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Protective Effect of Omega-3 of Polyunsaturated Fatty Acid
Docosahexaenoic Acid on the Organic Mercury-Induced
Cytotoxicity in Cultured NIH3T3 Fibroblasts

Dae-Ho Ha and Jai-Kyoo Lee'

Sanbon Medical Center, Wonkwang University, Gunpo 435-040, Korea

To clerify the protective effect of omega-3 of polyunsaturated fatty acid docosahexaenoic acid (DHA) on the
cytotoxicity induced by organic mercury in cultured NIH3T3 fibroblasts. The measurement of cell viability on ogranic
mercury wad done by XTT assay after NIH3T3 fibroblasts were cultured with various concentrations of methyl mercuric
chloride (MMC). And also, the effect of DHA on the MMC-mediated cytotoxicity was examined by cell viability, and
antioxidant effect of DHA was also assessed by superoxide dismutase (SOD)-like activity and the lipid peroxidation
activity in cultured NIH3T3 fibroblasts. In this study, MMC decreased cell viability and XTTs, value was determined at
50 uM of MMC in these culture. In the effect of DHA against the cytotoxicity induced by MMC, DHA significantly
increased the cell viability damaged by MMC in cultured NIH3T3 fibroblasts. And also, DHA showed the antioxidant
effect by showing the increase of SOD-like activity and the decrease of lipid peroxidation activity. From these results, it
is suggested that organic mercury such as MMC has highly toxic effect on cultured NIH3T3 fibroblasts, and also, omega-3
of polyunsaturated fatty acid, DHA showed the protection on MMC-induced cytotoxicity and antioxidant effect.
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AlE b gttt weba] 2554 o] X8E g 8t
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£ FAsAY vitamin CH B9} & AAAA 71 A A A
E Ao AN A8Y HEE A=dL At (Ganther,
1980; Narahashi et al., 1994).
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gishE A7t U] WY itk (Kim et al, 2002;
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Larsson, et al, 2004). ©]213+ Qu|7}3 B X3 HAre] 7]
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Aetthe Ao] WAL Atk (Lima et al, 2002). 53],
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1983). & ATelA e vjdd NIH3T3 AFEAEE A
BE F7leol g Qu7E3 EXEA A AFl
DHAS] G2 AP B4E Tt AZHAEES ¥
%% SOD TrA}%_} 4 2 AdItE 2498 Akl

ME o Y

A

1. ME B

Hiofo] ks ® NIH3T3 AFEAIEE Kim et al, (2002)
of Wil whe} Fe] wigslet ajede] ghEE A
0.5% trypsin (Sigma) &4l 34 Ag|g & sl /‘ﬂi
£ Eagle's minimum essential medium (MEM, Gibco)®ll 10%
fetal bovine serum (FBS, Gibco)©] X3 vl Qkbo] F5-4]
Aok 58 AEE 1X10° cellswell?] RER AEE )
w35t 96 ¥UY-E7] (well plae)el] FF3IG o B 3
48 AIZF wjFst v 2 Al ARg-sSith

2. S M=

3% docosahexaenoic acid (DHA, Sigma)
0]]%-%0]]/]- = g o] “—"ﬂ'ﬂ(ﬂ ¢l & MEM

(minimun essential medium, Sigma) BlY¥H o2 HFFw7}

100 uM, 500 M 2 1 mM9] AFAE ThEo] ek
RHadh vy e dAFER 34 AHESSith XTT
[2,3-bis-[2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-
caboxanilide, disodium salt)]= 28 A 50 pg/mle] A
FaE o] Wi Eag vy B8 ¥k wet
wjkelie] A7t s g]Aske] ALE-EHlch 3 methyl
mercuric chloride (MMC) 2 dimethylsulfoxide (DMSO)+&
X5 Sigma Chem Co. (ST. Louis, MO, USA)ll A} #<)3}
e

3. 7+ M

48 A7t Bk wjoko] hRE NIH3T3 AlH-EA ol

FE 90 uM 7HA 9] MMC7} =2 7—.L 7t 99

ajFYol A 72 AL FRb HlkRE - NIH3T3 AlfrEAE

| WA MMCQ] Jare B
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4. 207t-3 SESIX|LE] Xz

MMCol| th&F docosahexaenoic acid (DHA)S] Q&S
AF7] 913k 100~150 Mo} DHAZF 217 23Hd o)
ol A MMCE #23}7] 2 A7t Aol NIH3T3 Al
A F A3 F o)o] Fe EAaqirh
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5. XTT HaeA

XTTY A#HEEMS 98te] docosahexaenoic acid (DHA)
E AulskA] 8 wloF NIH3T3 AFRAEE 1x10°9
AFTEZ St wjdgriolA 24 AlZE Bt wiekstdch
wjoko] A8 H F kS 36 AlZF B HF h A
EZ PBSE MY W FAEIGTE A & A A
of wlg] AE3 XTTE welld 100 w® ¥ol 37T, 5%
CO= Z%‘—i% B2710lA 4 AZE 53 mjsisit) e

o] gt H ¥ DMSOZ A3 S ELISAE ©]83}o]
450 nmel A FFEE F78%t xTd vl ZAbe}
poa=y

6. Superoxide dismutase (SOD) FAEHY =3

SOD] FAFEA FHA-2 Marklund & Marklund (1956)2]
Wi 9Jate] Algdslint &, FE¥ DHA o&H&AlR
o] Tris-HCI buffer9} 7.2 mM pyrogallolS o] 25TCof|A]
107 &9F 2 9gAZAT B & g g o2
2§ thg 420 nmol| A FFEE S5433ich SoD &
A SRS ARANY FRES ARV

FE Aol
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Table 1. The absorbance of methyl mercuric chloride (MMC) on
NIH3T3 fibroblasts in dose-dependent manner by XTT assay

Table 2. The absorbance of methyl mercuric chloride (MMC) on
NIH3T3 fibroblasts in dose-dependent manner by XTT assay

Treatment XTT assay Treatment XTT assay
Co&ﬁlgﬁ% of Mean *+ S.D. (% of control) T;‘jﬁ&g t(lmOf Mean + S.D. (% of control)
Control 0.177£0.045 100 Control 0.52610.057 100
5 0.159£0.008 89.8 20 0.402+0.043 764"
10 0.154£0.011 87.0" 30 0.307£0.034 584"
15 0.151£0.011 853" 40 0.236£0.044 449"

The values represent the mean % SD for triplicate experiments.
Significantly different from the control. *P<0.05, **P<0.01

A A ikst Aol gk B4 Kikuzaki®h Nakatani
(1993)9] el ejste} apoitt. =, 2 5121 DHA
Ae-EA 5l linolic acidE #7Fke] 40°CollA} ¥H3-A1Z]
o} HhE-¢E 3 ghg- ol 30% ammonium thiocyanatet:
7keke] Aol A E ok 500 nmoll A EYEE 5

galivt. A daksl G2 izao] o e

RS FASIT
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At

1.MMC2l S0 o3t HEMES 57

1) XTTeodt 58

Hijete] €5 ¥ NIH3T3 A-F-EAMEE phosphate buffered
saline (PBS)g 01%6}04 AMH% FAIg Ty MMC7}F 2t
kAo A 36 Al7F EoF
1“35‘—°~ I ESTE !
Tl i*}smﬂ} pM CE AHelgd 4% 4= o
Z%1 100% (0.17720.045)° B1std 89.8% (0.15920.008)
Z UbERSTE E3 10 pME A E)e A9 87.0% (0.154+
0.01HZ YeEbPgo™d 15 uM MMC9 Helol M= F3e
7} 85.3% (0.151£0.013)2 YJeh} % gz} 9
A A4skt) o] BAF XTTeak2 5 uMollAl et
kot (Table 1).

The values represent the mean + SD for triplicate experiments.
Significantly different from the control. ™ P<0.001

2) XTTso2t 5%

48 A7 Qb wjoko] 9hEH NIH3T3 AlGEAXo|
20~40 pM BEE 7tz MMC7LF 38R kool A]
36 A7 FF HEE o MMCY] R g 3=
£ iz va A A5 20 pM MMCE A &%
A% 2T 100% (0.52610.057)00 BIBke] 76.4% (0.402
10.043)2 ERSTE B 30 uM %1?401]*1—‘:— 584%
(0.307£0.034)F e 2T 40 pME A3 4
T=E 44.9% (0.23610.044)2 YEI O o] BT fﬂ
Zatof vlEte] oA AAT Ao® et (P<
0.001). ©] W XTTsate 40 pMollA LFeRdT (Table 2).

ks

2. MMCOll tf&t docosahexaenoic acid (DHA)2

DHAZ} MMCe] ]3] J3& deolrr] #13le] MMC
9] mideytotoxicity value (MCV)S! 40 pM %2 NIH3T3
Aol Aelstz] 2 Al Al 60~100 pMS] DHA
7b Zzh ESHE v gde A N xS ﬂaﬂ T A EAE
& AT MMCRHS X238 A9 Al EAEES
2l 100% (0.19620.084)0 HIBFS] 454% (0.089+
0.023)= WPtk 22y 60 pMe DHAE A28 3§
A ZAEEL 79.1% (0.15510.045)F WEFELH 100 uM
o] Ao M= 87.8% (0.1724£0.050)= L}EFL} DHAES A
23 Aol s MMCRRS At el n|sle] BF
3l E7¥eR3iTh (P<0.001) (Table 3).

3. Docosahexaenoic acid (DHA)2! SOD FAEM 24

DHA®| SOD AR S doluy] Hstd 27} 8o~
160 uM7HA] 38 DHA oleh-&A g9 thsle] SOD &
23S A A3 80 pME Al 2% SoD At
g gz vekd 10.2% -—-7}0}“ on 120 pMeJ
Al M E 335%2 Z7HH T B3 160 pMe] Ao
A SOD AR o] iz Tel vldte] 38.2%2 F7et
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Table 3. The effect of docosahexaenoic acid (DHA) on methyl
mercuric chloride (MMC) on cultured NIH3T3 fibroblasts

Table 5. Lipid peroxidation (LP) activity of docosahexaenoic acid

(DHA) on MMC in cultured NIH3T3 fibroblasts

Pretreatment XTT assay
Coggﬁ(ﬁﬁ)l of Mean £ S.D. (% of control)
Control 0.19610.084 100
40 MMC 0.089+0.023 454
60 0.15510.045 791"
100 0.17240.050 878"

The values represent the mean £ SD for triplicate experiments.
Significantly different from the MMC-treated group. ***P<0.001

Table 4. The superoxide dismutase (SOD)-like activity of docosa-
hexaenoic acid (DHA) determined at a wavelength of 420 nm

Concentration of SOD-like activity
DHA (1M) % of control
20 VitE 33.942.56"
80 10.2£0.73
120 33.5+1.53"
160 38.242.79"

The data indicate the mean £ SD for triplicate experiments.
Significantly different from the control value. Vitamin E (VitE)
was assessed as compared group with DHA. **P<0.01

S 24 1207} 160 uMolA FrolstA F7he RoR e
W} (P<0.01). ©] W B ZTFO R AFEE 20 uM2] vitamin
E9) SOD fAl&4 0] 33.9%% YEPE S 24 DHA 120
uM e e A 59 B3 vl YERTE (Table 4).

4. MMCOI| T3t docosahexaenoic acid (DHA)Q A&
Al

ikt Y2

MMCell tigt DHAS] XA aitsl B4 2AKSH] 9
3o} NIH3T3 AR EAEE 50~130 uM2] DHA €&
A& Ztzbol AEskeieh. 2 2% 50 yME A AS
AAe AL gzl H]8le] 98.9%F Ve
v]3ted 90 uM 130 pMe] DHA Xl e 242 733%
o} 62.1%% e izt viste] 25 folstA 7
238}5ith (P<0.001) (Table 5).
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HE5e MMC)2 Hda-2olu) dEfea e &
71420 dFoRA FtEFo|U EAH #E2PUQ
Al gpadoz & delA Ut} (Chen et al, 1979;
Liu et al, 2000). o] S5A] Al7Folu}; HzA]ol 33}

& Fol A% Aol HUT HAF AL 29}

Concentration of LP activity

DHA (uM) % of control
Control 100+8.54
50 98.9+7.43
90 7331567
130 62.1+4.69™

The values represent the mean £ SD for triplicate experiments.
Significantly different from the control. *P<0.001

(Kunimoto, 1994). £3], MMC7} 232 v v2azS
Ao A NaEo AbsHY EAAS gt AAH
HA MMCSH S84k 9ke] Al st 73
A7} o] F01 A YT} (Ganther, 1980; Narahashi et al., 1994).
B oA el M e wjok NIH3T3 AHEAEZE 82 MMC
o] NEEAT olo] et u7k3 BEsA e A
1 docosahexaenoic acid (DHA)2| H3S ZAFSIG oW
Sloll DHAS] ditshs e AT WA MMC| Al
EEA G FAVEE] skl 5~40 pMe) MMCTE 42t =
shel wjkelol A NIH3T3 AFEAMEE 36 Al 5 vl
g3 A MMCo HEEel et AFEAESESY A
2 RoFEom 5 M3}t 40 pMe] MMC FEA z+z}
XTTo# T XTTsate] YEbstth 53], XTTsihe 4%
setekAy FEEFe) 2ol SHEAY 54 AEE
HY3s=d 7]50] ¥} (Borenfreund & Puerner, 1984).
Z: Borenfreund & Puerner (1984)F XTTsate] 100 pM ©|
atolW A1EAE VERAH 1,000 M ©]FtolH kA,
2,000 uM oJ3te]™ A &4, 2,000 uM o]delH FEAHo
2 BAsh ek 2 A MMCE 99 B
7130 oJste] mEAQ Aoz Yeiygth B Age]A
MMC7} A E54-S el 212 Michikawa et al. (1994)
o] MMC7} A A ] MEZAE vepsliths Hais
A&y B AFA MMCZF NIH3T3 Ad--2A1%9]
NEEGS TANZ AL MMC7} Al EW ol a kAl of
A& ¥ %3k (Olson & Massaro, 1977), MXEU| AFHA]
(mitochondria)$} Z-2 A|EA7|He] A8 S AAgo
FA AEEEE FEHNE TSR E AR A
At (Mosmann, 1983). 22t} o] Hth= MMC7F &4
Mg AATo R X AHkA &S faEels
Ve AT S ok o] e ol BE B o
FollAl MMC9] AHeHA &ido] g vl 9t} (Kasuya,
1975; Ganther, 1980). WelA £ A M= Alslso]

AAE H713 EX A4S LEQ] docosahexaenoic
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acid (DHA)7} (Ruxton et al., 2004), MMC2] A ¥
A= QFE FAbsIY

X5 7
ol& 93t} DHAZF 60~100
uM FE 2 7}7} _‘+_fé, | uﬂotoﬂow NIHT3T3 4] °_EM]
oAl ZAFEHSTE 1 A% DHA
T AIZAYEEo] 454% 2ol
Hsto] oF 70~80% ©}/d9] & AEES KAtk o=
olult DHA7F MMCE HH A4 dgdddz-s 47
goax AT AsA AT HE HEES 7}
SA0] F Acw AZET) (Ganther, 1980; Ruxton et al.,
2004). wEpx B Ao x= DHAY bshss RA
8l7] ¢35t superoxide dismutase (SOD) F-AHEAJ 2} 22
WrksE AR S WA, MMCol thE DHAS
SOD FAFAE-AE 9l5te] DHAZE Z4zh 80, 120 ¥
160 pMo] E3HE ol|gk&A| Boll A SOD FAMEAl S Tz
o)) vlEke] 7+ 10.2%, 33.5% H 382%F YEh} 53

o FE

120 pM 3} 160 Mol A FrolstA F7ksk Ao 2 el
t}, o] W Bl 2 AME-E 20 uM vitamin E 2ol A]

SOD FAF&A o] 33.9%% UERE O 24 DHA 120 uM
NS Bl o] AR I B2
§4, DHA7Z} 50~130 yM 52 22} T3HE o §h-8A]
FoA A AsE 4% A3 DHAY Aelte] of
Zirol| nigte] 2% 7kl o] 53] 90 yMI 130 pM
©] DHA FLolA= izl Hlsto] 25 fofstA 7t
23k 7102 Uehytth o] e 438 A= DHAZE &
*&i’r—aa R Q)& FHE o ol ¥ A

o delA MMCell elsted Zhad AEAEEC] DHAC
«MO% 7t A% DHAS dAdshsd) dig ol
A= Aoz Az ) DHASH 22 orvk3 &
ﬁi}Zl Hpke] At Eatstel] digk o

& etolM e datg sy Al
Axu] AsdaA e 2o SHdlA 45 ?4%7}
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