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ABSTRACT
The Effect of Injin and Injinsaryungsangagambang on Liver Cell Viability,
Liver Cell Cycle Progression and DNA Damage-induced Apoptosis
Woo-Sung Kang”, Jang-Hoon Lee” and Hong-Jung Woo
+ Dept. of Internal Medicine, College of Oriental Medicine, Kyung Hee University

The effects of Yinjin and Yinjinsaryongsangagambang on a DNA damaging agent,
etoposide-induced apoptosis, cell viability, cell cycle progression, and mRNA expression of
apoptosis-related genes of human hepatocyte cell line HepG2 were investigated using tryphan blue
exclusion assay, MTT assay, flow cytometry, immunocytometric analysis of PCNA, and
quantitative RT-PCR analysis.

MTT assay showed that Yinjin and Yinjinsaryongsangagambang increases cellular viability of
HepG2 cells in a dosage-dependent manner. Stimulation of cell cycle progression by Yinjin or
Yinjinsaryongsangagambang was detected by flow cytometric analysis of the DNA content and
immunocytometric analysis of PCNA expression. A significant reduction of a DNA-damaging
agent, etoposide-induced apoptosis were found in both Yinjin and Yinjinsaryongsangagambang-treated
cells in dosage-dependent manner.

In overall, 3-fold reduction of apoptosis was recognized in 10.0 gg/ml of Yinjin or
Yinjinsaryongsangagambang-treated cells compared to untreated cells. Although the difference is
not significant, Yimjinsaryongsangagambang showed slightly higher effect on the inhibition of
apoptosis than Yinjin.

From flow cytometric analysis of apoptosis, while 399% of untreated cells showed
etoposide-induced apoptotic cell death, only 196% or 174% of Yinjin or Yinjinsaryongsangagambang-treated
cells were fond at apoptotic sub G1 phase, respectively. Interestingly, strong induction of Gadddb
-mRNA was observed from Yinjin or Yinjinsaryongsangagambang-—treated cells. However, no
changes in expression levels of p53 and Wafl were detected, demonstrating that induction of
Gadd45 mRNA expression by Yinjin or Yinjinsaryongsangagambang occurs by pb3-independent
mechanism. Marked mRNA inductions of two apoptosis-inhibiting genes, Bcl-2 and Bcl-XL, were
found in both Yinjin or Yinjinsaryongsangagambang-treated HepG2 cells while no changes was
detected in expression levels of an apoptosis-promoting gene, Bax.

Key Words: Injin, Injinsaryongsangagambang, Apoptosis, MTT assay, Flowcytometry, RT-PCR,
Genes(Gadd45, p53, Wafl, Bcl-2, Bel-XL, Bax)
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Composition of Yinjin and Yinjinsaryongsan-

gagambang
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2. 7 &

1) FFrlifae) K5ig

Alg 719 AlEFQ HepG2e American
Type Culture Collection(ATCC, Rockville,
MDYl A FUEHe™ 10% fetal bovine
serum©l #7}¥ DMEM(Gibco) 2.2 8} %3}
Aot #ifEE 5% CO29 7h&E F71e 37T
o] £xo]A wjFstA Tt

2) WFgifael of gt ¥R

Bl B AL AT 0.1, 1, 10ug/ml
9] %2 HepG2MiE7r 50-60%9 #HEZE
2g-g |, 24-72A171 5 EIEA T Apoptosis,
MEZ4), EMET #HBYd Sme YA
trypsin-EDTAE MifgE Xokoh wWpEa &
BpaEomE el DNAHEBOoE Hikw
apoptosis®l TIX & HEE Sistr] 93k
HepG2#fisl DNA 185 ¥HE< etoposideE
20pml/mle] BERZ 6A7 B EHT %
Wk EEIS M TS s A

o & 9

I MTT KBS

1) MTT bty 3 g8

MTT 5Smg/mte PBS(phosphate buffer
saline)oll &o] pH 752 %& t# 022me
filter 2 5] stock solution® WEICEH
It 1x104709) AEE EEsT e 100
uo] cell suspensionoll 10x8 2 MTT stock
solutiong #natSd o}

2) BEFIMET GG E

MTT stock solutiono} cell suspension&
Fhngk AKEER 37°Coll A 3R RS &
100ut2] 0.04M HCI in absolute isopropanol
S H#%9 welldl ¥ & RESH blue
formazan crystals® €43 BEA A, &
#9) w7l B 5 570nmell A ELISA(enzyme
linked immunosorbent assay) ZA7|&
OD(optical density)& MW sts .

2. Cell cycle analysis

WIS PBSE 2M fhikd % 70% A7he
ethanolol] 4] 1B B<F 4T A ZAsG
t}Al 100pg/ml propidium iodide$t 1mg/ml
RNase?} Z&¥ 15ml PBSHA A&
o} 37CAA 28 T HES F HEE
[kl PBSol A A ¥ gt FACS Caliber
Cellquest program (Becton Dickinson) F

figted st slch

3. PCNA exepression analysis

MmRsEe) skl PCNA expressions
immunocytometry & o] &3l =34k
1X10774 ¢ #iME PBSE 2/ #hifkd #% <
71o) 0.1% fetal bovine serum°] &4 ¥ PBS
100ml&  #msksd ok MHEE 3049k 70%
ethanolol A& PBSZ 2Mm thA] AH§
%  jmmunocytometryE ©]-&3o PCNAZ|
=g €S

4. Apoptosis %

1) Tryphan blue exclusionol & 7#7

#u)lF4E o] &3 apoptosis AHiE Yt
AEE 8% & A71E PBSE mi¥ 5X105
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M7t HB%E suspensiond . FHE AL
0.5mlE shde®] F4|3le] tryphan blue® ¢
Ml FHE& MR #E dvFEezr FA3
A

2) Flow cytometryol 21% 5%

AiEE PBSE 200 ikt & 70% cold
ethanolol A 1HER St 4T A 24 8H
thA]  10pg/ml propidium iodide® 1mg/ml
RNase’t £3¥ 15ml PBSolA @ eEsld
T}, 37ColA 2l 54 KHES F MEE
mgstel PBSIA A @Edtel FACS caliber
cellquest program{Becton Dickinson)< Fl/i

o AHiste

5. & RT-PCR

(Reverse Transcription-Polymerase Chain Reaction)

1) RNAS®] #hiH

@ GSS solution®) BifE

250g2] guanidine isothiocyanate® 293ml
o) 34k FEEAKA ¥ % o7]d hA] 0.75M
sodium citrate 17.6ml¢t 10% sarkosyl
26.4mlE $¥°] 65CeA  stiring® %
filtering 8} o] W E3F R ot

@ Solution D2 #{E

GSS solution®ll 2-mercaptoethanol S 0.1M
o] BEEZ Yol HfESIIAT.

Table 1.

@ 10774l fifEel solution D 50048, 2M
sodium acetate, pH 40 50t & o] Z &
&% % water-saturated phenol 5000,
chloroform : isoamyl alcohol ( 24 : 1 ) 100
wE gol 100 vortexingdhol icedl 157
Tl s st ot

@ REHEWS 15000rpmell A 204768 580
nEEsta EiEeY 458 [Eieste] [
cold isopropanol 1000ut& o] -70CofA

. 241 R PRI A o

®@ 15000rpmell A 20451 RO EEsl e &
WS b3 % RNA pellet2 100% ethanol
2 70% ethanol® EEKE #3049
RNase-free waterd] ¢} spectrophotometer
E FIH3le] RoNAS && MwEsdo

2) cDNAS] #lfE

MoMuLV(Moloney murine leukemia virus)-—
S A AL & 4 (Gibco)9t random hexamer primer
£ o]#&o 20 Lo E lug RNAE
cDNAZ HAAGTH %, lug RNAS 240 9
AALE A buffer, 14l random hexamer(10pM),
16 MoMulLV-EHALEA(10U/ut) 83
05u¢ RNase A E2-E 4JojA 23T A 15
Z, 2TAM 1AZH 95TAA 587F €84
itk Z+zte] RNAZ 28 F 79 cDNAE
4o AZsy "od FFFE 14 E=E

Oligonucleotide Primers Used for a Quantitative RT-PCR Analysis (All sequences are listed 5 to 3")

Gene Primer Sequences Orientation

GAPDH 2 TGAAGGTCGGAGTCAACGGATTTGGT sense
3 GACCATGAGAAGTATGACAACAGC antisense

Gadd45 GDL GTGAGTGAGTGCAGAAAGCAGGCG sense
GD3 GAAGTGGATCTGCAGAGCCACATC antisense

p53 5789 TCTGTCCCTTCCCAGAAAACC sense
6930 TTGGGCAGTGCTCGCTTAGTGCTCC antisense

Wafl SC05 AGCTGGGCGCGGATTCGCCGAG sense
SC04 AGGCTTCCTGTGAGCGGGCCTTTG antisense

Bel-2 PM12 CTTTGAGTTCGGTGGGGTCATGTG sense
PM14 TGACTTCACTTGTGGCCCAGATAG antisense

Bel-X, 1 GTGAGTGACGGTCAGTG sense
2 TTGGACAATGGACTGGTTGA antisense

Bax B3 GTGGCAGCTGACATGTTTTC sense
B4 AGCTGGGGCCTCAGCCCATC antisense

94



- FERE 2N THBIEE DR R O Sy ol T s

i, At (95)
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3) Primer®] #F 9 quantitative PCR

MG BHES ERMSE Sl Y3
of WA cycle BE 21, 24, 27, 30, 33, 36,
39, 42 cycle® #mAIZIHA cDNAE 1.0,
12, 114, 182 #A39 PCRE A%
Z+zbe] F71E 95T oM 187el WA,
58-627C ol A 45%7+9] annealing, 72°ColA 1
E7ke] DNA 9% S22 FAH Ut o
A8 e housekeeping standard®]l GAPDHE
g3 ZE ™4z d&A 50 RCR
reaction£ 9 125-25 ng cDNA 7} 26-34
cycleg AXHA 2oy F7HE HAF
i 9lth RT-PCR AHE2 2% agarose geloll
A 110V, 1AMZEEY EEEdd Gel&
ethidium bromide(0.54g/m1¢] 1X TBE)Z 30
27 4438 & 1X TBEEZ 1527 248
AYAe o]lgde FAZL AIHo=E JIE
Yok AR AU AEL 7AEHE "Wt
A FFSe FFANT F7) FoA wHT
S ndi AEael 2 HEL Tablel of
Al go] gt} 33 59 AEA e Holx 3}
9] intronol 9J& £2¥ AE & exonel
9x5l=d o]AL ¥ mRNA PCR AHE&
22 A %2 mRNAY PCR AHg3 w3}
71 948 Aotk & FEZE HET dF
RT-PCRE Solx+ &8 diHE biotinylate
Al713 chemiluminescenceZ X & ©]&-3 southern
blot 241 & Fa&l) At EEF ¥E A
Eeo AHLE dHolx FEEA7]E ethidium
bromide @4 ¥ agarose geld scandle] A
Alstgch. vl 73-% %3 housekeeping gene,
GAPDH Z7+9] curve?d] 999 njgL HF
Hog EEF TN TBH o Hed
Hekx RT-PCRS #& cDNAJ thdly F
H oA AAEHA T

V. d A

1. MTT RIEES

(LT Samplel)=} BB PSS B A
(LLF Sample2)e] MEEAH o] olxjs= &3
g z4}817) 93t HepG2 cello] Samplel @}

Sample2Z 24 0.1, 1.0, 100pg/mle] e d

2 48A17F FQF S & fHibe] EMEE

MTT assay® FIfiste] S#istgch 2 2=t

Samplel ¥ Sample2o| X ==& E A

xgdo] ZF7IEIR e, Samplel® Sample2

Afojol = frojg Ao} 7k gl TH(Table 2).
Table 2.

Effects of Samplel and Sample2 on the Cellular
Viability of Hep(G2

Samplel Sample2
g/l Expl Exp?2 Exp.l Exp2
Control 0211 0230 0211 0230
0.1 0239 0247 0241 0254
1.0 0268 0279 0259 0273
10.0 0297 0298 0293 0291

2. Cell cycle analysis

MBS 10pg/miel BEZ Z+Z} Samplel®
Sample2& 4347t REIT F A4
flow cytometryE FIFsI A#rdt A3 M
foslEe Bmes gAdd & 3
Wie] v &g viwstd fxate] 683%9 ©
st} Helve 7+ 47.3% 3 4 AE
At o Ad= HepG2 #iiEel s
Samplel®} Sample27} s EHA FHEst 9
<& YebdC(Fig. D).
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Fig. 1.

Flow cytomelric analysis ol the effect of Samplel and
Sample? on the cell cycle progression of HepG2 cells.

(C: untreated control cells, |1 Samplel ~treated cells, 2:
Sample2-treated cells)

3. PCNA expression analysis

Samplel® Sample27t HepG2 #ifae] M /’11'1'
of mlAE AL FEHII s MEES
01, 10, 100pg/ml ) 2] Samplelbl-
Sample22 £ 4 24, 48, 72417} 5ot WM e
T AEF7)Y GIMdA SHE pd 4 F
7lE)l= 7oz deiz PCNAE immunocytometry
2 ol &3td sl

Table. 3914 K= 23 Zol Samplel#
Sample2& MAFT TE HFNA PCNA B
o] fHm3 Myt WEE A o HiRles ol
Kol flow cytometryE E3F 5# ﬂi‘ — ¥}
= 702 PCNAS #3 #ine Berel kR
of ksl LtEMRTH 7241 7F Z%E]'rr s
g Z oA PCNA FFo] 5999« w4, 01,
1.0, 10.0pg/mie] BEMZ Samplels EH
s ‘11’¥°i]** %4 692, 74.8, 81.4% 1, Sample2
2 ma aAME £4 707, 794, 86.2¢
PCNA7Z} A& ¥ At HHM AEF719 Gl
ol A SHiZ<e R 9ss A
PCNAZ2] ¥ 8 A<%& Samplel® Sample2
o] BIERIFIOZ L}E}"LOD% Samplel®] It
8} Sample2ol A 27t B & HEE el
At

Table 3.

Immunocytometric Analysis of

PCNA Expression in Samplel and Sample2 Treated
HepG2 Cells

pg/ml hrs Control 0.1 10 100
Samplel 24 60.1 61.4 69.1 69.9
Sample2 60.1 62.7 72.4 7.1
Samplel 48 574 65.1 69.3 73.0
Sample? 574 65.9 729 78.0
Samplel 72 59.9 69.2 74.8 81.4
Sample2 59.9 70.7 794 86.2

4. Apoptosis® #7
ke g, B3 ALY FFAiee] DNA #iG

96

o # #FE% apoptosisell Samplel 3+ Sample?
7} vl s g gemslr]l flsl DNA B
WEHY S 2WUAR  etoposided HEPLS}H
apoptosis® F7Ed Atk HepG2 S 204
moles/mi8] etoposide® 6A]7F Bt HHS
Z 0.1, 1.0, 10.0ug/mle] Samplel ¥ Sample2
2 48A17F B9 REESI T Apoptosis®
tryphan blue exclusion assay$ sub GLHI
9] flow cytometry & £4319)c)

1) Tryphan blue exclusione] |8t o#r

HepG2 #ilMfi7F 50-60%¢< %= zag
uf, etoposide® 20 umo/mlel R 6AZ
FoF mEsta P kg, Samplel ¥ Sample2

© 10pg/mie) R 48AZHE L JRIESEA O
ll S-S I3l tryphan blue® —/’“EOI-OZ]
apoptosisell w3 Mol #E BAIMED B
WEd- ATk, Table 4004 8 2o}, Samplel @ }-
SampleZ EEE A apoptosisel w2 AN
el HES WAt BlgEden e H
;?é:i&%—-lﬂ‘}gi ueldtl.  Etoposide I
HepG2 #ifaFES 54.0%7F apoptosisell Wz
¥ 0.1, 1.0, 10.0pg/mlel #IEE Samplel &
fEel A £ 493%, 33.9%, 192%%n
Sample?2 BHEFANAD £4 478, 301, 17.0%
2] apoptotic cellso] #REACE  wgkr 10
pg/ml Samplel - Sample2o] 4] ¢F 3w 7}
9} apoptosis A7t =T Samplel 7
Sample29} 9] zlol7} A FEX e F
W 9] ﬁgﬁ‘)ﬂ/ﬂ Samplel ¥t} Sample27} <3t
o =& fih %R BlgE A (Table 4).

Table 4.

Tryphan Blue Exclusion Analysis of

an Inhibition of Etoposide Induced Apoptotic Cell Death
by Samplel and Sample2(dead cells/total cells)

pe/ml Control 0.1 - 10 10.0
Samplel Exp.l 1011/2000 998/2000 656/2000 45/2000
Exp.2 1148/2000 973/2000 698/2000 421/2000

Mean 1080/2000 986/2000 677/2000 383/2000

(54.0%)  (493%) (33.9%) (19.2%)

Sample2 Expl 1011/2000 948/2000 590/2000 310/2000
Exp.2 1148/2000 962/2000 612/2000 369/2000

Mean  1080/2000 955/2000 601/2000 340/2000

(54.0%)  (478%) (30.1%) (17.0%)




B i e R

2) Flow cytometryell &k 74

Apoptosis®] Aol ME= 72 DNAR
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Fig. 2.

Flow cytometric analysis of the effects of Samplel and
Sample2 on etoposide induced apoptosis of HepGZ cells.(C:
untreated control cells, 1. Samplel-treated cells, 2:
Sample2-treated cells)

5. Quantitative RT-PCR(Reverse Transcription)
analysis

1) Expression of Gadd 45 mRNA

Samplel®} Sample2°] <8 HepG2 #HilE <]

208 AME H 3T7E - 97

etoposide ##% apoptosis #HlE Samplel #
Sample27} DNALS W @RE 7F38 K
758 DNA E A8 #E 59 cofactorZ M

slo] Hi5El DNA [HIfEe] ki) #edle
&+ Gadd4s 7ol HEE ey ¢8
o] Samplel @} Sampleulzéﬂﬂ n.IHHEJQ] RNAE
hhitabel sy RT-PCRE lGst s l
HepG2 #ilitiol etoposide® 20z« mol/mi el {'“'

2 641z ok st ¢ g, Samplel 3
Sample2= 0.1, 1.0, 10.0zg/ml9] ;E'é&:?—_ 24 2]
ZhEer pRIEdlel. ol®H A EIE Ml
Gadd45 mRNA ZEBle] kg oizsok b
3 A1 Samplel®} Sample2 B 5ol
A Gadd45 mRNA Bl #Esr #mzr
725 Ao (Fig. 3). o) #EE fiNEy] 98k

5 Hel HEs MESRL 22 #MAE &
ok zoeEm o ##E SamplelT)
Sample2°] 9 3 etoposide & Er

apoptosis ] #IH 7 HHW O R Gaddd5 i
Fo| Ry EEel el o AL m
87 A]A}gict Table 59 vebd whs} 2ol
Gadd45 mRNA 5 MM KiEL dx
, 0.1, 1.0, 10.0ug/ml Samplel iz B i of] A] 1”‘r
—?‘r 1.00, 1.76, 2.23, 367, thzxd,
1.0, 10.0ug/ml Sample2ZE il A £ 4% lOO
1.69, 2.37, 3.71°] A tt.

EEE
°59%
Eeol
OS—e
Gadd45
1 GAPDH
Gadd45
2 GAPDH
Fig. 3.

Quantitative RT-PCR analysis of Gadd45 mRNA
expression.(C: untreated control cells, 1. Samplel-treated
cells, 2! Sample2-treated ceils)
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2) Gadd 45 mRNA ##lol 2ol P531}e
B
Samplel & Sample27} Gadd45 mRNA<2|
IS FEstchE AMEE S I SERF O
2} g8 h 8 Gadddhe) HEH O EMTQA p5s3
o] W= AL WRdTh o RHS
#3)7) 98k Samplel® Sample2 & JEH

% po3d A AE FAHAYA Wafl
mRNAS #H BEE THH RT-PCRE #
e A po33 Wafle] ks s x o
rch(Fig. 4). whelA] & dAFof & Samplel
3 Sample2¢] Gaddd5 mRNA 23 #Xof
po3el A HAHA & AR FHAE
c}.

EEE
R4
-
O
4 p53
Wari
p53
2 Wafi
Fig. 4.

Quantitative RT-PCR analysis of the p53 and Wafl
gene(C: untreated control cells, 1: Samplel-treated cells, 2:
Sample2-treated cells)

3) Expression of the Bcl-2 family genes

HAZ HHEEL p53, Fas, TNF-¢ & W&
stz thorsl =29 MM apoptosis A3 7}
Bel-2, Bel-XL, Bax$¢l Z2 Bel-28 #EF
of o4& #Aadttn W&t Aok Figh ol
A BoA 50| Samplel} Sample2E #EL 3}
W apoptosis (B EEFI Baxol&E #1L7}
8le Kol apoptosis #IHl EEF< Bcel-2,
Bel-XL& EEEEFEMSE #mAzlz drt
10.0ug/ml Samplel 3} Sample2E# HepG2 Ml
g Al Bel-2, Bel-XLeo] < 2uiA T #in=

98

Ak Table 5). o] #¥+= Samplel™ Sample?
7b Bel-281 sEfFe] MEe BEe FEs
o o]l & jide apoptosisE IS, oA
2 My M/bel apoptosis fEHE fEHiEEE

FaEEs Hasied Fugods & + 3l
EEE
8299
£E.ao2
O~ 8
| Bc1-2
1 | Ber-xL
Bax
Bcl-2
2 Bcl-XL

Bax

Fig. 5.

Quantitative RT-PCR analysis of the Bci-2 family
genes.(C: untreated control cells, 1: Samplel -treated cells,
2. Sample2-treated cells) )

Table 5.

Quantitative RT-PCR Analysis of Apoptosis-related
Gene Expression in Sample!l and Sample2 -treated HepG2
Cells

pg/ml Control 0l 1.0 10.0

Gadddd Samplel  1.00 176 223 367
Sample2  1.00 1.69 2.37 371

p53  Samplel 1.00 104 113 0.93
Sample2 1.00 091 1.07 0.98
Wafl Samplel 1.00 1.16 0.92 1.09

Sample2 1.00 0.89 1.01 6.96

Bel-2  Samplel 1.00 121 1.58 1.97
Sample2 1.00 1.26 1.67 191

Bcl-XL Samplel 1.00 1.36 1.73 2.07
Sample2 1.00 1.49 L77 1.99

Bax  Samplel 1.00 1.06 0.93 112
Sample2 1.00 0.93 1.13 0.95
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