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Effects of Mercury Chloride on Nitric Oxide Syntheses
in Mouse Peritoneal Macrophage and EMT-6 Cell
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Chonbuk National University

The effects of treatment with mercury chloride on the nitrite and nitrate syntheses
were observed in peritoneal macrophages from Balb/c mice and EMT-6 cells in vitro.
The cells were cultured in Dulbecco’s modified Eagle’s medium(DMEM) with cytok-
ines.

Amounts of nitrite and nitrate in the culture media after 24 and 36 hours of culture
were about 2-fold, and 3-fold of those measured after 12 hours respectively. There
were very close associations Between the amounts of nitrite and nitrate measured in
the culture media according to culture time.

The survival rate of peritoneal macrophages was significantly decreased by mercury
chloride added into the media in dose-dependent manner, however the survivals of
EMT-6 cells were not influenced by mercury chloride concentration in media. Nitrite
and nitrate syntheses were dose-dependently decreased by mercury chloride added in
culture media. ATP synthesis also decreased in EMT-6 cells by mercury chloride.

These results reported here suggest that the disorder of cell mediated immunity by
mercurials could be related to the inhibition of nitric oxide synthesis Wthh seems to
be caused by the inhibition of ATP synthesis.
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% g o AFAUSY] &8 B o
T-EoltHDieter 5, 1983; Nakatsuru 1985; Ilback,
1991).

3, Hibbs 5(1987a, 1987b)2 whe-229] A M £
7} SAE] FAE AAIE7] AME L-arginine
P5H 07 QFIThe AKAF L-arginine©] M E o]
A thAFE ™ guanidino nitrogen®] AF3lel 2]l
L-citrulline®} %22 WA= nitric oxide(NO)7¢
target celldll Wk MESAS dehhedl 243
A A& FHa

8|S nitric oxidews AU A FAol¢ L 2}
ol ARANAMY AsAL7F, FA% FHE
H, AEY B9 o E g3 dov)ed 4R F
FHESNN AEELS Jehfie §, 9 g
715¢ AYL SItHAmber 5, 1988; Snyder 5,
1992; Kolb 5, 1992). #Z¢] A7l FFu-goll 5
AHe NEETR 7E AN EER FH AAHe
nitric oxide® F2 A& cytokined] =& ¥ &
9] inducible nitric oxide synthase(iNOS)2] EA2}H&
of o3 AMAHE Ao ZM(Synder 5, 1992), Nathan
5(1991), Evans 5(1991) ¥ Green 51990} °|&
AL} BANESA AEE AW Yo,
wzd717) 33] B2 nitric oxide T4 2 hAFES! ni-
trite ¥ nitrateZ S22 M nitric oxide?] FE
Agyoz HFE £ A =HUcHBartholomew,
1984; Hibbs 5, 1988).
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g tha] Ml ¥ (macrophage)®t Balbfc WH-2-9] 4%t
(mammary adenocarcinoma)llAl  7]94% EMT-6
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1. 01RA SZCHAMES| BS

HogH oz FAgslE HAHEE g537] A8l
A 107¢] g3 A9 (colony forming units, CFU)2
BCGE E7hllol] Foista 7 - 14 Yol AHF F, X
A A skl s Brdol FALHY exudate pipetSE
FASRE WHoZ BAMEE A3l #AYE 94
R A3dE deln IEE89(pss,
pH=7.2)2 33| AF3d F-HAI7 HEE vl
BF311, olF co, Fa714 2 Az T BAsHA
vieto] 2atd AEEE AT FAHAE AAsS
EANAAZE AUt

2. EMT-6MIZ2] X2

5% fetal calf serum(FCS)& $43H= Dulbeco’s
modified Eagle’s medium (DMEM) 10.5m¢%) dimethyl
sulfoxide(DMSO) 1.2m%} FCS 3.25miE T3 54
sefol MEF7E 2 105/utd) AHE FARBF
Q1 EMT-6 M| EE 37 - 389 FRol|A 7131t}
WA EH MERFAE 20mf DMEMO] &A

A A HE 28] vk, 10% Fes7h

al,
¥ DMEM(10% FCS-DMEM)S 73+ ujakiolx
1X105/mfe] BER 2 -33] HE Ald|g F Aol A
L35t

3. A

10% FECS-DMEME 7] ulojfog o7l 40
U/ml®] interleukin(YMu IL-la, Sigma Chemical Co.)
7} 20 U/mlE= ) interferon(Mu IFNY, Sigma Chemi-
cal Co}& H7Ist] AMg-slATh FHlE AIXEEL 24
H(well) W% THculture plate)2} z+ Hoff B-73oialA

£ 2X10s 7§14, EMT-6 HE= 1X106 7§¥ z+zt
AE3NQ T, & EF v} 842 12 7Y}
o 36 AIZNS ittt 4-2(mercury chloride,
HgCl,, Sigma Chemical Co.)& TAZEZ(0 pxM)9dl 0.
05, 0.1, 0.2, 0.4, 0.8 M2 7] FEZ H7IEIA=H,
248 alFH 1 AE 72 1) TR v, 24
¥z 20 ¥ #TEEY F2H/P, R

4 8 & Yzl A7 wEdl dzxas uixd
zt 3= #Erh)e 4 20 Hojtt

4. i UHLHO] nitrite Y nitrate®] &2k

Nitrite ¥ Hibbs 5(1987)] W& FZslo
o3 o] 243t sl 50 pMHAE microti-
ter plated] &7} 100 M| Griess reagents(1:1 mix-
ture of 0.1% N-1-naphthylethylenediamine dihydroc-
hioride in 60% acetic acid, and 1% sulfonilamide in
30% acetic acid)& &3l H20A wetsl] BF
o] S 313 T 543 nmoll A SHEE HAoH,
0 - 100zM2] sodium nitrite(NaNO,)°] &3 FZ=A
S2RE FEE AR

Nitrate®] %S 3141 microtiter plateol] B}
A 75 uME HAHST A7]0) nitrate reductases
$-313 Q¥ Escherichia coli €M, 1M HEPES 3
H(pH=7.4), 2.4M ammonium formate(pH=7.4)& Z}
7} 1:10:102.82 E¥3 84 75 yME 7FEHA 37 °coll
A 1 A1ZF 59k ujoksle] nitrate® 25 nitriteZ 3
A7l TS 1000 gollA] 15 &3 YAISIAT ol Ry 4
Z9% 50 uME F3H TFE microtiter plated] &7
2 FA] 100 M2 Griess reagentsS 718 nitrite
o] B9t g o EAs HA oA o
A ZA3 nitrite ¥ 2AMEER)T UHAZA ni-
trate J-& T

5. ATP Z2t

wjdo] B AXE 9413l PRS(pH=7.42 M|
3 5, 7)ol 6%2] trichloroacetic acid(TCA) 200
ME Arlete] 229247 (ultrasonicator) & ©)-&3}
o H¥E g H}. 0lF 4T, 1,200 rpmS],.2HS
2 1087 945 4L FER 20 Mol 100 mM
glycine 80 pME 37}t TR, HEPES &3 2mloll
%2 luciferase luciferin 5 mg& S8} luciferase
9} ATPS] ¥H3of w2 WHHTE luminometerZ
At
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6. MITMEE ZA}

wjgo| Bt Fol B ES} EMT-6 A2
AEEL trypan-blue exclusion ¥ (Phillips, 1973)
o ojs) #2s}3c}.

1. EHIAME|

Z2AAREY 7+ 27 2 vlwsh) Jade 3
FA 7A$ ttest ¥ ANOVAE FHR3Yon,
post-hoc HAHE A= Scheffe’s testS ARS-FT}.
& nitrite$} nitrate FE7H2] FPA) dee o
4L HARNE A

m & =

1. SUHAMIZR} EMT-6 MIZQ] nitrite ¥

nitrate NS

10% FcsE ¥83 DMEMUO IL-la 40 U/miz}
INFY 20 U/mlg H7}8h vjokzziol A ool ol &
Asld oA BRNAME Y nitrite D nitrate 4
FL A1 Aol wet A HHeg FURka Qlo,
BioF 12 AI7H 3o Z2AR)0) vls] 24r]7F L 36 Aj3E
39| 24 zzt p £ o] 202 AASH
FA%tHp(0.01, Figure 1).

EMT-6 A X9 39o= 5 wjFRzog 12, 24,
L 36 AT uldS S off Ajzhel Aol wet uikuy
o] nitrites} nitrate AAZE AN HHHOo 2 Z7}s
&, 12 AlZE 9] A0 B3| 24 A7 F& 2] o]
A, 3687 T 3] ol el XF F7HE HYAp
(0.01, Figure 2).

2. Nitrite % nitrate 22| AR

B Fe] wigiie] Y nitrited] FE
£ 20 - 29 pM, nitrate®] FEE 15 - 23 M| Y
2 3= en, A duAT7E 0.89(p(0.01)2
A F8lg FMBAZ BoiFT QtHFigure 3). EMT
-6 X2 v 4 nitrite$} nitrate®] %
A FEzte] 2T FBA([=0.9, p(0.01)E el

W2 AcHFigure 4).

3. £2H710 248t nitrite ¥ nitrate AA1S2)

st

EAAME 2 EMT-6 TS ujRad)] oz
559 F&(mercury chloride, 0.05 - 0.8 xM)S 37}
8t 36 AJ7 Foll S vkl nitritet ni-
trate A3 8% ©]&F(dose-dependent) WAHAE
Zasgd.

BN AEY AL, 36 ATHE wjdsisle of uf
Gl 9] nitritet= 18 - 24 MY FEZE FAHY
LM w1 FE 88 gaso Auve
2 0.8 M L W BF 12 - 16 uMB 2
8l9.e, nitrated BAT nitrite®] H$9} 22 F
Ao AtHp(0.05, Figure 5). EMT-6 Al E9] ujUgz
ol A7Me &&= G =371 w2} nitrite®} ni-
trate®] AL A E A2 FEHATHp(0.05,
Figure 6).

4 MTMEE

B A E 9} EMT-6 HIES HEES Ui i
ZUA 36 Al7HE Wl ST B HA 90% o deltt.
FEg NS 9 2 Fo w2t AEEY Asrt
A ey, BRI R B -2o] HrpEA &
2 ukgelolA HF 92%HY o), HFx 0.8
MANE 10%E AT ZAE Jed(p(o.01) ¥
H, EMT-6 X9 34 7L Hrllx £t A&
g9 7t AXER] ¥ker(p)o.os), HEES
0.8 M ZHANE 90% o] de] MEEC] FXHUAG
(Figure 7).

5. ATP A2t

EMT-6 Al ¥ 720] H7FSA g w2 oA
24 A7t B2 15 - 21mMe] ATPE AAISC) Al XA
E80] 90 - 35%E fAlske FHIN LR
710l mE ATP AT S8 &7 AAR 4st
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Fig 1. Concentrations of nitrite and nitrate produced by activated peritoneal macrophages from Balb/c
mice which were intraperitoneally injected with BCG of 107 colony forming units. Those macrop-
hages were cuitured in Dulbecco’s modified Eagle’s medium(DMEM) containing IL-1 40U/m| and
INF 20 U/mi. Values are expressed as mean and standard deviation. * Significantly different from
the 12 hours’ value, p<0.05.
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Fig 2. Concentrations of nitrite and nitrate produced by EMT-6 cells which were cultured in DMEM con-
taining IL-1 40 U/ml and INF 20 U/ml. Nitrite and nitrate were continuously measured at 12, 24,
and 36 hours after incubation. Values are expressed as mean and standard deviation. * Signifi-
cantly ditferent from the 12 hours’ value, p<0.01.
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y = 0.819x - 1.701
(r = 0.89, p < 0.01)
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Fig 3. The correlations between the amounts of nitrite and nitrate synthesized by activated peritoneal
macrophages from Balb/c mice. Those macrophages were cultured in DMEM containing IL-1 40
U/ml and INF 20 U/ml.
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Fig 4. The correlations between the amounts of nitrite and nitrate synthesized by EMT-6 cells cultured

‘ in DMEM containing IL-1 40 U/ml and INF 20 U/ml. The simple correlation and regression tests
were done for pooling data from several experimental conditions, i.e., culture times and mercury
concentrations.
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Fig 5. Concentrations of nitrite and nitrate produced by activated peritoneal macrophages from Balb/c
mice which were intraperitoneally injected with BCG of 107 colony forming units. Those macrop-
hages were cultured for 36 hours in DMEM containing IL-1 40U/ml and INF 20 U/ml and several
concentrations of mercury chloride. Values are expressed as mean and standard deviation. * Sig

nificantly different from the corresponding control vaiue, p<0.05.
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Fig 6. Concentrations of nitrite and nitrate produced by EMT-6 cells which were cultured for 36 hours in
DMEM containing IL-1 40 U/ml and INF 20 U/mi and several concentrations of mercury chloride.
Values are expressed as mean and standard deviation. * p{0.05. * Significantly different from the
corresponding control value, p<0.05.
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Fig 7. The viability of peritoneal macrophages from Balb/c mice and EMT-6 cells cultured in DMEM con
taining 10% FCS and several concentrations of mercury chloride. These cells were cultured with
cytokines(IL-1 and IFNr) for 36 hours and measured their viability by the trypan blue exclusion
test Values and expressed as mean and standard deviation. * Significantly different from the cor-

responding control value, p<0.05.
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Fig 8. The amount of ATPs in homogenates of EMT-6 cells cultured in DMEM containing IL-1 40 U/m|
and INF 20 U/ml and several concentrations of mercury chloride. Values are expressed as mean
and standard deviation. * Significantly different from the corresponding control value, p{0.05.
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o 0.8 xMY FLEFTANME T Yo 7- 12 mME
A g 2ol & R gy Bl 2 ATP
A2 EMT-6 M X AP vl8) Flon, &
3] LEEY 2 AIRPAE ATP AAZo| &

A 8] Ast=lo] AAcHpigure 8).
N @

Feo] HAYEA S 2eske 7)WL oA 7R R
Baitt 22U B ATEL 520 o) 4PFE
(Koller, 1973; Koller, 1977; Blakley 5, 1980; Lawren-
ce 5, 1987; Bridger, 1983; Dieter 5, 1983) =& Q14
(Benko &, 1990)9] MEA WAz} Aoy WAo] &
Mg + dvke AL Bt ok T3 529 =
25| AFFFnephrotic syndrome)S YOZIAA
oA Hfe] ARGl (circulating immune com-
plex, CIC)7} Z7VsbA HStonards, 1983), AAZ3
ol X AR 71 Ae) v) s WIEgA o W
3 #EF A Y (glomerulonephritis) ] A7
(Tubbs &, 1982; Oliveira &, 1987)-2 Hol& 5, 7]
g A7iHdAge EA4o] #AHE Alaten T,
1988; Hultman %, 1992; Pelletier &, 1986)2 Aol
de 420 B8 olss] 9T By ge
9 F84& AAksta st

YA o2 F(Granger 5, 1990), L}F(Adams
& 1991) 2 FAIZekAvlAdams F, 1990) 59 &
3 a7l Z2HE P52 HINTE ANk
nitric oxide ¥} thael] wa} A T 740l
AA = =0)(Green 5, 1990; Liew 5, 1990), PF$-29)
Tl w2t Mz daA BEEe Al gl
VYPEE FHHLZ nitric oxide YA 5FHNA 2}
o7t Wl gEolehe Aol BEA UtHEvans 5,
1993). o|NE AR} B =S WS o), ni-
tric oxideE A3he FHL A E9} 22 Al
E50] BH|SRe L1, TNF 59 cytokineSo] 93}
g Aol W8 o] w2Hping 5, 1988; Hein-
zel %_, 1989; Nathan ¥, 1991), A9 nitric oxide

A AEA A 2HHQ AR A =T
UcHGreen &, 1990; Liew 5, 1990).

£ AoMe 4220] AEAAG ] Fojg gol
e 71xA] §(1994), WAE(1995) 59 BEHnE
T F&FE dis 244E Hole Balbl nH-=
o] ZAMTES nitriteD nitrate FA 50| e
2 g ZAE Rojgke 7l ol Aldad
A stz Azt Aol UM WAEoio}
& AL MR AEEO] etz Qe A% At
Hohd, FA3| nitric oxide®] AAo] 74" Ao,
olofl w2} nitrite ¥ nitrate®] BT HH A 7
&57] gl 7Fed AZAZES g A2
T Ue HYPRUE Folol 3},

BT Ao vz M FeF
71 01 pM ol RAME 2 AEFo| 85 -
70%2 HHZ 7] "o, old #Fs)E ni-
trite R nitrate %o HAQ] FES Fo] 52
o 53 S AFE 71 QD Y EMT-6
MZe BEEL 729 ArbsEo] A9 Fge
A gotx Aolx B AfoME 1.0 M 0l3He] Fx
dXe BEEY Aslrt Ba=E A gt

o]Z& AL EMT-6F |83 A¥mdo| nitric
oxided] HAE AFH o2 Al o FP £
NE AAbehe, 53] EMT-6 M EE BegSol )3
A3} = oo} nitric oxideE AAsH= BRI AAE
ok 9] @8] cytokined) AFTHO R T 2HE o
9} nitric oxide2 AT & UE EA(Hibbs =,
1987b; Amber 5, 1988)& 73 ¢lo] £ HolAis}
22 571 d7el Bt 548 Roz word
=3

EZUNAME L EMT-6 A X7} WASH= niwriteSt
nitrate % Alolo]l LT AP An2vE FAh
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nineZ thA}3ld AAIE nitric oxideZHE] 9429
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