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Abstract

Probiotics have been extensively studied for their beneficial effects on human health. In particular, Lactobacillus and

Bifidobacterium strains have gained considerable attention as major groups of probiotic bacteria that improve gastrointestinal

health. However, emerging evidence suggests that probiotics offer benefits beyond those observed in the gut recent studies
suggest that probiotics and/or their components exert favorable effects on alcoholic liver disease (ALD) pathogenesis such
as decreasing intestinal permeability, inhibiting pathogenic bacteria growth, increasing the activity of alcohol metabolism
enzymes, modulating the adaptive immune system, and suppressing fatty acid synthesis genes. In this review, we discuss
the results of in vivo and in vitro studies that have examined the use of probiotics to prevent ALD, primarily focusing on
those that explore the cellular and molecular mechanisms underlying the activities of promising probiotic strains. The

evidence presented in this review could help in screening for probiotic strains that have protective effects in ALD patients

and in further elucidating the mechanisms of their actions.

Keywords: alcohol, acetaldehyde, alcoholic liver disease, probiotics, lactic acid bacteria

M B

& & (alcohol)> E3FH H) AL Al 11 An]EFo]
As] F7sta ok Adjolle g Eo] FEE AREHT]
Loy, Ae 2 o7, e 2 FS0E oY 7}
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sk Auhs &A1 3, B 1o 23 el ek &4
< u|zItH(Lee et al., 2009; Mitchell et al., 1986). =& <&
g A Age TR ER] M ELH sl B ¢F
= 1 AARY o & 545 Ade, I 5400 o) 7k

A2 9] Aol 7t ) F o]
g 4= 9dthLee et al., 2009; Tsukamoto and Towner, 1984;
Lieber, 1991).
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bacteria) ¥ H] I T X (bifidobacterium)& E3sts T2
Hol R Y aE o] RS A thFeh el st
, A% S E fFA9 7ee g gEA Aok I F
UFESH SMELHEo|Ee] A BFL, Fo Y
71%5E AsAA F W ¢3S FY9S HE Ve 42
=4 2 A8 AdEo] I FaAe] BE vk v
g Aol oletH Zmufo] ¥ vt xotE WA Fo
AFH7E AR AdE dAs, AdF 248 dAAFTS
2N 7 48 S S Qlvka BArE vk AThE, 2005).
wEha] Y e ZZupo] QgAY olF o] &g Laf
of Al wE F 2 A R GFEY 7 A S
st 2o AT AT TS AHEIA
v =
[ —_

1. YIS chAlel & ZH &4
1) 23S Al

AFEE Yol A ok 20%, Fol A= 80%E ) dTol A 4
T2 A GIE A AT dF

© A7 Aol EAskE &hol o) WA SE &
IS AT AuAE 9 Axe] dIE d5has
(alcohol dehydrogenase, ALD)9} 7FAI X U] ©]A| 22| (micro-
some)] A|EZF P-450 4+8}& 4 (cytochrome P-450 oxidase)
o] &3l o}H E L lo] E(acetaldehyde)7t ETh THA] oFAl
Edtslo|E= gulsto|E g<rAB A(aldehyde dehydrogenase,
ALDH)°l ¢]3} O]'H]Eﬁ‘l’%ﬂ(acetate)oi WH3slE tKang, 2007;
g 2 shs], 2007: 71, 2003). H, dFe] AFES ¢
g FolA dIE EH/‘M] T8 9SS svke Aol &
Aok g o] AlgdsE2 ¢3S
Edtstel =g AgAZth AT
= TAS tALFAE S me =
gl sto] E7F HAE T, 2005).

2) ¢3AE, ol Edd|sto|=of o5t A &4

R FJrEk AAY A HAHE &sHy =
TNt FFAAES o8k, B
7]9F =4 T°r 3 =4S MR THLee er al., 2009; Mitchell
et al., 1986). B3+ ol EQdHslo| = EAJdl o)a) A A
A Z W v & F(microtubule)d] &4 o] Lo}l Al xZEFF
o] B H Y, o= & F TS F7MIXITHLee et al., 2009;
Lieber, 1991). A2 4574 7HE82} 105HS AL
2 3 o)A S'Cr-EDTAS o] &3 & T34 Arbdz, A
7 thZ4(1.9940.53%) ok &F-2A] 728 $12(5.62+2.80%)

2= =
oA A FxpAdo] FolsA S7HES ERtHKim et al., 2004).
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3) & &Moo=z olsh 7t &M

T FgAdo] ZolAHEA F HE Y549 Yol ¥
OFAA =, o] gk 7+ &4l F AV Eok EA
& IS4 AEH EAlehe S4%0d, & Fo o]
59 Tt oA W5 4A8S5o dAsH W X
oAl TNF- @, IL-1, IL-69F 22 d5 F2 A BRIl #
H 7} 750 A E &2Fo] fdET) &, ¢ &R e
& EH SR QIS AW Al 549 S/ fdel €3
=4 7 £ F8% 71-o] HE Aot 2005). ©lH
gk 712 SRk s A ] wEr S [
AF7E AUtk o] AFeAM HE AYE F AF2E U
H 10577 & IF(MEH) AT 50% dextroseE, THE ¢ 1
FEIEZED)oNE 50% ¢E S HATE I U 4IE F
72, 4,8, 107 ol & T4, g W 5L 55, 7
&4 A E 47 AEE S8 WA &% B34
S =A317] 98l A lactulose @t mannitolS H o)X, 7}~ A

ZrRIEIHAE 58 2F S #4519 Lactulose/mannitol
(LM) & At 1 43 438 Fo] 25 SRE



T ZHO|QEIA HFE S8 YISY 7 A 23} 3
dFgo] hEFET LM Hl&o] EA Folxlth o+ BAAA AE Fall HAd mdEe] A dAE A8
UL Fo 25 THE dIE&] F FHAo] EokmTh o AIMEE BEste 98-S Y SHKim ef al,. 2008;
© AE gth oA FANA WEL S AT A Fuller, 1989; Lee et al., 2012). B3 FAFolA AJAts]=
I GIE FH4F FHEH SIS WL T 59 dixtEde] HAutAlxe £33t 9 &S SR
Adoks e 448 F AT o9k 22 Al7]ol Thl ?l‘:]'.L B HATHKim et al., 2008; Smith, 1985). 2
A FFE Folxlon, ol Z AWF R ojojxth abtol W AlstZoll theh B A uh-g-3t Ao Bl
g AFE Fo] 1057 F X Aol ok AWESA A Tt S7He SALCE st v A5 4 2 AE Sl A9
A 74 (councilman body)7} LA sHHA 7+ HAel &4 ol a7F AN, AlE T3 A T3t Qo] Fel A
o] eyttt wekx 43R 3 T Folxl A T3 W 715s ZAsAd Aolgte HdE vEeE g At
Qo s WsadTol HAYLY, ojofx 7+ E4E o theFstAl Al E AL ATH(Lee et al., 2012).
oty &1& 4 A th(Keshavarzian et al., 2009).

2) fAtdat & Faiy
4) oM EYd|slo|=of 2|5t 2t &4 SR A3l Foll A LA st 2EHAE G A
GFEF oM ELGH s BT F FAYE EUSEA A2 9] tight junction proteing 3l ZO-15 14HskA]
=29 903 7+ &£Ao] WG T 1A oM E 71H A tight junction protein®] AFEHIE LS 7|3, o] AL
gdstol =yt AHA LR Tl E4E PAE AeE A AAAR] ¥ 7l5S BriEeds F FHRAES FokA
o gR/E 53 7HoE fYE oMM ELH S|t FE A et} s A A3, Lactobacillus rhamnosus GG(LGG) #]
AR gl o] §ETh AW Abshrt AR, §A S ZY7F AstH ZEHAE @E 4 dA, ©]30] tight junction
Z7hE o] Zholl F9A el FHEL, o] AWZEY 9l protein®] THE EJC 2N FUz AHE H4sta,
o] ®FTtHCho et al., 2001; Keshavarzian et al., 1994). A} ERAL dEvE B Y7 AQY. AA R Caco-2 A ol
Zro]l =L, O AAA = A2 A7t 2 E 5% oletES H7iste, olul MA & 10° CFU/mL LGG
ol &334 ZrHelut 1sksol frdd 5 Ath(Lee et al, wlok A5 NS X2 3 LGGE oFF Az ¢F 3 ool A
2009; Tsukamoto and Towner, 1984; Lieber, 1991). 7 T34 Z%8PH 21 TEER(transepithelial electrical resistance)
= F4AH Y LGGoll A TEER 7tol 953] =okA
5) =g|ajc|{Zo| 2|t 2t &4 T AS #491e 4 Stk E=okx TEER #t= 3l LGG
SFE A AL Al F7HE = 2] 2] Z(free radical) = ool GIER Q| Eokxl F FHAAE EF = V)
A2 7+ Aghe] FH h¢le] ArHCho ef al., 2001; Glueck A= AL & F AU In vivool A e HlAl LGGE
et al., 1980; Figueroa et al., 1962; Aykac et al., 1985; Kang, ng By, ¢ILS Fo3 23 dIZ29 T3 #
2007). et Zbol] ogk A XSS oln] g A7t 7 o] 3 T3S sl EY LGGE v A g oA
PE A, FE GEes oFlsta duA A H & T ol sl 2Hae S Bt Wang er al., 2011).
22 A AR 71Ee] golE gty welA
TH(Kang, 2007). ZhollA @A E =itz A2 ibstE 3) wAtTel Fu| HaAR X
o] W& FXAAAN 7+ 2T A xS ¥ RS o8 7t A A MAEe HeEH AAS T 259
A AAEFAE &84S T2, A= 7 AFREES s A AbE Afistes 202 G vk B4 o
HTHCho ef al., 2001; Lee et al., 2009; Rouach et al., 1983). AFS T80 2 X oM EYHEo)E 2HE S £ Y=
o, o]& T3 ¢F&g 7 32 S F dve o
2. "ollM AT FAFH7E Atk & el AT 43S =
OSHA YEALY Gk Y F I, HFALE A o7
1) ®itzat & 212 71389 &5 A2 = A THPurohit et al., 2008). A
FAAS ARkl A g dEHA A= AA|of o2& A2 Lactobacillus acidophilus NP51  Escherichia coli
JEgFS F= AollT MAER FE FH WA ZF= O157:H7¢ & &3tk 237 313 (Peterson e al., 2007,
&5 7ItatH, AbEEe] dA sk ii‘j}o] LY o Younts-Dahl ez al., 2005), A1t 7FFolA 23 L
Eolthd} 5, 2003; Lee et al., 2012). FAtF2 & Ao A acidophilus LAP5S} L. fermentum LF337} Escherichia coli
M o F2 A2 elHA Fgihe] B S5 w1, 0157:H73 Salmonella typhimurium 150 At 2
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F5 TKTsai et al., 2005).
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T3 B Ad4A7Ee] ok

1) 43S 2Ao|E 3t FE A= 3t RiFe a7

Akt 7 U A5fE AolEFRRICQl TNF-a & A
FozN ASHES S & Ak HAAZ FHA 5%
& 85 FSF Hely, wpAE 25 LGGE o] 3
S o TNF-¢ 23] Fo WA #Aaglon, A4z x4
o7 #APYS wf 7] HFol e Hoxtks A
s 4= AATHWang et al., 2013). &= T2 A=
FA 257 kS Folgh & 7 &4 A3 A
ASTSF ALTS] 215 S43 Ax, txaa vaste] o
e ks ©E Fofdh FollA 3 W ASTS ALTZF 57
e 202 FRlFATh e, ¢FSF, 13 FER
) ASTE 7H7} 88.746.5, 114.6+7.1, 18] 3 94.0+55 IU/L

2 Uetson, ALTE 41.244.1, 64.743.8, 183 44.7+5.3
IU/LE vebsteh webs] 2570 des Foa] oJs) 7}
HAY ASTSF ALT7F @bst a3t Qe fFAtdsd &
Ao e TARFE HIATCEN 2T FE2Z
Aoz AT ol d EH W AST ¥ ALT
Hao g0l e 71eA FAkdd Aol 9

Z AdE K Ahn et al., 2005). =3 Han 5(Han et
al., 2005)% CCLel olaf AF ] 7+ &5 FrEstHA &
af FH 2o FiEo] UE Lactobacillus brevis HY7401,
Lactobacillus acidophilus CSG, ZL2] 3L Bifidobacterium longum
HY8001< 22t AHAAZ 234, CCLol 93 7+ &30 '
S7Hd 83 Wl ALTS AST FA7F 23 FF2 % A

HAthes AMS TAF AT eSS EET Aol & 3
AANA A E dted =2 Lactobacillus breviss 7 F

AtS wl oA AR F ZE2EE o] £91
S, RT-PCRZ A7+ ¥ 571491 SREBP-1, SREBP-2
7+ 9= x}o] EFFSIS] TNF- @ ) mRNA 23 & Fols

B, ogE Holg @ A% F43 FRAAT, fAF
Holg @7 & A% WS el A2 AT F Ak
b oled AR, fAbEol YT 7+ A 53

GIEAR AE A S = e SdolHL A
Il

z+ek 4= 2 tHSegawa et al., 2008).

2) ¥28 F5 HAES HYSE @ RAFY Eat
6679 AT FE BAEL POT @ A7} At

o|E9l A Bifidobacterium bifidum3} Lactobacillus plantarum
8PA3S FostleH], Fol 95d & 7F &4 AEQ ALT
(49.84+6.94 U/L vs. 36.69+4.67 U/L), AST(101.06+4.33 U/L
vs. 54.67 £7.71 U/L), GGT(171.48+26.05 vs. 142.89+18.74
U/L)7F Aol el B 543 dopzl As R1d + 2

A tH(Kirpich et al., 2008).

? e

fratdE TZuO|QEAZA X2 S AHE 5§ 4HF W
R f7hE AES vEed ol g Hol ftow, A7keA 2
A A FoF AFEH Sk faktS 9 Aol A thket
A7 715 S Sy BHuEe e, Adde ¢F
SERIT 7F E4E g3t F vk olES MHeE ¥
= Aol I AN, ol F o] &3 AFE FA WA
I T80 F7Ea gtk ¥ Aol es fAakre] AF
o7 HAHS A3saL, ADH, ALDH XS Z7HA1%
S BA AollA dFZF ot ELH | EE Adfete W
W, HHACEE S3ISE Folxl & FHAS HAAAR
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& T LIS 0 AR O 2 AR SHE 2HA
1S B ATEsdT faddS 2P ZEuto] 2 H A
oI5 BaEEe] ggd A o 49, v= 2d 49,
I3 ¢FE F5 IS YA R 3 AP AR F
el 2 A, kol R 7 AES AAEe A
2 F Ak AT o A E fakde] diEg 1 A
23} AU S-S BEAA gtk oAl fFAakre] @
StAQl &l A @, A MAUSES s
A77F destny Azbddh dAYFe] qpEdel wet
fFAEe ol 87 E HE sold Aow A uw
A ZZupo] @ El o Ak FES Aok Al el
ohe BAHTAEE o] At ol FeiA ok Aotk
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