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(��)�:+,� -� #�	������ ���.(/0�1� (2 ��
3� ��� 4���-� ��� �#5��5� 
 ��� "(�67. ��505��	8#� �� �� �� �����5. (�

��9-�: -� ���	3�
���: �� �.�	; �����2%�,�#���� ��2 <�2 .�����"�:��� �	��. #�
�8� ��&���� �	:� (�	������

�6> ������������ 
?@51: �5
2�8 ��� (A� 053��	��B)IGF-I (��5�#���� ����!� �	 ��#��$ 

)Oncorhynchus mykiss((
8�E ���� (/0�1� ��5� F:�.G
� 
 ��5���:(	0
� #-
 �	 ��	� �� #�	��� H±HJEK�(� "

L��M���� (�67. ��- ���6> ������	. -� ��� �� (
N� :.	��� �<"�6>
 ���O. %�
��3�2 �P%�	����� R ��S.	��� 
�"

�6> �%�
��3�2 
P%�	
	��
� R �� S.	��� (:"�6> �%�
��3�2 
2�.	TP%�	����� R ��+B%�	
	��
� R ��S.	��� ��,'"�6> �

%�
��3�2 
2�.	TV%�	����� R ��+B%�	
	��
� R �� 
.	��� W�X "�6> �%�
��3�2 #
�� #�
�8� :�	���	(�).	��� ����(.(
8��

��:#-
 Y���8� ���
4	� ����� (: ���	. #�	��� "%��� F:� (� W��
� Z�:� ��)MH/J±\H/P]M (%�� T��^ 
%_�
 �

)`J/`±VV/P%-
� �� (���5� .�0�; �� "(2� ���
4	� ��A2 ���� #��	)HSI) (`H/`±H\/B(%(� a5��� ��,' ���	.�5�.���

��/� �5b (� ����)� ���� �	�� ����)� -� �.!�� ���� ���5� ���� ���	. �� ��)`J/`<P.( (�	�� ����	:� #�
�8� "d5�O� ��

 e1: Y���8� TA: �6> (��#5��5 IGF-I �
� �:��: �� "#5� ��%��� Y���-�.(
N� ��,
�� �� �+
4� ���
4	� )BBM` 

�f	� �� K�E5�	X�
	0 (���
�2 
)VJ/\M` �f	� �� K�E5�	X�
	0(����)�IGF-I  T	.�. (����	. (� a5������� 
 (: ��� 

�5���.(O	
� ��	E:#�4� �:��� ��� W��
� %���� �	��. �
:� FAg����� -� %��N(�	�� �	:� ���5. #�
�8� h5i� (� "���
� K

(�	�� �	:��	����� R �� 
�	
	��
� R �� ��� ���� �� ��� �����8 j��k. �� �6> ���	 �� �!����5� #��2.

(���7 )��8��:2*9:�$�	 (;,�"�<&��� �1# �#	 	&�=�> ��#	 �)��7 
)I@IGF(� �:�"�8	, �(	�� A� � �:����	� 
�<�B� �>��	� :
C/
�/E���FGH� �>��	� I:JC/K/EJ�<�B� L��M0 I:�
/N/EJ

���B� 

��> )�+ �#	�+ �"�8&<&� �9�����= � O��= ���

��8 A��&' �P� AH�F� ��&�	&. ��
. � ��&+ :�"Q �+

R�!� 	&S�=�- �+ ���+����MT U�1�����V��� �	&�

��� U��&W&�.
.�� 	� �#	�)���Y� �<�' )�	����F �-

����(�� �+���()&�	&. Z#�- �= ��.),�.�+ [�1-	� 	�

�������MT ��&� �+��� 2��"= ������&#.��� \�,I��=

��I
�� ��T )�	�	�*�+)�&"' ]"-�
�""=�(��>��"�.(

>�*�8&<&(19 ����#	 A	�%��- ��Y�)�	�� � ^&�_��-

#&��B`"������=a�> "=�
b�R� ��&� �MT���

�� ��' ��T )�	�	�*�	��([�1-	� �*�� ��+�� �"��. �$�.

�c9�� 	�Z#�- )&�	&. �.����T)�	�	�*�+	&S B����


�� �+���(b�R� �MT2�d> ���&# ���&� �MT��: �� 

��� �� ��' ��T )�	�	�*�	����	 �P��+*�"� �Z#�- �

�1-�A)&�	&..��_- ��P�- 	��9 �".�.J

0 �� ��'�e���(�#	���' 	&S �+ �� �+���(��
��

�#	 )&�	&. )GH(/�.	&�=�>(<&��� �1# �#	�"�)IGF (

�����
��
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�E
 ���� �� �	
	��
� 
 �	����� �� ���� ���� ��� ���� �� ��� ��� �	�� �����
 � 
!���"��

]"-�� 
��&#.
�= 	��f������ :�+ 	� 
�����Y� :g)�	��

A�� ��+&f �+ �-���I#	 )&�	&. A��# � ��# hVF

������(��#	 )&�	&.IGF-I �IGF-II � �������.(IGF  �

3-��0�:�.(�+ AR��IGF � �.��#�+.i@K��7 	&S �+<&- ���

. 	� �I#	 )&�	&.�>&j�S �), Z#�- � *��� k�d���

��>��"�.(�B- �+ [&+���<&�� U����_- �	�� �������= �

���_- :��`��� �+ �(�.	&�=�>(<&��� �1# �I#	�"�

)IGF (� U	&H�����.l�m��:�+ ��	� �� n0 �.	&�=�>

���	 )&f L��� 
��(2&�� k���� o�&���.(b�. ��P�-

����	�M�.IGF-I �H� pB��&�\� 	� �	�'(0�e����(��

��>���- ��#	 �= �.�"�<&- � *��]"- �	 Aq��� 
�������"

�	�� ��Y'�+.E����Y� )�	�&��W 	� 	&�=�> :���' 	&S �+ 	��

�� � *�"� �1= 	�� )&f L��� �	�), �� � �&#��	 �+ �

�>�+ Af���.(� A�F b�.�����.
C�

 	� �e�, �"���

� )�	������0�� ����&#IGF-I ���> 	� 
Y� )&�	&. ���"-

�.(�*>� �+ [&+���=�_� � �#	 p�&9(��+(�>�+ *�"�

�� ���.�� 	��3-��0 *�"� � ��� )��.�� 	� �	 :��e

�_-�� �������.E�
��
J � ���pB� �$�.(IGF-I )��.�� 	�

�� *�"� ���_- �+ )�&- DNA ��� � *=&�� ^MW��.�(

�,��"�	�I#��&��.N�l :�� Z`� ���r- 	� ��Y� pB� �MT

�� �V�� )�+ 	� )&�	&.�"= .r-��=�- 	� ��Mr- U�1���(

.���+ ��1S 	&S�d��'&"R� ��r- s1� ���� 	��B� 	� �

� U��P��&�	&. :��# )�+ 	� )Jg)� �� ���+	�= IGF-I �+ 

)�&"' Rf�#���+(b�R� ��&� �MT����#	 .�� 	��)�

�	 U�1P� �+���� ��.


�MT ��&� �����Y���=��P�-R�!����B� �+��

)&�	&.�.(f���� 	� � �#	 	� A�.�� �#	 ��\���	�� )�

����.�(�,��"��. �".�	&���i)�	� �. �)�CCN()�!�

�- �&1�= ������8	 	� )�>&�j��MT 
���I#	 p.�= �+ �\"�

 Z`� p.�= �I@IGF .�� 	� ���G0�	� b&�������	�� 

(Morone chrysops×M. saxatilis) ���&#.
K � �o�&�� ��

����.�(�,�� �	&� �"�.�� ���, ���8	, �)��"�:ii ���#�+ .

S����d�� U�d<�`� ���#M� )�9 �(�	(� �f�"# 	��f�

� �� ��' ���� :��, ����I# %�\�� �" 	� ), o&"�� U��P� � ���

�	 U�1P� �+ k���� U��&W&�������.
N 8	,�"��	�� :(

�.�� ��'(�Y��� �#	 	��)�&"' �+ � �#�+��&�� *�"� �

3-��0��0 �:��,�:� � �.�����=� ���#	 )&�	&. Z`� � �

i - Gaylord   
ii - Arginine 

 �_- �	 ��P�-� 	��9��.�.
i ���V��� 8	, ���"��+ �\"� :

<&-��� ���, ��"�(���$(�	�� %�� �+���:iii �Y� 	� ����

�0 *�"���,�:� �.��&#.
m u�!������� �=L-ornithine 

�S �� �I#	 )&�	&. Z#�- � )�I# ���, s1I���_- O��

�T�(.�>&j�� *��&#
l 3-��0 *�"� 	� ��f� :���� A.
m 

.���v	*+ �. �-��:o&"���-�:��9����-�:������Y�

��)�	 �= �"��.	����d- ����(�����/��.(
Y� �"��� 

�� 	��f#	III����III&�(�.	�7���� >�*�8&<&(�

+�#&����+)�	������0 w��!� ���"#�+ .��U��&W&� :

��&���.(� -� A+�9����+(s�T�U�d<�`� +�8&<&����+(

)�	������0 ���"#�+.
J�
E .���IIII 2*9;,($�	�:)��=iv �=

��x'��(.�� ���, ���&��f�)�v)�&"' �+ �����2�� �

���,�.�$!���+(���, %�\���p�.(> �+ [&+���*�8&<&(�

��8�)�S�� �f�"# ���� ��.�_� � ��&� ��y� ��.�"���

+�	��(�.���� ��>�� 	��9 ���V��� �	& .� L	��0�.�� :�

)��	� � )��, <&- �������I# 	� 
. ), Aq� ��1S y�d��

'&"R� 
.�+&f �+�� � ��# ��f�"#���B� )�&-�� ����(

���� �� �.��"W U;&IR_� ��2�I� 2&S %��- 	� �	 ),

�f� 	���I#�� 	�.�C 

��B� �2&�d� 	&S �+��(�� o�&�� ����.�(�,��"

	���(�.�MT 	�(	�\-(.���� �+ ���	�� �&W� )��F :2�

� �]� �+���B� �&W� ��	�>��� ���� ����.�(�,�	� �"

�MT A� � )�&"' �+ �MT��� ���_- 	� ���&-�� �I#	 �

�*>��uf�# p�.(� 	� �#	��#�+ �P&� U��&W&� :.b�.

 ��p.�/0 � �+���	� ���F �P� (8&<&�*�> A��_- � ��*\-

 �"��, (�.����	� A� � 2*9 �.��;,($�	�:)��= ���.

L�	 � ��&� �.

���F p.�/0 	���5!.�/0 (� ���-	,*+,�)���$!���

�>�� %�\�� ����	�.���d-mNC 2*9 �.�� �d`9:�$�	 (;, -

)��7 �+:��)��  ���� :�$���� �K±KN�� n0 %��

	�� )���	M��(��� � �"�`��9	��(y���# �+���,�.�$!��

{&�+ |�S s<�9 	��>��R- }G��7 (�. 	�N|�# �+ 	���-

���# 
��B- ��� :-�	�� ��:Mr-���MT �+(������"= 	�\-(

�+ �>����%:�"�8	, I 2� �-�	�� ��:Mr-���MT �+(	�\-(�+

�>����%:����	�� I 2� �-�	�� ��:Mr-���MT �+(	�\-(�+

iii - Ornithine 
iv - Oncorhynchus mykiss 
v - Salmonidae 
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#�
�����$���,#�����&'!��� ( �)�*+,+ ���� ���	 
��� 
�� ���������� 
���� �E�

=�- �>����s�%:�"�8	, I 2�+
%:����	�� I 2� �-�	�� 	�YQ :

Mr-���+�MT(	�\-(�+=�- �>����sJ%:�"�8	, I 2�+
%

:����	�� I 2� ��-�	�� �"0:Mr-���+�MT(	�\-()��+ 

)��*>� ����,���")-�	�� �.�#(.- �.��	�� 	��(� 	��5- ��

.�� 
=��-��)�NC.�� �d`9�
\F �+ �e�&F �. 	�mCC 

<��&+ ^, �� .�MT(	�\-(�=�# 2&R_� ���V��� �	&�

�> ����,))���� ���=�Y# (�	�� �(Ji%3-��0��:
K%+�Q��

���F
C%�&+ ���=�f .����.�(�,��":�"�8	, I 2� �I 2�

:����	�� � 	� ���V��� �	&��:p.�/0 	�&0 U	&H �+

�=�<�����&�f �+El%�=�# �f�� �SIGMA  )��,�� (

���&+ .��+(�0�	��(����.�(�,�"� (T �+ ��# ���*>� � �M

&!��# %�'(),�.), �+ ����. �^, 	� 	��B� �.J%�� 

-;8 �����"�/<,��� U�"���� �+ 
(= �.�&��MT �+ ��MT %��(

.���� �>�����#.	&]"� �+ <���F� �P� bMF�����

-;8�"��. ��-;8 	��B� :��MT �+ :(� �.�#��# ���*>� *.

�	�� 2&S (���,�pl�&+ ��V. .S 	����� ��	�� :�$���:-

�.(���(^,NK/C±l�/
K���� �W	���=� ������)/

�2&�_�Ji/C±J
/l����< 	� %���� ��pH 
N/C±�m/m�&+.

(��+ �	��+��uf�#�.(���+� 	� ��#	(���,�	� � p

��V.�.(.�� �
�!. � 
!# �%	�YQ �%�� �2���%��- )�

-�� �	&� �.	���\"� ����"�>�� 	��9 .(��+ 	&]"� :�����

�� - �.	-��.	��(���,�!��
C	&S �+ �.�� �d`9 }G��=

�# ^����� �>��R-��)��7 L&Y�+ �� n0 �),�.�+2&�_�

���� A� 	�&0i�]�T �+
NC ����< 	� %�����A7 2&S ��.

.���+�yf ��������� �� �9� �+ p7)�� � ��� + ), �

�9� �+ 2���\�� (����- �������%	�*. ������ %�� (���

���# .�nj� uf�# �#	 (�.�H	� A��# �)�� p��*>�

 �/�� �#	 �����1= uf�#(�+2&��> �� ���V��� ��� (�.

 �1��_����#:

))�� <����@)�� �Y���(=�H	� �*>��p)��  ×
CC/ �
)��<�� )��(

��� �#	 �/��  =  
CC × [ )
��	�$< �d�1S )�� ���Y� �+%��( – )<
��	�$ 

�d�1S )�� ��<�� �+%��( / 2&S �	�� p����, )	� �H	���	( ]�
 

uf�# (�17  = 
CC × )�� �17 )%��( / ����J)�� �.�� )%��(

�H	����� )�&"' �+ )�� p��*>��-�:r- ���!���U�� 

��#	���*>� )�*�	� �	 )�� p����� �	�� ��� )�!���.� 

i - Eugenia Caryophyllata 

 �� A��V- ���$���:�.(<�� )�����Y� )�� ������ �+

��,��.��� �1�d� uf�# �/�� �#	(�����_� �+ �=�1(

r-��	�$< U�������d- � ��	 �. 	� �#	���	�� A= �+ ), 


�= U��V-�+ �#	�- :�	� �	 �.	���	�� ��(�����)�!�

���.� .�1= uf�#(��)�+ )�� �+ �1= )�� �1��

> 
Y� uf�#�*�8&<&(�_� �+ �= �����1(��)�* �#	

 	� �1=��-�	�� �P� 	���W	�f w�_���+�	&S

T��B����
�	�,�+(�*>� ���p<�d>���.(�1=()	��	&�

��:�	�+��Z#�- � �f�� 	� �1= pB� )&�	&. I@IGF �

�#	 (�	��� ���.�.

r- ��	�+ 	&]"� �+���� Z`� U����.�(�,�� �"

)&�	&.I@IGF .�� )&f 	���	&� )� I�	�+���&�� �(�.

��V. � �VH �'�� 	� )��.�� )&f�.(�%	�YQ �%�� �2��

 ���� �� ���V��� �+ 
�!. � 
!#����� �+ ��!T, (���<

	�j. 2&�_��	� A_� �� :��� �9�� ��),�.���# ��>�� .

��+(�����d- �	�= :i	���- �. �� �.�� �d`9)�.�� �d`9 ��

	��5- �. �� (�R- U	&H �+H �>��	��9 ���V��� �	&� � �

�"�>�� .��&���.(	�� �+ �nj� ���, ��� �+ )&fg×
iCC 

	�m9����� 	� � �B(K���� �W	������� �����V����# 8& .

���G0(+ ��&�� �. �^&�-��5�� 	� ������W 	&S (�.

c�W A�����(	�,���&�� *�<��, )��� �- �	*��> 	� �.lC@

���� �W	������$� ��# (	�� .���������(��B��)&�	&. �

I@IGF �� �+���(;� L�	�= �� ���V��� �+ � �*��

������ �&R�����(�1# �#	 	&�=�><&����"�
	�

.����)�=�#CUSABIO BIOTECH IQ�:(�+����� (

��$���Microplate reader�2��Synergy HT )�7�# 

��j�=�Biotek  I��,�� (	� ��&� 2&S�±KNC ���&���

M0 U	&H��>� .���_��(�!-�u=���CCC@E/mi

0�� 	� %��& ���<��&+ �� .���F�p\"� ��.����_� ��(

�"��7 (�!-�u)���=��]�T :I@IGF .���� �=�), )�&-

�!- �VH �]�T �� �	���� u(�E/mi0�� 	� %��& ���<���

�&+ .���, �9� �]� �����B� �p�r- ���+ � )�	� U���:

p\"� �.)Inter and intra-assay Precision ( �� ���=
N%

���&+.

	&]"� �+ uf�# (	��, A��_- � ��*\- n0 ��#	 (�.

���� )�&+ 2���� �� )�"��S� ��V��� �+ �.III �� ���)&��, 

b&������ I b���&�<&7��B����(),�.�� ���V��� �+

 � ��&� �� n���	�� *�<��, �=&- )&��,)Tukey's Test (	�

%�� �*>� 	SPSS ���� (
iU	&H �>��.(	��, A��_-
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�EJ ���� �� �	
	��
� 
 �	����� �� ���� ���� ��� ���� �� ��� ��� �	�� �����
 � 
!���"��

)&�	&. ����B�I@IGF ���r�� �"Q n���	�� *�<��, L�	 �+

)GLM (���B� ��(:�$���� : ��� L�	 �+ �.)Duncan’ 

Test (%�� y�&- 	�*>�SAS (9.2) \��III���# %� .����s

r-��IIIU�� ���� :�+ �.)coefficient of variation=CV ( *���+

���V��� ��2&��> U����r- s��� = 
CC×):�$���� /b��_��

	��d�(�1��_� �����.�K	� %��-����B��.��"d� Z`�	�� 

U��V- )�&+ �.CN/CP< �# ��>�� �]� 	� .

��>�� �.

�"��7 )K�/�±EK/�
C%(��"�!�+ )lK/N±EK/�il%(

�*>��.�� 	� )�� p�-�- �+ �)��- 	� s��.	��(�.�# �� �

���# ��.�!�.�Y��� 	�(���, �	���p"d� U��V- ��	��(

�*>� 	��.�� )�� p�+ )��:-�	���������-��.	�� �+

��, ��� )CN/CP<(<�F 	� ���*>� 	� U��V- �=�)�� p

���- ���.	���"d� (	��, �]� ���&1� 	�� )2��W
	��&�� �


(.

2��W
@:�$���� ±	��d� �� b��_�� U����r- s��� �uf�# ����B�k���� (�.	���- 	� �#	 (�. 

-��.	�� 

uf�#�.(�#	 
*
†�‡J§K¶�.�# 

�*>��p)�� )�H	�(E/
C±Cm/�JK l/N±EC/��K ║l/N±EK/�il m/J±Em/�JJ K/�±EK/�
C 

)ii/K()Nl/�()
i/�()Nl/
()
K/
(

���s�#	 ���/)�H	�	���	(
C/C±
N/�Ci/C±
C/�║CN/C±JJ/�CJ/C±
N/�C�/C±CJ/�

)iN/K()li/�()
N/�()KC/
()EE/C(

uf�# �1=()�H	�(**CJ/C±JK/
**Ci/C±J
/
††CK/C±KJ/
‡‡CK/C±KE/
CK/C±
K/


)�K/�()Nl/K()lC/�()il/�(§§ )N
/J(

*-��	�
:�MT ��+ ������"=�%arginine @L6†-�	���:�MT ��+ ������"=�%ornithine –L6‡-�	��J:Mr-��MT �+ ��=�- �>��� �+ ������"=�s�%arginine  @L

+
%ornithine –L6§-�	��K:Mr-��MT �+ ��	�\-��>��� �+ =�-�sJ%arginine –L+
%ornithine@L6¶-�	���.�# :Mr-+�MT �+ ��	�\-�.║�	��, U��V-

�"d� ��.	���- �+ ����B� 	� 	��
���K�.�# �)CN/CP<(6**�"d� �	��, U��V- ��.	���- �+ ����B� 	� 	��K�.�# �)CN/CP<(6††�"d� �	��, U��V- 	� 	��

 �.�# 	���- �+ ����B�)CN/CP<(.‡‡�"d� �	��, U��V-	���- �+ ����B� 	� 	�� ��.
���.�# �)CN/CP<(6§§  U����r- s���� ����B� *����0 Af�� ���'�

�"��. �H	� s�F�+.���d-=JC �� �)�� p��*>� �1��_� ���+����d- � �/�� �#	 s=i��1= uf�# �1��_� ���+ .

	��&�� 
@�	�� �S 	� k���� (�.	���- 	� )�� p��*>� ����B� U����r-p����, 

NiK��l
Km

)���)��	(

JCC

�NC 

�CC 


NC 


CC 

NC 

C

)�
�
p

��*
>�

)
�H

	�
(

	���-


	���-�

	���-J

	���-K

�.�# 	���- 
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#�
�����$���,#�����&'!��� ( �)�*+,+ ���� ���	 
��� 
�� ���������� 
���� �EK

r-��� �#	 ��� U����/.���)�)�!� ���� �=�:��� ��

�Y��� �- ���+�(�	�� (���,�p	�%��- -�<�*� ���	 �.	���

S �	���&�� ���)	��&�� �(.�"��7)C�/C±CJ/�(��"�!�+

)CN/C±JJ/�(�/�� �#	 ����[&+�� s�-�- �+ - �+��.	��(

� �.�#���&+��.���, �	�� ���-�� 	���p-�	�� ��

�	��(�#	 ����-;�+(�� �+ �1����-��&+ �.	�� �	�

�0��#	 ��� ��	�� )���:-�"d� bG�f� 	���	��(�+ �	

����-���� )�!� �.	��.

	��&�� �@����B� U����r- ��� �/�� �#	 k���� (�.	���- 	���	�� �S 	�p����, 

���=�+ � :���!���B� :���1= uf�#()HSI ( [&+��

- �+��.	��(� �.�#	�YQ -�- �+ ��sCK/C±
K/
�

CK/C±KE/
%�&+��.	�A7- %��- 	� ���.	�� ����B�HSI 	�

.���)��	�� y���� �- ���+� 	� (� �!��*>� (���	 p����,

�	�� (�Y��� 	� (�#�� �!.�= ���	 .
.���B� �:�"QII�

	���- �� 	� (�1= uf�#J�K	&S �+ �	�� ����� 	�

 �� ��!�+ �R�!��.	���- ���&+ �$�� ()	��&��J(.

�	�� (�Y��� 	� uf�# :�� 	��B� :���!�+����,p�	�

	���-���	 �1P �+ 	�YQ .�����B (�1= uf�# ��. 	�

	���- �+ �. �.�# �����"d� (	��, U��V-�"�#�� (	��.

����sr-��U�� uf�#�.(- 	� �#	��.	�� (k���� �

	� 2��W 
�	�����#���.�"�!�+ � �"��7 ����sr-��U�� 	�

(�.	���- �+ [&+�� s�-�- �+ �)��.�� )�� p��*>� ����B� 

�.�# )
K/
(%�� �)ii/K(%�"��7 ���"�!�+ r-��U�� 	�

����B����s�#	 ���/(�.	���- �+ [&+�� s�-�- �+ �

�.�# )EE/C(%�� �)iN/K(%���&+ .=����I:�:���!�+

��B������sr-��U�� 	�uf�# �1= 	� s�-�- �+ *�� (

�� (�.	���-)�K/�(%�� �)Nl/K(%���# ��.�!� .

)&�	&. ����B� U����r-IGF-I k���� (�.	���- 	��	�

�	�� �S (����, 	� �p (�.	��&��K�N��# ���� )�!� -

���.)��. �7 	&S ��.�!� ��:�� ����B� �&# �� )&�	&.

��&�� �S �	 ��]"��� ��� (�&dH ���	 �	�� (�Y��� �- ���+� 

���.��V. 	� (�]FG� A+�9 p��*>� �%	�YQ )�*�� 	� (�

IGF-I �]FG� �.	���-������ .��V. 	� �nj� (
!#

 � p.�= )&�	&. :�� )�*���	�+����V. (�Y��� 	� �(
�!.

 p��*>����� ��>� .(�Y��� 	�����,p:���!�+ �	��B�IGF-I 

	���- �+ [&+����)�*�� �+ �

lC 0�� 	� %��& ���<���

<�F 	� ��&+�- �=�	���.�# ���= �W���� :�)�* ��:

)&�	&.)JN/ElC 0�� 	� %��& ���<���(�&+ .<��,����� *�+ �.

 L�	GML �Y��� 	� �= ��� )�!�(��V. � %	�YQ �2��


�!. +�- :�	����V- �. U	��,("d��	��(�!� ��.�!�.����

 	��Y���(��V. �%��-�	�� K+ �+���!�� :�)�*IGF-I 

)K/
CEm 0�� 	� %��& ���<���(U��V- �"d��	��(�� �+ �	��

-�	����� )�!� �. .

NiK��l
Km

)���)��	(

m

i

N

K

J

�




C

�/
��

�#
	
s
��
�

)
��

	
	�

�H
	�

(

	���-


	���-�

	���-J

	���-K

�.�# 	���- 
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�EN ���� �� �	
	��
� 
 �	����� �� ���� ���� ��� ���� �� ��� ��� �	�� �����
 � 
!���"��

	��&�� J@k���� (�.	���- 	� (�1= uf�# ����B� U����r-��	�� �S 	�p����, 

	��&�� K@����B� ()&�	&. ����B�IGF-I 	��� �� �. �.	���- ��	�� �S 	�p����, 

NiK��l
Km

)���)��	(

N/�

�

N/





N/C

C

(
�1
7
u

f�
#

)
�H

	�
(

	���-


	���-�

	���-J

	���-K

�.�# 	���- 

�.�# 	���- �� 	���- �� 	���- �� 	���- 	�YQ 	���-

�.	���-


iCC


KCC 


�CC 


CCC 

lCC 

iCC 

KCC 

�CC 

C

IG
F-

1
)

&5
�0

�
��
��

�+
%�

��
�<

(

2�� ��V. 

%�� ��V. 

%	�YQ ��V. 


!# ��V. 


�!. ��V. 
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#�
�����$���,#�����&'!��� ( �)�*+,+ ���� ���	 
��� 
�� ���������� 
���� �Ei

	��&��N@����B� ()&�	&. ����B�IGF-I k���� (�.	���- 	��	�p����, �	�� ����� cS�B� .(�.	���- �)��� �. 	�

 (	��, U��V- (�	�� U��V�� b��F (�	���"d� �"��. 	��)CN/CP<(


. "Q�+ �:�- :�	��J�
- �+�	�����.�#U��V- 

	��,("d��	��(�# ��.�!�.	��Y���(��V.+ %���- :�	��

���.�#U��V- 	��,("d��	��(��.�!���!)C
/CP<.( 

	��Y���(��V. (+ 
!#���!�� :�)�*IGF-I - 	��	����+

��)�*
/

il 0��& � �+ %����<����# ��.�!�+ ��- :�	���

- �+�	��
�JU��V- 	��,("d��	��(��.�!���!�+ ����:

-�	���- �+�	��K��.�# U��V- 	��,("d��	��(��.�!�

����� )CN/CP<.( 

�_+ 

� �]� �+�� 	� ��	���Y� %��- )�.�� �)�	����]� �� )�

��> � �.&$<���.�"(�#	 �+ [&+��� ���/���> �+ �R_"�(

� �	�� �	�	&S �+ ��"#�+(�"q��� �+ �= =��� ���d-���

��&� .�� ��.���- �.���	�� ���_��� �#	 �+ A.��+ :, �)

"d�������� �= ��� (),�.�� �+�P *��.�� �I#�+

�	�� 2&S 	� )�#�I#	 (������	�� �����.�N r-��	� �

=�-�8	 s��MT 
���	��(P�> ��d�� U���*�8&<&(.�� 	��)�

B' � ����� �+ ���� �= ��� :�
���.(�=�����"�<���	� �

.����_- )���P�-�MT ��&� b�R���� 	��9������.J� �+�:

Mr- U�d<�`� 	� ��&W����(Mr- U��P� �+ ���= ��� �+ ��
��

�&�	&.���=���� ��"���� ��# ��f���0 .�\�, �� �=

`� � �f�"#�d<� (uf�#�.(.�� 	� �#	�)��	�&�.

 �W&- �	&�p.�/0 )��� �*W� ���� ��&+(	&_�

]"-�
�""=�()&�	&. � �#	 �.(f���), 	� A�"��� I@IGF �

���$��!� )�&"' �+ �"��&-(��+(� 	� �#	 �� ��'�:

� 	��9 ���V��� �	&� U��&W&�����.�iI@IGF )�&"' �+


Y� p�0 :��- ���+�(��Y� 	� �#	��� �]� �	&� )�	��.�

�+�	�(<�� U�d<�`� ����	 �(��.�� ���, 	� )&�	&. :�)�

��# %�\�� )�&W���
� ����B� �= ��# ����I@IGF )&f 	�

� �#	 ��� �+�.�� :�s��"�� )���� .��+�"+������� �:���(

��B���I@IGF �W 	���	&� �#	 uf�# )�&"' �+ )&f )�

	��9 �W&- ��� ��>�� .r-��=�- 	� ��8	 s��MT 
��sW&�

r-����B� 	� ���I@IGF �� 	� � ���G0�U��V- �+ �\"� ��\

� �#	 ��� 	���&# .� �+��	� �2�F :�+��9��B�U��P� ��

=�- 	� o&"-�8	 s��MT 
��r- �+��Z`� 	� �I@IGF �

�	��� �&W� �I#	.
.�� 	����&���� )��� �#	 )&�	&. �

�d����Mr- ���I# ��f�"# A��&' �Y"- (��()��+ �7 �"��.

 )8I@IGF �_- �	 ��P�-�� 	��9".�III�.�m )&�"� ���i�

i - Wilkinson 


!# ��V. 
�!. ��V.2�� ��V. %�� ��V. %	�YQ ��V.

)���)��V.(

IG
F-

1
)

&5
�0
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��
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�+
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(
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�Em ���� �� �	
	��
� 
 �	����� �� ���� ���� ��� ���� �� ��� ��� �	�� �����
 � 
!���"��

)�	� �.J2�� 	��CCi ��P�- =�- o&� u�!���MT U�1��

	&_� (�	GH/I@IGF2*9 	�:�$�	 (;, L	�*� �	 )��7

��&����� ..�� 	�����,Coho ��y+��	 ��# u�!� *

��.$".�+�Mr- :���B� ����I@IGF �&W� �I#	 � ���G0

��	�� .�	�+ 	��� ���F�	� *A7$��1�. � [�1-	� ��

R�!��+��� �� ���V��� :��.�(�,��*>� ��MT 	� �"�p

uf�#�.(.�� �#	��*>� ����B� p��I@IGF )&f 	�

�#�� �&W� .	&S �+(.�� ��=�)�-��= �.�# 	�� ��

A� � �.(����,���"�(�Y��� 	� ����� � ���V���(	���(

���,��W�� p���=�� :��B�uf�# ��.(�#	 �I@IGF 

�&+��.� U	�1' �+��$Z`� �)&�	&. U��V��I@IGF 	�

-��.	��(n d"� k���� �""=�(.�� �#	 ��� 	� U��V-�)�

���&+.�*>��� �#	 p�� �+ ���&-��.	&�=�> �= �#�+ ��' :(

��� �1# �#	<&�"�_� 	� �	 �#	���	� y�� )�+ )�&"' �+

��&���B- ��<&�� U���2&�� 	� �	 �.(.����e�(.���

�_-�� �������".�� �c9�� 	��"Q )�&-��= �V� :I@IGF ��

0��".���&�(�=�����"�*=��(\�� 	����()&�	&.�.(

]"-��""= 
�(2&�� 	� �#	��� �= ���.�`(� ���d-���(

p"=�� ���.(0�� �#	 )&�	&. y�&- �#	 ����+ p��#�+

�Y� 	� ��r- s1� ����	� ���� � �f&� �#	 �������.
� 

�MT ��&����_- sW&��<&- ���I@IGF� �1= 	��� ��&#

+ b�R��= � ��!�V�8	 �-;�+ ���MT 
���*>� �+ �\"��p

� �&W&� �#	 � ),��&# .������� �� ���V��� o&�&� :�-

���(��B���I@IGF �Y� 	�*+� )�&"' �+�B_- 	��Mr- U�B��-

�(W&- �	�� �������.� �+�r- ��� : �� �2�F :��A+�9 U��

�W&-�($��+�� 	��+�� �#	 :I@IGF ��&# 	� #,.


��# ��f�"# �5�<&+��, U��P� �+ �$".��. 	�I@IGF 	�

��� � �f&� L	�*� �:�3-��0�.��- �	&� 	��P���U

�.���� �5��_-(�,�8	, �"��� �"�"�� Z#�- �+ :�)&�	&. :

��	�� �&W� ."Q�- :�P�-����� ��� : ����	 ��5��'

� U	&H �#	 )&�	&.��� �= ��� ��<&- p��*>� s1� ���&-

d�1SI�I@IGF �&# .:�� :�>�� �]� 	� �+ �d�1S ��<&- �7

��- �+ ���� �#	 	&�=�> :���B� :����.���� �>�7 ��"��, (

8	, �P� ��	�� ���MT 
�8	 	� (	�������� )�&"' �+ :�"

 Z#�- {�_�I@IGF W&-�M0 ����� �.
C ���>��.(�	&V �;i

)�	� �. �)�CCi (��� )�!�B��� [�1-	����+��*>� :�p

��B���� ���.�(�,��*>� � �MT 	� �"`� p� �#	 	&�=�> Z

i - Lankford 

<&��� �1#�"��	�� �&W� )&f 	�.�i � 	��� �d<�`� :��*

"Q�S�1-	� :�f�+ 	��- �����V. � �.	���.(���,�p
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��	 >�V"� �+���*>� �= �&# 	&R- ��� : �� �����	� p
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�8	 �� ���V��� (�. �MT����F(����.�(�,��+ �\"� �"

�*>��p.�� �e+ 	� �#	�2*9 )�;,($�	�:��� )��=��.
i 	�

���,�!��7�	(.�� �e+����, )� Coho ii �+ ��>�� %�\��

�*>��Z`� p8	,�"�:	�8	��MT 
��� �#	 ��� ���+ �/

�]FG� A+�9 	&S�(�*>��p�� � �>���*>� )�*�	� )�� p

Mr- �������B� �+ ��# ��>��� ��8	,�"��� �+ �1�� :��

+ ��.�#��&+ ��!.J�	�+ 	��� ���F��*>� *�Z`� p

ii - Oncorhynchus kisutch 
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2&�I� �.(� ���������� �. � �"#�+���+(� �#	 �f&�
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i - Berge 
ii - Salmo salar L 
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0 A+�9 �.�#�p+�"��&+.

�	 �d<�`�(� y+��	(�.	�7���� >�*�8&<&(�����&-

��+(d-��� :��.��(F�-��V� k���� U��&W&� 	���#�+ �.

��+(�;&�	&>��+ �MT s��"� )&�= �f�"# �>����

>�*�8&<&(Mr-����	�, ��� �+ �&W&� �."Q��MT :���+��

-�����""= :(��B��>�= ���1�� ��.(<��d���=�- ���U�1

Mr-���(	���(���*>� ��&� ���#�+ ..���+ )� �+&f�

���.&$<� )�&"' �+ �"��&-(���,�.�$!���+(� -�A

���� (�. �0 w	� �+ [&+������.(>�*�&<&8(��Y� 	� )�	��

� 	��9 ���V��� �	&��� ������+ ���	�(�.	��f�� ��(

��8� ��&�	&. ����� ���.	�=(>�*�8&<&(	�),�.

��Y� �+�!�<�' )�	����"��. .� 	��� :�.�� �)��2*9;,(

$�	�:�+�9 )��=�+ ����B� � ����!(%�\�� �+��+ 	�

	� ���(���, � �.�p�.(�� �k����.�� �+ �1��Q&= )� -

Y- � �#���+ )� �� � �	�� �-��(��B��+ ����!(�>�+ �� �.

�2&�� ��.(��+ ),(<��, %�\����.*(+�#&������� ��"��

�f�"#���8 ��<& <&� ���&W��	��.�C ��.�� :�A�<� �+

 	� �"��, (�.���� � �.���j0 ^MW �.�1#),�.Y� �+I��

<�' )�	��I�� �-�"�� �� �)���I�&�I�R_"� (I(��+ (��> �+ �

y1-�� U�d<�`� )���� 	���#�+I�".J
 �.�Q0�$��&�

B_-��G= U�B�Mr- �+ [&+�� ��<��, �+ ���.*(�&�	&.�

+�� ��I#�+ ��!��0 w	� �+ ���&-���(> ���*�8&<&(

�=�����"�.�� 	����� ��= �.��.���� (�. �� ��' �+ [&+��

1S�d�� ��T)�		��+ *�S 	� �����,�p�.(Mr-���(

c�W 	�,(�.� �- ��&#�)&�	&. �]"- 	� �.���f�"# �#	 


�&#.J<&- ���	�)&�	&. �� ��' � Z#�- ���.(GH �IGF 

��Y� %��- 	� )�	���1��B- 	&S �+ ��� 
. �+�!� .	�

�+�	�(����	�+ �.�� �.(��)&�	&. :)��*�. �.

���������(� �� 	��9 p\"� �	&������� <���+ �W&- �+

��:�� U��&W&� 	� �#	 �=��P� � Z#�- �\ I@IGF ��� I

�_- �&f �=��P�- GH �	�� 	��9 I�������� �+ )�&-���(

I@IGF T 	&S �+�B��� ���� ��' �+ 
GH 0 
.���+ .���1<�

> U��P� �+ �W&- �+� +���*>��pI@IGF Z#�- �+GH 	� �

"Q�-�d<�`� :���B� ��� ��Y+�� �#	 )&�	&. �������� *-

���(�&# .��� ���G' �+ �+���� �+�	� A��= � c��W �\

��:�	&� �d<�`� �+ [&"� (� A��&'��$(��"�� ������ �.��

3-��0�:�.(<�R-���F � �#	 )&�	&. �+�)8�.(f��A

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

02
 ]

 

                             9 / 12

https://ijem.sbmu.ac.ir/article-1-1685-fa.html


�EE ���� �� �	
	��
� 
 �	����� �� ���� ���� ��� ���� �� ��� ��� �	�� �����
 � 
!���"��

� 	����� :�� 	�=��#�+ .���_� �+ �W&- �+���.(�d<�`�

%��- 	� A��&'��	�+ ����	�� �(������ ��%�\�� �+ )�&-

�	&� U�d<�`�(f�+ :�>�� �]� 	� ��uf�#�.(�H��

w	� �+ �
Y� ���P�-uf�# �+ k���� A��&'��� � �.�	�=

��Y� 	� �#	 ��= )�	���&�� .	�p.�/0 ���V��� ����F

A� � ���.(�����,��"�(s1� Y+uf�# �&1�.(� �#	

dS�B� 	���*>� ��)&�	&. Z`� pI@IGF �����.�+

	&S(��V��� ��=�(=�-�1���. ������W ��� �� ���� :��.�(

�,��"��>�� (�. �&����.�� 	� �	��	�+ �	&� )������. �+

�#�� .��+�"+��+ �W&- �+ �:��>�� (�. ���V��� ���, ��� �+

� ���A� � :�.��+(Y+uf�# �&1�.(.�� 	� �#	�2*9 -

;,($�	�:H&- A+�9 )��=���� �.)��. ��"Q �. �= 	&S

�# ��V� � - U�d<�`� �- ��� %�;���� Z`� �� ���V��� �+

=�-�-��V�� U�1�� ����� :��.�(�,�� � �"��	�� 2&S *

+����, ��!�.�� �� ���V��� �+ p�"� �+ )��%�\�� k���� :

����� .

References 
1. Beckman BR. Perspectives on concordant and discor-

dant relations between insulin-like growth factor 1 
(IGF1) and growth in fishes. Gen Comp Endocrinol 
2011; 170: 233-52.  

2. Fox BK, Breves JP, Davis LK, Pierce AL, Hirano T, 
Grau EG. Tissue-specific regulation of the growth horm-
one/insulin-like growth factor axis during fasting and re-
feeding: Importance of muscle expression of IGF-I and 
IGF-II mRNA in the tilapia. Gen Comp Endocrinol 
2010; 166: 573-80.  

3. MacKenzie DS, VanPutte CM, Leiner KA. Nutrient re-
gulation of endocrine function in fish. Aquaculture 
1998; 161: 3-25. 

4. Gabillard JC, Bahrami Kamangar B, Montserrat N. Coo-
rdinated regulation of the GH/IGF system genes during 
refeedingin rainbow trout (Oncorhynchus mykiss). J En-
docrinol 2006; 191: 15-24. 

5. Li M, Raine JC, Leatherland JF. Expression profiles of 
growth-related genes during the very early development 
of rainbow trout embryos reared at two incubation temp-
eratures. Gen Comp Endocrinol 2007; 153: 302-10. 

6. Shepherd BS, Johnson JK, Silverstein JT, Parhar IS, 
Vijayan MM, McGuire A, et al. Endocrine and orex-
igenic actions of growth hormone secretagogues in 
rainbow trout (Oncorhynchus mykiss). Comp Biochem 
Physiol 2007; 146: 390-9. 

7. Nelson SN, Van Der Kraak G. Characterization and re-
gulation of the insulin-like growth factor (IGF) system 
in the zebrafish (Danio rerio) ovary. Gen Comp Endo-
crinol 2010; 168: 111-20. 

8. Wilkinson RJ, Porter M, Woolcott H, Longland R, Ca-
rragher JF. Effects of aquaculture related stressors and 
nutritional restriction on circulating growth factors (GH, 
IGF-I and IGF-II) in Atlantic salmon and rainbow trout. 
Comp Biochem Physiol A Mol Integr Physiol 2006; 
145: 214-24. 

9. Berishvili G, Baroiller JF, Eppler E, Reinecke M. Insuli-
n-like growth factor-3 (IGF-3) in male and female gona-
ds of the tilapia: Development and regulation of gene 
expression by growth hormone (GH) and 17α-ethinyl-
estradiol (EE2). Gen Comp Endocrinol 2010; 167: 128-
34. 

10. Baños N, Planas JV, Gutiérrez J, Navarro I. Regulation 
of plasma insulin-like growth factor-I levels in brown 
trout (Salmo trutta). Comp Biochem Physiol C Pharma-
col Toxicol Endocrinol 1999; 124: 33-40. 

11. Small BC, Peterson BC. Establishment of a time-resolv-
ed fluoroimmunoassay for measuring plasma insulin-

like growth factor 1 (IGF-I) in fish: effect of fasting on 
plasma concentration and tissue mRNA expression of 
IGF-1 and growth hormone (GH) in channel catfish (Ict-
alurus punctatus). Domest Anim Endocrinol 2005; 28: 
202-15. 

12. Dyer AR, Upton Z, Stone D, Thomas PM, Soole KL, 
Higgs N, et al. Development and validation of a radioi-
mmunoassay for fish insulin-like growth factor I (IGF-I) 
and the effect of aquaculture related stressors on circul-
ating IGF-I levels. Gen Comp Endocrinol 2004; 135: 
268-75. 

13. Li M, Greenaway J, Raine J, Petrik J, Hahnel A, Leath-
erland J. Growth hormone and insulin-like growth factor 
gene expression prior to the development of the pituitary 
gland in rainbow trout (Oncorhynchus mykiss) embryos 
reared at two temperatures. Comp Biochem Physiol A 
Mol  Integr Physiol 2006; 143: 514-22. 

14. Gaylord TG, Rawles SD, Davis KB. Dietary tryptophan 
requirement of hybrid striped bass (Morone chrysop-
s×M. saxatilis). Aquacultur Nutrition 2005; 11: 367-74.  

15. Wu G, Morris Jr SM. Arginine metabolism: nitric oxide 
and beyond. Biochem Journal 1998; 336: 1-17. 

16. Terjesen BF, Lee KJ, Zhang Y, Failla M, Dabrowski K. 
Optimization of dipeptide–protein mixtures in experi-
mental diet formulations for rainbow trout (Oncorhync-
hus mykiss) alevins. Aquaculture 2006; 254: 517-25. 

17. Sugino T, Shirai T, Kajimoto Y, Kajimoto O. L-Ornith-
ine supplementation attenuates physical fatigue in heal-
thy volunteers by modulating lipid and amino acid 
metabolism. Nutr Res 2008; 28: 738-43. 

18. Teshima S, Ishikawa M, Shah Alam M, Koshio S, Mich-
ael FR. Supplemental effects and metabolic fate of 
crystalline arginine in juvenile shrimp Marsupenaeus 
japonicus. Comp Biochem Physiol Part B Biochem Mol 
Biol 2004; 137: 209-17. 

19. Hardy RW. Rainbow trout, Oncorhynchus mykiss. In, 
Webster, C.D. and Lim, C.E, editors. Nutrient require-
ments and feeding of finfish for aquaculture. New York: 
CABI Publishing. 2002; p 184-202.  

20. Thorgaard GH, Bailey GS, Williams D, Buhler DR, Ka-
attari SL, Ristow SS, et al. Status and opportunities for 
genomics research with rainbow trout. Comp Biochem 
Physiol B Biochem Mol Biol 2002; 133: 609-46.  

21. Xue M, Luo L, Wu X, Ren Z, Gao P, Yu Y, et al. Effe-
cts of six alternative lipid sources on growth and tissue 
fatty acid composition in Japanese sea bass (Lateolabrax 
japonicus). Aquaculture 2006; 260: 206-14.  

22. Barnes ME, Brown ML, Rosentrater KA. Initial observ-
ations on the inclusion of high protein distillers dried 
grain into rainbow trout diets. The Open Fish Science 
Journal 2012; 5: 21-9.  

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

02
 ]

 

                            10 / 12

https://ijem.sbmu.ac.ir/article-1-1685-fa.html


#�
�����$���,#�����&'!��� ( �)�*+,+ ���� ���	 
��� 
�� ���������� 
���� JCC

23. Verslycke T, Vandenbergh GF, Versonnen B, Arijs K, 
Janssen CR. Induction of vitellogenesis in 17α-ethinyle-
stradiol-exposed rainbow trout (Oncorhynchus mykiss): 
a method comparison. Comparative Biochemistry and 
Physiology 2002; 132: 483-92.  

24. Isermann DA, McKibbin WL, Willis DW. An analysis 
of methods for quantifying crappie recruitment varia-
bility. North American Journal of Fisheries Management 
2002; 22: 1124-35.  

25. Marques CL, Rafael MS, Cancela ML, Laizé V. Establi-
shment of primary cell cultures from fish calcified 
tissuees. Cytotechnology 2007; 55: 9-13. 

26. Lankford SE, Weber GM. Associations between plasma 
growth hormone, insulin-like growth factor-I, and corti-
sol with stress responsiveness and growth performance 
in a selective breeding program for rainbow trout. North 
American Journal of Aquaculture 2006; 68: 151-9. 

27. Sakamoto T, Hirano T. Expression of insulin-like growt-
h factor I gene in osmoregulatory organs during seawa-
ter adaptation of the salmonid fish: Possible mode of 
osmoregulatory action of growth hormone. Proceedings 
of the National Academy of Sciences of the United 
States of America 1993; 90: 1912-6. 

28. Hossner KL, editor. Hormonal regulation of farm animal 
growth. Wallingford: CABI; 2005. p. 240.  

29. Luzzana U, Hardy RW, Halver JE. Dietary arginine req-
uirement of fingerling coho salmon (Oncorhynchus kis-
utch). Aquaculture 1998; 163: 137-50. 

30. Berge GE, Sveier H, Lied E. Effects of feeding Atlantic 
Salmon (Salmo salar L.) imbalanced levels of lysine and 
arginine. Aquacultur Nutrition 2002; 8: 239-48. 

31. Dabrowski K, lee KJ, rinchard J. The smallest vertebr-
ate, teleost fish, can utilize synthetic dipeptide-based 
diets. J Nutr 2003; 133: 4225-9. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

em
.s

bm
u.

ac
.ir

 o
n 

20
26

-0
2-

02
 ]

 

                            11 / 12

https://ijem.sbmu.ac.ir/article-1-1685-fa.html


Vol 16 No.4 October-November 2014 Iranian Journal of Endocrinology and Metabolism / 308

Original Article 

A Study on the Effects of Supplementary L-arginine and L-
ornithine on the Growth Indices in Rainbow Trout, 

Oncorhynchus Mykiss 
 

Rostamkhani N1, Malekzadeh-Viayeh R2

1Department of Biology, Faculty of Sciences, & 2Artemia and Aquatic Research Institute, Urmia University, Urmia, 
I.R. Iran 

 
e-mail: n.rostamkhani@gmail.com

Received: 01/03/2014  Accepted: 12/08/2014 

Abstract 
Introduction: Fish are useful models for physiological studies in which using nutritional, growth 

and hormonal indices can lead to the understanding of several biological mechanisms in 
vertebrates. In this study, the effects of the addition of two amino acids, L-arginine and L-ornithine, 
to a commercial feed on the growth indices and the blood levels of insulin-like growth factor-I (IGF-
I) of rainbow trout, Oncorhynchus mykiss were examined. Materials and Methods: The fish 
(average initial weight 45±4 g) were fed for 8 weeks with one of the following 4 dietary treatments: 
Commercial trout diet supplemented with 2% L-arginine-(T1) 2% L-ornithine-(T2) 2% L-arginine + 
1% L-ornithine-(T3); 3% L-arginine + 1% L-ornithine-(T4) and the commercial feed without addition 
of the amino acids (controls). Results: According to the results, maximum weight gain 
(268.94±5.84%) and specific growth rate (SGR) (2.33±0.05% day–1) were observed in the fish of 
group T3, while maximum hepatosomatic index (HSI) (1.49±0.04%) was recorded in group T4. 
These amounts were significantly higher than their counterpart indices of the control group 
(P<0.05). Supplementing the feed with the amino acids, overall, increased IGF-I levels throughout 
the study period. At the end of the eighth week, in the T3 and control groups maximum and 
minimum IGF levels were 1180 pg/ml and 980.35 pg/ml respectively. Conclusions: Results of this 
study showed the positive effects of providing fish diet with additional amino acids, especially a 
combination of arginine and ornithine, on growth promotion in rainbow trout. 
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