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Effects of 2,4-D Dimethylammonium and Ethanol Co-Exposure on Oxidative Stress and
Toxicity in HepG2 Cells

Thanoo Thongkamsuk! Pramote Mahakunakorn?*
! Graduate program in Toxicology, Faculty of Pharmaceutical Sciences, Khon Kaen University

2 Division of Pharmacognosy and Toxicology, Faculty of Pharmaceutical Sciences, Khon Kaen University

Abstract

2,4-D dimethylammonium is a popular herbicide used by farmers. Alcohol
consumption is also popular in society, both of which can cause adverse effect on the liver.
This study aimed to study the effects of combined exposure of 2,4-D dimethylammonium and
ethanol on oxidative stress and cytotoxicity on HepG2 cell line. The HepG2 cells were
cultured with 2.4-D dimethylammonium, ethanol or the combination of 2.4-D
dimethylammonium and ethanol to investigate the inhibition of cell growth, occurrence of free
radicals, activities of superoxide dismutase, catalase, glutathione peroxidase, reduced
glutathione and malondialdehyde levels. The results showed that the combined exposure of
2,4-D dimethyl ammonium and ethanol resulting in increased cytotoxicity. There was an
increase in intracellular oxidants. The activities of superoxide, dismutase, catalase, glutathione
peroxidase also increased. The levels of malondialdehyde have increased while reduced
glutathione was reduced compared to a single exposure. It was concluded that the exposure of
comminated 2,4-D dimethyl ammonium and ethanol enhanced the intracellular oxidants.
Therefore, this study shows that the combined exposure of 2,4-D dimethylammonium and
ethanol enhanced the intracellular oxidants, which is the major cause of oxidative stress and
cytotoxicity. The data from this study can be used as a guideline for animal studies and study
of the toxicity trend have been combined exposure. It is also specified as a precaution for

those who was used herbicides and alcohol.
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MeufUaTUAaZ¥HAAD 2,4-D DMA tag EtOH Tastianududy 1aun 1) 1.5 mM 1ag 300 mM 2) 2 mM tag 400 mM 3) 2.5

mM 8¢ 500 mM 4) 3 mM (ag 600 mM 5) 3 mM Lag 200 mM ANAIAY
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Wan1s A1z H 51909 2,4-D DMA naz
EtOH

WU 2,4-D DMA uag EtOH 8n351d7U
ANMTUTY 1:200 1.5:300 1@ 1:600 mM:mM

S 1

1A1 Crunna1 1 ugasniilfnsewuuaiu

905 (antagonism) @74 2,4-D DMA i1a2 EtOH
FAT1AIUANUTUDU 2:400 2.5:500 3:600 LA
3:200 mM:mM UA1 Cl Y0801 1 handadil

aan a £ A
‘]J;]ﬂiﬂ']LL‘U‘ULﬁﬁJE]VI‘ﬁ (synergism) (151N 1)

M3 1. MIAATILHHAVBIMITUAATINVDT 2,4-D DMA 1az EtOH 238 1151053 compusyn

Total Concentration

Fa CI Value
2,4 D DMA (mM) EtOH (mM)
ar Vo o AAa X ~ Y
NIUAUANANIDUNINNUYULUUAIN (200 1N1)
1 200 0.15 1.27187
1.5 300 0.30 1.12463
2 400 0.46 0.99949
2.5 500 0.60 0.89662
3 600 0.68 0.87812
S 1 \l U |l d‘
nsmmsmnmanmmu"lumﬂ
1 600 0.36 1.19789
3 200 0.54 0.85434

WIN@IHE: A1 Fa HU189N Fractional inhibition 52 Usz@nTmnsan eglusio- 1

A1 CI HU19DQ Value combination index Taeh additive effect (CI=1) synergism (CI < 1),

and antagonism (CI > 1) (Chou & Talalay, 1984)

% a Jd
wamsinfsunaeyyadaszmelvaa
1 S A Yo
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Y = ' 2 s
ANV NUVU 3 mM INUIDY LAY LLagidaan

185ua15 EtOH Attty 600 mM igd0814

Y
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TasliaNuAnNaANee NN AYNNETDA (p <

A =) = v J sa
0.01) WworlSeumeuny NANAIVRAN LHaanN

Y o Z’, a 9 v A A
llﬂiﬂﬁii‘l/lﬂ 2¥dansounulungund
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f

Q

8013518 IUANUANTY 2,4-D DMA : EtOH A0

3:600, 1:600 1Az 3:200 mM:mM UM3INADYYA

A X =

pasTMNNIUIAsNANIVUANAIID 8190

v o

o aa A = @
UYTAYNNADN (p<0.01)L3JfJL1.ﬁfJ‘]JL‘VIfJ‘]Jﬂ‘]J
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0.01) 13§ 911/3 8119 80 U 2.4-D DMA A2
WYY 3 mM Uag EtOH AUV 600 mM
HAZOAIIAIUANNNYY 2,4-D DMA : EtOH

A9 3:200 mM:mM Hin1ifiaeyyadaszaiely

v
a

A =) 1 1 ~
FAANMINNTYU lAsl A INILANA1IID 8193

Re

v o

Wedngnana (p <0.05) eonfFoufouny
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2.4-D DMA ANUITNTY 3 mM 1ag EtOH AW

g 200 mM (31091 2)
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Jd dia a
@nloseonluyadaiuna (sop) azauaa
d a
(cAT) nazngmslemiloseendiaa (GPx)
[ P Y o
NUIU¥aan lasUa15 2,4-D DMA
Me9e1uAe) U5LAVUNITNINUUBS SOD Lag
U 1 Y 9 ' A A
GPx MNAUNAANMTNTY TIU CAT UiiNed
9y 9 4 4 2 | A v o W
AMUAVGY 3,000 pM NNV UB I T 1ATY
aa d‘ =S =\ U 1
NN (p<0.01) otFoumesununqu
1 A A Yo =~ ] S a
ArUAN aunTaiN 15U EtOH 1ies0819Red]
v Y
FZAUNITHIIUVDI SOD IHNIUNNATY

Yy 9 ' A A Yy 9
FUUUU 943U CAT 1iag GPx WIWSIANNLUNUU

v a

A 2 ! v o a
600 mM LWNﬂJu@ﬂNﬁuﬂﬁ'1ﬂﬂlﬂNﬁﬂ@ (p<

1]

A G ~ o ' s
0.01) LN@L“]J?EJ’UL‘]/IEJ‘]Jﬂ‘UﬂQlIﬂ’J‘]JﬂlI gaan

Yo 3’, a 9 [ 1 [ 1
]’lﬂiﬂ’ﬁﬁ‘ﬂ\‘l 2 FUANITDUNUNUIINNDAITITIU

= @

Yy 9 o
AIMMAUUU VTTAUNITNINIUUDY SOD Lag

400+
300
2004

100~ gelem

Intracellular ROS production (% of control)

Control +
2,4-D DMA (mM) - 1 3
EtOH (mM)

H,0, (%)

¥

] 9
GPx W NAYY @91 CAT Ui 998 n351dIUANY
I[NV 2,4-D DMA : EtOH 79 3:600, 1:600 U@
v 1] 9
3:200 mM:mM TiiuAIupd 19l isd AN 19T
(p <0.01) WorfSeuMounungualIugy Lay
:ﬂ' = dd’ Yo a = (%
WenfSeumeulunsainldsuassiafedny
Yo 2 A P o '
AslasuaIsna 2 sianiouny wuda
9318 IUANUANTY 2,4-D DMA : EtOH A0
Y
3:600 mM:mM 33zaUMIvUUe e laing
v Y
3 ¥ Muinedelivodiayn1eana (p <
0.01) 101/Teutneuny 2,4-D DMA AN
WYY 3 mM 1ag EtOH AMNITUYYU 600 mM
AIUPAIIAIUANUITUTY 2,4-D DMA : EtOH
A9 3:200 mM:mM UTLAVNINUVBI SOD Uaz
Q' 43! 1 S W o U an
GPx INUYUDYNUUITIAYNNADA (p <0.01)
] Y
Nszaumauves CATIN NI NITad 1Ay
aAa d‘ =} = U
N19ADA (p <0.05) WeotSeuNeuny 2,4-D
DMA ANIY N4 Y 3 mM i@ EtOH A71Y

WU 200 mM (915199 2)

02

a a a ¢ Ay vo Ado A a v o w1t =
51]7] 2. ﬂimmmg;luaaﬁizmﬂslumaa HepG2 ‘V]'lﬂﬁﬂ 2,4-D DMA 1ta¢ EtOH Gluﬂimﬂium’iﬂsuﬂmm BASTUAUNTIIN Lﬂu

5 Y an @ 1 4 oA . 4
1181 24 32119 A2875 DCFH-DA udaswaill uaumnae + A1d 21891 UNIATI U (mean =+ standard deviation (SD)) Tagfl a = p <

0.01 o uAUAGUAILAN b =p < 0.01 1iaHEUN 2,4-D DMA AU 3 mM tag EtOH AMTudY 600 mM 1ag ¢ = p

<0.01 WeMeUNY 2,4-D DMA ANUMALTY 3 mM Uag EtOH ANMTUTY 200 mM
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d’ o 4 4 Ja A
M1319% 2. Naﬂ”li‘V]NTNEU?NL’E]HUl‘ﬂﬁJC]g'ﬂLﬂ@ﬁﬂﬂﬂll‘ﬁfﬂ@]ﬁilﬁlma (SOD) Azatae (CAT) uazﬂgm"lﬂau

nleSeendiad (GPx)

° ' ° o A X 4 ~a o
Eﬂ’lu’)uW]'lﬂ']jﬂ']\i']uall@\u@ublﬁ]fuﬂlwuﬁu D) Lﬁf]n’]ﬂllﬂll control

FUAAINATO SOD CAT GPx
2,4-D DMA 1 mM +10.68° +1.39 +10.62°
2,4-D DMA 3 mM +18.37° +4.89° +14.54°
EtOH 200 mM +6.98" +1.11 +4.38
EtOH 600 mM +11.18° +2.52° +12.10°
2,4-D DMA 1 mM + EtOH 200 mM +11.16° +2.28 +11.04°
2,4-D DMA 3 mM + EtOH 600 mM +50.68“° +7.79*° +28.94%°
2,4-D DMA 1 mM + EtOH 600 mM +13.31° +3.23° +13.90"
2,4-D DMA 3 mM + EtOH 200 mM +20.79*¢ +6.08 +21.34"°

msvihuveseu liagluleseon ludaaiiuad (SOD) azanad (CAT) nazngan Is Tounlesoondiad (GPx) lumad HepG2 71451 24D

A Ao a

v @ @ & & S o ' oA A X A A o g
DMA tiag EOH lunsalfsvasshamenass uaudas i unai 24 32109 uﬁmwmﬂummum1suml,’e)u"lcwmwmmﬁam gUNUIBAD

HepG2 nguaiugu Taeh a=p<0.01 iioMeununguningu b=p<0.01 lefieuny 2,4-D DMA ATmEudy 3 mM taz EOH anududu 600

mM ¢ =p<0.01 iefEUN 2,4-D DMA AHANYY 3 mM uag BOH AT N 200 mM uag d =p <0.05 fistii g1y 2,4-D DMA ANty

3 mM a2 EtOH ANUTUAY 200 mM

% 4
wamsiafsanaisasvngm Islew (GSH)
& A Y o A
saan 1@y 2,4-D DMA %39 EtOH
Y
Meaed1ufen tazlasuasna 2 yiansounu
NUIBATIFIUANUAUTY 2,4-D DMA : EtOH
A 1:200, 3:600, 1:600 1A% 3:200 mM:mM 1)
as1auANUTUI U 1R 52A U GSH anad
pd 19l ed1ay N19ada (p<001) 1o
= [ 1 1 A Yo
nFeudioununguaiuny dauwaan 145 uais
)
149 2 yHand ey 8aT 1@ IUANMTNIY 2,4-D
DMA : EtOH A ® 3:600 mM:mM 3 52 @ 1 GSH
anatedNIWed 1AM NaDa (p <0.01) 1o
=1 o Yy 9
fFeufeuny 2,4-D DMA ANUTHYY 3 mM

ey ECOH A UIT YT Y 600 mM t1a il o
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AfeuMeusnsiaINaNUTUTY 2,4-D DMA :
EtOH A 3:200 mM:mM 45241 GSHaaa
o1l fod 1y n19ada (p<00Diiie
FeuMeuny 2.4-D DMA AU UAY 3 mM

1Az EtOH AMNUITNAY 200 mM (f15199 3)

(Y4 [y Jd
wamsinifsuamnaeulaoanlas (MDA)
[ S A Yo ~
NUINFadn1a5y 2,4-D DMA i g4

' = Yy 9 Yo
DYNNLAYINITNULVNUVUY 3 mM uaz”lmu EtOH

~ ' = 9 Y = [
INYIDYNUAYIAITNLUNUY 600 mM UTEAU

[ a

v Y
MDA 1iindueg1eiiiedagyneana (p < 0.01)

A = [ 1 [l s Yo
LﬂJT?)L‘]EEJ‘]JW]EJ‘]Jﬂ‘]JﬂQﬂJﬂ’J‘]JﬂiJ mm%aa‘n"lmu

Y
A15N9 2 FUANTOUAU DATIAIUA MWD
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2,4-D DMA : EtOH Ao 3:600, 1:600 tiag 3:200

0 w

v Y
mM:mM U52@1U MDA 1My ue8197sd 1A ay

o

[5R

q

aa A = = o
NNTDA (p<0.01)LiJ’E]HJ38J°]JL1’]‘t’J°]Jﬂ°]Jﬂ
9 (%

U A Y g a
MUY dIUaan lasua1sne 2 yanioun

NUIBATIFIUANUAUTY 2,4-D DMA : EtOH

=

A9 3:600 mM:mM U5£A1 MDA (WUUUDEH193)

v

Wed Ay nada (p < 0.01) wenfFeueuny

11

2.4-D DMA ANUITNYY 3 mM 1ag EtOH A
WU 600 mM AIUBATIAIUANWITUAY 2,4-
D DMA : EtOH i ® 3:200 mM:mM § 52 & U
MDALﬁiJ%uﬂijﬁﬁ'ﬂﬁﬁ'iyﬂNﬁaa (p < 0.05)
o3 eu1H ey 2.4-D DMA A21119 4
T 3 mM itag EtOH A2 1NIYNT W 200 mM

(13199 3)

m919d 3. 5anaisardngan s Tou (GSH) uazunaeuladad las (MDA)

o A o A X A A A o
Eﬂ']ujul‘ﬂ']ﬂju']m!@uvlcﬁuﬂlwusuu (+) Ioaaal (-) LBINYUND control

FiATIINATOL GSH MDA
2,4-D DMA 1 mM -0.26° +1.16
2,4-D DMA 3 mM -0.53° +1.95°
EtOH 200 mM -0.22° +1.06
EtOH 600 mM -0.45° +1.77°
2,4-D DMA 1 mM + EtOH 200 mM -0.33° +1.26
2,4-D DMA 3 mM + EtOH 600 mM -0.87"" +3.20°
2,4-D DMA 1 mM + EtOH 600 mM -0.50° +1.84"
2,4-D DMA 3 mM + EtOH 200 mM -0.73%¢ +2.53%¢

WuedaadngalsTou GsH) nazanaeuladadles (MDA) luwad HepG2 71851 2.4-D DMA taz EoH Tunsdififuansyiiadonay

v o w1 g 4 3 o ' P - A Ao ¢ ' = &
Fuduras e 24 52109 uﬁmwmﬂui}mmmWmmu'lmlmwmum’aaﬂmw’amEn_lm_lwaa HepG2 NQUAIUAY Tagh a=p<0.011UD

MeUAUNGUAIIAY b=p <0.01 HIBMEUA 2,4-D DMA ATMITUTU 3 mM 1@z EOH AMMITUTY 600 mM ¢ =p <0.01 flaifiouniy 2.4-D DMA

ANUANTU 3 mM uag ECOH ATIITNAY 200 mM Lag d =p < 0.05 diaiisuny 2,4-D DMA ATtud Y 3 mM tag EOH ANMALTY 200 mM

a d Aau
J1saiwamsIve
1ANISANEINUII 2,4-D DMA Uae
= I a 1 4 @
EtOH Hanuiuiivaemadmuszauniiy
v ] 9
WY UNNUUINUY (dose dependent) Tae]
=< A 1 = v
MSANEINHILUIND AT 248 Lagoywus
= o Y a I a 1 4
59199 EtoH M 1¥mannuiuiivasisad

% J VA g
HepG2 1@ lngazdananszn Ingnssnoigoiy
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luTanewase ausawmileniilfinanisaie
U apoptosis " LAZHAVDINTAUNTTINUDY
= a <Y
2,4-D DMA 1z EtOH &9n512viae 1l sunsy
= Y < '
compusyn (159N D UAAIIHIH U1 2,4-D
DMA: EtOH 2:400, 2.5:500 &t & & 3:200
mM:mM) 3¢ WU ASeuvuasugns

(synergism) Taeiin1 Value combination Index: CI
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. Y d Y
oxygen species taznzquou laidmoyya

a A 3 1 I
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