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PREFACE

Probiotics have been defined as “live microorganisms which, when
administered in adequate amounts, confer a health benefit on the host” .
Probiotics have several kinds of functions, such as regulating intestinal
flora, alleviating metabolic syndrome and immunomodulatory. Lactobacillus
plantarum NCU116 was recently isolated from pickled vegetables. Previously
reports have showed that this bacterium is characterized with good performance
in vitro. However, the character of the probiotic in vivo is unclear. The present
study was to investigate the effects of L. plantarum NCU116 on intestinal
flora, constipation, hyperlipidaemia, non-alcoholic f:atty liver disease,
inflammatory bowel disease, diabetes; and serum metabolomics methods were
developed to investigate the effect of metabolites of L. plantarum NCU116
on hyperlipidaemia and diabetes. The main conclusions obtained in this
dissertation are summarized as follows:

(1) Mice were randomly divided into four groups and orally administrated
saline and three doses of L. plantarum NCU116 groups (NCU116-L, 107 CFU/
mL; NCU116-M, 10®* CFU/mL; NCU116-H, 10° CFU/mL; respectively) for
five weeks. Compared with the normal group, Lactobacillus, Bifidobacterium,
short chain fatty acids were increased in the groups that received L. plantarum
NCU116. In addition, the probiotic reduced the oxidative stress and
proinflammatory factor in serum.

(2) This part of study examined the effects of L. plantarum NCU116
on loperamide-induced constipation in a mouse model. Loperamide was
injected subcutaneously to induce constipation. Animals were divided to five
groups: normal group, constipation group, constipation plus three doses of
L. plantarum NCU116 groups (NCU116-L, 10’ CFU/mL; NCU116-M, 10*
CFU/mL; NCU116-H, 10° CFU/mL; respectively). Mice were treated with the

probiotic for 15 days to assess the anti-constipation effects. Fecal parameters,
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intestinal transit ratio and the production of fecal short chain fatty acids,
histological of colon and immunohistochemical in colonic cells of Cajal (ICC)
by c—kit were all improved in L. plantarum NCU116 treated mice as compared
to the constipation group. These results demonstrated that L. plantarum
NCU116 enhanced gastrointestinal transit and alleviated loperamide-induced
constipation.

(3) The cholesterol-lowering effect of L. plantarum NCU116 on lipid
metabolism of rats fed on a high fat diet was investigated. Sprague-Dawley rats
were randomly divided into normal diet (ND) group, high fat diet (HFD) group,
HFD plus L. plantarum NCU116 groups with two different doses (NCU116-L,
10®* CFU)/mL; NCU116-H, 10° CFU/mL). After treatment for 5 weeks, L.
plantarum NCU116 had the potential ability to regulate lipid metabolism
levels, morphology of pancreas and adipose tissues. In addition, the bacterium
significantly improved gene expression of low-density lipoprotein (LDL)
receptor and cholesterol 7 a —hydroxylase (CYP7A1). These results suggested
that L. plantarum NCU116 was able to alter lipid metabolism and reduce the
cholesterol level, in particular, in the rats on a high fat diet through regulating
gene expression of key factors relating to LDL receptor and CYP7AL.

(4) The effects of L. plantarum NCU116 on liver function, oxidative stress
and lipid metabolism in rats with high fat diet induced non-alcoholic fatty
liver disease (NAFLD) were studied. Treatment of L. plantarum NCU116 for
5 weeks was found to restore liver function, liver morphology and oxidative
stress in rats with NAFLD, and decrease the levels of fat accumulation in liver.
In addition, the bacterium significantly reduced endotoxin and proinflammatory
cytokines, and regulated bacterial flora in the colon and the expression of
lipid metabolism in the liver. These results suggested that downregulating
lipogenesis and upregulating genes expression related to lipolysis and fatty
acid oxidation were involved in the beneficial effect of L. plantarum NCU116
on NAFLD.

(5) A metabolomics method based on ultra performance liquid

chromatography quadrupole time—of-flight mass spectrometry (UPLC-Q-TOEF/
2
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MS) was developed to investigate the metabolites of L. plantarum NCU116 on

serum from high fat fed rats. With ¢ test unpaired analysis, a good separation of
PCA, PLS-DA and HCA of four groups was achieved. 13 potential biomarkers,

including spermidine, pantothenic acid, indoleacrylic acid, indole, 5-hydroxy

indole acetaldehyde, glycocholic acid, biliverdin IX, glycolic acid, L-leucine,

2-phenylethanol glucuronide, taurocholic acid, 2—-arachidonoylglycerol,
pregnanediol-3—-glucuronide have been identified in serum samples from high

fat fed rats. In additoion supplement of L. plantarum NCU116 regulated the

levels of indoleacrylic acid, glycocholic acid, glycolic acid, taurocholic acid,

2-arachidonoylglycerol, pregnanediol-3~glucuronide, and pathways of lipids,

glucose and lipoprotein to alleviate hyperlipidaemia.

(6) Effect of carrot juice fermented with L. plantarum NCU116 on 2, 4,
6-trinitrobenzenesulfonic acid-induced inflammatory bowel disease (IBD) in
mice was studied. Mice were randomly divided into five groups: normal, IBD,
IBD plus L. plantarum NCU116 (NCU), IBD plus fermented carrot juice with
L. plantarum NCU116 (FCJ) and IBD plus non-fermented carrot juice (NFCJ).
Treatments of NCU and FCJ for 5 weeks were found to favorably regulate
oxidative stress, proinflammatory factor, histological of colon; and increase
body weight, short chain fatty acids compared with the IBD group. In addition,
compared with the NFCJ group, the function of NCU and FCJ groups closely
related to the supplement of L. plantarum NCU116.

(7) Effect of carrot juice fermented with L. plantarum NCU116 on high
fat and low-dose streptozotocin (STZ)-induced type 2 diabetes in rats was
studied. Rats were randomly divided into five groups: non-diabetes mellitus
(NDM), un-treated diabetes mellitus (DM), DM plus L. plantarum NCU116
(NCU), DM plus fermented carrot juice with L. plantarum NCU116 (FCJ) and
DM plus non—-fermented carrot juice (NFCJ). Treatment of NCU and FCJ for
5 weeks were found to favorably regulate blood glucose, hormones and lipid
metabolism in the diabetic rats, accompanied by an increase in short chain
fatty acids (SCFA) in colon. In addition, NCU and FCJ restored the antioxidant
capacity, morphology of pancreas and kidney, and up regulated mRNA of low—
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density lipoprotein (LDL) receptor, cholesterol 7 « —hydroxylase (CYP7A1),
glucose transporter-4 (GLUT-4), peroxisome proliferator-activated
receptor— o (PPAR- a ), and peroxisome proliferator-activated receptor- vy
(PPAR- vy ). These results for the first time demonstrated that L. plantarum
NCU116 and the fermented carrot juice had the potential ability to ameliorate
type 2 diabetes in rats.

(8) A novel analysis method based on UPLC-Q-TOF/MS was developed
to investigate the effects of L. plantarum NCU116 and its fermented carrot
juice on the metabolites of sera from type 2 diabetic rats. With ¢ test unpaired
analysis, a good separation of PCA and PLS-DA of five groups was achieved.
Eight potential biomarkers were identified in serum samples from type 2
diabetic rats. Biological pathways and processes were significantly changed by
NCU and FCJ treatments. In addition, the NCU and FCJ groups showed good
clustering than other groups, thus, the possible mechanism by which NCU
and FCJ ameliorate type 2 diabetes in rats may be related to the action of L.

plantarum NCU116 in the supplement.
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1.1 AR

WA RSB A 1965 £/ Lilly AR H, TR E X R “f
PR R A K FEMAEY” o 1989 4 Fuller K28 A H M-SR B R “BE
3 o A A TR R A SR X i T AR A A E FTE A IR . 212001
£, BRAERRALS M AT AHL (FAO/WHO ) HEEWENLH “HE
—HEMMEYERNER, YEA—ENEN, fEINEREEHER
AR TR AR,

IREAERABRGAAFHSPEERANZSEAL S, AmMEAL
TR TR AR AR A B XU A . & P A FLBR T K 20k H T 2L 3h W i IE B T B,
HELUERZHRBEPHBIEL ., @R TAHYRETAEROKE, 7o
RIERERAWRIGT LRER, EZRZEM.

20104, PARPET (AMHATRGWEMZE), HEVRMHRELE
ER21 M, Hb 4fEIARITE. Hik, BITFBRFERBSEEME
BB RAAEENE L. EAXNAEKRMZI WA RN MEY, LRITERLA
ZHEMINEE: O REIYAEK, RERSYHEALE; O HMHFEETH
;6 NQ FHHmEREMEYAEK, QAT ERERR. SRHEMES
T 0@ RE\YUERE ST ; 10 G AR EERm A EREEE, 1R RH
SAMERRAE, 12

1.2 FLERFF 0 L D45 vk

F R B (Lactic acid bacteria, LAB) 2 — X BEFHFEWE S
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. OWBRAE. AHSFTENEZRHAYAERR, FEAFEATER
( Lactobacillus ) . W EB ¥R B ( Leuconostoc ) . F BRi J& ( Pediococcus ) .
HEERE )R ( Streptococcus ) , 1%

BT EREIREPTRAN—ITR, "WXRFERE R YA
e, AEEZFERM, EEHGHC FREAH /DT 50%. KEHBENEEL™Y
PFLER AT SR AL, U5 9 FLERAT i IR AE A BESR BY |- AT 73k [R] B & ¢
( Homofermentative ) . #& 14 5 % & ¥ ( Facultatively heterofermentative ) .
LW R KB (Obligately heterofermentative ) . 7 33X 26 & B AY X 4319 4=
AL R AN R B A EREF RS R R AR OCHERE (1, 6- B
VERE A A FIRERR M AS ) . 1Y AT, XILRTFE AR T X2 EL R
FEk (KRB, FLRmRE, BEmAKMm. A RKRFRE) B ERRET K
EHEAT . FLERIGZU A Pk E B % . DNA i G+C mol% i DNA 2438 % H
e REER I, 02

1.3 FLBRAF o i = AR ™

1.3.1 FLERFNAE B AERGRR

ARFFEARBELEFTE=AIRM OB ZRFEEIRR. ILRE—F
HEXMELESY . EEEASHTM ( Short chain fatty acids, SCFA ) %8 C1-C6
H—ICRIR, X /K IFHERR S TRARR, I/ SFEBIThaE. MaE
BRI BRAE RN R4S I A i IR ER B Wl . SRR oK b B Y=, v

MR BN E F A EEE AR, LR Z B AT LARE(R pH {E,
R PE 3R B A A T 1 SR L b BR A0 2R BRVE M FLIR AT LAE i 1 ) — 2 BUR T Y
WP B R RIS RO R SR R R MOR A B E B, 2B EE M
ABORENAEKMERAAGMEER, TRENS EEARRBRERE
AAEEEEN, &M

1.3.2 HipIHER
45 WM BR ( Conjugated linoleic acids, CLA ) Z—Fh LT IEHIER ( A



ve o0 e %1% 5/ & o003

REEEAMBPEA G ), BTWMER (+/\Kk _HER) MES ik, %
i cis=9,trans—11 LHEVJHER ( ¢9,¢11-CLA ) Fl trans—10,cis-12 CLA( £10,
cl2-CLA) . » ik Bon, WM EA MR, ik, fisEik
KGR EZIEE. COIMHENRERERH, AR, TE.
AR FERER, BRI AR A 3L PR AR B A B s et

1.33 y-SETE

v-Z ¥ TH ( y-aminobutyric acid, GABA ) 2—Fh ez . MY
MAEYNTZAERNIEEA AR RREER., " y- AETHRHAEAR
SRARRRBELTE, EEIHERETPREAHEREEAM, A MW
PR ERG 40% UL EIP RN EE T, Sy - EETRAEAHET
MmAE., fEdeeak. WRere . WORmTE . B AERACH. HmAa K
R, BBTAL AR AR FE 2R,

1.3.4 fEsr S48

fifi b Z 8% ( Exopolysaccharides, EPS ) JZFLER #7014 B MU AP A BT 19—
EHMERNZRELSY, FTEQERBEZENFELZE, B TILRITFEMN
WRAB =8, FALEEEME A, AR K BABER L, o
KSR ADEA . PR . EFAT . SRR ESRAEBNE M, oY

- 1.3 5 ARER

FLMREE (Lactein) EFLEBAENE LR DG B2 W2 s —K A
AMEERNEARZK, —BEFEXRER, HEHLERR, AR
FHARREYE, BEARRN . FLERHEE A 98 B0 5 40 M BT B L E A
00 20 B B S LR IR BN BUR R A . A B . B R HE LR B R AR XS
SRR, RERENE. AREERMEATF SR ATHIIRERS N E
EmARBEEMNELEEMAIARER .



