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Research advances on the role of epigenetic modifications in the
long-term progression of alcoholic liver disease
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Abstract: There are more than 60 million alcoholic liver disease (ALD) patients in China, which has become
a public health problem that cannot be ignored. Moreover, the social problem of "alcohol culture" is still hardly to
solve, so that safe and effective prevention and treatment for ALD are in urgent need clinically. Previous studies on
ALD have focused on the direct damaging effects of alcohol and its toxic metabolites, while recent studies have
shown that the pathogenesis of ALD also include alcohol metabolic reprogramming and endogenous metabolites
disorder. Although the endogenous metabolites have no direct toxicity, its long-term effect should not be ignored.
These endogenous metabolites could change epigenetic modifications, cause widespread and persistent abnormal
gene expression and signal pathway activation abnormally to promote metabolic reprogramming and stamp it as
"metabolic memory", which manifest pathological changes and promote ALD, especially liver fibrosis/cirrhosis
and liver cancer. Based on this, the article reviews the important epigenetic modifications caused by related
metabolites in ALD and their associated effects. The role of traditional Chinese medicine (TCM) and its active
ingredients in regulating epigenetics was also analyzed. The results suggest that regulation of epigenetics and
alteration of "metabolic memory" may be a novel mechanism of TCM in the prevention and treatment of ALD.
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Figure 2 Overview of alcoholic liver disease progression and the

associated pathogenic factors
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Figure 3 Epigenetic modification changes and their effects caused by alcohol consumption
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Table 1 The epigenetic modification effect of traditional Chinese medicine and active ingredients on ALD

Potential traditional Chinese medicine Related disease Target Epigenetic modification =~ Reference
Curcumin Liver cancer pl6, MGMT Demethylation [76]
Yu-Gan granule Liver cancer pl6, DNMT1, DNMT3A, DNMT3B Demethylation [71]
Salvianolic acid A Alcoholic liver disease ~ SIRT1 Deacetylation [81]

Jianpi Huashi formula Alcoholic liver disease ~ PARPs, SIRT1 Parylation

Hovenia dulcis Alcoholic liver disease ~ NF-«xB Dephosphorylation [82]
Glycyrrhizic acid Alcoholic liver disease ~ CK-II Phosphorylation [83]
Qingganhuoxue Recipe Alcoholic liver disease ~ Erk, NF-«B Dephosphorylation [84]




- 2116 - 242224 Acta Pharmaceutica Sinica 2023, 58(8): 2111-2119

W 2 BE AL parylation [ B ZE K 7. C A B AL RIE,
TR P BT 2% /0N BT 0 78 NAD 114477 Jof J00 Tk e A%
(nicotinamide riboside, NR), BE %% SIRT1, B 16 5 #%
PERFIRE, X — 45 RARRAM R NAD, B T L &
Bk AL B SIRT1, T8 75 1 15 AT 41 B LI A0OIR 75, 4038 05 K
PEIFF T o [R]EF, %b 78 NR AE 0 40 ] 05 4 X ) 51 2 19
ROS & &, #Ii ROS 5 #2 1) DNA #5147 . PARP1 ¥
Y parylation T it.  [RIFEHE, SR H PARP1 #1751 54 3 fi
K% PARPI1, BE &% 1 I 45 51 & 1) parylation & %, 7 1k
RS VR0 R A R R - 4P F8 SAM, A% B AR
51 Y S- I 1 R 28 2 i 202 (S-adenosylhomocyste-
ine, SAH)/SAM Lt 5] 2k i, 39 % R0 5] 2 ¥ GSH & &=
B, DA RS R AR, gr BN, R AL B A
VAR ALEE 2 TE 1, W8 BR B TR R IR T
ZITT R B R TT R S
7 RE

TR & N AL T T B — ol e A P 2 kL 2
R, A H AR AL B P A W b s A
Xt “ERAEAB U (drunken monkey theory)” FIHF 5T 2% B, U4
T 1000 /3 411 (1) £ 1t S0 4 1 A8 AT BB R K26
FLSE HEAG T 38 RS AR 0 B 1, M 4 R 4B N
Refy B S & RS I R K R, RA9 30 S I A7 L3R,
IX — I ] 328 BT N 2 B 9B WO R B IR . B AR A H AR
WA NEA S EENE, TR A LR
FH V8 38 PR 0 22—, 5 48 0 I RS 19 2 T
10 000123 0. R AMTE & 5018 i &0 2 53K
200 2 Fh 5 5 R A5 95 RE 1) KU [R 2R, EH T RS 5 B0
P53 AR AE A BRI R A5 5 BRI o L Rk 5.1%,
T RSB o AT gl a2 451 5, AR SO A B T il
— AN IR 2 2 ), A DATE R R [R) B e . AR
I IV ek 2 ik /0 S O G AT 28 1B RS S P A 98 K i
b B 9T T8 V) SR A RCTRT FH Y T RS A O
ST A ) TG A JH 0 R 245470

RGBT T ALD R RS 2 i & 2 1% 5]
1 PR AU ) 25 L AR A, DA RO 1 py 1 A 4 ik
— 5 1) 42 1 5] 2R U8 A% 2 0 1Y) T e AR AP0, R
TBAEAS M SOFE— 25 51 T JE (0 Jik TR S 2508 KT Ui
T EM, 2 58] ALD ZR 3E R 1 2 AN BOR
ANEZTH . R AR 22 IR ALD A AL AT A
B va 298t 7 — AN R A . ALD A B
— P AR P, 5 A AR M 0 28 AL, ALD 7E
= VIE A% 2 Ff P AR R I YR R A, R 2 LRI
PRPERU Y R EL, BOR B 7% ALD“WRIE ") 5 L itk
(AR PR ) 25 L IR 3l 1) R Wi A% 20k
AR BN — AN TR T PR IR A IR Bl ALD %

o 2 R 01 5 AL i R T A LA R ¥ 9 T AR
FR LA 4% 3R 38 A B2 L BE T ALD 500 HE R ) —
FOARAEHLA] o 25 E, AU 4% SO 15 A% f) i 5 0 e AN D
M fe AL IR 24, W RE & R LR 1R ALD 6 F 259 1) —
A E B AR AN LR

EETTMA: S5 MR TUUIR R M ERR B =
FEH KA ST EAB G MR 576 9 550 5 K B B4R
T K AR

FUREER: P 15 #2875 A EE R 28 05

References

[1] Singal AK, Bataller R, Ahn J, et al. ACG clinical guideline:
alcoholic liver disease [J]. Am J Gastroenterol, 2018, 113:
175-194.

[2] Global status report on alcohol and health 2018. Licence: CC
BY-NC-SA 3.0IGO [DB/OL]. Geneva, Tex: World Health
Organization, 2018 [2023-02-16]. https://apps. who. int/iris/
bitstream/handle/10665/274603/9789241565639-eng.pdf?ua=1.

[3] Gao B, Bataller R. Alcoholic liver disease: pathogenesis and new
therapeutic targets [J]. Gastroenterology, 2011, 141: 1572-1585.

[4] Kim MS, Ong M, Qu X. Optimal management for alcoholic liver
disease: conventional medications, natural therapy or combina-
tion? [J]. World J Gastroenterol, 2016, 22: 8-23.

[5] Maddrey WC, Boitnott JK, Bedine MS, et al. Corticosteroid
therapy of alcoholic hepatitis [J]. Gastroenterology, 1978, 75:
193-199.

[6] Nguyen-Khac E, Thevenot T, Piquet MA, et al. Glucocorticoids
plus N-acetylcysteine in severe alcoholic hepatitis [J]. N Engl J
Med, 2011, 365: 1781-1789.

[77 Singh S, Murad MH, Chandar AK, et al. Comparative
effectiveness of pharmacological interventions for severe
alcoholic hepatitis: a systematic review and network meta-
analysis [J]. Gastroenterology, 2015, 149: 958-970.¢e12.

[8] Zhu B, Liu LM, Liu HL. Research advances in severe alcoholic
hepatitis [J]. J Clin Hepatol (£ F T JIF 9% 2% &), 2016, 19:
117-120.

[91 Le Daré¢ B, Lagente V, Gicquel T. Ethanol and its metabolites:
update on toxicity, benefits, and focus on immunomodulatory
effects [J]. Drug Metab Rev, 2019, 51: 545-561.

[10] Szabo G. Gut-liver axis in alcoholic liver disease [J]. Gastroen-
terology, 2015, 148: 30-36.

[11] Kharbanda KK. Alcoholic liver disease and methionine
metabolism [J]. Semin Liver Dis, 2009, 29: 155-165.

[12] Huang Y, Niu M, Jing J, et al. Metabolomic analysis uncovers
energy supply disturbance as an underlying mechanism of the
development of alcohol-associated liver cirrhosis [J]. Hepatol
Commun, 2021, 5: 961-975.

[13] Zakhari S. Alcohol metabolism and epigenetics changes [J].



ey R RMLIBAR AL RS 1 A5 A ST HE Ji& o R T Bk Jé

2117

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Alcohol Res, 2013, 35: 6-16.

Varela-Rey M, Woodhoo A, Martinez-Chantar ML, et al.
Alcohol, DNA methylation, and cancer [J]. Alcohol Res, 2013,
35:25-35.

Li X, Egervari G, Wang Y, et al. Regulation of chromatin and
gene expression by metabolic enzymes and metabolites [J]. Nat
Rev Mol Cell Biol, 2018, 19: 563-578.

Misra A, Bloomgarden Z. Metabolic memory: evolving concepts
[J]. J Diabetes, 2018, 10: 186-187.

Kowluru RA. Diabetic retinopathy, metabolic memory and
epigenetic modifications [J]. Vision Res, 2017, 139: 30-38.
Zheng W, Guo J, Liu ZS. Effects of metabolic memory on
inflammation and fibrosis associated with diabetic kidney
disease: an epigenetic perspective [J]. Clin Epigenetics, 2021,
13: 87.

Knabbe J, Protzmann J, Schneider N, et al. Single-dose ethanol
intoxication causes acute and lasting neuronal changes in the
brain [J]. Proc Natl Acad Sci U S A, 2022, 119: ¢2122477119.
Pruett S, Tan W, Howell GE 3rd, et al. Dosage scaling of alcohol
in binge exposure models in mice: an empirical assessment of
the relationship between dose, alcohol exposure, and peak blood
concentrations in humans and mice [J]. Alcohol, 2020, 89: 9-17.
Tsukamoto S, Muto T, Nagoya T, et al. Determinations of
ethanol, acetaldehyde and acetate in blood and urine during
alcohol oxidation in man [J]. Alcohol Alcohol, 1989, 24:
101-108.

Nuutinen H, Lindros K, Hekali P, et al. Elevated blood acetate as
indicator of fast ethanol elimination in chronic alcoholics [J].
Alcohol, 1985, 2: 623-626.

Sarkola T, Iles MR, Kohlenberg-Mueller K, et al. Ethanol,
acetaldehyde, acetate, and lactate levels after alcohol intake in
white men and women: effect of 4-methylpyrazole [J]. Alcohol
Clin Exp Res, 2002, 26: 239-245.

Giles HG, Meggiorini S, Vidins EI. Semiautomated analysis of
ethanol and acetate in human plasma by head space gas chroma-
tography [J]. Can J Physiol Pharmacol, 1986, 64: 717-719.
Adamo S, Siliprandi N, DI Lisa F, et al. Effect of L-carnitine on
ethanol and acetate plasma levels after oral administration of
ethanol in humans [J]. Alcohol Clin Exp Res, 1988, 12: 653-654.
Cheng C, Zhou MX, He X, et al. Metabolomic analysis uncovers
lipid and amino acid metabolism disturbance during the develop-
ment of ascites in alcoholic liver disease [J]. Front Med, 2022, 9:
815467.

Malherbe DC, Messaoudi 1. Transcriptional and epigenetic
regulation of monocyte and macrophage dysfunction by chronic
alcohol consumption [J]. Front Immunol, 2022, 13: 911951.

Park J, Kim M, Kang SG, et al. Short-chain fatty acids induce
both effector and regulatory T cells by suppression of histone
deacetylases and regulation of the mTOR-S6K pathway [J].
Mucosal Immunol, 2015, 8: 80-93.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Zeid D, Gould TJ. Impact of nicotine, alcohol, and cocaine
exposure on germline integrity and epigenome [J]. Neuropharma-
cology, 2020, 173: 108127.

Tsuchida T, Friedman SL. Mechanisms of hepatic stellate cell
activation [J]. Nat Rev Gastroenterol Hepatol, 2017, 14: 397-411.
Khemlina G, Ikeda S, Kurzrock R. The biology of hepatocellular
carcinoma: implications for genomic and immune therapies [J].
Mol Cancer, 2017, 16: 149.

Wang S, Wan T, Ye M, et al. Nicotinamide riboside attenuates
alcohol induced liver injuries via activation of SirT1/PGC-la/
mitochondrial biosynthesis pathway [J]. Redox Biol, 2018, 17:
89-98.

Shuai C, Xia GQ, Yuan F, et al. CD39-mediated ATP-adenosine
signalling promotes hepatic stellate cell activation and alcoholic
liver disease [J]. Eur J Pharmacol, 2021, 905: 174198.

Esfandiari F, You M, Villanueva JA, et al. S-Adenosylmethio-
nine attenuates hepatic lipid synthesis in micropigs fed ethanol
with a folate-deficient diet [J]. Alcohol Clin Exp Res, 2007, 31:
1231-1239.

Donohoe DR, Bultman SJ. Metaboloepigenetics: interrelation-
ships between energy metabolism and epigenetic control of gene
expression [J]. J Cell Physiol, 2012, 227: 3169-3177.

Lu SC. S-Adenosylmethionine [J]. Int J Biochem Cell Biol,
2000, 32: 391-395.

Lu SC, Martinez-Chantar ML, Mato JM. Methionine adenosyl-
transferase and S-adenosylmethionine in alcoholic liver disease
[J]. J Gastroenterol Hepatol, 2006, 21 Suppl 3: S61-S64.

Mato JM, Martinez-Chantar ML, Lu SC. S-Adenosylmethionine
metabolism and liver disease [J]. Ann Hepatol, 2013, 12:
183-189.

Sasaki Y. Does oxidative stress participate in the development of
hepatocellular carcinoma? [J]. J Gastroenterol, 2006, 41: 1135-1148.
Lu SC, Huang ZZ, Yang H, et al. Changes in methionine
adenosyltransferase and S-adenosylmethionine homeostasis in
alcoholic rat liver [J]. Am J Physiol Gastrointest Liver Physiol,
2000, 279: G178-G185.

Song Z, Zhou Z, Uriarte S, et al. S-Adenosylhomocysteine
sensitizes to TNF-alpha hepatotoxicity in mice and liver cells: a
possible etiological
Hepatology, 2004, 40: 989-997.

Page A, Paoli PP, Hill SJ, et al. Alcohol directly stimulates

factor in alcoholic liver disease [J].

epigenetic modifications in hepatic stellate cells [J]. J Hepatol,
2015, 62: 388-397.

Karoly HC, Ellingson JM, Hutchison KE. Interactions between
TLR4 methylation and alcohol consumption on subjective
responses to an alcohol infusion [J]. Alcohol Alcohol, 2018, 53:
650-658.

Martinez-Chantar ML, Corrales FJ, Martinez-Cruz LA, et al.
Spontaneous oxidative stress and liver tumors in mice lacking

methionine adenosyltransferase 1A [J]. FASEB J, 2002, 16:



A2,

2118 - 242224 Acta Pharmaceutica Sinica 2023, 58(8): 2111-2119

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

1292-1294.

Martinez-Chantar ML, Garcia-Trevijano ER, Latasa MU, et al.
Importance of a deficiency in S-adenosyl-L-methionine synthesis
in the pathogenesis of liver injury [J]. Am J Clin Nutr, 2002, 76:
1177S-11828.

Barbier-Torres L, Murray B, Yang JW, et al. Depletion of
mitochondrial methionine adenosyltransferase «al triggers
mitochondrial dysfunction in alcohol-associated liver disease [J].
Nat Commun, 2022, 13: 557.

Frau M, Feo F, Pascale RM. Pleiotropic effects of methionine
adenosyltransferases deregulation as determinants of liver cancer
progression and prognosis [J]. J Hepatol, 2013, 59: 830-841.
Medici V, Halsted CH. Folate, alcohol, and liver disease [J]. Mol
Nutr Food Res, 2013, 57: 596-606.

Shahbazian MD, Grunstein M. Functions of site-specific histone
acetylation and deacetylation [J]. Annu Rev Biochem, 2007, 76:
75-100.

French SW. Chronic alcohol binging injures the liver and other
organs by reducing NAD *
deacetylase activity [J]. Exp Mol Pathol, 2016, 100: 303-306

Bricambert J, Miranda J, Benhamed F, et al. Salt-inducible

levels required for sirtuin's

kinase 2 links transcriptional coactivator p300 phosphorylation
to the prevention of ChREBP-dependent hepatic steatosis in
mice [J]. J Clin Invest, 2010, 120: 4316-4331.

Liu X, Cooper DE, Cluntun AA, et al. Acetate production from
glucose and coupling to mitochondrial metabolism in mammals
[J]. Cell, 2018, 175: 502-513.e13.

Moffett JR, Puthillathu N, Vengilote R, et al. Acetate revisited: a
key biomolecule at the nexus of metabolism, epigenetics, and
oncogenesis - part 2: acetate and ACSS2 in health and disease
[J]. Front Physiol, 2020, 11: 580171.

Viscarra J, Sul HS. Epigenetic regulation of hepatic lipogenesis:
role in hepatosteatosis and diabetes [J]. Diabetes, 2020, 69:
525-531.

Groebner JL, Giron-Bravo MT, Rothberg ML, et al. Alcohol-
induced microtubule acetylation leads to the accumulation of
large, immobile lipid droplets [J]. Am J Physiol Gastrointest
Liver Physiol, 2019, 317: G373-G386.

King AL, Swain TM, Dickinson DA, et al. Chronic ethanol
consumption enhances sensitivity to Ca*’-mediated opening of
the mitochondrial permeability transition pore and increases
cyclophilin D in liver [J]. Am J Physiol Gastrointest Liver
Physiol, 2010, 299: G954-G966.

Chen D, Fang L, Li H, et al. The effects of acetaldehyde
exposure on histone modifications and chromatin structure in
human lung bronchial epithelial cells [J]. Environ Mol Mutagen,
2018, 59: 375-385.

Lee HT, Oh S, Ro DH, et al. The key role of DNA methylation
and histone acetylation in epigenetics of atherosclerosis [J]. J

Lipid Atheroscler, 2020, 9: 419-434.

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

[73]

[74]

Ceni E, Mello T, Galli A. Pathogenesis of alcoholic liver disease:
role of oxidative metabolism [J]. World J Gastroenterol, 2014,
20: 17756-17772.

Vida A, Marton J, Miko E, et al. Metabolic roles of poly(ADP-
ribose) polymerases [J]. Semin Cell Dev Biol, 2017, 63: 135-143.
Petermann E, Keil C, Oei SL. Importance of poly(ADP-ribose)
polymerases in the regulation of DNA-dependent processes [J].
Cell Mol Life Sci, 2005, 62: 731-738.

Banasik M, Stedeford T, Strosznajder RP. Natural inhibitors of
poly(ADP-ribose) polymerase-1 [J]. Mol Neurobiol, 2012, 46:
55-63.

Zhang Y, Wang C, Tian Y, et al. Inhibition of poly(ADP-Ribose)
polymerase-1 protects chronic alcoholic liver injury [J]. Am J
Pathol, 2016, 186: 3117-3130.

Bonora M, Patergnani S, Rimessi A, et al. ATP synthesis and
storage [J]. Purinergic Signal, 2012, 8: 343-357.

Ramani K, Tomasi ML, Berlind J, et al. Role of a-kinase
anchoring protein phosphorylation in alcohol-induced liver
injury and hepatic stellate cell activation [J]. Am J Pathol, 2018,
188: 640-655.

Tikhanovich I, Kuravi S, Campbell RV, et al. Regulation of
FOXO3 by phosphorylation and methylation in hepatitis C virus
infection and alcohol exposure [J]. Hepatology, 2014, 59: 58-70.
Shukla SD, Aroor AR, Restrepo R, et al. In vivo acute on chronic
ethanol effects in liver: a mouse model exhibiting exacerbated
injury, altered metabolic and epigenetic responses [J]. Biomole-
cules, 2015, 5: 3280-3294.

Ou Yang X, Cheng HY, Hu WQ, et al. Research progress on anti-
alcoholic liver injury effects and mechanism of flavonoids [J].
Chin Pharmacol Bull ({' [ 2 B Z#i@ ), 2020, 36: 1200-1205.
Tang CC, Liu YM, Shi YL, et al. Research progress of traditional
Chinese medicine in regulating the DNA methylation [J]. China
Med Her (#1 [E £ 2 54R), 2017, 14: 30-33.

Wang M, Yang XH, Zhu Y. Targeting epigenetic modification for
Chinese medicine-based cardiovascular therapies [J]. Chin New
Drugs J ("F[E #7244 %), 2014, 23: 289-296, 301.

Lv F, Shao ZY, Xie ZL, et al. Resistance of Yu-Gan granule to
liver cancer in rats and its epigenetic mechanism [J]. Asia Pacific
Tradit Med (V. KAE4E R 24), 2008, 4: 26-28.

Chai XJ, Luan J, Yang WL, et al. Traditional medicine CDP and
promoter demethylation in breast cancer cell lines [J]. J Sichuan
Univ Med Sci Ed (VU )11 k222543 (ZE24R)), 2009, 40: 798-802.
Zhang JZ, Wang JH, Tan Y, et al. Reactivation of hypermethylated
GSTPI promoter activity in MCF-7 cells by treatment with a
component of natural drug, CDP [J]. J Sichuan Univ Med Sci Ed
(VU)K 22 4R (BE 24 AR)), 2007, 38: 761-765.

Zhang Y, Zhou QB, Xu FQ. Medication rules of Chinese
medicines in regulating DNA methylation based on network
pharmacology and data mining [J]. World Chin Med, 2022, 17:
1254-1258, 1264.



ey R RMLIBAR AL RS 1 A5 A ST HE Ji& o R T Bk Jé

2119

[75]

[76]

[77]

(78]

[79]

[80]

[81]

(82]

Jia J, Han LF, Zeng XT, et al. Study on The Acetylation Effect of
Genkwanin Extracted from Ground Beetle Beetle on Diabetes
Induced Osteoporosis (- ¥ HUPE B TE A6 LM R B R B A
LI ACAE B I 58)[D]. Tianjin: Tianjin Hospital, 2019.

Chen X. Study on the Abnormal Methylation Inhibition of
Curcumin on Tumor Cells (£ #& 2% %] [ 20 g S 5 FF 4k F 1)
£ A #F 77) [D]. Wuhan: Hubei University of Chinese Medicine,
2010.

Li ZG, Qiu ZC, Zhang W, et al. The effect of traditional Chinese
herbs Huayu Liqi compound on the methylation and expression
of pl6 in gastric mucosal dysplasia rats cells [J]. China J] Mod
Med (W EHLRE 44 7)), 2015, 25: 1-6.

Wang J, Liu JH, Li Q, et al. The therapeutic mechanism of
kidney-reinforcing traditional Chinese medicine compound on
ovariectomized osteoporosis rats based on methylation of DIx5
promoter in bone [J] .Chin J Osteoporosis (4 [E & i #i fa 24 &),
2020, 26: 640-645.

Cheng XP, Gong LH, Li N, et al. Effects of adjuvant therapy
with Wenban Tang (#257%) on promoter methylation of plasmic
thrombomodulin gene in acute coronary syndrome patients with
turbid phlegm and blood stasis syndrome [J]. J Tradit Chin Med
(FEEZRE), 2016, 57: 140-144.

Xu M, Guo YC, Ren JY, et al. Effects of ethanol-extractions of
compound Chinese medicine formula of "supporting right" and
"dispelling evil" on apoptosis, acetylation, TLR2 activation in
bone marrow mono-nuclear cells from myelodysplastic syndromes
patients in vitro [J]. Chin Arch Tradit Chin Med (H # [ 24 2%
T, 2018, 36: 2098-2106.

Shi X, Zhao Y, Ding C, et al. Salvianolic acid A alleviates
chronic ethanol-induced liver injury via promotion of f-catenin
nuclear accumulation by restoring SIRT1 in rats [J]. Toxicol
Appl Pharmacol, 2018, 350: 21-31.

Park JY, Moon JY, Park SD, et al. Fruits extracts of Hovenia

dulcis Thunb. suppresses lipopolysaccharide-stimulated inflam-

[83]

(84]

[85]

(86]

(87]

[88]

(89]

[90]

[91]

matory responses through nuclear factor-kappaB pathway in
Raw 264.7 cells [J]. Asian Pac J Trop Med, 2016, 9: 357-365.
Zhang Y, Wang J. Mechanisms of glycyrrhizic acid in the
treatment of alcoholic liver disease [J]. Chin J Integr Tradit West
Med Liver Dis (AR 455 i 44 ), 2009, 19: 60-63.

Xing LJ, Wu T, Liu T, et al. Effect of Qingganhuoxue Recipe and
its separated recipes on the expression of P-ERK and NF-«B in
rats with alcoholic liver disease [J]. Chin Arch Tradit Chin Med
(B EE 2 T), 2009, 27: 2085-2088.

Ding L. Molecular mechanism of betaine regulating adipose
tissue methylation in the treatment of alcoholic liver disease [C]/
The 12th China Nutritional Sciences Conference Dissertation
Collect (25 = Jm 4 H & 37 Bl % K 2 i 3L 4). Beijing:
Chinese Nutrition Society, 2015: 191.

Kang H, Park YK, Lee JY. Nicotinamide riboside, an NAD'
precursor, attenuates inflammation and oxidative stress by
activating sirtuin 1 in alcohol-stimulated macrophages [J]. Lab
Invest, 2021, 101: 1225-1237.

Powell CL, Bradford BU, Craig CP, et al. Mechanism for preven-
tion of alcohol-induced liver injury by dietary methyl donors [J].
Toxicol Sci, 2010, 115: 131-139.

Villanueva JA, Esfandiari F, White ME, et al. S-Adenosylmethio-
nine attenuates oxidative liver injury in micropigs fed ethanol
with a folate-deficient diet [J]. Alcohol Clin Exp Res, 2007, 31:
1934-1943.

Carrigan MA, Uryasev O, Frye CB, et al. Hominids adapted to
metabolize ethanol long before human-directed fermentation [J].
Proc Natl Acad Sci U S A, 2015, 112: 458-463.

Wang JB, Xiao XH. On indirect actions of Chinese medicines
and innovation of indirect-acting Chinese medicines [J]. China J
Chin Mater Med (1 [ #1244 K), 2021, 46: 5443-5449.

Gao Y, Wang JB. Indirect action pattern: a remote and crossorgan
pharmacological mechanism for drug innovation [J]. Acta Pharm
Sin B, 2022, 12: 3448-3450.



