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The Effect of N-acetyl-cysteine on Dengue Virus Infection in HepG2 Cells
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ABSTRACT
Dengue virus (DENV) causes liver dysfunction by the direct effect of the virus to the cells, and by disorders
of host immune response to the virus. Patients infected with DENV shows low levels of antioxidant. Therefore, N-
acetyl-cysteine (NAC), which is an antioxidant, may have a benefit to DENV patients. The purpose of this research
was to explore whether NAC reduced DENV infection and protected HepG2 cells from DENV-induced cell death.

The result showed that NAC reduced DENV infection, virion production and increased viability of HepG2 cells.
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59un3152me 1N (Tavodova et al. , 2012) 1a5ada
Ao g a
naautlu Mosquito-Borne hemorrhagic fever fAolna

X o Ao IS ° =
ninye hianliguilunimziilsa Taeligaatodie
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WUT  Aedes

i aegypti  1Wumme luuaazilozd

P4 - &
Uszmngdszina 2,500 SuaunEesnonIaaise

° - { !
Taefliswuganye 50-100 awauaell uazdl

AFeINNINNI 10,000 518691 (McBride et al.,

U

X o 3 Aa @ I a
2000) lﬂf@ml'J'iﬁLﬂ\‘]ﬂﬁJﬁ”lfJWNﬁﬂﬁilll‘]Jﬂ RNA ¥Ua

YA IVUAIIATIBFHALIN (Linear, positive
single-stranded RNA) HoyningUnsananyuia
2
Usgunar 50 nm. Tulden (envelope) 71 130 1a5a
wadTianue 4 3131 Ysznoudae neR I dad
T5'lnil -1,2,3 uag 4 (Weaver et al., 2009) o911
dy 3 A o a o ] 9 [ v A
wonan Isayiiada liwuedm e vaziagulu
N155nY1 (Whitehorn et al., 2011)
A o A A o
1995Msunsyeved Isasun e e
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AUNY host cell receptor Tagld E protein HAIINUY
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1NANIS fusion GlJfN‘l’J%JﬁLLﬂZ host endosomal

membrane 07 25@? IR low pH dependent il

9
nucleocapsid gniasendnliloglu cytoplasm 91miu

9 v v
1¥0 15 aAaNaTNUTIUIN (DENV  replication)

@04 uaz 1) mature 1 Golgi compartment nouiag
exocytosis AuhSadr Inde 1) (Clyde et al.,
2006)
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shock  syndrome) fu'litermsvon (Dengue

hemorrhagic fever) ©1M3v04l5AaINsautiald 3
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“Antibody dependent enhancement” (Weaver et al.,

2009)
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#1940 (Couinaud et al., 1999) duUls¥AOUAIY
A a I
parenchymal cells f® hepatocyte Aalulszinm
Vv
80% VDITUIUFATNANUA 1AL non-parenchymal
cells Ysznoume Kupffer cells, endothelial cells
(Vrba et al., 2002) t1ag stellate cell (Ito cells) (Tso et
o A g
al, 2003.) Kupffer cells Mnhndlu macrophages
1 Y
Lﬁ@ﬁﬂlﬂﬂﬂigﬂjuﬂ'Iiﬂ']ié/ﬂ!,ﬁﬂ!ﬂﬂiu INANITHARA
= ] o A o A
collagen 18 stellate INBIVOINUNITIAANIANA 11
a ]
NNFANINUDY liver disease (Tso, 2003.) ALY
o 9 & a X a4 .
’t‘J’JEl’JzL‘]J1WM18HHQ‘UBQIiﬂGIﬂL%GLﬂQﬂ (Hadmegoro
9 H Y 1
etal.,, 2012) N luauLazHYNADI AUNAATBIAIN
T¥aazshlinanduasievesdy (liver injury) tag
WUANHULUDI hepatocyte necrosis, micro vesicular
a g v
steatosis 48% councilman body ey lugaday
. & du a . o q ¥
(Martins et al., 2012) (UDIFAAAULNA injury 3LV 14
H5zauton'l43i@1 alanine transaminase (ALT) tag
A - 4
aspartate  transaminase (AST) INNGIUY Hazle
A5799N19 BNy TUNEITING NI Kupffer cell ag
hepatocyte cell WU viral antigen (Huerre et al.,
2001) Taona lnveusadauiia injury nualiaumne
v
o o J d a
NW"!]']ﬂ'VI\‘INaIﬂﬂ@]ﬁ\?"Mﬂvhﬁﬁ@l@i“ﬁﬂﬂ@]ﬂlﬂ\nlazmﬂ
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Lﬁﬁ)ﬂ, HIV, acetaminophen-induced liver, toxicity,
3 A

and metal toxicity 1Wuau Tag NAC Hninlums
$AUITLALUDY cysteine  Tunszua Tadiaie 141y

o ¢ L g 2
msdunsizgals Tou Failumslszinnuoud
PONFUAUN IUI1INY (Zafarullaha et al, 2003)

& ]

NAC uasaaduuna glutathione (Zafarullaha et
al.,, 2003) JINAIUFINUTLAVVOY glutathione 11

d o .
1R aA U (hepatocytes) (Tian et al,, 2010) Tag

. ] v g 2 a P
glutathione Gluﬁ’l\?ﬂ’]ﬂﬂﬂlﬂull@uﬁﬂﬂﬂcﬁuﬂuﬂ

(Antioxidant) 287199 reactive oxygen species
. Aa X2 X g
(ROS) (Lim et al., 2011) NNAVYY Gﬁﬁ!ﬂuﬁ?lﬁ@]ﬂl@@
o [
ANLIFAAAVYNN1A1Y (hepatocellular injury) (Tso,
2003)
= A V=2
ﬂ']iﬁﬂH'WIN']uiJ']UlﬂﬁﬂH']NaanN NAC Glu
N13aA profibrotic agent ( methlmitrosamine ) Gluwyi
NAAD4 ( Zafarullaha et al, ., 2003) TAgHYINANT
FINN hepatic stellate cells ( HSCs ) mldina
chronic liver damage 10& hepatic fibrosis N1INAND
TuszgauTuananudl NAC — $28gANIzIUNS
chronic liver damage WU Raf-1, MEK and ERK
signaling protein (Itha et al., 2005)
a 4 a ) <
luTsnAnroinsn NAC nogniimnldlwan
Aa X A v A . . ! Y
NAAUFDLAINTINNVNNIE liver failure IIUAIY Iﬂﬂ
1% NAC Mavineaidond (intravenous N-acetyl-
: . o
cysteine) 1ANUNHANMITNEIUTTAUANUEUTY (
9
v v w 4
Vendemiale et al, 2001) muumqﬂixmﬂmm
4 13 1
\ﬂuj%ﬂﬁlﬁﬂﬁﬂﬂﬂWiﬁﬂH'lWﬁﬂlﬂﬂ NAC a9nN13INY
' a &
mmagmm}mmaﬁ, aANITAALYD DENV Lazaa

mswanhaluraday HepG2

= acy = a v
ILIUVIUITNIIANEIVY
d %) = .
1. 1¥aaq, T¥a uaz msndl (cells, virus and
reagents)
Human hepatocarcinoma cell line W3e

HepG2 (ATCC) Qﬂlaﬂﬂu Dulbecco’s modified

Eagle’s minimum essential medium (DMEM, Gibco)
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394U 10% fetal bovine serum (FBS), African
F

monkey kidney cell (Vero) gmaﬂﬂu minimum
essential medium (MEM, Gibco), Dengue virus
serotype 2 (strain 16881) mnmiwatgn%mﬁ@{
ANUAUATVNUITE (DMM) AMSUNNGFAASAS
FIFNIVIA WHIINYIGONNAD, N-acetyl-cysteine

v K4
(NAC) Fa%0910 Sigma USA, Molecular Weight
163.19

a Xu o
2. M3Aae 1N5a (DENV2 infection)
Ea

ad HepG2 gniaselu 96-well plates
%”mau 30,000 aanevquiilunal 24 Flua
nmfy lmadaade lhmndndas multiplicity
of infection (MOI) 19171 5 ud21 41 incubator

a < o
gangi 37 ° C Wunal 2 9 1ua

3. Treatment of HepG2 cells with NAC

M§9910 DENV?2 infection (Hu11a1 2 ¥ 114

Yy ¥ . g Yy qu
1AIAAIY stock media 1 AT 1AUU1Y arsazate
N-acetyl-cysteine (NAC) M1399198207F  2-fold
dilution NANTUTY 2.5 mM, 5 mM, 10 mM LAz
Y

20 mM lagldl5um 1NU

100 p/vqu

a

incubation ﬁqmwﬂu 37 ° C, 5% CO,,

u

Furan 48
Flus  dwidu mstaszauanuansalunsd
FInvoasad (cell viability assay) AU A1TIA
WodiFudmsfnie (ELISA assay) taziuna 72
F1Tue d1150 msnIsiuInvedIasd (focus-
forming unit) TagidaMINARDLTNETIUIY 3
soumsnaand uazluudazseumInaanaz i,
3 sample

4. MIIATTAVANNNINIOIUMTHTINVDS
aa (cell viability assay)

PrestoBlue® cell viability reagent gﬂumﬂ%'
lumsnaaey cell viability voaisad HepG2 Taeld

(dddﬁ

RANMIAANAINUVDUTATNUTIN LW’O% gl g1y
a a J v
mmmujmﬂmmwaa Tao1id9910 cell treatment

Funar 48 2 luandq9zld PrestoBlue®  cell
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v
viability reagent 91491 90 Mgy vl
81UAIA28 ELISA reader 11 595,570 nm.
5. myJanesiFuamsfaie (ELISA
assay)
ELISA assay 1955261 DENV-infected
HepG2 cells Tasvzaimah Idurdiuaniu
s 2d I A o A 9 o w oA
wWosisua Neuny MOCK 5uauINHIA206819%
¥ o o i a Yy ¥
A0aMIIANINT media ANPBNHUA LAIR1AY
washing buffer 200 UI/%1Qu, 3.6% formaldehyde 100
9 v
UUvan 919%Y incubate Hunar 10 Wi

a9y . o Y Ja
guugivied, 1%  witon-X I I¥iwadine

. . 2 . a g ~
permealization 31NUU incubate aniuan 10 wn
{ ay v Y .
‘ﬁqm’ﬁﬂuwm, A19 3 AT3IAIY washing buffer, 3%

u

hydrogen peroxide 200 /YU Lﬁﬁ) block
endogenous peroxidase mm‘?u incubate 1111781 45
Wit fguvigiifes, 1d Primary antibody Ao E-
protein 50 HUWQu 1182810 3 AY9A20 washing
buffer, la Secondary antibody 50 LI/YiQu mmfu
incubate 15lu1a1 172 $2 T4 ffiqmwgﬁ 37°C, 8193
ﬂ%ﬂﬁjﬂﬂ washing buffer wazla TMB enzyme
substrate 50 LI/MQu asazareaznlaouiludih
eou uazld 3M H,50, 25 [Wrigu 1Nengail§isen
ansazawszavuannaiheeuiudmaes 1y
111118 1mAd8 ELISA reader 1?1 450 nm.

6. mIsmInveshia (focus-forming
units)

Focus-forming units (FFU/ml) L‘ﬂu%%ﬁsl‘lsf}ﬂ1
$19mv09195d (Virus production)  3udu1nI
Fre61iidoans Al media 1ANOBNNLA
vinfudredae 1XPBS 3 A% 19w 200 gy
1IN fix cells §763.6% formaldehyde 100 L/

A A a g
10 UM NYUNHUHD

u

I
MQu  incubate 11/uIAN
? ' X A o quw 7 a
1nuulda 1% triton-X Tu PBS 1o lviaaina
. . Yy . <3| A A
permealization 487 incubate Wuar 10 i 7

Y Y
gunQiines 419 3 afane 1XPBS, Mminld 4G2

U
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primary antibody 50 I/Y1QW incubate Aunan 30
Wi, Ngainigil 37 ° C , moist chamber 91NUUAI 3
A59A28 1XPBS 200 W/viqu, a secondary antibody
Rabbit anti-Mouse IgS-HRP 50 /vy 819 3 A5
Y S J <}

@29 1XPBS, 11ninld DAB substrate tazinu'131u
fitla 5 13 naseIMind1ae 1XPBS 200 LI/Mgy
3 nse nariuh 1y foci 1dndesqanssemi

¢ aa

7. MIIAT A DA
=2 dy Y aa a Jd
msanetlganalunisdnsizial anu-
FUWUTTENINNQUNARIAD  Unpaired t-test 100

Muuaaed IRy MIA0a p < 0.05

HanIsANEINY
1. MIATTAUANNEINIOIUMINTINVES
aa (cell viability assay)

PrestoBlue’ " Cell Viability Reagent inly
lumsiama cell viability U89 N-acetyl-cysteine
(NAC) floisaady HepG2 Aaadomen ldamuh
finuiudy 2.5 mM, 5 mM, 10 mM 1@z 20 mM 3
cell viability (%) HdJLl 90.43%, 82.82%, 82.13% ilag
cell

o PRV '
84.06% euaay uaztsadn u'ldlden

viability (%) 1314 50.7% ooy 100% vos
wadilu1daaemad 1 3a naz 118 d0n
(MOCK) ﬁﬂ&uﬁg 1181 N-acetyl-cysteine  (NAC)
mmﬁmﬁu % cell viability YOUAAAL HepG2 ‘ﬁ
davoinaniald  defeusuwadnlyld

treatment ﬁ”w N-acetyl-cysteine (NAC)
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150+

Percent of cell viability

Virus + NAC (mM)

sl 1 NAC QAN UEASAAIED DENV

Tu HepG2 cells

£ Jd d a -&'
2. msdadesiunmsAaye (ELISA
assay)
sl ~ &
HatlosIEuA (%) N5AAITRUDY

'
Aa

Y 1
cysteine (NAC) A9i5aadl HepG2 NaALyoiadn

N-acetyl-

Tfanuan nanududy 2.5 mM, 5 mM, 10 mM
Kl
waz 20 mM HlesiFudmsanie (%) 15y 41.3%,
29.15%, 20.67% 1ag 0.51% mudey dedisuiy
100 % vouvaanan Faudrluldla N-acetyl-
. v 2 Y. .
cysteine (NAC) muua;ﬂ"lﬂm N-acetyl-cysteine
P s a & 7w
(NAC) eunsnaalesiFudmsAareveusaday
d‘a t&’ § -
HepG2 Waaoiasn aia'ld

160+

100+

Percent of infection

> 2
N MO

Virus + NAC (mM)

sUN 2 NAC aAmsAnide DENV T HepG2

cells
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3. mamsnnuveshsa (focus-forming
units, FFU/ml)

Han1INITIuINYee 5 e (focus-forming
units, FFU/ml) U934 N-acetyl-cysteine (NAC) R
¥AAAY  HepG2 Aaaomanhsanui Ann
1 2.5 mM, 5 mM, 10 mM a2 20 mM J3117u
voelasa (Virus production) l‘]dJ‘L! 11.5%, 11.5%,
8.7% 118z 0% AuaIiy 1iefousumadnae e
uda lai'lala N-acetyl-cysteine (NAC) @T@i’fuagﬂllﬁ’
91 N-acetyl-cysteine  (NAC) %28aas1uIula5a

(Virus production)

150+
1004

50

Percentage of infectious virion

Virus + NAC (mM)

51U 3 NAC aadwanhia DENV Tu

HepG2 cells

msenUsiena
A & Qg4 o
Tsnaawemanidutlayidingnieaisisu-

Aa &
gun m’mwamwnummuimmazﬂ Tael

mm;uuiwaﬂiﬂmﬂuaﬂ (Dengue fever; DF)"hJ
410 (Dengue hemorrhagic fever; DHF (18 Dengue
shock syndrome; DSS) wazda i sagulumssnu
@ I @ % § o a
Tsa dudluedoaziihvinonilsndidylulsada
XA z A2 ¢
LHDLANN mmaaiumnwmmﬂi nou'lddae
Kupffer cells, dendritic cells 1Ay stellate cell
9 v
wonnlseaUou Ty Transaminase TH@LIZINY
2 9
FIUVUAWY
=1 dy l 4 d'
TumsAnE1HaYe NAC Aotsaa HepG2 1l
Yo
Youwaa lasung

a g
AAlro DENV 1ag  viability
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152111910 PrestoBlue ® Reagent o3 iFuan1sfa
o DENV Tuisad HepG2 AnunTaold cell base
ELISA  uazisuamswaalrfagnilsziiiulag
Foci focal unit (FFU) Namﬁﬁ"ﬂﬁwmﬁ NAC aanN13
AUV81 HepG2 TinITe DENV pg19NHBdIAYN
add GU 1) dszmsfides NAC amfSinunsia
‘o DENV Tufliaad HepG2 a1l Tad1IAY NI
ana (gﬂﬁ 2) gaft1e NAC aal3uiun1swan

' A @ oo W

DENVagNiisd Ay n1ana

DENV (31/1 3)

da X
11 HepG2 NAa1%0
M3ANYIVOI NAC  Tus1ane
wynd Tasludl 2011, Grace Lim
o = [~} Aa dy 1 =
mmsanu luanmeeignnuin Nasre 1S aad

1 [ v Y . . =~ Y
5UNVUNIZAVAUKAT (liver failure)lazsnEIAIY
NAC ldwa Taenuininsanszavuadven liver
1Y I a
transaminases  L@% coagulation navuuiuilng
(Grace Lim, 2011)
Tudl 2010, Yanping

o = a ::ﬁ) 12
WIN1SANYT WavedIn1saaL¥e 195a DENV-2 Tu
I¥AAAY HepG2 NUTLAUVD intracellular V4 host
cell Taal¥ Colorimetric Assay lum3siaszavveN
[ a dy o Y

galsTou W ms@aie DENV-2 4i11#iims
AAAUDITZAY intracellular GSH 981 od 1Ay
N9ADA 1AL Yanping  Tian uazame Anyl lagly

2~ va I
buthionine  sulfoximine (BSO)GTNilﬂmﬁiJ“Umﬂu
intracellular glutathione (GSH) inhibitor Mg
AADNVYDI5TAY  intracellular GSH leﬁﬁﬂﬁ}mi

] A '
M9IUV09 NF-kB 1NV Huaz M TN us 11Iuv0
virus  production M1 1#NA1TaRaveITEAL
intracellular GSH (Tian Y, 2010) Feaeandoany
v E2)
NUITIFUUNNAYDI NAC  d101500ATIUIUVDY
v
115a (DENV  production) #41u39019na12'18 31
= wa = a I 1

NACTnmauiailueudvonsuaun uana lnuow
~ a P \ sda & =
ADONFUAUNUDI NAC Aatsaananie lafaaenn
damansznuaemsnan IS adandealinisdnun

ao

nazAue e

Tian azaay 16

1621
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A ' A ' a
Wosmeegluniizilndlusamersl
Y

asnguuoUARenFuAU lunsFIefTanyya
daszaregnaziaelfisadinannuidenie
BYYADATLAINAIIUAAIINATLVIUNIT Reactive
oxygen species (ROS) (Prasad V, 2006)

Reactive oxygen species (ROS) HUEDS a5
1 ann = F) a A g
ne1lnien Nlszneudlsezaeueonmuiluas
awaﬁmz 195 superoxide anion radical (0,*™),
hydroxyl radical (HO-) waziililyeyya uall

wa A J A A g
Auantalumsoond ladusegnilasuiueyya
daseldde  1yu hydrogen peroxide (H,0,),

3
hypochlorous acid (HOCI) uag ozone (O,) 15udu
- 2

ROS gnuanuulunszuIumsmImaIye s u
?x’z aan U a d
Juapuveslfnsernisateloudanasoululy
Tasasouass ROS MIMnaaNudeMERUITad
lus1ame ua ROS amnsomia @ Iagansnguuou
aeonguaulusienie

(Prasad  V, 2006) 1%U

superoxide  dismutase, glutathione reductase,
glutathione 1fludu ROS nszdulWaadiianing
oxidative stress 1R NMMFesA U 1Ay
11U kupffer cell, hepatocyte 1461 endothelial cell &
(VrbaJ, 2002)

Tavargi NAC o1vzilumadeniddmsy
masnmn Tsnaaoind naved NAC liifissaams
A3 UAGY DENV 1 aanavediiaaaily
msmilenihldifianisasueusad ann1swan
h¥madh husadaudie
fnAnssulszmea

awu?ﬁ"ﬂﬁaﬁuauuiﬂﬂ Mahidol  University
Grant 1A 37.A5.UN.01I3F0 AUTUAIMT AT
MY-INAMAATAMTUNNEAAATAS T1IBNEI1VIA

PUINGI[IUHAA
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