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 Hippocampus of 2 young cattle (1 yr.) and 2 old cattle (10 yr.) were collected from slaughter 
houses. After measuring their weight and dimension, the tissue samples were randomly picked up to prepare 
with paraffin technique. Some prepared tissue samples were stained with Luxol Fast Blue to study 
microscopic structures and components. Neurons in each area (DG, CA3 and CA1) of hippocampus were also 
counted. Other prepared tissue samples were processed with immunohistochemistry by using anti-nNOS and 
ABC technique. Color intensity of pigments, occurred from immunoreactivity, within cytoplasm of neurons in 
each of hippocampus from both groups of cattle was assessed by using image analysis software (Olympus 
Microimage®) under microscopes. 
 
 Comparing between young and old cattle, hippocampus from those had same size and weight. It was 
found that old cattle had slightly high number of neurons in CA3 when comparing to the young whereas other 
areas had similarity of neuron population. There was no significant difference (p > 0.05) of color intensity of 
pigment in cytoplasm of neurons of each area between the young and the old. The results of this study showed 
that hippocampus of cattle had already reached to maximum development at the age of 1 year but the 
development of neurons in CA3 area of old cattle was higher than the young. However, when comparing the 
quality of nNOS, an endogenous enzyme in neurons generating Nitric Oxide (NO) for being used as one of 
neurotransmitter substances, between the young and the old, there was no different result. Unlike this study, 
other research reports illustrated the increase of neuronal Nitric Oxide Synthase (nNOS) in old aged human 
and animals. It was proposed that elevation of nNOS referred as NO amount would cause the deficit of 
neurons and would affect to the hippocampus. This deficit is the one of causes of dysfunction of learning and 
memory. Nevertheless, some studies found no difference of nNOS among different ages of animals. 
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MEC = Medial Entorhinal Cortex 
MPP = Medial Perforant Pathways 
NADP+ = Nicotinamide Adenine Dinucleotide phosphate (Oxidised form) 
NADPH = Nicotinamide Adenine Dinucleotide Phosphate 
NO =  Nitric Oxide 
NOS =  Nitric Oxide Synthase 
nNOS = neuronal Nitric Oxide Synthase 
iNOS = inducible Nitric Oxide Synthase 
eNOS = endothelial Nitric Oxide Synthase 
NMDA = N-methyl-D-aspartic acid 
Sb = Subiculum
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��UV���V�������	�����B����[c3 ��V���V	�����U�������74[V�D6��C����23
F������������
E�C��	���V�����6���23	7��r �3UV��D���455���UV������ �56����
_��C������23
F����
F�
7��
5��J�6���3����V��5�V�3��5�i� ��73 �3
7�� E���3�����V���73 ��p3	G3 (Johnson et al., 1999)
����E�C��	���7���3[V���V��C��������UV���V�������	�7����G��F7�����7 �U���������
_23��
DCDb���V�
	7��r ;C��t��6�
UV��
����V��G���2��75C3G��5� �56�
��3
FG��V�2��7r iCG����[c3�
U�2�G
6�6��5���V
���3�3�[c3CG�� 4[V������7�3��V�����23CG�3�����
�
��3
FG ��
��C���
�������
FG�[� �56
��
DCDb��
UV��
��	7��r �U� �����7�3 Hippocampus  �56��������7�33�c��UV������5��
U�
�b���3E�C��	�i�D6�7�E52�G��������
_CG�3��
�
��3
FG�56����Db�5C5�i�CG�� (Broholm et 
al., 2004) �563��D��3�c�����7���UV���V�������	��G��F7�����7 �����7�3 Hippocampus D6��Db�3�3
5C5� ��73 23�3BJ����V�����B����[c3�����7�3 Hippocampus D6���C��
�C	��5��563cb��3��5C5� 
��p3	G3 (Trollor and Valenzuela, 2001) �56D����
�[�J���
�b���3��������7�3 Hippocampus 
23CG�3��
�
��3
FG�56����Db���7� �����7�3 Hippocampus Db���p3	G������� Nitric Oxide (NO)
��p3��
�UV��
6���23��
�7���RR���
6��� (Huang and Lee, 1995) �56��������7� NO �b�
�3G���V��p3��
�
6	BG3��
�5�V���
�UV��
6����3�C�UV3r ���23�����7�3 Hippocampus CG�� 
(Prast and Philippu, 2001) ;C��455��
6���23�����7�3 Hippocampus D6�5�V���3i4�� nNOS 
�������V
���� Cytoplasm ����455� �56�
G�� NO ��2�G��p3��
�UV��
6���23�����7�3 
Hippocampus 23�
6�3��
DCDb��56��
�
��3
FG (Kulkarni and Sharma, 1993)  
 

D����
�[�J��B����	���� NO �b�2�G�
��7� NO ��p3���4�3B�F5���
6��V������b���R
23�
6�3��
	7��r �����V�������	��c�23�U��56��	�� ;C�23�U� NO D6��������V���G������

�D
�R�	�;	���
���562 (Greener, 2004) �5623��	��3�c3 NO D6�����23�5��r 
�
6�3��
���
7����� ��c�23CG�3�����
�b���3�����G3�5U�C (Snyder et al., 1998) 
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�F���BG���3 (Greener, 2004; Schuman and Madison, 1994; Snyder et al., 1998) 
6�U��3HB� 
(Rosselli et al., 1998) �56
6�
6��� (Hölscher, 1997; Snyder and Dawson, 2000) �	7
�3UV��D�� NO ��p3���4��V���
[V�����	��c3��� 
7�����i�7����
_�6�� NO i�G���23�455���UV��5�V�
�������UV�	G����
2�G��3iCG �	7�455�D6�
G�� NO �[c3;C�����3i4�� NOS ��p3	���
6	BG3;C�D6
���4�iC4� guanidine group ��� L-Arginine O2 �56 NADPH �56iCGE5E5�	�������p3 ���4 NO 
L-Citrulline �56 NADP+ (Alderton et al., 2001) 4[V���3i4�� NOS 3�c3 ����
_�7����iCG��p3 3 
�3�C iCG��7 neuronal Nitric Oxide Synthase (nNOS) inducible Nitric Oxide Synthase (iNOS) �56 
endothelial Nitric Oxide Synthase (eNOS) (Kulkarni and Sharma, 1993) �56�	756�3�CD6�b�
�3G���V�
G�� NO ��UV�DBC�
6������V�	�	7����3i�23�	756
���� 23�	756�����6�56
6	7��r 
C��3�c3 23��
�[�J����V�������V������
�
��3
FG�56��
DCDb���V�	7��r 23�����7�3 Hippocampus 
3�c3 ��V��3[V���V��
2�G�����32D�[�J��U� NO 4[V���p3��
�UV��
6����56��
�
6	BG3��
�5�V���

�UV��
6����UV3r 23�����7�3 Hippocampus  �	723��
�[�J� NO 4[V����
[V�����	��c3����56�5��
i�23��5���3
�C�
`� D[�	G���[�J�E7�3�����3i4�� nNOS 4[V���p3��3i4�� NOS �3�C��V�455�
�
6���23�����7�3 Hippocampus �5�V��������UV��
G�� NO (Schuman and Madison, 1994; 
Snyder and Dawson, 2007) D����
�[�J��
���������3i4�� nNOS 23�����7�3 Hippocampus 
�����	���5��r �3�C
��_[��3BJ����UV���
������
6��7����	�����B3G���56��	�����B����5����
�
������3i4�� nNOS ��V�	�	7����323
6��7�� 2 �7�����B ��73 23�3F Rats ��7� ��UV��3F Rats ��
���B����[c3D6���
������3i4�� nNOS 5C5� (Law et al., 2002) �	7D����3��D������c3�5����
��
���V��[c3�����3i4�� nNOS (Liu et al., 2003; Porta and Comolli, 1999) 23��6��V��
�C5��
23�3F Mice ��7���UV����B����[c3 D6���
���������3i4�� nNOS 5C5� (Colas et al., 2006) �	7
23�3BJ��3�c3��UV��b���
��
�������
���� nNOS 23�7�����B 12 ��3_[� 90 �̂ ��7� i�7������
�	�	7����3��c�23��7������B�56��� (Blum-Degen et al., 1999) ��p3	G3 C��3�c3 DBC�
6�������
��
�[�J��
���������3i4�� nNOS 23�����7�3 Hippocampus ��
������
6��7��;���7�56
;��7�33�c3 ��UV�2�G��p3�G��F5�Uc��	G323��
	
�D���
������3i4�� nNOS 23�����7�3 
Hippocampus ��UV���V�������	�����B����[c3 

 
��
�[�J�3�ciCG�b���
3�Db�3�3�455��
6���23�����7�3 Hippocampus ���;���c����

�7�����B23�	756
���� ��7� Db�3�3�455��
6������;���7 (���B�����7� 10 �̂) ��Db�3�3
�����7�Db�3�3�455��
6������;��7�3 (���B�
6��� 1 �)̂ 23
���� CA3  �56��UV���
������
������G������
����	_B��V���CD�� Immunoreactivity 	7� Anti-nNOS 23i4;��5��4[�����455�
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�
6�����������7�3 Hippocampus ��c�23;���7�56;��7�3��7� i�7�������	�	7������_�	�
��c� 3 
���� 23��6��V��
��
�������3�C�563cb��3����������7�3 Hippocampus 
6��7��;� 
2 
B733�c��7�������2�5G�������3��� 3��D��3�c3 E5��
�[�J�3�c�����7���UV���
�������
����
�����3i4�� nNOS 23�455��
6�����������7�3 Hippocampus 23;���V���B
B73�C�����3 ��7�
i�7�������	�	7������_�	�����
������3i4�� nNOS 
6��7����c� 3 
������������7�3 
Hippocampus _[���G�7���
�[�J�3�cD6i�7������	�	7������
���� nNOS 23i4;��5��4[�
����455��
6�����������7�3 Hippocampus ��c�23;���V���B
B73�C�����3�56;���V�����B�	�	7��
��3 ��7��i
�̀	�� E5��
�[�J���D��23��	���UV3�56�3BJ������c�2�GE5��V�	�	7����3�56i�7�	�	7����3 
C��3�c3 ���B��D��2�7��DD����V�b�2�G���C�����	�	7������
������3i4�� nNOS 23i4;��5��4[�
����455��
6�����������7�3 Hippocampus �̀iCG  
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 ������7��p3��V���V���C�[c3��UV���V�������	�����B����[c3 �5623��DDB�3 ���i�7����
_���5i���V
�37��C_[�����	B���5��J�6	7��r ��V��C��������UV���V�������	��7	��5��
U���H���
��UV���BC��c3	�3
��
��7	��5����
7�����iCG ��3����������	
��5���7�3	�c����	�s�3���V�����
6�3��
	7��r ��V
��p3����	B���������7 ��73 Sohal, 2002a; 2002b; Sohal, 1995�57���7�������7������	B
�3UV����D����
���C���6 Oxidative stress ��p3��5�3�3 �
U���D���CD����������������i�;�
��3�C
���3UV��D�� Oxidative stress (Sohal, 1995) ��p3	G3 23�������������
_�7�5��J�6���
������7���iCG��p3 2 � �U� ���V 1 ��UV�����
	������455����C�[c323�����62Cr �̀	���b�2�G
�����63�c3r �b���3�
U���
F�
7��5��J�6��VE�C��	�i� D6��p3����	B2�G������7�����V�������	3�c3r 
���V��[c3	��5b�C�CG�� �56���V 2 �U���
��V��V�������	3�c3��C�5��J�6���������7����� ��73 �3

7�� E���3�����V���73 ��p3	G3 (Johnson et al., 1999) 
 

23�7�3���;�3�c3���i�7����
_
6B���B��V�7����G��F7����
�iCG��7���373�3 ��73 Geelhoed, 
1996 3�c3iCG�b���
�C5��;C�_U��7�;���V�����B�����7� 6 �̂ 6 �CU�3��p3;���7 23��6��V Malhi et 
al., 2006 iCG_U����;���V�����B�
6��� 13-14 �^����p3	G3�23��
�[�J�5��J�6���
6
�U��3HB����;���7 ;C�	����	��5G�;�D6����
_������	��F7iCG�
6��� 22 � ̂ �56�����B�t5�V���F7��V
�
6��� 7 �̂ 23��6��V�3BJ��3�c3_U��7��
�V���G��F7����
���UV����B 65 �^�[c3i� (Innvista, 2007) �56D6
�����B�t5�V���F7��V�
6��� 77 � 79 �^ �	7D����
��D����7� ������UV��_�����������c�CG�3������
�56�
6���H������
�b���33�c3D6�
�V��iCG23�3BJ����V�����B 50 �̂�[c3i� (Trollor and Valenzuela, 
2001) �7�323�B3����V_U��7�����	�7����G��F7����
��U��B3����V�����B 10 �̂�[c3i� (Baum et al., 2007; 
Pugliese et al., 2007) 4[V�23�B3��3�c3D6�����B�t5�V������7� 20 �̂ 23�����3HB��3�C�5̀� (Toy breed) 
13 - 14 �^ 23�����3HB��3�C�5���56 7 - 8 �̂ 23�����3HB��3�C2�R7 ��73�C��������4[V�D6_U��7�
��p3����
���UV����B 10 �̂�[c3i���73��3 (Gunn-Moore et al., 2006) �	7���3�c3D6�����B�t5�V���F7��V
�
6��� 25 �̂  
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 ��UV���V�������	�7����G��F7�����7D6��5��J�6�56��RR��	7��r ���C�[c3 ��73 5��J�6���E���3��
��V���V���73 �
U� ��
�b���3���
6	7��r ��V�
�V�E�C��	�i� 
��_[� ��������
_23��
��C �
��3
FG 
�56DCDb���V�	7��r ;C��t��6�
UV��
����V��G���2��7 ;C�D6��7�23��V�������	��V�����B�7����G��F7����
�
D6����������
_23��
DCDb���V��75� �56�
��3
FG��V�2��7r iCG����[c3�
U�2�G
6�6��5���V���3�3�[c3
23��
�
��3
FG ��73 23EFG�F����B D6����R��CG�3��
DCDb��
UV��
��	7��r 23����	�
6Db���3 �56���
	G���
��3
FG��V�2��7r D6����������
_23��
DCDb���V3G����7���V�������	���B3G�� ��p3	G3 �56
3��D��3�c����������E�C��	����C�[c323
6�
6��������V�������	��V�����B����[c3��c����
�������56��
�b���3 ;C�23��7���������3�c3D6��7� �455��
6���23������Db�3�35C5� 
4[V�D6�7�E52�G��������
_23��
DCDb������
�Db�
6�6��c3 (Short-term memory) 5C5� 
��_[�
��������
_23��

65[�_[������
�Db���7�r ��������
_23��
��C��Gi��_�3��
���t��6
�3G� �
U�����	UV3	��23��
�5���3���3	
��5C5�iCGCG�� �563��D��3�c����7�E52�G��
��5�V�3
�����
�Db�
6�6��c3 (Short-term memory) ��p3�����
�Db�
6�6��� (Long-term memory) ���
�[c3CG�� (Zhang et al., 2007) �56D����
��VDb�3�3����455��
6���5C5�3�c �b�2�G3cb��3���56
�3�C�������5C5� D����
�C5����7� ��UV��b���
	
�D�������3BJ����
��������323
����7�����B �U� ����3B7���� (���B3G����7� 50 �^) ��EFG�F����B (���B�����7� 50 �̂) CG����
UV�� 
Magnetic Resonance Imaging (MRI) ��UV���
�������3�C�������23�	756�7�����B3�c3 D6
��7���UV��3BJ�������B����[c3D6���C��
���V��5�������� (Trollor and Valenzuela, 2001) 
;C��t��623
���������7�3 Cerebral Cortex  (DeLisi et al., 1997; Petten, 2004) �56��7����C
��
�C	����������7�3 Frontal lobe �7�323������c33�� (Neocortex) 3�c3 �7�3 Grey matter D6
���
����5C5������7�23��c3 White matter 23��6��V 
���� Limbic areas 3�c3 D6���
�C	��5�
��������7�3 Hippocampus ��UV��3BJ�������B����[c3CG�� (Trollor and Valenzuela, 2001) 
 

�56D����
5C5����Db�3�3�455��
6����56�3�C�563cb��3���������23��V�������	��V
�����B����[c33�c3 �b�2�G��7���UV���V�������	�7����G��F7����
� D6����
	��3��	7���V��
G��
U���3	
��
��V��_[�iCG�G�5� ��3��p3E5�3UV����D����
��V��	
���
�7��
6���
6����G�5� ;C�D6��7� 23
�3BJ����V�����B�
6��� 65 �̂ D6����	
���
�7��
6���
6����G�5��
6��� 5�10 % (Innvista, 
2007) 4[V��7�E52�G��
	��3���t��5�3���
7������G�5�i�CG�� �563��D��3�c��������7� 
��UV���V�������	�����B����[c3�
���������
�UV��
6���D65C5� ;C��56Db�3�3��� Receptor sites 
��V2�G23��

���RR���
6���23�455��
6������5C5����CG�� �56�455��
6�����V���B�����D
���C
����	_B�
U���
���3�C�[c3���23�455�;C�i�7�
�����	B�56�3G���V�����
��57�3�c �	7D6
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�7�E52�G�455��
6�����57�3�c�FR������������
_23��
�b���3�
U��b���3iCG3G��5� �56�����6

�����
FG�[�	7��r D6
�����
FG�[�iCG�G�5��
U���75� ��73 �FD6iCG��3�����iCG3G��5� 	�D6�����̀3
iCG3G��5� D�F�
��5�V3iCG��75� 5�c3
�
�iCG��75� ��p3	G3 4[V���57�3�c5G�3��E5�3UV����D����
��V
�455��
6���
�����
FG�[�	7��r 5CDb�3�35� �56����7�E52�G��
	��3���G�5����CG�� 
3��D��3�c�����;
���V������C��EFG�F����B iCG��7 Alzheimer}s disease, Parkinson}s disease �56 
Stroke ��p3	G3 4[V�;
���57�3�c
��_[���������
_23��

�
FG �
��3
FG �56DCDb���V�	7��r ��V5C5�3�c3
������CD������E�C��	���V�����7�3 Hippocampus �3UV��D�������7�33�c���3G���V23��
���B�
��
��5UV�3i�� ���B���
��C�������B�5������56��	��

�23
F��	7��r ��
�
��3
FG�56
DCDb��
UV��
��	7��r ��V ���C�[c323�C�	 
��_[���p3�����7�3��VD6�
G�������
�Db���V ���CD��
��	B��
��2��7 �56��7���������7�3 Hippocampus ���C������������
U�iCG
�����
�
6��
6��U�3r ��	����7����73 23EFG������V�
6��B�	���	BD3�b�2�G�7�3������;�����������
���i�D3i�7����
_�b���3iCGD6�7�E52�G�3r 3�c3i�7����
_DCDb��
UV��
����	B��
����V���C�[c3
2��7iCG �b�2�GEFG�����33�c3	�C��F7����	B��
��23�C�	 �56i�7�������
�Db����V������V�2��7r ��ViCG
��D��5���B�	���	B�
�c�3�c3 ��p3	G3 �563��D��3�c �����7�33�c����b��3G���V23�7�3�����
�
��3
FG
DCDb��UV��
��������V�	7��r ��c��UV�EFG�3��ViCG��D� �3�C�����	�� �3�C�����
UV���U� �
U��UV����
�_�3��V	7��r ���CG�� (Broadbent et al., 2004) 4[V���
�UV��
6�����V2�G23�����7�3 Hippocampus  
�U� NO 3�V3��� (Huang and Lee, 1995) �563��D��3�c NO ���_F�2�G��p3��
�
6	BG32�G�455�
�
6����5�V���
�UV��
6����3�C�UV3r ��������CG�� ��73 acetylcholine, catecholamine �56 
serotonin ��p3	G3 (Prast and Philippu, 2001) C��3�c3 ��UV���V�������	�����B����[c3 �455��
6���23
�����7�3 Hippocampus ��Db�3�35C5� �7���7�E5�
6�	7��
������� NO ��V2�G23��
�7�
�
6���
6���23�����7�3 Hippocampus ��UV�2�G�
G�������
�Db��56��
�
��3
FG��7���373�3   

 
E5�
6��3UV��D��������7��V�7�E5	7� NO 3�c3 D6��7� ��UV���V�������	�����B����[c3 �455�

�
6���23�����7�3 Hippocampus 5C5� ��������
_23��
�
G�� NO 5C5� D6�����
��
7��CG�3��
	��3��	7���V��
G��56��������
_CG�3��
�
��3
FG���C�[c3��F7���� 4[V��7�3�3[V�
37�D6���C�[c3D��E5�
6�D��������7��V�7�E5	7� NO �563��D��3�c �3UV��D�� NO ��p3���4��V��
�B����	���p3��
�3B�F5���
6 4[V���p3��
��V��UV�����
�6��23
7�����23�
������V���
6C��3[V�
D6�7�E52�G���C�������������7�455��56�3Uc���UV�iCG �56�����
����3����7� NO ��p3���4��V�����
23��7�����
��p3����	B2�G����
�5�V���
�;�3���3�C5C5� �56�����p3����	B�3[V������
���C
;
� Alzheimer}s Disease �56;
� Parkinson 23EFG�F����B���CG�� (McCann et al., 2005) D[���
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3����D���5���7�3�b���3��D����UV�	
�D���
������
������
6��7����V�������	����7�����B ;C�
E7�3�����
	
�D��C�
���������3i4�� NOS 23��	���5��r �3�C ��73 23�3BJ�� ��7� �
����
�����3i4�� NOS 23�����������	�	7����3��7��i�7��3���b���R
6��7���3BJ����V�����B�	�	7����3 
(0 � 90 �̂) (Blum-Degen et al., 1999) 23��6��V��
�C5��23�3F rats 3�c3 �5���7�iCGE5��V
�	�	7����323�5��r ��3��D�� ;C���3��D������c3
6B�7� ��UV��3F rats �����B����[c3 D6�����

�5�V���3i4�� NOS 23��������[c3	��i�CG�� (Liu et al., 2003; Porta and Comolli, 1999; Siles et 
al., 2002) �	723��3��D������c3�5�
6B�7���UV��3F rats �����B����[c3 D6����
�5�V���3i4�� NOS 
iCG5C5� (Joo et al., 2004; Law et al., 2000; Yua et al., 2000) ��p3	G3 D[����i�7����
_
6BiCG�37
��C_[�E5�
6�
6��7�����B��V���V��[c3��������5�V�3��5������
�5�V���3i4�� NOS �56��

�
G�� NO  
 

Hippocampus 

 

 �����7�3 Hippocampus ��p3�����7�3��V��7���7��V�BC23����o3���
 ��p3�7�3��� 
cerebral cortex �7�3 Archipallium ��V�G�3��G�i���F723 temporal horn ��� lateral ventricle ���CD��
��
��������455��
6���CG�323��� Temporal lobe ��������7�3�3G� 4[V� Temporal lobe 3Uc 
��p3�����7�3��V���3�C2�R7��V�BC�56��F7CG�3�3G�������� ;C������7�3�3G�3�c3D6�
6��i�
CG�� Cerebral hemispheres, Limbic system, Thalamus, Hypothalamus �56 Corpus callosum �56
�����7�3 Hippocampus 3�c��p3�7�3�
6���3[V�23 Limbic system  
 
 �����7�3 Hippocampus ��p3
������V��
F�
7��5��J�6�5G����U���G� (horseshoe-shaped) 
�3�C2�R7 ���	����F72	G Corpus callosum �56����
_������7�3 Hippocampus iCG23��	���5�c��
5F�CG��3��B��3�C ;C�D6������7�33�ciCG23;�CG�� ;C�23;�3�c3�����7�3 Hippocampus D6
��5��J�6���U�3����V�23�
6U� �G� �56�B3�� �56��5��J�6�5G������V�23�3 �56����
�7�3 Hippocampus �����	���5�c��5F�CG��3�3�c3 ;C���V�i�D6��
F�
7��;�G���p3
F�	��4� (C-shaped) 2 
�G��  E����� hippocampus D6�� white matter ��r �5B���F7�
����7� alveus  4[V��7�3�3[V� ��� alveus 
D6 cross midline i���p3 commissure of fornix ��UV���UV����c� 2 �7�3i�GCG����3 �7�3��Vi�7 cross 
midline D6
����p3�7�3��V�
����7� frimbria �56 frimbria 3�cD6	7��3UV��i���p3 fornix ;C�i���c3�BC
��V mammillary body �����7�3 Hippocampus ��DBC�
�V�	G3��F7��V Subcortical piriform area �56��F7
2�5G�� Amygdala 23��������B3�� ��� �56�3BJ�� D6������7�3 Hippocampus ��F7
����2	G 
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Corpus callosum �7�323;��56�
6U�D6������7�3 Hippocampus ��F723�Uc3��V�7�3 Inferior 
horn, posterior horn D3_[�
���� 	�3�G����� body ��� lateral ventricle �56��F723	b���37�
	�357�� CG�323��� Caudate nucleus 23
����
6��7�� Caudate nucleus �������7�3 
Hippocampus D6� Choroid plexus ��� Lateral ventricle ��
��[c3�� �56D����
��V�����7�3 
Hippocampus ��5��J�6;�G�i�	��	b���37���� Lateral ventricle D[���7�23 Coronal section 
�������D6������7�3 Hippocampus ���	����F7��V	�33����E73����23	b���37� body ��� 
Lateral ventricle ;C�	b���37���V��F7D6�����3H��� Corpus callosum �56���	����F7
����	�357��
����E73������V	b���37� Inferior horn ��� Lateral ventricle 4[V�D6�	�	7��D��	b���37��������
�7�3 Hippocampus ��V�23�3 4[V�
�����7�32�R7��������7�3 Hippocampus 3�c3D6��F7�t��6
23 Inferior horn ��� Lateral Ventricle �56���3�C�5̀� (��5��

� ��5�V����
��D
�R �56��6, 
2543) 
 

 
 
I����X 1  ��C��7�33��������
6U��5�� 4[V�3b������7�3 Cerebrum �����UV����C2�G��̀3�7�3 

Lateral Ventricle (CA = Caudate nucleus, CF = Commissure of fornix, F = Fimbria, FB = 
body of fornix, FS = crus of fornix, H = Hippocampus, R = Rostrum of corpus callosum 
�56 SP = Septum pellucidum) 

 
��X��: ��5��

� ��5�V����
��D
�R �56��6 (2543) 

FB 

H 
FS 

F 

R 
CA 

CF SP 
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 �����7�3 Hippocampus 3�c3D6�b���3���V���G����
6�
6�����	;3��	���p3�5�� ;C�
D6
���RR���G��F5��V�7���D�������7�3 Temporal ��������7�3 Cerebral cortex �5G��b���

�
6D����RR��i�2�G���
6���
�����
FG�[��7�3	7��r ��73 ��
�����`3 ��
C��5�V3 �56��

~�� ��p3	G3 (Burnod, 1990) �56�����7�3 Hippocampus ����b��3G���V23��
���B���

��5UV�3i�� ���B�B�5������56��	��

�23
F��	7��r �b��3G���V���V���G������
DCDb�
�
UV��
����	B��
��	7��r 23�C�	 �56����b��3G���V��
�
��3
FGDCDb��UV��
��������V�	7��r ��c��UV�EFG�3��V
iCG��D� �3�C�����	�� �3�C�����
UV���U� �
U��UV�����_�3��V	7��r ���CG�� (Broadbent et al., 
2004)  
 

�����7�3 Hippocampus �
6��CG���455� 3 ��c3 �U� ��c33���BC (Molecular layer), ��c3
�5�� (Pyramidal cell layer) �56��c323�BC (Polymorphic cell layer) 4[V�23��c323�BC3�cD6
�
6��CG���455��
6��� (Pyramidal neurons) �56 Granule cells �563��D��3�c �����7�3 
Hippocampus �������
_�7����iCG��p3 3 
�����5��	���3���
D�C�
���	������455��
6��� 
(Pyramidal neurons) iCG��7 Dentate Gyrus (CG), Cornu Ammonis 3 (CA3) �56 Cornu Ammonis 
1 (CA1) �563��D��3�c������7�3��V�
����7� Subiculum 4[V���p3�7�3	7�
6��7�������7�3 Entorhinal 
Cortex (EC) �56
���� CA1 ��������7�3 Hippocampus CG�� ;C��455��
6���23�����7�3 
Hippocampus 23
���� DG 3�c3D6��p3 Pyramidal neurons 23��6��V23
���� CA3 �56 CA1 
3�c3D6��p3 Granule cells 4[V�23�	756
����3�c3D6��Db�3�3�455��
6�����V�	�	7����3���i� �56
����b��3G���V�	�	7����3i�23�	756
����CG��  
 

 
 

I����X 2  ��C�
����	7��r��������7�3 Hippocampus iCG��7 DG, CA3�56 CA1 
 
              ��X��: Deltagen Inc (2007)  
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I����X 3  ��C�	b���37���������7�3 Hippocampus 23�����3F Rats (CA1, CA2, CA3 = cornu 

ammonis fields 1�3, DG = dentate gyrus, EC = entorhinal cortex, f = fornix, s = septal 
pole of the hippocampus, S = subiculum, t = temporal pole of the hippocampus) 

 
��X��: Cheung and Cardinal (2005) 
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 ;C�D����
�[�J�23��c� 3 
������������7�3 Hippocampus ��7� 
���� Entorhinal 
Cortex (EC) ��p3
�����5��23��

��
6���
6�����G��F7�����7�3 Hippocampus �56
���� 
Subiculum ��p3
�����5��23��
�7��
6���
6������D�������7�3 Hippocampus (O}Mara, 
2005) 4[V�23��

��
6���
6���3�c3 
���� EC D6
���RR���
6���D���5��r �7�3���
���� ��73  Perirhinal Cortex �56 Prefrontal Cortex ��p3	G3 D��3�c3 �455��
6���23
���� EC 
D6�7��
6���
6���i������c3 Molecular layer ���
���� DG (Insausti, 1993) �56
���� CA3 
(Hasselmo, 2005) �56�455��
6���23
���� DG D6�7��
6���
6���i�����455��
6���23

���� CA3 ��73��3 D��3�c3 �455��
6���23
���� CA3 D6�7��
6���
6���i�2�G�455�
�
6���23
���� CA1 4[V��455��
6���23
���� CA1 3�cD6�7��
6���
6������i����
���� 
Subiculum ��UV��7��
6���
6������i����
�����UV3r 	7�i� �56D��
F�������
�7��
6��
�
6���i����
����	7��r ���23�����7�3 Hippocampus 3�c3 D[���D�
B���D
�
6�����V���C�[c3
iCG 4 ��D
 iCG��7 Perforant pathway, Mossy Fiber Pathway, Schaffer Collateral/ Associational 
Commissural Pathway �56 CA1- Subiculum � EC  

  
1. Perforant Pathway ��p3��
�7��G��F5��G��F7�����7�3 Hippocampus ;C� Axon 

D���455��
6��� (Pyramidal neurons) �56 Stellate cells 23�7�3 EC D6�UV3��3�
�
6�����G���	�C	7��� Granule cells ��V��F723
���� DG �56�UV3��3��
6�����G���
	�C	7����455��
6��� (Pyramidal neurons) ��V��F723
���� CA3 ;C� Perforant Pathway 
3�c3����
_�7����iCG��p3 Lateral �56 Medial Perforant Pathways (LPP �56 MPP) ;C�
�
����UV�	����3��
6����7�����V��D�� EC �7�3 Lateral �
U��7�3 Medial (LEC �
U� 
MEC) ;C���D
�
6���3�c��p3��D
�
���V����
�G3� LTP 
 

2. Mossy Fiber Pathway ���CD����
��V Axon ��� Granule cells 23
���� DG 4[V�
�
����7� Mossy fibres �b���
�UV3��3���G�i��7��
6���
6���2�G�� pyramidal cells 23

���� CA3  
 

3. Schaffer Collateral/Associational Commissural Pathway ��D
�
6���3�c
�
�V�	G3D�� axon D���455��
6���23
���� CA3 �UV3��3��
6�����G�i����
���� CA1 
;C���3��
6���3�c����c��7�3��V��D�������7�3 Hippocampus 4���C�����3 (Ipsilateral) 
�
U���DD6��D�������7�3 Hippocampus ���4���3[V� (Conlateral) �̀iCG ;C��
�����G3
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��3��
6���23�
6���
6���3�c��V����
�UV3��3�i���������7�3 Hippocampus ���4��
�3[V��7� Commissural fibres 4[V���D
�
6���3�ciCG_F�3b�i�2�G23��
�[�J����V������

�b���3��� NMDA receptor �� LTP �56 LTD  

 
4. CA1 - Subiculum - EC ��p3��D
�
6���D��
���� CA1 i����
���� 

Subiculum (Sb) ;C�D6��7� �455��
6����7�32�R7���
���� CA1 D6�UV3��3�
�
6���i����
���� Subiculum �56�455��
6���D����c����
����3�cD6�7��
6��
�
6���i���� EC  

 

 
 

I����X 4  ��C���D
�
6���
6�����V���C�[c323�����7�3 Hippocampus 
 

       ��X��: University of Bristol (2007) 
 
 �56��UV��b���
�[�J�_[��3G���V��
�b���323�	756
������������7�3 Hippocampus 
��7��455��
6���23�����7�3 Hippocampus ��������23��

��
6���
6���D��
�
6���
�����
FG�[�	7��r ��73 ��
�����`3 ��
~�� ��
C��5�V3 �56��

����E�� ���CG�� 
(Kesner et al., 2005) ;C��455��
6���23
���� CA3 D6
��G��F5��ViCGD����
�����`3�56��

C��5�V3 (Kesner et al., 2005; Rajji et al., 2006) D��3�c3D[��7��G��F5��ViCG3�ci�����455��
6���23

���� CA1 ��UV��7�	7��G��F5��ViCGi���������7�3�UV3r �56��̀�G��F53�c3r i�G23
F���������
�
Db� (Vazdarjanova and Guzowski, 2004) 3��D��3�c �����6
�����
FG�[�	7��r ����7��G��F5��ViCGD��
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��
~�� ��
�����`3 ��
C��5�V3 �����
���� EC 4[V�D��
���� EC 3�cD6�7��G��F5��ViCG2�G���455�
�
6���23
���� DG �56
���� CA3 CG�� (O}Mara, 2005) �56�����7��455��
6������

���� CA1 �b���3���V���������
�Db�
6�6��� ;C������V�������	���C������
��C�
U������B���
�[c3�7�E52�G��
�5�V���
�;�323
7�����E�C��	�i� �56i���C������
�7��
6���
6���
6��7��

���� CA1 �56
���� Subiculum ��V�������	3�c3D6���C����E�C��	����V���������
�Db�
6�6���
iCG (O}Mara, 2005) 
 

Nitric Oxide Synthase 

 
Nitric Oxide (NO) ��p3���4�3B�F5���
6��V������b���R23�
6�3��
	7��r ���

��V�������	��c�23�U��56��	�� ;C�23�U�3�c3��7� NO �����23CG�3�����
�D
�R�	�;	���
��
�562 �56������7�323�
6�3��
������3i�72�G�U�iCG
�E5�
6�D��������
��C�3UV����D��
E5�
6������V���C5G���56��
	�C��Uc� (Greener, 2004) 

 
�7�323��	��3�c3 ����
�G3������� NO ��p3�
�c��
�23CG�3�����
	��3��	7�

��
������56��
�b���3�����G3�5U�C (Snyder et al., 1998) 	7���D[���7� NO �����23

6��
�b���3	7��r ���
7����� ��c�23CG�3����F���BG���3 ;C� NO D6��G�i����7�323��
���B�
��
�b���3��� Macrophages, Neutrophils �56 Leukocytes ��UV���
	7��FG����Uc�i�
��  �����
�� 
�56�
��	 (Greener, 2004) ���V���G���� Macrophage cytotoxicity (Schuman and Madison, 1993) 
�563��D��3�c NO �������������
_23��
�7�����V��
6���H������
�b�5���455��3Uc�����56��Uc�

���� macrophages ���CG�� (Snyder et al., 1998) �7�323CG�3���
6i�5����3;5��	 NO D6
��G�i������23CG�3 Penile Erection (Schuman and Madison, 1993) ��
�5��	������5G���3Uc�
�
�� ��
�5��	������5G���3Uc� Penile Corpus Carvernosum �56��
���B��
�C�3�5U�C (Kiechle 
and Malinski, 1993) ;C�23��
���C penile erection 3�c3������	B��D����
�
6	BG3��G3�
6��� 
pelvic nerve ;C���3i4�� nNOS �56�����7� NO ������7�3���V���G����
6����C�3���2D ;C�
��7�����3BJ���FCC����4 NO D6���C����
����C�3�5U�C23�5�C�5U�C Pulmonary artery 5C5� 
�56�������
����������4 O2 ���V��[c3 (Kiechle and Malinski, 1993) 23CG�3���
6�U��3HB�  
��UV����C��
����3H� Acrosome ��V�7�3��������BD�D6�
G�� NO �������UV��
6	BG32�Gi�7���C��

�7�	�� Meiosis II �56��G��F7�
6�3��
	7��r �����
����3H�	7�i� (Rosselli et al., 1998)  
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���CG�3
6�
6��� ��7�23
6�
6����7�3�5�� NO ������b���R23��

�b���3��������7�3 Cerebellum ;C�E7�3��
�
6	BG3��� soluble Guanylate Cyclase (sGC) �56
��
��3�V��3b���� cyclic Guanosine Monophosphate (cGMP) (McCann et al., 2005; Vincent and 
Hope, 1992) �56�������7�����23��7��� Long-Term Synaptic Depression, Long-Term 
Potential of Synaptic Transmission (Kiechle and Malinski, 1993), Neurotoxicity, Plasticity 23
�����7�3 Hippocampus (Schuman and Madison, 1994) ����
�G3��7� ��UV����4��D35C	Vb�5� D6
���C��
5C	Vb�5���� NO CG�� 4[V��7�E52�G�455����455�23�����7�3 Medulla Oblongata ��V����V�
��	
���
���2D2�G����[c3�56����[c3 �563��D��3�c NO ����b��3G���V��p3��
�
6	BG3��
�b���3
�����
	7��r (��73 Guanylate Cyclase) �56��p3��
����c���
�b���3�����
���3�C (��73 
��3i4�� Cytochrome oxidase) ��p3	G3 (Ledo et al., 2004) �56�����7�23�B��7�3�������D6��
��
�
G�� NO �������UV��
6	BG3��
�5�V���
�UV��
6����5��r �3�C ��73 Acetylcholamine, 
Catecholamine, Serotonin, Histamine �56 Adenosine (Prast and Philippu, 2001; Snyder and 
Dawson, 2007) 3��D��3�c NO ����b��3G���V���B��
������� hypothalamic peptides ��VD6�5�V�
����� ���B���
�5�V���
�;�3 Luteinizing hormone-releasing hormone (LHRH) 4[V���p3
��
�;�3���B���	��

���
D��F7�����	����c�23���EFG�56������� �56D����
�C5��23�3F rats 
��7� ��UV�����c���
�
G�� NO D6���C��
����c���
�5�V���
�;�3 Growth hormone (GH) �56����
����
����c���
�5�V� Somatostatin CG�� (McCann et al., 2005) ���23�����7�3 Hippocampus NO 
�b��3G���V���V���G�����
6�3��
 LTP (Bon and Garthwaite, 2003; McCann et al., 2005) ;C� 
NO D6�b��3G���V��p3 retrograde messenger �7��23��
�7��
6���
6���D���455��
6���i���� 
Schaffer Collateral pathway 23�
6�3��
 LTP 23�����7�3 Hippocampus (Snyder and 
Dawson, 2007) �56�����
�
G�� NO �����D��
���� CA1 ��������7�3 Hippocampus ��UV�
����
�7��
6���
6���23�����7�33�c (Ledo et al., 2004) �56D����
�C5��t�C��
����c���

�b���3�����3i4�� NOS D6�7�E52�G���C��
����c��
6�3��
 LTP CG�� �56���� hemoglobin 
�56 oxymyoglobin ��V����
CFC4[� NO D6����������
_23��
�7��
6���
6���� LTP 
5C5�CG�� (Prast and Philippu, 2001)  

 
D����
�[�J��B����	���� NO �b�2�G�
��7� NO ��p3���4��V���
[V�����	��c3��� �57���U� 

��UV��455������V�������	�
G�� NO �[c3�� ���4�3�C3�cD6��
7E7�3E3���455����i���UV�i�����455�
�������� �56D6�5��i����23��5������ 5 � 10 ��3�����7�3�c3 (McCann et al., 2005) 
7�����D6i�7
����
_�6�� NO i�G���23�455���UV��5�V��������UV�	G����
2�G��3iCG (Ledo et al., 2004) �	7
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�455�D6�
G�� NO �[c3;C�2�G��3i4�� Nitric Oxide Synthase (NOS) ;C���3i4�� NOS ��p3
	���
6	BG323��
�
G�����4 NO CG����
���4�iC4� guanidine group ��� L-Arginine O2 �56 
NADPH �56iCGE5E5�	�������p3 NO L-Citrulline �56 NADP+ (Alderton et al., 2001) �56���
��7���UV��
G�� NO iCG23
6C��3[V�4[V��������	7�����	G����
���
7������5G� NO ��V��5U�D��
��
2�G��3D6�G�3�5�i�����c���
�b���3�����3i4�� NOS ��� (Poulos, 2005) C��3�c3 ���
	G����
�[�J���
�b���3 
������VE5�	 �56�
������� NO D6	G���[�J�E7�3�����3i4�� NOS 
(Kulkarni and Sharma, 1993)  

 

 
 

I����X 5  ��C������
�����
�
G�� NO ;C�����3i4�� NOS ��p3��
�
6	BG3 
 
                    ��X��: Alderton et al. (2001) 
 
 �	73��D���
6;��3�23CG�3	7��r ��� NO ��
6��
�b���3	7��r ���
7������5G� 
��
��V�455�����
E5�	 NO �����������3����	G����
D6�7�E52�G���C Neurotoxicity (Snyder and 
Dawson, 2007)  �56�����7� NO ����������
_23��

��	���� hemoglobin 23��̀C�5U�C�C�
iCG��7��
�C�
`� (Garcia and Stein, 2006) �56�������
_��G�
��	���� haem groups �UV3r 23
��3i4�����3�C ��p3��	B2�G��3i4��3�c3r i�7����
_�b���3iCG �56i���C������
���2D���
�455��7�E52�G�455�3�c3	��i�iCG 3��D��3�c�������
_�7�2�G���C��
	������455��
6��� 4[V���p3
����	B���;
� Parkinson}s disease iCG���CG�� (McCann et al., 2005) �56�3UV��D�� NO _F��
G��
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D�������
���4[V��
6	BG3;C���3i4�� NOS �56��3i4���3�C3�c���3�CD6�b���3��UV�_F��
6	BG3CG�� 
Ca2+ 4[V��� Ca2+ ��G��F7�455���� NMDA- Glutamate Receptors �56�������
�
6	BG3��
�b���3
��� NMDA- Glutamate Receptors  ������3i�D6�7�2�G���C����E�C��	�23�455��
6��� �
���
����E�C��	���733�c�7� Excitotoxicity 4[V���p3����E�C��	���V����23;
����
6�
6����5��r 
;
� ��73  AD, Parkinson}s disease, multiple sclerosis �
U� AIDS dementia ��p3	G3 (Ledo et al., 
2004) �5623;
� AD 4[V���p3;
����
6�
6�����V�b���R;
��3[V� ;
�3�c������	B��D��E5[� 
Amyloid ;C�D6��7�
����
�r E5[� Amyloid 3�c3���455� Astrocytes 5G��
������� �56
�455� Astrocytes ��57�3�cD6E5�	 Interleukin-1 (IL-1) 4[V���3�V��3b�2�G��3i4�� iNOS i��
6	BG3��

�
G�� NO ��p3����	B2�G���C��
	������455��
6���
�r E5[�3�c3 �56D����
�5�V� IL-1 ��UV�
���C��
��������
6�
6����7�3�5�� ��73 multiple sclerosis �
U� ��
��V����iCG
�����
�
6��
6��U�3��7��
B3�
� ��p3	G3 ��57�3�c5G�3�b�2�G��3i4�� iNOS �b���3�
G�� NO �����
��p3��	B2�G�455��
6���	��iCG��73��3 (McCann et al., 2005) 
 
 ��3i4�� NOS ���CD����

����3���;�
	�3 2 monomers �5����p3 dimer �U�
�
6��CG�� C-terminal Reductase domain �56 N-terminal Oxygenase domain (Andrew and 
Mayer, 1999) �563��D��3�c����� PDZ domains �56 CaM-binding site (Alderton et al., 2001) 4[V�
;�
��
G��D6�	�	7����3i�	���	7�3�C�����3i4�� ;C���V
���� N-terminal Oxygenase domain 
D6�
6��CG��
���� binding site ��� haem 23��6��V BH4 �56 L-Arginine D6��G�D���V
���� 
CaM-recognition site ��V��F7��V
���� C-terminal Reductase domain 4[V��
6��i�CG�� binding site 
��� FAD, FMN �56 NADPH C����C�23�����V 2 4[V�5��J�6C���57����� C-terminal Reductase 
domain 3�cD6�������5G���5[���;�
��
G����� Cytochrome P-450 Reductase �56
6��7�� 2 
domains 3�cD6��p3
������V CaM ��G��b������
��� (Andrew and Mayer, 1999) ��V
���� C-terminal 
Reductase domain D6��p3
������V����
�7�_7�����5�	
�3D�� NADPH i���� Cytochrome c 
��6��V 
���� N-terminal Oxygenase domain D6��p3
������V���C�����
�����5�V�3 L-Arginine 2�G
��p3���4 NO �56 L-Citrulline (Andrew and Mayer, 1999)  
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I����X 6  ��C��Db�5�������
6���Uc3s�3�����3i4�� NOS 4[V��
6��CG�� 2 �7�3 iCG��7 

Reductase domain �56 Oxygenase domain 
 
��X��: Castle and Sutter (2007) 
 
 ;C�����
_�7���3i4�� NOS ���iCG��p3 3 �3�C�5�� iCG��7 NOS Type 1 (nNOS), NOS 
Type 2 (iNOS) �56 NOS Type 3 (eNOS) 4[V��	756�3�C3�c3 D6�b��3G���V�
G�� NO ��UV�DBC�
6����
��V�	�	7����3i�23�	756
���� 23�	756�����6�56
6	7��r ��V�	�	7����3���i� ��73 nNOS 
��p3��3i4����V2�G23��
�
G�� NO 23�455��
6�����������7�3 Autonomic �56 Central 
Nervous System ;C�D6���3i4�� nNOS 23�
�����F�23�����7�3 Cerebellum Cerebral 
cortex Hypothalamus �56 Hippocampus ;C��t��6�455��
6���23�7�3��� Paraventricular 
�56 Supraoptic �563��D��3�c ������3i4�� nNOS _F��
G���[c323
6�
6����7�33����UV�
2�G���B���
�b���3����5G���3Uc��
���7�3	7��r CG�� (Alderton et al., 2001) 23��6��V��3i4�� 
iNOS (inducible Nitric Oxide Synthase) D6��������CG�3�F���BG���3 ;C�D6�b��3G���V23��

�
G�����4 NO ��UV���3�V��3b� macrophages 2�G�b���3 (Garcia and Stein, 2006) 23�7�3��� eNOS 
(endothelial Nitric Oxide Synthases) ��p3��3i4����V�
G�����4 NO ��UV�2�G23vascular smooth 
muscle �56 smooth muscle ��UV��b��3G���V��p3 vasodilator ����
_�
B�iCGC��	�
����V 1 
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L������X 1  ��C�
��56����C�����3i4�� Nitric Oxide Synthase 23��	���5�c��5F�CG��3� 
 

�3�C �3�C 
(Db�3�3�
C�6��;3; kDa) 


������V�iCG 

NOS Type 1; 
nNOS 

 
 
 

NOS Type 2; 
iNOS 

 
 

NOS Type 3; 
eNOS 

160 
 
 
 
 

135 
 
 
 

130 

�455��
6��� (neurons), Photoreceptor Inner 
Segments, �455�23E3��
6����C�3����
, 
�455�23E3��
6����C�3���2D, �5G���3Uc�
5��, Endothelium �56 mast cells 
 
Macrophages, Cardiomyocytes, Hepatocytes, 
Megakaryocytes, Keratinocytes, 
Chondrocytes, Vascular cells 
 
Endothelium cells, Gastrointestinal cells �56
�455��
6��� (neurons) 
 

 
��X��: Kulkarni and Sharma (1993) 
 
1.  nNOS (neuronal Nitric Oxide Synthase; NOS type 1) 

 
 �
6��CG���
C�6��;3�3�C 160 kDa �56���_U��7���p3��3i4�� NOS �3�C��V��
�3�C2�R7��V�BC���CG���3UV��D������
C�6��;3��� 300 	����G������6��V
���� N-
terminus CG�� �5623
���� N-terminus �����3i4�� nNOS ����� PDZ domain 4[V��b�
�3G���V��p3��V2�G��UV��	7�
6��7����3i4�� nNOS ��;�
	�3����5��r �3�C��UV�2�G��3i4�� 
nNOS ����
_��G��b������
���iCGi���V��[c3 (Andrew and Mayer, 1999) �56�3UV��D������

�G3��
�c��
�23�����7�3 Cerebellum D[��
����7� neuronal Nitric Oxide Synthase �	7
	7����������
�[�J��G3��G�D3iCG�
��7�3��D�������7�3 Cerebellum �5G��������
_
���3i4�� nNOS 3�ciCG��c�23
6�
6����7�3�5�� 
6�
6����7�33�� �56 

6�5G���3Uc� ;C�D6�23�455��
6��� (neurons) Photoreceptor Inner Segments 



 

20  

�455�23E3��
6����C�3����
 �455�23E3��
6����C�3���2D �5G���3Uc�5�� 
Endothelium mast cells �56 pyramidal cells (Lüth and Arendt, 2002) 4[V�23�7�3�����

�5�V���3i4�� nNOS 23�455��
6���3�c3 �����
�
G��23�����7�3 Cerebral cortex 
Hippocampus �56 Corpus striatum (Snyder and Dawson, 2007) ;C���3i4�� nNOS D6

��3G���V23��
�
G�� NO �[c3��UV�2�G��p3 Neuromodulator ��UV��
6	BG3��
�5�V���
�UV�
�
6���23�455��
6��� ��UV�2�G23�
6�3��
�b���3���V������
DCDb���V�	7��r �56��

��C���������	��

���������7�3 Hippocampus (Snyder and Dawson, 2007) 
23��6��V��3i4�� nNOS ��V
6�
6����7�33��D6�
G�� NO �[c3��UV�2�G��p3��
�UV�
�
6���23��
���B��7�3	7��r ���
7����� ��73 ���B���
�b���3����5G���3Uc��
�� 
���B���
��5UV�3i�����5b�i�G�56
6����C�3����
 �56���B���
�5�V���
�;�3
	7��r ��V���V���G����
6�
6��� ��p3	G3 �56
��_[����B���
���C Penile erection 23
���EFGCG�� (Andrew and Mayer, 1999) �56��3i4�� nNOS ����b��3G���V���V���G������

�
6	BG32�G���C���H�����	7��r ���3�C ��73 ����
�C�D̀�����G3�
6��� ��p3	G3 23
�455��
6�����7� NO D6_F��
G���[c3��UV� Glutamate receptors i��
6	BG3 NMDA 
receptors 2�G Ca2+ channels ���C��UV�3b� Ca2+ ��G��F7�455� (Ca2+- influx) D��3�c3 Ca2+ D6i�
�
6	BG3 CaM 2�G�b���3;C�D6i��
6	BG3��3i4�� nNOS 2�G�
G�� NO ����� (Necchi et 
al., 2002)  

 
2.  iNOS (inducible Nitric Oxide Synthase; NOS Type 2) 

  
 �
6��CG���
C�6��;3 135 kDa _F��G3��
�c��
�23�455� macrophages CG��
��	B3�c �
�c��
�D[�iCG�UV��7���3i4�� mNOS (macrophages Nitric Oxide Synthase) �	7
�3UV��D��23����5������
�G3��7���3i4���3�C3�c�����H�I235��J�6��3�V��3b���

��C��������F���BG���3 (inducible) ��3i4���3�C3�cD[�_F���5�V�3�UV�2��7��p3 iNOS 
(inducible Nitric Oxide Synthase) ;C��
�D6����
_���3i4�� iNOS 3�ciCG23�455��5�� 
r �3�C��V�b��3G���V ���V���G����
6�F���BG���3 ��73 Macrophages Cardiomyocytes 
Hepatocytes Megakaryocytes Chondrocytes Vascular cells �3�C	7�� r �56 Astrocytes 
(Lüth and Arendt, 2002) ��p3	G3 3��D��3�c �������
_���3i4�� iNOS iCG23�5G���3Uc�
�
�����23�5�C�5U�C�56E3��5b�i�G���CG�� 4[V���3i4�� iNOS ���23 Vascular cells 
Endothelial cells Cardiomyocytes �56�455��5G���3Uc��
��D6_F��
6	BG3��
�b���3iCGCG�� 
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inflammatory mediators �7�3���23�455� Macrophages 3�c3 ��3i4�� iNOS D6�b��3G���V
�
G�� NO �[c3����UV�2�G23�
6�3��
��3�V��3b�2�G���C��
�
G���F���BG���3 
 

3.  eNOS (endothelial Nitric Oxide Synthase; NOS type 3) 

  
 �
6��CG���
C�6��;3 130 kDa ;C�����
�G3��
�c��
�23 Vascular 
Endothelial cells ��3i4���3�C3�cD[����UV��7� eNOS (endothelial Nitric Oxide Synthase) 
3��D��3�c �
��������
_���3i4�� eNOS iCG23 Endothelial cells Gastrointestinal cells 
�455��
6��� �56Astrocytes (Lüth and Arendt, 2002) 4[V����4 NO ��V�
G���[c3;C�
��3i4�� eNOS 3�c3D6���3G���V�5����F723
6i�5����3;5��	 ;C� NO ��ViCG3�cD6i��b�
�3G���V�
6	BG3��
�C�56����	�������G3�5U�C 
 

 
 

I����X 7  ��C�;�
��
G�������3i4�� NOS ��c� 3 �3�C (nNOS, eNOS �56 iNOS) 4[V��
6�� 
CG���7�3�
6���5�� �U� Oxygenase, reductase, PDZ domains �56 CaM-binding site 

 

��X�� : Alderton et al. (2001) 
 
 �56D����
�[�J�;�
��
G���56��
�b���3�����3i4�� NOS ��c� 3 isoforms ��7� 
��3i4�� nNOS �56��3i4�� eNOS D6�b���3��UV�����
��G���D���� CaM 4[V�_F��
6	BG3��
�b���3
CG�� Ca2+ (Poulos, 2005) 23��6��V ��3i4�� iNOS D6�� CaM D���F7��V
���� CaM binding site 
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	5�C��5� (Poulos, 2005) �56D6_F��
6	BG32�G�b���3CG����
��3�V��3b�D��
6�F���BG���3 
(Necchi et al., 2002) D[���D�
�����3i4�� nNOS �56��3i4�� eNOS iCG�7���p3��3i4�� NOS � 
constitutive  NOS (cNOS) (Kiechle and Malinski, 1993)  
 
 23��
�[�J����V������
�
��3
FG�56�����
�Db���7� �����7�3��V�������b���R�56��p3
�����6�5����V�b��3G���V���V���G���U� �����7�3 Hippocampus �56��
��V�����7�33�cD6�b���3iCG
3�c3D6	G������� NO ��p3��
�UV��
6����562�G��p3��
�
6	BG3��
�5�V���
�UV��
6����3�C�UV3r 
CG�� �	7D6��7� ��UV���V�������	�����B����[c3 ��������
_23��
�
��3
FG�56DCDb���V�	7��r D65C
3G��_��5� 4[V���D������	B�3UV����D����
�FR�����455��
6���23�����7�3 Hippocampus �b�
2�G�
���� NO ��V�
G���[c3��UV�2�G23��
�UV��
6����56�
6	BG3��
�5�V���
�UV��
6����3�C�UV3r 
3�c3 ���
����5C5�i�CG�� D������	B��57�3�c��D�7�E52�G��UV���V�������	�����B����[c3 D6��
��������
_23��
�
��3
FG�56DCDb���V5C5� �56iCG��3����������	
��5��r �7�3�b���
�C5��
�56�C��_[�������
E�3
6��7�����B�����	���C5��	7��r ���
������� NO 23�����7�3 
Hippocampus E7�3�����
	
�D��C�
������3i4�� nNOS ��UV�2�G��p3�G��F5��UV��;��i�_[�
��������
_23��
�
��3
FG�56��
DCDb� ��73 ��
�C5��23�3F Rats ��7� ��UV��3F�����B����[c3D6
���
������3i4�� nNOS 23�����7�3 Hippocampus 5C5� (Law et al., 2002; Necchi et al., 
2002) �	7 Liu et al., 2003 �5���7� ��UV��3F Rats �����B����[c3��3i4�� nNOS 23�����7�3 
Hippocampus 5C5� ��p3	G3 �	7�b��
�23;�4[V���p3��	��2�R7�56������2�5G��������3BJ�� 
�����7��3F3�c3���i�7�����
���J�23��7������������3H�
6��7���
������3i4�� nNOS 23
�����7�3 Hippocampus �����B��V���V��[c3 ��UV��
6;��3�23��
2�G��p3s�3�G��F5 
 

 



 

�H����	6-.������� 

 

�H����	 

 
1.  LM���0���Wl��WX� 

  
 �����7�3 Hipocampus ���;�3����B 1 �^ (;��7�3) ��V_F��b���5623;
�a7���	�� D.
33�B
� Db�3�3 2 	�� �56;�3����B 10 �̂ (;���7) ��V_F��b���5623;
�a7���	�� �.����7�� D.
3�

������  
 
2. Antibodies 

  
 Polyclonal Anti bNOS/NOS-I D���
6	7���56 Biotinylated Anti-rabbit IgG D����6���

�J�� Vector Laboratories  
 

������� 

 

1.  ����]�/���/0�� Hippocampus ���45 

 
3b��7�3������;����5�6E���3���56�5G���3Uc������UV����C2�G��`323�7�3����6;�5�

�
�J6 D��3�c3���C�E73�6;�5��7�3��V�5B��������CG����V� �5�6 Dura mater �7�3��V�[C
6��7��
�6;�5���
J6�����������7��
6��C
6��� 	�C��G3�
6���������c� 12 �F7��� D��3�c3D[���
������c�5F����D���7���6;�5� CG����H���
3�cD6�b�2�GiCG�����������c�5F� 4[V�D6�
6��i�
CG�������7�3 Cerebrum, Cerebellum �56�G�3����	�C�����CG�� 3b�������c�5F�3�c3���5�6��UV�
�BG������7�3 Dura mater ��� 	�C Falx cerebelli 4[V���p3�7�3��V�3�	����� Dura mater ��V�b��3G���V
��c3
6��7�������7�3 Cerebrum �56 Cerebellum ���D����3��UV������������7�3 Cerebrum 
����� 	�C Falx cerebri 4[V��b��3G���V��c3
6��7�������7�3 Cerebrum 4��4G���56������D����3
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��UV����������c� 2 4��D����3 2�G�U�������� Cerebrum 4��4G���56������D����3��7��

6��C
6��� D6�����	��̀3�����7�3 Hippocampus ���	��;�G���p3
F���U���G���F7	
��5��
6��7��
������c� 2 �G�� �5�6�����7�3 Hippocampus �������7��
6��C
6��� ;C�3b�����7�3��� 
Frimbria 4[V���p3��UV��BG� Hippocampus �����CG�� ;C� �����7�3 Hippocampus ��V�5�6�����iCG
D6�� 2 4�� �U�4��4G���56��� 4[V������7�3 Hippocampus ��c����4����ViCG�����3�cD6��F7	�C��3 
�56��UV��	7���3CG����UV���r  
 
 

 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

 
 
 

 
 

I����X 8  ��C���c3	�3��
��̀	����7�������7�3 Hippocampus 
 
 

8b 

8e 

8d 

8a 

8c 
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I����X 9  �����7�3 Hippocampus ��
������
6��7���������;��7�3 (9a) �56;���7 (9b) 
 

9b 

9a 
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3b������7�3 Hippocampus ��ViCG�����4��4G���56������D����3 D��3�c33b������7�3 
Hippocampus �	7564�����7������p3��c3�5̀� r ;C��b��3C�����5�2�G�����7�3 Hippocampus 
��c3�
�����7�3	G3��p3�����5� 1 �5G�i57�
���5b�C������5�i��
UV��r ;C��b���
	�C�7�2�G�	7
56��c3�������3���c356 0.5 �43	���	
 C�������V 14 D��3�c33b���c3�3Uc� Hippocampus ��ViCG����G��F7
�
6�3��
�	
����3Uc���UV�CG����H���
�����
�~�3���3��	7�i� 
 

 
 

I����X 10  ��C���
	�C�7������7�3 Hippocampus ��UV���G��F7�
6�3��
��
�~�3���3�� 
 
2. ��.������L�����Wl��WX�J[����������������op��5��5 JM����Ml�L��JM�L0�\���l 

 
 2.1  �B7��5U���3Uc���UV� 6 ��c3D����c���C (�
6��� 12 ��c3) 

 
2.2  �������3Uc���UV� (Fixation) ;C�3b���c3�3Uc���ViCG����7233cb���~�
���5�3 10% ��UV���

�����56
��J��455��56�3Uc���UV���p3��5�3�3 18 ��V�;�� ��V�B���F���G�� 
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2.3  3b��3Uc���UV���E7�3�
6�3��
�	
����3Uc���UV�5̀����
�~�3CG����
UV�� Automatic 
Tissue Processing ;C��
6�3��
3�cD62�G��5��
6��� 20 ��V�;�� �56����c3	�3C��3�c 

 
2.3.1  5G���3Uc���UV� (Washing) ;C�3b��3Uc���UV���V��7233cb���~�
���5�3 10% ��5G��CG��

3cb��
6�� ;C����C3cb�i�5E7�3	5�C��5���p3��5� 2 ��V�;��  
 
2.3.2  �D�C3cb����D���3Uc���UV� (Dehydration) ��UV��	
����
G��2�G��
��V2�G����3Uc���UV� 

(Embedding Media) i���3��V3cb�23�455��56�3Uc���UV�;C�3b���c3�3Uc�i���7��5����5�D��

6C�	Vb�i��F�C��3�c 

 
��5����5� 70%  5 ��V�;��   1 �
�c� 
��5����5� 70%  2 ��V�;��  1 �
�c� 
��5����5� 80%  1 ��V�;��  2 �
�c� 
��5����5� 95%  1 ��V�;��  2 �
�c� 
��5����5� 100%  1 ��V�;��  2 �
�c� 

 
2.3.3  �b��3Uc���UV�2�G2� (Clearing) ��UV�2�G��
������V��p3	���5��23��
3b���
��V2�G���

�3Uc���UV���G��F7���23�455�����
_��G�i���F7���23�455�iCG ;C�23��V3�c��
������V�b�2�G2� 
(Clearing Agent) ��V2�G�U� i45�3 (Xylene) ;C�3b��3Uc���UV�i���723i45�33�3 1 ��V�;�� 2 
�
�c� 

 
2.3.4  ��
�4[���
�~�3��G��F7�3Uc���UV� (Infiltration) ;C�3b���c3�3Uc�����723��
�~�3

�5����5��B���F�� 50 - 52 �����45�4��� 3�3�
6��� 1 ½ ��V�;�� 2 �
�c� D��3�c3��UV�
���V���������
_23��
��
�4[������
�~�32�GC���V��[c3 3b��3Uc���UV���G���
UV���
�����
C�3�BRR����;C�2�G����C�3 15 ��3C�	7�	�
��3�c���p3��5� ½ ��V�;�� 
 
2.4  ����3Uc���UV�23��
�~�3 (Embedding) ��p3��
�[c3������3Uc���UV� ;C�3b��3Uc���UV���ViCG���[c3

�����23��7������56�57������CG����
�~�3��5� �5G��b�2�G��
�~�3
�r �3Uc���UV�5C�B���F��5�
D3��̀�	�� ;C�23��c3	�33�cD6�b�23��
UV�� Histoembedder  
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2.5  	�C�3Uc���UV�2�G��p3�E73�� (Sectioning) ;C�3b��3Uc���UV�235̀����
�~�3��	�C��p3
�E73��CG����
UV��i�;�
;	� (Microtome) ;C�	�C�3Uc���UV�2�G��p3�E73���
6��� 3 i��
�3 
��p35b�C�	7��3UV����3i� 

 
2.6  	�C�3Uc���UV��E73��3�i5C� (Affix) 3b��3Uc���UV��E73����ViCG���b�2�G�UC���CG����H�5 

��5����5� 50% D��3�c33b��E73�3Uc���UV�5�5��233cb��B73��V�B���F�� 40 � 45 �����45�4��� 3b��E73
�3Uc���UV�i�	�C5�3�i5C���G���V��CG�� Egg Albumin 2 �E73 �56	�C�E73�3Uc���UV�5�3�i5C���G�

�3�C����J Probe On Plus Slide   (Fisher Scientific, Pittsburgh, PA, USA) 2 �E73 ;C�	�C�E73
�3Uc���UV� 1 �E73	7� 1 �i5C� 

 
2.7  �G���� (Staining) 3b��E73�i5C���ViCG���G����;C��7������p3 

 
�E7�3Uc���UV�3�i5C���G���V��CG�� Egg Albumin 3b�i��G���� Luxol fast blue ��UV�

�[�J��7�3�
6��;C���V�i�����3Uc���UV��56�455��
6��� 
 

�E7�3Uc���UV�3�i5C���G��3�C����J Probe on Plus Slide  3b�i��G���� 
Immunohistochemistry ��UV��[�J�	b���37��56�
���������3i4�� nNOS  
 
2.8  ��C�
6D���C�i5C� (Mounting) 3b��E73�i5C���ViCGD����
�G��������CCG���
6D���C

�i5C�;C�2�G3cb��� Permount D��3�c33b��E73�i5C�i��[�J�CG���5G��DB5�

�3��2�G���
H

�C� 
 
 2.9  ��
3�Db�3�3�455� ;C�3b��E73�i5C���ViCGD����
�G��CG���� Luxol Fast Blue ���b�
��
3�Db�3�3�455��
6�����c���C23�	756
������������7�3 Hippocampus (DG, CA3 �56 
CA1) 4[V���H���
3��b�iCG;C�3�Db�3�3�455��
6�����c���C��V�23�	756
������������7�3 
Hippocampus  D��3�c33b�Db�3�3�455�������V3�iCGi����7��t5�V� ��UV�2�G�
��7�23�	756
���� 
23�3Uc���UV��E73�� 1 �E733�c3��Db�3�3�455��
6�����F723�
������7�i
 
 

2.10  ��
����
�6��������G���D�������
��� nNOS Immunoreactivty ;C�3b��E73�i5C���ViCG
D����
�G��CG���� Immunohistochemistry ���[�J�;C�2�G�5G��DB5�

�3��2�G��� (Olympus 



 

29  

BX50) �56_7��
F�CG���5G��C�D�	�5 (Olympus DP70 Cooled CCD) ��V����56����C 12.5 
megapixel ;C������ViCGD6��̀23
F�� TIFF fles �56_7�����23��c� 3 
������������7�3 
Hippocampus (DG CA3 �56 CA1) ��UV�3b����_7����ViCG������
�6��������G��G3�����
	�C��D��
�����
��� nNOS Immunoreactivity 23
����i4;��5��4[�����455��
6���;C�2�G;�
��
� 
Olympus Microimage 4.5 �56����
�6��23�455��
6���Db�3�3 10 ���
��4`3	����Db�3�3�455�
�
6�����c���C23�	756
���� �56�7�������G�����ViCG���37����p3���
��4̀3	� 

 
2.11  ��
����
�6���7�����_�	� ;C�3b��7���ViCG������
�6�����7�����_�	� CG��;�
��
� 

SPSS 11.0 ;C��b���
�b�3��� Independent Samples T-Test 4[V��7�������G���D�������
��� 
nNOS Immunoreactivity 23i4;��5��4[�����455��
6���23��c� 3 
������������7�3 
Hippocampus D6��C������23
F�����7��t5�V� ± SEM. ��V������UV���V3��7��� 0.05  
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I����X 11  ��c3	�3��
�b���3��UV�	
�D��C�
������3i4�� nNOS 2�����7�3 Hippocampus 23�	7
56
���� (DG, CA3 �56 CA1) 

 

 

0.5 ,.�. 

�B7��5U��Db�3�3 5 ��c3 

Paraffin Technique 
Luxol Fast Blue Staining Immunohistochemistry Staining 

3�Db�3�3�455�23�	756
�������
�����7�3 (Hippocapus) (
���� DG, 

CA3 �56 CA1) 

��C������G��� ;C�2�GDb�3�3 10% ���
Db�3�3�455��
6�����V3�iCG23�	756

������p3Db�3�3�455���V2�G23��

����
�6�� CG��;�
��
� Olympus 

Micro Image 4.5  
                   = 0                  = 100 
�56�b���
��C������G���;C���C����

��G���23�	756�455� 

3b��7�������G�����ViCGD������
�7�3 Hippocampus ��c� 5 ��c3����

�7��t5�V��56�7� S.E.M. CG��  
;�
��
� SPSS 11.0 



 

Y-6-.��K���	 

 

Y- 
 

D����
��V�3cb��3�� �56��C�3�C��������7�3 Hippocampus ��
������
6��7��;��7�3
�56;���7��7� �����7�3 Hippocampus ���;���c�����7�����B���3�C�563cb��3����V2�5G�������3 
C����C�23	�
����V 2  
 
L������X 2  ��C��3�C�563cb��3����������7�3 Hippocampus ��
������
6��7��;��7�3�56

;���7 
 
 ������G�� (cm) ������� (cm) (�	756�G��) 3cb��3�� (g.) (��c� 2 �G��) 

;���7 
;��7�3 

1 
1 

7-8 
7-8 

20 - 22 
16 - 20 

 

�56��UV��[�J��7�3�
6�����	����7�����������7�3 Hippocampus ���;���c� 2 �7��
���B ;C���
�G���� Luxol Fast Blue ��7� �����7�3 Hippocampus ���;���c� 2 �7�����B����
_
�7����iCG��p3 3 
���� �U� Dentate Gyrus (DG), Cornu Ammonis1 (CA1) �56 Cornu 
Ammonis3 (CA3) C�������V 12 
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I����X 12  ��C��7�3�
6������3Uc���UV������7�3 Hippocampus ���;��7�3��V�b�5������ 2 
(12a) �56�b�5������ 4 � 	b���37� DG (12c) 	b���37� CA3 (12e) �56	b���37� CA1 
(12g) ��
���������3Uc���UV������7�3�C�����3���;���7��V�b�5������ 2 (12b) �56
�b�5������ 4 � 	b���37� DG CA3 �56 CA1 	��5b�C� (12d 12f �56 12h) (Luxol Fast 
Blue Staining) 

12a 12b 

12c 12d 

12e 

12g 12h 

12f 



 

33  

;C�D6��7���c� 3 
����3�c3 �
6��CG���455��
6��� (Pyramidal neurons) �56 
Granule cells C�������V 13, 14 �56 15 

 

 
 

 
 
I����X 13  ��C���
	�C�� Luxol Fast Blue ����455��
6���23�����7�3 Hippocampus 23


���� DG ���;��7�3 (13a) �56;���7 (13b) 	��5b�C� CG���b�5������ 40 

13b 

13a 
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I����X 14  ��C���
	�C�� Luxol Fast Blue ����455��
6���23�����7�3 Hippocampus 23

���� CA3 ���;��7�3 (14a) �56;���7 (14b) 	��5b�C� CG���b�5������ 40 

14b 

14a 
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I����X 15  ��C���
	�C�� Luxol Fast Blue ����455��
6���23�����7�3 Hippocampus 23


���� CA1 ���;��7�3 (15a) �56;���7 (15b) 	��5b�C� CG���b�5������ 40 

15b 

15a 
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�56��UV��b���
3�Db�3�3�455�23�	756
����23�3Uc���UV��E73���	756�E73 �5G�3b����
�7���ViCG�����7��t5�V��
�����455��
6���23�	756
��������3Uc���UV��E73�� 1 �E73 ��7� 23
�56
����3�c3D6��Db�3�3�455��
6���i�7��7���3C����C�23	�
����V 2 
 

L������X 3  ��C���
��
������Db�3�3����455��
6���23�	756
������������7�3 
Hippocampus 
6��7��;���7�56;��7�3 

 
Db�3�3�455�23�	756�7�����B������ 
���� 

;���7 (�7��t5�V�) ;��7�3 (�7��t5�V�) 

DG 581.44  549.13 
CA3 189.22 153.57 
CA1 689.10 654.29 
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I����X 16  �E3�F����C�Db�3�3�455��
6������23�����7�3 Hippocampus ��
������
6��7��

;��7�3�56;���7 23�	756
���� 
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��UV��b���
	
�D���i5C���V�G��CG���� Immunohistochemistry �� Immunoreactivity 	7� 
Anti-nNOS ���C�[c3 �5G���7� 23
����i4;��5��4[�����455��
6���23�3Uc���UV����;���c� 2 
�7�����B23�B�
����;C���
����	_B��3cb�	�54[V�23 negative control D6i�7�
����	_BC���57�� C��
�����V 17 18 �56 19 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

 
 
 
 
I����X 17  ��C���
	�C�� Immunohistochemistry 	7� Anti-nNOS ����455��
6���23�����7�3 

Hippocampus 23
���� DG ���;��7�3 (17a) �56 negative control (17b) ��
������
��;���7 (17c) �56 negative control (17d) 	��5b�C� CG���b�5������ 20 

 
 
 
 
 
 
 

17d 

17b 17a 

17c 
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I����X 18  ��C���
	�C�� Immunohistochemistry 	7� Anti-nNOS ����455��
6���23�����7�3 

Hippocampus 23
���� CA3 ���;��7�3 (18a) �56 negative control (18b) ��
������
��;���7 (18c) �56 negative control (18d) 	��5b�C� CG���b�5������ 20 

 
 
 
 
  
 
 

18b 18a 

18b 18a 
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I����X 19  ��C���
	�C�� Immunohistochemistry 	7� Anti-nNOS ����455��
6���23�����7�3 
Hippocampus 23
���� CA3 ���;��7�3 (19a) �56 negative control (19b) ��
������
��;���7 (19c) �56 negative control (19d) 	��5b�C� CG���b�5������ 20 

 
 

 �56��UV�3b����_7����ViCGD���i5C���V�G��CG���� Immunohistochemistry ������
�6��;C�2�G
;�
��
� OMI 4.5 ��UV���
������������G������
����	_B23�455��
6�����������7�3 
Hippocampus 23�	756
����23�	756�7�����B �5G���7� 23i4;��5��4[�����455��
6����B�
�455�23�B�
����D6��
����	_B��3cb�	�5D�������
��� Immunoreactivity �	7D6��������G����	�	7��
��3���i�23�	756
���� ;C���UV�3b��7�������G���D�������
��� Immunoreactivity �����3i4�� 
nNOS ��ViCG���b���
��
������ 23�	756
����
6��7��;���7�56;��7�3 D6��7� 23��c� 3 

����i�7�������	�	7����3����_�	� (p > 0.05) C����C�23	�
����V 4 
 

19b 19a 

19d 19c 
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L������X 4  ��
������������G���D�������
��� Immunoreactivity �����3i4�� nNOS 23����
�7�3 Hippocampus 
6��7��;���7�56;��7�3 

 
������G���D�������
��� Immunoreactivity �����3i4�� nNOS 
���� 

;���7 (�7��t5�V� ± S.E.M.) ;��7�3 (�7��t5�V� ± S.E.M.) Sig. 

DG 22.98  ± 1.187 22.58  ± 0.998 .671 
CA3 22.37  ± 1.821 20.86  ± 1.582 .332 
CA1 22.26  ± 1.281 23.52  ± 1.735 .572 
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I����X 20  �E3�F����C�������G���D�������
��� Immunoreactivity �����3i4�� nNOS ���23
�����7�3 Hippocampus �����
������
6��7��;���7�56;��7�323�	756
���� 
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��K���	 

 

 23��
��D��3�ciCG�b���
	
�D��5��J�6�������������������7�3 Hippocampus23;�
�7�3�56;���7 ;C��b���
��C�3�C�56��V�3cb��3����
��������3 ��7� ���3�C�563cb��3��
2�5G�������3 D[���D�
B�iCG�7� ��V���B 1 �^ �����7�3 Hippocampus ���;�iCG�D
�R�F��BC�5G� �b�2�G
������2�5G�������;���V���B�����7� 10 �̂ �56��UV��b���
�[�J�;�
��
G�����DB5�����������	
�
�����7�33�c;C�2�G�3Uc���UV��G��CG���� Luxol Fast Blue �[�J����2	G�5G��DB5�

�3� ��7� 
;�
��
G����������7�3 Hippocampus �
6��CG�� 3 
���� �U� 
���� Dentate Gyrus (DG) 

���� Cornu Ammonis 1 (CA1) �56
���� Cornu Ammonis 3 (CA3)  ��73�C�����23��	���3�C
�UV3r ��ViCG����
�[�J� ��73 23�
6U��5�� (Swamp buffalo) (��5��

�  ��5�V����
��D
�R �56��6, 
2543) �3F rats (Rapp and Gallagher, 1996) �3F mice (Halbach and Unsicker, 2002) �56�G�� 
(Kupsky et al., 2001) ;C�D6���3�C�563cb��3���	�	7����3i�	���	7�3�C�56�3�C	�������	��
�	756�3�C  
 
 ��
�[�J�3�ciCG�b���
3�Db�3�3�455��
6���23�����7�3 Hippocampus ���;���c����
�7�����B23�	756
���� ��7� Db�3�3�455��
6������;���7 (���B�����7� 10 �̂) ��Db�3�3
�����7�Db�3�3�455��
6������;��7�3 (���B�
6��� 1 �̂) 23
���� CA3 4[V��5G���5[���
��
�[�J���� Rapp �56 Gallagher 23�^ �.�. 1996 4[V�iCG����
3�Db�3�3�455��
6���23����
�7�3 Hippocampus ����3F rats �56��7�23�3F Rats ��V�����B3G�� (���B 6 �CU�3) 3�c3 D6��Db�3�3
�455��
6�����V3G����7��3F Rats ��V�����B��� (27 � 28 �CU�3) 23
���� CA1 �56 CA3 ��73��3 �	7
D����
�[�J���� Halbach �56 Unsicker 23�^ �.�. 2002 �5���7���UV��3F Rats �����B����[c3
Db�3�3�455��
6���23�����7�3 Hippocampus 5C5�23�B�
���� 23��6��V��
�[�J�23�B3��
�5���7�i�7�������	�	7����3��7����3���b���R23��7����455��
6���23�����7�3 
Hippocampus ��UV��b���
��
������
6��7���B3�����B3G�� (3.4 � 3.5 �̂) �56�B3�����B��� (13 � 
15 �^ ) (Siwak-Tapp et al., 2006) 23�7�3���5�� Rhesus 3�c3iCG����
�[�J���
������Db�3�3���
�455��
6���23�����7�3 Hippocampus 23
����	7��r ��73��3 ;C��[�J���
������
6��7��
5�����B3G�� (0 - 4 �̂) ��5����7 (18 � 31 �̂) �56��7� 5�����B3G��D6��Db�3�3����455��
6���
�����7�5����723�B�r 
���� (Keuker et al., 2003) ��73�C�������
�[�J�23�3BJ����V��7� D6����

5C5�����455��
6���23
���� CA1 ��UV��3BJ�������B����[c3 �	7i�7������	�	7�����Db�3�3
�455��
6���23
���� DG �56 CA3 (Uylings and Brabander, 2002)  
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 E5D����
�� D� �3�c �� ���7 � ��UV � ��
� ���� ����� ��G������
���� 	_B��V � �� CD�� 
Immunoreactivity 	7� Anti-nNOS 23i4;��5��4[�����455��
6�����������7�3 
Hippocampus ��c�23;���7�56;��7�3��7� i�7�������	�	7������_�	���c� 3 
���� 4[V�E5
��
�[�J�3�c�	�	7��D����
�[�J�_[��
���������3i4�� nNOS 23�����7�3 Hippocampus 23
��	���3�C�UV3r ;C�E5��
�[�J�23�	756��3��D��3�c3�������	�	7����3i� ��73 23�3F Rats ��7� 
��UV��3F Rats �����B����[c3D6���
������3i4�� nNOS 23�����7�3 Hippoacampus (Law et al., 
2002) Amygdala (Joo et al., 2004) �56 Cerebellum (Yua et al., 2000) 5C5� �	7E5��
��D���UV3r 
23�3F Rats �5������
���V��[c3�����3i4�� nNOS 23�����7�3 Prefrontal Cortex (Liu et al., 
2004) Cortex Striatum (Porta and Comolli, 1999) �56 Hippocampus (Liu et al., 2003; Porta and 
Comolli, 1999) �7�3E5��
��D��23�3F Mice ��7� 23�����7�3 Cortex, Hippocampus �56 Brain 
stem ���
���������3i4�� nNOS 5C5���UV������B����[c3 (Colas et al., 2006) �7�3E5��
��D��23
�3BJ��3�c3��UV��b���
��
�������
���������3i4�� nNOS 23�����7�3 Cerebellar Cortex 
23�7�����B 12 ��3_[� 90 �̂ ��7� i�7�������	�	7����3��c�23��7������B�56��� (Blum-Degen et 
al., 1999) 4[V���C�5G����E5��
��D��3�c ������	7��p3��
�[�J�23�����7�3��V	7����3 
 
 3��D��3�c3 E5��
�[�J�3�c�����7���UV���
�������
���������3i4�� nNOS 23i4
;��5��4[�����455��
6�����������7�3 Hippocampus 23;���V���B
B73�C�����3 ��7�i�7��
�����	�	7������_�	�����
������3i4�� nNOS 
6��7����c� 3 
������������7�3 
Hippocampus 4[V��	�	7��D����
�[�J���� Liu et al. 23� ̂�.�. 2003 ��V��7�23�3F Rats ��V�����B
��� (24 �CU�3) 3�c3 D6���
������3i4�� nNOS �����V�BC��V
���� CA1 
��5����U�
���� DG 
�56
������V���
����3G����V�BC �U� 
���� CA3 23��6��V�3F Rats ��V�����B3G�� (4 �CU�3) 3�c3 D6��
�
������3i4�� nNOS �����V�BC��V
���� CA3 
��5����U�
���� CA1 �563G����V�BC �U� 
���� 
DG �	7��UV��b���
��
������
6��7�� 2 �7�����B �5���7�i�7�������	�	7����3����
����
��3i4�� nNOS 23�455��
6���23�	756
����23�����7�3 Hippocampus ��UV���
������ 

6��7���3F Rats ���B������3F���B3G�� (Liu et al., 2003) �5623�7�3����3BJ��3�c3 iCG����
��D��
_[��
���������3i4�� nNOS 23
���� CA3 �56 CA1 ��������7�3 Hippocampus ���
EFG�F����B (���B 52 � 79 �^);C���7� 23�455��
6�����������7�3 Hippocampus D6���
����
�����3i4�� nNOS 23
���� CA3 �����7�
���� CA1 (Doyle and Salter, 1997)  
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��G��
�[�J�3�cD6i�7������	�	7������
���� nNOS 23i4;��5��4[�����455�
�
6�����������7�3 Hippocampus ��c�23;���V���B
B73�C�����3�56;���V�����B�	�	7����3 ��7��i

�̀	�� E5��
�[�J���D��23��	���UV3�5623�3����c�2�GE5��V�	�	7����3�56i�7�	�	7����3 C��3�c3 ���B
��D��2�7��DD����V�b�2�G���C�����	�	7������
������3i4�� nNOS 23i4;��5��4[�����455�
�
6�����������7�3 Hippocampus �̀iCG ��7��i
�̀	�� iCG����
�[�J�_[��3G���V��
�b���3���
�����7�3 Hippocampus ;C� Kesner et al. 23�̂ �.�.2005 �56 Rajji et al. 23�̂ �.�. 2006 

����3�7��455��
6���23�����7�3 Hippocampus ���7�3���V���G������

��
6���
6���D��
�
6���
�����
FG�[�	7��r ��73 ��
�����`3 ��
~�� ��
C��5�V3 �56��

����E�����CG�� 4[V�
EFG��D����57�3�ciCG
����3�7��455��
6���23
���� CA3 D6
��G��F5��ViCGD����
�����`3�56��

C��5�V3 D��3�c3D[��7��G��F5��ViCG3�ci�����455��
6���23
���� CA1 ��UV��7�	7��G��F5��ViCGi����
�����7�3�UV3r �56��̀�G��F53�c3i�G23
F���������
�Db�	7�i� �563��D��3�c Vazdarjanova 
and Guzowski 23�^ �.�. 2004 iCG�57���7� �����6
�����
FG�[�	7��r ����7��G��F5��ViCGD����
~�� 
��
�����̀3 ��
C��5�V3 �����
���� EC 4[V�D��
���� EC 3�cD6�7��G��F5��ViCG2�G���455��
6���
23
���� DG �56
���� CA3 CG�� �5623�^ �.�. 2005 O}Mara 
����3�7��455��
6������

���� CA1 �b���3���V���������
�Db�
6�6���  
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 23��
�[�J�3�c��7� 5��J�6�������������c ��3�C�563cb ��3����������7�3 
Hippocampus 23;����B 1 �^2�5G�������;����B 10 �̂ �56��;�
��
G���3Uc���UV����DB5��������
���	
���73�C�����23��	���UV3 �56��UV��b���
�[�J�_[�Db�3�3�455��
6���23
����	7��r ���
�����7�3 Hippocampus 
6��7��;��7�3�56;���7 ��7� 23
���� CA3 ���;���7��Db�3�3
�����7�23;��7�3�5̀�3G�� 4[V���D������	B��D����
�b��3G���V�t��6���
���� CA3 23��	����V��
���B�������
��o3���VC���7�23��	�����B3G��  
 
 D����
�[�J�;C����3�� Immunochemistry ;C�2�G Anti-nNOS 23�
6�3��
 ABC 
��7� ��
����	_B��3cb�	�5���C�[c323i4;��5��4[�����455��
6�����V
���� DG CA3 �56 CA1 
4[V���UV���
������������G������ Imunoeactivity C���57��23�3Uc���UV�D������;���7�56;��7�3 
;C���
2�G;�
��
� Olympus Micro Image 4.5 �5G� i�7������	�	7����7����3���b���R����_�	� 
(p > 0.05) ��c� 3 
���� 4[V�i�7��p3i�	�����	�s�3��V	�c�i�G ��7��i
�̀	�� 23E5��
��D�����EFG��D��
	7��r ��V���
����3i�G ��7�����c���
������	�	7���56i�7������	�	7������
������3i4�� 
nNOS 23�455�����
6��7����	�����B3G���56��	�����B���  
 
 �56��Gi�7������	�	7������
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6�����������7�3 
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�
���� Glucose Transporter �
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1. �l^���5�/I�� 

 
 10% Formalin 
 
  37-40% Formalin     100  ��55�5�	
 
  3cb��5�V3       900  ��55�5�	
 
 
/��[�� Luxolws fast blue (QHI-M�P�	, 2545) 6-.��������[�� 

 
��UV��[�J��7�3�
6������3Uc���UV��56�455��
6��� 

  
 2.1  0.5% Lithium Carbonate Solution 
 

Lithium Carbonate       0.1 �
�� 
3cb��5�V3       200 ��55�5�	
 

 
 2.2  0.1% Luxol Fast Blue Solution 
 

Luxol Fast Blue      0.2 �
�� 
��5����5� 95%      200 ��55�5�	
 
10% Gracial Acetic acid     1.0 ��55�5�	
 

 
 2.3  0.1% Cresyl Fast Violet Solution 
 

Cresyl Fast Violet      0.2 �
�� 
3cb��5�V3       200 ��55�5�	
 

 
�7�33b�i�2�G�	�� 10% Gracial Acetic Acid 30 ��C �
��  
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 2.4  10% Gracial Acetic acid 
 

Concentrated Gracial Acetic acid    0.25 ��55�5�	
 
3cb��5�V3       0.25 ��55�5�	
 

 
��������[��/� Luxol Fast Blue 
 

1.  3b��i5C�i��D�C��
�~�3��� (Deparaffin) CG��i45�33�3 5 3��� 3 �
�c� �563b�3cb���G��F7
�3Uc���UV�CG����5����5�
6C�	7��r C��3�c 

 
Absolute Alcohol I     3  3��� 
Absolute Alcohol II     3  3��� 
Absolute Alcohol III     3  3��� 
95% Alcohol       3  3��� 
70% Alcohol      3  3��� 
Deionized distrilled Water    3  3���  
 

2.  ��7�i5C�23 0.1% Luxol Fast Blue ��V�B���F�� 57 �����45�4��� ��c�i�G�G���U3 
3.  ��7�i5C�23��5����5� 95% 3�3 5 3��� 2 �
�c� ��UV�5G�����7�3���3��� (Decolorized) 
4.  5G��CG����
�57��3cb��
6��i�5E7�3 2 3��� 
5. DB7��i5C�23 0.5% Lithium Carbonate Solution 3�3 30 ��3��� ��UV�5G�����7�3���3��� 

(Decolorized) 
6.  ��7�i5C�23��5����5� 70% �
6��� 2 3��� ��UV�5G�����7�3���3��� (Decolorized) 
7.  5G��CG����
�57��3cb��
6��i�5E7�3 2 3��� 
8.  DB7��i5C�23 0.5% Lithium Carbonate Solution 3�3 30 ��3��� �56��7�i5C�23

��5����5� 70% �
6��� 2 3��� 
9.  ��7�i5C�23 0.1% Cresyl Fast Violet Solution �563b�i����V�B���F�� 57 �����45�4��� 

3�3 6 3��� 
10.  5G�����7�3���3��� (Decolorized) ;C���7�i5C�23��5����5� 95% 3�3 3 3��� 2 �
�c� 
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11.  �D�C3cb���� (Dehydrate) CG����5����5� 100% 3�3 3 3��� 2 �
�c� �D�C��5����5��56
�b�2�G2� (Clearing) ;C���7�i5C�23i45�33�3 5 3��� 3 �
�c� 
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I�5Y��� �  

���56��H���
�G����CG����H���
�������F;3���;	�����	
� 



 

 

/�6-.��������[��/�J[����������������Z4�x�/4L5��/L�� 

 
��UV��[�J�	b���37��56�
���������3i4��3��;
3�5i3	
�����i4C�4�3���23i4

;��5��4[�����455��
6���23�����7�3 Hippocampus 
 
3.1  0.9% Sodium Chloride 
 
 Sodium Chloride     9.0  �
�� 
 3cb��5�V3�3�C Deionized      1.0 5�	
 
 
3.2  1 M sodium Hydroxide 
 
 Sodium Hydroxide     4.0 �
�� 
 3cb��5�V3�3�C Deionized      100 ��55�5�	
 
 
3.3  0.1 M Sodium Acetate 
 
 Sodium Acetate       13.608 �
�� 

3cb��5�V3�3�C Deionized      1.0 5�	
 
 
 3.4  50 mM KPBS 
  
  Sodium Chloride     18.0 �
�� 
  Dipotassium Hydrogen Phosphate   11.7 �
�� 
  Potassium Dihydrogen Phosphate    4.5 �
�� 
  �	��3cb��5�V3�3�C Deionized D3�
 2 5�	
 
  �
��7� pH 2�G��p3 7.4 �56�	
����
���	
��c���C 8 5�	
 
 
 3.5  Citric Buffer Solution 
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  ;C�23��c3�
�	G���	
��� 
  
   3.5.1  0.1 M Citric acid 
 
    Citric acid    0.21015 �
�� 
    3cb��5�V3�3�C Deionized    10 ��55�5�	
 
 
   3.5.2  0.1 M Sodium Citrate 
 
    Sodium Citrate    1.4705 �
�� 
    3cb��5�V3�3�C Deionized    50 ��55�5�	
 
   

D��3�c33b� 0.1 M Citric acid �
���	
 9 ��55�5�	
 ��E���� 0.1 M Sodium 
Citrate �
���	
 41 ��55�	
 �32�G��G���3 �56�
� pH 2�G��p3 6.0  

 
  3b���
������c���C��V�	
���i�G��̀i�G��V�B���F�� 4 �����45�4��� �56i�7��
��̀i�G

3�3���3��7� 3 ��3 
 

��������[��/�J[����������������Z4�x�/4L5��/L�� 
 

��3��V 1 
 

1. 3b��i5C� Probe on Plus slides® (Fisher Scientific. Cat#15-188-52; Fischer Scientific, 
Fairlawn, NJ.) 4[V�	�C�3Uc���UV��E73���5G� ��G����V�B���F�� 57 �����45�4��� 3�3 30 3��� ��UV�
�7��23��
�D�C��
�~�3��� (Deparaffin) 

2. 3b��i5C�i��D�C��
�~�3��� (Deparaffin) CG��i45�33�3 5 3��� 3 �
�c� �563b�3cb���G��F7
�3Uc���UV�CG����5����5�
6C�	7��r C��3�c 

 
Absolute Alcohol I     3  3��� 
Absolute Alcohol II     3  3��� 
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Absolute Alcohol III     3  3��� 
95% Alcohol       3  3��� 
70% Alcohol      3  3��� 
Deionized distrilled Water    3  3���  
 

3. 3b��i5C�5�	G�23 Citrate Buffer 3�3 20 3��� D��3�c33b��i5C���7��c�i�G23 Citrate 
Buffer 2�G��`3��V�B���F���G�� 3�3 20 3��� 

4. 2�G����� ImmEdge Hydrophobic Barrier Pen, (Vector Laboratories, Burlingame, CA, 
USA) ��
��3Uc���UV�3�i5C�  

5. ��7�i5C�23 50 mM KPBS 3�3 10 3��� 2 �
�c� 
 

 
6��7��3�c�	
��� 03.% Hydrogen Peroxide D���F	
 
 
  6% Hydrogen Peroxide      10 ��55�5�	
 
   50 mM KPBS      190  ��55�5�	
 
 

6. �b�D�C Endogenous activity ;C���
3b��i5C�i���723 0.3% Hydrogen Peroxide 3�3 
30 3��� �56
6��7��3�c�	
��� Blocking Diluent �56 Normal Blocking Serum D���F	
 
 

6.1  Blocking Diluent 
 

  50 mM KPBS      20  ��55�5�	
 
  Bovine Serum Albumin (BSA)     0.2  �
�� 
  Triton X-100      80 i�;�
5�	
 
  
 6.2  Normal Blocking Serum 
 
  Blocking Diluent      10  ��55�5�	
 
  Normal Goat Serum (Vector Laboratories, Burlingame, CA, USA) 
         150 i�;�
5�	
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7. 3b��i5C������23�3�3�3�56��C Normal Blocking Serum ���7��	�c���c�i�G3�3 2 
��V�;��23 Humid Chamber 

 

6��7��3�c�	
��� Primary Antibody Solution �b��
��DU�D�� Primary Antibody 2�G��

������G��G3��p3 1:200 �56 Negative Control 2�G��������G��G3��p3 1:1,000 �56 50 mM 
KPBS/Triton X-100 ;C��	
���D���F	
 
 
  7.3  Primary Antibody Solution 
 
   Blocking Diluent     10  ��55�5�	
 
   Normal Goat Serum (Vector Laboratories, Burlingame, CA, USA) 
          100 i�;�
5�	
 
 
  7.4  Primary Antibody 
 

 Rabbit Anti bNOS/NOS-1 (1 mg /ml) (Vector Laboratories, Burlingame, CA, 
USA)         10  i�;�
5�	
 

   Primary Antibody Solution     1,990 i�;�
5�	
 
 
  7.5  Negative Control 
 
   Rabbit IgG (5 mg /ml) (Vector Laboratories, Burlingame, CA, USA) 
          1 i�;�
5�	
 
   Primary Antibody Solution    5 ��55�5�	
 
 
  7.6  50 mM KPBS/Triton X-100 
 
   50 mM KPBS      2 5�	
 
   Triton X-100      400 i�;�
5�	
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 E��2�G��G���3CG����
UV�� Magnetic stirrer ��£33�3��7��3G�� 30 3��� 
 

8. 3b��i5C������23�3�3�3�56��C Primary Antibody 3�i5C���V	G����
�56��C 
Negative Control 3�i5C���V�b��3C2�G��p3 Negative control ���7��	�c���c�i�G�
6��� 12 ��V�;�� 
��V�B���F�� 4 �����45�4���23 Humid Chamber 
 

��3��V 2 
 

1. 5G���i5C�CG�� 50 mM KPBS/Triton X-100 3�3 10 3��� 10 �
�c� 
 

6��7��
��	
��� Diluent A ��UV�2�G�b��
���p3�7�3E����� Secondary Antibody 

Solution 2�G��������G��G3��p3 1:250 �56 Avidin � biotin � peroxidase complex ;C��	
���iCGD��
�F	
 

 
 1.1  Diluent A 
 
  50 mM KPBS/Triton X-100    10  ��55�5�	
 

Normal Goat Serum (Vector Laboratories, Burlingame, CA, USA) 
       150  i�;�
5�	
  
Bovine Serum Albumin (BSA)    0.1 �
�� 

  
 1.2  Secondary Antibody Solution 
 
  Diluent A      5  ��55�5�	
 

Biotinylated Anti-rabbit IgG (H+L) affinity purified made in Goat (5 mg /ml) 
(Vector Laboratories, Burlingame, CA, USA)    20 i�;�
5�	
 

 
2. 3b��i5C������23�3�3�3�56��C Secondary Antibody Solution ���7��	�c���c�i�G

3�3 2 ��V�;�� 23 Humid Chamber 
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6��7��
��	
��� Avidin � biotin � peroxidase complex 4[V�23��
�C5��3�c2�G�BC
��
UV���U� Elite ABC (Vector Laboratories, Burlingame, CA, USA) ;C��	
���iCGD���F	
 

 
  2.1  Avidin � biotin � peroxidase complex  
 
   Diluent A      5  ��55�5�	
 

Reagent A      2 ��C 
Reagent B      2 ��C 

 
 23��c3	�3��
��C D6	G����C Reagent A �5G�E��2�G��G���3�7�3 D[���C Reagent B 
���� 
 

3. 5G���i5C�23 50 mM KPBS/Triton X-100 3�3 10 3��� 2 �
�c� 
4. ��7�i5C�23 0.1 M Sodium Acetate 3�3 10 3��� 
5. 3b��i5C������23�3�3�3�56��C Avidin � biotin � peroxidase complex ���7��	�c�

��c�i�G3�3 1 ��V�;�� 23 Humid Chamber 
6. ��7�i5C�23 50 mM KPBS 3�3 10 3��� 
7. ��7�i5C�23  0.1 M Sodium Acetate 3�3 10 3��� 2 �
�c� 
 

 
6��7��3�c�	
��� 3,3} � diaminobenzidine ;C�2�G DAB Solution (Vector Laboratories, 
Burlingame, CA, USA)  D���F	
 
 
 7.1  DAB Solution (Vector Laboratories, Burlingame, CA, USA) 
 
  3cb��5�V3       5 �� 5 5� 5� 	 

  Stock Buffer      2 ��C 
  E��2�G��G���3D��3�c3�	��  

DAB Solution      4 ��C  
 E��2�G��G���3D��3�c3�	�� 
 Stock Hydrogen Peroxide     2  ��C  

63 



 

 

 E��2�G��G���3 D��3�c33b�i�2�G��3��3�� 
 
4[V�23��c3	�33�cD6	G���b�23��V�UC �56��
�	
���3cb���	G���	
���2�7��C�[��� �3UV��D�� 

DAB Solution ������i�	7���� 
 
8. ��C DAB Solution (Vector Laboratories, Burlingame, CA, USA) 5�3�3Uc���UV�3

�i5C����7�������	B�����
�����V���C�[c3 ;C�D6��7��3Uc���UV���	6��3��3cb�	�5���C�[c3  
 
4[V�23��c3	�33�cD6	G���b�23��V�UC �56�3UV��D�� 3,3} � diaminobenzidine ��p3��
�7��6�
`�

��V
G���
� C��3�c3 ��
��c��7�3��V��5U�5�23��C��c���
������3	
�� 
 
9. ��7�i5C�5�23 0.9% Sodium Chloride 3�3 5 3��� 2 �
�c� ��UV���BC�����
��� 
10. �G����4cb� (Counterstain) CG���� Mayer}s hematoxylin (Vector Laboratories, 

Burlingame, CA, USA) 3�3 5 3��� 
11. 5G���i5C�;C��
6��i�5E7�33�3 2 3���  
12. �D�C3cb���� (Dehydrate) CG����5����5�
6C�	7��r C��3�c  
 

��5����5� 70%   3�3  3  3��� 1  �
�c� 
��5����5� 95%   3�3  3  3��� 1  �
�c� 
��5����5� 100%   3�3  3  3��� 3  �
�c� 

 
13. �D�C��5����5��56�b�2�G2� (Clearing) ;C���7�i5C�23i45�33�3 5 3��� 3 �
�c� 
14. ��C���
����	��56��CCG���
6D���C�i5C� 
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I�5Y��� 5  

��H���
����
�6��������G���;C�;�
��
� Olympus Micro Image 4.5 

 



 

 

�����5��.O	5����[�/�4J�4��6��� Olympus Micro Image   
 

;�
��
� Olympus Micro Image 4.5 (OMI 4.5) ��p3;�
��
�D��
�J�� Olymus ��
DBC�
6������UV�2�G23��
����
�6�����_7�������������	
� 4[V����5��
F�� �	7�b��
���

�C5��23�
�c�3�c D62�G Histogram menu ��UV�3b�������
�6��������G������ Immunoreactivity ���
��3i4�� nNOS 23i4;��5��4[�����455��
6���23�����7�3 Hippocampus 23
���� DG, 
CA3 �56 CA1 4[V�iCG��D������;���7�56;��7�3 ;C��b���
�B7��5U����Db�3�3 6 ��c3 ;C�23 
Histrogram menu ���;�
��
� OMI 4.5 3�cD6�b���
�b�3���7�������G������
����_B��3cb�	�5��V
iCGD����
	�C�� DAB 23i4;��5��4[�����455��
6���D�����_7�� 4[V�23��
�C5��3�c D62�G
���_7����ViCGD���5G��_7�����C�D�	�5 Olympus DP70 ��V����56����C 12.5 megapixel ��V�3�[�23
� TIFF file ��UV�2�GiCG���_7����V������56����C�F�3�V3��� 

 
23��
����
�6��������G���3�c3����
_�7����iCG��p3 2 ��c3	�3 �U� ��
 Calibrate ����UV�

�b��3C��	
s�3 �56D��3�c3D[��b���
������G���	��	G����
 ;C�23��c3�
�3�c3 ��UV����C2�G
;�
��
�3�c��p3�
�c��
�	G���b���
 Calibrate ��UV�	�c��7���	
s�32�G��;�
��
������7�3 4[V��b�iCG
;C�23��c3�
�	G�����C file ���_7����V	G����
;C��5U���B��           D��3�c3�5U�� ¤Measure menu¥ 
3 Toolbar D��3�c3�5U�� ¤Calibration¥ �56 ¤Intensity¥ 	��5b�C�                                                                                                                            

 

 
 

I��Y�����X 51  ��C���
���C;�
��
���UV�	�c��7�������G��� 
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3�3G�D�D6�
����3G�	7�� Intensity Calibration �[c3�� D��3�c3�5U�� New menu 
�b��3C2�G��p3 free form �C�B�� ok  
 

 
 

I��Y�����X 52  ��C��3G�	7�� Intensity Calibration ��UV��b��3C�7�������G��� 
 

�5G�D[��5U�� ¤Options¦ menu¥ ��UV��b��3C�7� Input �56 Output �����
����
�6������
��G��� 4[V�D6��p3��
��
������;C�2�G;�3�����-Cb� ;C�D6	G��	�c��7�������G���2�G��F7
6��7�� 0 
4[V���p3�7�������G����F��BC _[� 255 4[V���p3������G���	Vb��BC ;C�23��
�C5���
�c�3�cD6��C�
E55��H������23
F�������
��4`3	�������G��� D[�	�c��7� 0 23�7�� Input  ��UV�2�G��p3	����3���
������G����F��BC �56	�c��7� 100 23�7�� Output ;C���UV���C�E5�����D6�����23
F�����7� 
100% D��3�c3�b���
	�c��7� input ��� Intensity ��p3 0 ��UV�2�G��p3	����3���������G���	Vb��BC �56
	�c��7� Output ��p3 200 4[V�D6�b�2�G��C�E5�����23
F���� 0% (�3UV��D�����;�
��
�iCG	�c��7�
i�G��p3��	
s�3 C��3�c3 23��
	�c��7�	������	G����
3�c3	G��5�7��C����c� ;C��5U���7���V	G����
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5 D��3�c3�5U���B�� ¤Delete¥ D��3�c3D[�	�c��7�	��	G����
iCG;C��5U���B�� ¤Add¥ ��UV����V��7���V
	G����
) 

 
 

 
 

 
 
 
 
 
 
 
 

 
 
I��Y�����X 53  ��C��3G�	7�� FreeForm Intensity Calibration ��UV��b��3C�7� input �56 output 

 
D��3�c3�5���B�� ¤OK¥ ��UV��3�[���
	�c��7� �56�5U�� unit name ��UV��b��3C�37������7���V

��C������ ;C�23��V3�c�b��3C2�G��p3 percent �56�b��3C�UV������
	�c��7�D��3�c3�5U���B�� 
¤Close¥ ��UV��3�[���
	�c��7�  

 

1 

2 

1 2 

68 



 

 

 
 

I��Y�����X 54  ��C��3G�	7�� Intensity Calibration ��UV��b��3C�37��	��	G����
 
 

�56�
�V���
����
�6��������G���D�����_7��;C�2�G Histogram based ;C��
�V�D����
�5U�� 
¤Count/Size menu¥ 3 Toolbar  

 

 
 

I��Y�����X 55  ��C���
���C;�
��
���UV���G�F7�
6�3��
����
�6��������G��� 

2 

3 

1 
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D6�
��� Count/Size window �[c3��  
 

 
 

I��Y�����X 56  ��C��3G�	7�� Count/Size 
 

�b���
�b��3C�7���V	G����
2�G;�
��
��b�3��;C��5U�� ¤Measure menu¥ 3 Toolbar 
����3G�	7�� Count/Size �5U�� ¤Select Measurement menu¥ D6�
����3G�	7�� Select 
Measurement �[c3�� �5U���7���V	G����
4[V�23��
�C5��3�c	G����
�U��7� Density (mean) D��3�c3
�5U���B�� ¤OK¥ ��UV�D��
	�c��7� 
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I��Y�����X 57  ��C��3G�	7�� Select Measurements ��UV��b��3C�7���V	G����
 
 

D��3�c3�5U���7�� ¤manual¥ 3�3G�	7�� Count/Size �56�5U���B�� ¤Select Colors¦¥ D6
�
����3G�	7�� Segmentation � (�UV������V	G����
����
�6��) �56�5U�� ¤Histogram based¥ ��UV���G�
�F7 Histogram based window �56����R5��J��         2�G�5U����V�B����R5��J��3�c  
 

 
 

I��Y�����X 58  ��C��3G�	7�� Segmentation ��UV��b��3C����V	G����
����
�6�� 
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D��3�c3�5����V���_7��;C��5U��
������V��
����	_B��3cb�	�5D�� Immunoreactivity ���
��3i4�� nNOS 23i4;��5��4[�����455��
6�����V	G����
����
�6�� ;C�23�B�
�������
���_7����V����3cb�	�523
6C���V	G����
3�c3D6��5�V�3��p3���C�  
 

 
 
 
 
 
 
 

 
I��Y�����X 59  ��C���
�b��3C����V	G����
����
�6�� 

 
��UV��b���
�5U����D3��p3��V��2D�5G� �5U���B�� ¤Close¥ ��UV���C�3G�	7���5U���� �56�5U��

�B�� ¤Count¥ ��UV�2�G;�
��
��b���
����
�6���7�������G��� �	7���	G����
�
��7�������G���
���
����	_B��3cb�	�523�	756�455�3�c3����
_�b�iCG;C� double lick ��V
������V	G����
 3
�3G�D�D6�
������
��4`3	�������G������
����	_B��3cb�	�523
����3�c3r �56���	G����
�
�
E5��c���C����
_CFiCGD����
�5U�� ¤View menu¥ 3 Toolbar ��� Count/Size window �5U�� 
¤Measureent data¥ D6�
����3G�	7����C��7�������G���23�	756�455������23
F����	�
�� 
�56����
_�7��7���ViCG23
F����	�
��i����;�
��
� Microsoft excel ��UV�3b��7���ViCGi�2�G23��

����
�6������_�	�	7�i�iCG ;C����C;�
��
� Microsoft excel D��3�c3�5������;�
��
� OMI 
�5U�� ¤File menu¥ 3 Toolbar ����3G�	7�� Measurement data D��3�c3�5U�� ¤Export Data menu¥
�G��F5��c���C23	�
��D6i��
�����F723	�
�����;�
��
� Microsoft excel 	7�i� 4[V�23��

�C5��3�c �b��3C2�G�b���
����
�6��;C��B7��5U���455��
6���23
���� DG ��Db�3�3 62 �455�, 

���� CA3 ��Db�3�3 17 �455� �56
���� CA1 ��Db�3�3 88 �455� (10% ����455��
6���
��c���C23�	756
����) ��UV���p3	����323��
��C����
��4̀3	���� nNOS immunoreactivity 23
�	756	����7���3Uc���UV� 
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I�5Y��� �  

�G��F5D����
����
�6��������G���D�������
��� nNOS Immunoreactiity 



 

 

L����Y�����X �1  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� DG ��c3��V 1, 2, 3, 4 �56 5 ���;���7 

 
DG ��c3��V 1 (%) DG ��c3��V 2 (%) DG ��c3��V 3 (%) DG ��c3��V 4 (%) DG ��c3��V 5 (%) 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

25.80 
27.68 
27.51 
27.77 
29.18 
27.39 
26.59 
25.86 
26.75 
25.49 
24.64 
23.98 
26.02 
22.98 
27.74 
22.66 
22.78 
25.67 
25.73 
24.56 
22.05 
22.76 
22.84 
22.76 

21.61 
25.78 
21.12 
21.47 
21.21 
21.22 
21.46 
23.40 
23.28 
23.16 
22.88 
23.82 
19.16 
19.14 
19.39 
19.00 
18.53 
18.91 
19.62 
20.71 
20.53 
20.76 
21.21 
21.49 

26.38 
28.08 
25.38 
26.98 
24.72 
29.99 
25.15 
26.57 
24.75 
25.17 
24.57 
24.58 
23.67 
26.35 
24.90 
24.66 
23.36 
24.78 
23.22 
23.99 
23.32 
23.28 
25.01 
23.47 

16.36 
16.51 
16.37 
16.41 
16.36 
16.73 
16.97 
17.93 
18.45 
17.82 
17.64 
17.32 
14.98 
14.98 
15.43 
15.99 
14.68 
14.74 
14.70 
14.42 
15.78 
15.94 
16.13 
15.75 

28.64 
31.47 
31.96 
29.15 
28.08 
32.47 
31.56 
39.60 
28.12 
25.38 
27.64 
31.00 
25.72 
27.00 
28.04 
27.76 
27.26 
26.13 
25.06 
25.07 
26.14 
27.82 
26.27 
26.57 

21.30 
20.26 
21.32 
19.81 
20.51 
20.46 
19.91 
21.05 
20.45 
20.44 
19.95 
19.88 
20.07 
20.56 
20.15 
20.04 
20.84 
20.63 
21.39 
18.77 
18.79 
18.81 
18.39 
18.78 

25.63 
26.21 
27.68 
27.67 
25.34 
23.60 
25.12 
26.83 
31.86 
29.20 
30.05 
29.84 
31.49 
30.85 
31.13 
31.27 
30.36 
31.61 
28.99 
26.87 
27.53 
27.13 
27.05 
27.68 

17.78 
18.20 
17.43 
18.31 
17.84 
17.64 
18.12 
17.34 
18.27 
17.43 
19.64 
20.05 
19.80 
19.96 
19.66 
20.29 
19.57 
19.45 
19.99 
20.15 
19.38 
19.33 
19.49 
19.17 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

18.94 
18.91 
19.53 
18.83 
18.94 
18.98 
18.92 
19.41 
19.00 
19.00 
19.19 
19.29 
18.83 
19.05 
18.65 
19.50 
19.43 
18.40 
19.39 
19.65 
19.62 
19.32 
19.39 
19.55 
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L����Y�����X �1  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� DG ��c3��V 1, 2, 3, 4 �56 5 ���;���7 (	7�) 

 
 

DG ��c3��V 1 (%) DG ��c3��V 2 (%) DG ��c3��V 3 (%) DG ��c3��V 4 (%) DG ��c3��V 5 (%) 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

23.36 
24.29 
25.63 
23.91 
22.99 
24.02 
22.57 
28.50 
26.92 
27.08 
28.09 
28.99 
27.42 
27.52 
26.56 
28.53 
28.87 
23.34 
24.41 
26.55 
22.63 
26.01 
25.72 

20.24 
23.21 
22.40 
21.21 
21.46 
20.87 
23.15 
24.06 
22.40 
23.54 
22.51 
21.02 
22.37 
22.62 
21.42 
21.61 
22.02 
21.15 
21.34 
23.69 
22.01 
25.87 
25.19 

24.94 
23.76 
24.03 
23.90 
23.45 
22.87 
23.10 
22.94 
22.82 
22.80 
25.13 
22.43 
23.08 
24.58 
23.64 
20.26 
19.62 
19.07 
18.88 
18.85 
18.19 
19.04 
18.59 

16.15 
15.72 
16.89 
15.50 
14.83 
15.21 
15.17 
16.19 
15.26 
14.01 
14.07 
13.66 
14.00 
13.72 
13.72 
17.30 
16.77 
16.23 
16.51 
16.34 
16.15 
22.15 
23.14 

25.92 
24.97 
25.05 
24.47 
26.08 
27.8 
27.35 
28.81 
27.05 
28.77 
27.57 
27.53 
26.16 
27.54 
27.79 
27.61 
29.48 
32.11 
34.32 
28.60 
30.10 
28.41 
33.86 

18.84 
19.13 
18.32 
18.39 
18.97 
19.41 
19.49 
19.33 
19.22 
19.01 
19.46 
19.23 
19.47 
19.50 
19.17 
19.08 
19.29 
19.68 
24.69 
23.56 
21.72 
21.54 
20.58 

26.46 
26.27 
30.50 
26.01 
27.74 
29.57 
27.96 
23.03 
25.13 
23.69 
23.39 
23.74 
24.29 
22.89 
22.96 
27.79 
30.18 
24.93 
25.09 
24.63 
24.32 
25.02 
25.29 

19.48 
19.60 
19.43 
20.04 
18.61 
18.51 
19.15 
19.54 
19.20 
19.30 
18.93 
19.20 
20.49 
19.16 
18.18 
18.94 
17.87 
19.71 
19.11 
19.58 
18.30 
20.09 
19.18 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

19.56 
19.68 
19.41 
19.30 
19.02 
19.34 
19.91 
22.74 
23.59 
23.64 
23.21 
24.27 
24.51 
24.19 
23.77 
23.43 
23.01 
26.11 
24.96 
26.13 
24.23 
24.70 
25.56 
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L����Y�����X �1  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� DG ��c3��V 1, 2, 3, 4 �56 5 ���;���7 (	7�) 

 
DG ��c3��V 1 (%) DG ��c3��V 2 (%) DG ��c3��V 3 (%) DG ��c3��V 4 (%) DG ��c3��V 5 (%) 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1 

;���7 
	����V 2 

;���7 
	����V 1 

;���7 
	����V 2 

;���7 
	����V 1 

;���7 
	����V 2 

25.13 
25.93 
24.93 
25.47 
25.12 
25.11 
26.34 
26.65 
25.14 
25.67 
26.33 
22.32 
25.86 
23.12 
22.80 
22.09 

29.97 
26.13 
23.91 
25.10 
22.86 
26.09 
28.57 
27.78 
26.08 
28.31 
26.23 
23.40 
21.91 
23.70 
20.74 
25.23 

26.63 
18.76 
23.71 
19.58 
17.54 
31.07 
24.73 
23.55 
26.41 
21.22 
19.29 
19.48 
16.63 
19.48 
25.14 
25.69 

22.73 
24.25 
23.40 
22.21 
22.89 
21.31 
21.15 
21.23 
20.97 
22.04 
21.62 
22.07 
20.22 
20.88 
26.08 
28.31 

31.03 
30.11 
31.79 
35.04 
32.87 
35.01 
31.20 
32.16 
32.28 
31.49 
32.95 
33.17 
29.99 
34.13 
30.74 
30.93 

20.68 
21.60 
20.75 
21.71 
21.70 
20.62 
21.32 
22.54 
23.15 
24.03 
22.80 
22.36 
21.88 
22.85 
23.10 
23.23 

25.65 
26.80 
24.94 
26.38 
25.51 
27.78 
23.66 
22.69 
22.14 
23.44 
21.44 
22.82 
21.63 
21.64 
26.08 
23.11 

19.59 
20.42 
24.12 
23.98 
25.25 
20.61 
25.04 
23.53 
24.22 
23.42 
21.39 
20.99 
21.49 
20.68 
21.10 
20.49 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

24.07 
25.42 
23.79 
24.25 
25.23 
23.26 
24.20 
23.21 
25.22 
22.60 
23.48 
23.25 
24.19 
23.43 
22.67 
24.52 
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L����Y�����X �2  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� DG ��c3��V 1, 2, 3, 4 �56 5 ���;��7�3 

 
DG ��c3��V 1 (%) DG ��c3��V 2 (%) DG ��c3��V 3 (%) DG ��c3��V 4 (%) DG ��c3��V 5 (%) 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

18.80 
19.43 
20.46 
18.06 
20.02 
18.97 
18.72 
19.20 
19.10 
18.47 
20.21 
17.76 
20.15 
20.40 
21.21 
20.58 
21.13 
20.44 
20.75 
20.33 
20.63 
19.80 
19.93 
19.95 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

23.35 
23.01 
21.70 
17.83 
19.64 
20.16 
18.53 
17.59 
18.13 
19.02 
18.92 
17.43 
16.86 
16.45 
17.65 
17.72 
19.43 
18.89 
18.29 
18.80 
17.79 
18.33 
18.08 
17.99 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

21.83 
21.39 
21.58 
21.48 
21.66 
21.27 
22.26 
21.26 
21.37 
22.73 
21.29 
21.28 
22.20 
21.94 
27.99 
30.35 
26.77 
27.06 
27.56 
28.24 
27.69 
27.89 
27.70 
27.53 

20.06 
18.99 
20.90 
20.01 
20.76 
19.78 
19.80 
20.10 
21.03 
20.03 
20.03 
20.04 
20.11 
16.99 
17.73 
17.82 
16.94 
17.97 
17.23 
17.32 
16.65 
19.74 
18.13 
17.75 

27.78 
28.13 
26.92 
26.16 
26.41 
25.46 
26.47 
24.35 
25.67 
22.75 
24.69 
22.67 
25.25 
23.16 
23.31 
27.06 
22.29 
25.81 
24.09 
21.49 
21.29 
20.23 
23.45 
20.01 

16.81 
16.86 
17.61 
16.41 
16.46 
17.25 
17.13 
17.32 
16.55 
16.69 
17.20 
17.28 
18.02 
16.67 
16.58 
17.53 
16.48 
17.73 
16.62 
17.76 
22.78 
21.47 
21.30 
19.03 

27.66 
26.92 
28.17 
24.56 
24.95 
24.58 
24.93 
23.97 
25.19 
25.69 
25.03 
24.35 
25.53 
25.66 
25.65 
24.66 
26.67 
24.93 
25.21 
24.99 
24.34 
24.78 
24.35 
25.68 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �2  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� DG ��c3��V 1, 2, 3, 4 �56 5 ���;��7�3 (	7�) 

 
DG ��c3��V 1 (%) DG ��c3��V 2 (%) DG ��c3��V 3 (%) DG ��c3��V 4 (%) DG ��c3��V 5 (%) 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

22.20 
22.02 
20.28 
20.65 
28.91 
29.39 
28.25 
28.88 
27.96 
29.50 
27.80 
29.82 
27.19 
27.31 
27.62 
26.76 
26.95 
27.85 
27.34 
26.28 
25.96 
27.03 
24.35 
26.53 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

18.88 
18.28 
18.24 
21.77 
20.32 
21.46 
22.23 
21.37 
21.96 
21.76 
20.52 
21.48 
21.56 
21.63 
20.83 
20.98 
20.89 
21.55 
20.93 
21.18 
21.99 
20.97 
21.21 
21.72 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

30.95 
26.17 
26.37 
27.48 
25.94 
26.36 
25.61 
27.83 
28.26 
28.00 
26.66 
27.64 
27.55 
26.69 
26.80 
26.92 
29.35 
27.64 
25.37 
24.98 
25.54 
26.53 
27.08 
29.04 

19.92 
17.93 
18.81 
18.52 
20.54 
18.36 
19.95 
18.84 
18.84 
20.39 
18.15 
19.94 
18.74 
17.46 
18.11 
21.62 
20.06 
16.66 
17.74 
24.00 
26.09 
22.33 
26.54 
26.76 

23.10 
23.26 
20.09 
24.03 
19.77 
20.39 
20.12 
25.75 
24.28 
25.37 
27.54 
24.04 
24.81 
23.33 
23.90 
23.99 
25.46 
28.71 
23.64 
22.37 
24.18 
23.62 
23.06 
23.02 

20.01 
19.50 
20.42 
18.49 
18.83 
16.90 
16.82 
16.83 
18.63 
16.18 
16.00 
16.64 
17.50 
16.67 
22.58 
19.48 
21.80 
22.17 
20.78 
25.36 
25.63 
26.43 
23.96 
22.11 

24.95 
24.53 
24.73 
24.23 
24.30 
24.67 
26.34 
25.13 
24.52 
23.26 
23.80 
23.00 
22.96 
23.11 
22.73 
25.10 
24.36 
26.20 
23.73 
23.78 
24.86 
24.82 
23.02 
25.36 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �2  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� DG ��c3��V 1, 2, 3, 4 �56 5 ���;��7�3 (	7�) 

 
DG ��c3��V 1 (%) DG ��c3��V 2 (%) DG ��c3��V 3 (%) DG ��c3��V 4 (%) DG ��c3��V 5 (%) 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

25.09 
24.41 
24.10 
25.72 
22.66 
24.79 
23.94 
24.39 
25.73 
23.08 
25.30 
23.61 
26.22 
25.21 
29.52 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

21.36 
24.36 
21.85 
21.27 
22.34 
18.76 
19.31 
19.01 
17.31 
18.02 
17.87 
23.86 
17.88 
25.21 
29.52 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

24.14 
30.68 
29.89 
29.56 
29.75 
29.33 
29.11 
32.37 
26.75 
27.32 
28.59 
28.42 
28.28 
28.36 
30.21 

30.04 
20.96 
21.36 
20.79 
20.70 
22.50 
20.37 
22.17 
19.55 
21.12 
20.09 
25.46 
23.18 
23.78 
23.09 

22.12 
23.12 
21.80 
22.46 
21.94 
22.09 
21.87 
21.70 
22.30 
24.58 
24.92 
23.61 
23.59 
23.29 
24.34 

21.60 
20.71 
21.83 
21.52 
21.54 
20.47 
21.54 
21.21 
20.37 
21.00 
21.28 
21.40 
21.41 
20.86 
20.29 

23.36 
23.68 
24.35 
20.40 
24.82 
22.30 
25.52 
22.48 
22.81 
22.14 
22.65 
24.07 
23.44 
21.51 
20.20 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �3  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA3 ��c3��V 1, 2, 3, 4 �56 5 ���;���7 

 
CA3 ��c3��V 1 (%) CA3 ��c3��V 2 (%) CA3 ��c3��V 3 (%) CA3 ��c3��V 4 (%) CA3 ��c3��V 5 (%) 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

26.72 
26.37 
27.21 
28.87 
28.19 
28.02 
26.79 
26.31 
26.12 
27.76 
26.25 
26.02 
28.98 
22.10 
23.36 
21.45 
23.35 

18.44 
18.66 
20.68 
21.71 
20.07 
20.47 
21.64 
20.19 
23.00 
21.57 
22.44 
23.35 
22.37 
21.79 
23.97 
22.86 
23.59 

27.14 
23.44 
23.46 
22.93 
22.47 
22.54 
17.76 
16.55 
19.27 
17.44 
16.45 
18.87 
17.33 
17.30 
18.33 
17.72 
22.78 

18.79 
18.31 
18.64 
18.32 
20.00 
17.19 
17.12 
16.91 
17.06 
16.82 
17.11 
17.00 
19.50 
20.31 
19.45 
19.64 
19.59 

39.19 
33.15 
41.89 
34.41 
36.32 
38.39 
34.97 
31.12 
30.19 
34.07 
28.02 
31.73 
28.70 
29.07 
31.28 
32.83 
30.10 

17.40 
16.99 
17.24 
17.41 
17.14 
16.14 
16.16 
16.24 
15.76 
16.18 
15.72 
16.08 
16.56 
16.17 
16.20 
16.06 
15.99 

27.08 
30.43 
27.50 
26.87 
28.95 
25.99 
26.23 
30.32 
26.36 
27.73 
25.37 
29.04 
30.78 
25.78 
26.10 
26.23 
26.60 

19.12 
19.15 
18.66 
19.64 
19.05 
19.10 
19.20 
19.10 
19.79 
18.16 
18.20 
17.92 
18.21 
17.56 
17.93 
17.41 
17.89 

20.55 
20.07 
20.76 
20.00 
19.75 
20.48 
20.03 
19.76 
19.18 
19.49 
19.40 
20.11 
18.26 
18.12 
18.49 
18.22 
17.99 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �4  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA3 ��c3��V 1, 2, 3, 4 �56 5 ���;��7�3 

 
CA3 ��c3��V 1 (%) CA3 ��c3��V 2 (%) CA3 ��c3��V 3 (%) CA3 ��c3��V 4 (%) CA3 ��c3��V 5 (%) 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

;��7�3
	����V 1  

;��7�3
	����V 2 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

21.15 
22.95 
22.39 
20.68 
21.65 
19.68 
20.09 
20.79 
22.73 
22.56 
24.25 
23.27 
22.33 
24.75 
23.80 
23.50 
22.95 

24.62 
26.10 
25.81 
26.46 
23.72 
24.24 
24.75 
23.11 
23.70 
23.40 
30.13 
30.35 
25.53 
25.71 
26.74 
24.85 
25.28 

22.14 
22.44 
21.84 
22.42 
22.61 
23.56 
22.77 
22.49 
23.05 
22.58 
22.19 
18.39 
19.27 
18.72 
18.80 
18.39 
18.82 

21.78 
22.47 
22.06 
22.17 
22.76 
23.00 
22.57 
22.82 
23.55 
23.53 
23.31 
24.04 
22.68 
28.17 
24.40 
25.22 
23.67 

15.37 
15.16 
14.93 
13.04 
14.58 
13.93 
13.23 
12.91 
13.48 
15.79 
14.56 
15.75 
15.60 
13.15 
18.68 
18.20 
18.38 

18.06 
17.93 
18.44 
17.63 
17.93 
17.95 
17.48 
18.73 
17.52 
16.41 
16.86 
17.51 
17.26 
17.04 
17.16 
17.63 
17.04 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �5  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA1 ��c3��V 1, 2, 3, 4 �56 5 ���;���7 

 
CA1 ��c3��V 1 (%) CA1 ��c3��V 2 (%) CA1 ��c3��V 3 (%) CA1 ��c3��V 4 (%) CA1 ��c3��V 5 (%) 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

20.17 
19.51 
21.18 
19.33 
19.57 
21.55 
21.31 
20.56 
21.24 
18.83 
19.50 
19.00 
17.75 
18.91 
21.46 
23.02 
24.02 
23.33 
22.90 
22.70 
22.72 
24.24 
23.96 
21.37 

24.45 
22.94 
25.01 
24.37 
24.66 
25.68 
22.23 
22.85 
21.33 
21.33 
21.15 
21.51 
21.28 
21.32 
21.34 
21.64 
21.41 
21.15 
20.50 
21.92 
22.80 
22.42 
22.09 
22.37 

20.25 
18.46 
18.31 
18.07 
17.71 
19.19 
18.23 
18.39 
19.65 
16.54 
21.43 
19.77 
22.11 
20.96 
21.33 
23.81 
20.47 
23.53 
20.88 
24.49 
21.16 
21.63 
21.45 
22.83 

14.12 
13.44 
13.58 
13.58 
13.83 
13.15 
13.54 
13.78 
14.17 
14.23 
13.22 
13.40 
13.04 
13.27 
12.96 
12.60 
12.76 
12.76 
12.64 
12.57 
12.52 
12.02 
13.11 
12.47 

23.21 
26.31 
24.45 
26.34 
25.30 
25.59 
24.39 
24.10 
26.79 
26.15 
25.09 
25.10 
24.66 
23.85 
23.94 
23.48 
24.32 
22.85 
24.24 
21.92 
21.58 
26.10 
26.08 
25.99 

18.12 
18.70 
18.13 
18.40 
17.74 
18.13 
18.50 
17.77 
17.89 
18.08 
19.35 
17.25 
16.77 
18.54 
22.14 
20.74 
21.36 
21.33 
20.13 
21.46 
21.32 
21.30 
22.21 
21.92 

24.38 
23.64 
25.37 
25.00 
22.75 
24.64 
23.70 
25.28 
23.68 
24.87 
23.84 
24.14 
24.26 
28.42 
28.40 
29.44 
27.96 
27.10 
26.68 
28.65 
25.02 
25.26 
24.46 
24.66 

19.50 
19.12 
20.03 
19.55 
19.73 
19.48 
19.65 
19.52 
19.69 
20.35 
20.37 
20.75 
20.95 
20.38 
20.94 
20.20 
20.63 
20.36 
20.74 
20.27 
20.49 
20.24 
20.18 
19.86 

20.16 
18.83 
18.56 
16.87 
20.75 
19.82 
19.49 
17.66 
21.02 
19.57 
21.16 
19.01 
19.01 
17.15 
19.70 
20.11 
20.19 
18.43 
17.83 
19.64 
19.75 
19.52 
20.02 
16.93 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �5  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA1 ��c3��V 1, 2, 3, 4 �56 5 ���;���7 (	7�) 

 
CA1 ��c3��V 1 (%) CA1 ��c3��V 2 (%) CA1 ��c3��V 3 (%) CA1 ��c3��V 4 (%) CA1 ��c3��V 5 (%) 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

23.21 
22.62 
21.27 
23.28 
25.64 
26.68 
29.13 
26.09 
24.84 
24.42 
25.07 
25.80 
23.87 
23.76 
23.35 
24.11 
23.22 
23.56 
23.40 
22.86 
23.63 
23.40 
22.47 
23.45 

21.30 
21.64 
22.81 
22.41 
20.52 
25.04 
24.71 
23.90 
25.34 
23.98 
24.51 
24.89 
24.44 
24.71 
24.22 
24.99 
24.34 
20.98 
22.01 
22.99 
21.50 
21.49 
22.63 
22.70 

25.35 
22.25 
24.15 
26.09 
22.09 
22.25 
22.33 
22.69 
22.50 
21.16 
21.05 
20.94 
21.69 
19.68 
20.07 
21.01 
21.01 
21.20 
20.65 
18.45 
18.50 
19.23 
18.28 
19.31 

12.49 
12.62 
11.90 
11.54 
12.73 
12.11 
11.21 
11.51 
11.41 
11.10 
11.80 
11.46 
12.18 
12.52 
11.59 
11.38 
11.27 
11.17 
11.75 
12.01 
12.44 
12.29 
11.92 
12.33 

24.88 
25.22 
25.56 
24.48 
24.47 
23.31 
26.39 
27.54 
25.60 
23.29 
27.66 
23.61 
27.38 
24.11 
24.61 
36.19 
29.48 
32.00 
31.73 
30.31 
32.46 
31.19 
30.47 
29.84 

22.76 
21.64 
22.33 
22.79 
22.41 
20.99 
22.65 
21.71 
21.11 
22.11 
15.47 
15.85 
15.62 
15.52 
15.25 
15.98 
15.91 
16.26 
16.17 
15.57 
15.93 
15.97 
15.68 
15.71 

25.66 
26.45 
24.96 
26.47 
25.35 
24.46 
26.39 
24.56 
25.06 
23.87 
22.38 
23.53 
23.72 
25.16 
24.98 
23.79 
23.81 
22.83 
24.58 
22.06 
23.88 
23.96 
24.81 
25.85 

19.30 
19.72 
19.43 
21.37 
19.82 
19.47 
19.97 
20.62 
20.46 
19.36 
18.91 
19.77 
18.56 
18.94 
18.67 
17.90 
17.26 
17.57 
17.96 
16.89 
18.13 
17.86 
18.17 
17.02 

16.93 
16.94 
17.13 
16.80 
17.28 
16.78 
16.79 
17.17 
16.74 
16.84 
16.76 
16.99 
18.78 
18.74 
18.51 
18.09 
18.71 
18.08 
19.78 
19.82 
20.13 
20.01 
19.51 
20.19 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �5  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA1 ��c3��V 1, 2, 3, 4 �56 5 ���;���7 (	7�) 

 
CA1 ��c3��V 1 (%) CA1 ��c3��V 2 (%) CA1 ��c3��V 3 (%) CA1 ��c3��V 4 (%) CA1 ��c3��V 5 (%) 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

23.36 
30.46 
30.15 
24.99 
25.68 
26.26 
26.47 
25.66 
28.48 
25.18 
24.15 
23.70 
24.16 
24.93 
23.62 
24.70 
24.98 
24.83 
25.20 
27.64 
24.72 
25.16 
24.10 
25.43 

21.35 
22.37 
22.25 
28.35 
31.42 
31.09 
30.57 
27.18 
25.74 
26.91 
25.61 
27.57 
25.38 
26.59 
24.32 
24.35 
24.11 
22.79 
27.87 
26.37 
25.85 
28.75 
26.51 
27.02 

18.76 
18.19 
20.01 
18.91 
18.75 
19.74 
18.24 
18.31 
22.32 
21.99 
22.62 
23.09 
22.62 
17.23 
17.12 
20.56 
18.37 
17.38 
17.86 
19.87 
17.25 
17.44 
22.27 
23.09 

12.10 
12.05 
12.15 
12.23 
12.45 
12.01 
12.03 
12.07 
11.91 
17.38 
17.13 
17.20 
16.99 
16.96 
17.12 
18.33 
17.04 
17.09 
18.75 
17.27 
16.74 
17.55 
17.60 
16.95 

27.29 
29.52 
32.74 
35.73 
30.48 
31.66 
33.11 
31.04 
31.97 
33.08 
31.99 
35.08 
32.77 
30.75 
28.25 
28.62 
28.26 
30.67 
30.47 
30.65 
31.41 
30.79 
30.32 
29.50 

21.27 
24.55 
23.76 
20.39 
22.73 
23.25 
22.81 
26.29 
28.07 
28.24 
27.72 
26.92 
27.10 
26.44 
27.74 
26.03 
27.42 
23.57 
23.27 
23.21 
23.41 
23.68 
23.12 
22.76 

24.22 
24.32 
24.30 
23.48 
24.50 
26.72 
25.98 
26.57 
24.77 
24.62 
24.92 
25.81 
27.37 
24.31 
26.24 
25.85 
24.29 
24.29 
24.24 
22.00 
24.39 
22.81 
23.93 
22.16 

18.51 
17.71 
17.11 
17.91 
17.40 
18.26 
19.40 
21.15 
17.69 
19.73 
20.14 
20.00 
18.10 
18.06 
18.35 
17.55 
19.07 
23.28 
27.32 
26.98 
27.51 
27.54 
28.71 
28.20 

19.24 
19.56 
19.73 
18.96 
20.03 
25.57 
25.74 
28.47 
30.44 
28.62 
27.32 
23.43 
23.17 
23.63 
24.54 
23.31 
23.76 
23.57 
23.44 
25.31 
24.75 
23.71 
25.13 
24.14 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �5  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA1 ��c3��V 1, 2, 3, 4 �56 5 ���;���7 (	7�) 

 
CA1 ��c3��V 1 (%) CA1 ��c3��V 2 (%) CA1 ��c3��V 3 (%) CA1 ��c3��V 4 (%) CA1 ��c3��V 5 (%) 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

;���7 
	����V 1  

;���7 
	����V 2 

25.15 
24.75 
29.96 
27.97 
26.68 
28.22 
24.08 
24.10 
23.79 
23.94 
23.76 
23.23 
22.74 
21.97 
23.27 
22.97 

24.77 
27.97 
28.32 
27.36 
28.44 
26.35 
31.85 
28.70 
27.85 
35.25 
28.15 
28.15 
24.48 
25.48 
24.75 
25.86 

19.97 
21.31 
20.52 
19.36 
19.89 
21.19 
23.83 
22.83 
23.73 
27.15 
25.84 
26.59 
26.30 
24.93 
24.91 
25.10 

18.30 
18.19 
18.01 
17.96 
17.99 
17.99 
18.29 
18.13 
17.81 
17.82 
17.58 
17.54 
17.80 
17.53 
18.46 
18.06 

34.77 
30.66 
31.39 
30.57 
28.16 
28.50 
28.97 
28.59 
31.85 
27.79 
28.74 
30.82 
33.86 
28.32 
29.74 
29.89 

23.97 
23.40 
22.54 
22.54 
23.27 
23.99 
23.82 
24.47 
23.08 
23.65 
24.14 
23.36 
23.55 
22.84 
25.62 
26.76 

26.05 
23.20 
22.77 
23.73 
22.47 
24.02 
24.46 
23.76 
23.96 
22.99 
21.94 
25.31 
23.38 
26.90 
23.14 
22.96 

28.02 
28.45 
24.18 
25.31 
26.12 
25.16 
24.29 
24.09 
25.30 
25.87 
25.13 
24.38 
24.26 
25.84 
25.98 
26.51 

23.92 
23.86 
23.97 
25.15 
25.06 
23.50 
24.07 
25.45 
24.36 
24.10 
23.46 
25.78 
24.36 
23.82 
25.86 
25.35 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �6  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA1 ��c3��V 1, 2, 3, 4 �56 5 ���;��7�3 

 
CA1 ��c3��V 1 (%) CA1 ��c3��V 2 (%) CA1 ��c3��V 3 (%) CA1 ��c3��V 4 (%) CA1 ��c3��V 5 (%) 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

19.53 
20.52 
20.66 
19.95 
19.62 
20.21 
19.63 
21.72 
19.73 
19.68 
20.96 
19.51 
19.46 
19.20 
20.31 
25.23 
22.57 
22.32 
22.33 
22.49 
24.28 
23.87 
21.37 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

29.67 
30.79 
30.93 
30.04 
30.51 
30.75 
31.54 
30.67 
31.09 
32.85 
28.95 
29.87 
23.45 
26.69 
28.55 
27.48 
26.25 
29.13 
25.52 
28.73 
25.94 
25.10 
24.74 

19.89 
22.26 
20.22 
21.29 
19.83 
18.42 
20.51 
19.83 
19.97 
19.86 
19.30 
19.37 
19.62 
18.46 
18.11 
16.88 
16.85 
15.77 
17.15 
15.99 
17.33 
17.20 
15.64 

32.06 
30.51 
32.13 
29.05 
35.27 
35.93 
30.59 
30.92 
30.48 
37.10 
27.59 
28.40 
26.81 
27.92 
28.04 
28.67 
27.85 
28.38 
27.53 
27.20 
28.76 
31.47 
31.33 

23.37 
20.85 
22.81 
22.41 
22.01 
22.52 
20.84 
18.66 
18.93 
18.35 
18.78 
18.84 
20.44 
19.69 
20.86 
19.65 
18.72 
21.35 
19.97 
19.72 
20.03 
19.47 
18.00 

17.66 
18.84 
18.81 
16.70 
16.67 
16.34 
16.70 
15.75 
16.82 
17.25 
17.25 
16.75 
16.22 
16.21 
17.35 
16.79 
16.45 
14.86 
15.07 
15.80 
15.06 
15.04 
16.15 

19.09 
18.86 
19.76 
19.78 
22.65 
20.78 
21.14 
18.97 
23.02 
18.84 
22.78 
19.56 
18.44 
18.35 
26.59 
24.89 
26.64 
24.52 
25.96 
26.43 
23.52 
26.99 
26.97 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �6  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA1 ��c3��V 1, 2, 3, 4 �56 5 ���;��7�3 (	7�) 

 
CA1 ��c3��V 1 (%) CA1 ��c3��V 2 (%) CA1 ��c3��V 3 (%) CA1 ��c3��V 4 (%) CA1 ��c3��V 5 (%) 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

23.10 
23.41 
20.74 
21.46 
21.97 
20.59 
21.03 
21.68 
22.07 
22.32 
21.21 
20.26 
24.35 
24.20 
22.71 
24.73 
22.80 
22.63 
21.83 
19.36 
18.84 
19.12 
17.48 
19.42 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

26.20 
24.71 
24.79 
24.48 
23.29 
24.87 
24.61 
25.92 
25.54 
24.89 
25.93 
25.60 
25.37 
22.98 
24.52 
23.47 
23.99 
24.49 
22.78 
21.52 
19.90 
21.04 
21.49 
20.50 

15.21 
29.60 
26.82 
28.59 
30.01 
30.28 
27.17 
29.31 
28.27 
25.62 
25.23 
27.69 
27.29 
24.51 
29.76 
23.93 
28.49 
24.25 
27.16 
30.51 
29.48 
28.54 
29.66 
29.26 

30.27 
33.30 
32.09 
32.52 
29.59 
27.80 
30.11 
30.36 
30.17 
30.54 
28.36 
28.36 
30.22 
30.38 
30.53 
31.89 
28.34 
31.17 
32.06 
28.92 
29.58 
31.69 
31.57 
30.38 

19.30 
19.77 
19.07 
18.57 
18.69 
19.86 
20.75 
20.66 
19.13 
18.83 
19.09 
20.24 
19.50 
18.32 
18.95 
16.98 
22.57 
21.44 
22.03 
21.98 
26.63 
19.91 
25.42 
23.39 

13.84 
14.52 
14.31 
14.53 
16.36 
16.61 
15.93 
15.82 
15.74 
17.24 
16.40 
16.53 
16.29 
17.69 
16.56 
17.33 
15.82 
16.32 
17.73 
17.67 
18.34 
17.89 
17.52 
16.97 

26.17 
25.44 
27.77 
25.68 
20.94 
23.04 
25.07 
21.18 
23.80 
25.02 
24.06 
26.56 
24.21 
21.68 
25.23 
24.98 
20.88 
24.76 
20.19 
21.17 
21.35 
25.86 
27.49 
24.07 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �6  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA1 ��c3��V 1, 2, 3, 4 �56 5 ���;��7�3 (	7�) 

 
CA1 ��c3��V 1 (%) CA1 ��c3��V 2 (%) CA1 ��c3��V 3 (%) CA1 ��c3��V 4 (%) CA1 ��c3��V 5 (%) 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

18.54 
17.32 
18.91 
17.60 
19.07 
17.84 
18.70 
18.56 
24.29 
22.93 
24.98 
19.47 
21.69 
20.50 
22.81 
24.92 
21.99 
21.25 
21.45 
22.08 
19.67 
19.13 
19.63 
21.72 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

21.12 
20.64 
22.33 
21.60 
21.12 
21.98 
18.23 
19.99 
19.95 
18.64 
19.94 
17.42 
19.30 
20.60 
19.40 
23.46 
23.13 
25.45 
25.47 
23.33 
21.53 
21.21 
20.56 
22.84 

25.57 
28.43 
27.93 
29.49 
27.02 
26.52 
29.55 
30.75 
25.89 
27.16 
25.88 
31.56 
30.94 
31.06 
31.47 
30.00 
31.90 
29.42 
29.61 
29.79 
29.57 
30.59 
29.00 
33.77 

31.82 
31.28 
38.96 
38.84 
34.80 
37.49 
34.84 
34.78 
36.55 
33.77 
35.41 
37.99 
36.94 
35.57 
37.23 
36.39 
36.98 
36.49 
36.42 
35.11 
38.55 
40.70 
38.07 
35.72 

23.57 
22.19 
23.27 
19.17 
22.08 
25.73 
19.33 
18.29 
25.25 
22.72 
20.78 
20.47 
20.13 
22.05 
22.94 
22.07 
21.77 
20.68 
20.26 
20.50 
24.35 
24.03 
22.05 
23.49 

17.87 
17.18 
16.72 
18.32 
18.17 
17.20 
17.57 
15.77 
18.07 
17.93 
18.53 
18.57 
17.85 
18.11 
17.65 
18.07 
18.30 
18.69 
18.31 
17.63 
18.90 
17.55 
21.10 
22.18 

26.15 
24.75 
24.81 
22.49 
25.41 
22.55 
22.66 
24.09 
23.25 
18.79 
22.00 
20.11 
20.89 
20.08 
20.92 
23.44 
20.68 
26.30 
23.74 
24.28 
28.27 
24.13 
24.39 
25.22 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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L����Y�����X �6  ��C��G��F5D����
����
�6��������G���D�����
��� nNOS immunoreactivity 23
�����7�3 Hippocampus 
���� CA1 ��c3��V 1, 2, 3, 4 �56 5 ���;��7�3 (	7�) 

 
CA1 ��c3��V 1 (%) CA1 ��c3��V 2 (%) CA1 ��c3��V 3 (%) CA1 ��c3��V 4 (%) CA1 ��c3��V 5 (%) 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

;��7�3 
	����V 1  

;��7�3 
	����V 2 

 
22.40 
19.92 
25.52 
23.36 
25.39 
24.23 
21.51 
24.92 
24.54 
21.72 
20.87 
24.30 
22.24 
21.93 
19.75 
19.98 
21.75 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

 
21.93 
21.46 
21.55 
22.03 
20.23 
19.83 
21.58 
20.80 
22.48 
22.80 
23.53 
22.48 
21.70 
20.60 
20.95 
25.92 
25.18 

 
33.97 
32.23 
30.26 
36.65 
33.45 
34.12 
33.05 
29.90 
34.40 
30.15 
28.88 
29.04 
29.40 
30.23 
29.91 
29.86 
32.47 

 
39.46 
36.26 
29.48 
34.85 
31.26 
33.26 
30.66 
31.42 
29.18 
24.84 
25.63 
24.93 
25.83 
25.26 
25.60 
24.86 
25.37 

 
22.88 
20.69 
20.02 
20.42 
20.43 
19.55 
19.40 
19.49 
19.78 
21.11 
18.94 
19.85 
19.07 
19.58 
19.14 
20.83 
20.64 

 
22.52 
22.36 
18.68 
20.01 
17.60 
18.40 
18.21 
18.72 
18.48 
18.95 
17.77 
18.05 
18.13 
18.52 
17.41 
17.84 
20.55 

 
22.73 
22.25 
20.46 
21.34 
20.36 
20.64 
22.56 
21.13 
18.68 
21.14 
22.61 
22.31 
23.40 
24.61 
20.63 
20.40 
17.81 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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