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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

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 ssRNA 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.

Keywords anticancer · antivirus · chlorine dioxide · reactive
oxygen species
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�����(ClO2)� �� ���� 	
�� ��� �� �
� � ���� �� ���� ��(Volk �, 2002). ��  �
����� 	! ���� ���� ��" #� $% &’(
� trihalomethane% )*(+ ,- ./0 12(3(Don,
1998), �4 56 �789 :�, ;< � => <?� ���
9 9@(A AB �8� ���� �� 9@*% C � ��. 
������ DE* FG � H�BI4 57 CJ K)@L
% M�� ��. N, ������ OP Q� DEFGR(Bang
�, 2014; Sun �, 2014), ST Q�FGR(Taneja �, 2014;
Aung �, 2015), �� Q�FGR(Vlad �, 2014) � 	!
O= Q�FGR(Nam �, 2014)4 57U V�6 K)@L%
MW�. ��  AB K)�4 57U X*% M�� FGR4
57U ������ =Y� Z-���[\](NaClO)4 .7
^_6 K)@L% [‘a�(Hinenoya �, 2015). b6 ���
��� �cSD% &’(� de�H�BI 71 (EV71)f .
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g6 �h6 i> DEH�BI4 57U KH�BI j*% [
‘a�(Sanekata �, 2010; Jin �, 2013).
�����f kl ��9 9@6 => <?� �m�(nU
�o� pq rs4 t7f p� u)7v � wx�4 t7f
p� wy7v4 56 7v z� @L% [‘X� ��. DE
{|4 ’)(� }5R(Cimex lectularius, Cimex hemipterus)
4 57U ./0 :J ~8(� 1,000 ppm)� ����� ��
4 57U ��*� z� ��f [‘a�3(Gibbs �, 2012),
wyRf 97(� ��y[z(Plodia interpunctella)4 57U
� ./0 �J ~8(200 ppm)� ��4U �2z� ��f [
‘a�(Kumar �, 2015).
�h6 D� 7v4 57U K) ��f M�� �����
� ��=�J -� ��  ���� �+ ,�. �B[ � �
��� �� :J ��LJ �B6 K)@L4 56 ��0 �
�=�% X�(� ��. ����� ��J z�* -���R
f ��{� ���� �*% &8(� �f �7 ���� =
@% <�(� 6�(Ogata, 2007). �f ��,  = H�BIi
influenza virus4 57U ������ � H�BI9 =p�
��>4 ¡�(� ¢ �£6 -���i 153⁄¥ \ƒ§¤%
N-formylkynurenine�� ��{� =@% '� 6�(Ogata,
2012). b6 ������ �“ DNA b� RNA� «�% �
�{‹� ��% �� ›�� M��� ��(Jin �, 2013). fi
fl �����9 ��° –v4U j*��(reactive oxygen
species: ROS)f �† &’{� ��° –v� :J ‡�·%
µ¶6�� ’�(W�(Kumar �, 2015). ROS� ./0 �h
6 )>•‚4 „�% ” � ��. »…U ������ ROS
’) =@J M� �h6 „‰� DE>4 ” � �% ›��
=5�� ��.
¾ ¿S� ������ ��L% HÀ�� &�6 `�´u
f Cˆ9� ZE4U |˜�¯�. wy7v% z�(� ~˘0
ZE4U ¾ ¿S� ./0 �< F�4 57U� 12(�
(Nishikiori �, 2008)� ˙¨É ����� ��f <50��
$F�4 57 K$��f ˚l¸�� �Ì��� `�´uf
=˝(W�. �f u7 ¾ ¿S4 •˛° $F�� &z$ 2 
,
5x$ 3 
�� ˇ— 5 
R� $ F�pf 5<�� ���
��� �� ��f ˚l(W�. -ÑB hÒ � hÓ ~94
U t7f p� –vH�BI" ~��4 7f p� O�H�
BIf 5<�� �����9 KH�BI ��f ” � ��
+f ˚l(A ~˘0 `�´u8 �x{‹¨ (W�. ÔÕ�H
�BI� –v4 ��0�� H�BID% 	�‹� ��[Ö
m DNA H�BI��(Clem� Passarell, 2013). Tabaco mosaic
virus (TMV)� �	9×� RNA H�BI�U ØÙ4 9x Ú
t7f p� H�BI��(Scholthof, 2004). ¾ ¿S� �� <
�6 H�BI�4 57U �����9 ÛÜ6 KH�BI =
@ M&(� ��+f Ý0(W�.

�� � ��

�	
�. 5Þß F��U — 
R� –v F�f ��(W�.
Sf9 F�p(IPLB-Sf21-AE)� Spodoptera frugiperda� ⁄¢=
à� Þ�4U &¶�¯�3, 5% fetal bovine serum (FBS,
Hyclone, Logan, UT, USA) � antibiotic-antimycotic Æ�>
(Cat. No. 15240-062, Gibco, Grand Island, NY, USA)f â

96 TC100 –vF�Ùh;(Cat. No. LM505-01, Hyclone,
USA)4U Ùh�¯�. High Five F�p(BTI-TN-5B1-4)�
Trichoplusia ni4U =E(W�3 Express Five® SFM (Cat.
No. 10486-025, Gibco) Ùh;�� lO{ª�. — F�� ˇ—
25 cm2 tissue culture flask (Cat. No. 156340, Nunc, Roskilde,
Denmark)f ��(A 28oC Þä4U lO�¯�.
$ F�p�U MCF-7 (Korean Cell Line Bank (KCLB)

No. 30022)� MDA-MB-231 (KCLB No. 30026)J i> &z
$ &¶��. !n4 LoVo (KCLB No. 10229), HCT-116
(KCLB No. 10247), SW-480 (KCLB No. 10228)J ˇ— 5
x$ &¶��. �� F��J —̌ 10% FBS" K)�(100 U/
mL penicillin, 100 µg/mL streptomycin)9 �¸° Dulbecco’s
modified Eagle medium/F-12 (1:1, v/v)f ��(A Ùh(W�.
F�ÙhJ 75 cm2 tissue culture flask (Cat. No. 156499,
Nunc)f ��(A 37oC � 5% CO2 Þä4U �åæ�.
����. ¾ ¿S4 ��° ������ 800 ppm� wx
�;�̄ �. � {�J çŁ�Ø(Suwon, Korea)4U �Œ�̄ �.
�	����. F�j*J 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT, Cat. No. M-2128, Sigma-
Aldrich Korea, Korea) �º�% ��(A •˛�¯�. ��ì
F� 10,000 í/50 µLf 96 well plate îî4 •p(W�. �
����� î F� Ùh;�� 10�9�10�3 M� ï˛(W�3,
îî 100 µL� �†�� F� ð^;4 â9 æ 28oC4U 48 h
��(W�. �æ 20 µL� MTT (5 mg/mL)f â9(A 28oC4
U 5 h ��(W�. �æ �{ 70 µL� 25% sodium dodecyl
sulfate (pH 2.0)f â96 æ <ò4U 16-18 h z‡(A m*
° formagen% �7{ª�. �æ 570 nm4U óô8f ı�(
W�.
���(reactive oxygen species: ROS) ���. ROS �†
•˛J OxiSelect Intracellular ROS Assay Kit (Cat. No.
STA-342, Cell Biolabs Inc., San Diego, CA, USA)f ��(
W�. U� �ö Ùh F�f i��v�;(phosphate buffered
saline: PBS)�� 2÷(1,000 rpm, 10•) Fł6 æ î F�Ùh
;�� ï˛6 1× 2',7'-dichlorofluorescin diacetate (DCFH-DA)
(20× DCFH-DA stock, Part No. 234201)f 1 mL â9(A
28oC4U 60• ø1 !`{ª�. �æ F�f <=� zœ��
2÷ PBS� Fł6 æ ø	6 F�ß8(10,000í F�)f î ü
ý4 •p(W�. �æ <�;% �q(� î F� Ùh;��
ï˛° �����(0-200 ppm) �;(250 µL/well)% â9(�
28oC4U 90•þ !`{ª�. !`° F��% PBS� 2÷ F
ł(� 250 µL� F� Ùh;�� ð^{ª�. ø	6 �t
(250 µL)� 2× Cell Lysis Buffer (Part No. 234203)f â9(
� <ò4U 5•þ !`{ª�. î 150 µL� F� •7�% 96
well plate (Cat. No. 167008, Nunc) � �=� 480 nm ��
ô� 530 nm �Lô Þä4U mô% ı�(W�. � mô �
‡9 m*° ROS" <��˜f [‘X� +f �i(= u7
2',7'-dichlorofluorescein (DCF) ��;(1 mM, Cat. No. 234202)
% F� Ùh;�� ï˛(A 0�10 µM� ~8� ���, î
75 µL� DCF ���;% ø	6 F�ß8(10,000 í F�)f
�� î 96 well4 ��(� 28oC4U 20•þ !`{‹� <
=� zœ�� [‘[� mô �‡f ı�(W�.
���� �	��� �� ��� ��� E �� ��. .
‘� E (�-tocopherol, Cat. No. 258024, Sigma-Aldrich Korea)
f dimethyl sulfoxide� wx�;% ���, �f �{ î F�
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Ùh;�� ï˛(W�. î !` �;J 50 µL� F�ð^;
(10,000í F�), 50 µL� �����(fi
~8: 3.9×10�6 M), �
�� 50 µL� .‘� E �;�� S*�¯� 28oC4U 48{þ
��(W�. �æ MTT •˛œ% ��(A F� j*% •˛(
W�.
����  !"#$�%&� �� �$�%& ’()*. Ô
Õ�H�BI� Autographa californica nuclear polyhedrosis
virus (AcNPV)f ��(W�(Jung �, 2006). � H�BI�
Sf9 F�pf ��(A lO(W�. AcNPV� ~8� 5×107

pfu/mL�¯�3, � H�BI �;4 �����f 200 ppm�
�8� ��(W�. ��° �;% <ò4U 0-24{þ ø1 !
`{ª�. ��° H�BI �;% Sf9 F�4 “
(A 28oC
4U 3	 ø1 m*�� «�î>f �i(W�. «�î> �
� 	�� Ö
° 100í� F�4 Y�(� «�î> ß8�
�ð(W�. î ��� 3÷ F� !`�� !Æ(W�.
����  TMV� �� �$�%& ’()*. ������
TMV4 56 KH�BI ��f �i(W�. ��4 ��6 Ø
Ù� 6-8 �8 ‚� Nicotiana tabacum cv. NC 82" ��
D!% m*(� N. tabacum cv. Xanthi-NC P
�� 6-8�
ØÙf ��(W�. TMV� ���4 M��i Gpf ø	6
P
4 “
6 � D�� ’ð° �% ��(W�. TMV D�
� [‘[� � 2 g% �G� 5 mL4 ��(A “
E�� �
�(W�. � H�BI �; 500 µL" ����� �; 500 µL
f ��6 æ �ò(23±2oC)4U 	�{þ(0, 12, 24, 48 h) Ùh
(� ØÙ �4 “
(W�. TMV  �{ 2� ˇ‚�� D�
% [‘X� N. tabacum cv. NC82 P
� (u 2⁄¥ 4
carborundum% �¨ � �, î ~8�� ï˛° TMV �;%
�G° nÓ% ��(A “
(W�. “
6 ØÙ �� �n�
carborundumJ ��� �� �� � �, 25oC O�)x<4 —
� D�% � (W�. H�BI ~8� ��f ˙-M= u7
“
 10	 æ, Cork borer (�s 6 mm)f ��(A î ��S
�� ø	6 h� �% ÷�(A DAS-ELISA zœ(Jeon �,
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Fig. 1 Susceptibility of cancer cell lines to chlorine dioxide (ClO2).
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.

Fig. 2 Median inhibition concentrations (IC50s) of chlorine dioxide
(ClO2) 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. IC50s 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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Fig. 3 Rescue effect of vitamin E on cancer cells in response to 3.9 x 10-6

M of chlorine dioxide (ClO2). 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. 

Fig. 4 Up-regulation of reactive oxygen species (ROS) production in
response to chlorine dioxide (ClO2) 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 ClO2 with or without vitamin E. Each treatment was replicated three
times.

Fig. 5 Antiviral effect of chlorine dioxide (ClO2) on polyhedrin formation
of AcNPV. After incubation of AcNPV (5×107 pfu/mL) with a final
concentration of 20 ppm ClO2, the virus sample was overlaid on Sf9 cells
and incubated for 3 days at 28oC. Virus activity was assessed by counting
polyhedra formed in the cells. Each treatment was replicated three times.
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Fig. 6 Antiviral effect of chlorine dioxide (ClO2) on TMV. (A) ELISA test using a method described by Jeon et al. (2008). Each treatment was
replicated three times. (B) TMV symptom on tobacco leaves. Each leaf was halved into control (virus+PBS, lower half) and treatment (virus+ClO2,
upper half).
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