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1. 515 MR EE & BT ERARAE[5]. LRk, i i& 5 b T g 1) 52 1%

o 3 5 B A 4 R 1 B B AR S Tl 2 R R
L, el NIESE S8, JF RSk e 5 1
FOE R, T ZERFHLIA ) 125 D BE[1]. il bt
PESE R R T S B I S VR SORE IR
Mk, LRt i o e e . SR LR M, ImiE R
PRI REREAG S AL BRI S SIS RERE A 54X
RO R U R [2-4]. EAERERZ, i R
RGN 2 T 2 A Y B TS TR B IRE A
L AT JRE A5 = I s, 0 ORs B A R AL 7 A
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FEREVEI o e G S E A . e BRI 1) il o
SAE T A A 2 Sr BT, A28 B R AL
RAE, ISP BUTAMIET- AT LE AL SR [6]

PARiE, 73 AR RO AU G B FIARI R G 5 A7 E 73
APERT]. KRESVIBE TRV, TR SUEAT # Bifido-
bacterium longum (B. longum) [8]. Lactobacillus rhamnosus
(L. rhamnosus) [9)F D IRFLAT (L. reuteri) [10]7] 53
P E A R =P IR B TR A P w] B L O ST BR
ARG BB TR Z R IR I W (1] 5 Tl R 5256 1Y)
—EGIEHR R, FUP B b Ak AR B b 78 R ES R LAGE A I

2095-8099/© 2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

YL Engineering 2023, 25(6): 222-233

5| A 3C : Yang Liu, Jiang Peng, Shiya Zhu, Leilei Yu, Fengwei Tian, Jianxin Zhao, Hao Zhang, Wei Chen, Qixiao Zhai. A Screening Model for Probiotics Against Specif-
ic Metabolic Diseases Based on Caco-2 Monolayer Membrane. Engineering, https://doi.org/10.1016/j.eng.2022.02.014



BRMARE[12-13]. — T4 50 461] 50~72 2 & Jii il 2> 56 14
BEALXUE 22 BRI BRIG RO SR B, &8 7 PPt B 1) 28 A2
B AN FE AT DLE Ik A B B IR (BALP) SR &
WSO B e [14]0 BEAL, TEVEARG MR /N BRBE R, £b
78 B 25 0 FLAT B LGG. VSL#3 MIfi 50 2 K (4. mu-
ciniphila) W) P3G 0T LU A 18 B0e . 4 5 90 FUH IR
BAI[15-16]0 il —IEEIR R, # A= B T DL i Pk
S GIE BRI T RE ) S B SORT B AR I 1 P 3 R K
PR BMEATEJRE[17]. N, IGARERE LR, MR
A= T A LR AT 351475 [ 18-19]0 P XUEAT 18 (B. bifidum)
FEM AT E (L. plantarum) FIIREYIE) IR F B 2% o2
TR I R R IS N AR (ALD . K%
AL K [20]. SRTAT, IR Th a1 B Ak 1 0 ik
FE—ERIRMRYE, K2 HImIE IS 4 1wk
AW E, WLGG B VSL#3 [15,21]. HAh, — L0k i ik
s bt Tt AR I WA R, e s e AR
7% (SCFAs) /=AM 5 Tt 52 1, 1% LeRe i I A ks
Tl E A 8 LA AR T R et OR A 4 FH B TR R [22-23]
s AR TR E A R R R D e 7 THI R R B AR (24—
25]. W2 E TSR FLRN, A, wm
Pl BEEE26] B IRFLAT B 27 R0 T EE FLAT B (28], #6
AT R ER S (DSS) 1 (1) i 18 i F 451475
1R SSAT B 6T 76 7 R A /N BRUP J Rt i 4 LA 3
MEREFH[29]. UhAh, —UBIRPRECIG R, *h 7ol i
AT AT DA RRAEE[30] W 20 2R AE [3 1T FIRFE 1/
S 9% [32] B Il TE bR B T RE R A . FRATIE B — 2L 85
A AT DU I B4 Y T R A LA I R PR w AR
W2 WA P, AFEEEED. BEERAMIK
M, B BEOE ol FEZ R AT IR S A RN 3 IR 45 M SRE
SARRAT R T TE HERE DI RE3]. BLAN, VFEREFREY],
A TS E 2 A T I AT DUE R T R Ok 2B A 2 Bk
Wi, AIETE S A ARTRS 1 i 07 AT IR PE[33-34]
EAF— 4RI, HA R TE B B Y 6 77 1 & A i
AR B B A R R . DIRIE B IR W 5
(1 27 QLA B AT 35 P s e . VS A b . e
2% AR s A e 0 B 5 20 AT, AT 2 A Ak R R
T35, MWD ILAT B 299v H 3L UL FF 6 BiO7 698 & 4 1E
A R IE B RE 2 VK S W TE bR Th g, I H AT b KR
OSBRSS OREINRE, RO L RIE[36].
b JE ) Caco-2 ML LA AR B 45 . B2 &R LA
F 5 NN Al TTLE transwell 5 _E & %
FLZIE[37]. FET transwell Y Caco-2 41 ffd F J2 AR 7R gk
WO VAl i bR B D Re 1 FAA SN 751, YR 2 it il
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ZAE R R VAL & FE FRY BRI RE, WA R B (38]
FL A [391F0 72 FEHE G K UKL 401X fiz3 38 e B Dy e (1) 82
Anderson Z5[41]13E T Caco-2 4 fifd 5 2 PP A 7Y LL A T 8
Tl pe b 2 A R0 M T B T RE AN R OR 4P 4R o S Al — 20
FIFHNEZHE (LPS) 1551 Caco-2 ZHMIIKIHF 7L R B, #h7n
A. muciniphila 7] UAVK 52 1738 B B i) #%5 b BB (trans-epi-
thelial electrical resistance, TEER) , 3 1M 100 4% ig i Ji# [ 46
fi[42]. SR, HEPRATATED, AR 3 B TIPS 55 2R 18
(e BB AT R, AR TR B T B xR A
PRI B R

PRI, AT H A2 P Ah Caco-2 4 D 5L J2 AR 7Y
FEAR R 0 2o 2 B a0 v 3 I . B35 5 il e P T
RERRAG 25 UIAH OGP R AR CRF SRR E AP RS 1
JHI D 5 1 78 AN 7)1 M 3 A2 TGS A A1 i 3 B B T e 9 3 1
B A R B OR3P 4 TR A SR Ve . 6 T i 84y
B AT S —A> e RO R R i 128 B0 A 2 AR
993 110 2 2E TR

2. MRS T

2.1. A R A EE

Caco-2 4000 [ b A=Ak 5 15 4t i A 40 5 i LB
P RS HT R FE[42] I R BEAT 85 72 AL AR 139 BRALAT B
B RN . TR W IRAFFE . 25 ICILAT
W I AT RAEEFLAT B . AU A RN R IE
FUFFB 8 P, SV K5 AR R R SR i . 5%
B4 77 B R AE A0 B s 75 5 b B O BRI T A R S EG,
G T IR SE TR R R 5 IR T AT B 9256 [43].

2.2, AL

TEARSNBEAT 7 = AN PRS00 o /R 58— IR TEER 258
H, H Caco-2 41 g 422 R 2 12 mm [ 41 i 5% 77 48 A4
(L4259 0.4 pm; Costar, USA), ZEE N1 x 10°. H 240
J % 3% 18~21 K, EL%| TEER A RaE, RE 40 1L 52
B, B R 5E R R 2 B A . 41 i A R R AR BE R T
(TNF) -a (2ng-mL™") Fikb¥E4h, #E—L¥ei%, FHmMA
FUMF B E R (BEL1 x 10° CFU), #5954 h. XTI
TEER 5256, %1 EArR 3E 72 1 /8, % 404k 58 BT Ca-
co-2 F 2 H 5% WA AL BEIF MDA [R] ZLAF B ik (A 1L 1
x 10° CFU) JL[AI0F & 24 ho 5 5 A A 35 ) () R 48 2 17 1)
WL IE $E[44-45]. N T RS EEEH (ZO-1. Oc-
cludin A1 Claudin-1) ) mRNA {315, %1% — XK TEER
SEIG R A ER AN CERAESFLAR D, UAEAH I ik
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TS E B RSN (RT-PCR) 704, FEF M54
PR U e BT R IE[46] -

2.3. W

M1 Sprague Dawley KR (12 J#%) Al C57BL/6
/AN (B FAES) T H R SEIS A Lo TR AR SILE
HE N 23 ~25°C, WREEAN40% ~ 60%, - 22 IS 15 34
12 ho TEIE I B4 BT sh 3R AT 13 K A9 . A0
IS LI T REVL T K FE R ZE <Ak ON.
No020190315S0750611 F1 IN.N020190430c0720714) .

2.4, GUE B A T ECH T B R RE S5

50 HUOK RBENL ooxt AL, REARIZE L ol IR v 4
REEFNFE (5-1L. L9-10-3-1 AMIFZITZ20M3) . T-E&FLAT
(F-FJ-ND-D12-L-9 filHN13-1). R ZHAFH (LGG)
AEYAFE (8610) 1041, M5 H. KA ITE
mr.

SR BFARSE LA HBEE LW AR K.

PR KRUIBRIVE, 1 MHEHEE CHEARE
Ko BTCBERRANAEEEA . KRVIFRIPESS, BTGB
TRIEREE , &A1 mg-kg'.

BRI . REVIBRINE S, 1 NHEEB AR
FF (5-1L. L9-10-3-1. FZITZ20M3. F-FJ-ND-D12-L-
9. HNI13-1. LGGAICCFM8610) )¢ i £ H 25 /K B iF i
(1x10° CFU-mL™" - H'.d™,

WEBENLSmL, ES45H . GPED) AR XN g
HAME IV 2 RFARRRBAL IR T —3
JEHT o Bl-C: I R A AT 2 AE B 11 70 B R AR AR DA RO TSt ¢
(R[47-48]. BEANLIRLEWE, FA7HE KB = ik =
AhFE, BB, FE. . 4. #BE. 75 RE=
CPY e EEFEAE) x100%. 3 MR 5L E
A (micro-CT) M HTICE E % EMEALE S5, O
KRR (Ce V). R 40 (BV/TV) FI/NBE R R
(Tb.Th), FFKe HoAth i 1 i % 7E 4% % 58 W e v 147 2H 21
VPN [48]. WIHTHTIA, A A% (GCMS-
QP2010 Ultra %, BEEAF], HAD ZHrsi sk
FE[49]. A RNA i it 5 RNA $#2 B0k 75 & (Vazyme Bio-
tech Co., Ltd, China) WEEMFZEL . RNA %% 5K H qPCR
k7l & (Vazyme Biotech Co., Ltd) . f#f H§ RT-PCR & %t
(CFX Connect; Bio-Rad, USA) #4517 ZO-2. Occlu-
din # Claudin-1 mRNA [ i&, WIHTHTIA[S0]. K HEGEE
Ga M Bt SR8 (BLISA) fI& (R&D, UKD Al /I Ut
T (B WEE (BT . A BP0 R M 5 R e

(TRACP). BALP. £ aiiR (CTX-D. #ibAdK
Al ¥ (TGF) -Bl. TNF-o Al 400/ 2% (L) -10 [
K,

2.5, RG4S 5

70 FUNBRBENL A 7 4L . A4l B2k
FUAF W W Mk (LGG) « T I 5L 1 1/ bk (RS8-5 1 V-
CQRC7-161-M2) « Hfi &= FL AT 18 1 #k (D-7-S146 Fil M-
100 ], FAH10 R . SHMAEAFEM T

XTHEZH : /NS T AN B 1A 1) Lieber DeCarli X HE 15
w9, Hrh, SRS TRHARIEKES .

WAEH: PERS T 5 28% & A 1Y Lieber DeCarli
WRERL A, o, S EE AR KER.

IR AL FEZL: LGG 4. RS8-541. V-CQRC7-161-M2
1. D-7-S146 41, 8M-10 ZH /N B HE B 7 28% #v i I A 1)
Lieber DeCarli R 1 kL 9 &, Hodr, 255 F 5 8 A H
T TR AKEIF M (1x10° CFU-200 pL™' + H1ed™,

B & ~N02mL, Lieber DeCarli 78 ¥} it 7 Wi 3% 1 A
e BASLIGLEW S, R RS A SE N R, BUIF
i . FEBEAREOT ARy FFNESRH="F 25 i )0k 5
B (g FF¥KRE (100 @) . FH ELISA 7 & (R&D)
RO A H IL-64 TL-18 FIN #E R K F. K RT-PCR R4t
(CFX Connect; Bio-Rad), I AT [51]. K H 7 FH A&l
WG (FIRTERAEY) TR ICHT AT o 23 e H ik
(GSH) . ALY Ll (SOD) FH 8 (MDA) /K
Fo R4 A3 EN A (TBA-40FR, Toshiba Medi-
cal, Japan) KI5 R A AR M (AST). ALT.
V- RABE KBS (v-GT). EEEEE (TC) AH =

(TG) &M GIRTFTIR[52], K B AT [ 2 7 4% £ 58 i
AT H VPl
F+R1 /MR Lieber DeCarli f e} #hi 4H % (%)

Calorie composition Control liquid feed Mode liquid feed
Alcohol 0 28

Fat 35 35

Protein 18 18

Carbohydrate 47 19

2.6. H¥E o

ol LA Bl 22 (SD) Eom o SRS T 24>
Wrxd g5 Rt AT 04, SRS #EAT Tuke's B % . P <0.056 %
TR S, SR SPSS# A (version 16.0) X fT 15 44 ik
TGt T 181 Pearson AH ¢ F VT A5 A8 & 2 [R] 1R AH 5%
Y. SRAHSCE UMK R Hr> 0.8,
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3.1. AN[A) FLIR B B R4 TNF-o0 A 1) Caco-2 41 i )2 5t i
ThRE R 52

XA AH L, TNF-o 2 72 5 F Caco-2 41 il 1. JZ
TEER 35 PR (BT 1D o AN [ LR A1 B R A 38 % o i Ty R
IR AR . TR I EGRIVE A (L. fermentum 5-
IL. L. casei F-FJ-ND-D12-L-9. L. plantarum 8610~ LGG)
(") TEER Yk 52 /% 2 I 90%, I b B ## TEER & & J¥ 1&
-50% ~ 80% [

3.2, ANIFI T B8 0 FLIR B BA R K BRL O BT B BT S0 o
FARE 38 ¢ b D)y e 1 52 1

FATIESE T 345 TEER HAT AN [F) 1 45 8 77 16 & T AL
FRE B AR, BE— D VPG AT TR B BB A S R VR [ 2
(a) Jo #MNFEREEFLFTIHE 5-1L X BMD. BV/TV. Ct.V %
SER AR R ICCEER (P<0.05), Tk AL
A AR (L9-10-3-1 A FZITZ20M3) Kb U ¥ A [5) £ 2
FHRCRIE2 (b) ~ (D) FIEST (@), (b) 1. SIAd
W MRAA L, L. fermentum 5-1L 75 F% ik TRACP. BALP.
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CTX-1 fIET /KF L 38 i1 ZO-1. Occludin f1 Claudin-1 ]
LKA BEAK[E?2 ) ~ (b FESL (D ].
B2 (D Frox, SREVIBRAR S ECE g, &gy
Ko 5L9-10-3-1 FMIFZITZ20M3 M LL, KREEFLAT T 5-1L A4k
H G IX AR S VKR RO T R . 5 R LA B B R
FPEE R SRABL, AN [F) % FLAT 1 B R A B A 45 SR R W,
i AR BT OF ST BR BT ECE BT A 4R A R4 VE 5 Caco-2
4 5= TEER AT R /I % LMt At S2) .

3.3. FLER BRSNS i BT b e ) 5 4k 5
FHBIAR AL 53 #

Wi 3 s, Pearson AH 2% 70 H 45 R &7k, TRACP
(ryy=-0.93) FCTX-I (r,,=-0.81) W5 TEER ff 2 &
FH AR, AR SER T K FR BV/TV (ry, = 0.85) Al
Claudin-1 (r,,=0.87) 5 TEER {2 & & [EAHC. [FIRS,
T TSR B, RN SRR B A B A K
P, r,=0.82.

Bk G2 A

3.4, i Gl BE )7 5 2% A TR SR AR TR AV AR S
SHETANS
WA 2. B STAIE S2 gh R, AT AR A AT

150 =3 [. fermentum
I I = L. casei
I i 1 = L. gasseri
| | :
100 =3 L. reuteri
e = L. helveticus
E B3 . rhamnosus
= - =3 L. plantarum
H B3 L. bulgaricus
0 Hd ”
oY N NN N D NN © D D D> N
£k %’\\/Wtbb'\ ‘D&wfb"?@' R R’B‘@ ,\/9939?19 "bﬁé‘c’é"%\%@ @ml\ﬁ”yv\‘t?‘ ré’l\ '\(’Lﬁ‘{o’é\«\"&f\’ NG s Groups
P N AT TN AN RO Q?Q?" ) RNV NN A ,\}00 S SV Y
P A Z OGS OLIQ™ THINT VI 2N SRV
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B 1. TNF-a (2ng-mL™") AbH 5 AN [F) 2L R 3 B AR Caco-2 4T i 5 J2 5l b 7 FiBH (TEERD IS .
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Q S
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Foa &Ly 9 P
CFFFeXTF PP F F o
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AR R A E AR 2 TR A e (4 AT S3) .
A B 4 BRI BT A MR FE A%, LGG 1 8610 X H i B #i
SERIE EEZWRIPERH (P<0.05),

3.5, AN[FIFLER B B R GRS Ab HE Caco-2 41 i 54 J2 R B T B
op-A

WE ST, S RAA, PR A 2B 2 PR A T
Caco-2 20 5.2 1 TEERAH . WINPT a8 AR i e, PR %6
7E10% ~ 110% 2 [a] .

3.6. AN[EI T G 7 LR T T R X6t /)N B e P 1 45 4 i
T8 JF B Ty R 1) 52 ]

PR [t e b Ty R LA R U 1T R 0 T I LT B
RS8-5 itk (TEER{HIKE Z A4 110%, XfREEZE AR
IR W RS FUX s B B CR A 1 A 2 2 1T B LA
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B V-CQRC7-161-M2 E#E[ 6 (a) A1 (b) ], 1FAf Xt
RS PR R A P R AR . T B8 FLAT B8 V-CQRC7-161-
M2 G 97 5F FFEh BEAT ALT. AST. y-GT. TG. TC Z: [ fig
FEAR WIS E R, T b 78 RS8-5 F LGG X} _Fi& 5 b 4 1%
HSHPEEm[EG (o) ~ (o) MES4]. 5FMEIIHE V-
CQRC7-161-M2 #f Lk, RS8-5 j&# L 4% it SOD (P < 0.01)
MABEHIK (P <0000 M3RIL, fif MDA 4 B (%
(P<0.000) [El6 (D, (g) FE S4]. 5 V-CQRC7-161-
M2 AHEE, RS8-5 4k HHX} i i A 75 25 A TNF-o0 ZK ¥ 1 1 75
WEH LK 6 (h) AE S4]. A1 = | LGG F1 RS8-5
o) it 5 VR P R A S B AR %, 1T V-CQRC7-161-M2
AR pER R EHE 6 (D 1. tbAk, FMFERSS-5
AT DL 2 A 1 W RS % B /D BRI R 2 (R SD . A
I 1) Bty 1 LT B 1R PR A B AE R B, 3 A T X Caco-2 41 il
FLZ TEER (1875 68 /7 5 00K 75 5 0018 PR RS 1 42 493 1)
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Ty (@) MIEET/AKT; (O IMiEE2/KT; (g) &l SE%iEEE A mRNA £IA/KT; (h) MiEET/KF. Mode: #BHTUNEIBRA . * P<0.05; %+ P<

0.01; *** P < 0.001; **** P < 0.0001; n.s: SUNETIHEARLAEEAEZE .



244

120

. =3 L casei
1 - =3 L. fermentum
B3 L. rhamnosus
e %° == L. plantarum
E =3 L reuteri
E 6 = L. helveticus
] ﬂ =3 L. bulgaricus
30 '
AL Pn b XN N, 9 B B2 AL 0 AR D SR RS PR VNN 2 AN 2 © Groups
S R e R N S DRSS oo
FHEFRIEIRT RIORRRA & SRR
; KoS < s > N SRS CAT R
¢S OSSR T B
TR ARV WY Ge KT <
120
I T
I
%
2
[
[
w
B HH H H ﬂ
30 B
3 N N
N o < P
T SN DS
SRS 232 @K ~~\C;C‘ & TN
’ RN

B 5. A [ FLRR R AN 5% TS Ab 3 Caco-2 20 52 1R 5 E i HABH (TEER) (IS4 .

RN RIERAR (ES5).

3.7. FLER AR A 1T i 18 B B B8 7 5 1 o8 VRS 14 I 4004 2%
fEA'E IR SR 2 b

Pearson # R M &5 R Eox, BEEHEH. SOD.
GSH K48 b 544 4 TEER ff &£ 5.3 IEM% (r>0.9),
FL A 55 P R M B0 T E AR B A OGN AR AR, N EE R
ALT. AST. TC. MDA 5 TEER fH & & % fifl 5% (r <
-0.9) K7 (@ 1. oAb, ER I RER, AREN A
AMERR BB RN, 7, =-097 [T () 1.

4. 311

4.1. Ji B¢ b 1)) e B A A5 7Y i 4%

AAIEFLIE L I 2 Caco-2 4 HL 512 ) TEER, 481 FLE&
BRI BT i 1 o B T RE RIS AE o JRATTE— 2B PPk T 28
He B 0T Ji T o B T e PRI 1T BE 7 5 R R s AR 1 PR
ZIAIAH G ME . Caco-2 4l & N b Bz P 45 i s 2 e
HAs A hfe 50 /Mg b 0B AAL, AT 7E transwell
i B REREZE[37]. i, FATFI A5 7% 1) Caco-2 4
B R A A A S B K A N iy 1 5 B ) B . TEER &2
— R AR, AT EAET AR ERPE
WEEBER, PEiRkIE, M bR 40 n] @ & TEER it

JTE BERE T RE: TR SR TR, T T ST S
YHM[53]. TNF-o O HRTE 7E 1 J5 B AARE R Ao AL ) o ke
HEAEM, 58 TG EF % 2] TNF-a /K7
I — TR 5 3 B B = TNF-o S2AR I 7N RO B AR U 2R
[54-55]. & 7E WML TT BE & TNF-o 38 i 308 NF-xB
P3K/Akt 55, B2k RANKL [# K ¥ (NF) -«xBHA
1155 S 1 B 1 0 IR A i [56]. A 4R 3B AR TNF-o 75 2~
10 ng-mL™" i, PSRRI ) 77 2 8 2 FEAIC Caco-2 B2
[) TEER, X% B e /& 48 i i i o 1) B N 2 [44]. U3
VIR AR W] FEUE NIRRT RS, R AWE RIS
R B I E 7 vk [14]. WER R G Z AT A S T 4 7 A
TNF-o, 3 I 305 TNF-o 52 44 pS55 1 55 0 2 i 4 7% 1)
[Al ¥ F1 RANKL 75 3 i A M A= & [57]. 28T, R L)
B ARANAE AR 9 52 B PR A1), FRATT 3% £ TNF-o 75 48 f 5 54 o
R BB AE o FH T ACHIF 55 1) 32 22 H I 2 i 2 — Pk 4t
BT, DL ROV 75 1 2 AE B R A, DR
ATV & T 0w x B E R, WA AT T A AR e
VAT BRI IR F 2540 R s i 5
BB 20 2RV A ) R OSOR R A B SUBRAA RE , A Bh ) S
I PR BT O IR IR A D9 BH M X B [58]0 E TEIRE 14 FFF 9 1 1k 411
B, ATERER], KAETHERTT 25 8U0%1E bz
i, WhnipiEEErE, PR R, RN
BRIE, BAS IR BG[59]. BEAE AR,



245

= Control
== Alcohol 150 -
520 =LGG
@ =RS8-5 T .
@ X . o - ETESY
§1.5 = V.CQRCT7-161-M2 = -
o =
210 % 50 w
©
©05 .
<
d >
g o & 0P
[ (Wi ?\ b '.\‘0
&
G
o
(c) ¥
2.0 ns 4 - L 0 2007 ooy
—_ o . EEE REE = — o A
s o T3l oo v -8 ns 4150 s
= P sk == i ala Q 8 ° kel
210 o A v EZ ? E xEE % wkE gy £ o
g A E ada E o 5 £100
£ kg o E -
©os & vEY © 1 ’ e °§= 8
=R = = 2 . @ 50 8
ol 0 0 P S S S
3 > Q- S > J oy 3> 3 3> Q
R R & & F N R Ry £ & F 5N
P Y}o & /\:\Q; SRS & :\Ga ° v;U & ,\’,@ SR & /\:\"o
) ) < <
& & & 3
< o &) s}
Y <y <Y ~
(d) (e) M (@)
3.0 1000
_L-. oo n.s *;500
= 25 g . *% E% n.s
5 &, 600
o R — = 400 ;
— ) ©
E 20 T TTY gg V—E w
g v Z 200
> 3 o b o Q S ] PN
€ & N S SN
Ooﬂ‘ vg_p ~ Q_%v :\6\ oo‘s‘ ‘ch ~ Q?‘\‘\@\
& 4
& L
& &
Y% <7
. RS8- .
th) (i 583 0

B 6. % 7L B8 B R R R N BUTRS PE SRR FAE A o () Caco-2 4UAR B E (Y TEER : (b) Caco-2 4l il E 45 8 8 11 mRNA RIX/KF: (o) Ik
ASL/KF 5 (& M3 TG () 1fiE TCKF; (O IfiLiE+ MDA K () ifii SOD /K5 (h) MiEWNFRAT: () HFMEH TNF-a KF 5
() /NI H&E e QR M ER AL SRR AT . * P <0.05; %% P<0.01; *** P < 0.001; **** P < 0.0001; n.s: S5FEkEAFRAM AL E .

S
EFFs & L oo fFTEH
== 00000000 0000000° ey
o1« @O0 00000000000 | o: La
occludin o o= () P @O OO © O OOOOOO® !
Caudn1 o 1 o= @GP OO ® OOOOOOO® B °°
S [ [ IEXIIIIIT Iy 100} vearg@enu
AT 50521 QOO * OOOOOOO® @,
AST -085 097 054 095 095 096 .. x ‘...... 0.2 g S .
¥-GT 085 092 089 086 085 0.6 0‘93. % ....... 5 g’ “\‘
TG @P:00:000 [ g 900
10 a0 00 amom o0 000 0 - Q@ Q@ @@@ | |02
GSH 095 086 093 094 -094 094 -098 -0.95 097 095 ..... 0.4 ‘. '.5
MDA -0s -08s 085 -085 082 088 034 087 082 084 457.... 08 700 o oo
TNF-a -097 -095 -0.95 -094 098 096 097 087 093 -0.87 099 096 ... c.c" N
IL-1B 085 095 082 093 097 094 038 082 096 097 -0.99 098 099 .. -0.8
IL-6 -0s5 -095 081 -094 09 094 D7 083 094 052 088 095 085 067
e 60 80 100
TEER (%)
(a) (b)

E7.

DO — T

(a) PG YR80 5256 TEER {55 & SEIGHE AR AR GE ; (b) TEER{E S PC1IARSENE, PC1: 3 oS 1 [ 453 03 5256 b A 0 s 2 i 2



246

1N 2.5% A< JEE 1A PG A% % B il BE A ER Caco-2 41 M A3 B 1
HPAS IR P 5 Caco-2 4H Hg 52 M58 375 14 385 o 52 7] o A4k At
KA[60-61]. TESNWISLH T, Lieber-DeCarli Tk £ 748
RS PR I [62]. KREIEH R, LGGIGITH
WA R RS, HIRIGIE SRR RE, HOHI N R
A, IR PRI AR 1 [44,63—64]. BRI, AHEFTLLIZ 2
A A R ARATE S B T B

4.2, BERRMCHE (1 PR SR 5 T B B Th e R S

MRS FRATT AR 0SB0 H i, AN [) ER) FUAF BR1 B R o Ji dE
JE R R 1 R DRI B M B MR R R, (B AR
P (EAES . 5T R —2, 7E Caco-2 4L Z
B b, 5 Al 7 AR A A e A R AR AR LG, AR
FUAT T HNOO1 A% TEER AR 1520 5E R i 25 [41]. 34
W RN, 59T B FSHCMI14E1 XF DSS i 5 (1) 17 Bt
A IR SRR AR, 1 B R BE G 0T R 20 Wb e LT
b i S5 FAT B B AR [65]. 2 A TR PR AR A E A T, ML
% AN R S ih B, T RE S 703 5 0 bR b 1 e
W E A RS Sl (WINF-«B. HLEREE AR5
Fig. 22 Z4EEER LB R B S A R R) RAEANFI)
FHEAEFI[66]. IX A R4 Al FE T AN [ 25 A2 B 4 Caco-2 4H
it 5 2 57 B I B 1) R AR AR S P T R o A7) LR 1 7 aok
FERY RS A A Ho ik S5 A4 R AP B 22
F[67]. LAEMIBIARE, J&TFE—%F A, Xl
BB [68] FUAT IR [651FN R 7e & [ BE[69], X it fg BRI
WERAAEES. ST, —Seif R, %4 X
B EORS PR 1 B OR A VR AR AE B ) 22 5[ 7071 2
A TR BT RE T BE -5 40 B I AR SR L R RRRT T R A B
TER AR RETER N RIME 7 NS AR 3= A X [72]. X
U6 K] 25 0] e B0 A A TR0 T T 0 ) 2R 1 25 SR AR AE
W BFk, T #AAFEFEMETYL, BT PN AT
R0 i R R T Re (R T RE T, FRATIERE T =R LA B
(RN E . TEAFE. HEAFED 2075y
SAG . TEARREFCH, IR = A= B IR R R A AR
FHADGAEFEMRE L, AR, X =R iziE 5
W A E R ZER. ok, Joar L sy s
PRI ST RIA,  FIX =P pR iR 7 W] S 35 0 4 i JF o T e e i
[73-74].

4.3, B RAHE (1 1 PN 1R T I B B T e B A

B SRR IE BMD. Ct.V. BV/TV DL S35 i 3
wEEEPR, RPN HRCE & T AR AR, TN S
JR G AN B MR 2 IEAR G S 8. Rk, @ 3 4 o it

(PCA), XEESHMLREIRIFAIE. ERH TR R
B ZAabrdd 2ot 4 & Oy — DN HT A fabn i %
[75]. HHT-HHOC R &2 8 i 43 4 TEER 5 309 5250 25 & fi
FRAGAHCRE BEAS 1, DR A A 28 S 36 v (A 2K R
$oN0.82 (E2. EISI. EIS2). Buii—mikdidt T
FLEEAR A UESE , I B R B LT B R Ty LI i o B
ThEeRstg, R0 4 5 s RS R YR tiAEFH[76]. 15
fRIE, R S AT SR B R AR B R R R IA K
S, T U BN S D) B R I B A DR AR R (77, Ak,
FAF B FUAT BRI 7 AT LIS I BRI 25 09 55K BRPTIB A R R
T R T P 7% 1 SR TS B R [ 78] TEARAP SIS A, JE T
bR 2 W% FLAT B LGG AIAE Y FLA B CCFM8610 % TNF-a
AEEWRYER, S50 T mEbt RS 5
A BRRT R JSBRRASE (R B B 2 TR AE Dok . X b zh R
SRR — 8, 229 O LGG AT LA R e A TR
W HTEME AR ZF AT B AR KRG IEPE /) B
IR TR, 3 I i T Al A ARG R B A ML R 55 i S
B E e g RN RS ER9,21]. BA
CCFMS8610 £& fif-1 i BiAs I Fu ok WARGE, (HiZ bR 1R
J7 CBEUIE B 7E 4R 51 & 10 B 18 551 4 0 DSS 15 5 1) 1 1E
RIEFRFEEREANEM . #E— PR RRY, HIBEENHS
SRR A IR RN g b R 40 R T B A R[S,
79]. B TOERERAA LR AN, BRATTE M I I e K BRI B
ERRARIE AR B A SR SN KT BT
hREFEARFI SORE DR 7, VPAS T & FLAT B A3 - LA 14 14
PRI M 0 ORGP AE F  UESE T it B s i 5 e 5
i A B AR 9GRS E R 2 IR AE R AR IEAR G G R (Bl 6
A S5) .

4.4, SR K ME < A5 A A N A 2 i S R b A DL/ T A Y
R

AH 4 2 (PF FTUE ST T & 28 B AR PR 00 I DR 4 A
Ho SR, B AT ER = — b 80 T X A 28 B R 0 7
e FETHREE R sh P S5 A A A 2 B A )
RERRAG AT SR 7 V8. SRT, IX LSRR R R A B LR AT
FEANE o 59 SLU) Bk B BOE BT A K BB A ) AL R
30 kLL_E, T Lieber-DeCarli 7% €55 /)N B A B U1 4 75
R I I A0 07 36 AT 2 2 T 77 A2 1 SIC B JoT A R B I 50 R [62,
80]. ST A A A BRI AR SP SEEGAH L,
NPT F AR B A By . SHE ), SR
AN EEPAGE PR, Bk, b Ag . GR) BEIA
R SR PER RN 81 AHIR A AT B Ay 2 i B A~ Bl 2
AT AR R 2 2 TRV AR DG RE FE (R 7. VR 2 W 848 FH X b



TRVl S A SR N AE B R 2 A ISR R, XU AT
WS HHME 20A MR R[82]. aE W R BRI T H 2 5 iE
WARZS MG R ([83]. o A T 7 1 5 XR HE AR B R L 1) R &R
[841. N T i W VA oM g 1 o 15 115 B 7 5 4k P9 AR e AR
PEIRER SR B A e, BATIESE T MM 7% 1
AHEFLH, Caco-2 20 FL Z AR A B IR B & — P e] 47 1A S
ARG 2 95 2 A2 TR 0 e 777 . Pearson AH K R EL r, TE ST
5 P SR B2 A1 0% R 8 S A H G 1
#[85]. Pearson #H % RAR B M{E A T-1 A1 200, 7y
() 4R >0.8 o X H1 Y 2 8] R 5 I AH G M [86]. 53R
TR TR, FE XA MBI (1) 77 R AR B AR FH 3 2R
P2 (CRS) W& AAH AR N Bz A G AT 2 14 [
HG, KITAREAE N AMERE (= 0.82), XK
CRS J2& 73 #1 Je R BiC 77 v 230 R B ik A% 3 1 A 70 T EL 871
MR AT FE B A5 5, o A E AP A A FH-452 9 11 200 =
5% 5 2 ) S5 1) Pearson AH ¢ 5 £ 4 7 4 0.82 A1-0.97
(EI3AEIT), 2B 120 M AR R AR 40, 2 A= B8 A 4 A 1) DR A
TERRFTEER) . SEAIAHEL, Caco-2 4l E 1 AUTE
SEEG A AR IE R T ARG . FRATHIE R T ek
i e 6 AR s AR 11 2 A B S A — P TR 1 T Yk

5. 4518

LR EPTE, AHE ORI BAT R4 i T8 B R R 1 e 71 10
FURT B AR AR o B ORI E T o BADE R T — b
3T Caco-2 41 il 1 JZ BETL (V) (A AR i J5 3%, T3 E B
SRR (U BRERA RE AR VR AT 9 fE 2
G P

Bt

AW AT E E K AR R 4T H (32122067 Al
318201030100 YL #54 H #ARH2E 54 11 H (BK20200084) LA
KL 9548 B 2 4 5 0 B s 1[5 60 35 ob o0 1) 95 B A
Y HF

Authors’ contributions

Yang Liu: methodology, software, formal analysis,
writing original draft. Jiang Peng: visualization, methodol-
ogy. Shiya Zhu: methodology, software. Leilei Yu: formal

analysis, investigation. Fengwei Tian: formal analysis,

247

investigation. Jianxin Zhao: validation, investigation. Hao
Zhang: validation, investigation. Wei Chen: project admin-
istration, funding acquisition. Qixiao Zhai: conceptualiza-
tion, writing review and editing, supervision, funding
acquisition. All authors contributed to the article and

approved the submitted version.

Compliance with ethical guidelines

Yang Liu, Jiang Peng, Shiya Zhu, Leilei Yu, Fengwei
Tian, Jianxin Zhao, Hao Zhang, Wei Chen, and Qixiao
Zhai declare that they have no conflicts of interest or finan-

cial conflicts to disclose.

Appendix A. Supplementary data

Supplementary data to this article can be found online
at https://doi.org/10.1016/j.eng.2022.02.014.

References

[1] Chelakkot C, Ghim J, Ryu SH. Mechanisms regulating intestinal barrier
integrity and its pathological implications. Exp Mol Med 2018;50(8):1-9.

[2] Martini E, Krug SM, Siegmund B, Neurath MF, Becker C. Mend your fences:
the epithelial barrier and its relationship with mucosal immunity in
inflammatory bowel disease. Cell Mol Gastroenterol Hepatol 2017;4(1):33-46.

[3] Ghosh S, Whitley CS, Haribabu B, Jala VR. Regulation of intestinal barrier
function by microbial metabolites. Cell Mol Gastroenterol Hepatol 2021;11(5):
1463-82.

[4] Gopalakrishnan V, Helmink BA, Spencer CN, Reuben A, Wargo JA. The
influence of the gut microbiome on cancer, immunity, and cancer
immunotherapy. Cancer Cell 2018;33(4):570-80.

[5] Jones RM, Mulle JG, Pacifici R. Osteomicrobiology: the influence of gut
microbiota on bone in health and disease. Bone 2018;115:59-67.

[6] Sarin SK, Pande A, Schnabl B. Microbiome as a therapeutic target in
alcoholrelated liver disease. J Hepatol 2019;70(2):260-72.

[7] Yan F, Polk DB. Probiotics and immune health. Curr Opin Gastroenterol 2011;
27(6):496-501.

[8] Tomofuji T, Ekuni D, Azuma T, Irie K, Endo Y, Yamamoto T, et al.
Supplementation of broccoli or Bifidobacterium longum-fermented broccoli
suppresses serum lipid peroxidation and osteoclast differentiation on alveolar
bone surface in rats fed a high-cholesterol diet. Nutr Res 2012;32(4):301-7.

[9] Tyagi AM, Yu M, Darby TM, Vaccaro C, Li JY, Owens JA, et al. The microbial
metabolite butyrate stimulates bone formation via T regulatory cell-mediated
regulation of WNT10B expression. Immunity 2018;49(6):1116-1131.¢7.

[10] Schepper JD, Collins FL, Rios-Arce ND, Raehtz S, Schaefer L, Gardinier JD,
et al. Probiotic Lactobacillus reuteri prevents postantibiotic bone loss by
reducing intestinal dysbiosis and preventing barrier disruption. J] Bone Miner
Res 2019;34(4):681-98.

[11] Ohlsson C, Engdahl C, Fak F, Andersson A, Windahl SH, Farman HH, et al.
Probiotics protect mice from ovariectomy-induced cortical bone loss. PLoS
ONE 2014;9(3):¢92368.

[12] Nilsson AG, Sundh D, Bickhed F, Lorentzon M. Lactobacillus reuteri reduces
bone loss in older women with low bone mineral density: a randomized,
placebo-controlled, double-blind, clinical trial. J Intern Med 2018; 284(3):
307-17.



248

[13] Jansson PA, Curiac D, Lazou Ahrén I, Hansson F, Martinsson Niskanen T,
Sjogren K, et al. Probiotic treatment using a mix of three Lactobacillus strains
for lumbar spine bone loss in postmenopausal women: a randomised,
doubleblind, placebo-controlled, multicentre trial. Lancet Rheumatol 2019;1(3):
el54-62.

[14] Jafarnejad S, Djafarian K, Fazeli MR, Yekaninejad MS, Rostamian A,
Keshavarz SA. Effects of a multispecies probiotic supplement on bone health in
osteopenic postmenopausal women: a randomized, double-blind, controlled
trial. J Am Coll Nutr 2017;36(7):497-506.

[15] Chang B, Sang L, Wang Y, Tong J, Zhang D, Wang B. The protective effect of
VSL#3 on intestinal permeability in a rat model of alcoholic intestinal injury.
BMC Gastroenterol 2013;13(1):151.

[16] Grander C, Adolph TE, Wieser V, Lowe P, Wrzosek L, Gyongyosi B, et al.
Recovery of ethanol-induced Akkermansia muciniphila depletion ameliorates
alcoholic liver disease. Gut 2018;67(5):891-901.

[17] Chopyk DM, Grakoui A. Contribution of the intestinal microbiome and gut
barrier to hepatic disorders. Gastroenterology 2020;159(3):849-63.

[18] Gu Z, Liu Y, Hu S, You Y, Wen J, Li W, et al. Probiotics for alleviating
alcoholic liver injury. Gastroenterol Res Pract 2019;2019:1-9.

[19] Hong M, Han DH, Hong J, Kim DJ, Suk KT. Are probiotics effective in
targeting alcoholic liver diseases? Probiotics Antimicro Prot 2019;11(2):335-47.

[20] Kirpich IA, Solovieva NV, Leikhter SN, Shidakova NA, Lebedeva OV, Sidorov
PI, et al. Probiotics restore bowel flora and improve liver enzymes in human
alcohol-induced liver injury: a pilot study. Alcohol 2008;42(8):675-82.

[21] Liu H, Gu R, Li W, Zhou W, Cong Z, Xue J, et al. Lactobacillus rhamnosus GG
attenuates tenofovir disoproxil fumarate-induced bone loss in male mice via
gut-microbiota-dependent anti-inflammation. Ther Adv Chronic Dis 2019;10.

[22] AEMMRA(fify, Romeilah RM, Sultan IM, Hussein M. Antioxidant activity and
biological evaluations of probiotic bacteria strains. Int J Acad Res 2012;4(6):
131-9.

[23] Liu Y, Li Y, Yu X, Yu L, Tian F, Zhao J, et al. Physiological characteristics of
Lactobacillus casei strains and their alleviation effects against inflammatory
bowel disease. ] Microbiol Biotechnol 2021;31(1):92-103.

[24] La Fata G, Weber P, Mohajeri MH. Probiotics and the gut immune system:
indirect regulation. Probiotics Antimicro Prot 2018;10(1):11-21.

[25] Sanders ME, Merenstein DJ, Reid G, Gibson GR, Rastall RA. Probiotics and
prebiotics in intestinal health and disease: from biology to the clinic. Nat Rev
Gastroenterol Hepatol 2019;16(10):605-16.

[26] Rodriguez-Nogales A, Algieri F, Garrido-Mesa J, Vezza T, Utrilla MP, Chueca
N, et al. Intestinal anti-inflammatory effect of the probiotic Saccharomyces
boulardii in DSS-induced colitis in mice: impact on microRNAs expression and
gut microbiota composition. J Nutr Biochem 2018;61:129-39.

[27] Hou Q, Ye L, Liu H, Huang L, Yang Q, Turner JR, et al. Lactobacillus
accelerates ISCs regeneration to protect the integrity of intestinal mucosa
through activation of STAT3 signaling pathway induced by LPLs secretion of
IL-22. Cell Death Differ 2018;25(9):1657-70.

[28] Pan T, Guo HY, Zhang H, Liu AP, Wang XX, Ren FZ. Oral administration of
Lactobacillus paracasei alleviates clinical symptoms of colitis induced by
dextran sulphate sodium salt in BALB/c mice. Benef Microbes 2014; 5(3):
315-22.

[29] Schroeder BO, Birchenough GMH, Stdhlman M, Arike L, Johansson MEYV,
Hansson GC, et al. Bifidobacteria or fiber protects against diet-induced
microbiota-mediated colonic mucus deterioration. Cell Host Microbe 2018;
23(1):27-40.¢7.

[30] Depommier C, Everard A, Druart C, Plovier H, Van Hul M, Vieira-Silva S,
et al. Supplementation with Akkermansia muciniphila in overweight and obese
human volunteers: a proof-of-concept exploratory study. Nat Med 2019;25(7):
1096-103.

[31] Giannetti E, Staiano A. Probiotics for irritable bowel syndrome: clinical data in
children. J Pediatr Gastroenterol Nutr 2016;63(1S):S25-6.

[32] AlFaleh K, Anabrees J. Probiotics for prevention of necrotizing enterocolitis in
preterm infants. Cochrane Database Syst Rev 2014;4(4):CD005496.

[33] Xue L, He J, Gao N, Lu X, Li M, Wu X, et al. Probiotics may delay the
progression of nonalcoholic fatty liver disease by restoring the gut microbiota
structure and improving intestinal endotoxemia. Sci Rep 2017;7(1):45176.

[34] Kang Y, Kang X, Yang H, Liu H, Yang X, Liu Q, et al. Lactobacillus
acidophilus ameliorates obesity in mice through modulation of gut microbiota
dysbiosis and intestinal permeability. Pharmacol Res 2022;175:106020.

[35] Hsieh FC, Lan CC, Huang TY, Chen KW, Chai CY, Chen WT, et al. Heat-killed
and live Lactobacillus reuteri GMNL-263 exhibit similar effects on improving
metabolic functions in high-fat diet-induced obese rats. Food Funct 2016;7(5):
2374-88.

[36] VyLam, Su J, Koprowski S, Hsu A, Tweddell JS, Rafiee P, et al. Intestinal
microbiota determine severity of myocardial infarction in rats. FASEB J 2012;
26(4):1727-35.

[37] Roh TT, Chen Y, Rudolph S, Gee M, Kaplan DL. /n vitro models of intestine
innate immunity. Trends Biotechnol 2021;39(3):274-85.

[38] Wu XX, Huang XL, Chen RR, Li T, Ye HJ, Xie W, et al. Paeoniflorin prevents
intestinal barrier disruption and inhibits lipopolysaccharide (LPS) -induced
inflammation in Caco-2 cell monolayers. Inflammation 2019;42(6):2215-25.

[39] Putt KK, Pei R, White HM, Bolling BW. Yogurt inhibits intestinal barrier
dysfunction in Caco-2 cells by increasing tight junctions. Food Funct 2017;8(1):
406-14.

[40] Tu J, Xu Y, Xu J, Ling Y, Cai Y. Chitosan nanoparticles reduce LPS-induced
inflammatory reaction via inhibition of NF-«B pathway in Caco-2 cells. Int J
Biol Macromol 2016;86:848-56.

[41] Anderson RC, Cookson AL, McNabb WC, Kelly WJ, Roy NC. Lactobacillus
plantarum DSM 2648 is a potential probiotic that enhances intestinal barrier
function. FEMS Microbiol Lett 2010;309(2):184-92.

[42] Chelakkot C, Choi Y, Kim DK, Park HT, Ghim J, Kwon Y, et al. Akkermansia
muciniphila-derived extracellular vesicles influence gut permeability through
the regulation of tight junctions. Exp Mol Med 2018;50(2).

[43] Zhai Q, Wang G, Zhao J, Liu X, Narbad A, Chen YQ, et al. Protective effects of
Lactobacillus plantarum CCFM8610 against chronic cadmium toxicity in mice
indicate routes of protection besides intestinal sequestration. Appl Environ
Microbiol 2014;80(13):4063-71.

[44] Li BR, Wu J, Li HS, Jiang ZH, Zhou XM, Xu CH, et al. In vitro and in vivo
approaches to determine intestinal epithelial cell permeability. J Vis Exp 2018;
140:¢57032.

[45] Wang Y, Kirpich I, Liu Y, Ma Z, Barve S, McClain ClJ, et al. Lactobacillus
rhamnosus GG treatment potentiates intestinal hypoxia-inducible factor,
promotes intestinal integrity and ameliorates alcohol-induced liver injury. Am J
Pathol 2011;179(6):2866-75.

[46] Akbari P, Braber S, Alizadeh A, Verheijden KAT, Schoterman MHC, Kraneveld
AD, et al. Galacto-oligosaccharides protect the intestinal barrier by maintaining
the tight junction network and modulating the inflammatory responses after a
challenge with the mycotoxin deoxynivalenol in human Caco-2 cell monolayers
and B6C3F1 mice. J Nutr 2015;145(7):1604-13.

[47] Salazar M, Hernandes L, Ramos AL, BdOSalazar, Micheletti KR, Paranhos LR,
et al. Effect of alendronate sodium on tooth movement in ovariectomized rats.
Arch Oral Biol 2015;60(5):776-81.

[48] Parvaneh M, Karimi G, Jamaluddin R, Ng MH, Zuriati I, Muhammad SI.
Lactobacillus helveticus (ATCC 27558) upregulates Runx2 and Bmp2 and
modulates bone mineral density in ovariectomy-induced bone loss rats. Clin
Interv Aging 2018;13:1555-64.

[49] Zhang C, Zhao Y, Jiang J, Yu L, Tian F, Zhao J, et al. Identification of the key
characteristics of Bifidobacterium longum strains for the alleviation of
ulcerative colitis. Food Funct 2021;12(8):3476-92.

[50] Eor JY, Tan PL, Son YJ, Lee CS, Kim SH. Milk products fermented by
Lactobacillus strains modulate the gut—bone axis in an ovariectomised murine
model. Int J Dairy Technol 2020;73(4):743-56.

[51] Zhai Q, Tian F, Zhao J, Zhang H, Narbad A, Chen W, et al. Oral administration
of probiotics inhibits absorption of the heavy metal cadmium by protecting the
intestinal barrier. Appl Environ Microbiol 2016;82(14):4429-40.

[52] Liu Y, Chen R, Li L, Dong R, Yin H, Wang Y, et al. The triterpenoids-enriched
extracts from Antrodia cinnamomea mycelia attenuate alcohol-induced chronic
liver injury via suppression lipid accumulation in C57BL/6 mice. Food Sci
Hum Wellness 2021;10(4):497-507.

[53] Srinivasan B, Kolli AR, Esch MB, Abaci HE, Shuler ML, Hickman JJ. TEER
measurement techniques for in vitro barrier model systems. J Lab Autom 2015;
20(2):107-26.

[54] Kim DE, Kim JK, Han SK, Jang SE, Han MJ, Kim DH. Lactobacillus
plantarum NK3 and Bifidobacterium longum NK49 alleviate bacterial
vaginosis and osteoporosis in mice by suppressing NF- kB-linked TNF- a
expression. ] Med Food 2019;22(10):1022-31.

[55] Yu H, Zhou W, Yan W, Xu Z, Xie Y, Zhang P. LncRNA CASCI1 is upregulated
in postmenopausal osteoporosis and is correlated with TNF- a. Clin Interv
Aging 2019;14:1663-9.

[56] Zha L, He L, Liang Y, Qin H, Yu B, Chang L, et al. TNF-a contributes to
postmenopausal osteoporosis by synergistically promoting RANKL-induced
osteoclast formation. Biomed Pharmacother 2018;102:369-74.

[57] Cenci S, Weitzmann MN, Roggia C, Namba N, Novack D, Woodring J, et al.
Estrogen deficiency induces bone loss by enhancing T-cell production of
TNFalpha. J Clin Invest 2000;106(10):1229-37.



[58] Cosman F, Cummings S, Lindsay R. How long should patients with
osteoporosis be treated with bisphosphanates? J Womens Health Gend Based
Med 200059 (2):81-4.

[59] Mutlu E, Keshavarzian A, Engen P, Forsyth CB, Sikaroodi M, Gillevet P.
Intestinal dysbiosis: a possible mechanism of alcohol-induced endotoxemia and
alcoholic steatohepatitis in rats. Alcohol Clin Exp Res 2009;33 (10):1836-46.

[60] Ma TY, Nguyen D, Bui V, Nguyen H, Hoa N. Ethanol modulation of intestinal
epithelial tight junction barrier. Am J Physiol 1999;276(4):G965-74.

[61] Banan A, Fields JZ, Decker H, Zhang Y, Keshavarzian A. Nitric oxide and its
metabolites mediate ethanol-induced microtubule disruption and intestinal
barrier dysfunction. J Pharmacol Exp Ther 2000;294(3):997-1008.

[62] Guo F, Zheng K, Benedé-Ubieto R, Cubero FJ, Nevzorova YA. The Lieber—
DeCarli diet—a flagship model for experimental alcoholic liver disease.
Alcohol Clin Exp Res 2018;42(10):1828-40.

[63] Miyauchi E, Morita H, Tanabe S. Lactobacillus rhamnosus alleviates intestinal
barrier dysfunction in part by increasing expression of zonula occludens-1 and
myosin light-chain kinase in vivo. J Dairy Sci 2009;92(6):2400-8.

[64] Wang Y, Liu Y, Sidhu A, Ma Z, McClain C, Feng W. Lactobacillus rhamnosus
GG culture supernatant ameliorates acute alcohol-induced intestinal permeability
and liver injury. Am J Physiol Gastrointest Liver Physiol 2012;303(1):G32—-41.

[65] Wang C, Li S, Hong K, Yu L, Tian F, Zhao J, et al. The roles of different
Bacteroides fragilis strains in protecting against DSS-induced ulcerative colitis
and related functional genes. Food Funct 2021;12(18):8300-13.

[66] Grosheva I, Zheng D, Levy M, Polansky O, Lichtenstein A, Golani O, et al.
Highthroughput screen identifies host and microbiota regulators of intestinal
barrier function. Gastroenterology 2020;159(5):1807-23.

[67] Xiao Y, Zhao J, Zhang H, Zhai Q, Chen W. Mining Lactobacillus and
Bifidobacterium for organisms with long-term gut colonization potential. Clin
Nutr 2020;39(5):1315-23.

[68] Wang L, Hu L, Xu Qi, Yin B, Fang D, Wang G, et al. Bifidobacterium
adolescentis exerts strain-specific effects on constipation induced by
loperamide in BALB/c mice. Int J Mol Sci 2017;18(2):318.

[69] Kim S, Shin YC, Kim TY, Kim Y, Lee YS, Lee SH, et al. Mucin degrader
Akkermansia muciniphila accelerates intestinal stem cell-mediated epithelial
development. Gut Microbes 2021;13(1):1892441.

[70] Wang L, Hu L, Xu Q, Jiang T, Fang S, Wang G, et al. Bifidobacteria exert
speciesspecific effects on constipation in BALB/c mice. Food Funct 2017;8(10):
3587-600.

[71] Wang G, Jiao T, Xu Y, Li D, Si Q, Hao J, et al. Bifidobacterium adolescentis
and Lactobacillus rhamnosus alleviate non-alcoholic fatty liver disease induced
by a high-fat, high-cholesterol diet through modulation of different gut
microbiotadependent pathways. Food Funct 2020;11(7):6115-27.

[72] Macshut M, Kaido T, Yao S, Miyachi Y, Sharshar M, Iwamura S, et al. Visceral
adiposity is an independent risk factor for high intra-operative blood loss during
living-donor liver transplantation; could preoperative rehabilitation and
nutritional therapy mitigate that risk? Clin Nutr 2021;40(3):956—65.

249

[73] Bhat MI, Kapila S, Kapila R. Lactobacillus fermentum (MTCC-5898)
supplementation renders prophylactic action against Escherichia coli impaired
intestinal barrier function through tight junction modulation. Lebensm Wiss
Technol 2020;123:109118.

[74] Jang YJ, Kim WK, Han DH, Lee K, Ko G. Lactobacillus fermentum species
ameliorate dextran sulfate sodium-induced colitis by regulating the immune
response and altering gut microbiota. Gut Microbes 2019;10(6):696-711.

[75] Mallappa RH, Singh DK, Rokana N, Pradhan D, Batish VK, Grover S.
Screening and selection of probiotic Lactobacillus strains of Indian gut origin
based on assessment of desired probiotic attributes combined with principal
component and heatmap analysis. Lebensm Wiss Technol 2019;105:272-81.

[76] Vanhaecke T, Aubert P, Grohard PA, Durand T, Hulin P, Paul-Gilloteaux P, et al.
L. fermentum CECT 5716 prevents stress-induced intestinal barrier dysfunction
in newborn rats. Neurogastroenterol Motil 2017;29(8):e13069.

[77] Lee CS, Kim JY, Kim BK, Lee 10, Park NH, Kim SH. Lactobacillus-fermented
milk products attenuate bone loss in an experimental rat model of ovariectomy-
induced post-menopausal primary osteoporosis. J Appl Microbiol 2021;130(6):
2041-62.

[78] Kim JG, Lee E, Kim SH, Whang KY, Oh S, Imm JY. Effects of a Lactobacillus
casei 393 fermented milk product on bone metabolism in ovariectomised rats.
Int Dairy J 2009;19(11):690-5.

[79] Liu Y, Xiao W, Yu L, Tian F, Wang G, Lu W, et al. Evidence from comparative
genomic analyses indicating that Lactobacillus-mediated irritable bowel
syndrome alleviation is mediated by conjugated linoleic acid synthesis. Food
Funct 2021;12(3):1121-34.

[80] Yousefzadeh N, Kashfi K, Jeddi S, Ghasemi A. Ovariectomized rat model of
osteoporosis: a practical guide. EXCLI J 2020;19:89-107.

[81] Baumans V. Use of animals in experimental research: an ethical dilemma?
Gene Ther 2004;11(S1):S64-6.

[82] Han K, Wang J, Seo JG, Kim H. Efficacy of double-coated probiotics for
irritable bowel syndrome: a randomized double-blind controlled trial. J
Gastroenterol 2017;52(4):432-43.

[83] Wang Y, Xie Q, Sun S, Huang B, Zhang Y, Xu Y, et al. Probiotics-fermented
Massa Medicata Fermentata ameliorates weaning stress in piglets related to
improving intestinal homeostasis. Appl Microbiol Biotechnol 2018; 102 (24):
10713-27.

[84] Li X, Chu Q, Huang Y, Xiao Y, Song L, Zhu S, et al. Consortium of probiotics
attenuates colonization of Clostridioides difficile. Front Microbiol 2019; 10:
2871.

[85] Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use and
interpretation. Anesth Analg 2018;126(5):1763-8.

[86] Nahler G. Pearson correlation coefficient. In: Nahler G, editor. Dictionary of
pharmaceutical medicine. Vienna: Springer Vienna; 2009.

[87] Patel A, Iliopoulos F, Caspers PJ, Puppels GJ, Lane ME. In vitro —in vivo
correlation in dermal delivery: the role of excipients. Pharmaceutics 2021;
13(4):542.



