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— Abstract —

Effects of Sdenium on Apoptosis|nduced by Methyl Mercury Chloridein RAW 264.7 Cédlls
Keun Sang Kwon, Dai HaKoh, Jung Ho Y oum, Wook Hee Y oon

Department of Preventive Medicine and Public Health, School of Medicine
Chonbuk National University

Objective: This study was performed to evaluate the protective effects of selenium against
the methyl mercury chloride (MeHgCl) induced cell apoptosis.

Methods: The effect of selenium on the MeHgCl induced cell apoptosis was observed in
mouse macrophage-derived RAW 264.7 cells, in vitro. The cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM).

Results: MeHgCI exerted a dose dependent cytotoxicity, as demonstrated by the MTT assay,
an assay dependent, in part, on mitochondrial function. Concurrent exposure to selenium pro-
vided complete protective effects against the cytotoxicity induced by MeHgCI. Pretreatment
with selenium increased the protective effects of subsquent administrations of selenium in con-
junction with MeHgCl, but pretreatment of selenium alone did not provide protection against
MeHgCl when given alone. Selenium administered after exposure to MeHgCl did not repair the
existing MeHgCl induced cytotoxicity.

Furthermore, the apoptosis induced by MeHgCI was revealed by the DNA fragmentation,
using the terminal deoxynucleotidyl transferase Biotin-dUTP nick end labeling (TUNEL) assay,
aterations to the nuclear morphology, by nuclei staining, and the plasma membrane lipid orga-
nization, as shown by cell flow cytometry. The apoptosisinduced by MeHgCl was prevented by
the concurrent exposure to selenium, or pretreatment with selenium, prior to the administration
of selenium in conjunction with MeHgCI. However, no inhibittion of the MeHgCI induced
apoptosis was observed with selenium pretreatment prior to exposure to MeHgCl alone, or with
the administration of selenium after exposure to MeHgCl.

Conclusions: These results suggest that the coexistence of selenium and MeHgCl are essen-
tial for the protective effects of selenium against the MeHgCl-induced apoptosis, and the
cytotoxicity, in RAW 264.7 cells, and may involve selenium-MeHgCl binding.
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00 ooo,00oo0oo0OooUoooooo
00 0D00O0 0000 000, 00 00O OO
o0 00 OO 0O 0O ooo 0d(Guo O,
1998; Shenker O, 2000)00 OO OOO OO
0000000 O00o.

OO0 0 00O 0000 00 oo oo ood
00 000 o000 Oooo, 0000 OO0 oo
o o0 b b0ob0 bbb ob.bob oog o
O0OO0Q0O OO0 OOOllergyY CDOOO OO
(autoimmune disease)] 00000 O0O0O, O
000 00 000 Ooooo ooo oo ogo
000 oOoOooOo oo@iang O, 1996; Wild
0,1997) 0 0000 OO0 OD0ODO ODOOO O
O 0o0OQ ooooo oo.o0goo oooo o
00 00po0oo0 00 ooooooo oo, oo,
00 000D D0 OO0 O0OODODODO0O0DDODODO OO0
0O 0000 o000 o0.0oo0o oog ogo
goOoDO(macrophage) OOOO OOO OO,
O0O0O0O(eytokine) OO0 OO O OO0 DNA
O0OC0C 00000 oo oo D00 oooo o
O 0o0oOoog.

00 0000 000 o0 00000 apoptosis
0 0DO0O0O0O OO0 OD00O0 OoUooo gooo
apoptosi§ 000 000 0O0OOO OOO OO
000 0oodo oo.doogo ooo oo o
000 U000 U000 DOoOooO apoptosisl
000 OO0Oell death)d OOOO OOO, O
OO OO0 Oooooo od(Chio O, 1996;
Gasso 0, 2001; Oyama 0O, 2000)0 OOO0OO
0,000 OOC OO0OO0O 000 000 ade
nine nucleotide energy charge ratiodl OO0
0000 00000000 caleveD OO O O
00 000 (programmed cell death) 00O 0O
O0OC0C U000 OO0 ODooO opooooo ogo
0000 ODOO0OD0OO0 apoptosis O0OOOO OO
O (Abedi-Balugerdi 0, 1999; Oyama O,
2000; Shenker, 0O 1999).

good oo b0 0O 000 00 00 ooobog
go0O00O OO0OOogO gluthathione peroxi-
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dase(GPx) OO0OO OO O0O0O OOOOO O
000 ODO0O00O hydrogen peroxided OO0 O
OO0 000 000 0O0Michelle O, 2002;
Weixiong 0O, 2001). OO0 OOOO apoptosis
0 OO0 OO0 OO0OOD0 OOO00O thioredoxin
reductase(Trx Rs) OO0 O0OO0O OOOOd
(Huawei O, 2002), OO OOOO OO OOO
0000 0ODDODO0OO0O0O 00000 (Weixiong O,
2001). OO0 0000 apoptosis OO OO0 O
00C0C 000 00000 ODoo Uoo. oo oo
ool OO0 00 OO0 bbb 00 Dob O
O0OC0C 0000 oo 00 oo Oooo ooo
OO0 OO0 0O0O0DO0O OoOooOo oooog o
O OO oddd(cell cycle) OO, thioredoxin
00 00 0000 00 000 ooooo ooog
0O 00O 2000 apoptosis 00 OO OO0 OO
OgoO0Q0O COOoOOoOO0 OO0(Ganther O, 1999;
Jiang 0, 1999). 00O 0000 GPx OO sele
noenzymél OO0 O0O0O0O0O0O0O OO0 OOO
0000 0000 0000 ooo ooo oog
0 000 OD00O00 000 OO0 ODoo oo
g oo 00 oo oo Dobo oo
0 0000 O0d(Palmisano O, 1995; Shanker
0, 1996).

0O 000000 0000 O apoptosisl OO
00,000 0000 000 oo,oooooo
00 00 OO0 00 OO0 OD00OO0O 0ooo oo
OO0 000 0000 oo oooo oooo o
OO0 000 OD0OD0O 000000 apoptosis O
o0 ooo MTTO OO0 OO ODOO0OO OO0
OO0 000000000000 DNADO O
0 000 OO0 OO0 00O DODO ODooooo
000 OO 00O apoptosifl OO OOOO O
0000 0o0o0oo ooo.
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1. 00 bO0O bo

000 000000 000 RAW 264.7 OO0
10% FBS DMEM (Gibco; Grand Island, NY,



000 O RAW 264.7 0000 0000 00000 OO OO0 apoptosisi OO0 OO

USA) OO0 0.25% trypsin (Gibco; Grand
Island, NY, USA) EDTA OO0 0O000O0O 2 -
30 000 370, 5% CO, incubatod 0 00O
00000 000 Uo0oo0.ooo ooo oo
O OO000O methyl mercury chloride
(MeHgCl, Kanto Chemical Co., Japan), 3-

0 000 0O 000 0000 MTTG mg/mi)0d
O welD 25 00 000 0O 000 000 OO
00 ooooo.

3.DNA OO OO

(4,5-dimethylthiozol-2-yl)-2,5-diphenyltetra RAW 264.7 00 (2x 100 60 mm tissue

zolium bromide (MTT, Sigma Chemical Co.,
USA), sodium selenite (Na,SeO;, Sigma
Chemical Co., USA), terminal deoxynu-
cleotidyl transferase Biotin-dUTP nick end
labelling (TUNEL, Sigma Chemical Co.,
USA), propidium iodide (Pl, Sigma Chemical
Co., USA), Hoechst 33258 (Sigma Chemical
Co., USA), annexin V-FITC Kit (Pharmingen,
San Diego, USA) O00O0O.

2.000 0000 DbO

000 0000 (eytotoxicity) 000 000
0000 0000 MTTO 0000 00 OO0 O

00 000000 OO ODDbODO0O dehydrogenase

0O 000 00000 (Hart O 1999; Madesh O,
1999; Nath O, 1996).

RAW 264.7 00 (1x 10°/well)d 96 well
platé] seeding 0 0O OO0 O OOO O OOO
37 000 400 OO CO, incubatod O OO0
O0.00 OO0 ooog@O—4uM)D ODDOOO
24, 480 7200 OO OOO OO MTT(G
mg/miY] 0 welD 25 00 000 0 000 O
0 37000 400 OO 0OO0ODO.O OO O
wellD O00O0O0O OO 0O0O0O(formazan; dark
blue crysta) 000 OO ethanoll O wellD
100 00 OO0 0O OD00O0 OO0 ODOD. OO0
000 0000 5—151 00O OO0 O ELISA
reader(SpectraCounf) 0000 540 nmO 0O
0000 ooooo.

00 0 0000 OO0 000 0oogoo od
0 OO0 O0O0ODO OO0 RAW 264.7 00O
10/well)] 96 well plated seeding 0 O OO
o0 oooo oooo, oo oo o oo
00 000 00000 oooo ooog, ooo

culture dishd seedin@ 0 37 OO0 400 CO,
incubatod 0 O00O00O. 00 OO0 oOOOQ2
MO 00O (@um)d 0O0oo, ooo ooo
U 0bob 000 bobob obob oooo,
0000 000 0O 0000 oooo 1200 oo
DNA laddering 00O OOODO0O (Qung O,
2001; Munder 0O, 1998). 2x 10 0 O O trypsin
OO0 0000 OO0 OO 4000 3000 rpmO
0O 0D0DD0ODOO0ODO OO0 OO0 50 mM Tris-
buffer(pH 8.0)0 OO 0O O 37000 100 O
0 O00OO0O0O0. 00 OO0 Proteinase K(250 p
g/mly] 0000 50000 3—410 00 OO0
O 0O 000 000 phenol/chloroforth 000
0O 3000 rpomO0 1500 30 DOOOOO OOO
00 000 000 10 M ammonium acetateld
20 ODO0O0 0000 3000 rpmO0 1500 OO
OO0 0000 DNAD O0OO0OO OO 70% OO0
O 0OO0oO00O 20 000 0O OO0O00 OO0 TE
buffer(pH 8.0)0 OOO. OOO OO OOO
genomic DNA 0O 2% agarose gel 000 OO0
o0 oo oooog.

4. 000 0DOODOO OO OO0

Apoptosif§ necrosi8 00O OO0 OO0 O O
OO0 0000 000 0000 Hoechst-33258
PIOD OO0 0O 0OOO OQ0OO OOooo
(Romamoorthy 0, 1998). 0000 OO0 OO
RAW 264.7 000 (4x 10°) 6 well plate 000
00 11 mm glass coverslip 00 seeding O O,
37 000 400 OO CO, incubatol 0 OO0O
OO0 ooooE@uen ooo@uv)d oood,
000 OO0 U0 0000 OobO oDopooo oo
00 000D OO 4800 O OOO O ice-cold
Odd pPBSO OOOO coverslip OO0 OO O
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oooooooo 0O 150 0O 30 20030

OO0 D000 ODOO0O ODO0O00 coverslipg 2
—~30 O0O0O0O0. 000 coverslipl Hoechst
332588 w/ml) OO0 OO OO 0000 00O
0150 OO0 000 O0OO0O0O0. 0 OO0 ice-cold
000 PBSD 0O0OOO PIGwW/ml) 000 OO
OO0 0000 OO0 OO0 00 ice-cold OOO
PBSO 00O O, 0000 OOO OOO cover
slipd mounting OO (glycerol, 1: PBS, 1 v/v)
0 0000 UV excitation filter (x 1001 OO
0 00 O000@©lympus BH2 compound
microscope; Olympus, Tokyo, Japan)C O 0O
oooo.

5. TUNEL OO0 OO0 apoptosis OO

TdTO 000 dUTP-FITC nick-end label-
ing(TUNELN OO OO0 apoptosis DOOO0O
0O 0O0O0O0O DNAOOOODO Doooocshen
0, 2002; Tai O, 1998). RAW 264.7 00O 60
mm dishd seedingl 0O, 37 OO0 400 OO
CO2 incubatorl0 OO0 OO O0O0O0O(Q uM)
0 ooo(@eMD D000, 000 000 0 O
OO0 000 oooU0oo gpooo ocooo, oo
00 000 0O 0000 Ooooo 4800 0O O
000 O icecold 000 PBSO OOOO 20 O
OOQO 500xg00O 500 OOOOO OO 4%
paraformaldehyde O0O0O0OO. 00O TdTO
Biotin-dUTE OO0 OO OOOO 100 OO
O 0 PBY] 0000, avidin-FITCO 00O O
PBSO 00 OOO0OO 00000 (Olympus BH2
compound microscope; Olympus, Tokyo,
Japan)y 0 O0OO0ODO.

6. Flow cytometryd 0O 00O apoptosis 00O :
Oo0o0oOOoODoOoOO0OOooo0

Flow cytometrydd 000 Annexin V-FITC
000 OO apoptosi8 OOO0O O0OOO OO
000 Ooooo(Brune O,1997; Ciriolo O,
2001; Hortelano O, 1999). 0O RAW 264.7
000 D000 u)O 000(@ uM)d 000
0,000 000 0 0O0o0Oo0 ooo ooogo
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o0oo0O OoOoo, oo0o0 Oooo O oooo
0000 4800 OO0 O ODoOOOO.O0O0 OO
ice cold OO PBSI OO0 20 O0OOO 500
xgdO 500 O0OOO0OO0OO0 OO0 1x binding
buffer (10 mM HEPES, pH 7.4, 140 mM
NaCl, 2.5 mM CaClL)O OO0 O0OO0OO0O0O. O
00 00 000 O 100 0(1x 10 00)0 000
000 Annexin V-FITCO PI(50 ug/ml) 5 00O
0000 00 D000 000 Ooooo as0 oo
00000 . 00 OO0 FACScan flow cytome-
ter(Becton Dickinson, San Jose, CA)J OO0
0 apoptosis 000 OOOO0O. Forward light
scattef] side light scatter (575—590 nm)O
linear model 0dooooo, phos-
phatidylethanolamife FITC(515—545 nm)[
logarimetric model 0OO0O0O. OO O0O0O
CellQuest software (Becton Dickinson
Immunocytometry Systems, San Jose, USA)
O o0oooo.

7.0000 0 0000

00000 SPSS 10.00 OO0O0OD. 0OO0OO
godoood MTT reduction OO0 O0OO0O
unpaired t-test] OO0O0O0O.

1. 00000 0b oogo

Ooooono 24000 OO0 Ooooo oooo
000 O0O00o0o0o0 OobooO0 dehydrogenase
000 ooo oooo, 48000 OoOod 2 MO
o, 72000 O0O0O 1 MO0 OOOO OOOO
00 00000 dehydrogenadse OO0 OO0
ogooo oooo boob bob0o 0o O godgd
(p<0.01, Fig. 1).
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Fig. 1. Effects of methyl mercury chloride (MeHgCl) expressed as MTT reduction (OD, 540 nm) in RAW 264.7
cells. Cell were incubated at 37 0 inaCO, incubator with various concentration of MeHgCl for 24 hr, 48 hr
and 72 hr. The differences between the control and the MeHgCl treated groups were tested by unpaired t-test. :

** p<0.01
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Fig. 2. Effects of concurrent exposure to MeHgCl and selenium (Na,SeO;) expressed as MTT reduction in RAW
264.7 cells. Cells were concurrently exposed to MeHgCI and various concentration of selenium for 24 hr, 48
hr and 72 hr.: control; medium only: MeHgCI only; MeHgCl (2 uM): MeHgCl + Se; MeHgCl (2 uM) plus
selenium (1 - 10 uyM). The differences between the control and the MeHgCI treated group were tested by
unpaired t-test. : ++ p<0.01 The differences between the MeHgCl treated group and the MeHgCl + Se treated
groups were tested by unpaired t-test. : ** p<0.01
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Fig. 3. Effects of pretreatment with selenium expressed as MTT reduction in RAW 264.7 cells.: control; medium

only: MeHgCl; MeHgCI (2 pM) only: pre Se-MeHgCl; pretreated with selenium (8 uM) for 24 hr prior to
MeHgCl (2 uM): MeHgCl + Se; concurrently exposed to MeHgCI (2 uM) plus selenium (8 pM): pre Se-
MeHgCl + Se; pretreated with selenium (8 uM) for 24 hr prior to MeHgCI (2 uM) plus selenium (8 uM).
Cytotoxicity was expressed as MTT reduction following incubation for 12 hr, 24 hr and 48 hr after pretreat-
ment or no pretreatment. The differences between the control and the MeHgCl treated group were tested by
unpaired t-test.: ++ p<0.01 The differences between the MeHgClI treated group and the MeHgCl + Se treated
groups were tested by unpaired t-test.: ** p<0.01
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Fig. 4. Effects of selenium on reperation of existing damage caused by MeHgCl expressed as MTT reduction in
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RAW 264.7 cells. Cells were treated with selenium following exposure to MeHgCl.: control; medium only:
MeHgCl; MeHgCl (2 uM): MeHgCl + Se; concurrently exposed to MeHgCl (2 uM) plus selenium (8 uM): pre
MeHgCl 12 hr + Se; pretreated with MeHgCI (2 uM) for 12 hr prior to selenium (8 pM): pre MeHgCl 24 hr +
Se; pretreated with MeHgCl (2 uM) for 24 hr prior to selenium (8 pM). Cytotoxicity was expressed as MTT
reduction following incubation for 12 hr, 24 hr and 48 hr after pretreatment or no pretreatment. The differ-
ences between the control and the MeHQgCI treated group were tested by unpaired t-test.: ++ p<0.01 The dif-
ferences between the MeHgCl treated group and the MeHgCl + Se treated groups were tested by unpaired t-
test.: ** p<0.01



000 O- RAW 264.7 000D 0OO0O0OO0 0O0DO0OOO0O OO OO0 apoptosisd 00O OO

00000 000 OO0 0000 00 dehydre
genasél 000 0000 00000 (p<0.01), O
0000 0000 00000 0 00 00000
0 000 OO0 000 O 0000 00 0000
0 dehydrogenasé 000 000 0000 OO
000 00 00000 00000 (p<0.01, Fig.
2). 00000 000 0O 00000 000 OO0

0000 OD0O0O0OO0O OO0 OO0 dehydrogenase

000 000 00 bobob OO0 obobo g
0000 oooo, obo O 0o 0o ooo oo
00 000 000 00 Oo0o0O oooo oo
0 000 00 Oobob ooboobo boo oo
00 dehydrogenade 000 OO0 O0OO0O O
0000 OO0 O0ooog Oooood((p<o.oi,
Fig. 3). J00O0O0O O OO0 O OOOO bOoo
00 0000 000000 0ooO0O 00 dehydre
genase U0 OO0 OO, 00000 00O OO

0 00000 dehydrogenade 000 O00O0O0O
gob0o0 OO0 booob booob ooo. o
0 00000 0000 000 obobo oo boo
0O 000000 000 OO0 dehydrogenade
000 OO0 0000 Obboog 0o oooo
0O 00000 (p<0.01, Fig. 4).

3. 0000 booobob oo boo 0 oog
goo oo

000 (Figure 5A)0 Hoechst-33258 000 O
O O0O00 0O 000 000D pale blue OOO
00 OO0 0000 0O0O0ODoOoO OooOo O(dFig-
5B)J 00 apoptosis 0000 OO0OO O OOO
000 OO0 bright blue 00O OO0 O0O0OO
00000 apoptosis O OO0 OO0 OOO O
00 000 PIOOright pink) OOO0O0O.

E F

Fig. 5. Effects of selenium on apoptotic nuclear morphology as the evidence for MeHgCl-induced apoptosis. Cells
were incubated with various experimental conditions for 48 hr and then stained with Hoechst 33258 dye and
propidium iodide (PI): (A); control (medium only): (B); MeHgCl (2 pM) only: (C); concurrently exposed to
MeHgCl (2 uM) plus selenium (8 uM): (D); pretreated with selenium (8 uM) for 24 hr prior to MeHgCl (2 u
M): (E); pretreated with selenium (8 uM) for 24 hr prior to MeHgCl (2 pM) plus selenium (8 pM): (F); pre-
treated with MeHgCl (2 uM) for 24 hr prior to selenium (8 pM).
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Fig. 6. Effects of selenium treatment on MeHgCl-induced
apoptosis. Apoptosis were analysed by DNA frag-
mentation and analysis of DNA by 2% agarose gel
electrophoresis indicated the occurrence of apopto-
sis.: M; 1kb DNA ladder: lane 1; control (medium
only): lane 2; MeHgCl (2 pM): lane 3; pretreated
with selenium (8 uM) for 24 hr prior to MeHgCl (2
M): lane 4; concurrently exposed to MeHgCl (2 uM)
plus selenium (8 pM): lane 5; pretreated with seleni-
um (8 pM) for 24 hr prior to MeHgCl (2 pM) plus
selenium (8pM).

D E F

Fig. 7. Effects of selenium on MeHgCl-induced apoptosis measured by Terminal deoxynucleotidyl transferase
Biotin-dUTP Nick End Labelling (TUNEL) assay.: (A); control (B); MeHgCl (2 uM) only (C); concurrently
exposed to MeHgCl (2 pM) plus selenium (8 uM) (D); pretreated with selenium (8 uM) for 24 hr prior to
MeHgCl (2 uM) (E); pretreated with selenium (8 uM) for 24 hr prior to MeHgCl (2 M) plus selenium (8 pM)
(F); pretreated with MeHgCl (2 uM) for 24 hr prior to selenium (8 uM).
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000 O- RAW 264.7 D000 0O0O0O0 DO0OO0OO0 OO OO0 apoptosis) OO0 OO

00 00000 00000 0000 000 OO0 OO0 000 00000 00000.00 000
0 O(Fig. 5C)0 0000 00000 2400 0O 00000 2400 OO0 0000 000000 O
0 00000 0000 000 000 O(Fig. 00 O(Fig. 50)0 00000 00000 2400
5E)] DO0O0O00 000 OO0 000 apoptosis OO0 0000 OO0 O(Fig. 5F)0 0000 O
0000 0000 bright blue 000 OO0 0 0OOO00 000 OO0 OO O 000000 OO
000 0000 000000 0000 pale blue  bright blue 000 000 0000 00000
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Fig. 8. Effects of selenium on plasma membrane lipid organization measured by annexin V-FITC binding to phos-
phatidylserine (PS) as evidence for MeHgCl-induced apoptosis. Cell were analyzed by FACS and the data are
plotted as log FITC fluorescence versus relative cell number. (A); control: (B); MeHgCI (2 uM) only: (C);
concurrently exposed to MeHgCl (2 uM) plus selenium (8 uM): (D); pretreated with selenium (2 uM) for 24
hr prior to MeHgCl (2 uM): (E); pretreated with selenium (8 uM) for 24 hr prior to MeHgCl (2 uM) plus sele-
nium: (F); pretreated with MeHgCI (2 uM) for 24 hr prior to selenium (2 uM).
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apoptosis 0 OO0 OO0 OOO OOO OOO
PlI OO (bright pink)D OO0O00OO.

4. 0000 ODooobD ob bobo
ogoo oo

DNA OO0

Ogoob 0boobo OooOo 0o oooo oo
000 2400 00 00oooo ooo oo ooo
DNADOOO laddering 00O0OOO, OOOO
0 0000 000 bob oo obobo oooo
02400 00 00000 ODODOO ooo ooo
00 0000 OO DNADODO laddering OO
00 00O (Fig. 6).

000 ((Fig. 7A)0 pale green OO0 OO O
0 0O0O0O0O 000000 ooo oig- 7B)OO

0 DNAD OO0 OO0 bright green OO0 OO
0O 0000 0000D. 00 00o0oo ooogo
0O 0000 OO0 000 derig. 7O0 OOO
O 00000 2400 00O DOOOO0 oDOoOo o
OO0 000 O@Fig. 7BE)0 DODODDOO OO0 O
O 000 DNAD 000 apoptosis OO0 OO
00 bright green OO0 OO0QO OOODO OOO
0O OD00O00O0O O0O0O0 palegreen 00O OO0O
00000 oOoooO0. 00 OO0 opoog 24
00 00O 0ODO0O0O O0OO0oO0oo ooo oOdFig-
7D)Y] 00000 OOODOO 2400 OO O0OO
O 000 O(Fig. 7F0 OOO0 oDOoOoooO O
00 OO0 OO DNAD OO0 OO bright green
o000 o000 oooo oogogd.
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Fig. 9. Effects of selenium on plasma membrane lipid organization measured by annexin V-FITC and Pl as evidence
for MeHgCl-induced apoptosis. The apoptotic cells (lower right quadrant; LR) exhibit positive for annexin V-
FITC and negative for Pl. The cells in late stage apoptosis with secondary necrosis (upper right quadrant; UR)
exhibit positive for both annexin V-FITC & PI. (A); control: (B); MeHgCl (2 uM) only: (C); concurrently
exposed to MeHgCl (2 pM) plus selenium (8 pM): (D); pretreated with selenium (2 pM) for 24 hr prior to
MeHgCl (2 uM): (E); pretreated with selenium (8 uM) for 24 hr prior to MeHgCl (2 pM) plus selenium: (F);
pretreated with MeHgCI (2 pM) for 24 hr prior to selenium (2 pM).
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000 O- RAW 264.7 JO0O0 0000 O0OOOO OO 000 apoptosisd OO0 OO

5.0000 oooobb oo ooo ooobo g
oboooo bbb bo

Annexin V-FITCO 0000 PSO OOO O
000 0OD00O0O0O ODODO 00 oooo ooo
OO0 000 O(rig- 88), OO0 OOOOO 24
OO0 OO0 0000 Ooooooo ooo gdFig-
8D)] 00000 00000 2400 OO OOO
O 000 O(Fig. 8FHO OOO(Fig. 8A)O OO
annexin V-FITCO OO0 0O0OO0O O O OO
0O0.00 0ODO00O0O ODO0O0OO0 OO0 DOoOOoO O
(Fig. 8C)0 0OU0O0O OOOOO 2400 OO O
0000 o000 000 ooo oFig. 8E)O
0000 0000 annexin V-FITCO 0O0OO0O
O0ooo.

000 annexin V-FITC O PI OOO O OO
apoptosid] 000 OO0 OOOO OO OOO
5.3%(LR)J annexin V-FITCO OOOOO
(Fig. 9A), 0000 OODODOO OO0 OO O
0O 000 43.01%(LR) annexin V-FITCO O
00000 apoptosiel O00O0OO0 O0O0O0OO(Fig.
9B). 00 00000 0000 OoOo ogoo oo
0000 00000 2400 OO0 ODODOOD OO
00 0O00 OO0 OO0 0O oo ooo
13.15%(LRY 12.77%(LR)Y 0 annexin V-
FITCO 000000 ODUO0OOO ODoOo oogo
apoptosisl 0000 OD0O0OO(Fig- 9C, E). O
0O 00000 000 00000 2400 00 OO
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