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Hepatoprotective effect of fermented Chrysanthemum indicum L.
water extract on ethanol-induced liver injury in HepG2 cells

Tae-Su Seo'?, Joon-Hee Han?, Min Hong?, Da-Hye Choi’, Deug-Chan Lee’, and Keun-Hyung Yu**
'R&D Center, Sungyibio
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Abstract This study aimed to identify the hepatoprotective effects of a fermented Chrysanthemum indicum L. water
extract. The extraction yield, antioxidant activities (ABTS and DPPH), and content of luteolin and luteolin-7-glucoside
were significantly higher in the fermented C. indicum L. water extract (FCI) than in the C. indicum L. water extract.
Treatment with FCI (200 pg/mL) significantly reduced the activities of gamma(y)-glutamyl transferase, aspartate
aminotransferase, alanine aminotransferase, and lactate dehydrogenase in HepG2 cells treated with 3% ethanol.
Furthermore, FCI did not affect the viability of the HepG2 cells. These results suggest that FCI can be useful for the

development of an effective hepatoprotective agent.
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st} F3, FER FOE ol&II= ’5‘}03131'(Hwang 5, 2017,
Park®} Lee 2000). 7F=+e] Fo AH<l Z@d=q 33 Eoe
luteolin, apigenin 5°] $1.2™, quercetin &3 722 %ﬂ-HEO]E
w3, lactone 3FE F(Choi 5, 2020; Kim %, 2002; Kong
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= gda
GFragAce 7 Y =S Fauol A T EF Az
20gs AT T ZFF 180mLS H7BIES™, 1N NaOHS
o] g3t pHE 6.52 AL 121°CA 1587+ sttt AL

4% @5+ Korean Collection for Type Culture (KCTC, Daejeon,
Korea)ol A #Fito}l A28 TE MRS broth (Difco)ell 23] o]/
AN 3§ Lactobacillus  plantarum KCTC 10887BPS Z %
1.5x10° cfmL S==2 FF3te] 37°Cellx 48A7F BRSIHA 12
AlZF vt} pH B A#rE SA AT

u=

na

el 12417 @E e A8
7F3F % Soxhlet’s extractor (MS-EAM,
MISUNG Yangju, Korea)S ©]-8-3le] 90°CollA] 6A17HY B3zt
FE31929H, 4,500rpmollA 1587 AR T F5dS
Whatman No. 1 filter paper (Whatman, Maidstone, Kent, UK)E
ol gsle] o3}sl FAAZX(PVTF20R, Ilshinbase, Dongduchun,
Korea)sle] 7= 8 I FEEFCHS AxstAithFig. 1). &
= G5 FE2CHS AE 202 AFS § FTHFT 1,000mLS
A7kt & &Y FEERAE o83t 90°CAlA 6A17HY B
Wzt F&3901, 4,500 pmollA] 1587 QAR &
Whatman No. 1 filter paper (Whatman)E ©|-83}o] of3}3}3L
A7zste] APAEZ ARSI

Luteolin & luteolin-7-glucoside £44

ey |
Z}z}e] AR5 methanol?} 10% dimethyl sulfoxide (DMSO)E
1112 £33 10mgmL $E2 £33 & 10827 23948
StaL 5,000 pmelA] 2087 YAEE] SHHTh d4EE] & A5

L

WS 0.45um syringe filterZ 4343 & BEAAEE ARE-SIAT
Luteolin % luteolin-7-glucoside 415 93] ZFE-2 Sigma-

Chrysanthemum indicum L.

Washing and drying

Inoculate L. plantarum K8

Inoculate 1.5X108 cfu/mL
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Cultivation of Chrysanthemum
indicum L. for 12 h at 37°C
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Freeze drying
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Aldrich (St. Louis, MO, USA)A Frjsted ARS-sHTh A&
A% AFAE sty Sl 24 ZFE2 0] 100 pg/mLo] =
=2 3 F gX3te] 100, 250 E 1,000 ug/mL FEZ A 25k
o] &3}tk HPLC 4274 Table 13 7ol Algslglon, &
29 UFLC LC-20AD (Shimadzu, Koyto,
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AHE-RE HPLCE
Japan)s ARS3I9T. ZE7]E UV/VIS SPD-20A (Shimadzu)E ©]
43l luteolin 2 luteolin-7-glucoside FHaFS #43FSITh

g2 Folin-Denis W™ (Folin®} Denis, 1915y ¥
sl SAsIATE. 2] 552 10% DMSO°l 10 mg/mL 5
=2 8383 0.2 um syringe filterS ©]-8-5to] filteringgt ¥ 96
well platedl] 20 uL ¥5-3}3 Folin & Ciocalteu’s phenol reagent
(Sigma-AldrichyE 20 uL 8713 % 10% Na,CO, (Sigma-Aldrich)
£ 20 uL H7FSIATE 96 well platedll 140 Lol 32 /TS 7F
StaL AF2olA 1A R 5 700 nmell Y FFEE
At F ZY¥Ee] 2 tannic acid (Sigma-Aldrich)E
of AgAe Adstal 700 mollA 2783 3% e ol
T ZoEsY qFE A=k
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ABTS radical £71s

7mM 2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS,
5mL)9} 140 mM potassium peroxodisulfate (88 uL)E E33tal
o] zetE Aeo)x sHF o] wA|ste] ol frEE <t
A3}t A7l & stock solution® = ARE-3FSI T} Stock solution2 ol
e 52(1:88) F, 734 nmelA FBE7F 0.70+0.027F HE=E
ZA3lo] ABTS solution2 A %23}t ABTS radical 2745 =
S 93l ABTS solution 100 uLe} 02 um syringe filter=
filteringste] z}zhe] FEg 3XF A|lZ2S 50 ul¥ E3Fste] 10
B A & 734mmelA FEEE SHEALH, ABTS
radical 2271% Z78E& fl8ll A|%F2 Sigma-Aldrichol| A i 3o
ARE-SFATE

Chrysanthemum indicum L.
Sterilization

Sterilization for 15 min at 121°C

¥

Cooling until at 37°C

Water extraction from fermented
Chrysanthemum indicum L.

Water extraction for 6 h 95 °C

Centrifugation & Filtering

Fig. 1. Process of fermented Chrysanthemum indicum L. water extract.
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Table 1. The operating condition of HPLC system

Items Conditions
Column Prontosil C18 250 x 4.6 mm, 5 um (Bischoff, Germany)
Column temperature 30°C
Mobile phase A 1% Acet.ic ac.id .in 3 water

B: 1% Acetic acid in acetonitrile
Flow rate 1.0 mL/min
Injection volumn 10 uL
Detection wavelength 350 nm

Gradient condition

0 min: 20% (B), 5 min: 20% (B), 45 min: 60% (B), 48 min: 100% (B), 51 min: 100% (B), 52 min: 20% (B)

DPPH radical 275

DPPH radical £78/32 Blois W (Blois, 1958)°l wz} =74
stk WS 3831k 150 uM 2,2-diphenyl-1-picrylhydrazyl
(DPPH) &9 100pLe}t zHzte) L= ?4*42‘& FCI 2 CIE
100 Ly E3}ste] Lol 1027 ¥EAIZL & 517 nmollA] &
FEE =439 o™, DPPH radical 245 42 98] Aok
Sigma-Aldricholl 4] el ate] AR8-3HATt.

M==dEot

NEEA H7IS Y8l HepG2 Al EE(ATCC BB-8065)S
American Type Culture Collection®ZFE +Y3}ed A8
HepG2 MEE 24 well plateo] 2.0x10° cells/well T E==Z seeding
SlaL 24A17F B¢t CO, incubatoroll 4] Hl<Fst & phosphate buffer
(PBS, Invitrogen, Carlsbad, CA, USA)E ©]&3}] cellS 23]
washingd}$3.2™, 0.2 um syringe filterZ filteringsl] Z}Zte] &
2 X3 7t FEES 500 ul® 24 well plateol] 5312
48A17F B3 CO, incubatoroll A 71 vl gSIATE HlF 48A] 7k
CCK-8 (Dojindo, Kumamoto, Japan)S 50 uL¥ 24 well plate©l]
EF3E F CO, incubatorl|l X 4A17F BlFSIAL 450 nmollA] ELISA

reader (Molecular devises, San Jose, CA, USA)S ©]&3l &3
w5 Zgasr

ZH=ZE 2S5

HepG2 AIEE 24 well plateol] 2.0x10° cellsiwell 5 =2 seeding
Bkl 24A17F &<t CO, incubatoroll Al BlYeE & PBSE ©]&-5}¢]
cell2 23] washings}1 2™, 02um syringe filterZ. filtering3 $-
fetal bovine serum (FBS, Gibco, USA)°] H71EA] €2 Dulbecco’s
modified Eagle’s medium (DMEM, Invitrogen, Carlsbad, CA, USA)
< olgale] Zzte] FEE 84 ABS 500l 24 well plate
o EF3}aL 48217 B9+ CO, incubatoroll Al F7} vl SISt HY
% 4827k PBSE ©]-8-3le] cell2 23] washingslal FBS7} 7}
A 25> DMEMS ©]&-3] 3% E%% 3143 ethanolks 500 pL
A 24 well plated]] 53+ T CO, incubatorol| A 24A]17F w3}
Atk Wl 3 well plateS 5,000 rpmollA 1027 LAEZTE F
S 348t AY3FsHEA] 7] (Konelab 20B, Thermo, Vantaa,
Finaland)S ©]&3}le] gamma(y)-glutamyl transferase (GGT),
aspartate aminotransferase (AST), alanine aminotransferase (ALT)
2 lactate dehydrogenase (LDH)E =4 315 th.

SHXE
A AxE Ad7Y Ha(mean)d EFHIKSD)E YERISL
32, GraphPad prism 4 (GraphPad software, La Jolla, CA, USA)

o] g-3le] AYufx] E2HE2 (one-way analysis of variance)S
05 ==ollA Turkey's multiple comparison test]
3 7F A AR 7ke] felide AAsIAh

#3 U0 ost 7 53

7=o] dgg dEE 3 HAFT 1.5¢10° cfuml FEE L
plantarums 33E F 37°CoIlA wjstAA 12A17F with pH ®ish
£ 249 A3 Fig 204 H= vle} o] wiek 12417kl pH7H
350182 A FAston, 24A7F o] RE pH 33& A3t
Ak =t LEe| wE Algs sk w1247k AFTE
F7Fete] B 2447kellA] AIAE] APETIE HojEo] ThAEhH
vl 48A17kel Aot BAl FHo® FASH Haste A
o2 YehythFig 3). YuR0ld)e FFH IS¢ FE2E L
plantarums 3E3t] 37°ColA 72417F HH° SF A w244
Zr g Aol A7 F58 AT o] F pHIE 492 Ay
W A7t J43] ashs 2 e® Bagk ub 9t} B3 Ivan
5019 &8V L plantarum %27178% &% 1.73x10° cfw/mL
AN 13A7F A 2.66x10° cfmLeZ B AT} FAFE AR
F712 YeRlT) Choi 520201 7= FEEo] 2 4
Z A 25 AHdEo] dazhgel] AYHE zhe ik
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s |
0 12 24 36 48
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Fig. 2. Changes of pH during the fermentation of
Chrysanthemum indicum L. by L. plantarum at 37°C for 48 h.
Values represent the meantSD (n=3). Different letters means
significantly different at p<0.05.
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Fig. 3. Changes of viable cell counts during the fermentation of
Chrysanthemum indicum L. by L. plantarum at 37°C for 48 h.
Values represent the meantSD (n=3). Different letters means
significantly different at p<0.05.
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Luteolin ¥ luteolin-7-glucoside £44

Luteolin®} luteolin-7-glucoside= ¥, 2|H, 5|2 & Aol
EAshe AE SetEeolsl] dFo = AT, ks, ddd
A(Hu¢} Kitts, 2004; Shukla 5, 2019), 7+ Z(Lee 5, 2011;
Qiusheng &, 2004) ¥ H|LZ-&A A7 A&7 e A
2 BRI ATHAzevedo 5, 2010; Yin 5, 2017). Luteolin 2
luteolin-7-glucoside®] HPLC #AA3R= Fig. 404 B viel 2
o] 455 oJel luteolin & luteolin-7-glucoside”} £+413] H2]
o™, luteolin-7-glucoside, luteolin =22 &2]= %t} CI2F FCI
o] AE HE HHE A fARE AR YRGS FCIoA
i F7Fske A E YT Table 2014 R vle} o] wt
ol 93} luteolin ¥ luteolin-7-glucoside”} 21827 ZF7lsl=
Ao 2 YEP O, luteolin-7-glucoside®] 74-F- CI9} H|wadlo] oF
200) Z71k= A02 UERITHp<0.05).

Mk
o
E
)
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of

ZovlE TS 60.71 mg gallic acid

Table 4. ABTS radical scavenging activity of CI and FCI
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Table 2. Content of luteolin and luteolin-7-glucoside of CI and
FCI

Content (mg/g)
Samples
Luteolin Luteolin-7-glucoside
cr 1.960.04° 3.85+0.12*
FCP? 2.27+0.02° 8.02+0.20°

UChrysanthemum indicum L. water extract.

PFermented Chrysanthemum indicum L. water extract.

Mean+SD

“Values with the different superscripts within the same column are
significantly different p<0.05.

Table 3. Total phenolic contents of CI and FCI

Samples Phenolic contents (mg GAE”/g)
cr 51.54+1.11%
FCI? 60.71+0.35

Chrysanthemum indicum L. water extract.
Fermented Chrysanthemum indicum L. water extract.
IGallic acid equivalents

YMean£SD

om, s} Yol 27 ©]’d2] phenolic hydroxyl’| & zkom,
B4 gl et Al BT Adele] 3 9 st ade)
< TS ARV sE THRE AeRE 4EA AUthLee T,

e

2008). &R E o|g3dle] HulE 27 AL F ZEvE o)
3uf o) Frtslen, HES vas 39 & ZuE gkl
26 o] ZErleltial B sl (Park 5, 2012; Park 5, 2010),

Lee 52014y F4HF &R 93 rls FE2E9 de E
o] dtgko] 198 Z7}3itia BT B AP A E
ol 93 ZTjElE IdFo F/12 Felsioy ZeuEe] ¢
g 7t Ao 7k AFAgut ZolE Hole= AL dar|E,
dggF FFEE 5 @ 2R/ 53 22 gazAe 9
3k Aow AlRHL)

P

flo

ABTS radical 2Hs

7= W& A} Feo] ABTS radical 2A%S Hlwsh ks
Table 49} 7Z¢t}. CI¢] ABTS radical 2A%5S FEE9 L7}

50, 100, 200 % 400 pg/mLe] ALIeX 22 569, 852, 18.88,
3427%2] 2AEE Ao 2 Tl WHedA FCIY 79

ABTS radical scavenging activity (%)

Samples Concentration (pug/mL)
50 100 200 400
cr” 5.69+0.59" 8.52+1.60 18.88+1.12 34.27+0.71
FCP? 7.30+0.53 15.55+1.00 28.30+1.81 44.48+1.98
AAY 299.99 299.99 299.99 >99.99

DChrysanthemum indicum L. water extract.
YFermented Chrysanthemum indicum L. water extract.
dAscorbic acid (positive control).

“Mean+SD
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Table 5. DPPH radical scavenging activity of CI and FCI

DPPH radical scavenging activity (%o)

Samples Concentration (pg/mL)
50 100 200 400
cr 4.66+4.69" 7.19£3.69 14.66+5.47 27.87+4.69
FCI? 6.03£1.82 12.25+£1.96 26.18+1.97 41.05+3.09
AAY 74.35+4.84 93.35+0.71 93.80+0.36 94.29+0.08
DChrysanthemum indicum L. water extract.
f)Fermented Chrysanthemum indicum L. water extract.
dAscorbic acid (positive control).
“Mean+SD
uv
30000
Luteolin-7-glucoside Luteolin
250000 /
200000
15000(
100000_]\_&/’\._MAA~;‘/M Cl
- L
,/L_,J\.L.,A..,J
0 FCI
Ly U —" S ——
10 15 20 25 30 35 40 45
min

Fig. 4. HPLC chromatogram of luteolin and luteolin-7-glucoside of CI and FCI. Cl: Chrysanthemum indicum L. water extract, FCI:

Fermented Chrysanthemum indicum L. water extract.

Zkz} 730, 15.55, 28.30, 44.48%% CIS} BHlwdle] Z7lele AL
2 YePdth. Kang 520112 FE259] 5% 500 mg/mLoilA
AW 2] AL 7780%2 £ATS BHoH, wE A
FEEY AT 90.01%2] 2SS BHArt Busk ub ok Park
5012y A} F2EY @7 Ml FEFES 16 mgmL A5t
RS W ABTS radical 227158 30.32% 2 4621%Z g v}
oA =2 radical 2750] Z71Ely Buslgc) 7= 94 =
5 9 ek Ae vf @2 sRAME ul$ =2 ABTS
radical 2715 A = Udon, ol & ZYIAE I

oA 7]QlE Aoz ALRHET

DPPH radical 2=

CI9} FCI®] DPPH radical &~7%5S ¥ A3l Table 59
A B vlel Z+t} DPPH radical 2275 9A] ABTS radical &
AL vudt Azl fFAkIAl CI9 H=7F 50, 100, 200 2 400
pug/mLe] WM 2 466, 7.19, 14.66, 27.87%2] DPPH
radical 2275 B oL} 7He Fxo HeolA FCIe 7% z+zt
6.03, 12.25, 26.18, 41.05%= CI¢} Blaste] Zrlele Ao 1
ERSLTE Jeon 52011 14t vl FEEF & AN G F
ZES 0.1, 1.0% A=A 22t 24.85, 49.78%0 4 54.30, 86.36%
2 &ATo] Srstta Bastk bl ok B Ao ZEe
o] DPPH &}tz 4&7Fo] S718tdeS ERIE + Ao,
HAAE Yol EAske Aoz IR HEARo] free radicalS

a0z A ASAIRE radical®] 71&e) ujg} Aegjdoz 283}
= HEAdEe] &A1) W&o ABTSS} DPPH radical &7 &
Aol zpolE Hol Aoz AlgHTh

MzsMsH

MEZALS ATEAS 2= B2S AXo| A AlEe A}
HE fEsy] wEe] 4% 716 &AlY AR T RE T
Gels 71xAEE 89T CI8F FCIY w54 Frle] o
HepG2 M 22| AEES 77t FE25S 48A7F A2
BE TEoA AlEEAge] ¢l
2020y 3T3-L1 AEF 7= FE= B TEES Aelsh]
EEAGS e A A+ F2E 2 daE

=

fr
POV
i
i)
;
e
o
@
a
g
ofN b = ot & g

1> 0 H

=R ¢kekon, 1,000 ppm A
—

2
FEsigly, AESHE gnt

=

KR
=

M= 2553}

HepG2 Alxel o&h&S At 7548 fEste] FCIol
T E RS aFHE dolr el Table 6). 7FEgoly L4384 7+
AZolX F7Fhs GGTe 848 Z4% A5 oeeS A gt
BE HllA fos GGT €7¢] $71sI 2y FChs 100
pg/mL (649 U/L) ), CI2]l 7% 200 ug/mL (6.12 U/LYA ]
olA] thz27(7.62 UL)9t Hlaste] folsHAl ZHdshe 212
ERth 7Hd, ZF AW o] AEE JE] AMEEE ASTY 84
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Table 6. Effects of CI and FCI on the GGT, AST, and LDH activities in Hep G2 cell treated with 3% ethanol

Samples GGT"™ AST™ ALT™ LDH"
Normal" 4.66+0.18'04!) 47.96+0.37¢ 0.35+0.02¢ 335.33+1.93¢
Control” 7.62+0.27% 160.43+3.45° 4.62+0.35* 1267.79+10.87*
SM-50% 5.91+0.09° 125.99+1.24¢ 2.88+0.17¢ 943.56+27.12"
CI-50" 7.14£0.32% 147.43+11.84%® 4.30+0.42% 1194.83+£107.43*
CI-100” 8.02+0.21% 146.12+1.68* 3.72+0.19* 1266.72435.57*
CI-200% 6.12+0.24° 132.12+3.89% 2.9440.12% 1154.10+38.14®
FCI-50" 8.12+0.19" 148.62+5.06™ 3.78+0.08" 1280.98+52.97*
FCI-100% 6.49+0.45° 135.93+5.04™ 3.22+0.21 1242.91£109.94*
FCI-200” 6.44+0.15° 118.78+2.50¢ 2.93+0.10¢ 1019.01£18.29°

"Not treated.
3% ethanol.
9Silymarin (positive control) 50 pg/mL and 3% ethanol.

?Chrysanthemum indicum L. water extract 50 pg/mL and 3% ethanol.
SChrysanthemum indicum L. water extract 100 pg/mL and 3% ethanol.
OChrysanthemum indicum L. water extract 200 pg/mL and 3% ethanol.

DFermented Chrysanthemum indicum L. water extract 50 pg/mL and 3% ethanol.
SFermented Chrysanthemum indicum L. water extract 100 pg/mL and 3% ethanol.
YFermented Chrysanthemum indicum L. water extract 200 pug/mL and 3% ethanol.

'"Mean+SD

"DDifferent letters means significantly different at p<0.05.
)GGT, gamma(y)-glutamyl transferase

19AST, aspartate aminotransferase

"ALT, alanine aminotransferase

LDH, lactate dehydrogenase

Survival rate (% of normal)

Cl
FCl = = - = 50 100 200

Fig. 5. Percentage of HepG2 cells viability at various
concentration of Chrysanthemum indicum L. water extract (CI)
and fermented Chrysanthemum indicum L. water extract (FCI)

during 48 h. Values represent the mean+SD (n=3). NS means not
significantly different at p<0.05.

< =33 A3 FCIE 100 pg/mL (13593 U/L) ©1F &3 X
ol AE AST ETF(16043 UL)9t Hlwste] folskd 24

sem, CI1o 749 200 pg/mL H2]+(132.12 UL thz+
oF vlwate] FoJsH adle 2R ettt 53] FCI 200
pg/mL (118.78 U/L)2] 749 Silymarin (SM)= 50 ug/mL (125.99
UL) HEde o Boh o 2 24 Jepiich 2193 71
FAL ZF AW o Qe B0l Frteke AeR 4Tl ALT
o] A8 =43 A7 CIE 200 pg/mL (2.94 UL)AZIS o)
HET@4.62 UL)S HlaLste] fejail 2aste 2o ekt
O, FCIE AEd BE A Fola thz9f vlaste o5t
Al ALT &40] FolstA 7Asidnh. ZHERTE fE=] &

Z¥ollA] oF 1M B Fvishs ZleE d#x LDH
3l A3} FCIE 200 pg/mL 23+ x187(1019.01 U/
5_%(1267 79 U/L)et vlaste] frelshAl aagrdol
KN

B AdPoMe 2ast 7= g dF FEE9 luteolin 2
luteolin-7-glucoside =, &Hitsl &4 2 THHX RS GHE M)
o BAgto g Bde] ogk EAatelE Bt 1= |
luteolin 2 Iluteolin-7-glucoside eF-> g A3} v|walo] F2lsh
Al F7FRINE & Eedls & 94 €E dEg Srtske A
o2 Yepdtt Ak 2gol 93] ABTS radical 2752 F5
E9] F=7} 50, 100, 200 2 400 ug/mLe] MLl 7.30, 15.55,
2830, 44.48%= = G FE=3 vlwsty F7lske A Oi
eldth DPPH radical 274% 9A] ABTS radical 24 5S
w3 Aol AR e FRe WA = wE EF F
Z829 AL 747} 6.03, 1225, 26.18, 41.05%= 7=+ 95 &
I Blaste] Frlshe Ao=2 UERT HepG2 Azl =
F FEES A 2E G5 FEES AT $ 87 HH%k
P Ad BE A FAA MESA] e 7i°§-_ UERSETE
HepG2 Mol oeb&-S AElste] 1M fast 243 deke
223 mE AgTolA GGT, AST, ALT 2 LDH &4o] &7}
9, 7= IE G4 FEES 100 pgmLS X2EE u o
273 ¥)aste] GGT, AST ¥ ALT E4d0] vJﬂ o= st
= HeE Ygute Etl LDH 842 7= %38 EF F2E
200 pg/mLS A23ts W 27 vlaste] 7 fﬂ—t— o=z
yelstt), ool ﬁ#i =2 o 7= iy 4 FEES luteolin
9 luteolin-7-glucoside ¥ F7F kst &4 F71 # GGT
AST, ALT, LDHS] &8 FAaAIFI oz oekgo] 23k 7}
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