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Protective effects of hot water extract from glasswort (Salicornia
herbacea L.) on ethanol-induced hepatic injury in mice
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GEEE YISEYSIHE BZET

Abstract Chronic ethanol intake induces hepatic steatosis and injury. Glasswort (Salicornia herbacea
L.) contains betaine and other bioactives with potential hepatoprotective effects. Male C57BL/6 mice
(n=10/group) were assigned to four groups and reared for 6 weeks on Lieber-DeCarli liquid diets:
normal diet (N), ethanol diet (C), ethanol diet plus silymarin (100 mg/kg, P), and ethanol diet plus
hot water extract from glasswort (HWEG, 6.7 mg/kg, A). Ethanol feeding was gradually adapted
and maintained at a final concentration while providing 36% of total energy from ethanol. Serum
biomarkers and liver histology (H&E) were evaluated. Body weight gain was lower in ethanol-fed
groups than in N, without significant differences among ethanol groups. Compared with C, HWEG
significantly decreased serum lactate dehydrogenase and total cholesterol, and lowered aspartate
aminotransferase; high-density/low-density lipoprotein profiles were improved. Histologically,
HWEG reduced both size and number of hepatocellular fat globules relative to C, approaching the
morphology of N. Oral administration of a HWEG at 6.7 mg/kg exerts hepatoprotective effects
against ethanol-induced liver injury in mice, with biochemical and histological improvements
comparable in trend to silymarin. These findings support HWEG as a promising ingredient for
development of functional foods targeting alcohol-related hepatic dysfunction. Further work to
quantify active constituents (e.g., betaine) and delineate mechanisms is warranted.
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1. ME

o]—:v_QA‘,] x}7] 7} J\J_I_]JE
AL Aieh Ad 9 2
oA Ho] 7+ 2419] Y4 WslE 2eH A0 BelA SlrHKasdallah-Grissa
Ponnappa®} Rubin, 2000). ¥¢F2 $=9] Yooz LA Q= AHPAte] thAl ¥iske}l XHk7t S
= o1& HsHA 1 wAHAYZSo] YR A= Lgkoyt 5 triglyceride, total cholesterol, 12
LDL-cholesterol(low-density lipoprotein cholesterol) 717} 7} & ¥9log I&#HA Qlt}. o]
LDH &= ¥t 9 7+ &40 M2 7t Asl2 AYHo 2 38 HHof| 9t 7t &40 ‘:H6 a
ASE 4714 ¥ T 7|7to] R SITH(Chen <5, 2004). IUolA = ¥E& HF= AT 7k
& Boote AAEH S(Na 5, 2004)F FHEE ¢ 1737154 ¥ 9 AFES A1S0lA
A ZolE 4~ 9loH, o]QJo = ZL(Kim, 2017), Z3KCho 5, 2001), 2=(Sung 5, 2016) 59
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FEAEES FUuT T ABSo] BIEA VA L &3
PAS Zxo7 gy 9k 7]{:g AAE 7|9 7HR S A&
=o = 5 S Sl A &S o5t

S 22 JU5} EE % 282 5

AE wolgt}. A& Eol, SM(Hovenia dulcis)y=
dihydromyricetin ¥ Z&}H -0o|= 9}01” S 5o &I tjA}
71 4 ol EYHslo|E siE 53HE UERH(Na 5, 2004),
2 (Curcuma longay curcumin *JH-0] Ak 9l g &40
& ROS(reactive oxygen species) X G354 74} oA a3
HoltkSung £, 2016).

SHOIA AHAEE Eolgt sto] AR EFE AdRE F
AMAE ol I Amaranthaceae) Q] SHoAro]E2 24, o)A
L 28 A% 2%, AL, dd Ato] 5 Adelet Ada} B
oAl Au=lm, ATYAES oF 4,20080] F3tet. Fxol=
L] JAEH A YE 7HA7] Y8l betained} 22 F
24 E4(zwitterionic compound)°| THF TR-H Ao 2 UY
A oBi(Lec 5, 2004), B0l T BHEE Aol gL U
g 5 AYEE AR AT AP A & X]‘* =3
o4 5ol itk akLee 5, 201209k T2 ELH
29 AEMEREA 4 FuAd] d 995 HKin 5
2008) % B O15EE ZIAA % £5 A7} v H4ze
o 22 £ 4 Uth= 9(Cho &, 2008) 5°o] 1% Hf
Q. 785 Fkol TANAL AFAsFeRAR QurE 7hEAL
of th3t RS R (Ha2} Lee, 2005) 5°] A7H Hf ot &
T4 Z} g O‘f‘:lfiﬂ'oﬂ EH°} 7}E J}Oﬂ et A= 1l

3t 4 25l A= betaine,
o185 5 HERA B 48 oL 0], 5
W AAAR 24 F gAY RS 7]
Zo] EAHo|tk(Lee 5, 2004; Lee 5, 2012). mhakA] o] A+
oA 6577t gk Aol o= FEE 1Y 58 14
o]-&slo] &z F4FEE(hot water extract from glasswort,
HWEG)Q] 7t H3 &7 35tA}l i},

b

:l:.‘

2.1. AE(AI%) & 7|7

Aol AMgE 71712 Aeeh 4] H](Roche Ltd, Basel,
Switzerland), glass teflon homogenizer(Chang shin scientific
Co., Seoul, Korea), Microplate Reader(Bio-TEK, Winooski,
VT, USA), Chemi-Doc(BIORAD, Hercules, CA, USA), UV-
spectrophotometer(Shimadzu UV-1201, Kyoto, Japan), centrifuge
(Hanil FLETAS, Seoul, Korea), water bath(Thermo minder
taitec, Saitama, Japan), deep freezer(Sanyo, Tokyo, Japan)E
ARgstlth AR AR E AREEE Ajuke(silymariny Al 10}
(Sigma-aldrich, St Louis MO, USA)O|A Al&xigko, HWEG
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A= FRFEIBAEGHHAL 372 3HA, gh)ollA +
Qe Uiz 1002 7lstel 99°ColA 3T BT T .
filter paper(Whatman No. 2)& ©]&3}o] oj¥}s}al, rotary
evaporator® 60 °Brix® &% § 5ZA71R6t £45to] A&
2 AgelT AT Ang e o v, 3% gL
U= o] oF 18.5+0.8%% YEIHTh FET ¥ TS 7.8+
0.4 mg GAE/g extract®2 =4 E|%]t}.

9] 571 C57BL/6 mouseS BIOKOREA
(Osan, Korea)2 HE| Eofdlo} (F)5d93letd 7Y SEA
(FEAIEGES: Al 4122)014 L5t HAH eoks A
T AT SES ARSIl ARSEAEL RE 2243°C, &
50£10%, 12 h light/dark 27108 AA3}9ich H-S7]7H(15
) ERF URMAO(AIN-93 diet)y & FHA2H A8 At
EA AFeIeE 5191, HS 717 T G o] 98] Fujck
109k2|y 4oz BRI & A7e (Frsdoeetd+
Y BB YU SEMI IACUC)Q W3 & 7po] what 2
HEArHEAHS: SEMI-16-12).

2.2.1. Lieber-DeCarli 2#[~l0] =4 % A& EOf
SEAF o) A8 Alol= Lieber-DeCarli(Diet inc., Bethlehem,
PA, USA) A 7]& A]o](Normal diet) & ofjgk-2 2]o](Ethanol
diet)yE ARE-slo] 4297 oot th(Lieber?}t DeCarli, 1986).
A7) 712 Aoz $AF| 35%F A, 18%S A, 47%
2 Bsolq BRSO, ofekg Hole] A9 A
WS o) 712 Aolg} THo] Zor] BAHES 1% E
oli= thAl AferEolA 36%2] FFo] FHEHEE 245t
Q] 0124}\]7]- u}al:l- 20 mL/VJ 6F 50} oﬂ,q]ﬂo]a e o}oﬂ o
o, ARSIt F dA|Alo]E WA5F THFengler 5, 2016).
oferg 4Jo] Fol:= Rhodes 5(2005)%} Yind} Lee(zoog)g H}
Holl whe} offghEo] tiet ARG siastal, 28717 77
93l 2z 0.5%FH 29 D=Z 0.5%4] FIsto] HFHo=
3.3% =2 AAsto] gol sialth. A+ < 10mHH
N, CElEE), Pele-E+A2mtd 100 mg/kg), A(Clg
StHWEG 6.7 mg/kg) & 4722 HARIGI o, Fdtix
29I silymarine 100 mgkgl 2 Al&79 HWEG Alg2d-2
6.7 mke2 717t U1 13 % 02902 AT (po) SIS
(Fengler 5, 2016). & Ago]A FPHZEOZE AR silymarin
(100 mg/kg)9] &2 APATFoNA G4 1A HHo
HHEA o2 A8Eo] Folgt Ko gt Hel & H45I3
Th(Fengler 5, 2016; Sung 5, 2016). HWEG(6.7 mg/kg)2] 7
2, dd] Ado|A A5 L 7FA] H(aspartate aminotransferase,
AST; alanine aminotransferase, ALT) H3}S oI5t Ay}
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33-10 mgkg W9 YolA F54o] Elsgom, o] & A&
3L EReln ARPH) IR 24 e BER 67
mg/kgE = AAsIYCt Esk o] Lake QulA Q] Alo] A
7 2ol sk Teg, 7154 24z 484 A8 7t
—*33 7?40} O A= Fof 429 &, 3 A 24A%F B
= AL dAslon, ol a4 B0 AdFHES 1
a}o] xlxg Az ol e RdsHch

ol
4

222 HE3 =¥ A dff

B A FYL 1550 FYALA BT 3
st A¥EE0 Eﬂ‘é}oﬂ Lieber-DeCarli A 4]o] 2 AY
NEE 297 Bol 8 A7 Solsisit. d A 2412 5
=1 A dAfsiglon "e“’JEE~ COZ THHAIR] &, 7%
SHL 1 mL FAP|E o]-&3te] ERulEHolA AdstAt. o]
He BRI GeE BRste] et & 4" A ds
2] At 2715 AAT o A 5= 7I%sH
ejstel FAE S4stL 22 FAR] ARSI

jl°l'

223, 8 gaE g

Zb A2l A FHAIAIZL F 3,000 rpm
oA 1587 ¢4l BeEsto] EHZ Atk Bod E¥2 @
A AJskst7](Roche Ltd., Basel, Switzerland)® AST, ALT,
LDH, Total cholesterol, HDL-cholesterol, LDL-cholesterol<
B43tgct

224, 7t =X H&E GAM =t
A3 7+ 24 10% formalino] go] 143 3 54517
60%014 100% alcohol2 ©]&3}0] =2}A 0 g &3t & u}
ﬂ-lﬂ of Zufsto] blocke =31t ©]AS rotary microtome
AREote] 5 ume] FAZ 2AHHE T3 hematoxylin
& eosin(H&E)2. 2 FAgt & 45ta u] 7 (Nikon Co., Tokyo,
Japan)©.2 E5HIT

[

2.3 &H A=/

EAA AL Statview A T2 TG 0]-g5}0], p<0.05,
p<0.001 °o|5td AL SAXHLE Folgt Aog HAS
7 5o Uit Rt Aol UE=AY HmEAE
one-way ANOVA ©]% Tukey ThEH|1 3to] E47 894
‘E 1:!”6‘ ]’ME}'

3. Zu} o pE

3.1. HzF Hzf

AEe 29 &3} 7I7HHE Aafo 65 59 7Y
2o 2 ZA519h(Table 1). AT APL BF AF 7|7
=0t H=o] AAACR 271519 t) ofeh2 4]o|(C, P, A)
U,

A

BTNl HIsH Als S7H50] tha FE AT Bl

$AH0R 297 Aol BRI ASkTHp>0.05). T}
A RS Wsk= ZF 3 7ol fou]et Aol & Kol P= Ao
2 weEr

oo} e WA Ao 4 Faol W JFEY B4
B A3t Lieber?} Decarli(1974)2] A7-2F Nam 5(2011)9] &
T oflerE A Alo] HF oA AT AA BIFS &
Qe 4 U0, Pikaar 5(1987)2 A|&A 9l of&he HFH=
Y3 Z AR AL JF2 1A ATP Aol FF= WA
AEaol ¥lo] Hok B sttt

o

3.2. EE Y35t ZAf

3 A3t B4 GuE Ed AST, ALT, LDH, total
cholesterol, HDL-cholesterol, LDL-cholesterol2 54151 ZA3}
£ Table 2] YERH T

2 N & Ak o] 8ot FAAA S %*3'3}51 e
AARS oo g BrEsitt. Jeju A7 €3
2] A4 o] 52 F7HAIA EAHETA 9 %*31] v ZF
YAEHE 58 wolH Ao o A 84S fEote= A

Table 1. Effect of HWEG on body weight during the 6-week feeding period

Group Body weight (g)

Initial 1 week 2 week 3 week 4 week 5 week 6 week
NV 2223+0.817™)  22.9240.80° 24.93+1.27" 26.84+1.24" 29.19+1.85" 29.90+1.85" 31.71+2.28"
C 21.66+0.79 21.38+0.77 22.62+0.71 24.25+0.87 25.61+0.94 26.19+1.01 27.37£1.61
p 20.98+0.86 21.59+0.30 22.81+0.72 24.34+0.91 25.73+1.29 26.48+1.22 28.02+1.49
A 21.4140.60 21.49+0.85 22.68+1.31 24.41+1.28 25.77+0.97 25.84+0.97 26.76+1.47

DN, normal diet; C, ethanol diet; P, ethanol diet with silymarin (100 mg/kg); A, ethanol diet with HWEG (6.7 mg/kg).

YAll values are meantSD (n=10).
3)ns

https://www.ekosfop.or.kr

, not significant; *, means with different between group of samples by one-way ANOVA with Tukey’s test (p<0.05).
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Table 2. Effects of HWEG on serum ALT, AST, LDH, total cholesterol, HDL cholesterol and LDL-cholesterol after 6 weeks

Group ALT (U/L) AST (U/L) LDH (U/L) Total cholesterol HDL-cholesterol LDL-cholesterol
(mg/dL) (mg/dL) (mg/dL)

NP 25.20+1.597™ 54.70+3.58 989.6+102.24 140.29+13.02 154.40+21.49" 14.89+0.21

C 23.8143.78 55.20+4.81 1187.18+142.08 161.57+8.62 118.21£7.32 15.14+0.15

p 24.30+4.37 54.43+6.78 1029.60+£212.51 140.29+20.58 128.54+£19.23 15.16+3.91

A 20.53+4.38 45.00£5.74* 657.50300.67* 134.62+24.58* 124.28+19.87 16.01+2.46

YN, normal diet; C, ethanol diet; P, ethanol diet with silymarin (100 mg/kg); A, ethanol diet with HWEG (6.7 mg/kg).

DAl values are mean+SD (n=10).
3)ns.

o dHA Uth(Zeman, 1991). A4} tjAtof| HodSl= Total
cholesterol®] == Lieber-DeCarli oJEHS 4lo] o2 C-
oA 161.5748.62 mg/dL =2 N0 H|g] @o] Z7151%
t}. o]i= Fengler 512016)9] Aete YA|ot= A= F714
Jl YFEL Fo= F FEY2HE 558 S7HIA A
Al FEE 7A AWE feoks AoR Hiskal 9

(Zeman, 1991). 3tH HWEGS 657t F+5o 23} p<0.05
894202 total cholesterol =E7} E0{HS &9lg 4= 9]
%itl. o] HDL-cholesterol W LDL-cholesterol &A%
AR B3E gl & SI3MTt Lieber-DeCarli g2 210]
o972 Q3] Cxt9 HDL-cholesterol = Zr45t1l LDL-
cholesterol 5L+ &715}9 O}, silymaring £t P 2
AT-HWEG Foj)o| A HDL-cholesterol =7} &7}5}%1.9.
1 LDL-cholesterol BE7} ZAst= AL d0Ig 4 3t
LDH= ZZlo] EXsl= G4 FA pyruvic acid®} lactic acid
7t 249] 79 o] Wotslo] ZufES ho] LDHE W
2 270] Ti2jE o 2o £ Felviel 8% LDW} Aksaied 7t
AP F2A740] JEL = S0 LelA UrkSeo, 2007). 6
F7F ofekg Alo|goj2 C#9 LDH BEE 1,055.66+195.51
U/LE NZ-9] 989.6£102.24 U/LO| H]3] LDH 4:X7} tha: A}
ST AL ERIT 4= SU3iTh 13 HWEG FoI= 657.50+
300.67 U/LZ p<0.05 9240 & 7+AsH= AL SHeIgt 4
QJ3tt. $HH Lieber-DeCarli ofeh-g 4lo|gojox &5t
A ALT2} AST E4o] #2710 F-9AQ AJol7t Qs AL
OE A% A<} vt 235 AUtH(Clugston 5, 2011;
Fengler 5, 2016; Seo, 2007). °]&= 657t9] ofgk& 4lo] Fof
7F AThAL o4 9 LDH 5ol 9% o, AST &
ALT &4 W3lol= BAZHCRE {3t Aol& fdstrloe
HEPW A 0% wetEn o2fet Axte AY 7]7to] A
o7 Ao A o=, HWEG %o g2F9] A3k A8 d 55
HE(C57BL6)2] A=A Ato], 9 ofgkE 5=2] 43 2% &
ohget 8919 9Jsf JFS =S 7HsAol ok 1"k &
F5}3l HWEG Eoj= ASTO|A p<0.05 f-94F0=2 243t
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, not significant; ~, means with different between group of samples by one-way ANOVA with Tukey’s test (p<0.05).

of w % 7 &4 BRolE 588 & Ao AmE

3.3 Zto| XXX EIENH&E staining)

Fgol I3 A B4 3 HWEG Fofo] 2 A
M a8 22sky T2 (H&E staining)S 59f &<lo}
(Fig. 1A). HEE @4 olo|49] He A4S Shia]
stof zh 9] 7k 22 ¥ (n=10)°] W3} Image] 221
8T AT WA BHS SPoAT. AT B WA
Q2 23k, CF ] PR W HWEG FolZAD)] 237
Hzo] Ztzh oF 47% W 41% TrAste AP How,
p<0.05 224 R4S ek gitkFig 1B). 1t 24 HAE
QAT N9 7+ AEA] ZAT Aupe] o] A
TEE o Auk 7% AQko Y, 657t Lieber-DeCarli
ogkE 4lojE Foigt C#Y 7+ XA A2 717t
F43] sold AL WET 5 QST o] A= A EF
total cholesterol HAI}E YX|5H= WE&OZ Fengler &
(2016)9] AFLt= FARE 2HE AU M silymaring F
ofgh Pt ¥ HWEGS Foigt AxtollAle= A9 3719 4]
W 2 AEE fES CFI Hlwste] dAJ5] EolES
gl & Ql3iT o= 65:7t9] HWEG Folz g5 AW
Aol hofsts Tl A QIAE FAsto] 7o A S25 oA
s Aoz Azgd

I
N
N

o mjo 4o L 7

xR o

o

ol

4. 99

TH3AQl ofletE HF e ATt 7 &4
(Salicornia herbacea L.y= H|EIQIl 5 A&
of 75 3} 7). gz 3 7
betaine, T[HE(53] K, Mg, Ca*), 12]aL E2|¥=A) ot
2 UF IFohke A2& HilEo] Qitk(Lee &, 2004; Lee
S 2012). & AFo A AREE HWEG FA] o]=gt 84 4
55 78 TEEE xSt S 7ol & 59

betaine> A2 W osmolyte= -85t} YFZ tAl o4

fijo
M ox 90

)
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!
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(A)
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3 :
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(B)

60

40 |
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hepatic fat (% of C)
S

o

N Cc P A
Treatment group

Fig. 1. Representative liver histopathology (H&E) (A) and quantitative analysis of hepatic fat vacuole area using ImageJ (B) Scale
bar=100 pm. N, normal diet; C, ethanol diet; P, ethanol diet with silymarin (100 mg/kg); A, ethanol diet with HWEG (6.7 mg/kg).
HWEG reduced the size and number of cytoplasmic fat vacuoles relative to C. All values are mean+SD (n=10). Significant differences

between samples are indicated as "p<0.03.

A== ROSOY| oJ3t Alst AEHAE A5l6lal, methionine-
homocysteine HAFS AT O 2H XA AL o]Ala} 7HAE
AL Al Aoz d#A Yrk(Kasdallah-Grissa 5,
2007). B3 g dFEE0e EgERolE 9 EHER
7} A5t} HALSF AA(SOD, CAT, GPx) 84 44 2 A&
TASE AAo] 7102 4= QlTt. Limongelli F 5:(2022)2 &
oA I EdvEato] A H FREAEH 82 A=
Th1 B 15H0H, Naj ar AM 5(2024)9] SE/Q14} 7o
A ETHEo] Rt d2FEE Fo/t AE A 2 497
7t AR Z4 a3E HYrh= 27t Qo 31 C57BL/6 ut
SA0=10/)F &A1), gk 210](C), ek Alo]+
AZukd 100 mg/kg(P), AghE Ao]+3tx IFFEE 6.7
mg/kg(A) 4202 Vo] 637} Licber-DeCarli 4] 4]o]&
o953t oete2 A A3 F T FEE oo
o ST 36%F e-ZolA Faotlth. BFA#L 1F 2
A SHH&EYZ B7ottt. olehE Aol N tiH] A5 &
7}Zo] 29k1, HWEG Fo{#-2 C tiH] LDH, S 2 H|
ES FYH0E TAAF O ASTE Aot AF3FE Hlrh =
Z5}A 0 2= HWEGZ} THAI 2 W) A9 2719 5 4
AlA Nl 238 FHE Bt HWEG 6.7 mgkg A+ &

https://www.ekosfop.or.kr

ofi ofleke 3 7k 4l Thel atet w
UEhflo] 715 At 982 AARIE. ¥
o 5) At 28714 el Wastc.
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