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Effect of Fermented Herbal Mixture against Oxidative
Stress in HepG2 and PC12 Cells

Yunjeong Lee!, Nan-Seul Kim? Myung-Soo Shon? Gyo-Nam Kim?
Yong-11 Hwang2, and Eunju Park!

!Department of Food and Nutrition and
“Department of Food Science and Biotechnology, Kyungnam University

ABSTRACT This study was carried out to investigate the effect of fermented herbal mixtures (FHMs) in HepG2
and PC12 cells. Two different types of fermented herbal mixtures consisted of Chrysanthemum morifolium, Ganoderma
lucidum, Acanthopanax senticosus, Schisandra chinensis, Hovenia dulcis thumb, and Lycii fructus. FHM-A and FHM-B
were separately fermented with Prunellae Spica, Portulaca oleracea (FHM-A) and Acorus gramineus, Pycnostelma
paniculatum (FHM-B). Total phenolic content of FHM-B was higher than that of FHM-A. ORAC values in both
FHM-A and FHM-B increased in a dose-dependent manner, and antioxidant activities against peroxyl radicals were
higher in FHM-A than FHM-B. Both FHM-A and FHM-B effectively ameliorated AAPH- and ethanol-induced oxidative
stress in HepG2 cells. They also suppressed lipid formation induced by ethanol treatment. In addition, FHM-A and
FHM-B prevented H,O»-induced PC12 cell death. FHM-B showed a relatively stronger protective effect than that
of FMB-A. Taken together, these findings show that a fermented herbal mixture could be used in healthy and functional

food design for oxidative stress-related diseases.
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chinensis), A7-AHHovenia dulcis Thumb), 771 A Lycii
fructus), 2Y=f(Corni fructus), 3}aLZ(Prunellae Spica),
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6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid(Trolox), cupric sulfate, hydrogen peroxide, potas-
sium phosphate, 3-[4,5-dimethylthiazol-2-yl]-2,5-di—
phenyltetrazolium bromide(MTT), Folin-Ciocalteu, 18
3l gallic acid+ Sigma-AldrichAHSt. Louis, MO, USA)&
F-E|, acetic acid ¥ acetone, sodium hydroxide Junsei
Chemical*HTokyo, Japan)Z5-E T35 oW 2 2'-azo-
bis(2—amidinopropane) dihydrochloride(AAPH)& Wako
Pure Chemical(Osaka, Japan) 248 F+33to] AFE-31$1
t}. Enzyme-linked immunosorbent assay(ELISA) reader
¢} fluorescence readers Tecan Trading AG(Salzburg,
Austria)®] 7171& ARE-3FSITH
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Table 1. Composition of fermented herbal mixtures (FHMs)
Name FHM-A FHM-B
Chrysanthemum morifolium 273 g (8.2%) 273 g (7.6%)
Ganoderma lucidum 154 g (4.6%) 154 g (4.3%)
Acanthopanax senticosus 154 g (4.6%) 154 g (4.3%)
Schisandra chinensis 154 g (4.6%) 154 g (4.3%)
Hovenia dulcis Thunb 154 g (4.6%) 154 g (4.3%)
Lycii fructus 154 g (4.6%) 154 g (4.3%)
Corni fructus 154 g (4.6%) 154 g (4.3%)
Prunellaec Spica 413 g (12.4%) 0 g (0%)
Portulaca oleracea 413 g (12.4%) 0 g (0%)
Acorus gramineus 0 g (0%) 545 g (15.2%)
Pycnostelma paniculatum 0 g (0%) 545 g (15.2%)
Sodium chloride 6 g (0.2%) 6 g (0.2%)
Sucrose 1,300 g (39.1%) 1,300 g (36.2%)
Total 3,329 g (100.0%) 3,593 g (100.0%)
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Oxygen radical absorbance capacity(ORAC) assay

Peroxy radical®] &7 @4& Kurihara $(15)¢] WS
AT MG ORAC 24 M-S ol-&3te] H7Hsk3itt. ORAC
B0l well 719 fluorescein 839 M-S H 4 3}8)7]
13k 96-well black microplateZ A}&3t T} 75 mM
potassium phosphate buffer(pH 7.4)° =21 100 pL2] 40
nM fluoresceins plated] €2 5 Y3+ buffero] =<
10, 50, 100 78]32 500 pg/mL X&) A& £H]k3lTh
50 pLe9 FHM-A¢} FHM-B &% 3tefA] wta s Algs
plated] ¥ T v}& peroxyl radical® A43= 50 ulY
20 mM AAPHE o] Eai5Uth AAPHS} tixw o=
AbEE 784 HEH E FEARQD Trolox® H Aol A
Az e AFESIT FEXM 7= 54 A reaction
mixture’} ©7 96-well plateE 10% %<t shaking 3t
o} J—?Hg],o].ti Mx% 0]_031;]_ /\]d.‘::- _Z_ 200%
AsleE Ao, wjAIZt fluorescein
excitation wavelength 485 nm, emission
wavelength 535 nmoll A SA3AH HF 23 54 Al
5.9 F3%F blank®] @3k 7+ Yol o= A4S
o™, BE AI}= Trolox BH(TE, Trolox equivalents,
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7Vt zt HepG2 AlXEo]A MTT assays AAISFA T
HepG2 A 25 96-well plateol] 1x10° cells/wello] ¥ %
= 100 plLA E53}e 37°C, 5% CO, 37404 2447 &
et AujeFste] AEZE A2 $, 10, 50, 18] 3L 100 pg/
mL2] FHM-A9} FHM-BE s=E 2 A 2]slo] 30%3F wl
At H3 skekA) HaE A 307 & MTT 965
mg/mL) 10 pL.E F7}skar 37°Coll A 1413} St F7} v
SFATE. o] % HjgA S BT A ASIL 100 pL dimethyl
sulfoxide(DMSO)& 3 7tgh 5 Aol A 1583t 2]t
formazan crystalg £33 ¥ ELISA microplate read—
er(Tecan Trading AG)E ©]-€3to] 540 nmolA FF =S
SA3Th 2T MEFE 100%2 39S o o H
o AE BEES AXEY FHM-A9 FHM-Be] Al 254
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HepG2 Al oA &8 dhebA] a2 FHM-ASH FHM-
B2l 4ty ~Eg A JA &4 DCFH-DA 49 S 9]
£-5lo] B3 TH16). HepG2 A3+ 10% fetal bovine
serum, 1% penicillin/streptomycing $H-3F+= Dulbec-
co's modified Eagle's medium(DMEM) #} ] & o] &35}
37°C, 5% COg incubatorol] A w3}t HepG2 AE+=
5x10* cells/mL7} S %=% dujksla 2442t F wjx &
AASRA Y. 1 % gl kg sk HBSS(Hank's balanced
salt solution)& Zt wellell 200 plL.2 53+ & Z] < 5%t
100 pg/mL7} ¥ %5 FHM-A<} FHM-B A|&& 30+ <t
A elskei k. FHM-A9} FHM-B #2] ¥ HBSSZ 154 A=
3}ar, HBSS 200 ploll peroxyl radical A4S 913 80 mM
AAPHE 7}8te 30% &<F skt 2 & 40 mM
DCFH-DAZ 7}ste] ¥lo] $38h4] &= 2xdlA 30 &<t
HE2-A]71 & GENios fluorescence plate reader(Tecan
Trading AG)E ©]-&3}9] excitation wavelength 485 nm,
emission wavelength 535 nmolA 39 A=E =4
Stttz FFaS 100%= ste] £33 skebA)
FHM-A¢} FHM-B A 2]7-¢] A&l #3 Fes ¢
o] HepG2 Mol A Z3 sHofA] Wa =9 484 2E
AA &4& Frtski.
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HepG2 Aol A2 100 mM ol gh-&S 24417 A ]38}
of AEASE FEskelh ©]F HepG2 A X £ phosphate
buffered saline(pH 7.4)2. 2 A|23}aL 10%(v/v) formalin
o7 IAZ o 2P 1A E HepG2 AIEE 0.6%(w/
V) Oil Red O A|¢Fo.& 1587+ A38+aL, 70% ol eb=3) 5
i 7_]—71— 1Qm ,q]zq O]_oﬂr/} HepG2 /q]_]_,] Oﬂ/\HE X]HOL

= 49% Nonidet™ P 4022 5% 7F 23313 microplate
reader(Bio-Tek)E ©]-83}4 520 nmolA SH=E 54
sto] A4 Aes A% BA48H30th FHM-A9 FHM-B
E A23HA] %2 HepG2 MEE HE2T2 2 3}] lipid ac-
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HIEF C(ascorbic acid)& tl&o.2 AF&313 T MTT
AlekS A @Jate] formazan BA-S ER1g & HiXE 39
AASE . o] F ME ] PA4% formazans 100 pLe]
DMSOE o]&3 &3fiste] 540 nmoll A FFEE SA33
o =T AEE 100%2 3H3lS ) ARl Al g
AAES T3

SH A2

BE dolHe FAAEE 72 @& wak SPSS for
WindowsE ©]-&3le] &41313l 1 2H7+e] Aol djal] Hat
3 BFAAE JeplAT 7 Al sl tiE fo4 A4S
A= G 95%(/X0.05)901 4 Student's #~test = one-
way HAHEA(ANOVA)S Ald)ste] Fak& 38k Duncan's
multiple range testZ A5}t

FHM-A®} FHM-B9] F3l& s Lo}
in-Ciocalteu 2 dH & F35to £33t 1 23 FHM-
A°] Z9E kS 962.76+1.97 ng/mL(GAE), FHM-BE
1,473.46+6.77 ng/mL(GAE)2 FHM-B7} ¢F 1.539) 9
Ko Z(/X0.001) ¥ 9 %S YeEPUtHTable 2).
o] el AFtell A ML, Absluh, larx, ] E2] A= 3}

8 24 @ A7E Rob & gglov], ¥ AuE
==

. Al EFSA
(European Food Safety Authority)¢} 7=+ 534 USDA
(United States Department of Agriculture)oll A th3E %<l

Table 2. Total phenol content of fermented herbal mixtures
(FHMs)

FHM-A FHM-B
TPC (ng/mL)" 962.76+1.97 1,473.46+6.77"

UTPC: Total phenolic content, it is presented as gallic acid
equivalents (pg/mL).

” Corresponding letter indicate a significant difference between
FHM-A and FHM-B by Student's -test at P<0.001.
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kst A= ORAC valueEs AAISEL glom, @A AAPH
£ peroxyl radical generator® AR&3l= ORACroo- 5
o] 74 g2 AL8¥ 3l 2t} Peroxyl radicale] A4S &
3] A 4kelE F78H= ROSE & 44 FHM-AS} FHM-
B9 peroxyl radical 27 &4& ORAC #AHS =38 &
ozl akgivk. 1 Ay E3F dhobA] waE FHM-A 2
FHM-B+= 10~500 pg/mLe] W 9]ellA 5% 5l o243l
peroxyl radical 27 &AL Yebdth(Fig. 1). 10, 50, 100,
2831 500 pg/mLe FHM-A gFeFA] @ E 9] peroxyl
radical 274 &L 1.18, 6.12, 9.23, 18]l 14.32 TE
M) Yelgtor, FHM-B stebA] wa o] 4§ 22 &
TolA 247 0.61, 3.54, 6.05, &3 13.65 TEWM)<]
peroxyl radical 2271 8745 et & A3 A3E vt
goz giteldl S wl 13.36 pg/mLe] FHM-A$} 22.82 ng
/mLe] FHM-B7} tlZw 0.2 289 =84 HElY E §5=
AN 1 uMe] Trolox®t A &3S LEFTH(H o] B 1]
A AD). ORACroo. ¥AAHLS A5 9] 4ol Ho] A
7S i absl B o2 AAPH o8] AAE per-
oxyl radical& st E4& AW AlR(AH)9] 402
Hol2 orA3l¥ th(1st reaction: ROO-+AH — ROOH+
A-; 2nd reaction: ROO-+A- — ROOA). wejra] & A5
53 FHM-A 2 FHM-B & Eo] $-40]29] o] 4%
71RFS 2 peroxyl radical AA A4S T7MA7]= Aoz
YEbtow, FHM-A° 3l= atarz e} 4H]E°] FHM-B]
AFE O} AR =2 402 ol F4S Ad Ao

= Az,

HepG2 MIZO|A AAPHE SEE AMSIH AEHA
=)

HepG2 AlXEoA FHM-A ¥ FHM-B9] Al¥X542 M
AEWHE Bl H7kskslch FHM-ASH FHM-B €A
55 10, 50, 28] a1 100 pg/mLe] zr
<)

FedEE 3087 A
7 J2FINOT e RS v 5oz AE A

A

3

o
o ot ol

15 -

ORACg0. (Trolox equivalent, M)

100 500 10 50
FHM-B

10 50
FHM-A

100 500 (pg/mL)

Fig. 1. Scavenging activities of FHM-A and FHM-B against
peroxyl radical generated from AAPH in ORAC system. Values
are meanstSD and they are expressed as a Trolox equivalents
(TE, uM). Means with different letters (a-g) above bars indicate
significant differences by Duncan's multiple range test (P<0.05).
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Fig. 2. Preventive effects of FHM-A and FHM-B against AAPH-
induced oxidative stress in HepG2 cells. Effects of FHM-A and
FHM-B treatments on the cell viability of HepG2 cells (A). The
levels of DCFH-DA in AAPH-induced HepG2 cells in the pres-
ence or absence of FHM-A and FHM-B (B). Values are means+
SD. Means with different letters (a-e) above bars indicate sig-
nificant differences by Duncan's multiple range test (P<0.05).
NC: Negative control, NS: Not significant.
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of F&& PA A FUATHFig. 2A). o] A= FAE
EEo A ket AERH HdAdE 2 2o FFE poly-
phenolEo] MIZEAE S fEdttn B usl9dt). Chen £
(19)< fisetin®] 24417+ A7} 7+t A EF< SK-HEP-1
o] fF94 AlxEATES Buskgl o, Khan 5(20)2 10~
60 uM9] fiseting 48417k A 2]3ll& wl A@AY A2+
LNCaPoll Al AlEATE S gaigih, shA gl & oA &
g gtobA HaES AP W HepG2 AEANA 2491

AEZHo] B2HA ke, o] AL HepG2 A7 The
AEFSE hs) A Azge] & wad 54 Ay

2teld ~Eg el B ATtel] g AbgETE H(21)
3 B} Ao} vaLste] Alzo] A Alzke] Ao o ® Fe
Hol 1 Rl R AT wrebA] & AFoA = AE A
& 23 = vy oz FHM-A 2 FHM-B 28 &9 555
100 pg/mL o]tz o] % Ay A8ttt

FH AE ] FAARE S IR o] AT
Ztell ©)s DCFH-DAW o] d&] o] &5 1L glvh. & A9
F3/d5 7k DCFH-DAZ} Alxd 2 FYJ=A =™
M EA #A)8l= esterased] 23] DCFH-DAE DCFH
2 7keRd Ha, AR 7F EAEA Hd 3 wA
%% DCFHE ww o ofsf w27 Akstslo} ek 2™
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Z~E# 2 oA &4 1061

dde] 44 4 Xé%k l‘f:“ o] 7}~0}E} A7H- HepG2 Al
oA AAPHO 93] F =¥ 2ksd ~Eg o) tfsk FHM-
Ag]_ FHM-B 3 Q}:ZH H]—_S_‘j_/] }\]—§]_7H /\Egﬂ quxﬂ %LAJ_Q
71319t HepG2 xﬂ_Loﬂ FHM-A¢ FHM-B %5
747y Aglstal AAPH= 5% ﬁﬁ}ﬂ 2Ed 2
ROS A A4 558 =3 43 =
100 pg/mLe] FHM-A % FHM-B @& % x%alc %E SIS
o7 AAPHE FLd M3y ~Efas JA|s9 o,
50 2832 100 pg/mLe FHM-A ¥ FHM-B 2& & A ¢
oA Fre]dor e A &S ERltH(Fig. 2B). 53]
100 pg/mLe] FHM-AT thz- tiH] 61.3%9] A3tz ~E
P2E dAE R o, FHM-BE 68.35%2] 437 ~Ed
/\_E_ mzﬂ z‘s]. 74 o7 ]/}.]ﬂ,u—q_ AAPH*>= ,(_"Em— 5:}\} \3_1 ,\ﬂ
¥ Y Ao HAFE frdte A AR 2 A
ot o] el A= AAPHO <4 *@W REHATE F=
® LLC-PK1 A& 2ad £9 55 93 atats} g
A& vEp o, 7k, FE &9, H]E a8 g F
EE9 ¥& FoiE ¢3S 8 DPPH % AAPH oz
27 A& E3 Fatst aRE e AR Busgit
(22,23). o]= E2 dE FS B3 AXE Jl AAPHA <3
SrE AgH AEH A M vdE Aoz yzreic),
whA B AxE FHM-A 2 FHM-B 2355 2271 A2
U AR} s E a4 02 AT F JYS5S HoFe 4

sheh & 4 qle,

HepG2 MIZOA OfEIESE REE 4
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g ol FHM-A % FHM-B 25 2<%
712]31 100 pg/mLE 303F A2 sk $ 100 mMe] of gh-&
S 243 Aelste] ks ~EHAE
FHM-A ¥ FHM-B &% |7} HepG2 A £ A&

o] WA gake A5tk 100 mM ol ee X2 hx
TR AE AESO] 30.1% #Ason, FHM-A%
FHM-B @& % Agz2 A¥ g&&0] 22 11.5~17.5%,
11.5~13.2% <7}et3ivk(Fig. 3). 2822 FHM-A %
FHM-B #aEo] oet-e=2 i Atsly &8 aapdo
2 AT E AL BojFE
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2 A S 7HA AL ATk o]o HepG2 Alxel FHM-A %
FHM-B & <& 10, 50, 223l 100 pg/mLe] &%= 30
21 ADE F 100 mM A THES 2443 A2l she] 41514
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Fig. 3. Preventive effects of FHM-A and FHM-B against etha-
nol-induced oxidative stress in HepG2 cells. The HepG2 cells
pretreated with 10, 50, and 100 pg/mL. FHM-A and FHM-B
and they were then subjected to 100 mM ethanol treatment for
24 h. Values are means+SD. Means with different letters (a-c)
above bars indicate significant differences by Duncan's multiple
range test (P<0.05). NC: Negative control, PC: Positive control
(ethanol treatment only).

FHM-B

125 4

o ~ o
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Lipid accumulation (% of control)
&

0

100 10 50

PC 50 100 (ug/mL)
Ethanol % + + + + + + +
(100 mM) FHM-A FHM-B

NC

Fig. 4. Inhibitory effects of FHM-A and FHM-B treatments on
the ethanol-induced lipid accumulation in HepG2 cells. The lev-
els of lipid accumulation in the presence or absence of 10, 50,
and 100 pg/mL FHM-A and FHM-B were examined by Oil
Red O staining. Values are means+SD. Means with different
letters (a-c) above bars indicate significant differences by Dun-
can's multiple range test (P<0.05). NC: Negative control, PC:
Positive control (ethanol treatment only).

2EH2E § Ef{ o5 HepG2 AlE 9] ]
A 9 FHM-B &g &o] nx= 4
AT A tZ=TEY foAow A ?‘:L%ko]
OU31(8%) FHM-A$} FHM-B &5 o g2

S 17.1~19.6% A (Fig. 4). 1611/]— FHM- Aﬂ'
FHM—B g 8 AYE Y4 2folE HERN A
gttt o] d Aol e HepG2 AlEANA Cirsium japo-
nicum® A8E F8] F713F AMPK ¢14+317} acetyl-CoA
carboxylase$} X]“V\]'t‘“* 4 HHLFES FAAA =
AALES oA , HepG2 A X4 AMP-activated
protein kmase(AMPK)«] FAe & mTORC1 Alsdd
AAE AAFFOZAN ARHA S A rha Halstgict

A4 o] AMPKe] 48 53
T U= &% olulel, =72 FHM-A%} FHM-
HepG2 A2 djell 4] E2p8k4] 2-8-7]
o] Fg3j). w}ﬂw 2 A3 Ayl= FHM-A9 FHM-B

aBo] YmeY AWNS PF & Yt HFLAZ F

PC12 MZOIM H.0.2 -.9.-55 g S A
FHM-A ¥ FHM-B @i &o] AlX A& nx]&= 3
S A A PCL2 A A A Eo) A MTT assayE A 1
sholth. g o 2= bshAl R 2 ezl vl ER
CE AF&319ith. FHM-A, FHM-B 2& %, 183 #ghyl
2 1, 10, 283 50 pg/mLe] F=E 2 3087 A s
S u BE Ao AE5AALE AR gk th(Fig.
5A). WA PC12 A AA Y AEEL A5 nlgo= o
T A& A= 50 pg/mL ©]ske] FHM-A, FHM-B @& &,

1A HlE}ul CE AR&3H3lT.

AN
=4

A&HQ AAAES] BehA 22 fme HP4 A
%é%ﬂﬁéﬂlﬂm447*m4 F99E S
ool ®3soR(26). 1, 10, 2213 50 pg/mLe] FHM-A

A 150
NS

Bl
<
8100 {1 —
k]
*
2>
3
S 50
>
°
(s}

0 .

NC 1 10 50 1 10 50 1 10 50 (ug/mL)
FHM-A FHM-B Vit C

B 125 4

o
S ~ o
o o o

Protective effect (% of control)
N
(4]

PC 1 10 50 1 10 50 1 10

NC 50 (ug/mL)

FHM-A FHM-B Vit C

Fig. 5. Protective effects of FHM-A and FHM-B treatments on
the H,O»-induced oxidative stress in PC12 cells. Effects of
FHM-A, FHM-B, and vitamin C treatments on the cell viability
of PC12 cells (A). The cell viability of PC12 cells treated with
1 mM HyO; for 2 h after FHM-A and FHM-B pretreatment
for 30 min (B). Values are means+SD. Means with different let-
ters (a-f) above bars indicate significant differences by Duncan's
multiple range test (P<0.05). NC: Negative control, PC: Positive
control (H,O, treatment only), NS: Not significant.
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