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Carcinoma Cells

Min Yeong Kim'?, Hyesook Lee'”, Su Hyun Hong'?, Cheol Park’, Yung Hyun Choi'*

'Anti—Aging Research Center, Dong—eui University ,

“Department of Biochemistry, College of Korean Medicine, Dong—eui
University,

SDepartment of Molecular Biology, College of Natural Sciences,
Dong—-eui University

ABSTRACT

Objectives : We selected three herb-combined remedies, Bigihwan (BGH), Daechilgitang (DCGT) and Mokwhyangbinranghwan
(MHBRH), through Donguibogam text-mining analysis, and evaluated their anti-cancer effects on human
hepatocellular carcinoma Hep3B cells.

Methods : Cytotoxicity was assessed by an MTT assay. Apoptosis rate, autophagy and ROS level were detected by
flow cytometry. The autophagy was also observed by Cyto-ID staining fluorescence microscopy. The expression of
autophagy, mitophagy and pexophagy regulatory proteins was detected by Western blot analysis.

Results : BGH showed the strongest effect among the three prescriptions in inhibiting Hep3B cell viability, which
was associated with the induction of apoptosis and autophagy. Autophagy blockers improved cell viability and
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reduced apoptosis after BGH and DCGT treatments,

dysfunction than DCGT and MHBRH-treated cells.

indicating that autophagy by these prescriptions enhanced
Hep3B cells against their cytotoxicity. However, MHBRH enhanced the reduction of cell viability and apoptosis by
autophagy blockers. Induction of autophagy by BGH treatment was associated with mitophagy due to mitochondrial

In addition,

induction of apoptosis by BGH treatment was

ROS-dependent and showed the possibility of pexophagy involvement.
Conclusion : Although further studies need to be conducted to study the efficacy and mechanism of accurate

anticancer activity, the present results will serve as important sources of understanding the mechanism of action of
herbal remedies prescribed for liver disease as documented in Donguibogam.

Key words : Bigihwan, Daechilgitang, Mokwhyangbinranghwan, liver cancer, apoptosis, autophagy, ROS.
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ROS ¢ Aol 7 =4 vebd w713 &5 A
ol A ROS 9] Aol Hep3B IFAAMEL] F4 o
Aol Host=Re ARE A7 fste]
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*7]9] phosphoinositide 3—kinase III complex &
AA s AHE& 7. Fig. 3B 9] Adfelr &
T dxe], IS =55 A 9§ apoptosis
autophagy A3 A7} EAsk= 279

o)
A

=
gl o ‘?JEE‘

20

= =

Aqt, A7 F=FE 23 apoptosis
5]9;1‘:}. - deizl wpe} o], A s
XA autophagy &= apoptosis FE=E
]3]'7] 8 Fo fAE

A= w7 B g Ar g
2ol ¢]gh autophagy = 52414 AdH apoptosis
frigrol #Ho 0]'“1 ENEsl 255 93t autophagy

(<3}
AN .
==Xl 7('1

TEE

= Mxe AES H% JAHo2 75T = o
Autophagy 7} *ﬂ‘ o] &4 FEolu

) ARES JRE ves A

=
A1 Ul-go]gtH, mitophagy & A AL 29l
A= BEOl mitochondria o A&§ #AHLS ous}

= 9 AL AE W 2Eelth. 5 autophagy ©f
9]3} mitochondria & A€z ¥ Hoz £Ad

mitochondria ¢ A7 FAo|t}20 B el A
o o]5bH, serine—threonine kinase & UF o=
mitophagy ol FHH o= Feldh= FHAQ PINKI
o] urg #2o] w78k YAV FEE Hedol
A gzl vjste] & s RoFon, Hal

23t —%% A= ta SR 18,
E3 ubiquitin ligase ol 31@3l= %= ©E mitophagy
%74 1Al Parkin o W& e 3744 FEEo]
22] ¥l Hep3B A|EolA & W3/t BEFA] &k
(Fig. 4A). H]5 ol& whiige] vy wsiyto g 24
2371 olgeu, 37 FEE T, uEVYE =

Zglol] 23k Hep3B Aol 2] apoptosis %ol
mitochondria 7]% <&/del wWE mitophagy 7t
g2 271 F55 AgwolA Bt ¢ #dstes A
Fda=

9 purine 9] o3t g, AHAke]
S A IR 1% E= Ao PAEA B PS F N

o5

=]
=
pi
—

HEl ¥t
F8 b

doju}E= peroxisome & 2o MAAPEA

A= AX U 2779 shfo]H, peroxisome &
252 opeke Az gigh Al 9hgo] Fdol o]
g} 2980 Sk peroxisome < ROS ¥ HESA A

Z~F(reactive nitrogen species)?] A = AAS

A3 Fad sk F9 2d 27|Fo|gh . e
ME W 271387 vl EA & peroxisome & H| A
Q1 WeehA Ashs abdstr] 918 Adgk o A
18+7] 984+  peroxisome 2
ZAojop B} melr
3= pexophagy + peroxisome 2}

N0 g w2

o
=

biogenesis 7} 925
Ay

peroxisome = ¥AOoF



el 9] 4l

CUA ZRFAE M v 7|R(EEA), HEVRCRERE) R SENFAOREEBA) S5 FE229] 39 249 v

Kim et al.,Comparison of Anti—cancer Potentials of Water Extracts of Bigihwan, Daechilgithang and Mokwhyangbinranghwan in Human Hepatocellular Carcmorm Cells

AAF Ao A peroxisome 2] FFAF FH FL
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Effects of water extracts of Bigihwan (BGH), Daechilgitang (DCGT) and Mokwhyangbinranghwan
(MHBRH) on the cell viability of Hep3B hepatocellular carcinoma cells. Hep3B cells were
treated with different concentrations of BGH, DCGT and MHBRH for 24 h. (A) Cell viability
was assessed by the MTT assay. Each bar represents the mean = SD of three independent
experiments (#p<0.005 compared to control). (B) Morphological changes of Hep3B cells were
observed by a phase—contrast microscope. Representative photographs of the morphological
changes are presented.
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Effects of BGH, DCGT and MHBRH on the induction of apoptosis in Hep3B cells. (A) After
treatment with the indicated concentrations of BGH, DCGT and MHBRH for 24 h, the cells
were collected, fixed, and stained with annexin V—FITC and PI for flow cytometry analysis.
(B) The cells were pretreated with or without 60 pM necrostatin—1, a pharmacological
inhibitor of necrosis, for 1 h, before 1.5 mg/ml BGH, DCGT and MHBRH treatment for 24 h.
The percentages of apoptotic cells were determined by expressing the numbers of Annexin V*
cells as percentages of all the present cells.(AandB)The results are presented as the mean %

SD of three independent experiments (#p<0.005 compared to control; N.S., not significant).
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Fig. 3. Effects of BGH, DCGT and MHBRH on the induction of autophagy in Hep3B cells. Cells were
treated with different concentrations (A and C) or 1.5 mg/ml (B) BGH, DCGT and MHBRH (C)
for 24 h. (A) The cells were stained by the Cyto—ID autophagy detection kit and analyzed
using the green (FL1) channel of the flow cytometer. (B) Hoechst 33342 staining (blue)
indicates nucleus and Cyto—ID green staining (green) autophagy status. (C) The equal
amounts of proteins were subjected to Western blot analysis using anti—LC3 antibody and an
ECL detection system. Actin was used as an internal control. (D) Cells were pretreated with
0.5 uM BA1 or 0.5 mM 3MA 1 h prior to BGH, DCGT and MHBRH treatment for 24 h. The
percentages of apoptotic cells were determined by expressing the numbers of Annexin V'cells
as percentages of all the present cells. The results are presented as the mean = SD of three
independent experiments (#p<0.005 compared to control; #p<0.005 compared to BGH—, DCGT—
or MHBRH—treated cells).
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Fig. 4. Effects of BGH, DCGT and MHBRH on the expression of mitophagy and pexophagy regulatory
proteins in Hep3B cells. (A) After treatment with the indicated concentrations of BGH, DCGT
and MHBRH for 24 h, the equal amounts of proteins were subjected to Western blot analysis
using the indicated antibodis and an ECL detection system. Actin was used as an internal
control. (B) After treatment with the indicated concentrations of BGH, DCGT and MHBRH for
1 h, the medium was discarded and the cells were incubated with medium containing
DCF—=DA. ROS generation was measured using flow cytometry. Each bar presents the mean =
SD of three independent experiments (#p<0.005 compared to control).
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Fig. 5. Effects of ROS generation on the apoptosis induced by water extracts of BGH in Hep3B cells.
The cells were pre—treated with or without 10 mM NAC for 1 h before 1.5 mg/ml BGH treatment
for 1 h (A) or 24 h (B and C). (A) The cells were incubated for 20 min with medium containing
DCF—DA and then ROS generation was measured using flow cytometry. (B) Cell viability was
assessed by the MTT assay. (C) The percentages of apoptotic cells were determined using flow
cytometry by expressing the numbers of Annexin V'cells as percentages of all the present cells.
The results are presented as the meant SD of three independent experiments (*p<0.005
compared to control; #p<0.005 compared to BGH—treated cells).
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