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 Furious and paralytic rabies are two distinct clinical entities. We have previously 
reported that there was no specific pattern of antigen and inflammation distribution in the central 
nervous system (CNS) of rabies patients. Further analysis in rabies infected dogs during early 
stage using magnetic resonance imaging showed similar lesion localization in the brains with 
more pronounced abnormal CNS signal intensities in paralytic rabies infected dogs.  This was in 
accord with greater brain innate immunity responses in paralytic rabies. Although a significantly 
greater amount of viral load was found in the brains of furious rabies infected dogs, there was no 
quantitative data on viral amount in the spinal cord as well as data on the inflammation 
distribution of the whole CNS.  Postmortem examination of brains and spinal cords from furious 
and paralytic rabid dogs (5 of each) was performed. These animals were sacrificed early after 
the biting incident for rabies examination. Quantitative image analysis revealed larger amount of 
rabies antigen in the brain of furious dogs than in the paralytic counterpart whereas it was 
comparable at all levels of spinal cord in both forms. Viral quantities were discrepant between 
those in the brain and spinal cord of paralytic rabid dogs. Two of 5 paralytic dogs had none or 
nearly absence of rabies antigen in the brains. Inflammatory response was barely seen except at 
the brainstem of paralytic dogs. We suggest that brainstem region may be the barricade in 
preventing viral spread to the cerebral hemispheres. 
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ABLV    Australiaon Bat Lyssavirus 
AchR    Ncotinic Aetylcholine Rceptor 
AHC    Anterior Horn Cell 

°C    Degree celsius 
CNS    Central Nervous System 
DAB    3,3 Diaminobenzidine Tetrahydrochloride 
DNA    Deoxyribonucleic acid 
DUV    Duvenhage virus 
EBL-1    European Bat Lyssavirus type1 
EBL-2    European Bat Lyssavirus type2 
et al.    Et. Alii(Latin), and other. 
FBS    Fetal Bovine Serum 
G protein   Glycoprotein 
IHC    Immunohistochemistry 
L protein   Viral RNA Plymerase 
LBV    Lagos Bat Virus 
M    Molar 
M protein   Matrix protein 
ml    Mililiter 
mM    Milimolar 
MOKV    Mokola Virus 
MRI    Magnetic Resonance Imaging 
ng    nanogram 
nM    nanomolar 
N protein   Nucleoprotein 
PBS    Phosphate Buffer Saline 




 
 

P protein   Phosphoprotein 
RNA    Ribonucleic acid 
TBS buffer   Tris base EDTA buffer 

µl    Microliter 

µg    Microgram 

µM    Micromolar 
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���$"%!�$���� "#����ก��ก��ก����
��!�����������

�����	�������������ก����ก���������������  !
�$"%!�$��ก�
��ก��)���a$
 ��X�%	����������

 ��� 2 �����ก�� �������
��
�� m ���X�% 
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��	$	��	���%
� (Research Questions) 

ก��ก����
��!�����������a!���	�������������ก����ก��������������� �
!�ก���
��ก�
��ก��)���a$
���������� "#��Y���ก�����Y%���$%��#�����
���������
���ก���X�%   

 

�
�$5�������"��ก	���%
� 

�	�#���ก��ก��ก����
��!�����������a!���	�������������ก����ก��������������� 
�
!�ก������������� "#��Y���ก�����Y%���$%��#�������Y�
���������
���ก���X�% 

  
�����6	�"��ก	���%
� 

ก��ก����
��!�����������a!���	�������������ก����ก��������������� �
!�ก���
�������������Y%���$%��#�������Y�
������
���$"%!�$��ก�
��ก�� ����
���ก���X�% 

 
�7����ก	���%
� (Research Design) 

��(����!���
����	��,�� (Descriptive study) 
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"�� "�"��ก	���%
� 

 

 

 

 

 

 

 

 

������������������������� !"#�ก����$�##ก 2 ��ก�&� 
'$��ก(Furious (���$����!���*�) ���Paralytic (���$#(#����) 

,-������.��'!(/����(�/0�'!�1�
2ก�$#�ก��/"*��ก�(��ก��? 

��กก��31ก������/"*2�".�"�����ก��������������'!(�����!
��ก�(����ก��ก����.����#��#���2��2�45#����������� ���ก��

#�ก2���#�����,����/ 

��26��/"*'!(�����!��ก�(��#���4�2�4*#�!���ก
ก��31ก��������5� ��31ก��'$�2��������.�/��.�#�

��� 6�����ก/"*��'��2�".�"������� 

��กก��31ก���������/"*!"#�ก������.�2��ก 2!4*#2��*!��$�
#�ก�� 78�����.'$�/0��6������2�".�"���/��/"���(�  viral load �#�

2�45#��� cytokine /"*2ก"*.���#�ก��ก��#�ก2��!"���!��ก�(��ก��

��ก��(!#�ก��/�5� 2 ���$ 

ก��31ก���"578�����.��#�ก��31ก��ก��ก����.����#�2�45#���ก��
#�ก2���#�����,����/#"ก���5�����������/"*2,9������

��.���ก �$.��5��!!���:���(��(���!"���!��ก�(��ก����ก��(!
#�ก��/�5� 2 ���$ 
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":��ก�� �;<���:� 

1. ����� �ก��!aY����ก����!�!����[�

��
��!
���(�X�%	������������ก)�
!
����*��X�%	����������  
 �������!_� �_�ก���Ya 
 

2. ก���
ก��ก�,���ก��%���$%��#� (Furious) ��� ��ก���
����� (Paralytic)   ก�� f�XY
 
���!�	 
'��ก�������!_� �_�ก���Ya 
 l�#�����
ก��!����[�
��กก����Y���ก��������
���������
��Y�������ก�� �#�$"ก��	�Z�����X�% )�ก	�!
���Y���ก��ก��!�ก��!�
 Y����
 
����ก�Y  f����
 ��#����� a!�
���#�ก������ ��Y��(����Y%���$%��#�(Furious) ���)�ก	���ก��%��
)��
 ��ก��� �)
� ��"
��)� ��f���
a)� ��)����
����� ��Y��(����Y�
����� (Paralytic)    

3. ก����Y���������
���ก���X�% (Early stage) ��!����[�
XY
����
�ก,-'��ก��
��!�� "# 
 ����������Y����������Y���ก������
���ก���X�% XY
����
ก��!����[�
��ก���!�	 
'��ก 
 �������!_� �_�ก���Ya 
 

4. ��!�

���$�����a����)��� aY���ก�������� "#��Y�����a!���	������������$&��$���� l�#����กh� 
��!�

������
���ก���ก����Y����� (Early stage) )�����Y���ก��XY
 f��)��������"
�"!��
�

�����_�
�� 24 ��#!X$�  ����"�aY����ก��%!�%�$Y*����ก���!�	 
' 

":�%�	ก
="��ก	���%
� 

a$
$" 

��	��	�
� 
 

Rabies 
 Antigen 
Furious rabies 
Paralytic rabies 
Rabies antigen  
Encephalitis 
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��	%�	ก
=��	��>?@A:@�ก	���%
� 

��
� Early stage %�� ��
��!��)�����ก�������(�X�%	����������XY
��Y�������$&��$���� ���!
���#$��Y���ก�����X�%����
���กm ����������� "#aY���������$"ก��Yf�����X�%a���ก�� �#����#$�����*

��
���Y ��
 (early to late) aY��ก
 ��ก��a�� �����$"�������
���"#
�����a���ก�Y�$ ก��!�
ก��!�
 ��Y���ก��%���$%��#� a!�
���#�ก��������
� ��� ��"
� ����ก�Y  f����
 ก��!�$ ก��!��f� )���
$"��ก��%��)��
 ��ก��� �)
� ��"
��)� ��f���
a)�  

��
� Late stage %�� ��
��!�� "#�������(�X�%	����������XY
��Y�����	������������$&��$���� 
)�����ก��Y���ก�����!$"ก��Yf�����X�%a���ก�� �#��������Y���ก����$	����)����
����� 
�l�#��l�$ ก�����f��f���ก 
���"#��a$
aY� ��$��!��� a$
Y� a$
ก�Y ��ก�� �#���"
�"!��  

Immunohistochemistry Technique %�� � %��%!�&" "#�����!�)���������_�
���l��'  
XY
X%����������������
�#�a$
�*ก f���
     )��กก������ %��%!�&"  Immunohistochemistry 
Technique (IHC) ������
���ก���
�ก�����ก����)!
����������)�����#� "#����ก����!�)����
�������Y")���_*$�%��$ก�� "#$"%!�$�f��	���
���#� "#����ก����!�)�������� f�ก����!�)����ก���
�
ก�����ก�����������������������Y" "#�ก�Y�"��  

Imaging analysis %�� � %��%!�&"ก�����$!�_�	XY
ก���f����_�	$����$!�b� )��� 
%�Y%f��!,Y�!
%�$	�!����' �	�#��)�aY����$*� "#�������ก��������%�,_�	������$�,   XY
����

)��กก��ก���
ก���Y����l��'�
��mY�!
�" ���Y �*��
�� ก��%f��!,b�������$!�b� f��)�
��$����
ก���Y����l��'�����#� "#�������ก�� "#$"%!�$��ก�
��ก��aY��

��$"����� &�_�	������
��
��!��������� 

Semi-quantitative assessment inflammation %�� ก������$��%!�$���������ก����ก��� XY

��Y�f�Y����ก���
a�$�ก XY
���ก�����$�, 
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���B�A���>?�	=��	%�C=:�
� 

������ก�aกก���ก�Y��ก��%���$%��#�����
�������X�%	����������$�ก
�#����� 

 

��	=
�"
<����@�ก	� ���D�ก	���%
� 

 

�#����� proposal �
�%,�ก��$ก��	����,����
&��$��ก��!���
 

 
 

�กh���!�

��,��!������!�

�� "#�)$���$ ������"
$���Y��!�

�� "#��(�X�%	�������������Y 
Furious (���Y%���$%��#�) ���Paralytic (���Y�
�����) 

 
 

	�Z��� %��%!�&"ก�� Y������ f�ก�� Y��� 
 
 

�กh��!��!$���!��%���)'���$*� 
 
 

���������"
���
���b�ก��!���
 ����b�ก��!���
�
�%,�ก��$ก�� 
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���>?  2     

 �ก�	�����	���%
��>? ก>?��":�� 

ก����Y�����	������������%�����XY
�
!�$�ก$�ก�ก�Y��กก���*ก���!'ก�YXY
�[	���

��
�#�
ก��aY�����������กก���*ก��������ก�Y l�#���Y��%!�$���������X�%�����������
*
ก����Y�b� "#aY����, 
�f��)�
�����!, "#�*กก�Y, ���$�,���%�,_�	�����f���
 "#$"�����	������������ก���!' "#�����*

��Y�b� ������Y���a!���(5)    l�#�$"%!�$��$	��&'ก���f��)�
�����!, "#�*กก�YXY
�f��)�
� "#�*กก�Y
��$" nicotinic acetylcholine receptor (AchR) �*� ��
�����!,�"���)�����)���, ����!, "#$"
����Y��ก�
�
 b*��g!
��$"%!�$��"#
���ก����"
�"!���*�ก!
�ก���*กก�Y����!,��#�m �����$"��
�i�ก
��!���X�%��(���
��!�� "#����ก!
� ���#����ก�
*
�ก����������� �
!�ก���    )�กa$
aY�$"ก��
��ก��)���ก����$b��X�% "#�*ก!�&" 	�!
�ก���*กก�Y������!,�"���)�����)���$"%!�$��"#
���ก��
��"
�"!���*�$�กก!
����
�� 80  ���,� "#b*��g!
 "#�*กก�Y������!,$��)��������$"�������"#
���ก��
��"
�"!�����
�� 15-40   ��� "#���
 "#��YaY��ก
�
!��f���!)����� ���
�� 5-10 ����$�#��*กก�Yb
��
�����b�� ���
ก!
����
�� 5%    

 A;<��	 ��5 (Causative agent)  

X�%	���������� �ก�Y��ก�����a!��� "#$"��#�!
� Rabies virus ��Y�
*
�� Family Rhabdoviridae 
�
*
�� Genus Lyssavirus(8)   ���ก��Y�!
 7 Genotype l�#�a!���	������������Y�
*
�� genitype 1  
�
!��"ก 6 genotype aY��ก
 Lagos bat virus (LBV,genotype2), Mokola virus (MOKV, 
geontype 3), DUV (genotype 4), European bat lyssavirus type1 (EBL-1, genotype 5), 
European bat lyssavirus type2  (EBL-2, genotype 6) ��� Australian bat lyssavirus (ABLV, 
genotype7)(9)   

Rabies virus $"�*��
��%���
ก�������� (Bullet shape) ���
Y���)��#�X%��$� �"กY���
)��#���Y���l�#����ก������!������Y����� f��)���(��
��ก�!� ���Y���$�, 180 x 75 ��X��$�� 
X%����������a!��������
���กaY���(� 2 �
!� aY��ก
 envelope ��� nucleocapsid 
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�7��>? 1. ���%�	��� A;<�C��
�I���5�
"�:	 
(�*���ก : http://en.wikipedia.org/wiki/Rabies) 

Envelope $"��%'���ก�� "#�f�%�+%�� glycoprotein  G ��� a�$��)��� lipid bilayer ��Y
$���(��������X���"� "#��"
ก!
� Matrix )��� M protein l�#� f�)��� "#��(���!���#�$X
���)!
�� 
envelope ก�� nucleocapsid ���a!���  

Nucleocapsid $"��ก�,���� capsid ��"
���!��(��*����aY!� (Helical symmetry) 
���ก��Y�!
 genome ���a!��� ���X���"���
� phosphoprotein (P), nucleoprotein (N), ��� 
RNA transcriptase (L) ��(����     Genome ��� rabies virus ��(� RNA ��
�Y"#
!�����(���

�� ���ก��Y�!
 nucleotide ���$�, 11,932 nucleotides XY
��$" leader sequence  "# 3� 
end ��� gene  "#aY� ���ก��Y�!
 5 monocistronic gene aY��ก
 nucleoprotein (N), 
phosphoprotein (P), matrixprotein (M), glycoprotein (G) ��� RNA transcriptase (L)(9)   

a!���	�����������"�$�กก
��)��ก�Y inclusion body���l��' "#��Y�����)��� "#��"
ก!
� �Negri 
body� l�#�กh%�� intracellular matrix form ��� RNA protein complex ��� rabies virus  �����(�
��ก�,��f�%�+��ก����!�)������a!���	����������(10) 

����J#ก�
�"��B�� (Incubation period)  

        %�,��ก�,�)��#����X�%	����������%����$"��
�i�ก��! "#)��ก)��
��ก�
��ก��a����
�����
��!���������
ก!
� 7 !�� )������
�!���a������ 6 �/(10)  l�#���
�i�ก��!������)���
�!
�����
*
ก�������
������ก�� aY��ก
 %!�$�����������Y�b� ����!,������
�����  "#�f��)�
�
����b� �����
� �������Y�b�a�
���$��
�#��ก��
�#� f��)���
�i�ก��!���X�%�������#����ก�����
��$����Y�� �������*
�$��aY��

���!Y��h! 	�!
�b*��g!
 "#��"
�"!��_�
�� 1 ���Y�)'XY
 �#!a�$�ก
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aY���������	������������ก�����ก�Y����������$��������*
��������� )������������ aY�XY
���
��� f��)�$"��
�i�ก��!�������b*��g!
��"
�"!��XY
�
�
 

�
ก����	ก	��	������ก (Clinical  Feature)  

X�%	����������$�ก��ก
��)��ก�Y_�!��$����ก��� l�#���$�����
���
����X�%��กaY���(� 
5 ��
� aY��ก
 Incubation period , Prodome, Acute neurogical phase, Coma ��� Death 
)��� Recovery (5,7,10)    ���Y��ก�����X�%	������������b*��g!
��Y�����	������������
���กaY���(� 
2 ���YY���"� 

1.  Furious  rabies ��;� Encephalitic  rabies (�	ก	������5:���
?�) 

	�!
�b*��g!
 "#��Y�����	�����������f��!� 2 �� 3 $�ก��$"��ก����� furious form   ��
�
ก��Yf�����X�%��h! �
!��)+
b*��g!
����"
�"!��_�
�� 7 !�� (XY
�[�"#
 5 !��) )�กa$
aY����ก����ก��    
ก��!����[�
 furious rabies XY
�[	���

��
�#��$�#�$"���!����*ก���!'ก�Y)��������ก�Y�$�!
����!'���*ก

�#!
��)�Xก�&กh��$����$"��ก��%�� ��� 3 ���ก��(10)  Y���"�  

1.1 Fluctuation of consciousness  

b*��g!
��$"��ก����#����� ก��!�ก��!�
�
���#�������
� ��� ��"
� ��(���� ���������ก��
�_�!��*���ก��!�ก�� l�#��� !"%!�$�������������#�
m��b*��g!
���������!�Y ���b�Y��กb�Y��#� 
��)!
�� "#b*��g!
ก����*
_�!��ก������$���	*Y%�
 X��������#���
��maY� �ก�

�� ��
���%�������f�
a$
aY�)���a$
������������,� "#��Y���ก��b�Y�ก�� �_�	��
��"���Yf�����a����$�, 2-3 !�� 
���!b*��g!
�����#$l�$ ���a$
�*���ก��!����
� 24 ��#!X$� ��Y ��
�����#$$"%!�$Y���#f� �h�ก ������$"
����"
���(�����Y 

1.2 Phobic spasms  

aY��ก
��ก��ก��!��f� ก��!�$ ��ก�,� ��� 2 ���ก�����a$
	��
!$ก�� ���a$
�f���(� "#������$"
_�!��ก�h��"����ก�
����"
� (laryngeal spasms) ��ก��ก��!��f� ก��!�$ ���)h�aY���Y�,�b*��g!

�*���ก��!� 
����� �$�#�b*��g!
���#$l�$��ก���)�
��"���)�
a� ��
b*��g!
��$"��ก�����)�
����(�	�กm 
(inspiratory spasms) l�#��ก�Y������������(���ก���f�%�+ l�#��
!
��ก��!����[�
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1.3 Autonomic stimulation  

aY��ก
��ก������ก��(�����
!�)��� �����! �*$
����$"�_�	a$
��������
���� �������
�

��h$ "#)���)
���!��h$ "#��(���
�����m��� "#�f�%�+%����$" 
��f���
$�กb�Y�ก�� ��������!�)����
$��(���
� ��ก��ก������$"��ก��%���[	�� "#����!,�*ก
���!'ก�Y (local neuropathic symptoms) ���%���!Y����!Y���� �!Y��กm l�#����	�
ก����

a� �#!��� �� )���)���l"Y l�#�����
!
��������ก��!����[�
aY� 
 
2.  Dumb ��;� Paralytic rabies (�	ก	�����
�I	� ��;��	ก	��������) 

 ��
�ก��Yf�����X�%��� XY
�[�"#
����"
�"!�����!�� 11.5- 13 !��  b*��g!
��$"��ก����� �� 
�
�������(���ก���f�%�+�!$ ���$"��ก�,����ก����!�%��#�aiij����ก���$��������ก����
�����  ��%���
%���ก��b*��g!
 "#$"��������� ��ก������Y Guillian Barre Syndrome(11,12)      
ก�
�!%�� $"ก���$������
���������!,������ ��  ���l"ก�!����l��
	���$mก�� ���	���)����
��
��� ��� 2 Y��� (facial palsy) �
!$ก�� deep tendon reflex )�
a�(12)      �$�#�$"��ก��$�ก������
)�
��a$
aY�   b*��g!
 paralytic rabies  ��a$
$"%!�$�����!���ก������*� )���$"�����$���++� "#
%
�������ก�� XY
���%�������$"���$,'��
$�� �
�����a$
����ก���_�	��h��g!
��������	�
��ก��ก��!��f� ก��!�$���
$�ก ������	���ก�����)�
�� (inspiratory spasms)  ��
a$
�)h�
��Y������#����ก$"ก���$�����%� ก������$ ������ ���
�����%
������$�ก ��ก��%���[	�� "#
	���
��Y"
!ก�� furious rabies ��
	�aY����$�, 1 �� 3 ���b*��g!
 rabies 

��ก���!���
 "#b
��$�aY�$"%!�$	
�
�$ "#��%��)����)�� "# f��)��ก�Y%!�$��ก�
�����
��ก�� (furious ��� paralytic) ��X�%	����������   aY�$"ก����ก���f�Y�����	��&�ก��$��������
a!�����ก�$��b*���"
�"!��  "#
"� 3 �f��)�
� %�� glycolprotein gene, phosphoprotein gene, 
nucleoprotein gene(13)   l�#�กha$
	�%!�$��ก�
����	��&�ก��$���a!���       ก����ก��ก��
ก����
��!����������������	�������������ก����ก��� ����
���
!��
�� m ������������ 
�
!�ก�����b*��g!
 "#��"
�"!�����! ��� ก����ก��_�	�$�����a����)��� �,� "#b*��g!

��$"�"!��
�
*
 Y�!
�%��#�����$�$
�)�hกaiij� (MRI) กha$
	�!
���ก�
��ก����b*��g!
 2 ก��
$ (6,14)       
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�

��a�กh��$ ��กก����ก�� serial electrophysiology ������������ �
!����
  
	�!
�b*��g!
���Y��ก��%���$%��#� $"%!�$b�Y�ก����� anterior horn cell ��a����)��� l�#�
��Y%����ก����ก�,� ��	
�&�!� 
� "#	�!
� anterior horn cell �ก�Y central chromatolysis     
�
!���ก��
$ paralytic $"��ก�,� �� electrophysiology ����aY�ก��_�!� demyelination (15,16)    

ก����ก��!���
�$�#���h!m�"� aY�$"ก����
���ก����ก��X�%	��������������
����#$��ก���
X�% XY
 MRI  �
!$ก��ก��!�Y���$�,a!��� (viral load) ��� cytokine ���Y�
�� m(17)     ��(� "#
�
�����!
�  �$���������� "#$"��ก�����%���$%��#� $"���$�,a!����*�ก!
� ก��
$��ก���
�����      
�� �����ก�����$ �$���������� "#$"��ก������
����� $" cytokine �*�ก!
�       b�ก����ก��
Y��ก�
�! �����ก�
����ก "#	���ก����ก����%�  "#aY���
���ก
��)����"�       �)�� "# f��)�b�
ก����ก����ก�
��ก�� ����ก�Y$���กก����ก��X�%����
��!�����ก����(�X�% "#��ก�
��ก��     
��ก����ก��������� "#��(�X�%���*ก f��)���"
�"!�� �� ")�����ก "#aY� f�ก����!�Y�!
�%��#��
���$�$
�)�hกaiij�(MRI) ���,� "#ก����ก����%�a$
��$��� f���
�����aY�     �����(�a�aY�!
� 
ก��ก����
��!���a!������ก����ก��� $"%!�$��ก�
��ก����)!
��ก��
$��ก��%���$%��#�����
��
��� ����
����#$��ก���� m ���X�%  �������
� ��
���X�% %!�$��ก�
������)$Ya�            
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���>?  3 

���>=�	 ���ก	���%
� 

���A	ก� 

1.  ก��
$�����ก���j�)$�
 (Target Population) %�� ����� "#��Y�����X�%	������������$ 
&��$���� 

2. �����ก���!�

�� (Population to be sample) %�� Brain ��� Spinal cord ��ก����� 
��� "#��!�	������������a!���	���������� ���Y��ก��%���$%��#� (Furious) ������Y�
����� 
(Paralytic) ����
���ก���X�% (Early stage) 

3. ���Y��������ก���!�

�� (Sample size)  ���Y��!�

����ก��������� 2 ก��
$ "# 
��(�������
�ก�� (Two independent group) XY
��ก��ก���	�
ก����
�������������������	��
�������� ���"
�� "
��� 2 ���Y��ก�� aY��ก
 ���Y%���$%��#�(furious) ������Y�
����� (paralytic) 
l�#���กก����
ก��ก����ก��ก�� f� Pilot Survey    กf�)�Y�)� 
  n1          =  ���Y��!�

�����Y%���$%��#�(furious) 
  n 2         =  ���Y��!�

�����Y�
�����(paralytic) 
  Χ1        =  %
��[�"#
����������� "#	������Y%���$%��#�(furious)  
  Χ2        =  %
��[�"#
����������� "#	������Y�
�����(paralytic) 
   S1         =  SD �����!�

�����Y%���$%��#�(furious) 
   S2         =  SD �����!�

�����Y���Y�
�����(paralytic) 

  2σ         =  %
������!���������ก� 
                       Z          =   %
��ก��$������ "#aY���ก�����ก����ก�������ก��$������  
                                          "#��Y��%!�$���#�$�#� 95% = 1.96 
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I���	 
 
 

 

 

�*�� n/group    =   2(Zα/2 +Zβ)2 2σ / (X1-X2)      

  2σ         =   (n1-1)S1
2 + (n2-1) S2

2 

     n1+ n2 -2 
 � �%
� =   (4-1)2 (6.69)2 + (4-1)(0.71) 2 
                                                 4+4-2 
                                   =   3(44.76)+3(1.51)   
     6 
              =   23.13 

� �%
���ก�*��     n/group =   2(Zα/2 +Zβ)2 2σ / (X1-X2)
 2      

     =   2(1.96 + 1.28) 2 (23.13)  
          (26.5-20) 2 
     =   11.49 

Y��������������ก�����������
��ก��
$ ก��
$�� 12  ��! 
 

4. Sample Collection (ก���กh���!�

��) 
                 �กh���!�

����ก����� "#��Y�����	������������$&��$����l�#�aY����ก��!����[�
����f�$�
�
ก�����!�

��������
�#� Brain ��� Spinal cord XY
���!�	 
' 

 

  

n1 =   4 Χ1     =     26.5 S1     =  6.69 

n 2 =   4 Χ2     =     20 S2     =  0.71 



15 
 

 ��;?���;�����	� ��>�>?@A:@�ก	���%
� 

1.  ��;?���;� 

1.1 Freezer -20°C 

1.2 Hot air oven 

1.3 Image analyzer 

1.4 Incubator 37°C 

1.5 Light microscope 

1.6 Microtome 

1.7 Microwave 

1.8 Multi-block heater 

1.9 Nikon Eclipse TE2000 microscope 

1.10 Refrigerator 

1.11 Rotary microtome 

1.12 Software MATLAB 

1.13 Vortex mixer 
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2. �
�=5�5�ก���  

2.1 Automatic adjustable micropipette: 0.5-10µl, 10-100 µl, 20-200 µl, 100-1000 µl 

2.2 Multi-block 

2.3 Calculator 

2.4 Coplin staining jar 

2.5 DAKO Pen 

2.6 Digital timer 

2.7 Disposable gloves 

2.8 Forceps 

2.9 Glass slide 

2.10 Ground edge slide 

2.11 Microscope glass cover slip 

2.12 Microcentrifuge tube: 1.5 ml. 

2.13 Parafilm 

2.14 Paraffin block 

2.15 Permanent marker 

2.16 Pipette Tip: 10µl, 20 µl, 200 µl,1000 µl 

2.17 Sanitary tissue paper 

2.18 Slide superfrost plus 
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2.19 Staining jar 

2.20 Slide rack 

2.21 Test tube rack 

2.22 Timer 

3. �	� ��>�>?@A:@��	���%
� 

3.1 Absolute ethanol 

3.2 70% Alcohol  

3.3 90% Acetone 

3.4 Citrate buffer pH 6 

3.5 DAKO diluents 

3.6 Distilled Water (DW) 

3.7 Detection ultra view TM universal DAB detection kit 

3.8 Eosin solution 

3.9 95% Ethanol 

3.10 Hematoxyline solution 

3.11 3% H2O2 

3.12 Lithium 

3.13 Mounting media 

3.14 10% Neutral buffer formaline 
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3.15 3% Normal Horse serum 

3.16 Phosphate Buffer Saline (PBS) 

3.17 Primary antibody : anti-rabies monoclonal globulin 

3.18 Secondary antibody DAKO EnVision  

3.19 TBE buffer 

3.20 Xylene solution 

 
ก	� กX�������":��7� 

�$�#�����������"
�"!����Y�!
X�%	���������� "#��Y�������$&��$�������! ���aY����ก��

!����[�
�
ก���Y��ก��ก�� ��%����กXY
���!�	 
'���! �f���!�

���
!��$�����a����)����
!�

%� �f��!� 10 ��!  ��
���(����Y%���$%��#�����
������

���� 5 ��!    )�����กb
��ก����
��

��f�
� 10% formalin    f�ก����Y�
ก�
!��
�� m ����$����ก��(� 12 �f��)�
��
�a��"�%�� 1.) 

Frontal cortex, 2.) Parietal cortex, 3.) Temporal cortex, 4.) Occipital cortex, 5.) 

Hippocampus, 6.) Caudate, 7.) Thalamus, 8.) Cerebellum, 9.) Midbrain, 10.) Pons, 11. ) 

Medulla ��� 12.) Cervical cord 

�$�����a����)����
!��
��m ���*ก�f�$���!��������กh��!��!$���$*�Y�!
 3 !�&"Y���"� 

1. ���$�,����������������a!���	����������, �*����ก���	�
ก����
��������a!���	����������

 ��� 2 ���Y��ก�����*ก�กh��!��!$���$*�Y�!
!�&" Indirect  Immunohistochemistry 

2. ���$*��������$�,��������	���������� aY��ก
 �f��!����������������� ��� 2 ��ก��,����'�lh��'

	��� "#����������� ���_�
�����_�
��ก�l��' ���*ก�กh��!��!$Y�!
!�&" Image analysis 

3. ก������$����ก�,�ก���������ก����ก������ ��� 2 ���Y��ก�� ��� f�ก�� score ��Y��

%!�$���������ก����ก����*ก�กh����$*�Y�!
!�&"ก��
��$�" Hematoxylin ��� Eosin (H&E)  
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���>=�	 ���ก	���%
� 
 
1. Detection of Rabies antigen =:�� ����� Immunohistochemical technique 

 
1.1 "
<����ก	� ��>���C�=� (Slide Preparation) 

������
�#� "#aY��f������*
��!�ก��ก�����"
$������
�#��������� paraffin    )�����ก����  f�ก����Y��(�

�b
����)�����$�, 3  a$%���  )�����กaY���!�

��������
�#� brain ��� spinal cord ��ก�����

��� "#��Y�������$&��$�������!�f�$� fixed Y�!
 10%neutral buffer formalin ��ก���������*


��!�ก�� tissue processing ��� embedded specimen ��ก�� �#�aY� block ������
�#� �f�$���Y 

tissue section )�����$�, 2-3  a$%��� ��
���
����f���,)_*$� ���$�, 43 �����l��l"
�

��Y ���� section �����a�Y' "#�%����Y�!
��� superfrost plus �f�a��� "# 60°C  �� Hot air 

oven 10 �� " ��ก���� deparaffinzed Y�!
 Xylene ��� rehydrate Y�!
��f�ก��#�  

 

1.2 "
<���� ����� Immunohistochemical (IHC) 

�$�#�aY��a�Y' "#b
��ก�� deparaffinized ���! �f�$� f� antigen retrieval Y�!
� %��% microwave 

method XY
��� citrate buffer pH 6 ��(� target retrieval solution ��ก�����f����� microwave 

��� ����)��
h��� "#��,)_*$�)�����(��!�� 20 �� "���! block endogenouse peroxidase Y�!
 

3% H2O2 5 �� "���!���� phosphate buffer saline(PBS) 5 �� " ��ก����)
Y 3% normal horse 

serum ��a��	�#� block nonspecific background ���!)
Y primary antibody )��� rabbit anti-

rabies virus (anti-rabies nucleocapsid polyclonal antibody ��ก Bio-Rad  Marnes-la-

Coquette ���� ����#����  "#%!�$���$��� 1: 100)   ��ก����)
Y secondary antibody )��� 

visualization reagent ��a� f����ก���
�ก������	�#��)��ก�Y�"������ก���
��"� )
Y DAB (3,3 

diaminobenzidine tetrahydrochloride) l�#���(� substrate ��a����!�f��a�Y'a�
��$�" counter 

stain Y�!
 hematoxylin solution ��aY��a�Y' "#��$����f�a���!�)�����������������	���������� 

_�
���ก������� ����'�
�a� 
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2. Image analysis 

�
�
_�	�$�����a�����
!��
�� m ��ก�a�Y' "#
��$Y�!
� %��% Immnohistochemical (IHC) 
������� ����
���
!�����$�����a����)��� ����ก_�	��ก����!, "#$"�������������	����������
$�ก "#��Y �
�
_�	����!,����Y�!
กf�����
�
 400 � 
� XY
Y*�)� �#!�a�Y' �ก fields (	��� "# 0.71-
1.41 �����$�����$��) �
� 1 section ����$��  f�ก���
�
_�	Y�!
ก����Y������ ��
� Nikon 
ECLIPSE 80i (Nikon Instech Co., Ltd., Japan) ������ �กai�'_�	���Y 2560x3200 jpg. 
��ก�����f�a�%f��!,)����
������l��'�����  "#$"��������, ���$�,�������� "#$"�
*
_�
��
�l��' �����ก��!�l��'�����  XY
���X���ก�$ MATLAB R2007a ��ก��!��%���)' l�#���(�
X���ก�$ "#aY����ก��	�Z��X���ก�$��ก_�%!���!��!ก��$aiij� %,�!��!ก��$�����'       
$)�!� 
���
����� �%��� �' !� 
����)�Y�)+
 ���)!�Y�����  


ก�!�����
!�����$������!, Dentate fascia ��� hippocampus ���!�&"ก���
�
_�	
��
��Y"
!ก��������� ��
�f�$�����X���ก�$ Adobe Photoshop Y�!
 !�&" manual ก
���	�#� f�ก��
����ก����!, "#����ก��!��%���)')�������������l��' neuron ���!����f�a� run ��X���ก�$ 
MATLAB R2007a �	�#����%f��!,)����
�����	��� "#�l��'������������"ก%����)��#� ����f�
���$*� "#aY� ���)$Y$����"
�� "
�%!�$��ก�
��ก����� ��� 2 ���Y��ก��XY
����
)��กก�� ��
�����   

 
3. Semi-quantitative assessment of inflammatory response 
��!�

��������
�#� "#aY���ก��!�ก��  tissue processing �������� paraffin   �f���Y��(��b
����
)�����$�, 3  a$%���  �f�$�
��$�" Hematoxylin ��� Eosin   �)���Y��%!�$���������ก��
��ก������$���
!��
�� m  ��ก���
a�$�ก XY
 0 %�� ก��a$
	���ก�,����ก����ก��� ��� 1+ 
����� 3+   ��$�f�Y�� 

4. Statistic analysis 
�f�������$*�Y�� "#aY���กก��!��%���)'Y�!
!�&"������� �f�$� Y���!
�$"%!�$��ก�
��ก��)���a$

��)!
���������� ��� 2 ���Y��ก�� Y�!
)��กก�� �������������!�&"ก�� Y��� Man-whitney U 
test  (asymptotic significance, 1 tailed) ��กX���ก�$ SPSS software version 18.0 (IBM 
corporation, Somer, USA). l�#�%
�%!�$��ก�
��ก���

��$"��
�f�%�+ �$�#� p value < 0.05 
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ก	��� ��	���":��7� 

��กb�ก��!���
 f��)�aY����$*� 2 ��� XY
���f�$�!��%���)' Y���"� 

1. !��%���)'��ก_�	�
�
 "#aY���กก��
��$�������������	����������Y�!
!�&"
Immnohistochemical (IHC) �f�$���!�!��%���)'�������$�,Y�!
!�&" Image analysis XY
����

X���ก�$ MATLAB R2007a �f�$�!��%���)'Y���"�  

 

�7��>? 2. �
ก���ก	��� ��	����	����� %�"�� A;<�I���5�
"�:	 A������	� (Quantitative 
rabies antigen analysis for all regions except hippocampal dentate fascia)  

��ก�,���$�)�"#
$ : aY��ก
�f��!��l��' neuron _�
�� 2 neurons  ���ก��Y�!
 �����
�������� "#$"��ก�,���(�!�ก�$�"Yf�������
*
_�
����"
ก�l��'�"�!
� Positive neuron  ��� 1 
�l��' neuron  "#a$
$"��������_�
�� ��"
ก!
� Negative neuron �
!��������� "#��(���Y�"Yf�
_�
��ก�l��' ��"
ก!
� antigen outside cell Y����Y���_�	 A. �$�#��f������*
X���ก�$ MATLAB 
R 2007a ���!X���ก�$����$�������f��!��������� ���_�
�����_�
��ก�l��'Y����Y���
_�	 B. aY��ก
�f��!��������� ���)$Y 6 ��Y ��������_�
�� positive neuron  ����f��!�aY�  4 
��Y ��� antigen outside cell �f��!� 2 ��Y )��� dot ����������������	���������� ���$" 
Negative neuron  �f��!� 1 �l��'  
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�7��>? 3. ��=�ก	��� ��	��� A������	�@�ก	����%�	 A;<�I���5�
"�:	@���� ������
����	����� hippocampus (Quantitative rabies antigen analysis for hippocampal 
dentate fascia) 
_�	 A. !�ก�$�"��! � ���ก�,� granular neurons ��� dentate fascia �����Y�"Yf� aY��ก
 
�������������	�����������$�#��f�a�b
��ก���!�!��%���)'Y�!
X���ก�$%�$	�!����'���!����Y�
Y����_�	 B. ��$����f�a�!��%���)'%f��!,)�	��� "#�������� �
� 	��� "# dentate  ���)$YaY� 
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2. �a�Y' "#aY���กก��
��$�" hematoxylin and eosin ���!�f�$���!�!��%���)'��ก�,�ก��
�������ก����ก���_�
���ก������� ����'XY
ก���)���Y��%!�$���������ก����ก�����ก
���
a�$�ก��$�f�Y����ก 1+ ��� 3+   Y�!
�ก,-'ก��!����[�
�
�a��"� 

0 %�� a$
	�ก����ก��� (no inflammatory) 

1+  %�� ���#$	� microglia ���/)��� lymphocyte (mild inflammation : mild 
microglial activation without formation of  microglia nodule and/or mild 
perivascular lymphatic cuffing) 

2+ %�� 	� microglia ���/)��� lymphocyte ���)��Y����Y��hก���
 (moderate 
inflammation : microglial activation with formation of microglial nodule 
and moderate lymphocytic perivascular cuffing) 

3+  %�� 	� microglial nodule ��� microglia ก����
��! �#!a� ��� lymphocyte 
���)��Y����Y�f��!�$�ก (marked inflammation : microglial activation 
with formation of microglial nodule with extension of microglial 
aggregates outside 

�f�$�!��%���)'��ก�,�ก���������ก����ก���XY
���"
�� "
���ก ��� 2 ���Y��ก�� ����
��
�
!�����$�����a����)��� 

3. �f����$*� "#aY�$�%f��!,!��%���)')����$�,�������������	����������XY����"
�� "
���ก ���
2 ���Y��ก�� �����ก���*����ก���	�
ก����
��������	���������������Y%���$%��#�����
����� 
XY
����
ก��!��%���)'���$*���ก)��กก�� ������� 
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���>?  4 
 

��ก�����	��
��
����� 

��ก�����	��
�� 

1. ��ก�,�ก��ก����
�������������������������� ������Y%���$%��#� Furious  rabies )��� 
Encephalitic  rabies (��ก�����%���$%��#�) ����
����� (Dumb )��� Paralytic rabies (��ก��
�����$	�� )�����ก���
�����) 

 

 
 
 
�7��>?4. ��=�D�%	กก	��:������� %� A;<�I���5�
"�:	=:�����> Immnohistochemical (IHC) 

%	กก�:��%5����
�� "�	="�	� 400  ��	 
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2. ก��!��%���)'b���ก_�	�
�
 "#aY���กก��
��$�������������	����������Y�!
!�&"
Immnohistochemical (IHC) �$�#��f�$���!�!��%���)'�������$�,Y�!
!�&" Image 
analysis XY
���X���ก�$   MATLAB R2007a 

 

 

������ 5. ������ก�����	��
�������������� !
"�����������# ���%��	 �	 Image analysis 
 &�%'��&���ก�� MATLAB R2007a 
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3. b�ก��!��%���)'��!�

��������
�#� "#aY���ก��!�ก��  tissue processing ��� �f�$�
��$�" 
Hematoxylin ��� Eosin 

  

 

�7��>?6.  ��=�D�ก	��:���> Hematoxylin ��� Eosin %	กก�:��%5����
��  
   ก�	�
�"�	�"�	= 400  ��	 
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�ก������������������
�����������ก�� �����! �"���������#$��! �"�%� $�# 

 Pattern of rabies antigen 

1. Rabies antigen-positive neurons 

b���กก��!��%���)'���$*� "#aY�	�!
�������!, cerebral neocortices ����$����������$"

���$�, positive neurons ������Y%���$%��#�$�กก!
� �$�#����"
�� "
�ก�����Y�
�����Y�!
�����

	�!
�$"%!�$��ก�
��ก���

��$"��
�f�%�+������!, frontal ��� occipital lobe (p=0.038,   p= 

0.029 ��$�f�Y��) Y����Y�������� "# 3 ����$�#��f����$*�Y�� "#aY� (����� "#1���2) $�)�%
��[�"#


l�#�Y*aY���ก�����_�%b�!ก [.  	�!
�������!, frontal $"���$�,����'�lh��'  rabies antigen-

positive neurons (���Y%���$%��#� 38.2%, ���Y�
����� 13.6%) ��� ����!, occipital lobe 

(���Y%���$%��#�$" 37.2%, ���Y�
�����$" 8.4%) �f�)�������!, Parietal ��� temporal lobe a$


	�%!�$��ก�
���

��$"��
�f�%�+ ��ก��ก�"�����!,a����)���(spinal cord) �����������	�!
�$"

���$�,����'�lh��' rabies antigen-positive neurons �����Y%���$%��#��f��!�$�กก!
����Y�
��

���l�#�$"%!�$��ก�
��ก���

��$"��
�f�%�+aY��ก
 C-cord (���Y%���$%��#� 97.3%, ���Y�
����� 

84.3% p=0.025) L-cord (���Y%���$%��#� 98.4%, ���Y�
����� 79.23% p=0.025) ��� S-cord  

(���Y%���$%��#� 97.1%, ���Y�
����� 60.13% p=0.025)   
ก�!���
!� T-cord ��� spinal cord  "#

$"���$�, rabies antigen-positive neurons �f��!�$�ก��
a$
��ก�
��ก���

��$"��
�f�%�+ 

��
��Y"
!ก������!, thalamus, hippocampal cornu ammonis ��� cerebellum  "#a$
	�%!�$

��ก�
��ก���

��$"��
�f�%�+�$�#��f�$����"
�� "
���ก ��� 2 ���Y��ก��  

 

2. Rabies antigen dot per positive neuron 

��กb�ก��!��%���)'���$*�	�!
��f��!���Y��� antigen �
� positive neuron  ���)$Y���
!�

�
��m����$�� 	�!
�a$
$"%!�$��ก�
��ก���

��$"��
�f�%�+�$�#����"
�� "
�ก�� ��� 2 ���Y 
ก�!��

������!, spinal cord �
!� (C-cord) 	�!
�$"�f��!� dot ��� antigen �
� positive neuron $"

%!�$��ก�
��ก���

��$"��
�f�%�+ (p=0.025) Y����Y�������� "# 3  
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3. Rabies antigen area per positive neuron and  hippocampal dentate fascia 

b���กก��!��%���)'	�!
�%
��[�"#
	��� "#�������� �
� 	��� "# positive neuron $"���$�,$�ก

��)��
m�
!�����$�������������Y%���$%��#�$�กก!
����Y�
�����  "#$"%!�$��ก�
��ก���

��

��
�f�%�+ aY��ก
����!, occipital (���Y%���$%��#� 3.8% ���Y�
����� 1.44%, p =0.038)  

hippocampal cornu ammonis (���Y%���$%��#� 3.57% ���Y�
����� 1.55%, p = 0.023) 

cauadate (���Y%���$%��#� 2.566 ���Y�
����� 1.3%, p = 0.038) midbrain (���Y%���$%��#� 

9.384%  ���Y�
����� 3.42%, p = 0.014) medulla (���Y%���$%��#� 7.495%  ���Y�
����� 

3.066%, p = 0.043) ��� thalamus (���Y%���$%��#� 2.76  ���Y�
����� 1.34%, p = 0.025) ���

������!, "#a$
	�%!�$��ก�
��ก���

��$"��
�f�%�+aY��ก
 neocortex, cerebellum, brainstem 

��� spinal cord  
ก�!������!,  cervical cord (p=0.025)Y����Y�������� "# 3  �f�)���	��� "# 

rabies antigen �
� positive neuron  "#����!, hippocampal dentate fascia 	�!
�$"%!�$

��ก�
��ก���

��$"��
�f�%�+�������������Y%���$%��#�$"���$�,$�กก!
��$�#�� "
�ก�����Y�
����� 

(���Y%���$%��#� 0.43  ���Y�
����� 0.01%, p = 0.0423) 

4. Percentage of antigen area outside neuronal cell body 

b���กก��!��%���)'	�!
�	��� "# antigen _�
��ก�l��'$"���$�,$�ก�����Y%���$%��#�

$�กก!
����Y�
����� "#	�!
�$"%!�$��ก�
��ก���

��$"��
�f�%�+	�aY�)��
�
!�����$��aY��ก


����!, frontal (���Y%���$%��#� 1.626% ���Y�
����� 0.2478% p =0.023) temporal (���Y%���$

%��#�1.93 % ���Y�
����� 0.4324% p =0.038) occipital (���Y%���$%��#� 1.96% ���Y�
����� 

0.2042% p =0.024) hippocampal cornu ammonis (���Y%���$%��#� 2.29 % ���Y�
����� 

0.4944% p =0.024) midbrain (���Y%���$%��#� 6.158% ���Y�
����� 0.6938% p=0.008) pons 

(���Y%���$%��#� 3.196%  ���Y�
����� 0.472%, p = 0.014) medulla  (���Y%���$%��#� 5.9%  ���Y

�
����� 0.8312%, p = 0.025) upper cervical cord (C-cord)(���Y%���$%��#� 4.643 % ���Y

�
����� 1.3783% p =0.025) �������!, T-cord (���Y%���$%��#� 3.0267% ���Y�
����� 

1.013% ,P = 0.025) �f�)�������!,��#�m���$����ก��ก�"�ก����!�!��%���)'a$
	�!
�$"%!�$

��ก�
��ก���

��$"��
�f�%�+ �!$ �������!, lower levels ��� spinal cord  
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Pattern of inflammation 

 
b�ก��!��%���)'ก����������
�ก����ก������
!��
��m����$�����a����)������

��������	�!
�$"��Y��%!�$���������ก����ก��������Y�
�����$�กก!
����Y��ก��%���$%��#��$�#�

���"
�� "
� ��� 2 ���Y ���	�$�ก������!, brainstem l�#�$"%!�$��ก�
��ก���

��$"��
�f�%�+

aY��ก
 midbrain (p = 0.0022) pons (p=0.0069) ��� Medulla (p=0.01) ��ก��ก�"�	�!
�ก��

��ก������Y��Y��%!�$�������� �$�#������*
����!,a����)��� (spinal cord)   
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D�ก	� ��>�� �>�� 

Paralytic  Rabies 

Inflam 
Score 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 
positive 

Neu 

Average Ag 
area in 
positive 

Neu 

% Ag 
area 

outside 
cells (0-4) 

40048 Frontal   0           1 

40048 Parietal   0           1 

40048 Occipital   0           1 

40048 Temporal   0           1 

40048 Hippo (CA)   0           1 

40048 Caudate   0           1 

40048 Thalamus   0           1 

40048 Cerebellum   0           0 

40048 Midbrain   0           4 

40048 Pons   0           4 

40048 Medulla   0           4 

40048-3D 
Hippo 
(Dentate)     

  
0 

 
0.00 0   

  

    

40048-S01 Spinal cord 51 36 71 141 3.92 0.83 0.46 4 

40048-S02 Spinal cord 46 21 46 42 2.00 1.93 0.81 3 

40048-S03 Spinal cord 42 32 76 253 7.91 5.95 3.36 3 

40048-S04 Spinal cord 54 28 52 312 11.14 7.13 2.28 3 

40048-S05 Spinal cord 37 7 19 21 3.00 2.04 0.6 2 

40048-S06 Spinal cord 44 23 52 200 8.70 3.07 1.25 2 

40048-S07 Spinal cord 28 14 50 276 19.71 3.3 1.48 1 

40048-S08 Spinal cord 32 22 69 276 12.55 9.68 1.25 1 

40048-S09 Spinal cord  48 30 63 373 12.43 6.05 1.33 1 

40048-S10 Spinal cord 47 36 77 909 25.25 12.78 4.41 1 
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Inflam 
Score 

  
 
 
 

Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 

positive 
Neu 

Average Ag 
area in 
positive 

Neu 

% Ag 
area 

outside 
cells (0-4) 

R148-48sp-01 Spinal cord 39 39 100 94.33 2.42 10.05 0.91   

R148-48sp-02 Spinal cord 29 28 97 77.75 2.78 2.83 0.20   

R148-48sp-03 Spinal cord 26 22 85 66.38 3.02 1.81 0.26   

R148-48sp-04 Spinal cord 40 38 95 108.33 2.85 5.18 0.37   

R148-48sp-05 Spinal cord 57 53 93 96.44 1.82 7.60 0.58   

R148-48sp-06 Spinal cord 38 30 79 79.33 2.64 12.48 1.51   

R148-48sp-07 Spinal cord 85 50 59 46.50 0.93 2.55 0.08   

R148-48sp-08 Spinal cord 44 27 61 16.75 0.62 0.94 0.44   

R148-48sp-09 Spinal cord  59 32 54 13.67 0.43 0.82 0.52   

R148-48sp-10 Spinal cord 54 22 41 69.92 3.18 0.95 0.04   

Inflam 
Score 
(0-4) 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 

positive 
Neu 

Average Ag 
area in 
positive 

Neu 

% Ag 
area 

outside 
cells   

R148-48-01 Frontal 315 7 2 8 1.14 0.72 0.03 1 

R148-48-04 Parietal 196 11 6 15 1.36 1.46 0.02 1 

R148-48-05 Occipital 277 1 0 1 1.00 0.05 0.06 1 

R148-48-02 Temporal 166 2 1 2 1.00 0.45 0.01 1 

R148-48-03 Hippo (CA) 66 0 0 0 0.00 0 0.01 1 

R148-48-12 Caudate 271 15 6 16 1.07 1.3 0.03 1 

R148-48-10 Thalamus 108 32 30 54 1.69 0.77 0.38 1 

R148-48-09 Cerebellum 44 31 70 66 2.13 2.12 0.45 2 

R148-48-06 Midbrain 72 47 65 145 3.09 1.69 0 4 

R148-48-07 Pons 175 138 79 481 3.49 4 0.12 3 

R148-48-08 Medulla 50 34 68 174 5.12 4.13 0.25 4 

R148-48-3D 
Hippo 
(Dentate)       0 

 
0  0   

  

Inflam 
Score 
(0-4) 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 

positive 
Neu 

Average Ag 
area in 
positive 

Neu 

% Ag 
area 

outside 
cells   

457-48-01 Frontal 372 74 20 119 1.61 1.9 0.039 1 

457-48-04 Parietal 481 253 53 468 1.85 3.35 0.075 1 

457-48-05 Occipital 258 4 2 5 1.25 1.44 0.001 1 

457-48-02 Temporal 312 45 14 90 2.00 4.29 0.022 1 

457-48-03 Hippo (CA) 307 74 24 128 1.73 2.05 0.022 1 

457-48-12 Caudate 230 10 4 14 1.40 0.4 0.001 1 
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Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 

positive 
Neu 

Average Ag 
area in 
positive 

Neu 

% Ag 
area 

outside 
cells 

Inflam 
Score 
(0-4) 

457-48-06 Midbrain 48 37 77 100 2.70 2.86 0.129 4 

457-48-07 Pons 20 5 25 13 2.60 0.83 0.02 4 

457-48-08 Medulla 22 12 55 34 2.83 1.84 0.076 4 

457-48-3D 
Hippo 
(Dentate)       0 0.00 0   

  

Inflam 
Score 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 

positive 
Neu 

Average Ag 
area in 
positive 

Neu 

% Ag 
area 

outside 
cells 

(0-4) 

153-50-01 Frontal 479 89 19 148 1.66 1.92 0.41 1 

153-50-04 Parietal 346 200 58 418 2.09 4.61 2.01 1 

153-50-05 Occipital 555 141 25 235 1.67 3.55 0.93 1 

153-50-02 Temporal 251 112 45 168 1.50 3.14 0.99 1 

153-50-03 Hippo (CA) 261 188 72 480 2.55 2.16 1.82 1 

153-50-12 Caudate 259 48 19 72 1.50 2.15 0.28 1 

153-50-10 Thalamus 206 142 69 345 2.43 1.66 0.25 1 

153-50-09 Cerebellum 59 43 72 112 2.60 2.26 0.04 1 

153-50-06 Midbrain 132 111 84 448 4.04 4.11 0.67 3 

153-50-07 Pons 132 105 80 889 8.47 6.47 0.78 3 

153-50-08 Medulla 137 106 77 479 4.52 3.28 0.81 3 

153-50-3D 
Hippo 
(Dentate)       15 0.88 0.01   

  

153-50-S01 Spinal cord 46 42 91 370 8.81 5.38 2.46 3 

153-50-S02 Spinal cord 59 57 97 460 8.07 5.01 1.81 2 

153-50-S03 Spinal cord 47 46 98 421 9.15 6.99 1.15 2 

153-50-S04 Spinal cord 72 66 92 693 10.50 3.53 1.24 2 

153-50-S05 Spinal cord 76 74 97 626 8.46 7.6 4.52 2 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 

positive 
Neu 

Average Ag 
area in 
positive 

Neu 

% Ag 
area 

outside 
cells 

Inflam 
Score 
(0-4) 

153-50-S09 Spinal cord  10 8 80 31 3.88 2.32 0.06 1 

153-50-S10 
 

Spinal cord 
32 22 69 89 4.05 1.09 0.12 

1 

153-50-S11 Spinal cord 49 24 49 131 5.46 1.57 0.38 1 
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Inflam 
Score 

  

 
 
Region 

 
 

Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 

positive 
Neu 

Average Ag 
area in 
positive 

Neu 

% Ag 
area 

outside 
cells 

(0-4) 

211-01 Frontal 286 78 27 136 1.74 2.29 0.76 2 

211-04 Parietal 378 133 35 416 3.13 5.3 2.79 0 

211-05 Occipital 352 53 15 108 2.04 2.16 0.03 0 

211-02 Temporal 193 110 57 317 2.88 5.15 1.14 2 

211-03 Hippo (CA) 82 75 91 289 3.85 3.55 0.62 1 

211-12 Caudate 279 180 65 344 1.91 2.65 1.15 1 

211-10 Thalamus 138 71 51 153 2.15 2.53 0.68 2 

211-09 Cerebellum 64 44 69 143 3.25 2.53 1.01 1 

211-06 Midbrain 89 88 99 1088 12.36 8.44 2.67 3 

211-07 Pons 191 172 90 1038 6.03 5.7 1.44 3 

211-08 Medulla 42 41 98 455 11.10 6.08 3.02 3 

211-12-3D 
Hippo 
(Dentate)       76 

 
9.50 0.042   

  

 
�	�	��>? 1. ��=�D�ก	��� ��	����	����� %� A;<�I���5�
"�:	 A������	����ก	�@�:
��=
���	��5����ก	��
ก ��"����������	�@��5�
"�:	A��=������� 
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Furious  Rabies 
           

Inflam 
Score 
(0-4) 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in  
positive 

Neu 

Average 
Ag area in 
positive 

Neu 

% Ag 
area 

outside 
cells   

212-01 Frontal 385 69 18 99 1.43 1.83 0.17 1 

212-04 Parietal 326 37 11 53 1.43 2.04 0.03 1 

212-05 Occipital 302 17 6 21 1.24 2.57 0.04 1 

212-02 Temporal 472 108 23 128 1.19 2.32 0.51 1 

212-03 Hippo (CA) 381 213 56 353 1.66 2.78 0.97 1 

212-12 Caudate 269 73 27 109 1.49 3.29 0.15 1 

212-10 Thalamus 125 19 15 27 1.42 1.82 0.02 1 

212-09 Cerebellum 44 22 50 30 1.36 2.97 0.03 0 

212-06 Midbrain 102 78 76 314 4.03 11.22 4.29 1 

212-07 Pons 58 24 41 61 2.54 3.05 0.97 1 
212-08 Medulla NA NA NA NA NA NA NA NA 

212-3D 
Hippo 
(Dentate)       0 

 
0 

 
0   

  

Inflam 
Score 
(0-4) 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in  
positive 

Neu 

Average 
Ag area in 
positive 

Neu 

% Ag 
area 

outside 
cells   

392-48-01 Frontal 510 238 47 353 1.48 4.38 1.28 1 

392-48-04 Parietal 663 251 38 360 1.43 3.29 0.8 1 

392-48-05 Occipital 453 68 15 78 1.15 1.52 0.15 1 

392-48-02 Temporal 399 127 32 170 1.34 6.01 1.76 1 

392-48-03 Hippo (CA) 390 141 36 227 1.61 2.52 0.87 1 

392-48-12 Caudate 395 174 44 233 1.34 2.37 0.38 1 

392-48-10 Thalamus 405 333 82 1229 3.69 3.68 1.63 1 

392-48-09 Cerebellum 106 64 60 97 1.52 1.904 0.54 1 

392-48-06 Midbrain 182 167 92 634 3.80 13.54 6.25 2 

392-48-07 Pons 251 192 76 593 3.09 8.29 2.03 3 

392-48-08 Medulla 99 82 83 700 8.54 8.78 1.95 3 

392-48-3D 
Hippo 
(Dentate)       50 

 
3.846 0.023   

  

392-48-S01 Spinal cord 49 49 100 554 11.31 18.01 6.03 2 
392-48-S02 Spinal cord 32 32 100 352 11.00 10.67 2.31 2 
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 392-48-S05 

Spinal cord 
Region 

47 
Total 
Neu 

47 
Positive 

Neu 

100 
% 

positive 
Neu 

902 
Total 
Ag 

dots in 
Neu 

19.19 
Aver Ag 
dots in  
positive 

Neu 

12.61 
Average 

Ag area in 
positive 

Neu 

6.02 
% Ag 
area 

outside 
cells 

2 
Inflam 
Score 
(0-4) 

392-48-S06 Spinal cord  74 74 100 527 7.12 11.07 2.55 2 

392-48-S07 Spinal cord 59 59 100 524 8.88 8.41 2.68 1 

392-48-S08 Spinal cord 52 52 100 597 11.48 11.21 3.44 1 

392-48-S09 Spinal cord 54 52 96 440 8.46 4.76 1.36 1 

392-48-S10 Spinal cord 49 43 88 643 14.95 8.89 3.14 1 

392-48-S11 Spinal cord 48 48 100 852 17.75 7.05 4.84 1 

392-48-S12 Spinal cord 38 38 100 993 26 10.05 5.38 1 
Inflam 
Score 
(0-4) 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 
Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 
positive 

Neu 

Average 
Ag area in 
positive 

Neu 

% Ag 
area 
outside 
cells   

228-01 Frontal 841 194 23 329 1.70 1.6 0.66 0 

228-04 Parietal 672 210 31 311 1.48 1.82 2.38 0 
228-05 Occipital 846 427 50 706 1.65 2.98 2.65 0 
228-02 Temporal 930 42 5 44 1.05 2.04 0.47 0 

228-03 Hippo (CA) 526 356 68 955 2.68 3.27 5.51 0 

228-12 Caudate 613 213 35 420 1.97 2.18 2.71 0 

228-10 Thalamus 378 171 45 415 2.43 2.47 1.77 1 

228-09 Cerebellum 66 44 66 105 2.39 0.77 2.21 1 

228-06 Midbrain 238 168 71 1199 7.14 6.03 12.01 1 

228-07 Pons 474 341 72 1156 3.39 9.06 9.3 1 

228-08 Medulla 380 276 73 1615 5.85 8.46 12.09 1 

228-12-3D 
Hippo 
(Dentate)       212 

 
26.00 0.516   

  

Inflam 
Score 
(0-4) 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 
positive 

Neu 

Average 
Ag area in 
positive 

Neu 

% Ag 
area 

outside 
cells  

1148-01 Frontal 332 131 39 166 1.27 4.1 1.17 2 

1148-04 Parietal 470 237 50 373 1.57 4.88 2.07 2 

1148-05 Occipital 425 205 48 293 1.43 6.24 3.16 1 

1148-02 Temporal 316 118 37 149 1.26 6.66 2.02 2 

1148-03 Hippo (CA) 155 88 57 169 1.92 4.07 1.63 1 
1148-09  Cerebellum 25 21 84 42 2.00 7.54 0.52 1 
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Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 
dots in 
Neu 

Aver Ag 
dots in  
positive 
Neu 

Average 
Ag area in 
positive 
Neu 

% Ag 
area 
outside 
cells 

Inflam 
Score 

(0-4) 

1148-06 Midbrain 131 71 54 189 2.66 4.37 0.74 1 

1148-07 Pons 423 120 28 155 1.29 3.48 0.91 1 

1148-08 Medulla 112 97 87 366 3.77 3.24 2.3 1 

1148-3D 
Hippo 
(Dentate)       120 

 
40 0.8   

  

1148-S01 Spinal cord 60 56 93 633 11.30 4.49 3.79 1 

1148-S02 Spinal cord 45 42 93 416 9.90 11.35 6.68 1 

1148-S03 Spinal cord 39 39 100 590 15.13 12.17 6.14 1 

1148-S04 Spinal cord 28 28 100 484 17.29 16.1 6.39 1 

1148-S05 Spinal cord 32 27 84 413 15.30 3.79 1.33 1 

1148-S06 Spinal cord 41 40 98 549 13.73 6.35 3.22 2 

1148-S07 Spinal cord 52 52 100 903 17.37 12.29 3.83 1 

1148-S08 Spinal cord 40 40 100 636 15.90 8.09 5.19 1 

1148-S09 Spinal cord  39 39 100 657 16.85 13.15 7.38 1 

1148-S10 Spinal cord 67 66 99 766 11.61 13.6 7.68 1 
1148-S11 Spinal cord 45 43 96 452 10.51 8.09 3.81 1 

Inflam 
Score 
(0-4) 

  

Region Total 
Neu 

Positive 
Neu 

% 
positive 
Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in 
positive 

Neu 

Average 
Ag area in 
positive 

Neu 

% Ag 
area 
outside 
cells   

443-49-01 Frontal 507 322 64 718 2.23 5 4.85 2 

443-49-04 Parietal 638 439 69 1053 2.40 4.69 3.96 1 

443-49-05 Occipital 615 410 67 786 1.92 5.7 3.8 1 

443-49-02 Temporal 589 366 62 673 1.84 5.82 4.89 1 

443-49-03 Hippo (CA) 287 247 86 865 3.50 5.23 2.48 1 

443-49-12 Caudate 92 58 63 125 2.16 2.43 0.45 2 

443-49-10 Thalamus 145 119 82 282 2.37 3.08 0.67 1 

443-49-09 Cerebellum 69 55 80 133 2.42 1.65 0.49 1 

443-49-06 Midbrain 145 124 86 429 3.46 11.76 7.5 1 

443-49-07 Pons 225 208 92 957 4.60 6.43 2.77 2 

443-49-08 Medulla 166 154 93 912 5.92 9.5 7.26 1 

443-49-3D 
Hippo 
(Dentate)       208 41.6 0.83 0 

  

443-49-S03 Spinal cord 49 46 94 347 7.54 4.61 1.68 1 
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Region Total 
Neu 

Positive 
Neu 

% 
positive 

Neu 

Total 
Ag 

dots in 
Neu 

Aver Ag 
dots in  
positive 

Neu 

Aver Ag 
dots in 
positive 

Neu 

% Ag 
area 

outside 
cells 

Inflam 
Score 
(0-4) 

443-49-S04 Spinal cord 71 67 94 570 8.51 3.02 1.89 2 
443-49-S05 Spinal cord 74 71 96 407 5.73 3.96 1.62 2 
443-49-S06 Spinal cord  41 39 95 274 7.03 3.38 1.42 2 

443-49-S07 Spinal cord 52 52 100 519 9.98 4.99 1.89 1 

443-49-S08 Spinal cord 70 69 99 830 12.03 7.36 3.33 2 

443-49-S09 Spinal cord 98 91 93 809 8.89 6.22 3.71 1 

443-49-S10 Spinal cord 58 57 98 541 9.49 4.03 2.42 2 

443-49-S11 Spinal cord 79 78 99 525 6.73 5.76 3.06 2 

443-49-S12 Spinal cord 40 39 98 211 5.41 5.68 1.23 1 

 

�	�	��>? 2. ��=�D�ก	��� ��	����	����� %� A;<�I���5�
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�7��>? 7. ��=�ก	��� ��	��� ��>�� �>?��ก	�@�:��=
���	��5����"��ก	��
ก �� 

@��������C"�
���
�"���5�
"�:	A��=�	ก	���5:���
?����������� 

กf�)�Y�)�  

�"�Y�     )$�
��� ก���)���Y��%!�$���������ก����ก��� 0 (�$�#�a$
	�ก����ก���) 
�"��f�����   )$�
��� ก���)���Y��%!�$���������ก����ก��� 1+ 
�"��"
!   )$�
��� ก���)���Y��%!�$���������ก����ก��� 2+ 
�"$
!�   )$�
��� ก���)���Y��%!�$���������ก����ก��� 3+ 

��กb�ก��!��%���)' 	�ก����ก����ก�Y������ "#ก����$����������������Y�
������$�#�
���"
�� "
�ก�������������%���$%��#�    �
!�ก����ก������$���)+
 	��	"
���hก���
�� ��� 2 
ก��
$��ก�� ���	�!
�$"��Y��%!�$���������ก����ก����Y��)���a$
	�ก����ก���������!, 
a����)��� 
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���>?  5 

��5�D�ก	���%
� �l���	�D� ���":� ������ 

 

�l���	�D�ก	���%
� 
 
X�%	���������� ��� "#	���%� ������!' ��
����������$! $"��ก�,���ก�� 2 ��� aY��ก
 

���%���$%��#��������
�����(3-7)    l�#�	
�&�กf����Y�����ก�,���ก��  2 ����"� 
��a$
��(� "#
 �����
��Y!
��ก�Y��ก���)���Y(4,10)   ��(� "#�
�����ก�!
������X�%	���������� "#�����*
�
��ก�
%� "#
aY�����������$"��ก�,�ก��������� "#��ก�
��ก������
�����Y���a!���  f��)�b*���Y�������Y�
��ก�,���ก�� ��%����ก "#��ก�
��ก��  �$$�������"��*ก��������Y�!
ก����ก��!����[�
��ก�,�
���a!���	�����������	�#�)�%!�$��ก�
��ก����� gene ���Y glycoprotein(G), nucleotide ��� 
phosphoprotein gene  "#�ก�Y��ก�$�����b*��g!
 "#��(�X�%�������� "#��Y�����	���������� ���Y
%���$%��#�������Y�
����� ��
a$
	���ก�,��f��	����� ��� 2 ���Y "#��ก�
��ก�� ���a$
��$���
�&���
��ก�� ��%����ก "#��ก�
��ก���"�aY� (13) 

��กก����ก��ก��ก����
��������	�������������
!��
�� m ����$�������������Y%���$
%��#��f��!� 10 ��! �$�#�a$
���$��"� 	�ก��ก����
��!��������a!���	��������������ก�,� "#
%���
%���ก�� ���)$Y�� �ก��! "# f�ก�� Y���XY
	�ก��ก����
��������$�ก������!,ก���
�$�������������a!���	������������(��f��!�$�ก "#ก����$�� (brain stem) �$�#����"
�� "
�ก��
�$���)+
 (18)       ���$*� "#aY���กก����ก��Y��ก�
�! ��Y%����ก�����$*� "#	����$�������������Y
%���$%��#� "#aY���กก����ก����������(14,17)          �

��a�กh��$ก����ก���������aY� f�ก�� Y���
�[	���������������Y%���$%��#�� 
�����  f��)�a$
��$������"
�� "
�aY��

����Y�����ก ��� 2 ���Y
��ก��  ก����ก��%�����"����aY� f�ก����ก���	�#$���$���$������������� ��� 2 ���Y��ก�����a����
)��� XY
����
� %��%ก��
��$)��������������Y�!
!�&" immunohistochemietry technique 
(IHC) ����f����� %��% "#aY���กก�����
�ก�'X���ก�$ image analysis $���!�)������������
���$�,XY
��$�����!�)� ���$�,�������������	����������(rabies antigen-positive 
neurons), ���$�,�f��!���Y��������(rabies antigen dot per positive neurons), 	��� "#
��������%�Y��(����
���
�	��� "# positive neuron(rabies antigen area per positive neuron) 
�!$ ���	��� "#�
!� hippocampal dentate fascia ������
�������������	����������_�
��ก
�l��' neuron  ���
!��
��m����$�����a����)���aY� �f����$*� "#aY�$����"
�� "
�)�%!�$
��ก�
��ก����������������Y%���$%��#�������Y�
�����  Y���)h�aY���กก�� Y��� ������� "#	�!
�
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$"%!�$��ก�
��ก���

��$"��
�f�%�+  l�#���ก�
����กก����ก����%���Y�����	���������� "#b
��$�
(13) �����(�a�aY�!
�ก����ก����%���(�ก����ก������
� ��
���X�%���$"ก��Yf�����X�%
��ก�� �#�������������
	����������$"ก���	�
ก����
a� �#!�
!��
��m����$�����a����)���  f�
�)�ก�� Y���a$
	�!
�$"%!�$��ก�
��ก�� ��กก����ก����%�����"��$�#����"
�� "
� ��� 2 ���Y
��ก�����
!��
��m����$�����a����)������)h�aY�!
��l��'�����  "#��Y��������$���)+
 $"
���$�,$�กก!
��������������Y%���$%��#�  ���	�$�ก������!, frontal lobe (���Y%���$%��#�
38.2% ���Y�
�����13.6%,p=0.038) ��� occipital lobe(���Y%���$%��#�37.2% ���Y�
�����
8.4%,p=0.030)(�����_�%b�!ก [.) �����a����)���	�!
�$"���$�,�������(��f��!�$�ก��
���Y%���$%��#�$�กก!
����Y�
�������
�ก�� 	�!
�$"%!�$��ก�
��ก���

��$"��
�f�%�+�� 3 �
!�
���a����)���aY��ก
 Cervical cord(���Y%���$%��#�97.3% ���Y�
�����84.326%,p=0.025), 
Lumbar cord(���Y%���$%��#�98.4% ���Y�
�����79.23%,p=0.025) ��� Sacral cord(���Y%���$
%��#�97.1% ���Y�
�����60.13%,p=0.025) ������!,��#�m����$���)+
 "#$"���$�,��������
��������a!���	�����������f��!�$�ก��
a$
	�%!�$��ก�
���

��$"��
�f�%�+ aY��ก
 parietal 
lobe, thalamus ��� cerebellum  �����������Y�
�����	������	����������aY�$�ก "#ก����$��
��
�ก�� ��
��ก�,��Y
���������������Y�
����� %�� ก����ก��������� "#ก����$���������������Y
�
����� ก�� Y����� region 40048 (����� "# 1) ��!�a$
	������������a!���	������������

 ������$�����ก����$��  ��
	��������Y�� 3+  "#a����)�����Y��%�    �
!$ก��ก����ก��� "#������
��ก����$�� �����(�a�aY�!
� ก����ก��� "#ก����$���"� ��� f�)��� "#��$�����(�กf��	� "#ก���a$
�)�
�����a!���!�#������*
�$��aY�XY
��Y!ก   ���$���)+
��������������Y�
����� ���$"��!X��$ "#��	�
�����a!���aY����
ก!
����$�������������%���$%��#�    ก����ก��ก����ก���ก,�	�	!�	'$8 �,� 
���
���
�	��&'(�'��ก��
  �,�	
�� �' cytokine 
��ก�,�(17)

   ������	-�-%!�,�ก�����(� cytokine 
��ก���8#(����	ก���<��ก�	ก�������#�ก��
�������=��� (apoptosis) ��ก8 �,��'ก��
���
����=����ก�%�>$	(apoptosis))	 leukocytes ���
�	�� !�*	�%�,�	
�� ��-�*,��)�!�'ก��

8�,ก���������*#$���!�
�,
�����ก�>$	 (18)

   ��,��-�ก?�������'�!������กก��@>ก9�ก,�		'$(17)
   

8 �,� �'�����: cytokine mRNA ��ก)	
�	�� !�*	�%�,�	
��
�,8 �,��' leukocyte dysfunction   
��ก�!����&'(-�,
�%��!��ก�		'$ 
�		�9��	-%!�,�������	�8������
  ���ก�������#�ก��
���
����=���(apoptosis)	�$	�'����
�ก�,��ก�	)	
�,���=������ก����ก�
 &'(�ก�%�>$	����,��*	�%
���!����(�
��*	�%�,�	
�� 
 �

��a�กh��$ก����ก����%�����"�$"����f�ก�Y���ก����ก������
����f��!� sample size  "#
%f��!,aY�!
���������f��!���!�

�������������Y�� 11 ��! ��
��กก����ก�� "#��
��!���f�ก�Y���
ก���
ก�
����Y������������	�#��f�$���(���!�

������
���กm���X�% f�aY�
�ก���$"�f��!�
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��!�

�����
���a$
��$����กh���!�

��aY���$ "#%f��!, ����$�!
��f��!���!�

�� "#�f�$������
ก����ก����$"a$
$�ก ��
ก����ก����ก�$�����a����)������������������
���ก���X�% ��
%�����"�กh	�!
��� ��� 2 ���Y��ก����������������Y%���$%��#�����
����� $"��ก�,� "#��ก�
��ก��
�

��$"��
�f�%�+ �����(����Y"���ก���f������!�

������
���กm���X�%$���ก��l�#������(�
���X
��'��ก����ก���
�a������%� "#������f�a���ก���	�#$���$ ��� ��Y���ก��)����$�, 
viral load �	�#�!����[�

��
��aY�!
�ก����ก���"�������!, "#	����$�,���������
*
��(��f��!�$�ก
$"���$�, viral load ��ก�
��ก��Y�!
)���a$
�� ��� 2 ���Y��ก�� )�������f�a� ��ก��)�%!�$
��ก�
��ก����� ��� 2 ���Y����������� ��Y��� gene ��� host �
�a�  

��5�D�ก	���%
�  

ก���	�
ก����
�����������a!���	�������������ก����ก��� $"%!�$��ก�
��
ก���������������Y%���$%��#�������Y�
���������
���ก���X�%    ก����ก��������� "#ก����$��
��������������Y�
���������
!
����a$
�)������a!��������*
�$��aY���Y!ก     ก����ก��� "#�
��ก��
�"�����ก�Y��ก%!�$��ก�
����������a!���	���������� )���%!�$��ก�
����ก���������������!'
 "#��(�X�%  l�#�������	��*��'ก���
�a������%� 
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l	�D��ก ก. 
"
<����ก	� ��>���C�=� (Slide Preparation) 

 
1.1 �f���!�

��������
�#� brain ��� spinal cord ��ก�������� "#��Y�������$&��$����$� fixed  

Y�!
 10%neutral buffer formalin  
1.2 ��ก���������*
��!�ก�� tissue processing ��� embedded specimen ��ก�� �#�aY� 
block           
 ������
�#�  
1.3 �f� block ������
�#�$���Y  tissue section ��ก paraffin block Y�!
 �%��#�� Microtome �)�
$" 

%!�$)�� 2-3  microns ��
���
����f���,)_*$� ���$�, 43 �����l��l"
���Y ���� section 
�����a�Y' "#�%����Y�!
��� superfrost plus  

1.4 �f�a��� "# 60°C 10 �� " �� Hot air oven 
1.5 ��ก���� deparaffinzed Y�!
 Xylene 3 �� " 3 %���� 
1.6 rehydrate slide Y�!
 Absolute Ethanol, 95% ethanol ��� ��f�ก��#�  
         
   
 
 
 
 
 
 
 
 
 
 
 
 
 

 



48 
 

 

l	�D��ก ". 
"
<���� ����� Immunohistochemical (IHC) 

             
1. �f��a�Y' "#b
��ก�� deparaffinized $� f� antigen retrieval Y�!
� %��% microwave 

method  
2. Epitope retrieval XY
��� citrate buffer pH 6 ��(� target retrieval solution  
3. �f����� microwave ��� ����)��
h��� "#��,)_*$�)���  20 �� " 
4. �f�a� block endogenouse peroxidase  Y�!
 3% H2O2    5 �� "  "#��,)_*$�)��� 
5. ������f������   5  �� " 
6. ���� phosphate buffer saline(PBS) 5 �� "  
7. )
YY�!
 3% normal horse serum ��a��	�#� block nonspecific background  
8. Incubate 20 �� "  "#��,)_*$�)��� 
9. Drain excess 3% Normal horse serum 
10. )
Y primary antibody )��� anti-rabies monoclonal globulin (Fujirebio Diagnostics, 

Inc Malvern, ���� ��)�����$��ก�  "#%!�$���$��� 1: 100) ��a� 
11. Incubate 60 �� "  "#��,)_*$�)��� 
12. ���� phosphate buffer saline(PBS) 2 %���� %������  5 �� "  
13. ��ก����)
Y secondary antibody )��� visualization reagent ��a� f����ก���
�ก�����

�	�#��)��ก�Y�"������ก���
��"�  
14. Incubate 30 �� "  "#��,)_*$�)��� 
15. ���� phosphate buffer saline(PBS) 2 %���� %������  5 �� "  

16. )
Y DAB (3,3 diaminobenzidine tetrahydrochloride) l�#���(� substrate ��a� 
17. Incubate  "#��,)_*$�)��� 10 �� " 
18. ����Y�!
��f������ 
19. �f��a�Y'a�
��$�" counter stain Y�!
 Hematoxylin solution  
20. Mount slide Y�!
 Mounting media  
21. �f��a�Y' "#aY�a���!�)�����������������	����������_�
���ก������� ����' 
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l	�D��ก �. 

ก	��:���> Hematoxylinmeosin (H&E) 

 

1. ����
 paraffin ���a�Y'������
�#� XY
���a�Y' "#��,)_*$� 60°C �

�����
 30 �� " )�����ก 
 �����f�a���
�� xylene 3 %����  ��� 5 �� "  2 �� "  ��� 2 �� " ��$�f�Y�� 
2.  Rehydration XY
��
�� ethanol ������
%!�$���$����*���$��#f� ��"
���ก   

2.1  100% ethanol 3 %����  ��� 5 �� "   2 �� "   ��� 2 �� "  ��$�f�Y�� 
2.2  95% ethanol 3 %���� ��� 5 �� "  2 �� "  ��� 2 �� " ��$�f�Y�� 

3. �����a�Y'������
�#�����f�a)�b
����� 5 �� " 
4. ��
$�a�Y'������
�#������" Mayer�s hematoxylin ��� 5-7 �� " 
5. �����a�Y'������
�#�����f�a)�b
������

�����
 15 �� " 
6. ��
$�a�Y'������
�#����" eosin ��� ½-1 �� " 
7.  Dehydration XY
��
�a�Y'������
�#��� ethanol Y���"� 

7.1  95% ethanol 3 %���� ��� 5 �� "  2 �� "  ��� 2 �� " ��$�f�Y�� 
7.2  100% ethanol 3 %���� ��� 5 �� "  2 �� "  ��� 2 �� " ��$�f�Y�� 

8. กf���Y ethanol XY
��
�� xylene 3 %���� ��� 5 �� "  2 �� "  ��� 2 �� " ��$�f�Y�� 
9. ��Y�a�Y'������
�#�Y�!
 coverslip XY
)
Y��f�
� mounting medium ���$�, 1-2 )
Y 
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l	�D��ก �. 
ก	� ��>���	����	� 

 
1. ���>ก	� ��>�� Citrate Buffer pH 6 

����D��     ����	�� 

Citric acid monohydrate(mw 210.14)  2.1 ml 

Distilled Water (DW)    900 ml 

2 M NaOH (40 g NaOH+500 ml DW)  13.0 ml 

Distilled Water (DW)    87.0 ml 

Total      1000 ml 

2. ���>ก	� ��>�� Phosphate Buffered Saline (PBS) �>?��	� ":�":� 30X 

����D��    ����	�� 

NaCl     526 g 

NaH2PO2H2O    82.8 g 

5NaOH     ~120 ml  (40 g NaOH/200 ml) 

DW maker ��ก�� �#�aY����$���    2000 ml 

3. ���>ก	� ��>�� Working Phosphate Buffered Saline (PBS) pH 7.4 

����D��    ����	�� 

30X PBS    70 ml 

Distilled Water (DW)   2030 ml 
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4. ���>ก	� ��>�� 3% normal horse serum 

          ����D��    ����	�� 

            Working PBS pH7.4     100  ml 

            Normal Horse Serum    3   ml  

5. ���>ก	� ��>�� Tris-HCl buffer, pH 7.4   

���"
$   Stock A :  2.42 g Trizma base �� Distilled Water (DW)100 ml 

���"
$   Stock B :  1.7 ml �� Distilled Water (DW)100 ml      

          ����D��    ����	�� 

            Stock A     2.5 ml 

            Stock B     2.07 ml 

            ���$��f� Distilled Water (DW) ��ก�� �#�aY��������
 10  ml 

6. ���>ก	� ��>�� DAB (3,3 - diaminobenzidine tetrahydrochloride, anhydrous) 

        ����D��    ����	�� 

          ����
 DAB (sigma D-5637)  50 mg/ml �� Distilled Water (DW) 

          Aliqoute ��
 microtube   microtube �� 100 µl ( )��� 5 ml) 

          Store below 0°C  
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7. ���>ก	� ��>�� Working DAB Tris-HCl buffer, pH 7.4  

        ����D��    ����	�� 

          DAB     1 microtube 

          Tris-HCl buffer    10 ml 

          30% H2O2     10 µl 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



53 
 

 

l	�D��ก %. 
ก	� ��>���	����	�"
<����ก	��:�� Hematoxylin and Eosin 

�<�	�	��	��
��:���> Hematoxylinmeosin 

 
Mayerts hematoxylin solution 
Hematoxylin crystal 1.00   g 
Distilled water (D.W.)   1000.00   ml 
Sodium iodate 0.20 g 
Ammonium or potassium alum 50.00 g 
Citric acid 1.00 g 
Chloral hydrate 50.00 g 
 
Eosin solution 
1% Stock alcoholic eosin solution 
Eosin Y water soluble 1.00 g 
D.W. 20.00 ml 
����
�)�����ก�����!���$  
95% ethanol 80.00 ml 
 
Working eosin solution  
1% Eosin stock solution 1 part 
80% Ethanol 3 part 
 ก
���f�a�����)����$ 0.5 ml ��� glacial acetic acid ���� �กm 100 ml ��� working 
eosin solution �����

��)�����ก�� 
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l	�D��ก u. 
��=�":��7��>?��	�	��	����	��	 u�>?�@� Parameter ��	�v 

"�����������"���������C"�
���
�"���5�
"�:	 ��>�� �>���
<� 2 A��=�	ก	� 
 

Dumb   40048 R148-48 457-48 153-50 211-01 Mean 

Furious   212-01 228-01 392-48 1148-01 443-49   

Dumb Frontal % positive neurons 0 2 20 19 27 13.6 

Furious Frontal % positive neurons 18 23 47 39 64 38.2 

  

Avg Ag dot/positive 
neuron 0 1.14 1.61 1.66 1.74 1.23 

  

Avg Ag dot/positive 
neuron 1.43 1.7 1.48 1.27 2.23 1.622 

  

Avg % Ag 
area/positive neuron 0 0.72 1.9 1.92 2.29 1.366 

  

Avg % Ag 
area/positive neuron 1.83 1.6 4.38 4.1 5 3.382 

  

% area Ag outside 
cells 0 0.03 0.039 0.41 0.76 0.2478 

  

% area Ag outside 
cells 0.17 0.66 1.28 1.17 4.85 1.626 

  Inflamation 1 1 1 1 1 1 

  

Inflamation 
 1 0 1 1 1 0.8 

Dumb Parietal % positive neurons 0 6 53 58 35 30.4 

Furious Parietal % positive neurons 11 31 38 50 69 39.8 

  

Avg Ag dot/positive 
neuron 0 1.36 1.85 2.09 3.13 1.686 

  

Avg Ag dot/positive 
neuron 1.43 1.48 1.43 1.57 2.4 1.662 

  

Avg % Ag 
area/positive neuron 0 1.46 3.35 4.61 5.3 2.944 

  

Avg % Ag 
area/positive neuron 2.04 1.82 3.29 4.88 4.69 3.344 

  

% area Ag outside 
cells 0 0.02 0.075 2.01 2.79 0.979 

  

% area Ag outside 
cells 0.03 2.38 0.8 2.07 3.96 1.848 
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Dumb   40048 R148-48 457-48 153-50 211-01 Mean 

Furious   212-01 228-01 392-48 1148-01 443-49   

  Inflamation 1 1 1 1 0 0.8 

  Inflamation 1 0 1 1 1 0.8 

Dumb Temporal % positive neurons 0 1 14 45 57 23.4 
Furious 
Temporal % positive neurons 23 5 32 37 62 31.8 

  

Avg Ag dot/positive 
neuron 0 1 2 1.5 2.88 1.476 

  

Avg Ag dot/positive 
neuron 1.19 1.05 1.34 1.26 1.84 1.336 

  

Avg % Ag 
area/positive neuron 0 0.45 4.29 3.14 5.15 2.606 

  

Avg % Ag 
area/positive neuron 2.32 

2.04 6.01 6.66 5.82 
4.57 

  

% area Ag outside 
cells 0 0.01 0.022 0.99 1.14 0.4324 

  

% area Ag outside 
cells 0.51 0.47 1.76 2.02 4.89 1.93 

  Inflamation 1 1 1 1 1 1 

  Inflamation 1 0 1 1 1 0.8 

Dumb Occipital % positive neurons 0 0 2 25 15 8.4 

Furious Occipital % positive neurons 6 50 15 48 67 37.2 

  

Avg Ag dot/positive 
neuron 0 1 1.25 1.67 2.04 1.192 

  

Avg Ag dot/positive 
neuron 1.24 1.65 1.15 1.43 1.92 1.478 

  

Avg % Ag 
area/positive neuron 0 0.05 1.44 3.55 2.16 1.44 

  

Avg % Ag 
area/positive neuron 2.57 2.98 1.52 6.24 5.7 3.802 

  

% area Ag outside 
cells 0 0.06 0.001 0.93 0.03 0.2042 

  

% area Ag outside 
cells 0.04 2.65 0.15 3.16 3.8 1.96 

  Inflamation 1 1 1 1 0 0.8 

  Inflamation 1 0 1 1 1 0.8 
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Dumb   40048 R148-48 457-48 153-50 211-01 Mean 

Furious   212-01 228-01 392-48 1148-01 443-49   

Dumb Neocortex % positive neurons 0 2.2 26.4 33.2 31 18.56 
Furous 
Neocortex % positive neurons 15.5 26.9 33.8 44.8 65.4 37.28 

  

Avg Ag dot/positive 
neuron 0 1 1.99 2 2.65 1.528 

  

Avg Ag dot/positive 
neuron 1 1.7 1 1.3 2 1.4 

  

Avg % Ag 
area/positive neuron 0 1.05 3.16 3.59 4.18 2.396 

  

Avg % Ag 
area/positive neuron 2.15 2.35 3.99 5.44 5.29 3.844 

  

% area Ag outside 
cells 0 0.04 0.034 1.085 1.18 0.4678 

  

% area Ag outside 
cells 0.187 1.54 0.997 2.105 4.375 1.8408 

  Inflamation 1 1 1 1 1 1 

  Inflamation 1 0 1 1 1 0.8 
Dumb Hippo 
(CA) % positive neurons 0 0 24 72 91 37.4 
Furious Hippo 
(CA) % positive neurons 56 68 36 57 86 60.6 

  

Avg Ag dot/positive 
neuron 0 0 1.73 2.55 3.85 1.625 

  

Avg Ag dot/positive 
neuron 1.66 2.68 1.61 1.92 3.5 2.274 

  

Avg % Ag 
area/positive neuron 0 0 2.05 2.16 3.55 1.552 

  

Avg % Ag 
area/positive neuron 2.78 3.27 2.52 4.07 5.23 3.574 

  

% area Ag outside 
cells 0 0.01 0.022 1.82 0.62 0.4944 

  

% area Ag outside 
cells 0.97 5.51 0.87 1.63 2.48 2.292 

  Inflamation 1 1 1 1 1 1 

  

 
Inflamation 1 0 1 1 1 0.8 
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Dumb   40048 R148-48 457-48 153-50 211-01 Mean 

Furious   212-01 228-01 392-48 1148-01 443-49   
Dumb Hippo 
(dentate) Ag dot 0 0 0 1 9.5 2.1 
Furious Hippo 
(dentate) Ag dot 0 26 3.846 40 41.6 22.2892 

 % Ag area 0 0 0 0.01 0.042 0.0104 

 % Ag area 0 0.516 0.023 0.8 0.83 0.4338 

Dumb Caudate % positive neurons 0 6 4 19 65 18.8 

Furious Caudate % positive neurons 27 35 44 30 63 39.8 

  

Avg Ag dot/positive 
neuron 0 1.07 1.4 1.5 1.91 1.176 

  

Avg Ag dot/positive 
neuron 1.49 1.97 1.34 1.27 2.16 1.646 

  

Avg % Ag 
area/positive neuron 0 1.3 0.4 2.15 2.65 1.3 

  

Avg % Ag 
area/positive neuron 3.29 2.18 2.37 2.56 2.43 2.566 

  

% area Ag outside 
cells 0 0.03 0.001 0.28 1.15 0.2922 

  

% area Ag outside 
cells 0.15 2.71 0.38 0.41 0.45 0.82 

  Inflamation 1 1 1 1 1 1 

  

 
Inflamation 1 0 1 1 1 0.8 

Dumb Thalamus % positive neurons 0 30 12 69 51 32.4 
Furious 
Thalamus % positive neurons 15 45 82 NA 82 56 

  

Avg Ag dot/positive 
neuron 0 1.69 1.67 2.43 2.15 1.588 

  

Avg Ag dot/positive 
neuron 1.42 2.43 3.69 NA 2.37 2.4775 

  

Avg % Ag 
area/positive neuron 0 0.77 1.75 1.66 2.53 1.342 

  

Avg % Ag 
area/positive neuron 1.82 2.47 3.68 NA 3.08 2.7625 

  

% area Ag outside 
cells 0 0.38 0.001 0.25 0.68 0.2622 
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Dumb   40048 R148-48 457-48 153-50 211-01 Mean 

Furious   212-01 228-01 392-48 1148-01 443-49   

 

% area Ag outside 
cells 0.02 1.77 1.63 NA 0.67 1.0225 

 Inflamation 1 1 1 1 1 1 

  Inflamation 1 1 1 NA 1 1 
Dumb 
Cerebellum % positive neurons 0 70 43 72 69 50.8 
Furious 
Cerebellum % positive neurons 50 66 60 84 80 68 

  

Avg Ag dot/positive 
neuron 0 2.13 2.27 2.6 3.25 2.05 

  

Avg Ag dot/positive 
neuron 1.36 2.39 1.52 2 2.42 1.938 

  

Avg % Ag 
area/positive neuron 0 2.12 2.43 2.26 2.53 1.868 

  

Avg % Ag 
area/positive neuron 2.97 0.77 1.904 7.54 1.65 2.9668 

  

% area Ag outside 
cells 0 0.45 0.019 0.04 1.01 0.3038 

  

% area Ag outside 
cells 0.03 2.21 0.54 0.52 0.49 0.758 

  Inflamation 0 1 1 1 1 0.8 

  Inflamation 0 1 1 1 1 0.8 

Dumb midbrain % positive neurons 0 65 77 84 99 65 

Furious midbrain % positive neurons 76 71 92 54 86 75.8 

  

Avg Ag dot/positive 
neuron 0 3.09 2.7 4.04 12.36 4.438 

  

Avg Ag dot/positive 
neuron 4.03 7.14 3.8 2.66 3.46 4.218 

  

Avg % Ag 
area/positive neuron 0 1.69 2.86 4.11 8.44 3.42 

  

Avg % Ag 
area/positive neuron 11.22 6.03 13.54 4.37 11.76 9.384 

  

% area Ag outside 
cells 0 0 0.129 0.67 2.67 0.6938 

  

% area Ag outside 
cells 4.29 12.01 6.25 0.74 7.5 6.158 
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Dumb   40048 R148-48 457-48 153-50 211-01 Mean 

Furious   212-01 228-01 392-48 1148-01 443-49   

  Inflamation 3 3 3 2 2 2.6 

  Inflamation 1 1 1 1 1 1 

Dumb pons % positive neurons 0 79 25 80 90 54.8 

Furious pons % positive neurons 41 72 76 28 92 61.8 

  

Avg Ag dot/positive 
neuron 0 3.49 2.6 8.47 6.03 4.118 

  

Avg Ag dot/positive 
neuron 2.54 3.39 3.09 1.29 4.6 2.982 

  

Avg % Ag 
area/positive neuron 0 4 0.83 6.47 5.7 3.4 

  

Avg % Ag 
area/positive neuron 3.05 9.06 8.29 3.48 6.43 6.062 

  

% area Ag outside 
cells 0 0.12 0.02 0.78 1.44 0.472 

  

% area Ag outside 
cells 0.97 9.3 2.03 0.91 2.77 3.196 

  Inflamation 3 2 3 2 2 2.4 

  Inflamation 1 1 2 1 1 1.2 

Dumb  medulla % positive neurons 0 68 55 77 98 59.6 

Furious medulla % positive neurons NA 73 83 87 93 84 

  

Avg Ag dot/positive 
neuron 0 5.12 2.83 4.52 11.1 4.714 

  

Avg Ag dot/positive 
neuron NA 5.85 8.54 3.77 5.92 6.02 

  

Avg % Ag 
area/positive neuron 0 4.13 1.84 3.28 6.08 3.066 

  

Avg % Ag 
area/positive neuron NA 8.46 8.78 3.24 9.5 7.495 

  

% area Ag outside 
cells 0 0.25 0.076 0.81 3.02 0.8312 

  

% area Ag outside 
cells NA 12.09 1.95 2.3 7.26 5.9 

  Inflamation 3 3 3 2 2 2.6 

  Inflamation NA 1 2 1 1 1.25 

Dumb Brainstem % positive neurons 0 73.7 60 80.3 93.5 61.5 
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Dumb   40048 R148-48 457-48 153-50 211-01 Mean 

Furious   212-01 228-01 392-48 1148-01 443-49   
Furious 
Brainstem % positive neurons 63.7 71.9 77.2 43.2 90.7 69.34 

  

Avg Ag dot/positive 
neuron 0 3.3 3 5.6 8.4 4.06 

  

Avg Ag dot/positive 
neuron 3.8 4.9 4.5 2.5 4.8 4.1 

  

Avg % Ag 
area/positive neuron 0 3.52 2.44 4.6 6.55 3.422 

  

Avg % Ag 
area/positive neuron 9.26 8.2 1.037 3.62 8.76 6.1754 

  

% area Ag outside 
cells 0 0.123 0.075 0.753 2.376 0.6654 

  

% area Ag outside 
cells 2.63 11.13 3.41 1.32 5.84 4.866 

  Inflamation 3 3 3 2 2 2.6 

  Inflamation 1 1 2 1 1 1.2 

Dumb C-cord % positive neurons 64 94.68   94.3   84.3266667 

Furious C-cord % positive neurons     100 95.1 97 97.3666667 

  

Avg Ag dot/positive 
neuron 4.9 2.68   8.3   5.29333333 

  

Avg Ag dot/positive 
neuron     11 11.8 9.8 10.8666667 

  

Avg % Ag 
area/positive neuron 2.9 5.74   5.17   4.60333333 

  

Avg % Ag 
area/positive neuron     13.91 8.78 6.84 9.84333333 

  

% area Ag outside 
cells 1.54 0.46   2.135   1.37833333 

  

% area Ag outside 
cells     4.09 5.5 4.34 4.64333333 

  Inflamation 1 1   1   1 

  Inflamation     1 0 1 0.66666667 

Dumb T-cord % positive neurons 42.9 94.24   94.1   77.08 

Furious T-cord 

 
% positive neurons     100 94 95.2 96.4 
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Dumb   40048 R148-48 457-48 153-50 211-01 Mean 

Furious   212-01 228-01 392-48 1148-01 443-49   

  

Avg Ag dot/positive 
neuron 9.2 2.25   10.1   7.18333333 

  

Avg Ag dot/positive 
neuron     12.7 15.2 6.8 11.5666667 

  

Avg % Ag 
area/positive neuron 4.9 6.59   4.95   5.48 

  

Avg % Ag 
area/positive neuron     10.4 8.49 3.48 7.45666667 

  

% area Ag outside 
cells 1.38 0.47   1.19   1.01333333 

  

% area Ag outside 
cells     3.8 3.64 1.64 3.02666667 

  Inflamation 1 1   1   1 

  Inflamation     1 0 1 0.66666667 

Dumb L-cord % positive neurons 60 82.8   94.9   79.2333333 

Furious L-cord % positive neurons     98.8 100 96.4 98.4 

  

Avg Ag dot/positive 
neuron 15.7 1.57   7.5   8.25666667 

  

Avg Ag dot/positive 
neuron     9.3 16.7 10.2 12.0666667 

  

Avg % Ag 
area/positive neuron 7.2 6.27   5.95   6.47333333 

  

Avg % Ag 
area/positive neuron     8.14 11.26 6.29 8.56333333 

  

% area Ag outside 
cells 1.36 0.79   2.91   1.68666667 

  

% area Ag outside 
cells     2.49 5.46 2.98 3.64333333 

  Inflamation 0 1   1   0.66666667 

  

 
Inflamation     0 0 0 0 

Dumb S-cord % positive neurons 69.5 51.59   59.3   60.13 

Furious S-cord % positive neurons     95.5 97.3 98.5 97.1 

  

Avg Ag dot/positive 
neuron 19.1 1.24   4.4   8.24666667 



62 
 

 

Dumb   40048 R148-48 457-48 153-50 211-01 Mean 

Furious   212-01 228-01 392-48 1148-01 443-49   

  

Avg Ag dot/positive 
neuron     19.3 11.6 7.8 12.9 

  

Avg % Ag 
area/positive neuron 9.7 0.89   1.48   4.02333333 

  

Avg % Ag 
area/positive neuron     8.55 11.43 5.03 8.33666667 

  

% area Ag outside 
cells 2.87 0.33   0.18   1.12666667 

  

% area Ag outside 
cells     4.45 5.74 2.74 4.31 

  Inflamation 0 0   0   0 

  Inflamation     0 0 1 0.33333333 
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