J Appl Biol Chem (2016) 59(1), 31-36
http://dx.doi.org/10.3839/jabc.2016.007

Online ISSN 2234-7941
Print ISSN 1976-0442

Original Article: Soil/Pesticidal/Environmental Sciences

Anticancer and Antiviral Activity of Chlorine Dioxide by
Its Induction of the Reactive Oxygen Species

Yonggyun Kim*
Yongho Jeon - Jinboo Jung - Wook Kim

* Sunil Kumar - Wonsu Cheon - Hyunji Eo - Hyeok Kwon -

ojxtste A Bt A f=d AT Fd R ol BA

Ag@ - FETHE - A5 oWA - A Y - A4S AR

A%

Received: 14 June 2015 / Accepted: 4 November 2015 / Published Online: 31 March 2016

© The Korean Society for Applied Biological Chemistry 2016

Abstract Chlorine dioxide has been used for a disinfectant by
exhibiting antimicrobial activity and is also potent to kill insect
pests infesting stored grains. This study aimed to extend the
usefulness of chlorine dioxide with respect to anticancer and
antiviral activities. Cytotoxicity of chlorine dioxide was assessed
against five different human cancer cell lines. Chlorine dioxide
exhibited significant cytotoxicity against two breast cancer cell
lines (MCF-7, MDA-MB-231) and three colorectal cancer cell
lines (LoVo, HCT-116, SW-480). This cytotoxicity appeared to be
associated with the capacity of chlorine dioxide to induce the
production of reactive oxygen species (ROS). Compared to
control insect cell lines, the cancer cell lines possessed much
higher levels of ROS. On the other hand, a treatment of an
antioxidant, vitamin E, significantly reduced the cytotoxicity,
suggesting that the cytotoxicity was induced by high levels of
ROS production. Chlorine dioxide exhibited antiviral activity
against different viruses. A baculovirus, Autographa californica
nuclear polyhedrosis virus (AcNPV), is a dsDNA insect virus and
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lost its viral activity to form polyhedral viral particles in response
to chlorine dioxide. The antiviral activity against AcNPV was
dependent on the incubation time with chlorine dioxide. Tobacco
mosaic virus is a ssSRNA plant virus and was reduced in its
population after exposure to chlorine dioxide along with significant
decrease of viral symptoms. These results indicate that chlorine
dioxide possesses anticancer and antiviral activities probably due
to its inducing activity of ROS production.
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OlARBIAA(CIO)E P AslEe] UdFom 859 Ak A
7 2 muAlR gy AREZ Jth(Volk 5, 2002). 53] o]
Al AE ARl ASAR AREE d4% g e S
+ trihalomethaneS Ay A SHA] kol H|w 2 <QFA 3™ (Don,
1998), Eoll e+ Saf=r} =2, A 2 7|A el A3}
7} 7Fsste] ofE] 850 AFAR AR 7S HslaL Sl
o ksl A WA Al B voleizel] dis] W AATY
< Holi St} F, oliEdAE AF oY WUATEF(Bang
5, 2014; Sun 5, 2014), 7% S GAFF(Taneja 5, 2014;
Aung 5, 2015), 85 2GMTF(Viad 5, 2014) L Uuk
2171 QEMNTHFNam 5, 2014)°] tiair] 3 FATHS
Bk 53] oy FAA sl WS Hole AR
tsix oSl aE 7180 Ajotd AR FEF (NaClo)dl HIs)
g3 35S Ve thHinenoya 5, 2015). B3k o]Aks}
i FETHE sk dEZblel# 2 71 (EVIDE Y]
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Fgk tpFeh QA Hdutolzel] thiaix] Futoly s ES
EPiTH(Sanekata 5, 2010; Jin 5, 2013).

oBlAAE F5 A7t 7Fest 71Al AdElE AP skl
Abe] FA 4ol g F= sl B A=l s
T Asfigel tigk sis WA 58S YeR ok B
Al A S IR (Cimex lectularius, Cimex hemipterus)
o thaiA] ¥l =S F=(eF 1,000 ppm)e] oXElAA k=
off tialM £&Ade WA E3E eI S H(Gibbs 5, 2012),
HER/E 7HlIsks sk (Plodia interpunctella)®] WS|4
= HlwE B FE200 ppm)el mEolA] A 23S O
EPATHKumar 5, 2015).

thekgt W slFe] disii 38 &35 Hole olklslds
o] Zg71&2 ofd BEs] FHEIL JA &t 2y o] g
el zhes w2 Akl oljgt dATH ik A4 %
87128 WEstal Q). oliksld A wEe W o
£ ASIAIA @] WAS fFEstal o Fal Thlde] 7]
% A tHOgata, 2007). S Eof, 77] vlol#| 22l
influenza virusell tialiA] olitsldaE o] ulo|g 27t 7159
T8 Aitshe ol F838 oAkl 153HA] EYHERS
N-formylkynurenine© 2 AFSIA|A 715 KA $TR(Ogata,
2012). &3+ o]xksld A= ¥ DNA EE RNAS ike
A7l FHE-S Ze Ao HIHI Yti(lin 5, 2013). F
Z olrtald vt A7® ZEolA B At (reactive oxygen
species: ROSYE THF EAIA AEd 259 & A S
Zta s th(Kumar 5, 2015). ROSE Hlw& Uk
o AR FEE F 7 AUrh wepr] oliksle ] ROS
WA 75 Bk kst 9] wedAlel = £ dS o=
ML A =

2 ATe olklsldae] Akl S niRe R K83 3-8
£ HWo7te oA AAEAT A=Elss WHlshs w9
Aol A 2 Agte ¥ ZF Ao tiEiAe kst
(Nishikiori 5, 2008)2. &&%l o|xlsldd A& gz
Stz el FAEAE ATFeRE orgor FEHAE
7183159t) o1& 98 £ Al ¥ dAEE U 2
et 3 FOE BF 5 TR o AEFE WFOE olits)
el AE EHE AT ok ¥ 2 Fe sUh
A TElE e ZSulelE s REY g T AEve
HAE OO oislart gnlolels aE F & Ue
AE AT 94 S8 G siditt WlE=Ent
olf e 2Fol FolHoR ulolgaHE dodle olFuAl
3 DNA H}o]2]2:o]tH(Clem3} Passarell, 2013). Tabaco mosaic
virus (TMV)= ©U7FHe] RNA vlo|g|22A] gl 7P &
&S FE vlo|zi2o]th(Scholthof, 2004). ¥ ATE °]E A+
ot nlolg S0l tialA] olxtsld vt FElsh uleleis 7]
5 EAEI JEXE FHE.

oM

As R 9y

AT g iz NE2A F TF 25 AEE ol gsidth
SO A AEZS(IPLB-S21-AE)=  Spodoptera fiugiperda®] ¥H|7]
WA Z2FOA FHER e, 5% fetal bovine serum (FBS,
Hyclone, Logan, UT, USA) % antibiotic-antimycotic =3}
(Cat. No. 15240-062, Gibco, Grand Island, NY, USA)E %

7F8k TC100 L3 A|3Z 8] g (Cat. No. LM505-01, Hyclone,
USA)oI A ¥l =9It} High Five Al 3 (BTI-TN-5B1-4)&
Trichoplusia niolA 71938+ 2% Express Five® SFM (Cat.
No. 10486-025, Gibco) Hlgd o2 SAAHL F AEes 25
25cm’ tissue culture flask (Cat. No. 156340, Nunc, Roskilde,
Denmark)E ©]&38}] 28°C Z71oA] S =AUt

& MEZEFZA MCF-7 (Korean Cell Line Bank (KCLB)
No. 30022)% MDA-MB-231 (KCLB No. 30026)2 Q1A 1
& FElelth dtHe] Lovo (KCLB No. 10229), HCT-116
(KCLB No. 10247), SW-480 (KCLB No. 10228)2 X% U]
A frElolt). o MEELS BF 10% FBS gA3A|(100 U/
mL penicillin, 100 pg/mL streptomycin)7} 332 Dulbecco’s
modified Eagle medium/F-12 (1:1, viw)E ©|-&3le] njgslich
A e 75cm® tissue culture flask (Cat. No. 156499,
Nunc)Z o]&3le] 37°C 2 5% CO, 274 ol¥Ht}
ojRtE P A, E Ao o]&H oistdiE 800 ppme] A7
fo|Rrt. o] Aok EZFa1¥H(Suwon, Korea)llA | F= ATt
AXTBAPEY, HNZTZAHL  3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT, Cat. No. M-2128, Sigma-
Aldrich Korea, Korea) @4%kE o] 83l EAFSI) x2]d
AIZ 10,000 7H/50 uLE 96 well plate Z}ztol] 5313}, ©]
beldae 7 A wg oz 107°-107° ME F4silom,
Z}7} 100 pLe] S3Fo = A|X dgle] 37F 5 28°ColA] 48 h
A8t ©]F 20 uLel MTT (5 mg/mL)yE F71ske] 28°Co
A 5h AFBIdek olF oAl 70 uLel 25% sodium dodecyl
sulfate (pH 2.005 H71eF § A2l 16-18h WAst] &4
H formagens S3AACE o]F 570 nmolA FFEE 43}
SATh.
@A A2 (reactive oxygen species: ROS) ¥A¥. ROS A3
£24& OxiSelect Intracellular ROS Assay Kit (Cat. No.
STA-342, Cell Biolabs Inc., San Diego, CA, USA)E ©|-&3}
Atk A2 2 ik AEE <14keEE8-9 (phosphate buffered
saline: PBS)S. 2 23](1,000 rpm, 10%) A3 5 7} A Eaj
Ao 543k |x 2 7-dichlorofluorescin diacetate (DCFH-DA)
(20x DCFH-DA stock, Part No. 234201)& 1mL 3 7}3}<]
28°CollM 602 &<t RESAIHTE oF AlxE 7)o WeR
23] PBSE AAet $ Fdg AELE(10,000 AE)E 7+ F
Hol| 23150t} o] d5dE AASL 7} AX viglos
3|4 ® o] 2kE}d 4~(0-200 ppm) &4 (250 pL/wellyS H7FstL
28°CollA 90%-7F WA WHEE AEES PBSE 23] Al
Bl 250 uLe] AlE wigAo g HEA Y. T3 Hy
(250 uL)2] 2x Cell Lysis Buffer (Part No. 234203)2 37}s}
AL oA SR WESAIFTE ZF 150 pLe] AlE EIES 96
well plate (Cat. No. 167008, Nunc) & &7]3Z 480 nm YA}
F3 530nm 33 20N FFE SEsKiTh o] ¥
217F F4E ROSO IS Y= AE Bkl Slsh
2" 7-dichlorofluorescein (DCF) 339 (1 mM, Cat. No. 234202)
S AE wgAos FAE 0-10 pMe] EEE TEI, 7}
75uLe] DCF ZF8dS FYsh A2ZE%(10,000 7] ME)E
Zh= 7F 96 wellell A2|8kar 28°CeollA 2087+ WESAIZ]AL A
71¢] WRieE Yt ¥% FAE S48l
ol A5lE s ME=A tF FASA HIElR] E &3 £4. ¥
ElY E (o-tocopherol, Cat. No. 258024, Sigma-Aldrich Korea)
£ dimethyl sulfoxide®Z #A7&§HE RWHEN, o]& TA] 7} A|lX
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HjFH oz ATt 7b Rk 8N 50 uLe] AlEEEr
(10,0007 AE), 50 pLe] o BIIAEFEE%: 3.9x10° M), =2
23 50 pLe] RIER] E Mo 2 AL 28°CollA 4877
Z23tH ). o] % MTT #A41HE o] g3l A2 &4 X3}
Art.

oldslg il WEZulolgize Y FulolEE PJEHA. ¥
FZulol ¥ 2= Autographa californica nuclear polyhedrosis
virus (ACNPV)E |83 tkJung 5, 2006). ©] vlo|H A=
SR AEFE o3t FA3ITE ANPVE Fre 5x107
pfwmLel e o] uHlo]zi gl o] A3tAAE 200 ppme]
HEE Attt AHeE 89S AF2dlA 02447 <t it
SAIATE A2]E blol# 2 §AS S Az FFsed 28°C
oA 3d FF FEEE IAAAE RIS YA ¢
= Y= AdE 100709] Axzed EAleke v IR
g3 7 AEle 33 MxE do =2 REESIGT).

oI5 4e] TMVY tidt Fulojaix BEAA. olitsl Aol
TMVel| gt gulolg)x G35 Ittt Aol A8t
W= 6-83 AX At Nicotiana tabacum cv. NC 829} =+
Heks FASk= N tabacum cv. Xanthi-NC E50 2 6-832)
S ARSI TMVE d8dd Bl @58 52
F5o FEe 7 W¥Ao] dHE oS ol&stt. TMV ¥A
o] el = 9 2¢S AdS smLol| rRiEle] HEQYoR A}
st o] mpolgz gl 500 Lot olAtEldEA &9 500 uL
T3 & A223+2°C)elA L-8AITHO, 12, 24, 48 h) Wi
1o gl ol FHESItE TMV 729A] AXl mxlo]la By
S YePE= N tabacum cv. NC82 F&2| 31¢] 295 ol
carborundume ¥ F F, 7t = IJAE TMV FHL
Hid We-g ol8sted HEaArh HES gl oo FHe
carborundum 2= EZ Ao Wl H, 25°C 2B g F
o] WAL AU HlolglL FEo| WIS Yol
HZE 108 &, Cork borer (A7 6 mm)E ©|&3l 2+ A2+
U2 FUs 4] S 343k DAS-ELISA ¥ (Jeon &,
2008)2.= TMVel thet WAl &2E S1sISich. ELISA reader
(Gen5, BioTek, USA)Z o]&3le] T24% 405 nm= =4 3IiTh
Zt AHEe 33 9EsIth. FEWERE sk N abacum
cv. Xanthi-NC F52 49 2, 3, 494 el TMVEAS §
Fa) FYs QUi Wk FeEE sAE TMVEYAS
F3aL, Wk Abtgeo] 2] HH
(half leaf method) B3l HES Atk HE 394 &, 9
3x3cm 7|2 FEF Gl FAE WHl 5 S 2k
AT WRkee} vlaste] AZRE ARl
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(Fig. 1). ol8l940] =& w27t SV whet ol& Hlx
o] ZAo] Yot} tRFo R L5 Axe] Hek olileld
ol gt 23S YR ey izl vls] Al ES
E2 A4 S 4GS B olktedde vig S
JAT=(IC50) S =3I THEFig. 2). SHEFEL °F 10 ppm
olate] ICs= Hel WA, tix MEFES B 100 ppm ©1d
S YeRth &, SHIEFELS At Al vla] o]iksied Aol
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Fig. 1 Susceptibility of cancer cell lines to chlorine dioxide (ClO,).
Controls are two insect cell lines: Sf9 and High Five (‘HiFive').
Treatments include MCF-7 and MDA-MB-231 for breast cancer cell
lines and Lovo, HCT-116, SW-480 for colorectal cancer lines. Cell
survival was measured by MTT assay. Each treatment was measured 8
times (8 wells) per replication and replicated two times.
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Fig. 2 Median inhibition concentrations (ICsos) of chlorine dioxide
(CIO,) against cancer cell lines. Controls are two insect cell lines: Sf9
and High Five ('HiFive'). Treatments include MCF-7 and MDA-MB-231
for breast cancer cell lines and Lovo, HCT-116, SW-480 for colorectal
cancer lines. Cell survival was measured by MTT assay. ICsps were
calculated based on the absorbance values obtained from the MTT assays
using Graphpad Prism 5.00.288 program (http://whatpulse.org/app/
graphpad-prism-5-00-288).
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71915 AESA] EETHFig. 3). ol okEigize] 79l
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W Egaka e WHels 245 thFig. 4). olitalg 4ol
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Fig. 3 Rescue effect of vitamin E on cancer cells in response to 3.9 x 10
M of chlorine dioxide (ClO,). Controls are two insect cell lines: Sf9 and
High Five ('HiFive'). Treatments include MCF-7 and MDA-MB-231 for
breast cancer cell lines and Lovo, HCT-116, SW-480 for colorectal
cancer lines. Cell survival was measured by MTT assay. Each treatment
was measured 8 times (8 wells) per replication and replicated two times.
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Fig. 4 Up-regulation of reactive oxygen species (ROS) production in
response to chlorine dioxide (ClO,) in cancer cell lines. Controls are two
insect cell lines: Sf9 and High Five (‘HiFive'). Treatments include MCF-7
and MDA-MB-231 for breast cancer cell lines and Lovo, HCT-116, SW-
480 for colorectal cancer lines. ROS in the cells oxidized DCFH-DA into
a fluorescent DCF. (A) A linear relationship between DCF amount and
relative fluorescence unit (RFU) (B) Change in ROS amount in response
to ClO, with or without vitamin E. Each treatment was replicated three
times.

o|315lh49] AcNPVYl thg gulolaix &3} 250 wjole
2 HE gasls wEZulole] 2] Y& AcNPVe] Ui o]
Asg o] Fulolls S EASTHF. 5). oYl =%
S

2= = 4 U8 94 ANPV F%(80 ppm)ells] wkg- A7k
< TTHETFE SO MEA FtiziA PAdgo] FasiiTh
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Fig. 5 Antiviral effect of chlorine dioxide (ClO,) on polyhedrin formation
of AcNPV. After incubation of AcNPV (5x107 pfu/mL) with a final
concentration of 20 ppm ClO,, the virus sample was overlaid on Sf9 cells
and incubated for 3 days at 28°C. Virus activity was assessed by counting
polyhedra formed in the cells. Each treatment was replicated three times.

ojatstd4ae] TMVY dig Fujolajs A} AEnfo|e Lo
ik ojkslelae] gulole G ERISIITH(Fig. 6). TMV
of thet oliistd4e] Fulelels G 400 ppmellX 7HE =
& AAY S Bk oikeldA 400 ppmol TMVE 48417F
B} A & Hulel]l HEe A3t 84.9%9] wlole| Uk ZF
2 G35 H90W, 200 ppmollA] 48417+ HE]TellA 54.1%9]
Hlolg 2 oA a3E HTH(Fig. 6A). FHHWS FAsk= N
tabacum cv. Xanthi-NC E=o| tjgl WA g5 g3t
(Fig. 6B). °128ld4 28] %= Z7kl we TMV o] =
A EAEAHF=591.69; df=2, 39; p<0.0001), Hlo]2E
Hilldlell JFslr] Aol olrkstd st whEsle Ak 2
g2 FA AYTH(F=1.96; df=9, 39; P=0.0733) (Fig. 6B).

Z F

okl AE w2 AslEo g AU PAshe A o
A F25 1AAA g vAEe] tiEiA 2o 542 13
k= Aoz 4eiRAl th(Huang 5, 1997; Gordon} Rosenblatt,
2005). 53] AAA] oA ojitksli e Edatie] S f
sl AZadsE Ueflle 3e2 RyEHIT Jok(Kumar T,
2015). £ A= olsl oliksld A B8 Fdade} guf
olgi& EAE sk ol 2HS FUTh

oE] & AEFo giaiA olikslda AHEle =2 AESX
RS T SR Y AEF) 35 gy A2
o] tiallA] olitsldie duk Tz Aol H3] 108] ©]
=2 A XEAGS FUTE ol A ZEAL o ksl Art A
k= FAAkL] 71018 Zom Heolt) dutsld dalaiA|e
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HIERR! EE A2|sld, olget AxsA &3t 7hadhs el
A SR ELh e Al U @RS SAS o o Al
FELS BT 52 ZAMAE fAEHL, oktElda
w2} o] gk Gk Abe] FutEe] T H]s|

A T Sk T B olFA =A ded 494
2E & AEe gEi o AEEAS fdsle T Yo
2 AFTEHRE AoR Almdnt. tdgt viAals o XEES o
Aol A 58 oA AEIAF B AZARAXAE
fsle M2k XISl Uth(Yang 5, 2014). YAIE= vl
A g2 @4 5 FAEKSullivan®}t Chandel, 2014).
o] T2 LA thelld SME ARS wWeltr] flal] NF-
E2-related factor 2 (Nrf2) HARIAIE o] &3] datalas wh
AdS =3 Eoi(Thimmulappa 5, 2002; Hayes &, 2010).
wepA] o] HARIARS] FEsh= sHER slold EAdAk] of
A Hrh 7o R ASA7IA |k (Choi 5, 2014). )4kt
A A7t SR AL B3 Al e Akety
02 Nrf2 A53go| #ojsl= DA HIPAL 7FsAol
Atk oliksld sl gk 2 S Hole o AlXEES] ut
$S oslisle™ Nri2ollA] v]EE Gk WolA| Al tigh

olsielne] 3 Aol HluElol T}, B AT olusk

Aol
Azl

20] Gl e Al EZ=AJo] Bkl Sl 7] E AT
e AL Hx= ®Bysty Yok

Fo B S Bfske oldsldas Adold F TR
olg| el thallx Futoles AE yERith HEEntolg s
= dsDNA Als2 Ad 238 Hlelgizs doAE
FAste] ] vl 2 FUA 7xE olF B9l
e RE 7o) 7hssitt. o] upelg|e] @4o] ol itElda

A2l AIZE 7kl wE dAlEE s & A7e Helal Stk
TSk ssRNA Hpo|E 224 215U TMVE o]iksta sl

telid &4 oAlE Btk dellA dFsIRe] thder A
dutelg| 2ol thalA olitstdae Fupolgs 715 g

st olelgh ojitsledAe] ol 712k Hlo|H X
e WA T AY ik sy A dFE FE=
2 A2 rkOgata, 2012; Jin 5, 2013). TMV & 2]
Eutely 2 Hof ofsixnt AMAIA R wid 109 g2l 4
A Hsl2 F2 JthWu 5, 1995). Wby B AF7E FAk
ol F& FHE 71Ae F T vieleizol] thalir] olitstd
A gulolys gas UIske WA RtEA ] S8498 B
oF3 Tk
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otEldAaE B I aHAE AFAE AREE U, A6
< PR A% g9 Holi . B AT o] oiks)
29 -8 3= W71 98l o] o] 39 9 utely
2 248 Uil F e A HSssh A Yeh=

b AEFO tialiA olitstd ] AlEEAS w4
ok §9F 2F A EF(MCF-7, MDA-MB-231)¢} thaet 3%
A EZF(LoVo, HCT-116, SW-480) E5ol thsir o] xsldsae
2 AXE 548 YeRth ol8d AESAS oisl 4]
Shdath i @l 71 olrkeldavt AElE dHlESF
Al =2 SRS FAEA ole tRTFEA
q Azl vlwste] AR w2 SAAE AW v
o kstAlQl HER] EE A2jshd ol2jgh A5l A
Zo] o AEd el T AEEAS AR sl 7190H
Ath= AL YSsidth Eg olilslae A2 T vl
2ot Futoly s B3-S UERATH 23 vlole
o|3L o]F 71He] DNA Alss Ad WE=zute]y o] dF<l
Autographa californica nuclear polyhedrosis virus (AcNPV)=
oXslAA el wet A4S Hof oA 4 ol A
A E3=E AT AcNPVO Tigk olitsldae] gujolaf 2~ g3}
© WEg Al HlgElste] S AEHed vlelg ol
wdrige] RNA AlES Xd gujmae]Anjolg) e o]4kst
B =Fol wet vpolels gkl U5, whlfel] tigk W
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