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(�&��H� 	�� $��,, V���! (��W�� X��4 ��3 �� � ��2�� 

��K :7�� .�� �R! $� #��Y�����A 	� ��Z $4 �7�� ���
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 �����/����,��,!  (Belyavskaya, 2004).   (�<�<`/
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 �	
��  �� �� ����� ������ �� ���� ������� 	 ������ ������ 
�
� ���. 
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�� �� 5!�4�6 $�7��A O���4 :�@��9 �� 
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s/m �/ kHzp>��� . 	� Q �����������F�� [���� ����/ :L�

 %�7 j���&�� $� t�A mc uk ×kv +���� $4 wv �� %�7 ���

rH<� xH7mm =/>�1 ���W�7� Q���  . %�7 +���T :���<�
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�������� � ��� ���   ����� ���� ��� 
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�� Q��*� t�A 

XOY )�� ���S � i6� xH7g  ($`W) �� +�D�� � XOZ 

) �� +	��� � xH7�� ���S xH7g( $���	 h�\�!� ����� Q

��� %���6 {�; :�&J� �� �� [���� B��/ . O���4 :L�

 %���7 j� ����� $� 
����*�� 
����" �D�3 j� ��! � ���

B��/ $RW`� 8;�� �� 
���1������" $�'&/ +��" . :L�

 +����� �� Q�R! ���� 5!�4�6 �� ��D�7� ���4 ��'���4

 �� :T�W3 B\� $� $����� 	�7 ��� ��Z +���/�A �3��

&1� ����� 
������� ����� (�1 ����� 
�/� +-�!� ���	�7 $

 U�3 ��)A/m (�	��!� $'7�`� :L� V���! $4 �1 +��"

���" �� ��1 hq� +-�!�  ����" ���W�7�. 
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 (A�6 O���4 %���7 :9� �� 
����*�� (��) $� 5!�4�6 B���! � 5!�4Hzmms/m, 

B(��`! $!��! +��"���9  ����� ����/ ��D�7� �� ������
������� 

,�-"�"��"! /�0��1!  	,�2"�%	&��! 

 �3�% '�") 
�� 4&�� �5�
�� 

� j� �� $9�7 O��	 �����"���1 	� 8'9 ����/ � 

B���	K	� 5A �  �K �	��!� �1 ���".�	��!� +��"$@)�6 	�  

�*!� ���" y�� �� #���� 8`� �/ 
7|� $!����1 P . 

? }�� � :�'b/���"  	� :6�� ���� z��T :@S $�

}�� ���� }�� #���Y �1 ���W�7� ���" .$!��! �� ��

 	� ���@\�� #�����@" � 8!�/) :'�! $�s:u  ( � ���6�" ���9

}����� �K 	� ��7� ����7��@6 ���7����� �! 5(BH2, 

Olympus, Japan) �1 ����,�.$!��!	� ��D�� ���" ���

/hK �� �,��1 	� 5A $9�7 � $,�� �	� �� �H<�:�'b/����4  

FAA ���� �/ �!�1 :�'b/U��9 � #�6���A �� +��"}�� -

���"+�&� ����   �!��" ���9 ���W�7�. 

 
6&7 	 �� ��"�� 45�% ���!� 89�&! 4&�� 

 	� 5A �� $!��!�'b/ �/ �!�1 $��1 ���� hK �� :

�6�J� (���:�'b/ ����4 #�� 	� ���� . ��L1�� $� 5I7

�@7 O��&���?�1 ���D�K �� $!��! 	� �7��1 :6��  . $�

U�/�/ $� 8��� B���6� $� �� (���� 	� ���D�K ��R��  

 8��1 ��� 8���umQ dmQ �d Q�m � $���  8���smm $��� 

)i@H�( �1 ���W�7�. j� �� �� #�6�" ���9 ���	 (��  	�

8��� ��um��� $<�9�  . ���D�K 	� 5A$@3�� ��'S �� 	� ��

\�@N�$!��! #@��	 � ���; j�@�/� 8��� ��� #@��	 	� ��

 83��� #�� 	� j� �� $4 �!�1 o�'1� :7� #�6���A OX3 $4

um����*!� O�� $� $<�9�  . ��� N�@\� 	� ��'S �� 5I7

 #@��	 B���6� $� �� z@�\�? 	� �L�6�� ���� h�q� #�6���A 

 ���� �/ �1 o�'1� #�6���A �!�1 ����K ���" U��9 . :��L! ��

 �� $!��!� ���; #�6���A ��� h�� $H<! Cºdw  ���" U��9

 �!�1 .$!��!U��9 	� 5A ��}�� ���"�!�1 ���" .}��-

P�/����� ��D�7� j�4 �� ���"  (Rotary Microtome, 

Reichert-Jung 2030, Germany)}�� � P�*!�  $� ����

B A 

A B 
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:��\Jsd4 �1 $�L/ ������ P� ��� �� $ $4  ����/ ���

#�����6 � :A�� U�Y $� 8'9 	� k� ���9 Q��� ��1  $�,ZK 

!�1 �����.  ��D�7� ��� P� ��� ��� }��Hotplate �� 

 ����oCum ���3 (�� $� d� #LA �/ :6�" ���9 $<�9�  

�!�1 ��). $!��! 	� ����" �� ��1 :�'b/ ���:�'b/ ����4

FAA�� $� ���!�7� 	� 5A  8��m}�� :7� �� Q ���"

�!�1. $!��! 	� �����'��S � �A��7����� ����,� �� ��

7��@6 � ���! ���7������!5(BH2, Olympus, Japan)  

�P�*! :6�". 

 
:��%�4&�� 

  ���3g d> ���"  j,; ����/ � ���1 +�� $!��! 	�

 �� ��1 �����������
�������  ��1 ��; 	� 5A $� }�� 

hK �� ��H</ �	� ���W�7� ��*!�@4 ��D�7�   (�� $�k? u 

�" 5!�7� :S�7� �!�1 +�5!�7� +��r��  ��1 ���K

�� #�	�/ 	� 5A ��D�7� GC ) O��Shimadzub O��A�Q 

#A�-( �MSbCG) Varian 3400J��K ��� (����!K����"  

)Mechkovski & Akerele, 1992(. 

 

 ';(� �7")� 
<�� =��0> 

��� B\� 	� ��\,� ����<� ����/ � ���1 +�� $!��! ��

 �� ��1 �����������
�������  89��3 (�� $� �k �� :S�7 

 (���3 �� ��Kl> ���D��!�7 $���  � �!�1 j,; #��&/ ��

$��!� � $���� �	� (��W/Q$!��!  �� �K �)�� � :���� ���<�  

+�� $'7�`� ����" 1�. :���� �)�� #�6�" �R! �� �� Q ��	�� 

U�3 �� 5!�7� :7�� j,; �	�  ��K) Q
��3p=vw(. 
 

?��!� ?�@�	� 

  
A��7����� (����,� � 
�����1��� +������!K $��

	� B�� ��u�� 89��3 j� �� � 8<��� ����/  = $!��! 

:6�" (��) .���� P��/ +��� ���&� ���`!� � #�D!��� ��

)SD(�1 $'7�`�  .
�&�$�6�� ���� ��� ���W�7� �� 8)�3 +��

 	�T-test  xH7 �� P≤0.05 :6�" ���9 
���	�� ���� . 

 

��� � ����	  

C/����� �� ������ ����� �������� ���+��  

������ ����������7 ��� �%��� $� ��!	 ���� ��L��7 �� �-

��;� �����  $��/ ����$�6�" ���9 :7�  . 	� ���W�7� ���	

 8��7� � 
��������� ��������
�1�A  ,� :&�)"�!	  �

 $� ���	�� (�1B���6� $� �� :7�. 

 

�2"�%	&��! /�0��1! 	 
�� ������  

 �7��� #�� ��  �1� �� +	��� j�-���6��� ����/

�,! ����,� ���1 � ��1 ����/ �����" .�	��!� ��� O�� +��"

 ��,! $9�7���" 
���/ �� $4 �����1 ����/ +�� , �1�


�&� B��4 ���1 ���" $� :'�! �����"�xH7 �� +�� 

P≤0.05:7� $�1�� .�	��!� V���! O��� �� +��"=  ���K

:7� .�� �1� B��4 �)�� ���" ����/  ��1  �� �����

����������������1 ���" $� :'�! 
 �w %��� . 
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������  �
��! �
�" #$
� ��! ���� 
% !
&�� ���% 
� 
% '
(���	
�������� )���	
��*(+ �  
                     	�)��                                 52�$ H&� )h����)(                                   �� �8� /���&* i����  j>D �8�  

 
                 H����)�*�+    (                            \9/\±aa                                                         \!/\±ka/! 

                ������������� ����                     *!k/\±l9                                                       *\k/\±a/a 
 

����� ����	 
�� �� .��
��	 ������
��  ��
����� ��� �� ���P ≤0.05 �� ��
� ���� �
�
�� �! "#$���
!. 
 

��� ��� #�� ���" 
!��� +��� B���6� 8��� $� :7� #

 �1� �����6 ��1 8�\� �K O�'!� $� � 
!��`� �3 	� B��

�1�� . 	� ���4 +��� �� �����" �b4�Cº l�� h��; $�  �!��

��L!K �1� +��� +��� ��  C º d>�� 8�\� 1�� . �����


� 
������� � �����" 
!��� +��� +�� �� ��C/ �� �!��/

K B���6�� ,��� ���9 ��C/ :`/ �� �����" �1� 

(Vaezzadeh et al., 2005).  	��� O���3� �D�� (�<�<`/ ��

 �� #�6�" ���9 O�'!� $� ��!	 (������ �� 
���� +�� �7�A

 n�&������ � �������� ��� ������ �������� $H7�� ��

 ��/����4� ���7� ��*��)oxidative stress ( ��1 }���"

:7�)  Fernie & Bird, 2001; Sobczak et al., 2002; Li 

& Chow, 2001(.  B���6� +��&� $� ��/����4� ���7�

����� ,$!�" ��S O�� � :R@Z�1�� 
� �M��4� O�&6 +�� .

$!�" ��!	 (������ 
&�'� %�������� 
� �M��4� O�&6 +��

�!�1 
� ����/ ��!.  ����/ U'7 �!��/ 
� ��/����4� ���7�  

�&6 ���- 	��� Q�� %��!K :�� ,��1 ��	K  +���26 	� %��@4


��@7 ,�,Z U��\/ , 
��@7 y�� :��L! �� � �1� B��4

���" )(Rabison et al., 2002; Kwee & Raskmark, 

1998(. 
�!K %���7 :���&6 �J�3 i�<`/ �� $Y�" 

 ����,� B��4 ��� :7� ��,! 
7��� ��`�� ���" :!����4�

$� ���" �1� �� ��1O�'!�n�&� �� #�6�" ���9 �����   ���

� �������� ��������������
� �!��/8��� $�  B���6� 

 %��� � ��	K +�L�������
�!K :���&6 ����;�����4�  ��

�1��. 

 �����" $9�7 +�� }�� 
A��7����� (�&��H� $���<�

 �	��!� �� +	��� (��W/ 
������������� ����� �� ��1 ����/

�4 +�L��@7� $���<� �� ��1 ����/ �����" $9�7 5�/�� 

��,! ���1 ���" �� �L��@7 _7��� �H9 $4 ���� $� Q��� 

 ���1 ���" $9�7 5�/��4�= _7��� �H9 � �������� 

�	��!� �����" $9�7 �� $�3�! #��� +�L��@7 �� ��1 +��"

 ��1 ����/pk� ��� �������� )8�1 w.( 

 
 ���� . ,-�/ 0�% ��(
1'!�2 3������� 
% �
��!  �
�" #$
�. 

B 

A 

A 

www.SID.ir



Arc
hi

ve
 o

f S
ID

347  4 شماره ، 22 جلد ،رانفصلنامه تحقيقات گياهان دارويي و معطر اي

(A Q���1 $!��! B( ����� �� ��1 ����/ $!��! 


������������� . ���" 5�/��4 $�3�! +�L��@7 �	��!�

 +�L��@7 	� �/ :1�� 
������������� ����� �� ��1����/


� ���1 ���" �1��) �����"���×٣٣٠.( 

 
:��%� 4�"$�! �� 4�@;��&> 	  

5!�7�1 ����A�/ ��L'�4�/ ���S ���" �� 8����f � +

!�A��A 8��6���� �������8��1 U�/�/ $� $4 allylphenol  � 

propenylphenol � � 1��!  .%�������� i�9� ���� 	� 
;�� 

:��! �\,� X��4 	��� �L'�4�/ #�� )Gang et al., 

2001.(  � 
H�`� 8���S $4 :7� ���� ��,! (�&��H�

���7������� �	 :`/ �� �����" 5!�7� � 
�����1 U�4�/ 


� ���9 ��C/ ����(Zheljazkov & Warman, 2003). 

B*�7 ��!	�7 ��L'�4�/ o�! � �����  5!�7� �� �����

 B\� ��`�� ���" ����� 	� 5A[��\�7� ��D�7� �� GC 

�GC-MS  :6�" P�*!� )O��� u .( ����� �� ����/

� B���6� U'7 
������������� ����� $� 5!�7� ����w/s 

����" ���1 ����� �����.U��Z U�4�/  B\� 5!�7�  �����

��`�� ���"���1 ���" �� �J�3 i�<`/ �� ��1 ���W�7�  � 

����/ ���"��1  8��18����4 8���  ,O��! � O��!��- ��� 

 z@�\� +������/ �� �L!K 
'�! ����� $Y�" (��W�����.  ��

	�7 U��Z ��L'�4�/ ���4 ���" ����� B\� �� 5!�7� ��!

 ���3 ��`��=>�	��!� ��! U��Z��Z U�4�/  $4 �1 +��"

�� �L!K 
'�! ����� ����/ ���" ���1 ���" :'�! $� ����/ 

��'! $R3X� 8��9 .���1 ���" �� $���<� �� , �� ���" ����/ 

 � �D���� �� U7���� O��! � O��!��- +���`� 
'�! �)��

�)�� �� 8��</ ��+���`� 
'�!  8���8����4���  . ����/ ��


������������� ����� ��Q8��� �����  B���6� 8����4:6�� .


� ��L�,�A V���! #�� 
� $4 ��4 ����� 	� ���/

 � �� 5!�7� B���6� +��� +����� ����S $� 
�������������

���! ���W�7� �����" �� ������ ��W� ��L'�4�/ . O�b� +���

8���4��A�/��Z 
'�4�/ 8������f :&�) �� $4 :7� +

���� �����4 +	�7�HS � +	�7���� . +���� U�4�/ #��

 Q
�����4�� �J Q
7�����J :�)�; ��R! 
!���� {��;


� %7�I7� �J��,3 ����S $� ��! � �1��B4���� �����4  

(Leung ,1980; Okundada & Olaifa, 1987)  . #��c��

8����4�/ �� 8����4 ����� �� $4 ���� ���� 
������� U

O� � O�L7� Q���W�7� Q
"���;���7 Q��D��� ���
� ���-

���.  

#A�/�!�� ���" 	� O��!��- � O��!
� ��1����. O��! 


!�WS�J Q
�����4���J {��; +���� � ���� �H&� 
"���4


� 
7�!������/�J ��1��. ��L'�4�/ ���7��� ���� �� 

K �� ���� Q
@�6 8��� ����� O�<�!� %��!8����4 +�L��! $� ?

O? 8���	��W�!��/(COMT)  �O��"��  bO? 8��� 	��W�!��/

���� ��,!:7� ��1 .8����4 ?O? 8���	��W�!��/ ���W�7� �� 

 	�SAM  )S-adenosyle methionine(8��� $� �� 8����4 -

8��'/ 8����4 
���4 )Lewinsohn et al., 2000; Gang et 

al., 2002( .8��� ����� B���6�8����4 #��  ���� �D�� ��� 

 +������/ ��C/ $4 :7� U@H�� ��� $�  
������������

 +�" V!���  �� � %�<�����Z#��/��A���� ��R! #��/��A�� �

 $@�� 	� 
���!KCOMT
� P�*!� ���". 

 

 

www.SID.ir



Arc
hi

ve
 o

f S
ID

)basilicum Ocimum(اسانس گياه ريحان بررسي تغييرات   

                تحت تأثير ميدان الكترومغناطيسي 

348

 ����4 �52
�� 6�
7 8
9:�;��  ��<� #��
=  
� ���" '
(!
&�� � �( 

�����  ���	 
���(%)  �� 
�	 ���� ������

EMF(%)  

α-pinene n/o S/o 

β-pinene Y/o Y/o 

myrcene n/o S/o 

α-phellandrene [/o n/o 

α-terpinene Np'_ n/o 

limonene Y/o W/o 

(E)- β-ocimene Np'_ b 

trans- linalool oxide V/o o/[ 

linalool n/o Y/o 

neo-allo-ocimene n/o n/o 

cis-menth-2-en-1-ol Y/o W/o 

borneol S/o Y/o 

methyl chavicol [/SY S/Yn 

neral n/o b 

nerol V/nV o/[U 

geraniol V/nZ W/nY 

α-copaene n/o b 

β-cubebene S/o Z/o 

β-caryophyllene Y/n U/[ 

β-sesquiphellandrene V/o b 

α-humulene Y/o V/[ 

spathulenol U/[ n/[ 

caryophyllene oxide V/o S/o 

   

%&)q n/UW S/Ur 

���$� .
8�� Z/[ S/[ 

 

  

www.SID.ir



Arc
hi

ve
 o

f S
ID

349  4 شماره ، 22 جلد ،رانفصلنامه تحقيقات گياهان دارويي و معطر اي


���� ������ ����  

 ? o Q
��3.Q p=vw .B�/ (��� +��� ��K+��1 ���@4 

 � ���-���6��� (��)��; 	� �;�� �� %��7

 ��`�� ���-������6����� ���,4 %9 ,����A +��4� $��!

 P�@S�!�'Z��,���,!�� ���� :���/ ��D,!�� �	���,4 . 

- Alasonati, E., Comino, E., Giudice, A., Lanoz, M., 
Rachidi, F., Saidi, Y., Zryd, J.P. and Zweiacker, P., 
2003. Use of the photosynthesis performance index to 
assess the effects of high frequency electromagnetic 
fields on the membrane integrity of the moss 
Physcomitrella patens, in: 15th International Zurich 
Symposium on Electromagnetic Compatibility , 
Zurich, February 18-20, 297-299. 

- Belyavskaya, N.A., 2004. Biological effects due to weak 
magnetic field on plants. Advances in Space Research, 

1566-1574.  
- Fernie, K.J. and Bird, D.M., 2001. Evidence of oxidative 

stress in American kestrels exposed to electromagnetic 
fields. Environmental Research Section A, 86: 198-
207. 

- Gang, D.R., Wang, J., Dudareva, N., Hee, N.K. and 
Simon, J.E., 2001. An investigation of the storage and 
biosynthesis of phenylpropanes in sweet basil. Plant 
Phsiology, 125: 539-555. 

- Gang, D.R., Lavid, N., Zubieta, Ch., Chen, F., Beuerle, 
T., Lewinsohn, E.P., Noel, J. and Pichersky, E., 2002. 
Characterization of phenylpropane O-
methyltransferases from sweet basil: Facile change of 
substrate specificity and convergent evolution within a 
plant O-methyltransferases family. The Plant Cell, 14: 
305-519. 

- Kwee, S. and Raskmark, P., 1998. Changes in cell 
proliferation due to environmental non-ionizing 
radiation 2.Microwave radiation. Bioelectrochemistry 
and Bioenergetics, 44: 395-420. 

- Leung, A.Y., 1980. Encyclopedia of common natural 
ingredients used in food, drugs, and cosmetics. John 
Wiley and Sons, Inc., New York, pp 241-245. 

- Lewinsohn, E., Ziv-Raz, I., Dudai, N., Tadmor, Y., 
Lastochkin, E., Larkov, O., Chaimovitsh, D., Ravid, 
U., Puteivsky, E., Pichersky, E. and Shoham, Y., 2000. 
Biosynthesis of estragole and methyl-eugenol in sweet 
basil (Ocimum basilicum). Developmental and 
Chemotypic association of allylphenol O-
methyltransferase activities. Plant Science,  160: 27-
35. 

- Li, S.H. and Chow, K.C., 2001, Magnetic field induces 
DNA degradation. Biochemical and Biochemical 
Research Communications,  280: 1385-1388. 

- Mechkovski, A. and Akerele, C.O., 1992, Quality 
control methods for medicinal plant materials, 
WHO/PHARM/92.559. World Health Organization, 
Switzerland. 

- Okundada, A.L. and Olaifa, J.A., 1987, Estragole: an 
acute toxic principle from the volatile oil of the leaves 
of Clausena anisata. Journal of Natural Products,  50: 
990-991. 

- Rabison, J.G., Pendleton, A.R., Monson, K.O., Murray, 
B.K., O’Neill, K.L., 2002. Decreased DNA repair rates 
and protection from heat induced apoptosis mediated 
by electromagnetic field exposure. 
Bioelectromagnetics, 23: 106-112. 

- Sobczak, A., Kula, B. and Dancii, A., 2002. Effects of 
electromagnetic field on free radical process in 
steelworkers. Part II: Magnetic field influence on 
vitamin A, E and selenium concentrations in plasma. 
Journal of Occupational Health,  44: 230-233. 

- Vaezzadeh, M., Noruzifar, E., Ghanati, F., Salehkotahi, 
M. and Mehdian, R., 2006. Excitation of plant growth 
in dominant temperature by steady magnetic field. 
Journal of Magnetism and Magnetic Materials,  302 
(1): 105-108. 

- Zheljazkov, V.R., Warman, P.H., 2003. Application of 
high Cu compost to Swiss chard and basil .The Science 
of the Total Environment, 302: 13-26. 

www.SID.ir



Arc
hi

ve
 o

f S
ID

Iranian Journal of Medicinal and Aromatic Plants, Vol. 22, No. 3, 2006 
350

Investigating the Changes of Essential Oil of 
Ocimum basilicum L. in Response to Electromagnetic Field 

 
 

F. Ghanati1*, E. Rajabbeigi1, F. Sefidkon2 and P. Abdolmaleki3 
 

1-Biology Department, Faculty of Science, Tarbiat Modarres Univercity, P.O. Box: 14115-175, Tehran, Iran, E-mail: 
ghangia@modares.ac.ir  
2- Research Institute of Forests and rangelands, Tehran, Iran 
3- Biophysics Department, Faculty of Science, Tarbiat Modarres Univercity. Tehran, Iran 

 

Abstract 
      The effects of electromagnetic field (1 kHz) on the growth and the amounts and composition of 

essential oils of sweet basil (Ocimum basilicum) were studied. Basil plants were exposed to the 
electromagnetic field for 6 days, each 5 hours, discontinuously. Compared to the control plants, the growth of 
treated plants and their essential oils were decreased. This may be resulted from decrease in the activity of 
certain enzymes involved in the essential oil biosynthesis pathway. Methyl chavicol, geraniol, and nerol were 
three major components of essential oil of basil. Treatment with electromagnetic field, however, increased the 
content of methyl chavicol, suggesting an increase in the activity of chavicol-o-methyl transferase. This in 
return, suggests that the electromagnetic field can effect on the metabolism of essential oils indirectly i.e., 
through enzymatic proteins such as chavicol-o-methyl transferase. The results of the present study indicate 
that the electromagnetic field can be considered as a tool to increase methyl chavicol and probably other 
medicinal compounds in the desired plants. 

 
Key words: essential oils, basil (Ocimum basilicum), methyl chavicol, electromagnetic field. 
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