S8 w8k s] 2] AT AdI (2009)
Korean Journal of Environmental Agriculture Vol. 28, No. 4, pp. 462-467

oIZh ZEMIEZS oflM ESLSI=0] 2l ME Al =1}

Agdista $=2)Hujg nlo] e X5 |
(2009 12€9 99 <=, 2009

A

Apoptotic effect of formaldehyde in cultured human hepatocyte cell lines
Soo-Hyun Park (Bio-therapy Human Resources Center, Animal Medical Center, Department of Veterinary
Physiology, College of Veterinary Medicine, Chonnam National University, Yong Bong Dong 300, Buk-gu,

Gwangju 500-757, Korea)

ABSTRACT: Exposure of formaldehyde (FA), one of the major compounds in pesticides and in the onset
of sick house syndrome, has been implicated in the development of diverse diseases. Liver is a very
important organ to body metabolism and drug detoxification. Apotosis of hepatocytes is associated with the
onset of liver diseases such as hepatitis. However, the apoptotic effect of FA in hepatocytes is not clear.
Therefore, this study was conducted to investigate the effect of FA on the apoptosis in HepG2 cells, a

human hepatocyte cell line. As a result, FA

(>500 uM) decreased cell viability and increased lactate

dehydrogenase activity in HepG2 cells, which was blocked by the treatment of vitamin E and N-acetyl-
cysteine (NAC). In addition, FA decreased glutathione (GSH) contents and Bcl-2 levels, while increasing
lipid peroxide formation and Bax levels. It also cleaved caspase-3 form, which was blocked by the
treatment of vitamin E and NAC. It is insisted that FA induced apoptosis via oxidative stress in human

hepatocytes.
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Dulbecco's Modified Eagle's Medium(D-MEM)-nutrient
mixture F-12(D-MEM/F-12) 9} Class IV collagenase<>
Life Technologies(Grand Island, NY, USA)Z45E 74
sl3itk. MIT assay kit, penicillin % streptomycint
Sigma Chemical Company(St. Louis, MO, USA)=Z-H
T-44313Iek Bax, Bcl-2, caspase-3, ¥ beta actin &A=
Cell Signaling technology (Herts, UK)°IA] 31331t

HepG2 ZHMIZE HHQS

HepG2A13E= American Type Culture Collection (ATCC)
of| Al FQI3kith ol& M|3EEL 5% Fetal bovine Serum
(FBS)E 3$Hrgt Dulbecco's modified Eagle's Wi*|(Life
Technologies, Grand Island, NY)ol| #jf&}3ith o] & A
ZE59] 70% confluenceH 9= wl AEAALS AR|A717]
sl FHA wiH|ellA o]EE wieFete] Ml AE 571
st AIAA 3ol o] &3l

MTT 538

FAS 72 AMd a3ks S48b7] flste] MIT #2
S AT HZTE 96-well platec] 1 x 10° cells/mL
9] FEZ 100 ulL¥ 53k 24417 53k 37C, 5% CO,
incubatorell A Hlkst 5 FAE A2jsto] 24A17F HliFal3d
t}h 4k 3 well vlE o] A% formazan®] SoA|A] &
A Aeds AAsL DMSO 100 uL 347Fst] ELISA
reader(Model 680, BioRad, Hercules, CA, USA)X 540
nmelA FFEE ST 27 AEFE 100%%2 8t
of At M2 AAlES T8k

Lactate dehydrogenase (LDH) &4

FAS] ZHAIE AP 335 S74s] lete] LDH WE=
A kitg o]gste] AASSIE HepG2 AEFE 1 x 10°
cells/mLE 3= ¥, 100 uL¥ 96 well platec]] -3}
CO; incubatorol|A] 24413+ F<F wjFslSith 71 ¥, FAE
Agste] 24A1RF woFsIGItE wiFAE A2 96-well
plateel] 50 uL #5-3}3L LDH reagentE 50 uL 37}ste]
HES- A7 3, wkgo] ke EW 1 N HCIS 100 pL %7kt
of Whg-& FAAIZITE gt Aopdd A28 LDH 5748+
Q&) o kel A|ASL, 0.5% Triton X-100-8-4-2 50

uL H7kste] 40 rpm O 2 10% E9F wHbA7| A 7F
© % LDH reagent 37} o] WHg- AJZIt} wHgo]
WS AN ¥ H, A7hE 540 nmolA &
sF3lck LDHo| 93t Al 50 o] W82 nljof
= AlZoA F2E & LDHo i3 vjokeio w2
LDH2| ko= Anxteto] T vz} vlwst 7t
ek

Glutathione(GSH)2| &3

£h219] thiol group Albano 5] el 7] Ellman
Aloks o] gsto] ST MEE ket Fof AiEe
£ & % PBSE AIA33Ith AE pellet 5% trichloracetic
acid ¥ 5 mM¢] EDTA7} 50 Q= &0 Aejste] o
WS AAAZA o] & 2 gHow F o AHEITh
AAE &92e 5 mM EDTA 9 05% SDS7F 5 ¢]
= 0.1 M Tris-HCl ¢ 02 thA] 59t} o] 3 o] &
M-S Ellman A} WRGAIZITE 424 glutathiones 3
TOR o] SH 3= nmole® AT,

“

Western immunoblotting

WAE A|AS HepG2AHIXEE phosphate buffered
saline (PBS)= 2¥1% A|&5H £, 27] 150 pL9] lysis buffer
(10x PBS, 1% NP-40, 20% SDS, 0.5 M EDTA, 0.01 M
PMSF, 10 mg/ml Leupeptin, 1 mg/ml pepstatin A)E
Agleto] wASE AZTE TS AEE tubeo] w41 5,
15,000 rpmellA] 1027 94 welate] AS5He AZE tube
o] A%3telck Bradford &84 = (Bradford, 1976)
& o]g3t] 747t 60 182 sample5S 8% SDS-PAGE %
71%9%% A2 ¥, polyvinylidine difluoride membrane
of transferdl2itl. Membrane 5% skim milke] 1A|7F
S Ak AR, 47 @4 (Bcl-2, Bax, caspase-3,
beta actin)E 1% skim milke]l 1,0008)] 43t 4°C oA
18417} o vijolsiit) 1 %, membraneS 0.1% Tween-20/
1xTBSe 10% 7HE4o% 3¥ A& 31931, membranes
1% skim milk®l] 5,0008] 3]4% horseradish-peroxidase
labeled 22+ Aol 1A17F <k wjokst 5, 3 AAE AA
] Enhanced Chemiluminoscent (ECL) A]®F& 183+ %]
Y&t Thy Xeray 25l 3023t =EAIA Adssich

SHHE|

213 Avke] $A4 AHe]i= Student's t test U Analysis
of Variance (ANOVA)Z 3130, P 3k <0.05 & 93t
ztole] AR 33, AFATe] AHS means+SE. =
33T
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FAS| ZIMIZ Al &1}

TRAIEE APEel tigk FAS w5W gibE dobry] 98t
o], FAZ 530 - 1 mM)E H2Jg MTT assays Al
3t5iek. A3 A3 Fig. 1A°A Hol%o] 100 uM FA A
Aol Az AEECdE Y3 vIAA XA 500 uM
ool THAE APEE Fiels A CE YEREOH 1 mM
o dell A olst d-2 tlS dAxsHA UElsith olest 4

Yh= MR 4] B o A3R] LDH assayollA® 2
FFE = 7 U (Fig. 1B).
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AP 2Edlesle] PRIAE Gdohaz] 1o lipid peroxide
(LPO) B4 A8t FAL AP A=d|Ag 27} A
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Fig. 1. Dose-dependent effect of formaldehyde on cell
viability (A) and lactate dehydrogenase (LDH) activity
(B) in cultured HepG2 cells. HepG2 cells were incubated
with different dosage of formaldehyde (0 to 1 mM) for
24 hr. Then MIT assay and LDH assay were conducted
as described in 'Material & Method'. Values are
means+S.E. of 9 separate experiments performed on 3
different cultures. *P < 0.05 vs. control.

(Fig. 2B). FA Ag]A] GSH 3% @8 7hashs A0
E YERT (Fig. 2C). FA A A2 APE 31 el
Bax A WE tjzto] nlsl Sk o, Bel-2 wh
A e txgtol vlsl 7FAskin) o]t -2 vitamin
E 2 NACe] oJafl 2tsli= Z10= Yepit (Fig. 3). Caspase-3
S48 9] FA AYA F7FE3leH vitamin E 2 NAC
A A dAsHA A =3It (Fig. 3).
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Fig. 2. Effect of antioxidants on formaldehyde-induced
increase of lipid peroxide formation (A) and decrease of
cell viability (B) and GSH contents (C) in cultured
HepG2 cells. HepG2 cells were incubated with vitamin E
(I mM) or NAC (100 #M) for 30 min prior to the
treatment of formaldehyde (500 #M) for 24 hr. Then
lipid peroxide formation, MTT assay, and GSH contents
was examined as described in 'Material & Method'.
Values are means+S.E. of 9 separate experiments performed
on 3 different cultures. * P < 0.05 vs. control, **P <0.05
vs. formaldehyde alone.
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Fig. 3. Effect of antioxidants on formaldehyde-induced
alteration of Bcl-2, Bax and caspase-3 in cultured HepG2
cells. HepG2 cells were incubated with vitamin E (1
mM) or NAC (100 «M) for 30 min prior to the treatment
of formaldehyde (500 #M) for 24 hr. Then western
immunoblotting was conducted as described in 'Material
& Method'. B actin was used as a control. The example
shown is a representative of three experiments.
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