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Improvement Effect and Mechanism of Angelica keiskei
Enzyme on Alcoholic Liver Injury in Mice
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(1.Department of Food Science and Engineering, School of Life Sciences, Qingdao University, Qingdao 266071, China;
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Abstract: This study investigated the hepatoprotective effects and mechanisms of fermented Angelica keiskei (FAK),
produced through synergistic fermentation using Lactobacillus plantarum and Saccharomyces cerevisiae, against alcohol-
induced liver injury in mice. Male Kunming mice were randomly divided into seven groups (n=12 per group): normal
control, model control, silibinin-treated, freeze-dried Angelica keiskei powder, and low-, medium-, and high-dose FAK

groups. Alcohol-induced liver injury was established via 30-days intragastric administration of edible alcohol, with body
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weight monitored periodically. Post-intervention assessments included serum lipid profiles, organ indices, hepatic injury
markers, antioxidant enzymes, inflammatory cytokines, and gut microbiota alterations. Results demonstrated that FAK
significantly attenuated alcohol-induced weight loss (P<0.05) and reduced hepatic index, serum lipid levels, and hepatic
injury markers. FAK intervention notably decreased hepatic lipid accumulation while enhancing antioxidant capacity, as
evidenced by increased glutathione peroxidase (GSH-Px) activity and reduced malondialdehyde (MDA) concentrations
(P<0.05), and could alleviate alcohol metabolism-induced hepatic oxidative damage. Mechanistic analyses revealed that
FAK restored the Firmicutes-Bacteroidetes (F/B) ratio to near-normal levels and ameliorated alcohol-induced phylum- and
genus-level dysbiosis, and the abundance of beneficial bacteria, such as Muribaculaceae, increased. This alleviated the
abnormal changes in community relative abundance at the phylum and genus levels by strengthening the gut barrier, which
was achieved by reducing LPS translocation and promoting SCFA production (e.g., Muribaculaceae could produce
SCFAs), thereby reducing the production and release of endotoxins. In this study, FAK primarily exerted its effects by
modulating the structure of the gut microbiota, reflecting the unique concept of "using bacteria to combat bacterial
imbalance". It was speculated that FAK might repair the intestinal barrier and maintain intestinal homeostasis in mice with
alcoholic liver injury by altering the diversity and community structure of the gut microbiota. This study provides a
theoretical foundation for the high-value utilization of Angelica keiskei resources and its potential application in functional

foods targeting alcohol-related hepatic disorders.

Key words: Angelica keiskei; Jiaosu; alcoholic liver injury; gut microbiota; regulatory effects

W9KE 7 AF955 ( Alcoholic liver disease, ALD), 7~
BRPDREHEITF5A5, J2 PRI RS ol S 20 Th8g R T
it HHET ALD 7EAERI R RZEAF_ LT, Sl
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Forofg ez W e SR LA Y. RSN
TR, B ANgsingiel, ey A BRSNS
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AT A ) AT R M oy B RE R ] PR R E
it Z2 A% 4 B 5 AR A AS ) R R PG A S I [RD P o
A S AT R T N R A, P H
PR B PR A PR 03 A TR FITEAC AR, T BF-
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Z A HEZSZE . DF-101S 2 UE R T s

T 5 WA BB AR 1 4515 B F]; Practum 124-
ICN 7RV FEZFIHR2A S (U FIRA
#]; UV-8000 5500 WAttt g ohr i
FHBRAAF; PHS-3E pH 3 LG BRI 2R A
HRRAF]
1.2 SWHE
1.2.1 B H MR (FAK) UHl & @it — R50a7HH
BT H R 04 T A S EG T T O K
= TR EE S OB K IR 1:10(g/mL) 19 ELBIIR
BV, 37 °C 1AL 30 min, £ H . ¥F 3% AP FLIT
R F IR T 50 mL MRS #5323, 37 °C 3532
22 h, & HEWFRE 13 g B H R85, 54T
MRS KB 30 min, ¥ T 100 mL JCE K A (MR EE K
0.13 g/mL) . ARPEFSLIGLER, LT RS, Hefh
1.3%(V/V) INBEREBE IR 7.7% (V/V) BRI FUAT
WK, T 37 °C K% 90 h, 12000 r/min 5.0» 4 min 75
F) M35, B FAK.
1.2.1.1 FAK 3RS 2 BRI A Il 32 5)
EULEA AT, SRATEEAM MG RIE FAK R 2 il
Py 2 A RIS IR G U BH 5, SR sl A
{0,385 7k (HPLC) W 5 /R Bl 5% 1, (o3 25 A4: Cig A1
(250%4.6 mm, 5 pm), FLshAH A FF EE-0.1% @R /K
(60:40), Fii®E 1.0 mL/min, £ M) K 360 nm, £1:75
30 C. LR E/R, FAK HURAZENR & 12.5+0.8 mg/
g, BRER S &= 3.2+0.3 mg/g.
1.2.2 A ST 5 /N BB R g 57 S5 45 24
84 M SPF K MEMEELH/INER, 3G N MR SR 1 JE S, BE
HLATAL 7 H(n=12), 435 IEEH(N) . BERIZH (M) |
K RAETTEH (P) (A F/NERAE H A 100 mg/kg 14
) 1 B ME B4 (NF) GBS F/NEEE H A
16.64 mg/kg LA Bl . B H Rz (K50 540 (FL) (FH
M/ NREEHEEA 2.4 mg/kg BB, 1125 U/kg SOD
fiff . 2.5%10® CFU/kg LP) . HH H s vh 3l 2H (FM)
CFHY T/ NS H A 4.8 mg/kg S Bl . 2250 U/kg
SOD M, 5x10° CFU/kg LP) . BY H M- 25 w7 s 2H
(FH) STV HEEA 9.6 mg/kg ST, 4500 U/
kg SOD Fifi. 10° CFU/kg LP) . &3 1 #4147 T, ¢
2L 32 d e RIATHE B, T HURAE 4 diE s B
AER, AR YR A TR AR A R Bsh R e e e R URE B 4
WE, 258 12 h, IS /NEEEE 2~3 7, 37 B
Ah, BEIS R E—60 °C vKFA T . R IR BRI B
BRI, 3000 r/min B5.Cr 15 min J543ES MLIE, 432 5 B
F—60 C VKA, BRAFFRFIN . AbFE/INERS, S7 R

x 1 BA/PRITHSHRAERL

Table 1 Grouping and administration of mice in each group
EA1om A3
el - . - 5
T i Ty R
IEHHN) AREUK 10 mL/kg/d  AEFRERK 7 mL/kg/d
FEAIZH (M) ALK 10 mL/kg/d  50%i9KF 7 mL/kg/d
K REEEL (P) KKEIEE 100 mg/kg/d S0%IIHE 7 mL/keg/d

B H MR T B4 (NF) RAEETHW) 10 mL/kg/d  50%il4E 7 mL/ke/d
FAKAGHH2H (FL)  FAKHRE4ME 10 mL/kg/d  50%iB4E 7 mL/kg/d
FAKHZH(FM)  FAKFRE2ME 10 mL/kg/d  50%iB4E 7 mL/kg/d
FAK# R (FH)  FAKJER 10 mL/kg/d  50%i%K§ 7 mL/kg/d

NI i, JFEUHFZAE R ZHZU 4% 2 R HEHAT
[&1 50 , FH T2 2R 22 53T s 0 TR 8 43 L i
ANBAHPEER, T T—-60 °C UKFE A7, BRE—%
ST
1.2.3 JHNEFREAITEA DI 4540 /)N BRAAR = A
Jh, THAAS A/ NI e AT, TR an A= (1),
Y L
JH I (%) = Wfﬁ%@g) x
1.2.4 JHWELHZUYRFR T B E fa R IFIEZHER, &
HAA AR U1y U2 4 pm), 3547 H&E B F15H
£1-O Yutt,, H&E Lo s /el 2l ahHs) . dhTBE & A
RAERZENE O; WHHELL-O GL s HT N BT AR & e,
>k JH Image-Pro Plus 6.0 45 5= 43 A NG T AR 5
Lprsrel,
1.2.5 IMi&FAEAATPT 13 A b FE AR SR &
U B A5 A TR, I /)N BRI 3 A0 69 H Yl =B (Tri-
glycerides, TG) . &\ JIH [#] E% ( Total cholesterol, TC) |
= %% 2 I 25 A AH @ BE ( High-density lipoprotein
cholesterol, HDL-c) . Ik %% B g & 1 0 [& A% ( Low-
density lipoprotein cholesterol, LDL-c) . 4 554 2 i
( Aspartate aminotransferase, AST) DA M 25 79 5% & il
(Alanine aminotransferase, ALT) ¥ &,
1.2.6 JHREA LA BU/S BRUFIEZH 2R, i 25 %
10% 14 JHEIE 20 20 0, 8500 J B 78 i e B ik 7l 6
VLI B T . SR 4 A 3 Ao e ASCR: I /)N
BRUFFAES12 P 9 TG, TC. & B H KT & AL W) il
(Glutathione peroxidase, GSH-Px) . JFHE#A A L4715,
AL Tiff ( Superoxide dismutase, SOD) . N [ (Malon-
dialdehyde, MDA ) #7KF
1.2.7  WFHE G2 ki v2: (ELISA) 5 RAEFR bR R
JFH ELISA 3G 500 5 /IS BRI Hh 9 EAH G2 it 5+~
A yeg TR BE K -a( Tumor necrosis factor-a, TNF-a) .
141 25 -6 (Interleukin-6, IL-6) L) X 442 -18(Inter-
leukin-14, IL-18)I'"1,
1.2.8 WiEWUEM RS T T IRES A, WdE 45
ZH/NERZEHEREAS (n=5) B T 2.0, —80 °C Ik
VRFELRAT - RJT CTAB IR IGRIERA- ) 5. DNA,
i FH 514 338F(5'-ACTCCTACGGGAGGCAGCA-

100 = (D
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3") Fil 806R( 5'-GGACTACHVGGGTWTCTAAT-3")
P 16S rRNA ELR V3~V4 X W=y, 28 2%
BB HEEE I HL kAN =, 8 AxyPrep DNA #ERc 2
B ) & gl Ab, SR A 2R 3R] A SO PR, Gk
Illumina MiSeq “F 5 #1715 18 7 9 /7 (2300 bp) -
MFEAEL: QUIME2 FRAAALHE, AT a ZHEM:(Sobs.
Simpson. Ace. Chao 35%%) 1 g Z ¢4 (PLS-DA /7
T Z3HT; ZET ISR A ST PR T = RE, If-i
ATLATR] 25 A g™
1.3 HENIE

ARG T AT LR Y IS H R i 22 3R,
B Yu (i SPSS 26 #E4T BN 22 7 22 43 #r (one-way
ANOVA) 3-fdi Fi OriginPro Z31&, >4 P<0.05 Bt AS[a]
IR W 2R S, RR TR 2.
2 HBRE5ESH
2.1 FHDMRBIAEMTAEE L
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KA ARk, AR 32 d B AS A Wik i e /s B
FOMRER = A: T 520 . B TPRS R ARTA] B SE RS, /N ER
PR EE ANES 4 d FFR =448 k. 5 N 4L, M 4
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Fig.1 Body weight change and final body weight of mice
in each group
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Fig.2 Liver morphology and liver index of mice in each group
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Fig.3 Liver histopathology sections of mice in each group
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Fig.4 Liver histopathology slices of mice in each group (oil
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Fig.5 Levels of TC and TG in liver of mice in each group
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1 76.38% Fll 55.61%(P<0.05) , 3% W94 M AT 35t
P3N AR ST R T, M 4/NERATIEE Bi405. FAK
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Fig.7 Levels of liver injury marker enzymes in each group
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