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Abstract  
The liver is one of the most important and vital organs in the body, and non-alcoholic fatty liver 

disease (NAFLD) is one of the most common liver disorders, and the number of people 

suffering from it is increasing. The aim of this study is to investigate harmine on the serum 

levels of liver index enzymes, lipid profile and the amount of FOXO1 transcription factor in 

rats suffering from non-alcoholic fatty liver disease. For this purpose, 18 Wistar male rats were 

considered and divided into three control groups, model group and model group + Harmin (20 

mg/kg). Two model groups and treated with harmine with a special diet were affected with fatty 

liver and then the third group was gavage with harmine for 4 weeks. Total oxidant (TOS), total 

antioxidant (TAC), malone dialdehyde (MDA) and hepatic superoxide dismutase (SOD) 

activity were measured. The activities of alkaline phosphatase (ALP), alanine aminotransferase 

(SGPT), aspartate aminotransferase (SGOT) enzymes were measured in serum. Lipid profile 

(LDL, HDL, VLDL, cholesterol, triglyceride), glucose and apoptosis were also measured. The 

results indicate that apoptosis in the sample model treated with harmine showed a significant 

decrease compared to the fatty liver model group. The amount of LDL, VLDL, TOS, MDA, 

triglyceride, cholesterol, glucose and the activity of ALP, SGOT, SGOT, FOXO1 protein and 

apoptosis in the group treated with harmine showed a significant decrease compared to the fatty 

liver model group. The level of SOD enzyme activity, TAC and HDL levels in the models 

treated with harmine showed a significant increase compared to the model group. It seems that 

harmine can be a good potential for further investigations to introduce a fatty liver controlling 

factor using the FOXO1 regulatory pathway. 
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'�+� �-�� T��;�-��= <�= %���� 8> k�9`� -  8; ����>

8$��%N��;� '�_, <�= )ROS ( �&$! 8>�� 
-��� . ��

 �� �9&� F*�� c� C�D <�=���� %�������;�ROS  - 

�� C�D �*;���> )4.(   -  NAFLD  <�� F9`��������� 

)TG ( K�> ��5  ��10 �e-   �*; %���� m�]���H,�. %�-�9�> 

NAFLD  �� <��G�> k��� n��A G�> %�I -�#, ��>�� 

�$-�  )5( ������ �> 
��9= �9+� �o�D ?= � �o�D ?= .

 %�-�9�> -  L�$ J�A��$� 8>NAFLD  <-�9�> J�� .��� F���

?�L$! gR� K��L,� �> 8�9: �� <�*; <�=SGOT� SGPT� 

ALP  ��� ������� �>�&HA� <�=-�H;�, �� )6.( '�� -  -

 �]�H[� <�=-�H;�, 8; ��� 
 �  %�#$ 
�_A�R� ��I� <�=

 ��V$FOXO1 �� �+�A�>�H� ���� ��D ?�V�� q��r �� ��$���

  �+�9� -  L$\�U�A � L$\�($�;��� �L�A�+��� ��$��

'����= .����> 8H��  �A�I  <�*; <FOXO1 ?�V�� ��


���; <�=s��A��"�� ���� ��  J���7 ?&� <���; IGF-1 

��) ���>7 ��9�� .��7 � C�&HA� -  J�(���7 J�� K�$ .(

�� 
��a�7 <-����J�(���7 %��> �_�*r t���� -  .���> 

FOXO1 �,�> - ���$� � �= m�]�� J�A��$� 8> h��� <�=

�� <�= ���$� -  �+�A�>�H� ?&� <�=���� �� <-���> � �H,�

 h����� �- J�A��$� 8> .���9$ ?�V�� �$���FOXO1  - 
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 �� < ��_� .���>%\�= C�D <�=���� LH����> -  T�I  <

�� '��H��; �t� FOXO1 �� ?�V�� -  '�HI� . ��

 ?�V��FOXO1 ���� �+�A�>�H� '�HI� i*� �$��� . ��

�� �V$ 8>%�L�� ?�V�� �> %��H> ���� 8; ��- FOXO1  ���

 8> �H*�  ��,�  �*&> �&: <�u��NAFLD  �+� .��� �>

5�- ���� 8:�� -���> %! 8> 
����� 8; ���= 
 �]H��  ��

 <��> %�=��� ��<-�9�> %��-  C�D�*; ��V$ �+�A�>�H� <�=

��) ���>8 .( �� �+� %���� 8> �=��^�A�+A!
����= ?&� <

�_�*r F>��� �� 
��! ��  8> �=��� 
�*�;��� 
�� 5-�L�-

�$� )9(�=��^�A�+A! . �M ��A�_, <�-�  ��>��+��

�H$!�$����;� �M � � -��� �I�> -  .��H�= ��"$�

 8> <�=��^�A�+A! j��> ��� J+9� %�=��� �� 
��! �� 

J��-�= .�$�� w�� �H� �� i��! �<�: <-�9�> '���, �> 

C13H12N20 8��� 8� '�_, ��^�A�+A! c� 8; ��� <�

'�� -  -�> J�A�� <��>1847 8$�  �� ��U�� G��-�= 8#�- � �=

 ��:�� �� )10(. ��A�_, <�-�  J��-�= ���-�  <�=

��A�_, 8�9: �� <-���> 
���; �V,��� ��>�&HA� �M <�=

��� -���� �M � �>��  �M ��*Z� )11( '�9_� ?^�� .

�> T��� J��-�= ����9�� ��;��! �b�#� �5��A �<-��o

��� w�� � )12( �&:�� T>�o -�r 8> J��-�=  �� ��9� .

t��H� 
��#; ��  � ��� ��  8> 8H�>�� %!(LD50)  9/26 

���� ������;/���) ���13.(  8; J��-�= �� K=�N7 J�� - 

�� ��U�� 
�u��  ��� �� �+� ��A�_, %�L�� ��-�> <��> ���>

?�L$! J�(���7 %�L�� � <��U�A T��,��7 �<�*; <�=FOXO1 

'�� - 
- C�D �*; <�=.�� 
 �]H�� -�H���  �N$ �$ <�=  

J�� � )��.�
  


- �� 8_A�R� J�� - .�� 
 �]H�� -�H���  �N$ �$ <�= 

  ��_�18  �$�� J�"$��� �> 
-20 ± 220  L;�� �� ���

.�� <-����I -�H��7 8���� �=�"#����! 
�$���� 


- 89= <��> <-��&"$ t���� 
-�e 8> � %��+� �=

12  � ������- ����12  <��   � �+�-�� ����20  ��
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��� 
��9= 8> C�D �*; 8> �H*� <�=J��-�= 

 -�V�� 8> .�$�� ?���� (J��-�= + '��) <-�����

 
�#����! 8H]= c� �� X7 ����: t���� �> 
�$����

 
��� <��> 
��  
 �]H�� C�D�7 <�6B .�� ��B! ��9�


- %���$�:  -��$�H�� <�6B T��� -�H���  �N$ �$ <�=

 8,�M� 8>45  �e-  � �$���� �>�D4  �e-  '��H��;

� 1 �e-   c�A�;���� �>   �����$ 
-�Z> 8; 
�� 8>

45  ��-� -  
��� -��HI��� � ��   .�� 
 �  -��o X7

 � ����9����> 
�#����! �> 8; C�D �*; x��A� ��

 ��� ����� �+�\�A�H��=J��-�=  �V�B �>20 ���� -

���/ %�> %�� ������; 
�� 8>5  8H]= -  ��-<��> 4 

 .�� \���� 8H]= %���7 �� X74 ��-�> �8H]= <�=

 .�� ��`$� 
�$���� -  �+�\�A�H��= � ����9����>

 
�� ��`$� q�����> ����-  q>�R�  -��$�H�� t����

 ��`$� �=�"#����! 
�$���� �> -�; �o�I� '�e� ��

 m�I� 8����)IR.IAU.SRB.REC.1402.029.(  �� X7

 �> -�9�� 
�� %�� ��9�J��-�= 
�$���� � � 5�&�>

s$�� t���  5/2  ����  
-�e i�o �� <��"$�I

?�L$! ��A�_, %�L�� ��-�> -�V�� 8> .�� 8H,�� <�=

SGOT  �SGPT�  ALP T��,��7 �  <��U�A)HDL �LDL �

VLDL <�� �('��H��; � L;��� �������� �� ��;<�= 

 %���! h-�7
 �]H�� .�� 8$�9$%�I <�= I� T 

 j+� �� X7 � �� 8H[�- �+�H��7 O-���7�30 

8��o  <�8$�9$ �%�I  ��_$� �&: �= �>3500  8��o  �> -� 

 
�� 8>15  ��: %�I �� ��� �� �$�� \��]��H$�� 8��o 

��� XU� . �� %�-  � ��: ��U9� c9; 8> �=

<��  -  � 
�� 8H[�- y�����+�� 20- �H$�� 8:-   ���

 ���9����> <�=-�H;�, J��_� <��> �� �$�� <-��&"$

 .�$��� -��o 
 �]H��  -�� �V$  -�� �� �_> 8�e�,�>

� �� z-�I %�> �� �*; �i�o �� <��"$�I  8$�9$ L�A

 �,�> ��-�> <��> ?�L$! ��A�_,SOD � %�L�� ��-�>

 ��A�>�H�MDA � %�L�� TAC ��; �� <�=

�;��ZellBio GmbH  � %�9A! <��>  %�L�� ��-�>

TOS  ��; ���;�� kiazist %���� �  <��>K`�� 

(���7 J�FOXO1  �L�G� ��; �� (MBS266917) 
 �]H��

 .�� ��8$�9$ ��`$� %��� �� �L�G� ��� <��> ��G <�=

 �9`$� <��  -  -�; 20- �H$�� 8:-   ��� .�$�� 
��If

�� 
-�e J�� 8> �,�> L�A T�������> 8;   ���100 

�������� c� -  <�*; �,�> �� ���) �U�- �,�> �� �H�ACat 

no: DB9719 .�� 8H[�- (8$�9$ �� 
 �]H�� �> <�*; <�=

 -  -L��$\�9= 
�"H� 4 �H$�� 8:-   ��� L��$\�9=

.�$�� 
��! ��  8> 
�$\�9= 20  -�  �> 8��o 4000 

�H$����� \��].  ��: ���- F���
�� ��; �> � <�=

 �;��ZellBio GmbH   �;�� �Kiazist   -��

.��H,�� -��o �>���-�   ��_� 
����{� ��-�> <��>

'����= �,�> <�- �> J��-�= �� ���$ 
�� ��H7�7! <

 ��*; ��� t��� ���7 %�-  � �� 8H�� �> �*; �,�>

 �H��, 6B�; <�- �> XU� � �� 
 �  �#H�� <\�A��L�,

 .�� 8H,�� %! �,�M� C! s$- ��J����;���9= <L��!-

8$�9$ ��*}� �� �_> J���^�J�A���, -  
�$���� �*; <�= 

10  �e- �� 
 �]H�� .  

,���1K�C!1� ���.5 :���9� 
 � �= �� �V$ <-��! �> 


 �]H�� �� L�A�$! X$��-�� 8,�R+� )one-way-ANOVA (

 %���! �Tukey  J�"$��� 
-�Z> b��H$ .�� ��-�>± 

� .�� 5-�L� -��_� O���$��HIO ���% ��
��= -   gR�

05/0p <  ��_�-�  - �V$ 8H,�� ��. 
���$� <��>� <��
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 ��H7�7! <���Z� %��> �e- '����=��$ �� L�$ <�*; < -

 -�L,�IMAGE J X+� .�� �� 
 �]H��<-� �> J�� <�=

�� �� 8�&� <-�$ y�+���+�� �> L�$ K=�N7.  

L��4�  

 gR� 8;  �  %�#$ ��M�� K=�N7 <-��! T���� � 8�L`�

 ��A�_,?�L$!���� <�=SGOT   T+�)11(  �SGPT 

 T+�)12( 5�� - �,��-  <�= �*�$ C�D�7 ?�\- 
���;

��_� -�R> '�H�; 
��� 8>J��-�= .��� 8H,�� K��L,� <-�  

��_� K=�; i*�?�L$! gR� -� <�= SGPT �ALP  T+�)

5 ( �SGOT 
��� 8> �*�$  .��� 
�� '�� gR� ��A�_,

 ?�L$!SOD  T+�)3 ( %�L�� �TAC  T+�)4 ( -   �:��

��_� K=�; '�H�; 
��� 8> �*�$ '�� 
��� �*; �� <-� 

 gR� J��-�= �> -�9�� �� �_> 8+�A�� -  �$ �  %�#$  �I

�H$! ?�L$!��_� -�R> %����;� . �; ���7 K��L,� <-�  b��H$

T��,��7 �� 
��! ��  8> Q�R� 8;  �  %�#$ <��U�A <�=

'��H��;  T+�)6(� <���������  T+�)10(� LDL  T+�)

8 ( � VLDL T+�)9 (��_� -�R> '�� 
��� - <-�  

'�H�; 
��� 8> �*�$  8+�A��-  ��� 
 �; ���7 K��L,�

 gR�HDL  T+�)7( ��_� -�R> K=�; 
��� J�� -  <-� 


 �; ���7 <�� gR� �J��-�= �> -�9�� �� �_> .���������� 

� VLDL ��_� -�R>K=�; '�� 
��� 8> �*�$ <-�   8H,��

��_� 
��]� � ���.��=  �9$ %�#$ '�H�; 
��� �> <-�  

 gR�HDL ��_� -�R> L�$<-�   �> -�9�� ��� 
��� - 

'�� 
��� 8> �*�$ J��-�=  .��� 
 �; ���7 K��L,� %�L��

LDL ��; � 8> �*�$ J��-�= �> -�9�� ��� 
��� -  '��H

��_���B K=�; '�� 
����� %�#$ <-�  .�=  J��a9=

��_� K=�; i:�� J��-�= -�    J�(���7 FOXO1  T+�) 

2( ���A�>�H�MDA   T+�)1 (� T; %����;� TOS   �

?�L$! ��A�_, %�L��  ALP  K��L,� � '�� 
��� 8> �*�$

��_� ��� �;f T>�o .��� 
�� '�H�; 
��� 8> �*�$ -� 

 �e-  8;'����= '�� 
��� 8; ���"�= 
�� ��H7�7! <

�,�� -��o J��-�= <�-�  �> -�9�� ���� ��_� K=�; <-� 

��_� K���,� � '�� 
��� 8> �*�$ 
��� 8> �*�$ <-� 

 '�H�; �  %�#$.

 

 

T+� 1- b��H$ �� Te�� -� �9$ MDA  - 
����=< gR� -  �M�� b��H$ .J��-�= �> -�9�� ��� '�� � '�� �'�H�; 05/0 p < �>   -�� -��+� -�> 8�

��_� �V$ �� ?= 8> 8�*� O��� .�,�� -��o K����!8H���$ ����]� ?= �> <-� ��B O��� �A� �$���_� 
��]� ?=�> <-��! �V$ �� 8>�#���H��  <-� . 

Fig. 1. Graph of MDA results in control, model and harmine-treated groups. The present results were tested at the p < 0.05 

level with three repetitions. Similar letters were not significantly different from each other, but dissimilar letters were 

statistically significantly different from each other. 
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T+� 2-  b��H$%�L��  J�(���7FOXO1  - 
����=J��-�= �> -�9�� ��� '�� � '�� �'�H�; < )05/0 p <-��+� -�> 8� �>(.  
Fig. 2. Results of FOXO1 protein levels in the control, model and harmine-treated groups (p < 0.05, with three repetitions). 

 

 

T+� 3-  ?�L$! ��A�_, %�L�� b��H$SOD  - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  
Fig. 3. Results of SOD enzyme activity in control, model and harmine-treated groups (p < 0.05, with three repetitions). 

 

 T+�4-  %�L�� b��H$TAC  - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  
Fig. 4. Results of TAC levels in the control, model and harmine-treated groups (p < 0.05, with three repetitions). 
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 T+�5-  ?�L$! ��A�_, %�L�� b��H$ALP   - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  
Fig. 5. Results of ALP enzyme activity in control, model and harmine-treated groups (p < 0.05, with three repetitions). 

  

 

 T+�6- '��H��; %�L�� b��H$   - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  
Fig 6. Results of cholesterol levels in the control, model and harmine-treated groups (p < 0.05, with three repetitions). 

 

 

 T+�7-  %�L�� b��H$HDL  - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  
Fig. 7. Results of HDL levels in the control, model and harmine-treated groups (p < 0.05, with three repetitions). 
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T+� 8-  %�L�� b��H$LDL   - 
����=J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  
Fig. 8. Results of LDL levels in the control, model and harmine-treated groups (p < 0.05, with three repetitions). 

 

 

T+� 9-  %�L�� b��H$VLDL  - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  
Fig. 9. Results of VLDL levels in the control, model and harmine-treated groups (p < 0.05, with three repetitions). 

 

 

T+� 10- <�� %�L�� b��H$ ������� - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  

Fig. 10. Results of triglyceride levels in the control, model and harmine-treated groups (p < 0.05, with three rep 
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T+� 11-  ?�L$! ��A�_, %�L�� b��H$SGOT   - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  

Fig. 11. Results of SGOT enzyme activity in control, model and harmine-treated groups (p < 0.05, with three repetitions). 

  
T+� 12-  ?�L$! ��A�_, %�L�� b��H$SGPT  - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(.  

Fig. 12. Results of SGPT enzyme activity in control, model and harmine-treated groups (p < 0.05, with three repetitions). 
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T+�13-  %�L�� b��H$TOS  - 
����= J��-�= �> -�9�� ��� '�� � '�� �'�H�; <)05/0 p <-��+� -�> 8� �>(. 

Fig. 13. Results of TOS levels in the control, model and harmine-treated groups (p < 0.05, with three repetitions). 

 

 

T+� 14-  %��> �e-  b��H$'����= 
�� ��H7�7! < - 
����=J��-�= �> -�9�� ��� '�� � '�� �'�H�; < )05/0 p <-��+� -�> 8� �>(. 

Fig. 14. Results of the percentage of expression of apoptotic cells in the control, model and harmine-treated groups (p < 0.05, 

with three repetitions). 
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T+� 15-  ����Z� -  .J��-�= �> -�9�� ��� '�� � '�� �'�H�; 
��� 8� J���^� � J����;���9= <L��! s$- ����Z�A  ��C '�H�; 
��� 8> ~�>�� 8; �

�� ����>'����= �� �_�*r � ?A�� -  ��H7�7! � ����>�9$ 
��  �&$! ����Z� . ��D  ��F  �ZI�� -�R> 8; ���> �� C�D�*; '�� 
��� 8> ~�>��

 -�d�'����=�� 
��  ��H7�7! -�D  < ���Z� . ��G  ��I �� J��-�= �> -�9�� ��� C�D�*; '�� 
��� 8> ~�>���� �V$ 8> .���> -�R> 8; ��-

�_��   ��_� �� <-�'����= 8H��; 
�� ��H7�7! <.��� 
�� 

Fig. 15. Hematoxylin and eosin staining images of the three control, model, and harmine-treated groups. In images A to C, 

which are related to the control group, the cells are healthy and normal and apoptosis is not seen in them. Images D to F are 

related to the fatty liver model group, which significantly shows the presence of apoptotic cells. Images G to I are related to 

the fatty liver model group treated with harmine. It seems that the number of apoptotic cells has been significantly reduced. 
  

M!2  

8_A�R� -  �M�� <�J��-�= �> 
�� -�9�� 
���  8����� - 

��_� K=�;  �'�� 
��� �><�� �'��H��; gR� -  <-� -

�L;��� �������� VLDL �LDL� ?�L$! <�=SGOT �ALP� 

SGPT ��A�>�H� %�L�� J��a9=MDA � TOS  %�L�� �

 J�(���7FOXO1  �  %�#$� �A��-  K��L,� 8;��_� <-� 

?�L$! gR� - �H$! <�= �$����;�SOD  %�L�� �TAC  - 

�,��-  
��� �� 
�=�#� '�� 
��� 8> �*�$ J��-�= 
���;

�G�9H�� 8; �H$! ��A�_, T�A  8> J�� �>�&HA��M � �$����;�

�� J��-�= 
 �� %�L�� .���>HDL  �> 
��-�9�� 
��� - 

 '�� 
��� �> 8����� -  L�$ J��-�=��_� K��L,� ���7 <-� 
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 �; <�=SGPT �ALP  �SGOT  -  8;
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��! ��  8> b��H$ ����� -  .���> -   
������ ����
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<�� ���� gR�'��H��; �������� �LDL � VLDL �

 K��L,�HDL  - '�� <�=5�� �� �H>��  �� 8> 8:�� �> .

�� �V$ 8> �M�� b��H$��^�A�+A! 8; ��-  J��-�=�� �$���

 �$���� '�� -  C�D�*; ?^��  �*&> -  <�u�� K�$

 ��^�A�+A! c� J��-�= .���> 8H�� �H>- -  8; J�A�>�;

8$� )  -�   �:� ��U�� <�=14 J��-�= .(��A�_, �H��� <�=

 �M �<�H;�>�M �C�&HA� K=�; ��V$ <� 
 �H�� -���>

 ��}+� -�&� �h����'����=�� �$�r�� <) ���>15 .(

 8; ��� 
�� 5-�L� J��-�=��i*� �$���  ' �_H�%�� 

 ���$��� ����� J��a9= � <��U�A %�������;��7

�H$!�$����;� -   8��; �,�>)  ��16(.  J��-�= � J�A��-�=

'�+� �- O6� -  ��G�> ��,�� <�-� ��  ��! <�=.����> 

 �J��-�= �J�� �> 
���<�= J��;�H��� ?�V�� ���$���  K�7

 �- ����$�- <�=-�H;�, � �>�&HA� -�   -  �- ��H7�7! �

'����= <�$�r��� ?��$�+� q��r �� � �:-�I <�=

 ��I� �� '�_,.���9$  %�L�� �> J��-�= �u� �M�� 8_A�R� - 

 J�(���7FOXO1  .�� ��-�> L�$%\�=-�H;�, 
 ��$�I < 

 ����$�- FOXO �� 
�� ���]� -���>J�(���7 .����> -

 
 ��$�I <�=FOXO J�(���7 8H�  ���� ���= 8; ����>

 t���AKT �AMPK �JNK  �ERK  �� 8���]�, �$��

)17J�(���7 J�� .( t��� %�����H�� ���>�o �=P300/CBP 

 t��� %�����H��  �SIRT1  <�= J�(���7 .�$-�  L�$ �-

FOXO  ��������;� h�H�� ��V$ �]�H[� <�=���!�, - 

�� �;�� ?��A�>�H� � <\�,��� <�-�  � ���;4  w�A���=

FOXO1 �FOXO3 �FOXO4  �FOXO6  %�-��$�H�7 - 

���> -�9�� ��� 
��� -  .����>  �K=�N7 J�� -  J��-�=

��_� -�R> ��H7�7! -���� '�� 
��� 8> �*�$ <-� 

 .��� 8H,�� K=�; C�D�*;FOXO1  J���7 O��=� xL:

 ����; J�(���7 ���� �H� B/AKT �� <��> ���� J�� ����>

�� ��G ��H7�7! -�&� � ��}+����> )18(J�(���7 .<�= 

FOXO   �C�D <�=���� %�������;� �L$\�U�A ?�V�� �>

 %�� z-�I � %�I 5 �� ��  ��! C�D <�=����  �-�

J�(���7�U�A<�� �� ��B ?; -���> �A�"D �> <�= ��������

 -  �������� <�� ��H��9= -  �9&� K�$ �%�I 5 �� 8>

) �$-�  %�>19(. J�(���7 �L$\�U�A ?�V�� -  <�=FOXO 

�� %��> ��$���<�= J�(���7 %\SREBP1   ����9$ C�;�� �-

 �� < ��_� %��> �8`�H$ -  �%\�= LH����> -  T�I  <

J�(���7 t��� L�$ C�D <�=���� <�= FOXO  T��_�

���� 8�9: %! �� ��$�� ��]A! ����;�>�; !�; T�H�� 8> %���

 ?�L$! ����A 
��H�� 
�]�, <�� J���$ ! ���H�� C�D ����

 c�A��1  �'������-3-
�]�, 
-��� ����-��;�H�� ���H��

 �9$. J�(���7 �J�� �> 
��� <�=FOXO %\�= � L�A�U�A <

<����U�A 8�9: �� C�D <�=���� %�������;�!T�� 

 ��U�A J�(���7�U�A �%��-�= 8> h��� ��U�A ��>�D '������

 ���]�$��� T�^�H�9A�7 J�H�$-�; �1 �� '�_, �-) ����9$20 .(

 J�(���7FOXO1  ���� -  ?&� -���> 
���; ?�V�� c�

�� C���� �>�D ?��A�>�H� � c�$\�($�;��� �  ��

�� . �� <�*; <�= '��� -  �>�D C��- i*� �$���

 J�(���7FOXO1 �� �$��� <�=���� 8> '��H��; T��*�

 T��_� �> �- <���]e%\�= <���]e <�=���� <LH����> <

���;�H�� 8�9: �� P450 ) ���9$ ?�V��21    .(  

,��4� �/�N  

 J�(���7FOXO1 8$���  � 
��a�7 K�$ ?�V�� -  <�

 -  �>�D F9`� K=�; � K��L,�'����= � <�*; <

�,�> ��H[� T���� -  �>�D <�=NAFLD   ��,� -  . -� 

 <��� �=- K��L,� i*� �J�A��$� 8> ����� �>��  8> �H*�

 %�I TI�  8> �*; �� L;����> � ��U�A ?��A�>�H� -  �9V$

���� ����� �M�� q���� b��H$ . �� �> J��-�= 8; ��;

 %�L�� T��_�FOXO1   �+�9�  �*&> 8> - �o'����= <

'�� -  <�*;�� C�D �*; �$���� <�= J�(���7 . ��

FOXO1  <��> J��-�= t���  8;  -�  �- 
��A�> ���$��� J��
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 %��- NAFLD > �o�D �H� �� � � 8_A�R�  -�� �H#�

. ��"> -��o ��-�>  

���)��O � /(*1  

� J� 8A��� 8H,���>�  -  
�� ��`$� K=�N7 ���+#$ 
��� �

8��7�  ��"#$�  ��! 
 ������ �� %��&� 
������ � ����

�����9� �> 8; ���>�= <��_� <�� 
��_���H�� �$ �

N7� �#=�� %! 8> ����`$- ����� 
J��> .��� 8��� ��

c9;  ���� <-L�L� J� %��o� -���� �$.   
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