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Effects of Chungganhaeju-tang on Gene Expression of Alcohol-metabolizing
Enzymes and Alcohol-induced Apoptosis

Young-Tae Kim, Young-Chul Kim, Jang-Hoon Lee, Hong-Jung Woo

Dept. of Internal medicine 1, College of Oriental Medicine, Kyung Hee University, Seoul, Korea

Objectives : This study was designed to investigate the effects of Chungganhaeju-tang on expression of alcohol-
metabolizing enzymes, cell viability and alcohol-induced apoptosis.

Materials and Methods : For this study, the human hepatoma cell line HepG2 was used. HepG2 cells were treated with
ethanol-or acetaldehyde, chungganhaeju-tang, anti-Fas neutralizing antibody and were investigated by using quantitative RT-
PCR, MTT and Trypan blue exclusion assays.

Results : The results are summarized as follows :

1. Quantitative RT-PCR analysis demonstrated that ethanol-or acetaldehyde-mediated increase of ALDH gene expression

was not affected by Chungganhaeju-tang treatment.

2. Ethanol-or acetaldehyde-induced apoptosis was remarkably inhibited by Chungganhaeju-tang in a dose-dependent

manner.

3. Ethanol- or acetaldehyde-induced apoptosis was significantly blocked by anti-FasL neutralizing antibody, suggesting

apoptosis induced by alcohol might be mediated by FasL/Fas signaling pathway.

Conclusions : Taken all together, these results indicate that the FasL./Fas signaling plays a critical role in alcohol-induced
apoptosis and Chungganhaeju-tang increases viability of liver cells by suppression of the Fasl./Fas-mediated apoptosis-
signaling pathway.

Key Words: Chungganhaeju-tang(Qingganjiejiu-tang), ALDH(aldehyde dehydrogenase), HepG2, Fas, apoptosis
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#%7)(Christ LDC-1, Alpha/4, Germany)E ©]-&-3}
4g0] AZFEEE Ao 2746%9 F&S BA
Z-5 DMEM Hj#] 110mlo] ©j3te] 37°CAA
b gt mk(stiring)3t Atk ©] & WA E2isto]
237 Ag 045m FE|(MilliporeAh 2 o Hate]
a1 4o Bt Agxe] FE4E& 37C

2 & i o 2%

O

LR
5

l

O

A 2A)3E 1 st WA ol A2 skitt
2. U
1) Al Zay

HepG?2 cell& American Type Culture Collection

Table 1. Prescription of Chungganhaeju-tang

WAL 74 Dose
el Artemisiae capillaris Herba 30g
B R Aurantii Nobilis Pericarpium 12g
=R Puerariae Radix 12¢g
iR B Alny Cortex et Ramulus 12g
=1y Atractylodis Rhizoma Aiba 8g
S Hoelen 8g
I Alismatis Rhizoma 8g
=28 Polyporus 8g
= b Machili Cortex 8g
"B Amomi Fructus 6g
HE Glycyrrhizae Radix 6g
Total 118¢g




(ATCC, Rockville, MD)ol| A £ 3t} 10%9]
FBS(fetal bovine serum)& F83k DMEM ujj x| o wj
FetAth AEEL 5%2 CO2 7} §A15&= 37
C incubatore| A vj k&t ).

2) ZEA ] T3k ke A E

HepG2 cello] v} %F&719] <F 50-60% confluency S
YERNE A4 ethanol# acetaldehydeo] <] 3}
ALDH®] 2¥g #5357 93l ethanol(l, 10 and
50mM) 5=+ acetaldehyde(100, 200 and 400 AM)E 7}
stk ok FiFESO] ALDH 3o wjx)& o
e Au 7] g8t 7]l 1, 10, 100ue/ml 2] AT
EBS 4820755t 2eld 130 el 2L
2 Urol A38E T8 Aot Al

T2 dde] BS99 uypsin-EDTAS
o] &3lo wjk&7]o A wejtfo] quantitative RT-
PCR analysisol] AHg-a}91th.

3) Quantitative RT-PCR

(RNA9| 3%

O RNAE 7] 9lsto] Al Zo| A2 solution D
o 20

25022 guanidine isothiocyanateZ 293m/2} 32} Z
Fadd €& T, of7]d thA] 0.75M sodium citrate
17.6ml 9} 10% sarkosyl 26.4mlE o] 657 A
o 3}atod Halgith o] GSS solution
o] 2-mercaptoethanol & 0.IM¢] E% & ¥ o] solution

= FHss

@ 1x10702) Al Zof solution D 5004, 2M sodium
acetate(pH4.0) 5045 4
urated phenol : chloroform : isoamyl alcohol (25:24:1)
5004 E ol 20%7t 7331 vortexingshed iceol] 15
22 94139
® Tgeas 15000rpm0ﬂ/ﬂ 2083 dAEYs)

Z9d | cold isopropanol 100045 o} -707T ol

24413 A
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a1Fe
SN
=

stirring ¥+ &

2 5838 T water-sat-

RNAZ2] ¢F& spectrophotometer (Schimadazu
Scientific Instruments, Inc., Concord, CA)E ©]-8-3}]
S8t} 260nm 3Gl A e FF 9 280nm v}
ol A9} FBT 8)(260/280)7F 1.00] E w, RNA
solution®] X+ 40ug/mli7t Bt

(2) cDNA2] A2

OERERUES RS

4oz Ang £

JE o™

Wl it e

Reverse transcriptase buffer 24
Random hexamer (10 pM) 14
MoMuLV-RT (10 U/ ) 14
dNTP (10 pM) 14
RNase inhibitor 054
RNA lug

@ TFEA0] 07k A5E 33 FH54E W7

8k 323l A] 158, 42° ¢l A 1AIZE 95 el S5E
2 e,

@ 7+ Aol 804 EE 16042 FFHFE Yol
£34 % PCR 5ol ol g8,

(3) Primer¢] #] 2}

Quantitative RT-PCR-S =3 3}7] g 2oz
= house keeping geneSl GAPDH(Glyceraldehyde-3-
Phosphate-Dehydrogenase)S A& 3}itl. 273
target -4 2+ ZF2}2) primer A Q-2 Table 29} #t}.

(4) Quantitative RT-PCR analysis

@ Z}7ve] cDNAZ Ao g 1:}_4, 7lo] ==

e

10 x amplification bufter 10
Mixture of ANTP (10 pM) Su
GAPDH primer 1 (10 pM) 24
GAPDH primer 2 (10 pM) 24
Template cDNA 44
H20 !
Taq polymerase 0.25u

(@ Table 32] 2O 2 target -4}l thsle] 36
cycles PCRYHS-& A3 &lgiT).

3) PCR products:g 2% agarose gelo] A 100V, 10%-

7F A 7199 %3t & densitometerE ©] £3}lo] Z} band

125



ERTARES0| alcohol THAF RHAH Y apoptosistl| D|x|& %

Table 2. Oligonucleotide primers used for quantitative RT-PCR analysis (All sequences are listed 5 to 3')

Gene Primer Sequences Orientation
GAPDH i TGAAGGTCGGAGTCAACGGATTTGGT sense
2 GACCATGAGAAGTATGACAACAGC antisense
ADH 1 AGCCAGAATCATTGCGGTGG sense
2 TTCCCAGAGTGAAGCAGGTC antisense
ALDHI1 1 CTATGTGGCCAACCTGATCA sense
2 CGTTGCCCGGGCCAAGTCTC antisense
ALDH2 1 CTCAAGAGAGTGACCTTGGA sense
2 GTTGGCTCTCCCAACAACCT antisense
ALDH3 1 GCTTTAAGAGTAAATATTCTG sense
2 AATCTACCTCTTTCCGAAGC antisense
Table 3. Target Genes
Cycle Denaturation Annealing Polymerization
First(13]) 5min at 94 1 min at 59°C I minat 72¢
Subsequent(343)) 1 min at 94 | min at 59C 1 min at 72°C
Last(13)]) | min at 94 1 min at 59°C 10 min at 72°C
o) ¥i7] & A 23k 9k

@ 12 PCRY}M-E-9) 272 E0)2 RNAY 45 &
#slo] 2 GAPDH PCR products®] %S +20%0°]
W2 s} sk

® 9 Z2IE nFo g target F-AA ] )3k
PCRYHS-& Al@lsto] 4Ti4Q) B shE Algad e
™, target S 2 2] PCRZZA L Table 33 < s}t}.

4) Trypan blue exclusion assay

IR 5] apoptosisel]l A& QA& olrr)
25t HepG2 cello] 60-70% confluencyE o] & wj,
ethanol¥} acetaldehydeS 7}7F S0mM, 4004M = %] )
At A7 ol FEIHHES S 1,10, 100 we/ml 2] 5=
2 48417 stk Y2202 Fas-mediated
apoptosis signal& AedlE Aoz 2 42 ant-
FasL neutralizing antibody & ethanol¥} acetaldehyde &
247} 50mM, 4006M=E A2 HepG2 celld]| 1,5, 10
we/mlE 7¥ete] 48A1ZF AEstgith AT AlEES
22)517] 9181A] trypsin-EDTAZ wojdl TS ¢
A& cell pelleted A& %, o] & A cold
PBS(phosphate buffered saline)ol| x| 5% 10° cells/m! 7}
HEE A3tk eafo] =4 0.5m! suspensiong
4|3} 12, Trypan blue solution© 2 43t 3 o|A
2= death cell & Al=3lo] A T49be] v A4k
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1. ‘BFFA#ES0| ALDH F8X wlo]| o|xj= G3
1) Ethanol¥} Acetaldehydeol] ¢33+ ALDH @& =

HA ethanol?} acetaldehydeol] 213+ ALDH &3
REZ oliir] fste] QA AT HepGa
celld] z+zb A2l S o, s b
ALDHI, ALDH2, ALDH32] mRNA 439 =717}
#25 gl th ALDHI-39] mRNA W57k ethanol
2] ¥]3) acetaldehyde X2 7oA Egom,
ethanol 2 acetaldehyde * 2] RS54 ALDH19)
Bl&] ALDH2 ¥ ALDH3 @&do] & 9| Z7}5 1
BTt 18]y HepG2 cello) 4] ADH mRNA 23
& A&5A ¢4rH(Table 4, 5, Fig. 1).

2) i fE©) ALDH £ 7 2ol v|X= 9%

Ethanol & acetaldehydeol] 2|3t ALDH f-&x} &
| mEERC) "X e S B4 0}71 9t
1, 10, 100ue/ml ) EFEERS A 83 £ 50mMe
ethanol¥} 400xM9) acetaldehydeZ Z+2} x| 2|8ttt
24A17F & ALDH mRNA 239 W3 453 &
quantitative RT-PCR-& o] -&3}o] ZA}8l9ch B A3



Table 4. Quantitative RT-PCR Analysis of ADH and ALDH mRNA Expression in Ethanol-treated HepG2 Cells

Ethanol (mM) 0 1 10 50
ADH 0.00 0.00 0.00 0.00
ALDHI 1.00 1.14 1.32 1.33
ALDH2 1.00 1.41 1.89 2.88
ALDH3 1.00 1.56 1.94 3.05

Cells were treated with ethanol for 24 hours

Table 5. Quantitative RT-PCR Analysis of ADH and ALDH mRNA Expression in Acetaldehyde-treated HepG2 Cells

Acetaldehyde (4M) 0 100 200 400
ADH 0.00 0.00 0.00 0.00
ALDHI 1.00 1.47 1.69 1.72
ALDH2 1.00 1.64 2.77 3.90
ALDH3 1.00 1.62 221 3.82

Cells were treated with acetaldehyde for 24 hours

Ethanol(mM) 0 1 10 50 Acetaldegyde(uM) 0 1 10 50
ADH ADH
ALDH1 ALDH1
ALDH2 ALDH2
ALDH3 e ALDH3

Fig. 1. Quantitative RT-PCR analysis of ADH and ALDH mRNA expression.

One ug of total cellular RNA extracted from ethanol- or acetaldehyde-treated cells was converted to cDNA by reverse
transcription and 1:4 diluted cDNA was subjected to PCR amplification of ADH, ALDH, and an internal control gene,
GAPDH. Ten 4 of PCR products was resolved on a 2% agarose gel and its band intensities were scanned using a

densitometry. The expression levels of each gene were determined as expression ratio, which were adjusted by
intensities of GAPDH expression.

ol M= EIFEREO] ethanol @ acetaldehydedl] 8]  fRiEHS Hel@d A4S Aelswd w#ats A28
Tt ALDHS] mRNA Zd 37l 9&= v Ao F&o] AU webM FIFRES S
A7 ge Aoz RAFYKTable 6, 7, Fig. 2). alcoholo] <3t 7| B 815 A = 3] 5A]

71e 27 deS UE 5 J2ATHTable 8, 9).

o l‘k

2. FERHEERO] alcohol T4 cytotoxicityol| of

= g% 3. iEFFRES0| alcohol FEA apoptosisoll O]
Ethanol#} acetaldehydeol] €]t 74|32 &-A] A ] = A%

e FIRES dFE E43817] Y8t MTT 1) Anti-FasL.2] alcohol %4 apoptosise]l th& 2H-&-

assay S 9819 c). AH AT ethanol#} acetaldehyde P Z 8} apoptosis7} Fas 2 3G 9 ATk o)

+ HepG2 cell®] A& &3] AstA AW, iEHF =X & dolR 7] 9d}o], ethanol & acetaldehyded]]
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Table 6. Effect of Chungganhaeju-tang on Ethanol-mediated Induction of ALDH mRNA Expression

Ethanol (50 mM)
Chungganhaeju-tang(ug/ml) - + + + +
0 0 1 10 100
ALDHI 1.00 1.29 1.33 . 126 1.31
ALDH?2 1.00 2.69 2.74 2.68 2.79
ALDH3 1.00 3.14 312 3.20 3.11

Table 7. Effect of Chungganhaeju-tang on Acetaldehyde-mediated Induction of ALDH mRNA Expression

Acetaldehyde (400 M)
Chungganhagju-tang(ug/ml) - + + + +
0 0 i 10 100
ALDHI1 1.00 1.61 1.66 1.68 1.72
ALDH2 1.00 3.87 3.70 3.80 379
ALDH3 1.00 3.73 3.61 3.77 3.69

Table 8. Effect of Chungganhaeju-tang on Cytotoxicity of Ethanol (MTT Assay)

Ethanol (50 mM)
Chungganhaeju-tang(ug/ml) - + + + +
0 0 1 10 100
Exp. 1 0.267 0.117 0.143 0.197 0.212
Exp.2 0.258 0.112 0.139 0.181 0.209

Cells were treated with Chungganhaeju-tang and ethanol for 48 hours

Table 9. Effect of Chungganhaeju-tang on Cytotoxicity of Acetaldehyde (MTT Assay)

Acetaldehyde (400 /M)
Chungganhaeju-tang(ug/ml) - + + + +
0 0 1 10 100
Exp. 1 0.232 0.104 0.133 0.173 0.205
Exp.2 0.229 0.102 0.130 0.174 0214
Cells were treated with Chungganhaeju-tang and acetaldehyde for 48 hours
Ethanol(50 mM) - + + + + Acetaldehyde(400 mM) - + + + +
CGHJT(ug/ml) 0 0 1 10 100 CGHJT(ug/ml) ] 0 1 10 100

ALDH1 ALDH1

ALDHZ2

ALDH3

Fig. 2. Effect of Chungganhaeju-tang on ALDH induction by ethanol or acetaldehyde.
One g of total cellular RNA extracted from Chungganhaeju-tang-treated cells in the presence or absence of ethanol or
acetaldehyde was converted to cDNA by reverse transcription and 1:4 diluted cDNA was subjected to PCR amplification
of ALDH, and an internal control gene, GAPDH. Ten 4 of PCR products was resolved on a 2% agarose gel and its
band intensities were scanned using a densitometry. The expression levels of each gene were determined as
expression ratio, which were adjusted by intensities of GAPDH expression.
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At ote] A& o)M= ethanoli] acetaldehyde 2 2] = & dog)A Hrh

HepG2 cell®] apoptosis& &38| Fikelo] #AE R gelglo A= T2 AT NS EiFolet sta,
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Table 10. Suppression of Ethanol-induced Apoptosis by Anti-FasL Antibody (Trypan Blue Exclusion Assay: death celis/total

cells)
Ethanol (50 mM)
anti-FasL(ug/ml) - + + + +
0 0 0 5 10
Exp. 1 419/2000 1278/2000 1103/2000 845/2000 569/2000
Exp.2 448/2000 121972000 1056/2000 716/2000 51872000

Cells were treated with anti-FasL and ethanol for 48 hours

Table 11. Suppression of Acetaldehyde-induced Apoptosis by Anti-FasL Antibody (Trypan Blue Exclusion Assay: death
cells/total cells)

Exp. |
Acetaldehyde (400 M) - + + + +
anti-FasL(ug/ml) 0 0 0 5 10
Exp. | 419/2000 1267/2000 1088/2000 71772000 51272000
Exp.2 448/2000 1264/2000 1052/2000 690/2000 525/2000

Cells were treated with anti-FasL. and acetaldehyde for 48 hours

Table 12 Induction of Apoptosis by Ethanol and its inhibition by Chungganhaeju-tang (Trypan Blue Exclusion Assay: death
cellsitotal cells)

Exp. 1
Ethanol (50 mM) - + + + +
Chungganhaeju-tang(ug/ml) 0 0 1 10 100
Exp. 1 44772000 13772000 1021/2000 802/2000 55172000
Exp. 2 452/2000 1409/2000 996/2000 662/2000 494/2000

Cells were treated with Chungganhaeju-tang and ethanol for 48 hours
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Table 13 Induction of Apoptosis by Acetaldehyde and its Inhibition by Chungganhaeju-tang (Trypan Blue Exclusion Assay:
death cells/total cells)

Exp. |
Acetaldehyde (400 /M) - + + + +
Chungganhaeju-tang(ug/ml) 0 0 1 10 100
Exp. 1 44712000 147212000 1109/2000 790/2000 511/2000
Exp.2 452/2000 14622000 1083/2000 692/2000 478/2000

Cells were treated with Chungganhaeju-tang and acetaidehyde for 48 hours
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