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Abstract - Alcoholic liver disease (ALD) is a significant risk factor in the global disease burden. The stem bark of the
Betulaceae plant Alnus japonica, which is indigenous to Korea, has been used as a popular folk medicine for hepatitis and
cancer. However, the preventive effect of Alnus japonica leaf extracts on alcohol-related liver damage has not been
investigated. The objective of this study was to investigate the hepatoprotective effects of the extracts of Alnus japonica leaf
(AJL) against ethanol-induced liver damage in HepG2/2E1 cells. Treatment with AJL significantly prevented ethanol-
induced cytotoxicity in HepG2/2E1 cells by reducing the levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST). This protective effect was likely associated with antioxidant potential of AJL, as evidenced by the
attenuation of reactive oxygen species (ROS) and malondialdehyde (MDA) production and restoration of the depleted
glutathione (GSH) levels in ethanol-induced HepG2/2E1 cells. Our findings suggest that FCC might be considered as a
useful agent in the prevention of liver damage induced by oxidative stress by increasing the antioxidant defense mechanism.
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Frtet Rrof AARLE Al Sl 2

AASE| 98] A2 WollAl= catalase (CAT), glutathione
peroxidase (GPx), superoxide dismutase (SOD), glutathione
reductase (GR) = aH4135} LQ]- glutathione (GSH) S} &

g A7 A E-Eo| 2hesltt wil A= Als-3ky
AL 93t A AALRAQIA} = 3}tQl Nuclear factor
E2-related factor 2 (Nrf2)<= phase II 3%, SHAISIaAE oF
T8k Al BT FAAe] S 2L 4TS AT
27} abAEE 749 B4 A AR (reactiv electrophiles) S %3+
A7) 0 =2 3FAkslo] I3k Jedsh | antioxidant response
element (ARE)©f| A3%}8}o] NAD(P)H: quinine oxidoreductase
1 (NQO1), hemeoxygenase 1 (HO-1), glutathione reductase
= IS} BAE] S Z71A|7ICK Alharbi ef al., 2022;
Haque et al., 2020; Jaganjac et al., 2020).

LU (Alnus japonica)= AFUFIHBetulaceae) ol 4
She U wior ejuet St oo s 200-900 m A
of F2 &3kl 9l Ott] & FhlEA el FhgollA = 22
LR 28 SO oleka Ra, s, A8, e 59 &
0510 SRS F%, A S, W59 2
ARSI TI7o A 228 2:0] A1 AR ef al, 1999:
Lee et al, 2018), 28] b}—,—oﬂ% lupenon, 3 —amylin, glutenol,
Z£329] triterpenoid Jof f—

sitosterol, heptacosane, A%< alcohol, pyrocatechol A&

Groln, FAALS

taraxerol, betulinic acid 5 ¢]

tannin®} pillioin, salvigenin % 5—hydroxy—4', 7-dimethoxy —
flavone 9] flavonoids 2FgHE0| 3E&HE] o] Q) © 1 (Buitelaar
et al,, 1991; Kim et al,, 2005; Kuroyanagi et al., 2005; Lee
etal, 1992; Na et al , 2012; Wada et al, 1998), QU5 41
U EH2o]| A 3FeF T (Stevic et al, 2010), SHAFSFE IHKim
et al., 2004; Lee et al., 2000b) 338 THLee et al., 2000a)
ol 5 ARl A7 RTEA Qe o 228
ol ok o 7 ek o] Bt e ulg Aol

wEta B Ao 22U U(Alnus japonica leaf,
AJL) 2250|782 Oube] 7kA) el HepG2/2R1 A|E
oM B R 7S FE A 020l Ak A9
7)ol o]2 sk w ofck

R

NYAE L 328 24

3
=
E Ao ARE3E @ 2|UNE Y(Alnus japonica Leaf, AJL) A

¥ 7RG 29l HepG2/2E1 AlEofA eejub ol F&&9] 7t s Ay}
= EEHFR(GE STA FdH)ollA s ez <l

sk eeURE o d4=ZE(water extracts of Alnus
A7) lsto] A7 A9 108]0] sidehe 5
2 100CofA 3AIZE B2 FE5IGH, E FEE ol
7\] Whatman No, 3 filter paper, Whatman International Ltd,,
Maidstone, England)2 o]#}3t & -2u}}E Rotary evaporator
(Eyela, A—1000, Tokyo Rikakikai Co., Tokyo, Japan)S o|-&
st 5551, 7 FEES 52 AXste] EEEA o,
AJL F5E9] 582 13,6230 o1F rFEES Bt S5
220] 100 mg/mL2] =& t=0|11, Minisart® Syringe filter
(0.2 ym, Sartorius AG, Weender Landstr, Germany) & #2 3
—20°CollA] Hsie] Aol wiet 214sHA| slAfsto] AR5

japom’ca leaf)2

Ultra—performance liquid chromatography (UPLC-Q—
TOF-MS) 2.4

AJL 342 fIsto] meE= E8iAIA 10 mg/mLE AlEs
A Z3F5 T} UPLC B4 AFH]= Waters ACQUIY UPLC system
(Waters, Corporation, Milford, MA, USA)o|n BEH C18 4
(2.1 X 50mm ; 1,7 um)= ARESFATE A&7 YRS luLE A
AT, 0.1% 2L B BT SHEUELB Y

= Lafof 718715 0] (BEN:5-30%, in 25 min) 0.3 ml/min
9] §&07 AlYs9tt Mass 4 AH|= waters Xevo
G2-XS Q-TOF-MSe|H, Aol ZejHo] U2 At =485
L ESI Negative =& 24519t} Capillary Y
cone®] AP 3 kv U 40 VE A5} o,
desolvation 2= 72 100C 2F 350 C=E AASTH MS |
OJE]+= 0.5 52 scan©. = m/z 50-1500 He ol A =31 =| it

! sampling
O] Ao}

AN|ZvoF D MTT assay

2 AFo] o] 83k HepG2/2E1 A= I7F ZHtA|Z=:
HepG2 A|3E0] CYP2EL (origin: human)< transfectionA]#|

ST A EH[RS 10% fetal bovine serum (FBS, Gibco
BRL, Gaithersburg, MD, USA)Z} 0.5% (V/V)9] antibiotics
(100 U/mL of penicillin A and 100 U/mL of streptomycin)E&
2715t MEM B A& ARE-310] 37T, 5% 0, Z710)A] viF3I%
th AJL Aol wE N ZAEE s S5 94’5}04 6-
well plateo]] HepG2/2EL A| ZE wellg 3 X 1057]1 g B33
AILE 44 552 ALlelol WRIEEh 1% 5 3145
dimethylthiazol-2-y1]-2,5 diphenyl tetrazolium bromide
(MTT) AleFS- 0.5 mg/mL 57} A A 2fsto] 3AI17F 52t vi
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Fs}, v AZI%H 5 DMSOS 2 mL ) Hesjo] 44
formazan2 W5 9] & ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)Z 540 nmo|A] T3 =E S431%ct,

DNA flow cytometry -4

AJLO| frdshs AlZANE A=E A or ZA5
o] A4 9 AJLo| 2447 F3F A Al EE S R i
welsto] A& A AT F PBSE of-8-5te] Aldskgith. &
1)) | F-2 10 mM HEPES/NaOH, pH 7.4, 140 mM NaCl and
2.5 mM CaCly7} E$He annexin V binding buffer (Becton
Dickinson, San Jose, CA, USA)of H-3A]7] t}& annexin
V—FITC ¥ propidium iodide (PI, Becton Dickinson)S # 2|5}
o] POl A 204 B2t B2 AlZTE WHS-AIX AlEE 35—m
meshE 0]-&5}0] A= E2]3t & DNA flow cytometer
(FACSCalibur, Becton Dickinson, San Jose, CA, USA)o|| Z1-&
AJA NZAPEO] S Al (V/PL)E B30kl ot &4
31 & CellQuest software X ModiFit LT Z 2 132 0]-8-5}o]
eI

25

©

$4919i3} DPPH }t|Z 27 B4 57

2,2—diphenyl—1—picrylhydrazyl (DPPH) 2}t]Zt 47 &4
(Cheel et al., 2005) 2] 2 5-8-51of 45t R

2 3|45 AJL (20, 40, 80 ug/ml)E 712} 100 L LA A5}
DPPH radical (in MeOH, 0,2 mM) solution (100 L)@} 1:1 H]-&
2 2eiolth, SES E AlolE the YAl A22= 30
B SobH|3k3t}, o] Cytation—3 microplate reader® 517
oA FFE=E S48,

AJL2] 33 (reducing power)2 Yen and Chen (1995) 2] 1)
& -5-8510] 4813 AJL (20, 40, 80 ug/mL)< phosphate
buffer (0.1 M, pH 6,6)°] &3A17]1L, 1% potassium ferricyanide
(50 mL, 0.5 )l H7I3F et 50T of|A] 30& 52t incubation
3+ & 10% trichloroacetic acid (50 mL, 5 g)& A7}sFc}, o]
5100 pL A2l 222100 L) 9 0.1% ferric chloride (10
mL, 0,01 g)2} &315}¢] Cytation—3 microplate reader (Biotek,
Shoreline, WA, USA)Z 700 mol|A] 4 =5 =434 ch

$H4113} DPPH eft] 2 427 24 Z4) Aol positive
control-& ascorbic acid (1000 ug/mL)E AR}

Reactive oxygen species (ROS) 4 &4
M| W ROS A/ 9] =g &eIstr] flste] =HlE Al2s

2 PBSO]| $2A]| £ fluorescent probegl 2',7'—dichlorodihydro—
fluorescein diacetate (DCF—DA, Molecular Probes, Leiden,
Netherlands) 10 ¢ M2 205-7F G 2 flow cytometryS ARE-
sto] ROS A9 AEE H781H S, positive control-
silymarin (100 z M) AHE-SFSATE

Malondialdehyde (MDA) $+F &3

HepG2/2E1 Al 3 1} MDA A/d%-2 71 d 2] && % thio—
barbituric acid (TBA) F'H 0 2 243} tHBueqe and Aust,
1978). MZZ 6-well plate®]] 3 X 10° cells/well &2 H25
31 24A17F vljoF & AJL Y positive control® silymarin (100
pM)E FBS7} Gl vl Aol 97 F= = B4Rk 3 1AIRE 59t i
ot o]F- EtOHE 3% F=2 H7Fsto] 1A uj a3l
A|3EE PBSE A|A8}aL 0.1 MQ) potassium phosphate buffer
(pH 7)E S57oll 28l B4R gl Al£F 2 F- Vibra—Cell
VCX 750 sonicator (Sonic & Materials, Inc,, Newtown, CT,
USA)E AMEsto] A5 1027 HA]so] olAIZlTt Al &
3247, 10,000 X g 20| A] 517F Lalwe]skal s
S| MDA BF 240l ARS8t AlsE-&sfE 200 1 Lefl TBA
solution (TBA 0,375%, trichloroacetic acid 15%, HCl 0.25 N)
200 pLE A71RE 31587 870l Al 7kgsiqiet. 7Hast Al
Bl ThA] 13,000 X gof|A] 57t A Eefgt 3 535 nmoj|A]
FeN 9] TS S75to] MDA 5 3t SpAdof] o Aste] 4|
AFsEITE, 7} <52 nmol /mg protein © =2 LERHSITH

Glutathione (GSH) ¥ &3

GSH &2 Microtiter plate assay®] ¥ ¥ B o] ul=}
S48l th(Baker et al,, 1990). Malondialdehyde (MDA) $H=F
ol AN PO A SaES SRagen 4T,
10,000 x g 2710l 4] 522t Lpltelshal s H2 SA] GSH
T BHol AT, LS ARA S o
sulfosalicylic acid 20 xLo} A|Z-&3)E 180 LS A7I5H =
47, 10,000 x g 70| A 5E7F AR ]8Tt PalEe] &
Aol 20 419} 3 mM 5,5'—dithiobis (2—nitrobenzoic acid)
(DTNB), 400 units/mL glutathione reductase’} &= -
23E 150 g 1087t 37ColA ¥hEAIZ] T 2.5 mM
NADPH 50 ¢ L& #7510 microplate readerS AR50 412
nmof|A] 1042 52t 202 7HA 0 2 S35 S461{ch GSHY
T BRI o]8sto] AL oH, 7} 5= nmol/mg

protein © & YERRSITE,
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7t 716 A®AS AST 9 ALT 4 53

Aspartate aminotransaminase (AST) % alanine amino—
transferase (ALT) 9] 4~2-2 A Z QA (Biovision, CA, USA)2]
A3o] ke Al B 7 ES ALgsto] 23k

2 A0] W= AR A= 33 AR 5H Al A F 5l
S S Hat £ 2E2HEAE YEM ]2, Graph Pad Prism
6 (Graph Pad Software Inc,, San Diego, CA, USA)2- o]-85}¢]
one—way analysis of variance (ANOVA) test A A|gt 3 Tukey
test AV U101 $214 AJo|S BkeIL),
Zo 8 nE
&% %A % UPLC-Q-TOF-MS £4]

= 271 skl Az 750 )2 108H 0] sidoh= S5
42 1000 A7 59 22olelE), ARREE o3I
2 o35t & S Rotary evaporators 0|85} w55}l
TEES T4 1xste] gstsielnh @95 4 s 2=
A1} 13.6%9] 35 TEE 2 AN AT AlRE ZHs)
At LC-MS 0] & HEE BAMg 3 2ute T3-S F5ko
AJLO| 72 H2I5H3ITHFig. 1 and Table 1), H|oEH[o]
o 1§ BEBAL 0] g3t 247)9] HEE HAsleich. o

L

|
o] 27 2= quercetin = A|(hyperoside, isoquercetin =
=

O

>

ke

=
=
),

qunic acid &&= (chlorogenic acid, neochlorogenic acid %),
diarylheptanoids (oregonin, rubranol, alnuside A, B, C 5)
SRl Hakelo] 9= 212 o 4 it Sl 4 9
SOl A Fel, FAkel, A ol wek AR 7t
HUEQIANE @b o] =l tigt 424 7 A oY
off gt A= mu|gt A7golek, ofof] & Aol LU
o FEEol YFZ= FUE A 2El HepG2/2EL A9
A At gl 7R S Gato] ek ZAMYESH 7140l sl A

N ZA & u|X] = AJL B EtOHS] 9%

AJL ¥ EtOH A 2]o]] w2 HepG2/2E1 A|3Z2] Ao ke
A =A1E E1s7] $15he 20, 40, 80 ug/mL F5=2] AJL 2!
positive control 2 silymarin (100 M) 1A|7F 521 A]2|oF =
3% EtOHZE 24A|7F 2ot A 2|5}ttt 18]a MIT assay = Al
EAYEE S EAT A 2 Ao AR E R el

¥ 7Y e HepG2/2E1 Al2oA e2uby o 3E&9] (HEeay)

A2 /o] A b= A SIE &= QUSich(Fig, 24). oF
28 Z1ZF9] AJL (80 wg/mL), silymarin (100 4M) % EtOH
(3%) A2l o A MEALEE SAsl] $siol
annexin V-FITC/PI G4 £5}0] DNA flow cytometry 4]
= AAISISIT, Fig, 2Bof| Lehd vie} o] A a2l ol A Zjk
A|32o] APE Bltes= ©F10,6% = AA R ELOH #]2]of whel Al
ZAPE W=7} OF 60.8% S7FIoH, AJL 80 ug/mLY!
silymarin 100 M 2]t A= ZF2F ¢k 21, 6% U °F 12, 5%%
BT rARSHA Al ZAPE] B8R = S ET 4 S
o}, whebA EtOHE 58 7h A| 3 APgo] AJL A2 & 7F 4|3
WS G} 8L o 4 lglen, ol F dgxror 4]

o XI33Ith(Fig. 2B).

AJL®] DPPH radical @ ABTS radical 2A&4)

AJLE] 418 7153 5817 flste] AJLY] 55="H DPPH
radical % ABTS radical 22A2d& S48I5{th 2 A4
positive control & ARE-El ascorbic acidi= 1000 ug/mL =Eof
A ZF2} DPPH 81,64% 9 ABTS 90,82%2 2}t]zF 27%0] 1
dom AJLO| Ewr} 273l whe} DPPH radical A7%0]
S7FRE WABHI AL, H3L F%E4 80 ug/mLellA] F-E ascorbic
aicd@} S-AFSHA| ©F 70.62% DPPH radical a~7%50] EH1E]¢]
THFig. 3A). ABTS radical A27%5-2 Fe**/ferric cyanide 23}
A7} ferrous FE|Z FHYA]7]H, 700 nmol| 4] Perl®] Prussian
blue FA& =430 1 55 S EQUs 4 Qlrk, Fe' S ™' 2
3N 7| AJLE] ABTS radical 2752 o|A3t E5l4|
ascorbic acidS positive control2 ARg3lo] H7}stich
ABTS radical 22752 AJLS| Th3t Fieof| 24 S5 o7
o7 Z718RS e 0, 80 ug/mLe] AJL-E ascorbic aicd
thH] oF 67,46%2] 2455 UE Ath(Fig. 3B). ©]44¢] AJL
Aejol w2 Al 52 780 B e 2UR 2559
BIAKS) §5(Kim et al, 2004; Lee et al,, 2000b) T} H] 0.5}9]
= ICso0ll A Z12+2] DPPH % ABTS O] Ak} fARRE F5=o
A Bzo] TEE I

AJLO] i3 ROS A4 A Eh

AFBYH e 0] 28 B} ROS Ao AJLY] TS
ol H 7] 9J3l HepG2/2EL Al|3E0] 3% EtOHZ AFs}A AEF
£2 13} ¥ DOFH-DAZ 0}45}0] ROS2] A2k 248
QL. Fig. 4041 LER 21712 3% o[£ Al2lato] A15HA
AEY A7} SEH HEL HAAE] v8) RoSS] AAo] oF

-123 -



Korean J. Plant Res. 37(2) : 120~129(2024)

AAAAAA Japinica_wa
1

ter_sto30_3

13
1038

=10

14 15
117

1

12
10.55

\
Bl
1622
o 15,01 3
1309

. 12,91 2 2 210
csa 1522 e
A ¥ A ia

T T T Theee ' aelos ' zo'os

o

sbo

sbo 10700 1=l6o ' 1aloo

22'60 23’60

Fig. 1. UPLC-Q-TOF MS analysis of Alnus japonica leaf (AJL).

Table 1. UPLC-Q-TOF-MS analysis of the major compounds in AJL.

No. RT Molecular M:::ed 1:5;5 M fragmentation Tentative identification
(min)  formula M - H[(n) (ppm) (m/z)

1 047 CHj O 191.0577 11.0 133.0128 Quinic acid*

2 194 CisHiz06 353.0900 7.6 191.0577 Neochlorogenic acid*

3 204 CyHyOs 633.0737 1.4 300.0013, 169.0151, 623.0577 Isostrictinin

4 3.13 CiHis09 353.0900 7.6 191.0556 Chlorogenic acid*

5 3.68 CigHis09 353.0900 7.6 191.0556 4-O-caffeoylquinic acid*

6 444 CxHysOp5 497.1315 4.0 297.0631, 179.0355 4-glucopyranowyl-5-O-caffeoyl shikimic acid
7 535 CyHyOus 633.0737 1.4 463.0492, 300.9974, 275.0189 Strictinin

8 881 CxpHxOy 463.0883 1.3 300.9974 Hyperoside (quercetin-3-galactoside)*
9 9.10 CyH;04 477.0674 1.0 301.0369 Quercetin-3-glucuroside*

10 9.25 CyHy9Or2 463.0883 1.3 300.0272, 271.0228 Isoquercetin (quercetin-3-glucoside)*
11 975 CysH;0p 507.1853 -2.6 327.1227, 205.0865 Hirsutanonol-5-glucoside

12 10.61 CyH;7,0p 433.0792 4.8 300.0272, 271.0228 Quercetin-3-xyloside

13 10.86 CyH3010  477.1768 1.5 327.1310, 205.0865; 955.3576 Oregonin

14 11.17 CyHyyOpy 447.0918 0.4 300.0329, 271.0228 Quercitrin (quercetin-3-rhamnoside)*
15 1142  Ci9Hx04 345.1323 -4.3 165.0574 Hirsutanonol

16 1291  CyHyOs 461.1808 -0.9 311.1268, 189.0910 Alnuside A

17 13.16  Cp4H0y 461.1808 -0.9 311.1268, 205.0865 AlnusideB

18 15.01 CusH53050  493.2079 1.0 331.1554, 311.1268 RubranosideA

19 1531 CyHxOs 445.1840 -4.9  491.1939, 295.1331, 145.9306 Platyphylanolanol-xylose

20 1622  CyH309 463.1960 -1.7 331.1554, 313.1447 Rubranol-xyloside

21 17.89  C;oH;90s 327.1227 -1.5 205.0907, 121.0287 Hirsutenone

22 1822  C;oHxOs 331.1554 2.7 303.1554, 193.0851 Rubranol

23 19.89 CioHy 05 329.1380 -2.7 207.1018 Unknown

24 21.23 CyH370y 561.2361 4.5 327.1227, 205.0865 AlnusideC
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Fig. 2. Effects of AJL and EtOH on the cell viability of HepG2/2ET1 cells. (A) The cells were treated with the indicated concentrations
of AJL alone or pretreated with AJE for 1 h before EtOH (3%) treatment. After 24 h, cell viability was assessed using an MTT assay.
Each value is presented as the mean + SD and is representative of the results obtained from three independent experiments. The
significance was determined by the Student’s t-test (p < 0.05, compared with control group; **p <0.01, compared with EtOH); (B)
To quantify the degree of apoptotic cells, the cells were collected and stained with FITC-conjugated Annexin V and PI for DNA flow
cytometry analysis. Silymarin (100 M) was used as a positive control.
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Fig. 3. Antioxidant (DPPH and ABTY) activities of Alnus japonica leaf (AJL). (A) DPPH free radical-scavenging activity and (B)
ABTS of AJL obtained with bioprotease in an in vitro cell-free experiments. Fach value is presented as the mean + SD and is
representative of the results obtained from three independent experiments. The significance was determined by the Student’s t-test

(*p <0.05, compared with control).

26.6% W=A| 571 9lom, AJL A 2]eh Al it ROS AYA0]
B 9]EA 0 g A= AT HolF O, positive control
2 AR silymarinof A= oF 3.8%= ATt fFAFSHAl A
e 2eld o ASITKFig, 44), o]23FROS A oA Aik=
HepG2/2E1 Aol Al da-&o] thAtel= 5<t A/ E A2t
Zro| AJLe] &J3f) AA = Aoz Atz EolZI,

MDA ¥ GSH 2H | n|X|+= 9F

MDA A& H4FekE0] tE2]| 2l 7o) shute A EAlst
O] 2|3 &= AR-EItH(Janero, 1990), AJL A 2of w}2 A& x4k
S} oA A4S Lolil7] 918f HepG2/2E1 H|3£] MDA 525
245 A3}, A A Zof A= 0,24 nmol/mg protein @& L}
Byt o, 3% EtOH A 2] A] 0,89 nmol/mg protein ©.& Z7}x%]

L 78 3013k 9 9lth(Fig, 4B). ©]o] AJL 20, 40, 80 ug/mL
o] Fr = A3t A3} 2| WIS} HEgo] B ojEH o= o

AE]o] L] MDA =7} 7hashs Adko] Uehyt) £3)
AJLE F[AL F&8l 80 ug/mL FE=o| Al positive control?l
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Fig. 4. Inhibitory effects of AJL on EtOH-induced ROS generation in HepG2/2E1 cells. (A) ROS generation was detected
using a DCF-DA probe and quantified by flow cytometry; (B) Cellular lipid peroxidation was determined by the levels
of MDA; (C) Cellular GSH levels were determined by DTNB-GSSG reductase recycling assay; Each value is presented
as the mean = SD and is representative of the results obtained from three independent experiments. The significance was
determined by the Student’s t-test ("p < 0.05, compared with control group; *p < 0.05 and **p < 0.01, compared with

EtOH). Silymarin (100 uM) was used as a positive control.
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Fig. 5. Effect of AJL on AST and ALT against EtOH-induced cell toxicity in HepG2/2E1 cells. (A) aspartate aminotransferase
(AST) and (B) alanine aminotransferase (ALT) levels were measured using the colorimetric method. Each value is
presented as the mean + SD and is representative of the results obtained from three independent experiments. The
significance was determined by the Student’s t-test ("p < 0.05, compared with control group; *p < 0.05 and **p < 0.01,
compared with EtOH). Silymarin (100 pM) was used as a positive control.
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