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ïÄ
0�{	�>�lfN�é¡J A549 [��«¹Å�, &?lØCg+5\�±�lfN�6«��
�í¹þéà«¡J[� A549 �K�. |^¥5ùáÂÿÁ{½5*	
�lfN?n�k��[�Ú¹X�[
��/�«O, ¿�½þÿ½
ØÓ^�e�[��¹Ç. 3�½õÇ 24 W �?nL§¥, ± - ��lfN�«
¹�ÇÌ��ûu�lfNÍ1�m±9±í¥V\�í�z©¹þ. ¢�(Jw«�Ð�?nëê�: ?n�
m 150 s, 800 mL/min �±íV\ 3%�í, �±�å�¬�ål� 3 mm. �â± - ��lfNu�1Ì, �±íä
3[�«¹L§¥, ± - ��lfN¥�¹5âf (XàÄÚ�gdÄ) åÌ��^.

'�c: ± - ��lfN�, 0�{	�>, A549 J[�, u�1Ì

PACS: 52.50.Dg, 52.77.−j, 87.80.−y

1 Ú ó

C 20 c5, $§�íØ�lfNduÙã�
�A^cµ�¤��lfNÔnÆ.'5�9:,
cÙ3)Ô�Æþ�A^, X: [ÿ«¹ [1−3]!ú
��Ü [4]!ß¸¤x [5] ±9J[� [6,7] �?n.
¡J´­.þ��¬5�ök��~���5
¬5, Ì�3?ÐÏâU��ä, d��� 30%—
40%���[�¡J A549 ®²�3=£5;¾,
£���k�. £�®k=£���[�¡J�D
Ú�{´z�, �´B�^�, �^�m�, �ö�
)�ÇÊH $. ,
^$§�íØ�lfN�K
¡J[�´�«�kcå��{, �é5`B�^
�
��Çp. �©|^0�{	�>C� (�l
f�) �)$§�íØ�lfN, ïÄ
ÙÄ�A
59é¡J A549 [��«¹�^. �lfN?n
Jø
ù«U�Ø¾n[�qØÚuöw, �Øé
�N�)LÝú³��U5.

2 ¢ �

2.1 CCC ���

�lfN��(�3·�Q²�ó�¥ [8] �
ãL, Xã 1 ¤«. ÌNd�=+!S	>4!
��l. àoÍ¯L�½ì�¤. S» 6 mm, 	
» 8 mm ��=+¿�{	0�. S>4���S
» 0.9 mm, 	» 1.6 mm �ØCg+, ���lÚà
oÍ¯L�½ì�½3�=+�¥%, Ó�UlÙ
þàà�Ñ\�í. 
	>4K´�K3�=+e
Ü�Ô?�. ±íd�=+ý9Ñ\, S	>4Ï
L�=/¤0�{	�>B�)± - ��lfN,
²dS»l 6 mm  � 1 mm �à�C�l��±
�G�Ñ, Xã 2 ¤«. ü>4�ë��¸¸�>
Ø� 30 kV, ªÇCz��3 8—40 kHz ��6>

 (CTP2000) þ.

2.2 ���¬¬¬������

r��Ð�¡J[�¿ A549 �«u 96 ��
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�.Ü, 2^¹ 10%�ÚÉ�Ú�nÆp0��
Ä3 37 ◦C, 5% CO2 ^�e��, 24 h �^�lf
N?n.

ã 1 �lfN�¢�C�

ã 2 ± - ��lfN�ì¡

2.3 ¢¢¢������{{{

3¢�L§¥, �±p0���þÝ� 2 mm,
^�lfN��\ 96 ��S¥% �, �¡±

þ 1 mm ?, �m6þOlý9Ñ\ 800 mL/min �
±í, �±õÇ� 24 W, N!ØÓ�Í1�mÚØ
Cg+SÑ\�í�z©¹þ, ?1�>?n. ?
n�z|ëêéAn��¬, ,��²þ�. AT
5¿�´, éì|�?n^�´�^í6¿'K
>
. ?n�µ�, 3�Ó�^�eUY�� 24 h.
,�ÄÑz�¥���Ä, V\��í�À�À
W[�, W., £Ñ�À�¿3z�¥\\¥5ù
/�, ò 96 ���3���S�� 2 h. �X3�
�w�º (Olympus IX70) *	��.Ü�[�. £
Ø¥5ù¿�Eng^��í�À�UYÀWz
��, \\¥5ù�)�, ��ò���3�þ%
½��~Kþ×��Ä, ��¥5ùl[�¥MÑ
¿�¤�ôÚþ!�M�. 3 540 nm ?^©11
ÝO (U-3010, Hitachi) ÿ½MÑ�¥5ù�á1Ý
� (optical density, OD). z�¥J��¥5ù�¹
[��êþ¤�5'X [9], =á1Ý��'u¹
[�ê8. 
¢�|�éì|�¹[�'�Ò´
�lfN?n��[��¹Ç. ��|^1n1Ì
¤ (Stellarnet, EPP-2000C) ÿ½�lfN�u�1
Ì, (½'��«¹�^âf.

3 (JÚ?Ø

3.1 I-V ­­­���

\3�lfN��Aìþ�>ØÚÏL�A
ì�>6©O^pØ&Þ (Tektronix P6015 A) Ú>
6&Þ (Tektronix P6021) ¢�ÿþ. ÑÑ&Òd«
Åì (Tektronix TDS 210) Â8. �lfN��>�
�>ØÚ>6­�, Xã 3 ¤«. >Ø¥�u­�,
¿��	\�C>Ø��uÅCz/¤
z�±
Ï�g�¯óÀ�>[j>6. z�>6[j3�
>�mÚ�mþÑ´Ã5K©Ù�, �¡��>.

3.2 ¥¥¥555ùùù///ÚÚÚ

|^¥5ùáÂÿÁ{½5*	
�lfN
?n�k¹[��/�«O, ¿�½þÿ½
ØÓ
?n^�e�[��¹Ç. ¥5ù´�«YM5/
�, UÏLk¹5�[��Ñ�3MsNS, /Ú
�5; �[��ÚMsN�»��, ØU��/�,
ÏdÃ¹5[�, /ÚÒ5. �âMsNáÂ/�
�Uå, UEOÑ¹�, ¤��½k�[�. Xã 4
¤«, k[�¥yº Ú�G, �ªo©Ê�¤�
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Ã/��[��¡, ØáÂ¥5ù/�, 
¹[�
¥y�~�)�G�¿�UáÂ¥5ù/�. k[
��¹[��mk²w�©.�, Ï� 1 mm ��
»U�y?n«��°(5, ?n��S�[��
à«, 
�C���[�ØÉK�.

ã 3 �lfN��>>Ø>6­�ã (±í6þ� 800
ml/min; 1 �>Ø­�, 2 �>6­�)

(a)

(b)

ã 4 �lfN?n�k��Ú�¹� A549 [��;.
ì¡ (a) k[�; (b) ¹[�

3.3 ���¹¹¹ÇÇÇÿÿÿ½½½

�½õÇ 24 W ^�e, UC�lfN�Í1
�mÚlS>4Ñ\��íz©¹þé[��¹
ÇkXwÍ�K�, Xã 5 ¤«. ã¥p�I�?

n� 24 h ÿ��[��¹Ç. î�I�Í1�m
©Ol 15 s ,� 150 s �L§. �XÍ1�m�ò
�ÚV\�íz©¹þ�O\, [���¹ÇØä
~�. �Í1�mO\� 150 s, 800 mL/min ±í6
þV\ 3%�6þ, d��¹Çü��$� 6%, �
��Z?n�J. ,
�V\ 6%�í$��õ�,
?n�Ó�m�, �¹Çeü��
'�Ï±í
��ú.

ã 5 800 mL/min ±�lfN¥ØÓÍ1�mÚV\�¹
þeÿ�� A549 [��¹Ç­�

3.4 111ÌÌÌÿÿÿ½½½

ÏLÿþ�lfNu�1Ì5�½�lfN
�¥�3��«¹5âf. 3�lfNe� 3 mm
?ÿþX±í¥ÚV\�í��u�1Ì, ã 6 Ú
ã 7 ¤«� 200—850 nm Å���S�lfN�
u�1Ì, U�ß*	�Ì�¥þÑy
±!�!
���«-u�Ô«. ã 6 � 800 mL/min ±í�
lfN1Ì, ã 7 � 800 mL/min ±íÚ 3%�í
1Ì. '�ØÓ^�e�u�1Ì, Ù�Ó:�þ
ÿ�
 7 �Å�e�-u�±�fÌ� (501, 587,
640, 656, 669, 707, 729 nm), ù´Ï�±í�>L
§¥>f��-E±í (e− + He → He∗ + e−), l

±�f�-u��p�U?. Ó��Ñ*ÿ�
�í3 316, 337, 357 Ú 380 nm u��>f - �
ÄÌ� (C3Πu—B3Πg), ù´Ï���¢�L§
´3�íØ^�e?1, ¤±3�lfN�Sc
Ù3�+�?¬·\�½þ��í. 391 nm ?
� N+

2 lf´;.�1�K�X, �UÏL$w>
l (He∗ + N2 → He + N+

2 + e−), ù´Ï� He �æ
­�Uþ�p, ÏdN´u)$w> l. 
 �g d
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ã 6 õÇ 24 W, ±í� 800 mL/min �lfNe� 3 mm
?�u�1Ìã

Ä (285 nm, 777 nm) Ì��Udü«�ª�):
� « ´ � © f � > f - E ( e− + O2 → O+
O + e−)[10,11], , � « K � ´ $ w > l (N∗

2+
O2 → N2 + O + O)[12,13]. 309 nm ? � OH Ï
L ü « å » � ): � « ´ - u � � � � ·
\ � + S � í p Y © f � A (H2O + O∗ →
2OH)[14], , � « ´ > f - E Y © f
(H2O + e− → H + OH + e−)[14]. �±í�lfN
�', ±V��lfN¥uy O+

2 , �´$w>l
�) (He∗ + O2 → He + O+

2 + e−)[15,16]. Ó��U
uyã 7 ¥�ÚàÄ�Ì��érÝ'ã 6 �
Ï\±í��p. du¹5âf�ÚàÄ�r�
zÅ�U
Bß A549 �[��l
��[�k
� [17,18], 
ùTTþ·��¢�(JéÐ/ÎÜ,
V\ 3%¹þ��í?n�J'ØV���Ð. �
´Lþ�í�U¬áÂ�þ>fl
���lf
NS¹5âf9�«gdÄ~�, �
K�?n
�J, Ïd�V\��� 6%�, �J¿vkØV

��Ð.

ã 7 õÇ 24 W, ±í� 800 mL/min, V\�í� 3%��
lfNe� 3 mm ?�u�1Ì

4 ( Ø

�©|^0�{	�>C��)�$§�í
Ø�lfNé��[�¡J A549 ?1«¹. ¿
�'�
±�lfN¥V\ØÓ¹�þ�é?n
�J�K�. ¢�L²�XÍ1�mò�, ?n�
J�Ð. õÇ3 24 W, 800 mL/min 6þ�±í, V
\ 3%�¹�þ, ?n�m 150 s ��J�Z, d
� O Ú OH gdÄßÝ�p, �érÝ��, J[
��¹Ç�$ü� 6%. ù`²·�O\�gd
Ä¹þUJp�lfN«¹�Ç. 
�UYO\
¹�þ, ?n�Jeü. ù`²Lþ�í�
K�
«¹�Ç. ÏL�lfN�u�1Ì, uy�gd
Ä (O, OH) 3é A549 J[�«¹�L§¥åXÌ
��^.
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Abstract

An inactivation mechanism of A549 cancer cells is studied by using a dielectric barrier discharge (DBD) plasma needle. The

influence of oxygen concentration, which is injected into helium plasma afterglow region through a stainless steel tube, is investigated.

The neutral red uptake assay provides a qualitative observation of morphological differences between the dead cells and the viable cells

after plasma treatment and a quantitative estimation of cell viability under different conditions. In the treatment process at a fixed power

of 24 W, the inactivation efficiency of helium-oxygen plasma depends mainly on the exposure time and percentage of added oxygen in

helium plasma. Experimental results show that the best parameters of the process are 150 s treatment time, 800 mL/min He with 3% O2

addition and separation of needle-to-sample 3 mm. According to the helium-oxygen emission spectra of the plasma jet, it is concluded

that the reactive species (for example, OH and O) in the helium-oxygen plasma play a major role in the cell deactivation.

Keywords: helium-oxygen plasma needle, DBD, A549 cancer cells, optical emission spectra
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