BRER. PORFRALM. 5T, AGAR, HFTHHHF
AT, REBREAEHBEAFEFREZDRANAEEABRIEN
ARFRFS(UTHALEFR), AR TRF O RKIEEAEL ¥
TG (ML), AXEEEPDT:



Bt 41

20084F ] 1 4 B TRERARDFZE O

T H A
: b B HFES wREE | %5
1| sk REA IR il | s
/ SRR RO 1 T2 B Rl | e
o B K WS |
o | fempnen i A2 Rl | o
5| el R AL K2 RS |
6 | it 2 bR BRI R A2 K5 | S
1 | g mT Se IR T A% wa |
8 | MRS A Tk AR |
9 | mtReEATEMNSHE | BASE TR | FHE | v
10 | AR 5 2 B Yei iR |
1| EEERE ERARALE G R4 | S
1 | FHRRASE feft Ao T |
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