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Abstract 

Methamphetamine is a potent central nervous system stimulant that directly affects 
brain function, causing significant changes in feeding patterns and appetite regulation. 
Given the extensive side effects of this substance, the use of alternative interventions 
such as herbal remedies and exercise has been considered as harm reduction strategies. 
In this study, 30 female Wistar rats were divided into seven groups of six: healthy 
control, methamphetamine, methamphetamine + aerobic exercise, methamphetamine + 
berberine (barberry extract), methamphetamine + exercise + berberine, 
methamphetamine + crocin (saffron extract), and methamphetamine + exercise + crocin. 
Methamphetamine was injected intraperitoneally at an initial dose of 10 and then 40 
mg/kg six days a week. Berberine hydrochloride (100 mg/kg) was administered via 
drinking water, and crocin was administered in a similar manner. Aerobic exercise 
consisted of treadmill running at a speed of 25 m/min for 30 minutes, six days a week, 
for four weeks. After the intervention, the expression of pro-opiomelanocortin (POMC) 
and melanocortin 4 receptor (MC4R) genes in hypothalamic tissue was examined using 
the relative fold change method. The results showed that methamphetamine use 
increased the expression of POMC (166%) and MC4R (42%). Berberine caused a 
greater decrease in the expression of both POMC (47% vs. 14%) and MC4R (47% vs. 
29%) genes than crocin. Aerobic exercise also had a similar effect. The combination of 
berberine + exercise showed the greatest reduction in POMC (50%) and the 
combination of crocin + exercise showed the greatest reduction in MC4R (76%). These 
results show the effective role of herbal and exercise interventions in inhibiting the 
neurochemical consequences of methamphetamine. 
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 	��� �!��G� �! �!�� \'N �� ��?&��200-140 

	� 8�-�, �� .��!�!5���$  *������ ;C�� ��

 D��� .���
 B�M, !��$�
 	-
;7 ��� ��#���!

5���$  B?L$ H� ���#�����" p�G� B� .�>?�� �� \7

 � ���N p�G� �� 	��'
" � e�? � V$�C %MN ����

 B?0�� �Q� �! 8��!�, �� 	��'
" D��� ���� B?L$ H�

 .�
�� B��!� �!  BN�, �! *������ ���� B�7  ����6 

?'C 	��,%� %0���! �=O�  .�%� �K���?L�"K���?L�" + 

%� �D���$ %�O�U0+ K���?L�" K����������C����$� 

%�K���?L�" +  �K� ��C%�D���$ %�O�U0 + K���?L�" 

 +%� � �����C����$ K����� %�O�U0 + K���?L�"

K� ��C +D���$ =�&>, %+@ D��� .���
 D�'�

��� �*������ 	��� *����:, �! �x��
 �� 8+9 	�C

8-,��7 D��N� .�_ � �P�� B?L$ �$ �" �� \7 � �$

 .��!�� %+@%� ����O" �<#�  %C�
 �� K���?L�"
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%� D�>O� %MN �K���?L�"5���$  ��;��10 

	�����/�����C/�%� 	9�LY ���! [��;, �� -

�P�� 8�O! B�) K���?L�" �� �!�L? � �� �� (K�;� e�? � !

 *�� B� K�O�&�� ��� 5  ��!�C %0���! ���)18(. 

���L�� 8� ���E� �� ��
 [?�� K� ��C ��P� %G, 

 �'� ��C����� � �
 B�M, BUO�n� K�� �! �!�L? � D���. 

 ��?�� K� ��C V
 � �
 8� K�O�  .���� .��G� �!

 ��! �� B?L$ �! ���40 	�����/ *������ B� �����C

 	9�LY ���! *��E��
 [��;, )19( .K����� 

�@�� �!�� BC �����C����$ 	$�C H
�� �	�
���  ��

�
 B�M, (�����) �+C��� %C�
  � *������ B���! �� 

100 	�����/�C 8� �� ��� �! �����C ^" �! �" �!

 �
 B0�v� 	�����
")20(.  BC D���$ K��<, 8-,��7

B� �� ������N 8��!�, D�� 	?��>? � K��<, *��Y

 H� �K�f �$ D�M?�� �! .�
 �P�� �;P� K�f d'7

 	?9� BC %
�! ���9 	-��?-O� Vm�5���$  �!

	� !��� !�R K�f 	��M?�� Vm� 	-�!;� F�
 ����


	� %0���! �� 	-+  	-��?-O� x��
 �� 8+9 .��!�C

�<, 8-,��7C D�� �'
" ���! H� *������ �	'� �+

����� .��!�! �P�� �� 8��!�,B  *�� B� 	'��<,4  B?L$

 K�;� 5��� .!�� 8��!�, D�� D���$ K��<,

 8��
 (K��<,)4  %��  �� ����! B����� B?L$25  �?�

 *�� B� B>�9! �!30  � B>�9!6  �!) B?L$ �! ���

 x�<P�24  (B&�N � %��  K��9  �,12 �� y+Y �P

	��
 (21)  .��N)1(.  	O�-O�� D�$ 	 ��� %MN

 ���m? � ��?�� ��b ���� yn  �!RNA  ��9 %0�� ��

 �!�L? � �� \]  �%0�� �P�� �.����, �� �!�L? � �� 1�

 ��� .�_ �! ��� ^6N %�Y�R ��260  �� � �?�����

 B��<� ���R BN�! � %Q�o ��� Bn��� H<CRNA 

��" % �� 	<C *��Y B�: C (µg/µl) = A260× ɛ× 
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d/1000.  ���m? � �� \7RNA  %Q�o � ���R ��

B��<� 	��<, �� f�� ���&� 8���� BUO�n� !��� D�$

 ;?' cDNA  �P�� �����  %C�
 8-,��7 [+_

 \]  � %0��cDNA  V'C�� �P�� %MN ��
 ;?' 

��?�� .%0�� ���9 �!�L? � !��� e�-U� 	&����� 

 B� ����� ���
 	���_ D�$�<���7�b�$  	 ��� !���

 ���� 	 ��� \]  � �%0�� ���9�b�$  �� �!�L? � ��

	<C 5��q-RT  PCR  	O��, .%0��67 �P��

 .��N �! �$����o"2  D��� .% � ��
 �!�! ����

 �� 	�R�! .�?'CmRNA β-actin  8-,��7 .�
 �!�L? �

 �!�L? � !��� 	,���� BR�aReal time-PCR  :8��


°95  *�� B�10  �B>�9!°95  *�� B�10  B� � �B���@

 �" .�+�!45  8-� °10 B���@ *���� �! D�60  BN�!

 ���� %+&� .!���b�$ �� �BUO�n� K�� �! 	 ��� !��� D

B&��>� 5��) B��? " BR�a D�Thereshold Cycle: 

CT.�'?0�� ���9 	������ !��� (  �� V$�W7 K�� �!

��� D��� �b ���� ���� *��L, 	 �����$ �� l�?m� D

5�� .% � ��
 �!�L? � H�,����L����� K��� D�$

�!�! 8��G, � B�;P, %MN ��Q'� K��� % ! B� D�$

 �! ���"�����$ c�?R� B+ �G� � �'a�O�0 5�� �� �

�!�! .% � ��
 �P�� 8��G, � B�;P, qN�� �b �� �$  

2>���4 Fold Change:  5�� H� �b ���� D���

 l�?m� p���
 �! �b ���� yn  B&��>� D��� d���

 ���� d'a�O�0 .% � (����! H� �� �U� � 8+9 �'���)

	�$! %+&� B��#a B��<� H� �! �b ���� yn  BC �

B��<� B� B+ �G� 8���� .% � �!�C ���:, �#�! D

% � ��� }�
 B� 	�C ��_ B� d'a�O�0: 

K&+L6�& RNA M6�� (cDNA : ��?�� RNA  ��

B��<� ���m? � �$	��
B� \]  � ! cDNA  8��+,

	��
!. 

&��&��& �5��6�& �� %: %�/� NO� 
+/PqPCR:  ����

) qN�� �b � �Q� !��� �b�b�$" ���� yn  BC 	� �M�

�'��� �% � %��@GAPDH (  B��<� �! �$ �!

������ D���	��
 �!�L? � �� ��C K�� .!�5�� � qPCR 

 �P��	��
!. 

;/Q�/4 2>���4Ct: ���>� Ct BR�a) D��� (B��? " D

	� % ! B� �b �$ � B��<� �$K�#���� % � �?M� .��" 

Ct ���� V��;0� %9! �, !�
 B+ �G� ���-, K��'a. 

2>���4(Delta Ct) ∆Ct : ∆Ct ���>� �!�C =C �� Ct 

���>� �� qN�� �b Ct 	� % ! B� �Q� !��� �b��". 

 referenceCt  –target  Ct ∆Ct= 
2>���4(Delta Delta Ct) ∆∆Ct : ∆∆Ct �!�C =C �� 

∆Ct  �� .�?'C ∆Ct 	� % ! B� B��<���". 

control−∆Ct sample∆∆Ct= ∆Ct  

R�F�7�9 2>���4: Bn��� �� �!�L? � �� d'a�O�0 ��� D

 B+ �G�	��
!:  ∆∆Ct−2=Change Fold 

��� �BO!�U� K�� �! ∆∆Ct  	L'� �?��;� d'a�O�0 ��
��

 ��1 ���� BC !�� �$��R �! �b ���� V��;0� ��'$!

��� .% � �Q� !��� B��<� ∆∆Ct  ��
�� %+w�

 �� �?<C d'a�O�01 ���� BC !�� �$��R V$�C ��'$!

% � �Q� !��� B��<� �! �b ���� )22(. 

  

 .��N1- D���$ K��<, 8-,��7  
Table 1: Aerobic exercise protocol  

Week Speed (m/min) Duration (min) 

1 20 20 

2 20 25 

3 25 25 

4 25 30 
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.��N 2-  �<���7 D�#O��b�$  
Table 2. Primer pattern of genes  

Gene Name Primer Sequence (5’→3’) Product Size (bp) 

POMC 
F: CCATAGATGTGTGGAGCTGGTG R: 

CATCTCCGTTGCCAGGAAACAC 200 

MC4R 
F: CCTGAGGTGTTTGTGACTCTGG R: 

AACGCTCACCAGCATATCAGCC 
380 

GAPDH 
(Housekeeping) 

F: AAAGTTGTCATGGATGACC R: 
CATGGAGAAGGCTGGGG 

195 

  

R��6  

!�! ���� K�,��C������7��7 �b ���� 	 ���  %� u�>O�

 K���?L�"(B��
)  V��;0� XN��166  K�� D�Y�!

% � ��
 =O�  .�?'C ���� B� %+&� �b )��!�<� 1.( 

 K����� B� %+&� ���L�� K� ��C !�! ���� d��?�

 �b ���� �! D�?��� V$�C 	$�C H
�� �����C����$

POMC ) �'?
�! X�,�, B�14 �Y�!  ����� �!47 

�Y�! V$�C D���$ K��<, ���� ������ B� �+��>, (

)48% V$�C(.  �!�����$���E� 	+�C�, D 	$��� D�$

 �! �?��� V$�C �� D��" %L#
 ��n� d��?� �K��<, �

 B� %+&� D���$ K��<, � 	$�C H
�� X�C�, ����

 !�� D���$ K��<, � K� ��C X�,�, B�)50 �Y�!  �!

 �����34 �Y�!  ��!�<�) (V$�C2.(  ���� �� Bn��� �!

 �bMC4R �v�� V$�W7 d��?� � �b B���� 	��#O�

POMC  !�! ���� B-���n� (B��
) K���?L�" %� u�>O�

 V��;0� XN��42  ���� B� %+&� �b K�� D�Y�!

 ��!�<�) % � ��
 =O�  .�?'C3 .( d��?� K�'t<$

 K� ��C B� %+&� �����C����$ K����� !�! ����

 �b ���� �! D�?��� V$�CMC4R  X�,�, B�) �'?
�!

47 �Y�!  ����� �!29 �Y�! (V$�C V$�C ��;�� .

;�� D���$ K��<, ���� �! �b K��  ������ B� �+��>,

 ����!�� K� ��C )28  �Y�! �! .(V$�C�����$ D

���E� 	+�C�, ��n� d��?� �K��<, � 	$��� D�$

D��" %L#
  �b \-�POMC � !��  �?��� V$�C

 X�C�, ���� �!K� ��C  B� %+&� D���$ K��<, �

�����C����$ K�����  D���$ K��<, ��
 �!�! ���� 

 X�,�, B�)76  �Y�!  ����� �!32 �Y�!  (V$�C

 ��!�<�)4.(  

  

 
 ��!�<�1-  �b ���� ��!�>�POMC B��
 u�>O� � =O�  .�?'C ���� �! 

Fig. 1. POMC gene expression values in the healthy control and glass-induced groups 
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 ��!�<�2-  �b ���� ��!�>�POMC  �!�����$ Dl�?m� 

Fig. 2. POMC gene expression values in different groups 
 

 
 ��!�<�3-  �b ���� ��!�>�MC4R B��
 u�>O� � =O�  .�?'C ���� �! 

Fig. 3. MC4R gene expression values in the healthy control and glass-induced groups 
 

  
 ��!�<�4-  �b ���� ��!�>�MC4R  �!�����$K�+�� ���  � K��<, D 

Fig. 4. MC4R gene expression values in the exercise and psilocybin groups 
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S��  
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 �&<$ *�UO�n� �� D���&�	�
���.  ���� ��? �� K��!
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 %� K���?L�" F�G� D���! H� ���'� B�

 D�9	����, !�-�<� � yn  �� ������$�$ p+,�� D

 � K�?]O .!��6#� ��@A, K�O�� � K�?]O �'��� �M?
� ��

 K�O�������$�$ =�Q', �! D���C V>� BC �'?&$ 	�

 �L�� D��  � 	#' �� e�&��	�'C�'. %� K���?L�"

	����, �P'� % � K-<� BC !�
 �M?
� V$�C g��� �

.��  V$�C BP�?� �! � ��� V$�C B� 	��a D�$

!�
 ���. .��  V$�C yn  % � K-<� 	��a D�$

%� =�>?&� ��@�, �'a�$ ��$! V$�C �� K�?]O K���?L�"

 .%&�� zm�� 8��C *��Y B� K�?]O y
�, ��

�!�! ���� *�UO�n� ����U�%� BC ��� K���?L�"	����, �

�$! ���9 ��@�, %G, �� K�O�� yn  )23(. 

%� K�O�� yn  V$�C g��� % � K-<� K���?L�"

 	#' �� e�&�� V$�C B� �P'� BC �!�
	��
!. 

 K�O�� V$�C	����, BC �
�� 	��f! �� 	-� �

%��C � �M?
� V$�C g��� K���?L�" ��� V$

	��
.! ^�C�  *��@� BN�! �! K���?L�" �M?
� ��''C

B���� �e��f�,�]�$ �� �" �@� �� .�� BC ;:� �! D�

 �P�� �% � D��  � �M?
� =�Q', .�/&�	��
B� .! -

K�,��C������7��7 ���� K���?L�" ���R��_  ��

 V��;0�	�$! ��?]7���� ���� � �Y  )NPY ( V$�C ��

	�$! �! BC �'?&$ 	<M� D�$��?]7���� �! �$ BC ��

 %�O�U0 K�'t<$ K���?L�" .����! V>� �M?
� =�Q',

������ ��M� �� K���7�! D�$	�'C !�R B��� B� BC �

 ���� V��;0� g���POMC  ���� V$�C �NPY 

	��
! )24.( ^�C�  *��@� K���?L�" �M?
� ��''C

 � % � ��! B� B?&���	����,��_ B� �  	MN�, 8��9

 K���?L�" �K���7 D�$��! �! .�
�� *��L?� !��0� K��

	����, �! BC 	O�� �! ��$! V��;0� �� �M?
� �

 �,f�� D�$��!	����,�'C ^�C�  �� �M?
� � )25( .

 ��E,	��
� BC ! ���! 	�����, 8�O! B� B����! �@� K�

	� D�$��?]7 D�� !��" H��G, �! D�$��?]7 � �M?
�

	��
�� ;:� �! 	��M?
� )26(.  BC !�! ���� BUO�n� H�

 ���� K���?L�"POMC  ���� � �!�! V��;0� ��NPY  ��

 V$�C e��f�,�]�$ �!	�$! ^�C�  B� �P'� BC �

 �M?
�	��
 K���?L�" BC !�! ���� D�#�! BUO�n� .!

 �?+� ����<�� �! �M?
� !�+M� � ��� ��� V$�C g���

 �!�� 	��M?O� D��<�� B�	��
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 �� .�� BN�! �! ���! K�� �M?
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 D�$��?]7 ���� BC 	��N �!

 V��;0� �� �M?
� 	�	�$! �� �M?
� D�$��?]7 ���� � �

 V$�C ��	�$!� )27( . 	+�C�, �����C����$ K�����
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 [?��	$�C H
��  8�O! B� BC % �

 BUO�n� !��� ��� %����� � �M?
� �� �" ��>O�� *��@�

% � B?0�� ���9 . ���� *�>�>G, 	R��	�$! BC �

 � �M?
� =�Q', B� % � K-<� �����C����$ K�����

% � *��L?� �$��
 Ba��� ��'C H<C ��� V$�C .

 c�E� V$�C B� % � K-<� �����C����$ K�����

 ~�a � ��� B0�v� D���! !��0� �! ��� ��� � �6o

�'C H<C .=&���-� !�+M� 8��
 D!�M'��7 D�$

 8��U, � ^�M?O� V$�C �K�O�&�� B� %� �&�

��$����$ ��@A, �M?
� �� BC % � �!�� D	���6�! 

)20( .K�,��C���� ������ ��&� -4 ! %G, BC �;:� �

 ��@A,������$��7 D- V>� �!��! ���9 K�,��C������7�
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=�Q', �! 	<M�  !��! ��� ��� � �M?
�)3( .��&� 

POMC-MC4R  ��� � �M?
� =�Q', �! 	<M� V>�

!��! ���. ������$DPOMC  e��f�,�]�$ �! 

POMC   �����$ B� ��%� ���� F�G� �����$  �LO"

 5��!�7	�'C D�� \]  BC ��'������$���� D��''C 

MC4R  8<� �6o c�E� V$�C D���	�'C�.  .�?R�

 !�-�<��b�$ !�+<C �'��� ���&� K�� �! POMC �

	����,
 D�!�� 	-�?�b 	9�a B� �P'� � �� BC !�

D��  	#' ��) Db�0�]�$ zm�� 	9�a � (��67��

	��
! .�!�! ���� *�UO�n� �� 	R�� K����� BC ���
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�'C H<C ~�a � ��� B0�v� D���! !��0� �! ��� ���. 
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 D!�M'��7 D�$
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