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 �����	�� �� ����� ��� ���� � ���� �� ���� �� �	��  !"� #$% &�� ���'����(� )�*+, 

��$� �� #��� ��-�	( � ��. /�0�-�	( ���1 2� 34����� 4��� $�5� .7� 80�� ��$,�� ���	�  9�� #:	� 2��  #

�;��� 9�8< =��� . >;� 7� 70+��� �?���% 7@��< /)X-limited ( 3����  3�C�"$,  ��$,� �� D�$E�� 7� 9��

��� �� F�� 7�������1 � 4� 7��$0�� . D��$"%GHH�;��� �� 80�� =  7� ���� �� $*� =�����  .  

 =�$�% �� =  I���J/L) %�/N % � $+O�/H%$01� ( =�$+O �� P��� �� 3Q/JL % =�$01� �� �J/G % �� 4��� �� �

 =�$+ON/JG % =�$01� �N %���� �� . 4� 7:- 9;���C��, 9+% 7����� DR�	��)FST ( �� F��� !�ST% ��� . 2�+"%

���� �� =  �;�-�� )�$(�5% � ���	� 7��� 4�;�� $� =  4�;� .� =���+�� P���< �� U�	% �� ��. ��-�	( � ���� V$, 7

�$�� �� )��W 8X�� .�;� �� ���O =�1 Y��% 7� ���� ���� ����� �� � � 9�� F���� ���Z� ��1 � ��. ��-�	( .

�;� ���O U�$0:� =$� �� 4$����� 4�$� =�1 [��% � � �O�$%�0, 7� ���� 9�� #:	� 4����� 4��� . #��� ��-�	(

� =����%�� =' 7� 70+��� � 9�� �������� �� $�� /% 70, .9�� F�;T� )��;� 4��	�� . =  =����%�� I���� �����$,

 =������� �� ��T� \�	� ��)4��� ( 4� 7��$0�� =����%�� �-�:-�� $5� ��LQ/��% V�0��� 3L] % ������ �]Q/� % �

 =�0+�� =�0�� ���^ % 34� 7��$0���]/L % =8�� =�0�� �� � V�0���G/_� %� 4� 7��$0�� ]/^ %���� �� V�0���  .  

 P���< �� U�	% �� 4$�`T�O � =�80�� �C���;� � 4����� F��� �� 4$`-��$a 34$�`T�O 4�$� V��X� #$0	��

9�� 4�b� 7@��< �� 4$�`T�O 4�$� 4����� 4��� V�`;(��� =���� � 8X�� � =���+��.  

 .كم خوني هموليتيك حاد ، نوزاد زردي،  فسفات دهيدروژناز، فاويسم-6-كمبود گلوكز :واژه هاي كليدي

 ����� ��	
� ��� ����� ����� ���� ���
��� �����  �	!�" ��#$% &'() ��**+��%  

  مقدمه 

 ���� ����– � � �	�������� �	��� (G6PD)  

(Glucose-6-phosphat dehydrogenase)  
� !"�#$"	% 

 ���& �� �%	' (� ���) �	*���� (�"��+,--  	��� .��� �/ 0����

�1%	' (�  2#�� 0+ �')4 .( 7	8 �� �	' !99���/4:;� <�/�  �=>? 

 0/�1�>�/� @8? 0+ A/�/ <�	'�� (�/�/�� �	
�
B? 01�	? � �%

C��� ��D)E�F .( <��� �� ���� G*� H�	I J" �K�
� !"/

 L
I M��N� O�� MP��#Q"/ 0�� �' �R1� ��/? (� �� C8/ ��/��

 (���	����� S�� � (1�T),�4 .( �� !�18 �"	8 � 0	��� ��

 LU� C8/ !Q�� 	���/� �/ (V�' � 0/����/ �/� M2)	' 	' �*U/�

 C��I �' 2#'/ W"/��/ ���1' � (���� <�11� �"�*? �	& �����

�%),�4 .(G6PD �� �	���1� ���X� </� 7�/ ��&�� ���	?	� YI	' 

 �	R"/ � ���� G���'	#�NADPH ��/�*X� �/�' �� ���� (� 

 <�% Z	�&/ 0�?	?��(GSH)�%	' (� ����[ ) HQ%4 .(GSH 

���� (� �?/����/ (����+ �/ ���) �	*���� C\	�& YI	'. 

G6PD(� �>#1� 0�' �	*��8 ��� �� �%	');.(  

]�/?]�/?]�/?]�/?::::     7	
#�/ </�G6PD _�N� .����` �' �#�'/�   

�%	' (� .L�a/ J"�b? P	8/�' !"/�'	1' <�' ��c� d1U 0	"2#�� 

�1%	' (� H)	� Y�e� d1U � . Y�e� d1U �� (1��	' �/��	f? 
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  سم گلوكز در گلبول قرمزيمتابول. 1شكل 

 

 ���? .��18 	' �X"���(XO) � X ��b? �	1�� �' 7	$���a 

Lyon�% (� <�"� )F.(  

A�%A�%A�%A�%::::("	Q"��+ (g	
"��+ �/h� �� 0+ A�% i/4F)%�(� M � 0/��l �

 L�?�#' (g/�	�	� 0/�#V��/; % �F/F) %m ( 0/�#V� � 0/��l ��

 ���/��� � 4) %i ( �l	X18 ���F/4 % ���/�);/E % � 0/��l 

;/44 %0/�#V�)(:( (g	"�n	� o�#=� �	��/h� �� M) (1�p;/, (�	� M

;/E ��1� M;/4)(%4-( ��$D 0	#�'�I M4i) %44 ( q�/��

�"��� . �$�	r� J" �� 0/�"/ �� � J" �K� �� /��+ A�%;;/44 %

��� q�/��)4F .( 0/�/�� s	� �1' 0V �/ <�% .	R�/ (8��' J" ��

 0/��l �� 0+ A�% ��	8 �� <�% ��#�E/4, 0/�#V� � E % �� �

 ���/� H��/i %C8/ <�')4E .(  

 0/�*? �� 0/�/�� s	� �1' ��X�	'�a t"�u �/ �� (8��' ��

0+ A�% �% .	R�/ 4/F) %�/E % � ��l�/- %�#V� (C8/ <�')4, .(

/ �$�	r� ��� �/ 0/�/�� � �% .	R�/ 0/�	v�� � 	%	l��/� @8? �� 

 0/��l �� /� 0+ A�% M���% ��X�	'�a H'	' �� s	� �1' t"�u;/4F 

  0/�#V� �4/, %�/� 0	>� H'	' �*% ��)4; .( �� ��X"� �$�	r� ��

�%	� ���8'(W�/� �� 0/�	Q�� �  C��� .	R�/ H�+ �*% 0/��+ 

 0/��l �� 0+ A�%F/44 0/�#V� � ,/4 %C8/ <�')4�.(  

 A/�/ A/�/ A/�/ A/�/G6PD:::: 7	8 �� 4:�m  C%/�*' (�	*U 0	��	8 �#��� J" 

)WHO ( A/�/ (D	K#V/ ��/��	#8/ �	*%��G6PD M��� (��$� /� 

 (�"��+ C��	$� H�	% ��km�/�' G6PD  �NADP (?�/�& �	�w M 

 

(Heat stability) s�K� ��wx? MG6PD 1��+� � NADP C��&  

 � J�?����#Q�/PH 	��#l�/ (Optima)C8/ <�'  . �	K=>� !"/ 	'

 ("	��%�',,F G"��+ o�#=� A� G6PD�% <�/�  �=>?  . !"/ �/

,,F G"��+ A� G6PD F:: (D	K#V/ q�� 	' 0+ A� WHO 

C8/ <�' t�/�)4m .( ���&4--�#U/ A/�/ �� 0+ A�  P	8/ �' A	

(� J���� (�l �%	')4i .( 0/�1�>�/� @8? �� o�#=� A/�/

 P	8/�' �
�u O1l �' �% <�/�  �=>? C%/�*' (�	*U 0	��	8

���"��� ��1' G��
? (1��	' Gg2I 	' @�?�� (�"��+ C��	$�)4:.(  

 P2�I : �%	' (� �"�% G"��+ ����) J�#���� (��+ 	'

 !���CNSHA (  

 P2�II :���� �/ �#�� C��	$� 	' G"��+ �"�% 4- % ($��u

 �%	' (�)�%	' (�� </��� !��� ����� 	'(  

 P2�III : G"��+ C��	$� �� @8#� 	? o��V �����-�4; 

 �%	' (� ($��u �D��) � 	���/� �/ (V�' 	' P	�? �� @
� �����

�% (� �	R"/ (��I H�/I (  

 P2�IV :G"��+ ���� 0��' 	" o��V (��VC��	$� 	'   

4--��-�%	' (� ($��u �D�� .  

P2�V : G"��+ C��	$� W"/��/)�'/�'���&	?(($��u �%	' (�.  

 J���� (�l A/�/ J���� (�l A/�/ J���� (�l A/�/ J���� (�l A/�/(Polymorphic variants) :::: �� .�� !"/ 

C8/ �#$"	% 	� C�$�U � A	�#U/ �/ (V�' . 0+ <�% �#V	1% A/�/

 �/ �1?�	�IG6PD ("	
"��+ M�/ ��/�#"�� (G6PDA) .�� �  ()�%
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Oriental�%	' (� 0+ )F- .( �	� 0�8	?� 	' (I	�#U/ �� y	��I

�% ��/V <�"� ���/� y	1z#8/ �X� M�%	' (� �#�'/� �V (D	K#V/.  

 J"�/�{8/ A/�/ J"�/�{8/ A/�/ J"�/�{8/ A/�/ J"�/�{8/ A/�/(Sporadic variants):::: (V�' �� .�� !"/ 

 !��� J�?�� (��+ 	' �� �"��� q�/�� |�/U

(#�8���8/��a(CNSHA) ? � �% (�  =>�  H�/I @8

���� (� �"�>? �?/����/)F-.(  

 (�Q�� P	8/ (�Q�� P	8/ (�Q�� P	8/ (�Q�� P	8/(Molecular Basis) ::::    0�  G6PD ���   

 .������ �1�' ���	'X C�$[� �� qFi��/� �/�) )F .( H�	% 0�4E 

 �/ �#>�' � 0��+kbF- 7u �� (Length)C8/   . H�	% 0� .	�?

bp44, � F- ��� (�/? �� bp4;,i�%	' (�)F4 .(#$"	% �/ (Q" !"�

 0� 7�$� ��a 7	Q%/G6PD	� 0�8	?� �/ (V�' � 0+   

' �� �1%	' (�� � (�� �r' �� G"��+ J�{?1� �/���N? �	R"/ �#>

�"	�� (� M�1%	' (� C�	& �� �� 	" � (��� . 	' 0�8	?� �z�/

 �	' J" ("	R'	U(Base)�1%	' (�  . A� ��(Variants) ���/� �U� 

 ��Deletions bpE � pbF,���/� )FF .( �r' 	� 0�8	?� !"/

 0��+ ��  �R' 	� 0��+ .	�? �� 	� 0� ��� tu	1� �� <��#��E 

 �4E�% (� <�"�  . P2� .�� �� �� ("	� 0�8	?�I (� �	R"/ 

  J"��� �
r1� �� |�8� �r' �%NADP 	" NADPH  �
r1� �� 

 }���� ��	'G6PD�% (� <�"� .  

("	
"��+ 0�8	?�("	
"��+ 0�8	?�("	
"��+ 0�8	?�("	
"��+ 0�8	?�::::    	?� 0�8G6PD��   J"   ("	R'	U A �' G 

 ��Em� nt .�� 0�8	?� J" �/��/ �z�/ �� M�%	' (� G �' A �� 

F-F nt�% (� <�"�  . �/��/ (V�' �� 0�8	?� !�����i- nt ��  

C �' T 	" :�i nt �� T �' C�% (� <�"� )FE.(  

�/ ��/�#"�� �	� 0�8	?��/ ��/�#"�� �	� 0�8	?��/ ��/�#"�� �	� 0�8	?��/ ��/�#"�� �	� 0�8	?�::::    G6PD�/ ��/�#"��   	'  ("	R'	U  C �' 

T�  �;�E nt�%	' (�� 0��� (Q�#�� �r' �� �%	' (�  . 01�/

 �� ("	� 0�8	?� �� C8/ <�% �#V	1%G6PD �/ ��/�#"�� 

�1%	' (� 0�	�� ���% (� �/���))F,.(  

 ()�% �	� 0�8	?� ()�% �	� 0�8	?� ()�% �	� 0�8	?� ()�% �	� 0�8	?�))))("	�8+("	�8+("	�8+("	�8+:(:(:(:( (Q"   �/   A/�/   |"	%  ��  �� 

 0�8	?� M�% (� <�"� ()�% A	�#U/G6PD �� .#�	� 4Em�nt  

' (��%	)F; .( 0�8	?� �� (*U? H'	) (�#������#�G6PD �� 

C8/ <�"��� C�w ("	�8+ o�#=� A	�#U/.  

 ��� J? �	� 0�8	?� ��� J? �	� 0�8	?� ��� J? �	� 0�8	?� ��� J? �	� 0�8	?�(Sporadic):::: YI	' �Q�g	� 0�8	?� 

CNSHA ��� J? y	#��� �� C8/ �"�U 0�8	?� J" ���� (� 

�%	' (� .;m �	R"/ �� 0�8	?� CNSHA�% q�/�� ����� (�  .

? !"/ �/ �/�$4� �
r1� s/�u/ �� 0�8	?� o�#=� A� NADP 

 y2� �� �1%	' (� HK#� �/ �%V ��K'F� 0+ �� �1��+ ��8/ 

�% (� C�	")F�.(  

0/�"/ �� 	� 0�8	?�0/�"/ �� 	� 0�8	?�0/�"/ �� 	� 0�8	?�0/�"/ �� 	� 0�8	?� : : : :�$�	r� .	R�/   <�%  �� 0/�"/  ��   0/����	� 

 J���� (�l A� �8 �� 0/�	Q�� � ~	�K� @8? ��	8 �*% �

 o�#=�G6PD H�	% �� F/�� % M�/ ��/�#"��Fm % .	#�	�

(Chantam) � m;/� %COSENSA(�  �1%	')Fm.(  (8��' J" ��

 0	#��� �� <�% .	R�/ �X"��: % � �/ ��/�#"�� 0�8	?�m/F� %

 02�� �� � .	#�	�,/i�%  � �/ ��/�#"��m/: % q�/�� .	#�	�

�"���)Fi .(/ �$�	r�� .	#�	� 0�8	?� A�% �� �/� 0	>� ��	8 �� 

�� �R�#� �� �� M�%	' (� 0	*U �	
� �"	8 �/ �#>�' 0/�"/ �
r1� !"/ 

 A/�/ A�%G6PD ��/�#"�� �	��>� 	' ��"	
� �� �
r1� !"/ �� 

(� 	��	#"/ �� 0+ A�% ���% �#>�' �/ �%	')Fm.(  

����������������(G6PD) 	"�n	� �	"�n	� �	"�n	� �	"�n	� �::::    0	>� ��$#� �	$�	r�  �/�  ��  0	"2#�� 

 G"��+ ���� �'G6PD�I �' �#�� �	p� .�	{���	� ("	"�n	� C� 

��% (�)F:�F .((8��' � 0	>� 	�( �' 2#�� �/��/ �� �� ��� 

 ����G6PD �#�� 	"�n	� (�#"�/�	l ($��u �/��/ 	' ��"	
� �� 

�%	' (�)E- .( 

 �$�	r� J" ��Invitro �� 	"�n	� HX�/ �� C8/ <�% <�"� 

 ���� �' 2#�� ���) �	*����G6PD' ��"	
� ��  ($��u �/��/ 	

�1� (�� �%� _V)EF�E4.(  

(1��	' �/��	f?(1��	' �/��	f?(1��	' �/��	f?(1��	' �/��	f?::::    <��I (1��	' Gg2I �  G*�  ����   G"��+ G6PD 

H�	% 0	��/ ���) �	*���� ��:  

o�/ (	���/� �/ (%	� J�#��� (�V G� :(DIHA) Drug 

Induced Hemolytic Anemia  

_ ( G�"�	�(Favism)  

� (��/�� ���� :(Neonatal Jaundice)   

�((#�8���8/ ��a J�#��� !��� (��+  :(CNSHA)  

Chronic Non Spherolytic Hemolytic Anemia  

	���/� �/ (%	� J�#��� (�V G�	���/� �/ (%	� J�#��� (�V G�	���/� �/ (%	� J�#��� (�V G�	���/� �/ (%	� J�#��� (�V G� : : : :  (DIHA)    7	���'   s�K� 

 G"��+ ���� �' 0	"2#�� �� 	���/� �/ (V�'G6PD �	R"/ ����� 

�% (�  7��U ��4��� (� 0	>� /� 	���/� C��� ) 7��U4.(  
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 كه در يك فرد مبتلا به كمبود ييايميداروها و عوامل ش .1جدول 

   باعث هموليز مي گردندG6PDآنزيم 

Acetanlid Furazolidone (furoxone) 

Methylene Blue Nalidixic Acid (negram) 

Naphthalene Niridazole (ambilhar) 

Isobutyl Nitrite Nitrofurantoin(Furadantin) 

Phenazopyridine (pyridium)   Phenylhydrazine 

Primaquine / chloraquine Sulfacetamide 

Sulfamethoxazole (Gantanol) Sulfanilamide 

Sulfapyridine Iazolesulfone 

Toluidine blue Trinitrotoluene 

Urate Oxide      

                 (Eutler E 1996 Blood Review) 

 

G"��+ ���� �� (#)� C�$' J�#��� (�V G� MC8/ o�$[ 

 <��% ���B� �V M��% (� .�*1� ��l ���) �	*���� @
� �Q1"/

 � ($��u G"��+ C��	$� M	*�+ 0/U ���) �	*���� �� � �%	' (�

�1%	' (�� P	�& ����� �' �	"� !"/�'	1' MC8/ ($��u J"��� . ��

�) �	*���� G"��+ ���� �?�"�% .�� �' 0	"2#��0/U ��  ��� �?

 �/�$? �Q��	�� 	? � <�' �?�"�% ����� �� �#%/� G"��+ ����

C�	" ��/V ��/�/ ����� �'	" W"/��/ 	*�+ C�8�Q�?� . �/ ��a

C8/ <��+ C��� �� 	*�+ (�	8/ �� ("	���% �/� � 	���/� . �	%�/��

 	1& s�K� 7	���' ����� �	R"/ �' C�n� �"�(Henna)(�  �"	�� .

 0�% (X�� � ("	�"� �/�' G"�) 0/��� �/ �� C8/ ��/� J" 	1&

 �8/�8 �� ��	) � <��8 C�?	��� 0	��� � 0�' C8l M� M	� !V	�

����� (� <�	�#8/ (#�18 �r' 0+ �/ 	��� . �� �1� ��� 	� �>� ��

�% (� <�	�#8/ 0+ �/ tu	1� �/ (V�' . �� ����� q�/�� J" ��

�/�	V J" 0/����� ���� �' 2#�� <G6PD 	1& �/ <�	�#8/ �/ dl 

�"��� �	R"/)EE .( �� ����� q�/�� C"� �/ �� �/ �$�	r� J" ��

4; G"��+ ���� �' 2#�� �/�� G6PD 	1& �/ 	*�+ ��? !>U �� �� 

C8/ <��� ���� � ����� �	R"/ �% <�	�#8/)E, .( (8��' J" ��

0/�/�� (�Q�/��a �'	%� s�K� 7	���'��  <�' �	'�Q8/ �/�/� ��  

 �� ��� �"�% ����� �	R"/ ��l)E;.(  

 G�"�	� G�"�	� G�"�	� G�"�	�(FAVISM)::::     2)	' s�K�(Fava Beans)��   	� _�I 

 ���� �' 2#�� �� �/ ��/�#"�� �	��>� !�1�	8 �G6PD   

�"	�� (� ����� �	R"/ �1%	' (�)F .( � <�1>� ��	f? J" G�"�	�

 ���� �"�%G6PD' (� 0	��/ �� �%	)E� .( G�"�	� �' 0	"2#��

 ���� ��I ��� �/�'G6PD ���� 0	"2#�� ��� �� 	�/ M���/� 

G6PD�% (�� �	R"/ ����� 2)	' s�K� 7	���'  . ���� !"/�'	1'

G6PD �� ����� �	R"/ �/�' (�� �%	' (� ����[ G�"�	� �/�' 

�%	' (�� (�	� G�"�	�)F .( G�"�	� (1��	' Gg2I,i �F,CI	8  

 M(��"�l ��� M(�V G� YI	'  ����� �	R"/ 	' 2)	' s�K� �/ dl

�% (� MC8/ q��/ 	' Gg2I �� ��1�'���� � ���� . GQ% ���

 ���� �	& ("	8�	� YI	' y	?��� M�% <��	>� C8/ !Q�� �/��#8/ �

���� (� . 	" � �#=l 	" � .	V (1$" 0+ HQ% �� �' 2)	' s�K�

MH� � S�' �' 0�� C8�(� ����� �	R"/ 0+ C8l � �?'  �"	�� .

���� �' 2#�� 0	����/ ���/� 	� �/��	>���G6PD �/U �� �� 

 �' 2#�� 2)	' 0�/� H� HK� �� M����� (� (���� 2)	' �I���

���"��� (� (��"�l ��� . <	� �� �� H'	' �� (�B� �$�	r� J" ��

�/��V� C>*�"��/m, � 4EmE �/�$? 4,i ���  2)	' s�K� 7	���'  

G�� �	& ����� �' 2#�� <�% (�V <�"��� 0V t"��? M��/ ��/)Em.(  

0/�/�� �� ����0/�/�� �� ����0/�/�� �� ����0/�/�� �� ����:::: ���� (1��	' ��	f? !"�#$"	% ��/�� ���� 

G6PD�%	' (� ); .( ���� �' 2#�� 0/�/��  .8 J" ��G6PD 

�% (� �	R"/ ����)F .( ���� 7	���' ��/�� ����G6PD ��/ 

)�' S�� � ��N� O�� P��#Q"/ 0�� �' (*#1� ���X� 0	��� |  

���� (�),�4 .( ���� H�) 7	8 (8 �/ W�'G6PD �"�% ���� 	' 

 P��#Q"/ 0�� � ��/��)(?	l�	�8/ !�'�����' ( �l	X18 M	�1"��	8 �/

�% q�/�� 0	�" �)Ei .( (8��' J" ��m/,i % �' 2#�� 0/�/��

 ����G6PD�% 2#�� ���� �' ��/ <)E: .(�X"� �$�	r� J" ��  

,/4F % �/ �#>�' 	*�+ !�'�����' �/�
� �` 0/�/��4; �D�� .�X���� 

 ���� �' 2#�� <�'G6PD��/ <�' ),- .( �/ (8��' J" ��FE, 

 .�? ��l �/��)4-� � ��� �/�� 4Fi��	% �/��  (E/�F % � ��� <���

 H'	
� ��E/4F % G"��+ !"/ ���� �' ��� ��a��/ <�' 2#��),4 .(  

 W��hl J" ��F- % ���� �' 2#�� 0/��lG6PD ��� 

��/ <�"���),F .( �"��� .	R�/ 0	*�D/ �� �� �/ (8��' ��;/m %

 �' 2#�� ��/�� ���� �' 0	"2#��G6PD 0	�+ �/ �� ���' ;/m; %

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
14

10
7.

13
84

.8
.1

.1
8.

8 
] 

                               4 / 9

https://dorl.net/dor/20.1001.1.15614107.1384.8.1.18.8


118 /                  ���� �� �! "��# $�%&�'� (�)*                                                                 ���	 ��
� / ������ /  ����������  

  

 � ��l;/F, %�"��� q�/�� �#V�),E .( 0/�*? �� �� �/ �$�	r� ��

% M�% .	R�/ ���� �' 2#�� 0/�/�� �� ���� A�G6PD ME �'/�' 

C8/ <�' ��	%);4 % H'	
� ��4�)(%4, .( @8? �� �/ (8��' ��

 M�% .	R�/ H'	' �� 0/�	Q�� � 	%	l��/��/F� % �' 2#�� ��� 0/�/��

 ����G6PD�"���  P��#Q"/ 0�� �	p� ��� J" �� ���' ),,.(  

�X"� t�
B? ��  Zahedpasha� �  0/�	Q�m;/FE �D�� 

 �	�� �"�% ���� 0	��� C*U 0V �"$? �' �� ���� 0/�/��

 ���� �' 2#�� �1#%/�G6PD��/ <�' ),; .( �X"� q�/�� J" ��

�% .	R�/ 0/�	v�� � �l��&/ @8? ��),�( Mi/; % ��� 0/�/��

 ���� �' 2#�� 0	��� �� <�% ��#�'G6PD �� ���' ;/m; %

 �	���� �� ���� @8#� �/�
� � �"��� A��% ��? .8 � .��

 0/�/�� !"/ !�'����-;/4; ��"	
� �� �� C8/ <�' �D�� .�� 

C%/�� (?�	�? ($��u G"��+ �r8 M��� 0/�/�� 	'. ���1' ���� 

 �/ dl (1��	' Gg2I ��% � ���� (� ��	\ ��? �/ dl ��D	�2'

�%	' (� ��? .8 � .�� �	����),m .(�' ���� �� (�V G� �/ �#>

C8/ ��	� �"�% (�V G� � �%	' (� ��/�� <���),i.( 

(�V G�(�V G�(�V G�(�V G�            J�#��� J�#��� J�#��� J�#���             !��� !��� !��� !���         ��a ��a ��a ��a             (#�8���8/ (#�8���8/ (#�8���8/ (#�8���8/  : : : :(CNSHA)         

�% (�  =>� 7	Bu � ��� (���' M(�V G� M���� 	' A� !"/  

),: .( ���� M(1��	' ��	f? !"�?�"�%G6PD(�   <��� �� �� �%	'

(� <�"� (��� 	" (��/V��%�% );- .( M/��D ���� �18

 (�V G� A� !"/ �� ���8 �	*���� 0��Q�� 72#V/ � C�/�	?	�

 �/ (%	�G6PD(� <�"� �#>�'  �% . ��l J"; 	*�	8 �� /� ��	8 

 0V t"��? y	�	� � <�' 0	��� CB? ���	� (�8n	? 0/1$'

(� � �"���" �' 2#�� �` �%  =>� C"	*� �� � (8��' <�1�

8n	? �"�% ���� �' �Q�' <��� (�G6PDC8/ <�' 2#�� .  

C��I �' 2#'/ 7	���' �����C��I �' 2#'/ 7	���' �����C��I �' 2#'/ 7	���' �����C��I �' 2#'/ 7	���' �����:::: ��  (V�' �/   �	*�	��/  2#��  �' 

 ����G6PD("	"�#Q"� 	" � 7/�"� M7	"�#�	' C��I �' 2#'/ 7	���'  

��% (� (�V G� �' 2#�� . <�>� �#V	1% _V ����� G���	Q�

C8/ .� �� �� �% (� <�� P�& M���8 �	*���� �#�8�	� .	X1

��% (� <���+ ���) �	*���� M0h���/ 0�% �/�+ �w/ ��);4.(  

(�	X>"	��+  �=>?(�	X>"	��+  �=>?(�	X>"	��+  �=>?(�	X>"	��+  �=>?::::     ����  �=>? �/�'G6PD �	� q�� 

��/� �U� ���$#� . �/ �Q� C18�b�� q��FST);F( �� M

 71���1"/ 71�����(DPIP)0�8/�"���� );E( q�� � (��)4m ( �/

7�$� �	*%�� ���� <�/��/ L8	1� � G6PD�1%	' (�  . q��

FSTC8/ <�"��� 	*%�� �"	8 !"�X"	U y2$�  .q��(DPIP) 

 J" �� �Q1"/ C�I �' 	� �X"���#�  �=>? �/�' 0�8/�"����

 �' �1� (� ���� <�/��/ /� (�/�/�� �	� ���� 0	��FST �? �U�/ 

�%	' (� ��X�	'�a �� ('	=#�/ q�� J" � C8/ . �z�/ �� ��/��

q�� �/ (�	X>"	��+FST  �=>? �/�' G6PD���� (� <�	�#8/  .

 (V�' @8? q�� !"�?�	�#I/ H'	) � !"�? (D	K#V/ q�� !"/

�% (��$� !�

B�);, .(  

 ���& M0V G� �	��' GR& 	' �� C8/ !"/ q�� !"/ �	�#�/4- 

  .	R�/ H'	) �K=� ca	� ��� 0V <�r) J" 	' (1$" �#����Q��

�%	' (�.  �/ �#�� � ��	� �	��' C�? !"/ �� _T	� (�1� O"	#�F �� 

�%	' (� �/�� . ��c� d1U � �X"���#� 0	�� �� @
� _T	� C�z�

 �� 0/U ���) �	*���� ���� C�$' �"�% ����� 	" ��"��V �/ dl

 �/�
� �� 0V 0	"�UG6PD� C8/ �	"� 	*�+ "� <�(�%  . G"��+

G6PD' L8	1� (�{�	? @�B� ��  �	�&/ YI	NADP 0+ H"��? � 

 �'NADPH���� (�  .NADPH Z/��	� ��n �"� <�% ���? 

W�1'(UV) �� 7u  	' E�;�1� (� d�	8�b�� �	R"/ �#��	�  .

 �' 2#�� �/��/ 0V �� � �	"� G�	8 �/��/ 0V �� d�	8�b�� !"/

 G"��+ ����G6PDC8/ (�1� 	" o�$[  . � ��� _	?�	' C"	*� ��

/ �' G��
? �"� <��� �8 �' 0/? (� /� (�"��+ C��	$� P	8/ !"

���.  

4(  (�	� G"��+ (1$� �' �) d�	8�g��)S (�%	' (�.  

F( (��� ���� (1$� �' o�$[ d�	8�b��(D)�%	' (� G"��+ . 

E(  �"�% ���� (1$� �' d�	8�b�� 0/�
�(SD)�%	' (� G"��+ . 

 ���� 0/1I �' (��� � �"�% ���� C"	*� �� G"��+G6PD 

���� (� (
�?.  0/U ���) �	*���� ���� C�$' �	& ����� 0	�� ��

� 0	>� ($��u G"��+ �/�
�( /��R� (?�� �/ dl C8/ �#*' �� ��� 

�% 7�#1�.        

0	���0	���0	���0	��� : : : : t"��? �' �	�� !��$? (�	��� ./�)/ !���/ ��/�� <��� �/ dl

� ����l �"� L�?�? �/ 0+ 7K& �/�' �� M�%	' (� 0V�>�);;:(  

4(  �/ �#�� !�'���� ��/m ���� �#�� (��� �D�� .�� 

 0+ �/�
� MC8/ ����[ G�/�#� 0V t"��?4- �� �/�/ �' �#����� 

�%	' (� 0�� .�����.  
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��� ����	
 �	��� ���� ����� �                             �������                                                        � ������	 
 ����	�� ���/ 119  

  

F(  �/ �#�� !�'���� ��/: .�/�? Gg2I � �%	' �D�� .�� 

 t"��? �' �%	' �#%/� �U� MC8/ ��1�'���� 0	�� �� �����

/�#� 0V�%	' (� �	�� G�. 

, ( �/ �?n	' !�'���� �r8 ��/: � �%	' �D�� .�� 

 !�' !�'���� �r8 	" � �%	' �#%/� ��/�/ ��1�'����: �m .�� 

�1�'���� � �%	' �D��� H)/�& /� �	��' M�%	' �#%/�� ,i CI	8 

 �1' @"/�% �Q�?�D �� � �#��� �/�) G�
#�� �f� �"�4 � F �g	& /� 

 �����% ��/V .	R�/ 0V t"��?.        

 0	��� 0	��� 0	��� 0	���CNSHA : : : :�����U ./�)/ !"�#*' P	�? �/   �/� 	' 

�%	' (� 0/����/ . !�'���� �r8 ��/�*X� �/�'4- �i .�� 

�	�?/ ���1' �� M�% (� <�	�#8/ G�/�#� 0V t"��? �/ �D��  

�#�/ (� . �#�� 0V t"��? �' �	�� ��' �/ dl |)/� (�$' ��  

���� (� .��I�"� ��/� �� �X� �%	' (�� ����[ ��/��' 7	Bu y	 :  

4 (�"	�� �	R"/ HQ>� (���� �/�' (Q"��� �f� �/ 7	Bu (���'.  

F (1�{8/�{�� �/ ���/%��%	' �#%/� �U� G�.  

E ( �1' �/ ���/% 0��' �"�% (�V G� .�/�?4 � F   

��/�� ���� 0	�����/�� ���� 0	�����/�� ���� 0	�����/�� ���� 0	���::::G�/�#� 0V t"��?  Hz�  �"	8  ��/�   �	" 

 <�%�%	' (� . P��#Q"/ 0�� � ���� �"�>? �/ �����U �/�' 	�/

 �� y	DK=� � <�' 0/�/�� ��X�	'�a ./�)/ !"�#�8	1� � !"�#*'

 (l/�?#� ���� A��% 	' � <�/� �/�) �f� CB? �#>�' <��8� 0/�/��

 �� �Q�?�D �� <�% .	R�/ |)�',i �/ !�'�����' CI	8 4; dl � 

/�
� 0	�� �� �� 0+ �/ �/ !�'�����' �F- �#>�' 	" �D�� 0���� 

�% .	R�/ 0V �"$? �"	�� ��	R? . W"/��/ �/ .	X1���� (l/�?#�

��� ��/V �����U 0V �"$? �r8 �' !�'�� (��'.  

���X>�l���X>�l���X>�l���X>�l::::        

4(  �' 0	"2#�� ("	8	1% M����� �/ ���X>�l q�� !"�#*'

 ����G6PD�U � .	X1� s	��1' 0V ��X�	'�a t"�u �/  ����

	8 �� 2)	' � 0/����/ �/� M��/� 	' �*U/� �/"18 ���%	' (� ! .

� 0�/���`/ ��� �/� �	���/� C��/ �' 0/�"D? �/��/ !�� �(�% . 

F(  ���` �' 2#�� �/�� ("	8	1% �/ dl ��/�� <��� ��

��+" GG6PDl �X>�����U H�	% ��� �/� � ��/� s�K� �/ 

2)	' � �/�� �� 0/����/(� <���9% ��	� ��  �%	' . �' 2#'/ ��D ��

 �� � ���� �"�>? �/ �����U C*U (l/�?#� P���� ./�)/ ����

/�' 0V �"$? �	�� ��D���U ���/ 0�` �/ "�%	' (� P��#v. 

E(  ���� �n	' A�% �' �U? 	'G6PD) ;/4F % � 0/��l

4/, %0/�#V� ( C%/�*' H�$� J" �V �� �
r1� � H'	' ��

 �/ (�	X�� q��+ � .��� �	I2u/ �r8 W"/��/ M�%	' (� (��I

 � 0	#8/ M�*% (#%/�*' !��b�� @8? (��I �	� ��	8� t"�u

��"cl ��D �"	' �>� . 

,(  �1�	� /ca A� J" 	' ("/�"cl �/ 	� !>U � d�	R� ��

�% ��/��V �l 2)	'. 

;( � �	r) � 	��l/� �� 0	�	�*� � !"��	�� �/ ("/�"cl. ..

�% _	1#U/ 2)	' ��	& �/ca A� J" @8?. 

�(  .��� �	�#V/ �� �� ("/ca �/� A� �� �� 2)	' �/ <�	�#8/

  =>� P	�& �/��/ �' <�1�� �/�>� L�p�' 	' ���� (� �/�)

�% .�% (� <�	�#8/ 2)	' �/ P	��	� ��*? �� �� �% <��1% y/��V/. 

m( � 	" � q+ �1�	� 0	X"	��� @8? 	�/ca �"�� ��D �

�8�' P	�& 0	��11� s�K� A2u/ �' �"	' �X"�. 

i(  @8?  0/����/ �/� H�	% �	���/� �/ ��/��	' 0/��� ��

 ���� �' 2#'/ �
'	8 ��/ y	DK=� M��	�G6PD(�   �#%/� 0/?

�% ��/��V �"	' M�%	'. 

:(  	" � ����/ <�	�#8/ �/ �X"� 0	�� �� 	" � ��/�� <��� ��

Q���1� �� ��/�*X�(� !��	#�� �' �#>a+ � �% ��/��V �"	' M�%	'. 

4-(  �"	' (8��I �	� !>U � ��/�� <��� �� 	1& �/ <�	�#8/ 

#&/ 	'���"cl ��D �	. 

44(  ���� �' 0/�	��' C�$[� �/ �"	' ��/� �"R? �� 0	Q%�l 

 G"��+G6PD�1"	�1� �"R? P	�& �/��/ �' � <�' |�r� . 

n	' A�% 	' tu	1� �� �� (�V �� �G6PD t"��? �/��/ �' 

 �' <�1�� 2#'/ �f� �/ �"	' ��/�� <��� �� y	DK=� M���� (�

 G"��+ ����G6PD���� �/�) (8��' ���  .��/��/��/ �/ " W

�%"' ��'����$? �/ �$' !"/�/� 0V 	' 0V �� ���` G6PD 

C8/ <�% q�/��);� .(% �' �U? 	'�n	' A���+ ���` " GG6PD 

D?��� ($[� 0V ��	' M�% � CG6PD�� /� �	� 0V � 
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