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Abstract

Malachite Green (MG), a toxic chemical used as a
dye, topical antiseptic and antifungal agent for fish,
is highly soluble in water, cytotoxic to various mam-
malian cells and also acts as a liver tumor promoter.
In view of its industrial importance and possible ex-
posure to human beings, MG possesses a potential
environmental health hazard. So, we performed with
HepG2, a human hepatocellular carcinoma cell line,
to identify the differentially expressed genes (DEGs)
related to toxicity of MG. And we compared gene
expression between control and MG treatment to
identify genes that are specifically or predominantly
expressed by employing annealing control primer
(ACP)-based GeneFishingTM method. The cytotoxi-
city (IC20) of MG was determined above the 0.867 µµM
in HepG2 cell for 48 h treatment. And the DEGs of
MG were identified that 5 out of 6 DEGs were up-
regulated and 1 out of 6 DEGs was down-regulated
by MG. Also, MG induced late apoptosis and necro-
sis in a dose dependent in flow cytometric analysis.
Through further investigation, we will identify more
meaningful and useful DEGs on MG, and then can
get the information on mechanism and pathway as-
sociated with toxicity of MG. 

Keywords: Malachite green, GeneFishing, Differentially
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Malachite green (MG) belongs to the triphenyl-me-
thane class of dyes, which has been identified as
harmful by the WHO/FAO Committee1. It is used ex-
tensively for dyeing wool, jute, cotton, leather, as a

laboratory reagent and as a topical antiseptic2. MG is
also used as an effective treatment for external fungal
and protozoan infections of fish. But MG has been
banned because of its cytotoxicity to various mam-
malian cells3. It has been also reported to cause car-
cinogenesis, mutagenesis, chromosomal fractures,
teratogenecity and respiratory toxicity in mice4. De-
spite the large amount of data on its toxic effects, MG
is still used as a parasiticide in aquaculture and other
industries4.

As shown by Ashra et al.5, MG is extremely cyto-
toxic to mammalian cells in culture6,7 and induces
free radical formation8 and malignant transforma-
tion3. N-demethylated and N-oxidized metabolites of
MG may induced carcinogenesis by the formation of
DNA adduct an abnormal piece of DNA covalently-
bonded to a cancer caused by chemical or metabo-
lites9. Further in Syrian hamster embryo (SHE) cells,
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Figure 1. Effect of malachite green on HepG2 cells viabi-
lity. Dose-response curve assessed after treatment. 6×106

cells/mL HepG2 cells of grown for 1 day in 24-well plates
were exposed to culture medium. HepG2 cells were treated
to various concentrations of malachite green in 24-well plate
for 48 h. 75µL of MTT (4 mg/mL in PBS) solution was add-
ed to each well and incubated for 3 h. DMSO solution was
added to each well and transfer in 96 well plates. The optical
density (O.D.) of the purple formazan product was measured
at a wavelength of 540 nm. IC20 value of malachite green was
calculated to 0.867µM at 48 h treatment. Values are express-
ed as percentage of corresponding controls.
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a dose and time dependent induction of apoptosis
increased by MG. And the overexpression of p53 and
bcl-2 related to oncogenesis and tumor progression
induces apoptosis by MG10,11. And also, MG also in-
duced G2/M arrest in dose-dependent manner5. Mo-
nisha Sundarrajan et al.12 have early reported that
MG has promoter effects on development of hepatic
pre-neoplastic lesion in rats6,13,14. However, the infor-
mation available on the liver tumor promoting effects
of MG, much still remains unknown regarding the
possible mechanism (s) of tumor promotion by this
compound. 

This study examined whether MG has an influence
on the expression of mRNA in HepG2, the human
hepatocellular carcinoma cell line. The identification
of differentially expressed genes (DEGs) induced by
MG may assist in the identification of potential bio-

marker and may understand molecular toxicological
mechanisms in HepG2 cells. So, we performed the
GeneFishingTM techniques incorporating an annealing
control primer, which has specificity to the template
and allows only real products to be amplified15, for
identification of DEGs on MG exposure. And we also
suggest that one of toxic mechanism on MG may be
the induction of apoptosis. Thus, we have measured
whether MG induces apoptosis using flow cytometry
assay and it affects the expression of apoptosis-related
genes using real time RT-PCR.

Cytotoxicity of Malachite Green in Human
HepG2 Cells

Relative survival of HepG2 cells following exposure
to a range of concentrations of MG was determined
by MTT assay. The survival percentage relative to sol-
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Table 1. Sequence similarities and characterization of differentially expressed transcripts in the cell by malachite green
exposure.

DEG No. Gene Accession Sequence homology search Homology
symbol No. (Homo sapiens)

Up 1 AGXT NM_000030 Homo sapiens alanine-glyoxylate aminotransferase 387/388
(oxalosis I; hyperoxaluria I; glycolicaciduria; (99%)
serine-pyruvate aminotransferase) (AGXT), mRNA 

PAGA X53414 Human mRNA for peroxisomal L-alanine:glyoxylate 387/388
aminotransferase (99%)

Up 2 RPS20 BC007507 Homo sapiens ribosomal protein S20, mRNA 347/347
(100%)

Up 3 GDF15 AB000584 Growth differentiation factor 15 371/371
(100%)

MIC-1 AF019770 Homo sapiens macrophage inhibitory cytokine-1 (MIC-1),  371/371
mRNA (100%)

Up 4 WDR59 NM_030581 Homo sapiens WD repeat domain 59 (WDR59), mRNA 204/204
(100%)

FP977 AF370390 Homo sapiens FP977, mRNA 204/204
(100%)

Up 5 KB-EST BPS7 DT219620 KB-EST0004704 BPS7 Homo sapiens cDNA, 330/330
mRNA sequence (100%)

43 M1b1a EF060354 Homo sapiens isolate 43_M1b1a (Tor259) mitochondrion, 330/330 
complete genome (100%)

Up 6 ULK1 XM001133335 Homo sapiens unc-51-like kinase1 (C. elegans) (ULK1), 478/478
mRNA (100%)

Up 7 COX5A AK026623 Homo sapiens nuclear-encoded mitochondrial 482/483
cytochrome c oxidase Va subunit, mRNA (99%)

Down 1 RS3K DQ862537 Homo sapiens isolate RS3K mitochondrion, 412/413
complete genome (99%)

Down 2 YAN0637 AF465980 Homo sapiens clone YAN0637 mitochondrion, 593/593
partial genome (100%)

Down 3 3719 DQ862536 Homo sapiens isolate 3179 mitochondrion, 637/637 
complete genome (100%)

Down 4 B2-1-06 DQ282439 Homo sapiens isolate B2-1-06 mitochondrion. 655/655
Complete genome (cytochrome c oxidasesubunit1) (100%)

All genes identified in the present study had been submitted to GenBank and assigned accession numbers. Homology is a BLAST search for
sequence similarity with Homo sapiensin NCBI GenBank.
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Figure 2. Agarose gel pictures showing the amplified cDNA products obtained from head portions from control and treated
samples with dT-ACP2/arbitrary 1-120ACPs in differentially expressed genes (DEGs) kit. The numbers with arrows indicate
differential expressed bands between control and treated samples (1: control; 2: treatment). Bands were excised from the gel for
sequencing.
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vent control (DMSO) was determined as a percen-
tage of OD value measured after treatment. Based on
the results of MTT assay, 20% inhibitory concentra-
tion (IC20) of MG was calculate. Dose dependent cell
viability curves were obtained after 48 h of exposure
to MG in HepG2 cells as shown Figure 1. MG re-
duced cell viability gradually at increasing concen-
trations. The IC20 for MG was 0.867µM (Figure 1).
So, we used this concentration for GeneFishingTM

method.

Differentially Expressed Amplified Genes
(DEGs) in Malachite Green-treated Cells

To identify genes that are specifically or predomi-
nantly expressed in the MG treated HepG2 cells, we
compared the mRNA expression profiles of vehicle
treated cells and 0.867µM MG treated cells. To do
this, the mRNAs from both types of cells were ex-
tracted and subjected to ACP RT-PCR analysis using
a combination of 120 arbitrary primers and two an-
chored oligo (dT) primers (dT-ACP 1 and dT-ACP 2).
This method is depicted in the Materials and Me-
thods. Among hundreds of amplicons displayed, 11
amplicons that expressed differentially were excised
from the gels. Up1-7 were markedly up-regulated in
the MG treated group compared with the control
group. And Down 1-4 were down-regulated in the
MG treated group compared with the control group
(Figure 2). Figure 3 represent re-amplification of 11
amplicons that the extracted DNA fragments were
directly sequenced for analysis and numbered as 11
DEGs (Up 1-7, Down 1-4). The identity, GenBank
accession number and homology of differentially
expressed transcripts are summarized in Table 1. A
BLAST search for sequence similarity in NCBI Gen-
Bank revealed 11 DEGs. AGXT (Up 1, Alanine-gly-
oxylate aminotransferase), RPS20 (Up 2, ribosomal
protein S20), GDF15 (Up 3, Growth differentiation
factor 15), WDR59 (Up 4, WD repeat domain 59),
KB-EST BPS7 (Up 5, KB-EST0004704 BPS7 Homo
sapiens cDNA), ULK1 (Up 6, unc-51-like kinase1 (C.
elegans)), COX5A (Up 7, cytochrome c oxidase su-

bunit Va), RS3K (Down 1, RS3K mitochondrion),
YAN0637 (Down 2, YAN0637 mitochondrion), 3719
(Down 3, 3179 mitochondrion) and B2-1-06 (Down
4, cytochrome c oxidase subunit1) showed signifi-
cant similarities (99-100%) with sequences from
Homo sapiens. All genes identified in the present
study had already been submitted to GenBank and
assigned accession numbers.

Confirmation of DEGs Expression by 
Real-time Reverse Transcriptase-Polymerase
Chain Reaction

To confirm genes that are specifically or predomi-
nantly expressed in the MG treated HepG2 cells, we
used real-time RT-PCR. So, we compared the mRNA
expression levels of vehicle treated cells with MG of
each concentration (0.532µM, 0.867µM, 1.202µM).
The expression patterns of AGXT (Up 1), RPS20 (Up
2), GDF15 (Up 3), WDR59 (Up 4), COX5A (Up 7)
and B2-1-06 (Down 4) were confirmed by RT-PCR
(Figure 4). However, the RT-PCR data of Up 5, 6 and
Down 1, 2, 3 were not consistent with GeneFishing
data. Sequence-specific primers were designed to
amplify products with lengths ranging from 80 to 200
bp. To normalize the efficiency of RT-PCR reaction,
GAPDH was used as an internal standard. The expre-
ssion of this housekeeping gene did not vary across
different conditions. The RT-PCR assay revealed that,
in accordance with the ACP differential display,
AGXT, RPS20, GDF15, WDR59, and COX5A were
highly expressed in MG treated cells compared to
control cells, whereas B2-1-06 was less expressed
after MG treated cells (Figure 4).
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Figure 3. Re-amplification result. The extracted DNA frag-
ments were directly sequenced.
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Figure 4. Confirmation by quantitative real-time reverse
transcription-polymerase chain reaction (RT-PCR) of mRNA
expression patterns of six genes. *: 1.5 fold change.



Effect of Malachite Green on Late Apoptosis
and Necrosis

In order to check whether MG induce apoptosis in
HepG2 cells or not, the presence of apoptotic HepG2
cells using the flow cytometry assays was confirmed
by double staining with propidium iodide and An-
nexin-V-FITC. Untreated controls maintained a rela-
tively uniform distribution throughout the experi-
ment. As shown by Figure 5, MG did not influence
significantly the proportions of early apoptotic cells.
But continuous treatment with 0.867µM MG increas-
ed dramatically the number of late apoptotic cells and
necrotic cells. The number of late apoptotic cells in-
creased slightly at 1 h, from 8.16 to 12.38%, and
dramatically at 24 h and 48 h, from 10.22 to 18.84%
and from 12.44 to 20.92%, respectively. At the same
time, the number of necrotic cells increased after 24 h
and 48 h, from 1.48 to 4.94% and from 8.32 to 12.76
%, respectively. There was a clear increase in the

number of necrotic cells and late apoptosis, which
reached approximately 34% of the cell population
after 48 h. 

The GDF15 expression can regulate p53 inducing
up-regulated bax leading to release cytochrome c.
The cytochrome c, apaf1 and caspase 3 form a com-
plex and may induce apoptosis. As stated above, the
expression patterns of apoptosis related genes such as
TNF, p53, caspase 3, and bax were confirmed by qu-
antitative real-time reverse transcription-polymerase
chain reaction (Figure 6). While caspase 3 and bax
are not changing in expression, TNF and p53 increas-
ed in dose-dependent manner by MG. 

Discussion

Understanding molecular mechanisms of MG in
HepG2 cell requires investigation of gene expression

26 Mol. Cell. Toxicol. Vol. 4(1), 22-30, 2008

Figure 5. The effect of malachite green on either early or late stage of HepG2 apoptosis as detected by flow cytometry. HepG2
were incubated in DMEM supplemented with 10% FBS without (control) or with 0.867µM malachite green. After 1 h, 24 h and
48 h, the cells were harvested, stained with Annexin V-FITC and propidium iodide, and analysed by flow cytometry. Data are
expressed as % of Annexin V-FITC and PI-negative cells (early state of apoptosis) and as % of Annexin V-FITC and PI-positive
cells (late stage of apoptosis or necrosis). Diagrams of Annexin V/PI flow cytometry in a representative experiment are presented
the graphs. The lower right quadrants represent the cells in the early stage of apoptosis. The upper right quadrants contain the
cells in the late stage of apoptosis or necrosis. 
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profiles to identify DEGs and to further characterize
their function. To detect DEGs that are transcribed at
low levels, highly specific PCR amplification is re-
quired. Several RT-PCR methods have been used to
identify novel genes or expressed sequences. DEGs
discovery method such as microarray, differential dis-
play (DD-PCR) and serial analysis of gene expression
(SAGE) are simple and fast but suffering from high
false positive rate, low reproducibility and low sensi-
tivity. Unlike existing DEGs discovery method, ACP-
base PCR method involves an ACP that has a unique
tripartite structure in that its distinct 30- and 50-end
portions are separated by a regulator facilitates the
identification of DEGs from samples displaying low
levels without generating false positives9,16-18. In this
study, GeneFishingTM method applied to the ACP-
based PCR method was employed in order to find
DEGs responded by the effect of MG in HepG2 cells. 

Using dT-ACP2 (reverse primer) and 120 arbitrary
ACPs (forward primer) for amplification, we display-
ed hundreds of cDNA comparative analysis. The ma-
jority of differentially expressed cDNA bands were
shown to respond when MG was applied to HepG2
cells (Figure 2). Subsequently, 6 DEGs of MG speci-
fic cDNA bands were identified, and transcripts con-
firmed by real-time quantitative RT-PCR. Sequence

analysis results represent that all cloned ESTs share
significant similarity with human genes available in
GenBank. A total of 6 DEGs exhibited significantly
higher sequence similarity (99-100%) with the coding
regions of known genes. We identified genes for
growth differentiation factor 15, Alanine-glyoxylate
aminotransferase, cytochrome c oxidase subunit Va,
ribosomal protein S20, WD repeat domain 59 were
up-regulated, whereas a gene for cytochrome c oxi-
dase subunit1 was down-regulated by MG. Alanine-
glyoxylate aminotransferase (AGXT) expressed in
peroxisomes and mitochondria of hepatocytes is an
intermediary metabolic enzyme that catalyses the
transamination of glyoxalate to glycine using alanine.
AGXT may have an important role in glucogenesis in
mitochondria and glyoxalate detoxification in pero-
xisomes. The detoxification of glyoxalate influenced
on overproduction of oxalate induces nephrocalcino-
sis19. The ribosomal protein S20 (RPS20) encodes a
component of the 60S ribosomal subunit. Since ribo-
somal proteins and rRNA regulate protein synthesis,
the effect of ribosomal biogenesis is one of the pos-
sible mechanisms which the disruption of cellular
growth control results in increased proliferation.
Therefore, Up-regulated ribosomal proteins and
rRNA have influence on the formation of cancer cells
display increased metabolism and protein synthe-
sis20. WD repeat domain 59 (WDR59) is reported that
this gene expressed in cancerous cervical epithelial
cells not found in normal cervical epithelial cells21.

The Growth differentiation factor 15 (GDF15) gene
induced in hepatocytes by chemical injury and car-
cinogen exposure is a member of the TGF-β super-
family of growth and differentiation factors and a
transcriptional target gene for p5322. Zimmers et al.
demonstrate that GDF-15 expression in mice is an
immediate early response to liver injury that can oc-
cur through p53 independent pathways23. Also, GDF-
15 expression increase after administration of TNF
and intereukin-6 (IL-6).

We found DEGs (Up 7: cytochrome c oxidase Va
subunit (COX5A) and Down 4: Cytochrome c oxida-
se subunit 1 (B2-1-06) related to mitochondrial DNA.
MG accelerated a dissipation of mitochondrial mem-
brane potential, accompanied by mitochondrial swell-
ing, resulting in mitochondrial permeability transi-
tion. The mitochondrial permeabilization was caused
by respiratory inhibition, attributable to cytochrome c
release, and was caused by the oxidation of NAD
(P)H promoted by MG24. Also, COX5A increases Bax
and caspase 3 gene expression. COX genes encoded
in nuclear may regulate cytochrome c transport.
Therefore, COX5A and B2-1-06 may lead to release
of cytochrome c, and then a change of membrane

Identification of DEGs by Malachite Green in HepG2 Cells       27
F

ol
d 

ch
an

ge
 o

f m
R

N
A

 le
ve

l

0.0

0.5

1.0

1.5

2.0

2.5

3.0
IC10 (0.532 µM)
IC20 (0.867 µM)
IC30 (1.202 µM)

p53 Caspase 3 BaxTNF

*
*

*

*

Figure 6. The expression patterns of apoptosis related genes
were confirmed by quantitative real-time reverse transcrip-
tion-polymerase chain reaction (RT-PCR). *: 1.5 fold chan-
ge. Sequence-specific primers used for real-time PCR are
forward primer for TNF 5′-CCCAGGGACCTCTCTCTA-
ATCA-3′, reverse primer for TNF 5′-GCTACAGGCTTGT-
CACTCGG-3′, forward primer for p53 5′-TCAACAAGAT-
GTTTTGCCAACTG-3′, reverse primer for p53 5′-ATGTG-
CTGTGACTGCTTGTAGATG-3′; forward primer for cas-
pase 3 5′-AGAACTGGACTGTGGCATTGAG-3′, reverse
primer for caspase 3 5′-ATGTGCTGTGACTGCTTGTAGA-
TG-3′; forward primer for bax 5′-CCTTTTCTACTTTGCC-
AGCAAAC-3′, reverse primer for bax 5′-GAGGCCGTCC-
CAACCAC-3′.



potential in the mitochondrial leads to apoptosis25.
Therefore, we hypothesize that when MG treated in

hepatocytes, TNF and IL-6 may regulate the expre-
ssion of GDF15. The GDF15 expression can regulate
p53 inducing up-regulated bax leading to release
cytochrome c. The cytochrome c, apaf1 and caspase
3 form a complex and may induce apoptosis. When
the expression patterns of apoptosis related genes
such as TNF, p53, caspase 3, and bax confirmed by
quantitative real-time RT-PCR (Figure 6), TNF and
p53 increased in dose-dependent manner by MG.
And, we also confirmed that MG induced late apop-
tosis and necrosis in dose-dependent manner from
FACS analysis results.

Therefore, we can hypothesize that MG may induce
necrosis and late apoptosis increased by the expres-
sion of TNF, GDF15 and p53, in sequence. Through
these results, we can get the information on the asso-
ciated mechanism and pathway with toxicity by MG
exposure. 

Methods

Materials
MG oxalate salt, sodium bicarbonate and 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bro-
mide (MTT) was purchased from Sigma (USA).
Dulbecco’s Modified Eagle Medium (DMEM), fetal
bovine serum (FBS), sodium pyruvate, penicillin, stre-
ptomycin were the products of GIBCO BRL (Grand
Island, NY, USA). All other chemicals used were of
analytical grade or the highest grade available. 

Cell Lines and Culture
HepG2 cell line was purchased from Korean Cell

Line Bank and maintained in a humidified atmos-
phere of 5% CO2 and 95% air at 37�C. The culture
medium was 90% DMEM with 1 mM sodium pyru-
vate, 0.1% sodium bicarbonate with 10% fetal bovine
serum (FBS) plus penicillin, streptomycin. The cells
had been maintained by 3-4 day passages. 

Cytotoxicity (Cell Growth Inhibition)
Cytotoxicity of cells was checked by MTT assay.

For the determination of cell cytotoxicity, 6×106

HepG2 cells were treated to various concentrations of
MG in 24-well plate for 48 h. 75µL of MTT (4 mg/mL
in PBS) solution was added to each well and incubat-
ed for 3 h. DMSO solution was added to each well
and transfer in 96 well plates. The optical density
(O.D.) of the purple formazan product was measured
at a wavelength of 540 nm. Cell viability of treated
chemical was related to controls that were treated

with the solvent. The 20% inhibitory concentration
(IC20) of a particular agent was defined as that con-
centration that causes a 20% reduction in the cell
number versus the untreated control. The IC20 values
were directly determined from the semi-logarithmic
dose-response curves. 

GeneFishingTM Reverse Transcription-
Polymerase Chain Reaction

Total RNAs from HepG2 cells treated to MG and
vehicle were isolated using Trizol (GibcoBRL) and
purified with RNeasy mini kit (Qiagen, Valencia, CA,
USA). Reverse transcription (RT) was conducted
using the GeneFishingTM DEG kits (Seegene, Seoul,
South Korea) as follows; 3µg of the extracted RNAs
were put into a tube containing RNase-free water and
10µM dTACP1 with a final volume of 9.5µL using a
DNA Thermal Cycler 9600 (Perkin Elmer, Foster
City, CA, USA). Equal amounts of RNA were com-
pared with identify differentially expressed bands
between the samples. The mixture was incubated at
80�C for 3 min and spun briefly after chilling on ice.
Twenty µL of reaction solution, consisting of 5X RT
buffer, 2 mM dNTP, RNase inhibitor, and M-MLV RT
(Promega, Madison, WI, USA), was added to the
mixture. The tube was incubated at 42�C for 90 min,
heated at 94�C for 2 min, chilled on ice and spun brie-
fly. The synthesized first-strand cDNA was diluted by
adding 80µL of RNase-free water. The cDNA sam-
ples were stored at 20�C until use. Polymerase chain
reaction (PCR) amplification was conducted using the
same GeneFishingTM DEG kits (Seegene) in 50µL of
reaction solution, consisting of 10X buffer without
MgCl2, 25 mM MgCl2, 5µM arbitrary ACPs, 10µM
dTACP2, 2 mM dNTP, 2.5 U Taq DNA polymerase
(Genecraft, Ludinghausen, Germany), and 50 ng of
first-strand cDNA, using a DNA Thermal Cycler
9600 (Perkin Elmer). This kit comprises 20 different
arbitrary annealing control primers. The thermal cyc-
ler was preheated to 94�C before the tubes were plac-
ed in it. The program of PCR amplification was as
follows; 1 cycle at 94�C for 5 min, 50�C for 3 min,
and 72�C for 1 min, 40 cycles at 94�C for 40 s, 65�C
for 40 s, and 72�C for 40 s, and 72�C for 5 min. The
DNA fragments produced by PCR were separated by
electrophoresis on a 2% agarose gel. The bands were
photographed using polaroid film under ultraviolet
light after ethidium bromide staining and analyzed by
a densitometry (Pharmacia, Uppsala, Sweden).

Direct Sequencing
The differentially expressed band was re-amplified

and extracted from the gel by using the GENCL-
EAN® II Kit (Q -BIO gene, Carlsbad, CA, USA), and

28 Mol. Cell. Toxicol. Vol. 4(1), 22-30, 2008



directly sequenced with ABI PRISM® 3100-Avant
Genetic Analyzer (Applied Biosystems, Foster City,
CA, USA). 

Real-time Reverse Transcriptase-
Polymerase Chain Reaction Confirmation

The mRNA levels for the interested genes in HepG2
cells were analyzed by quantitative real time RT-PCR
using a Bio-Rad iCycler system (Bio-Rad, Hercules,
CA, USA). The mRNAs were reverse-transcribed
into cDNAs by using an Omniscript RT kit (Qiagen).
The primer specificity was tested by running a re-
gular PCR for 40 cycles at 95�C for 20 s and 60�C for
1 min, and followed by an agarose gel electroph-
oresis. The real time RT-PCR was performed by
using a SYBR supermix kit (Bio-Rad), and running
for 45 cycles at 95�C for 20 s and 60�C for 1 min. The
PCR efficiency was examined by serially diluting the
template cDNA and the melting curve data were
collected to check the PCR specificity. Each cDNA
sample was triplicated and the corresponding no-RT
mRNA sample was included as a negative control.
The Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) primer was included in every plate to
avoid sample variations. The mRNA level of each
sample for each gene was normalized to that of the
GAPDH mRNA. Relative mRNA level was pre-
sented as 2[(Ct/GAPDH-Ct/gene of interest)]. All data shown
were the mean±SD of three separate experiments.
Primers used for quantitative real time RT-PCR were
as Table 2. 

Analysis of Apoptosis by Flow Cytometry
The ApoScanTM Annexin V-FITC apoptosis detec-

tion Kit (BioBud, Korea) was used to detect apoptosis

by flow cytometry. HepG2 cells (2×106 cells/mL)
were plated onto 60 mm dishes and incubated with
MG for 1 h, 24 h, 48 h. HepG2 cells were trypsiniz-
ed, harvested, and resuspended (1×106 cells/mL) in
DMEM. HepG2 cells were washed in cold-buffered
saline (PBS) and pelleted by centrifugation at 1,000
×g for 5 min. They were then resuspended in a 1×
binding buffer (500µL) and incubated with 1.25µL
of Annexin V-FITC (200µg/mL) at room temperature
for 15 min. The cells were resuspended in 500µL of a
1×binding buffer and then cell suspensions were
stained with 10µL of PI (30µg/mL) at 4�C in the dark.
The fluorescence was determined using a FACScan
flow cytometer (Becton-Dickinson, Mountain View,
CA, USA). A computer system (CellQuest Pro, Bec-
ton Dickinson) was used for data acquisition and ana-
lysis. Data for 5000 events were stored.
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