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ABSTRACT

Background: Chronic and excessive alcohol conwmption s a prissary driver of alcohol associated liver divesie
(ALD), a global health challenge with limised treatment options. Panax ginseng Meyer exhibits various phar
macological activities, including antioxidast and asti-inflammatory effeces. However, its efficacy in peeventing
alcohol-induced liver injury romaing limited, necossitating further optimization and investigation

Methods: This study evalused the hepatogeotective effects of Li-Gisseng Powder (LGP), a ginseng preparation
cariched in rare ginsenosides, using & murine msodel of ALD and ethanol-exposed human hepatic L-02 cells. ALD
was induced in CSTRL/6 mice via daily oral cthanol administration (2400 mg/Ag). Serum and liver biochemical
markers were measured, and histological changes were assessed using HAE and Odl Red O staining. In vitro
assays examined the effects of LGP on ethanol metabolizing enzyme activity, oxidative stress, mitochoadrial
integrity, asd autopbagy.

Results: Ethanol exposure significantly clevated serum levels of aspartate sferase, &
transferase, alkaline phosphatase, total bilirubin, low.dessity lipoprotein, and cholesterol, as well as hepatic
riglycerides and malcadialdedyde, while markedly decreasing hepatic levels of reduced ghutathione and se-
peroxide dumutase. LGP pre-trestment effectively reversed all these alterations, restored antioxidant capacity,
and alleviated histological damage and hipéd accumulation 10 near normal levels. In L.O2 cells, LGP significamtly
enbanced alcohol dehydrogenase and aldehyde dehydrogenase activities, facilitated cthanol and acetaldehyde
detaxification, redeced reactive oxyges species bevels, prewrved mitochondrial membeane potential, sad pro-
moted astophagy.

Conclesion: LGP comders comprehensive hepatopeotection against alcobol-induced liver injury by significantly
enhancing ethanol catabolism, enbancing antioxidant defenses, and activating autophagy. These findings suggest
its therapeutic potential ia the masagement of ALD
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22 Serum Nochemicel evidence for the hepategrosectiwe effiect of LGP
agetns! alcobol-tadw of liver Nary

To assess the hepatopeatective effects of LGP agaimt aloobeol indueced
liver ingury, 2 ssbacute liver injery model wan established in CS7HL/6
mice via dally oral gavage of 56 % Frgucsou lgeor (equivalent to 2400
oAy ethanol) for 15 comsecutive days. Compared to the contrel group,
cthanel-treated mice exhibited significant clevations I serwm THIL,
LDL, snd CHOL, confirming successi ol induction of sebacute hver injury
( ! 2

ALT and AST, enrymes predominantly localined in hepasecyves and
itvelved in amiso acid ssetabolinm, are widely recogniced as sersitive
indicators of hepatocellvdar Injury [17). Hepatic damage typlcally re
sults i leakage of these enzymes o the Moodsseam [ 5). In the
moded growp, serum ALY and AST Jevels were significantly clevated
following ethanol exposuee ( A and B). Notably, high dose LGP

adminissration markadly stienemed Dhese clevations, sdicating a poo
tective effect. Addisionally, alcobel induced liver damage can ionpais
bile formation and excretion, leading to iscreased serum THIL and ALP
blomarkers commonly assockted with cholestasls and  hepatic
dystenction [19,00). Bhaaol expesere significandy elevined both ALF
and TBIL Jevels ( C and D). High-dese LGP significamly sedeced
both ALP aad THIL levels close 10 those of the aormal costesd group,
whereas low dose LGP decreased ALP but did net significantly aflect
THIL

Liver injury is feequently accompanied by lipid metabolism disor
ders, resuling in dyslipidemia characterised by increased levels of LDL
sad CHOL [21]. The model group showed marked increases in CHOL
aad LDL, which were reduced by 25 % and 14 %, respectively, in the
high-dose LGF group ( Eand F)
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' "l 3.3 LGP alleviased alcohol.tnduced oxidative stress
“““ > BEERE 4 -
o7 /S S /4 /S S Excessive alcobol consumption peomotes the overpeoduction of ROS ZE? ReRL B:Fﬂ:E I *Eg: 2 E’] SO D/E |E*D GSH/T
z ‘ X (E 83 gL
'5" . §o * [22], heading to oxidative stress and depletion of critical eadogenous GSH ttz (SAﬂ]B) ° 151?/I'W\E’JE ’ Fﬁso mg/kg
. ¥ ! 1 e antioxsdants sech as GSH. To assess axidative damage and antioxidant . .
1" LN - .4 defonse, bepatic SOD activity and GSH contest were measseed, As E’\] LG P%IEE%)l%—SOD)E'I‘E*DGSH/-r-GSHtt%'lylﬁg
> '/ = e > */ - a anticipaied, cthanol expossee significantly reduced SOD activity and
ravd S S GSH/T-GSH ratio in the medel group ( A and B). Notably, treatssent .
- . . - with LGP at SO mg/kg significaatly restored SOD activity and :?:?RﬁIEﬁijm\7k:F 'ls—éﬂﬂ LGP im gij: gl,'f‘t B}‘jﬁ”
i e GSH/T-GSH ratio 10 near normal control levels, suggesting that LGP
::::l:’::':ol Induced cxddative stress by enhancing the antioxidanm /Zﬁé} L.)@ZE% T 7@*?.1%_%._ E/\] %1&@%& .

Disruption of the tricarboxylic ackd (TCA) cycle and impaired fatty . N o i
scid onkdation camed by kool ferther conurbote 1o hepooc Il SERSSEAI=FRER (TCA) EMRIANIBEIIR AL ZMR
metabolic dysfunction snd lpid accumulation, MDA, a Bpid peroxida-
tion byproduct, serves as a key bomacker of oxidative damage to cell

mtmb‘unnl. J. In s snady, MDA levels were markedly elevated in L -’Ij &H*H}IHE fotlgjljj BEE?*DEEE* j%o MDAIE

. . | . ethasel-treated mice, while LGP administration particulaely at the high
$ i dose Jed to a notable reduction in MDA levels, bringing them chose 1o eIt =1 = Er— =W =
i ] those observed in the contred group ( C), ladicating that LGP Eaﬁﬂﬂﬂﬁﬂ'\] EIJF”‘I:%’ Eéﬁﬂ@,ﬂ%%\,ﬂﬁbﬂ{ﬁ E’\JSE%EE#WW
d 4 effectively atenuates lipid perocidation and exidative membrane
e e T e e damage In alcohol-Induced liver injury. ,:E\ °

> EAMRFR, JEBEMEN/NEMDAKTEEERS,
LGPARI, LHESHE, SHMDAKTFEERR,
EEHRIIRANMEEIRIKTF (B3C) , REALGPE

Standard Foods China




3 . 1 RTB 2 i ‘ -;Jl_x~I *Sllij:%-})h H:I: AT HEFF AR IR, ERBARENF

ZN\TGIE 7\

41 (H&E) REFMMIOREHIT T HLAFE D,

i ‘o T3 ph 34. LGP alevisted alcohol-infiwcad Nitoperhelogicel demage and
El PR T e s o > SERAMBTIED S B ESMRTELE, IR
i o 1™
L 4 NSNS .- To assews hepatic tiswee integrity and lipid depesition, histological = N s =
7S 72 ) )/ s 7 /’ / analyses were conducted wsing hematoxylin aad eosin (HAE) ssalning FRIRIBHTEVARIDIR . 19 SRR A/ \ATRRTEY
g ' ._.’ and Ol Red O stadaing. Liver sections from the control growp displayed N .
. _ ~ mormal hepatic architecture, characterized by well defined cell bownd MpEtz, tHEEZ T, BARAIEERARIIHESE
I‘ -i’ . 1 ardes, uniform hepatecyte size, and distinet maclel, In contrat, the
1 |7 f ™ sl vl s Phunpr-maanl - mamsenll - ARIETM, EIFERTHERRKAP. RIAEEE. BERR
*‘d|° & i changes, Inclodag hepatocellular edema, Inflammasory Infiltration,
. dro makati .Hdh'lm"“l (hg l‘md(.l Treat: = =
A /' ,/' /7 7 ,/‘ ,/' ::: wtrbw‘?w Ililr'nmarh«IIy‘rdmtd :n'nmr Ievions, wherem R IEATE (SE*DG) o MRFAIELGPERE

hgh-dese LGP (50 mg/hg) substantially restored hepatic architecoere, L

chosely resembling nomal morphology (Fig. T and G). Ol Red O O TIRERE, MeFIELGP (50 mgkg) ME
waining revealed severe steatonds (a the model group (V1p ¥ and H),

LGP treatment significastly reduced Bpid droplet accumulation in 2 I b= 3z IS (F

dose-dependent masacy, demomerating its effoctivesess in alleviating ZI: |A§ T H:FHE’E Mg’ }RJ&:'FIE P H:/IL'\ (SE*D
alcohal-induced hepatic steatosts (112 'F and H). Furthermore, hepatic
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e TG content was significantly incressed in ethanol-treated mice but wan G) °
solably decreased by LGP administration; high-dose LGP (50 mg/hg)
K | o restored TG levels comparable 1o thuse of the control growp (0 0L > SHAOR B ERERABAEZETENERTH (B3F
. H
| s 14> » = S -
ini J MH) . LGPLEMFISMMAANEE R T e
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Review

Ginseng for Liver Injury: Friend or Foe?

Tae-Woo Kim

Graduate School of Medicne, School of Medicine, CHA University, Scongnamv-shi, Gyunggi-do 13488, Korea;
k-tacwooltchaundv.ac kr; Tel.: +82-10-2851.3947

Academic Editor: Rolf Teschke
Received: 5 October 2016; Accepted: 8 December 2016; Published: 17 December 2016

Abstract: Panax sp., including Pamax ginseng Meyer, Pamax gquiquifolius L., or Pamax notoginseny
(Burk.) FH Chen, have been used as functional foods or for traditional Chinese medicine for
diabetes, inflammation, stress, aging, hepatic injury, and cancer. In recent decades, a number of
both in vitro and in vivo experiments as well as human studies have been conducted to investigate
the efficacy and safety of various types of ginseng samples and their components. Of these, the
hepatoprotective and hepatotoxic effects of ginseng and their ginsenosides and polysaccharides are
reviewed and summarized

Keywords: ginseng: Panax sp.; hepatoprotective; hepatotoxic
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2.1, Exbancd-Indwced Hepatic Injury

The pathogenesis of ethanol-induced hepatic injury involves theve stages: ethanol-induced
(alcoholic) fatty liver, alooholic hepatites, and alcobolic clrrhosis. Alcoholic fatty bver is thus the
proceding condition 8o the more severe pathologies. It is thersfore critical to reverse ethanol-nduced
hepatic injury # the alcoholic fatty liver stage. RG extract improves liver function by attermating
cthaunclanduced steatosis and osadative stress [24]. Chronic ethanolinduced hepatic injury
condition leads to elevations i serum aspartate transaminase (AST) and alaniow transamvinase
(ALT)Y. However, pretreatment with RG extract maintained serum ALT activity and salondialdelvyde
(MDA) concentration within the noemal range after short-torm ethunol ingestion [25]. OF the
constituents resporsible for the hepatoprotective effect of RG, RgS and Rh2 were found to be the
primary ginsenosides of RG that produced medicmal effects against ethunol-induced oxidative
injury [26]. The second stage of ethanol-induced hepatic injury Is alcobolic hepatitis. Given that
the mext stage s liver cirrbosis, it & imperative 10 reverse alkcoholic hepatitis 10 prevent fusther
pathologk progression. PN attenuates the rise in serum AST and ALT dwe 10 chronic ethanol-induced

hepatotonicity [27]. Moee specifically, PN seduces liver ALT and AST levels, collagen fiber deposition,

and transforming growth factor (TGF)-f1 expression that are normally observed with the increase in
the expression quantity of SMA/MAD homaology protein 7 (Smad?) in rats with ethanol-nduced liver
inpary [25]. In particular, giesenoside Rg | isolated from PN has been found 80 suppeess ethanol-induced
clevatiors in blood AST and ALL and TNF In rats with akcoholic hepatitis, which sigraficantly
decreases pathological injury as well as isproving liver function [29]. These findings suggest that
the ameliorating effects of giewengs. indduding PG and PN, against ethariGinduond hepalits mav b
attributed 1o their constituents, Le. such as ginsenosides Rgl, Rgl, and RA2, which potently inhabat
reactive oxypen speckes (ROS) production and collagen deposition in the blood and liver

> (IS IRIYET R 2SI T A S (O RORRIE FTINRE.

> U ZEIESHIFRGERASRIERSEREEH (AST) IRER
#wEEE (ALT) AS. 2Af, RS RIMEENZEENGEN
BALTEMAA R (MDA) SREAISEESTEEAN,

> EASRFERINASH, Rg3HIRNIEAMELNS HX ZEBIESNE
HIREF A BRGRANEEASEH,

> ZERIR T ZEESIHRMAARNIFIALTHIASTAKTE, BRERFANIR
M EKEF (TGF) -1%iX, ERENT SMAMADEREH7
(Smad7) HIRKE, #3E, MZLHDBWAZEHRGIEHRN
BEiH 2 EE SHER T A AR MIRAST, ALTAITNFIFAS, XE
R T REBIRGHRE T RFINEE.

XLELMREA, AS. = tXZERESHIF RIS EATT&E

PPRFEHRKSD, EDAZEFHRg1. Rg3fIRh2, EfIEEFHID

Hi MR AT PiELESE (ROS) RIFEFREIRR.
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Table 1. Ginseng species and thewr constituents used in the hepatoprotective experianents.

LPS, virus, ethanal, toxic chemicals, -
ASTH Cause of Liver Fallure ! Cloaeng Pvalusted Pacameter
s <
ALT % L
w. Rel K2 AST, ALT, MDA
rharad
™ L") AST, ALT, collagen, TCF-A1, Smad

% Conclusions

Girmeng extract and its sagonirs exhibit hepatoprotectine efiects agamat vanous hepatic impuries
Bood caused by chemical submtances and hepatitis viruses. These comses of hepatitis peoduce ROS and

activate wflammenation segnaling pathways sach as the NE-all puiv oy Ginserg protently sdubats RO

GIndenciicdes 4nd thew melaboles (K )

production and the inflammation-sagnaling pathway. Moreon er. as wnhue constitvents of gnseng,

\ ‘,// {-ﬂ
N~ ’.'

) Ginsengs
Intestine PG, RO, PQ. PN
Ginsenosides
Polysacchandes

Figore 2 The bnpubogmton iy e s hamees of Srvarnes and Sher (ornttuets peopumad e s fso aed
In vivoeperiments. AL activator peotein | AST, aspartate transaminuse, ALT, alanine transaminase
CK, ovmmponand K LIS, Spoguodysaciiharste . TLa, interbouiin & NFoll sioar fanow bagyel 10
Panin ponsong Meyer, PN Pasan sotopimong (Burk ) FH Ohone QL Paman guipuiiiies L. and RO,

svactrve onygem specien. [NF, famor mecroses factor

rsenossdes have been fosnd 10 bt liver carcinoma profiferation, promode liver regeneration,
and poevent bver ischemia theoagh anti-onadative, anti-mflamenatony, and anti-apoplots mechanisans
(Fagure 7). Morcover, when wsed swth vitamin or acetamimophen, the ginsung components were
observed o exert additive or symengistic offects on Pepatic inurivs.  However, these grsang
components bt CYTIAL, loading 40 serious Depatotonicity when wsed with imatind oe salbegrayie
In this sespaxct, wiwn 2 girseng extaact of its component s used disically aloeg with oftwr drugs,
he extract or component meeds 80 be examined canefully s Seterminw I L inhilets & particular
CAYTEN0 enay mw svnponadide for drug metabodinm, as it might load o e rvasnd efficacy and wltnately

serious hopatotoniin
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15 LGG enhanced akohol messbellon by sprapdeting ADN and ALDI potentially as an adaptive response to elevated intracellular acetalde

o T - - octhvities hyde. Interestingly, LGG intervention significantly upregulated ALDH2
i 1 * §- a1 protein levels relative to the alcobol group, while simultaneously
H ! - ",,‘l::,‘.::::':’:.: "*.:’h:."“f.::' :‘ _:'::‘)m:a::‘v:‘ (h‘.:‘,',.,',';;‘," downregulating ADHIB expression ( iD), suggesting that the regu
R BEREREN LO2 cells. The “’:."R:"‘:mn] :h:m‘ .:--Mn! l‘(l.' cell ‘wm: lation of the ADH family by ethanal may not be limited 1o ADHIB, but
il aticn in & dose-dependent manser, with the Gy of 238 mM ( AL rather a more complex compensatory mechanism exists, These results
. - ': Therefore, » fisad ethanol concentration of 200 mM wan selected for  suggested that LGG promotes alcohol metabolism by increasing enzy-
o ' subsequent experiments. Co-treatment with LGG at concentrations of “maric activities of ADH and ALDH, thereby contribwting to its hep-
' i : ’" - 05 and | pp/ml dignificansly lmgroved cell viabilty compared % STOPTOTETve eIe.
{ -3 {. ) N ethanol exposure alone, indicating a poteatial cytoprotective effect of
1= L B LGG K
Ethanol metabolium posmarily occues in the bver, wheee alcohol
P P o dchydrogenase (ADH) catalynes the cosversion of ethanol 1o acetalde =+ . -+ S
- - - - h&u:ﬁ:nu.d, followed by the cadation of acctaldebydie 10 acetate Iu\él:l én%%ﬁﬁ 9 LGG@ﬂiIﬁEﬂBDADH*D
- by aldebyde debvydrogenase (ALDH) in mitochondria | 4], To elucidate
Csogma . whether LGG modulates this metabolic pathway, we assessed the

{ ). However, LOG significantly enhanced the encymatic activition
of ADM and ALDH compesed to the alcobol group, pesticelarly at 1

- - — . — e pe/mil, suggesting s rolle In promoting akobol cleasance ( Q ﬁﬂ)]a:/ﬁ:

et et e e < WA -t G ¢ St Bl Aty e e @ e Western Mot asalysis funber demonstrated that ethanol treatment

Y Y S G et bt gy icremsed the protein cpresion levels of ADHIE ad ALDM2

CERSEERERME, HPZEHSH (ADH) ERERECIEEANCE, HEIBESNETHIE
FiEEs (ALDH) S|ftHZE.
> SREOXNRAELE, JEREEERRMTMMPENEDE (B4C) . Am, SERAMRL, LGGEEES

T ADHFIALDHEIES B, 4552 7E1 ug/mLES, RIPEEEIERSZMRPAER (B4C)
> BHRELTESHTE—HIER, ZEELMNEIEI T ADH1BFALDH2ME A RIAKE, XAGEENABAZEAS
HENERE, B8BNE, 5BEHAMEL, LGGTMEE LA TALDH2EH/KF, [ TE T ADH1BIHIXRIA

Cmmme T T e i o e e et ALDHBOBSIEMESRAZIEDERB (UM, AT

LA RIFIER
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0 cmmmuneloksb il b demege iy radutig CEEEEAEMRAS, WIERSE (ADH) StMIE, &

I
- — 3 P ssendiipde end 08, urentrg edvihonbid mamivene poassed end
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