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�� ��-�%�*- 
 C30��!" �3DE� #�� �&EE% $�� 
 =F�� 1%�*-��� G% &E 	� E�H�I�0" $
,�4 J�,� �/  �� �3DE� #",�

 ��F 1%�*-() ,33K� .&���! (*B�230 (!���B MF"� N0�O  &�
�%��(LPS) >��B $
,� PQ�  ���3� #��() (E��" G% ���  ��

GRE�",; ,33K�� ���3� 
� ,33K� 
 (!�F #�(!�)
�� �",��  C�" $" S&� .=�"N�
TB4  (!���B MF"� N0�O ,U" (�
,�LPS 

G�   #,3� #��
�- 
� ��-�%�*- ��)
�� =D*V ,� (���W-�� 
 (���W-�2��� =3XY
 
� 
� C30��!" =D*V N�"1;" �",��

���.  �"&X�19  N�"$ �'� �� C����*� 
�- Z[
1/0 ± 0/3 S",7!")  
�3X)± (C3 !�3) 
��3� �
,- G� G�# M)��  5�
1�

 C30��!"((���W-�2���) )6n= ]HypoG(1%�*- �",�� C30��!" 5�
1� 4 )5n= ]EuG( #:�0��13; 	,� 5�
1� 
 4)NaCl 9/0%( 

G�   �
,- �"�E+&��� )8n= ]Control( .&E�;�� `�a�F" 5�
1�  b&) G� ��56 .=;,- 	�R!" =+��  =+�� 
�48  	" 5�
1�

=30����) ��4 LPS .&� 5�
1� (!���B G3�
�% 
� G�  N0�O G� >��B 
�LPS4 C30��!" =D*V  .=�"� N�"1;" ���WB 1%�*- 
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,- #�� HypoG  
&���  G� =Q�! �
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 1%�*- $�� 
 =F�� ,�...   

 

���
�  

G�   	&+ M30�C3)n� $�3!  #AK) �"�) 
 #:,!"#",�  &30��

 ,3�#��
�- 
� 0��,B&34 0����)=3 �� ��)
�� 
  ��

@�o��� K�(�",33 () G% &!�� PQ� G�   �&)/ ��p


��$"�  #:,!" (qE))Negative Energy Balance: NEB( 

)( ��� N��% M)�� b",33K� C�" .Jr�  N�"1;" 41%�*-

Jr�  G3q�,��" ,3V H,O #��&3�")Non-esterified 

Fatty Acid: NEFA( G� 
   N�"1;" �/ sQ�t�r�  	��p"

G� (!��%  `�aF ����(�%

&3 b",3��� =�" )van 

Dorland et al., 2009; Gross et al., 2011(.  C�" 
�

	"� ��4 =30�X; M30� G�  &�&� #�� #",� &Q% C3)n�

 #AK) �"�) 
 #:,!" ���7��)#",� ,3� &30��4 )0����=3 �� 

��)
�� 
 ��,��- b",33K� 
�O� �� () #" &!�� 

)Drackley et al., 2001; van Dorland et al., 2009; 

Zarrin et al., 2017(. 

 G�q� 
� 
� &30��,B #��
�- C�$�V/(��,3�  
�O�uXY 

 (E��" ���3�#
��3� $
,� G� =Q�! 
 �&�  (!�q+ #��

() "&3B #,��3� =3���i &EE% �", ��
TB $" (F,� G% 

vQ�,) "
 (E��" ���3� uXY C�" �� (!�-,-� #��

G� �&� ('30����)  Gr�"
 NEB () &E!"�
)Suriyasathaporn et al., 2000; van Dorland et al., 

2009; Zarrin et al., 2017( �

� 
� (E��" H�%,� .

 $" ,Un�) 4��6�!"NEB �F G��! G� G% G�;,- b&��  
��f

 �,g�o) G� 13! "
 ����B ���3� =)W� ��� &�"�F

�'�&!� )Burton and Erskin, 2003; Trevisi et al., 

2012; Aleri et al., 2016( ��&)�3B C�" b&) $"
� 
� .

 #
�RE��! �� 
 ����B 	

 G� W��" ,rF ��� &E�"�F 
��f

�i ��i 
� G% &E�� N�"1;" "
 ('30����)Y,  �&�+ $"

 M�w�
,Y e
"1) #��a�f" @

,B 
�- G� #,3� () 
���-

 &!

)Kaneene et al., 1997; Van Knegsel et al., 

2014(
 $�� GO,-" .  #,3� #��
�- 
� (E��" H�%,� 
�%

(!�-,-� C'30 4=�" G�F�E��! #���$ �
&i �� #��

 $�V/ G� G���"
 ('30����)(��,3�  �/ 
� M3F� M)"�+ $"

 H��7)� =�" �&)Goff, 2006(() 4M)"�+ , �� $" . �"��

 #"��7) N�"1;" G�NEFA (�%

&3���� 
 b",3���

)Beta-hydroxybutyrate: BHB(  ��F 
�)Drackly 

2001; Zarrin et al., 2017( (�!/ Jr� N��% 
#��� #��

(�!/ G� Ma�) 	� E� �:NEB  ��6�!" �

� 
�)Van 

Knegsel et al., 2007(  ���! C3�3B b�X0�r) .���! �
��"

 �� ����B 	

 $
,� ��)$ 
� G% =�" ��"��60"#  ����B 	



0 N0�O ��(*B�23
�%��&� !���B �

�( )Intra-mammary 

Lipopolysaccharide Challenge: LPS challenge( 

GRE�",;  @�o��� (!�)
�� ���3� 
 (!�F #��

 �&� @W� , !�3� b",33K� C�" G% �&� (!"
",; b",33K�

 $�3! �
�) #:,!" C3)n� #",�#",� >��B#��  (E��" G�

 b���I�0" 
 b�'�,7�=�" )Waldron et al., 2006; 

Vernay et al., 2012; Zarrin et al., 2014 a(.   

 �� ����B 	

 #�60"LPS #,�%�� $" G%  $" (!�-�!�- #��

G*�p Ecoli G� () =�� 4&�/ G�   k� �"�E+#� 0"  C��"

#",�  �&� ���I! �E� ����B (+�;� ���3� (���$
"
)Bruckmaier et al., 1993; Hoeben et al., 2000; 

Schmitz et al., 2004(  
� 
 &EON�
TB  #",�  (�
,�

>��B 4()��+ =3XY
  ����B (XY�) 
 k3���3� #��

 �� x�Q�
" 
�$�� 
 =F��  #��
�- 
� (E��" ���3� 


 =�" G�;
 
�% G� #,3�)Waldron et al., 2006; 

Bruckmaier et al., 1993; Vernay et al., 2012; Zarrin 

et al., 2014 a, b( . $"GaF�� �� ����B N0�O ��)$ #��

LPS >��B $
,� (���3� 
 (XY�) #��=�"" .U b",

 N0�O (���3�LPS �&!,3- ,� 
� >��B $
,�  (��I�0" #��

&E!�)  4()��%
 #�)� N�"1;" N�"1;" y,!N2�  
 P*f

#��
 G��I�  ���WB �
13�
�% =D*V N�"1;" 
=�" 
)Vernay et al., 2012; Waldron et al., 2006; Wellnitz 

and Bruckmaier, 2012(.  

)b",U" #���$ b�X0�r N0�OLPS   ,�$�� 
 =F��  ��3� 


�:  ���! "
 (��30����) 
 (E��" ���3� �� vQ�,) #��

��"� &!" )Waldron et al., 2006; Bruckmaier et al., 

1993; Vernay et al., 2012; Zarrin et al., 2014 a, b( .  

G� 1%�*-   
 ,3� &30�� 4C3Ep &�
 (*j" =F�� �"�E+

 G��B C3Ed��$�� 
 =F�� 	"� 
� #:,!" G� ��   `�aF

	"�  
",f �", ��
TB $" #
�3�� Gp�� �
�) #,3� #��

 .=�" G�;,- S,a)G� 1%�*- N3B �"�E+  &Ef $��,3� �� 

 4$��%w 
� =;��!���B( 	"�,3� #�� 
 ����"$ $" 8B #

G� (��,3� e
,�   #���$ �"13) G�;�� N�"1;")Bell, 

1995(4 �G  #
�g  % 
� G��)$ C�"4 No�  �&� 1%�*- �D+"

() S,a) ,3� &30�� =��I! 
� 
 $��%w =F�� #",� ���

)Hanigan et al., 2001(1%�*- . G�   �"�E+M)�+ C33X�-

 �&EE%�Ri ,3� #&30�� 	"� 
�() H��7) #,3� #��-

�� �)Danfaer, 1994(.  
�&EE%
"�o�!��- k� SWF ,�-

�&X)#"� 
� (�"AV �"�) �I� ��n �&� $�3! �
�) 1%�*- C3)
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� 1!:�l!�%�*- ,3D! ('30����) #��,3�)nC3) () ���

)Danfaer, 1994( .  

 C�" 	�R!" $" S&�N�
TB 1�� ,U" (�
,� 	

 #�60" ��)

 $" ���q��" �� ����BLPS =30����) ,33K� 
  ��)
�� 
 ��

) 	
"&) 5�
1� $" ���q��" �� C30��!"8  NE%"
 ,� (=+��

�&� G� ��-�%�*- ��)
�� #$���"$/ 
�   $" ('� �"�E+

��)
��   �3DE� 
� �I) #��$�� 
 =F��  .��� 1%�*-G�  

" (��! b",33K� MF"&� $" #,3-�*p 
�DE) $NEB  


�� C3EO (!�-,-� GRE�",;�� 	"� 4��6�!" �"

� 
� #�� 

(E���/ ,3V  H�o�!" &!��� (��,3� �

� ,F"
" 
� G%

�.&!&  

:�� � ��
� ��  

 =�,�&)	"� �� 
 ��
��3�(���)$/ #:  G� x��,) b�+Wg"

 ,��3B N��)$/ 	�R!"G*3�
 G� ) �"
�'�� 
 C�
$1397 (

=�" �&� ��3�4 G� (0
  (*% 
�g �"&X�19  
�- Z[


 N�"$ �'� �� C����*�1/0 ± 0/3 S",7!") 
�3X)± 

C3 !�3)(4 2/0 ± 28  G�q�8B  .&!&� H�o�!" ����"$ $"

 G�q� 
�N3B  $"$�V/ N��)$/4 	"�  ��G�  
�DE)  #
�-$��

 
 #
"&I ! v�",� ��z"
�F 4�� ��p G�  #�",q!" #��

M6�E)  .&!&� (%"
�F #"1p" 
 �,3p	"� ���q��" �
�)  ��

G�   �",��G�1R� �/ (��3�3�  ��,��3B  G*3�
 G�Zarrin et 

al. (2014) .=�" �&� ��3�  

��3� ���)/=30����) 5�
1� 
 #$�� �� {Waq) 
� b"
���!" 

C3�3B @
"1- �&�  =�")Kreipe et al., 2011; Zarrin 

et al., 2013( . G�  
�g�&�1-:  $�V/ $" N3B $

 k�

�% N��)$/�� #��,��

� (-
 )Cavafix® Certo with 

Splittocan®, B. Braun Melsungen AG, Melsungen, 

Germany( G�   ��g32 (�!�� ,rf 
 ,�) G 16  
�

|,��3�  G3QX� ��,- S,g 
� (!�,-&!&�  #",� G%

G!��! MF"&� $" #,3 �3B=30����) 5�
1� 
 #
"�,�  $" ��

�/ G� ��  G!�-"&p b
�j ���q��"�.& ���)$/ #��
��3�( 

M)�� C30��!" 5�
1� )Sigma-Aldrich, Saint Louis, 

MO, # I4011( �#", ��F 1%�*- =D*V N��% 

((���W-�2���) $" ,��% mMol/L 5/2 )5n= ]HypoG( 4

 C30��!" 5�
1�)mU/kg of BW 1/0± 6/0( G�   �",��

1%�*- )Dr. G. Bichsel AG, Interlaken, Switzerland( 

#",�  
 C30��!" =D*V N�"1;"
"&��B G !   =D*V C��"�

k�:�0��13; &i 
� ��F 1%�*- ��)�C30��!",2 

(k3���W-�� )6n= ]EuG( #:�0��13; 	,� 5�
1� 
 4

)NaCl 9/0%( G�   �
,- �"�E+&��� )8n= ]Control(  &!���

 
b&) G� 56 ) =+��$" =+�� 9 JQj  C3��o!$

 

N��)$/ �� =+�� 17 $

 	��( G*3�
 G� 
�%��F }�B 

)Perfuser, B. Braun Melsungen AG( G�   �,�E% b
�j

&!&� 5�
1� �&�. G�  
�DE) �3DE� $",� =30����) #�� 

(6�
1� 
� 
� =+�� C�$�V/ N��)$/4  1%�*-,� hEB G63f� 

k� 
�� 
 	� E� N��)$/ ,� 30 G63f� k� 
�� �$"&!" #,3- 

&� 
 ,� Z��" �/ y,! 5�
1� 1%�*- 
 C30��!" J37a� 

�&.   

 #�60" 	

 ����B �� LPS :	"�  ��N3B  ����B 	

 #�60" $"

 ����B 	

 G� W��" ,D! $"GE��X)  	

 $" #
�+ 
 �&�

C�" #",� .&!��� ����B 
�DE) 
��� G�F�� ,3� (!&� #��

G*3�
 G�  �� ����T�
 )DeLaval International AB, 

Tumba, Sweden( �$"&!" &� #,3-��EO .  C�" GO
��� 

 $" ,��%150000 (*3) ,� 
� ,�30 ,3� ��� ����B 4G� 

 �"�E+ #
�+ $" 	

  () G�F�E�  .&� =+�� =�� 
 MIO

 $" 8B$�V/ 5�
1�4 �� ���q��" $"  &!��4�T�
  �

� G� ('�

G3�
�% $"  #��C3�3B G3�
�% $" ('� 
  #��C3�B G�   �"�E+ 

 G3�
�%LPS4 (!�q+&Y $" 8B
"&6) 4 200  	,-
,'3) $"

 }���
,�026:B6 (*B�230 &�
�%�� )#L8274; Sigma-

Aldrich(  �� G%10 (*3)  �&� 53f
 #:�0��13; 	,� ,�30

���  G� .&� 5�
1�G3�
�% 
�  G� , ��  G3�
�% �"�E+  #��

&��� G�  �"13) ���� )10 (*3) ,�30(  #:�0��13; 	,�

9/0 5�
1� %� .&  

G!��! �$"&!" 
 #,3- ��)
�� #,3- 1%�*- 
 �� :��F -#,3 

",�# �$"&!" -#,3 1%�*- ��)
�� 
 ��# 0��!"
 C3 

��-�%�*-  $" MQf N��)$/ e
,�G�  =D*V �"�E+ ��# �BG� 

 
 ,�k�  =+�� N��)$/ ��)$ b&) ��g 
� $"�"
 ��%� ,�

Pa!  � S,g 
� �&�, � " ��,-	�R! ",� .=;,-# 

��F -#,3 G0�0 $" ��# 
�i# K3EDTA  ���q��"&�. 

��F $" 8B G*j�;W� -#,34 G0�0  �� #

>� G ! 
"�#  


�)$/ G� 82��� ��  M6�E)  
 &����WB#  �/ ���q��" ��

,�!�� $":�3q� �)� 
�# 4 �!�� Gp
�( �",- 

� �� × g 

3000  b&) G�20 f�G63  "&p�& ",� 
#  	�R!"

�)$/N� #�� &X�#  
�
1�,; 20- �!�� Gp
�( �",- 

F~�,3 #$�� �&.  
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 #�60" 
  C30��!" 5�
1� M��6�) ,U" &�
�%�� J�,� 
 1%�*- $�� 
 =F�� ,�...   

 

=D*V 1%�*- 1!/ @

 G� ��F(�� G*3�
 G�  ��" �� ���

w�!/
1� )Cobas Mira 2, Hoffmann-La Roche, Basel, 

Switzerland( �� % $" ���q��"=3 )BioMerieux no. 

61270, Marcy l’Etoile, France(  Z��" ,� M�X0"
����

C33X� �&!$�� �&",� .# �$"&!" -#,3 0��!"C3  ��,B @

 $"

"C�� �)$/(� )Radio Immune Assay: RIA(  P�,Y ��

b",33K�1 �

�RE�( )Intra assay�
,� 
 (RE�( )Inter 

assay ( ,�",� P3�,� G�2/8  
 %5/15 %  @

 �� 5��r)

 �&� ��"� t,�G*3�
 G� Vicari et al. (2008) " ���q��

 ��-�%�*- ��)
�� =D*V .&���F % $" ���q��" ��=3 


�R�# )cat. # GL-32K, MILLIPORE, Zug, 

Switzerland( b",33K� P�,Y ��2 RE� �

�( )Intra 

assayRE� �
,� 
 (( )Inter assay(  ,�",� P3�,� G�0/4 

 
 %5/12 %  @

 ��RIA �$"&!" -#,3 �&.   

G�1R� #
�)/: / ,� (*)�+ 
� t,g k� P0�f 
� N��)$G��B 

t,g b�Y
,q)  	�R!" (;��a� {W)�% #���,� #",� .& 

��,�)"
�B $" 	"&%4  N��)$/ �

� ��g 
� (E7E) ,�$ Jr�

)8  (=+���"&�
13B",� ��!�f $" ���q��" ��3  e��R))

 GQ��7) ((E7E) ,�$ M'� (�*�) 
 (*3r��) 5g�E)� &

 G�

 Z��" ,� 
GLM 	,!  #
�)/ 
"1;"SAS  (���$
" �
�)

=;,- 
",f. C3 !�3) b
�q�  (%�� ��)$/ $" ���q��" �� ��

 G���6)� .&� b
�q�C3 0����) =D*V=3 �� ��)
�� 
  ��

�C3 ��)$ G!��! u*�o) #��#
"�,�  ,� MF"� 
�k�  $"

�
,- � 
 ��C3 �#��
��3 

 $" ���q��" �� u*�o)G� Mixed 

	,! 
�)/ 
"1;"# SAS $
"(��� 
�)/# �& " 
� G%C� 

 G�

	"�
 &� G�;,- ,D! 
� �&!�� 
",'� b",U" �"�E+ G� �� 

) ��)$G!��! b�+��#
"�,�� 
 (��
��3  =��U b",U" �"�E+ G�

 .&!&� G�;,- ,D! 
���"� G� ��  b
�j  C3 !�3)±  #�rF

C3 !�3) 
�3X)  ��3��
 �& 05/0 P < G�   Jr� �"�E+

(EX) #
"� 
 10/0 P ≤  �"�E+ G�M���� (EX) G� #
"�  
�

�&) .&� G�;,- ,D!   N��)$/ C�" 
� ���q��" �
�) #
�)/

 M'� G�:��� ,�$   
Yijk =μ+ αi+ βj + αβij +ɛijk  

Yijk  �$"&!" =qj 4 �&� #,3-  5�
1� $" 8BLPS ]μ 4

 ]=qj C3 !�3)αi ��)$ ,U" 4) =+�� =�� 
 ,qj8B  $"

                                                      
1. Intra- and inter-assay CV were 8.2% and 15.5%, 
respectively 
2. Intra- and inter-assay CV were 4.0% and 12.5%, 
respectively 
3. Trapezoidal Rule 

5�
1� LPS( ]βj ,U" 4�
,- ]�� αβij   
 ��)$ M��6�) ,U"

�
,-  
 ]��ɛijk 4 ,U"(f�� �&!�) ��  N��)$/ #�rF=�" 
� .

 (���)$/ �&) �,;�G% & ��"� ��  #
,3B ��),! s�$�� $"

() E%E.& 

!;#�� 

 
� C30��!" 5�
1�48 =+��  =D*V N�"1;" PQ� �
"

G� C30��!"  �"13) mU/L 10/8 ± 90/41  
 N��% =D*V

G� 1%�*- �"13)mmol/L 10/0 ± 25/2  
�	"�  #�� �
,-

HypoG &�.  �
,- 
� G% (�
�j 
�EuG4  C30��!" 5�
1�

G� ,-" 1%�*- �",�� G� C30��!" =D*V N�"1;" �+�� GO -

�"13) 80/7 ± 57 mU/L �
 & "
 ��F 1%�*- =D*V (0

 k�:�0��13; &i 
�)mmol/L 20/0±80/3( G !   .=�"�

 �
,- 
�4&��� 1%�*- 
 C30��!" =D*V  b&) 
�48 

 =+��#"&��" N��)$/ G� 
 G��"&! #,33K� P3�,� ,�",�  ��

10/1 ± 90/13mU/L 
 10/0 ± 10/4mmol/L ���. 

 �
,- 
� 
� C30��!" =D*VHypoG  
EuG 	� E�  N0�O

LPS  ��)$ ��N3B ) �/ $"48 =+�� =30����) 5�
1� (��

G��"� b
�q�4 G�  b&) 
� G% #
�g8  N0�O =+��LPS 

 �
,- 
� ,� 
� C30��!" 5�
1�HypoG  
EuG  PQ�

 
� C30��!" =D*V N�"1;"EuG  G� =Q�!4&� &��� �
,- 

 �"13) �� (���W-�2��� �
,- 
� C30��!" 
"&6) (0


 �
,- C30��!"&��� (EX) b
�q�
"�# =�"&!  M'�)1(. 

C�" GR3�! EX) G��30��!" =D*V N��% # 
� C	� E� 

 N0�OLPS ���Q!4  5�
1� G'*�LPS (EX) N�"1;" PQ�-

�
,- 	��� 
� C30��!" =D*V 
"� ��)$ G� =Q�! ��N3B  $"

 5�
1�LPS �& )Vernay et al., 2012(. ����   G% 
�g

 @
"1- {WQf�����B 	

 #�60" &  ��LPS  N�"1;" PQ�

 1%�*- =D*V4&� �
,- 
� N�"1;" C�" (0
  u*�o) #��

 ��� b
�q�)(Vernay et al., 2012)  M'�)2.(  

,�  Z��"���" / =�&� #���&)4  k�,7� (E��" ���3��� 

 (!���B �

� N0�OLPS �� 
  
 C30��!" 5�
1� C3EO

 1%�*-NE%"
 PQ� $" �
,- G� ,� 
� (�
�q�) #��

	"�  N��)$/ �
�) #��&�4 � G#
�g   �� G%150  &X� G63f�

 5�
1� $"LPS �
,- G� ,� 
�4  ��-�%�*- ��)
�� =D*V

 G� =Q�! (!"&EO ,33K�N3B  $"LPS  &i 
� 
 G��"&!

 $" MQf 
"&6)LPS &!�) (f��  M'�)3(.  
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$ (��)  :�"
�'�� 
(*B�230 �� ����B 	

 #�60" 
  C30��!" 5�
1� M��6�) ,U" &�
�%�� J�,� 
 1%�*- $�� 
 =F�� ,�...   

 

��)$ C�" $" &X�4  ��-�%�*- ��)
�� =D*V N�"1;"

�
,- 
� =D*V N�"1;" C�" (0
 &� �&���) (6�
1� #��

��� b
�q�) u*�o)4 � G#
�g  N�"1;" �,�E% 
� G%

 
� .&� �&���) ��-�%�*- =D*V (!�I-�! G63f�210  &X�

 5�
1� $"LPS4 =D*V G� ��-�%�*-  
� �"13)  ,�",� =D*V

N3B �/  $"LPS  N�"1;"=;��.  C�" 
� =D*V N�"1;"

) &X� =+��270 =�"� G)"�" 13! (G63f�4 � G#
�g   G� G%

 5�
1� $" 8B ��F 
"&6) C�,�w��LPS  N�"1;" 
 &3�


�
&i{" G� #,�",� G� =Q�! N3B ��)$  5�
1� $"�"� ���! .

 
� ��-�%�*- =D*V &!

330 5�
1� $" &X� G63f� LPS 

��)$ 
� G)"�" 
� 
 ��� (���% (%&!"#�� 390  
450 

 5�
1� $" 8B G63f�LPS  (EX� ��F �"13) C�,�w�� G� 13!

 �
&i 
�G�  5�
1� $" MQf ,�",�LPS .&3�
  N�"1;" &!



 ��-�%�*- =D*V150  5�
1� $" &X� G63f�LPS  
� 
�

 �&���) 13! , �� (6�
1� �
,-�&4 � G#
�g  
� G% �
,- 

HypoG4 ��W) P3� �� =D*V N�"1;" C�" e
,� #,�� &

 
� (0
390  5�
1� $" 8B G63f�LPS  �"13) C�,�w�� G�

) ��F5/2  (,�",� G� =Q�! 5�1� $" MQf 
"&6)LPS  
 &3�


.�"� ���! ��F $" (0
1! ,3� &X� =+�� 
�  

 N�"1;" &!

 13! k3��W-�� C30��!",2��� �
,- 
�

 �&���) ��-�%�*- =D*V� P3� G% b
�q� C�" �� &

 N�"1;"	"� $" �
,- C�" 
� ��)
�� C�" =D*V $" ,��% ��

 �&���) #,��% =D*V N�"1;" 
"&6) 
 ���� , �� �
,- 
�

��
,- C�" 
� .&4  $" =D*V N�"1;"150  $" 8B G63f�

G3�
�% MF"� 5�
1� #"LPS  �&���)� 
� 
 &390  G63f�

 5�
1� $" 8BLPS C�,�w�� G�  �
&i G% ��F �"13)60 

N3� &j
�  $") &3�
 ��� 5�
1� $" MQf ��)$pg/ml 125 

 M��6) 
�pg/ml 75 &!

 13! �/ $" 8B =+�� 
� 
 (

.���! $�V/ "
 ��F (0
1!  

 b&) #",� (E7E) ,�$ Jr� GQ��7) Z��" ,�8  =+��

)AUC*h(  �
&p 
� G%1  �"13) =�" �&� ��"� ���!

#��
��3� C3� ��-�%�*- =D*V u*�o) ��� b
�q�) )01/0 

P <(  �
,- G� x��,) (E7E) ,�$ Jr� 
"&6) C�,��3� 


&���  SW�F" , �� �
,- 
� ,� �� #
�)/ ,D! $" G% ����

(EX) 
"� .=�"�C30��!",2��� �
,- 
� ��-�%�*- Jr� 

  (���W-�2���)pg/mL/*h 9/21+6/159(  �
,- G� =Q�!

C30��!",2��� ) (���W-��pg/mL*h 0/20+8/93 ( ,D! $"

 #
�)/(EX) SW�F" #
"�&!=�".  

<��  

N�
TB C�" h���! Z��" ,�4  (!���B MF"� N0�OLPS 

��)
�� 
 ��F 1%�*- =D*V 
� ,33K� PQ�  M3F� #��

�3DE� 
� &� �/ #$������4 G�  #
�g   =D*V N�"1;" G%

G� 1%�*-  ��)
�� =D*V N�"1;" �",��  
 ��-�%�*- #��

 C30��!"– G�  �3DE� �"�E+�&EE% #�� ��F 1%�*- �f�E�) 

 .&� �&���),�  (*Qf GX0�r) G% &EO)Vernay et al., 

2012(  N0�O $" ���q��" �� ����B 	

 #�60" ,U" (�
,� G�

 (!���B MF"�LPS ��� G�F"�,B4 ��)
�� x�Q�
" (0
  #��

�/ M��6�) b",U" 
 ��-�%�*- 
 C30��!" (�
,� �
�) �� 

.��� G�;, ! 
",f ����  C�" �&� ,��E) h���! 
� G% 
�g

=30����) ,33K� =�" �&� ��"� ���! GX0�r) 
 (!�F #��

��)
�� ,U" (XY�) 
 ()��+ (E��" >��B =3XY
 ,� ��

 =�" G��"A-)Vernay et al., 2012; Zarrin et al., 2014 

b(.  

��)
�� ,3Un� =7� 1%�*- #$������ �3DE� (q*�o) #��

 G% C30��!" 
 ��-�%�*- ��)
�� 
� ��3) C�" $" G% ����

��*� $"  #��α  
β  J�,� �&X�0"$�0 8!��, !w ,�"1p

() ,� "
 (�I) N6! &!��  &!
"� �&I+)Unger and Orci, 

1976(. G� ��F 1%�*- #$������ �3DE�   ��)
�� Gr�"


 $" �3��W-,2��� ��)$ 
� C30��!"�"
 
 N�"1;" 1%�*- �



��*� G�Gd3��) #�� N�"1;" 4(�,O =;�� 
 #"&30�� 

 1!:�l!�%�*- ,3�) =30�X; $" #,3-�*p 
 #&Q% �:�'3*-

() b
�j �,�AB)Ferrannini et al., 1999; Saltiel and 

Kahn, 2001( . 

,� ��-�%�*-  N��% ��)$ 
� C30��!" ��)
�� SWF

 �� 
 �&� M�+ �
"
 ��F 1%�*- Jr� G�1R� N�"1;"

 
 1!:�l!�%�*- ,3�) $" 1%�*- =F�� N�"1;" 4�:�'3*-

�:�'3*- =F�� N��%4  &i 
� "
 ��F 1%�*- Jr�

() �qi k�:�0��13; &E%)Jiang and Zhang, 2003(.  

 �� N0�O (B 
� "
 1%�*- =D*V N�"1;" (q*�o) b�X0�r)

LPS ��"� ���! &!")Waldron et al., 2006; Vernay et 

al., 2012; Zarrin et al., 2014, Gross et al., 2017( .

���3� $�3! "
 1%�*- =D*V N�"1;" M30� ��-&E���! C�" 

=D*V N�"1;" GR3�! 
� 
 #:,!" sQE) k� G� (E��" 

�% ��)
�� (E30��!" =)
�6) N�"1;" 
 �
13�
 ��3�

��,% N�
TB .&!"��"� ���! C3�3B #��&!" N0�O G% 

 �� (!���BLPS 
�- 
� (E30��!" =)
�6) ��R�" �+��#��
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 �
&p1 -  C30��!" 5�
1� G% (���
�- 
� ���WB ��-�%�*- 
 4C30��!" 41%�*- (E7E) ,�$ Jr�)5n= ]HypoG( 
 C30��!" 4

 1%�*-)6n= ]EuG( ('�! ��*7) 
 49/0 %(Control, n=8)  �� (!���B N0�O ��)$ b&) 
�LPS  )8  .=;,- b
�j (=+��

��"� �� G�  b
�j LSMeans± SE (E7E) ,�$ ��
&7)  b&) 
�48  ���! =+����"�  �&� &!"  
Table 1. Plasma variable AUC/h in hyperinsulinemic euglycemic (EuG, n=6), hyperinsulinemic hypoglycemic 
(HypoG, n=5), and NaCl infused dairy cows during intramammary LPS challenge (8 h). Data are presented as 

least squares means ± SEM of area under the curve (AUC/h) during 48 h  

Variable  AUC/h LSMean ± SE LPS challenge, Group1  
P-value 

EuG HypoG NaCl 
Glucose, mmol/L*h 4.4±0.1a 2.6±0.1b 4.2±0.1a < 0.01 
Insulin,     mU/L*h 89.6±9.3b 58.5±10.2ab 36.3±8.0a < 0.01 
Glucagon, pg/ml*h 93.8±20.0b 159.6±21.9b 219.7±17.3a < 0.01 

1 EuG = Hyperinsulinemic euglycemic group; HypoG = Hyperinsulinemic hypoglycemic group; NaCl = Group of cows 
receiving physiological saline solution.2 a,b: Treatment groups without common letters are significantly different (P< 0.05). 

() #,3� ���)Vernay et al., 2012; Waldron et al., 

2006; Zarrin et al., 2014 b(.   =D*V N�"1;" C�",��E�

(*+ C30��!" 5�
1� �
,- 
� ,� 
� 1%�*-  N�"1;" �V


() ��F C30��!" =D*V=;�� =)
�6) , !�3� &!"��  #��

>��B $
,� $" 8B C30��!" G� �&� .&��� (E��" #��  N�"1;"

 �� (!���B N0�O ��)$ 
� �
13�
�% ��)
�� =D*VLPS 

G�  G!��! $" ('� �"�E+3� >��B #�� b���I�0" G� (���

 =�")Waldron et al., 2006; Wellnitz and 

Bruckmaier, 2012; Zarrin et al., 2014 b( $" 8B .

 N0�O ���+"LPS4  ��&39�'3�
�%�%�*- J�,� N�"1;"

 N�"1;" 
 �:�'3*- G�1R� N�"1;" PQ�&30��  $" 1%�*-�"
 

 �&� #&Q% 1!:�l!�%�*- ,3�))Vernay et al., 2012(  $" 


 1%�*- S,a) , �� S,gG*3�
 G� =;�� (r37) #��

() N��% 
 ��,% ,33K� &���)Ingvartsen and Moyes, 

2013(.  

�&�+ =F�� C�,����q��" �
�) #��  (E��" ���3�

 H,O #��&3�" 41%�*- 
BHB &E��� )Ingvartsen and 

Moyes, 2013( .=F�� C�" ��3) $" ��4  1%�*-G*3�
 G� 

��*� #�� ��"� J3p,� b���I�0" $
,� ��)$ 
� (E��"

() G3p�� ��6�!" �

� 
� �/ =D*V N��% 
 ��� �&EE%

	"� =3���i N�"1;"#
��3� G� ���� 
 ��  H�%,� C3EO

 �

� C�" 
� (E��" ���3�=�" )Ingvartsen and 

Moyes, 2015(,� . GX0�r) G% &EO  ,3F" �"� ���!BHB 

() 13! G� �"��  k� �"�E+ H�I�0" $
,� ��)$ 
� #:,!" sQE)

��*� ���q��" �
�)�,3- 
",f (E��" #�� )Zarrin et al., 

2014 a(. 

 
� ��F ��-�%�*- N��% �� x�Q�
" 
� �&)/ =�&� h���!

 C30��!" =D*V N�"1;" GR3�!G*3�
 G�  (*Qf b�X0�r)

 =�" �&� &3�n�)Burcelin and Thorens, 2001; Zarrin 

et al., 2015; Gustarson et al., 1999; Hope et al., 

2004(4 () �o�) G% 
� &E% (X3Qg =D*V 
��i

1%�*-4 =X!��) ,U" C30��!" ,� (-&EE%J�,�  ��-�%�*-

() 567) (!�)$ 
� ,U" C�" G�Q0" .�
"� =D*V G% ���

 &��� k�:�0��13; &i $" ,��3� ��F 1%�*-)Banarer et 

al., 2002; Zarrin et al., 2015(.  u*�o) C3667)

=X!��)�&EE% $" #,3-�*p #",� #���$ #��J�,� 

����! (;,X) ��-�%�*-$" G% &!" �/ () G*�p G� �"��

 C30��!")Banarer et al., 2002((*B 4 4&39�*3)/&3�2B

Zn2+ 4ATP  
)/�)�-k�,3����E3 �"&3 )Gama Amino 

Butyric Acid; GABA( )Bansal and Wang, 2008( 

�,% �
��"4 No� ,U" C3� C�" 
� (0
 �/ C�,� ��)
�� ��

 C30��!"=�" )Maruyama et al., 1984; Saltiel and 

Khan, 2004(.  

��"� ���! #�&X�) b�X0�r)��)
�� =30�X; G% &!"  #��

� ,� #��+ v�",� 
� ��-�%�*- 
 C30��!"&� ,U" , �

&!
"� (-&EE%�
&7)4 �G #
�g   N�"1;" G%J�,�  ��)
��

 N��% PQ� C30��!"J�,� G� ��-�%�*- ��)
��   Gr�"


 �: ��3� $" #,3-�*p&30��  �&� ��X; 4��-�%�*-

,�3��!",�

�! GABA  ��!�% =30�X; ,33K� 
 �/ �&!,3- 


K-ATP ()�� �(Bansal and Wang, 2008) GX0�r) .

 1%�*- 
"&6) 
 ��Q! ( �3�� ,U" C�" G% �"� ���! (*Qf

 ��FG� C33X� M)�+ k� �"�E+ (-&!
"�$�� ,U" �&EE%

 ��-�%�*- ,� C30��!" ��)
��4=�" �G  #
�g   ,-" G%

C3��B ('�:�0��13; �o�) &i $" ��F 1%�*- ,U" &��� ,�

=X!��) ,� C30��!" (-&EE%J�,� � ��-�%�*-n #,3U

 �",Qp #",� @W� 
� �&� #$������ ���3� 
 G��"&!

&� $�3! �
�) 1%�*- �J�,�  N�"1;" �V,3*+ "
 ��-�%�*-
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 #�60" 
  C30��!" 5�
1� M��6�) ,U" &�
�%�� J�,� 
 1%�*- $�� 
 =F�� ,�...   

 

 $" C30��!" =D*V�"
 1� ) C30��!" 	
"&) 5�
48  (=+��

() N�"1;"&�� )Zarrin et al., 2015(.   

 h���! GX0�r)C3�3B4  �V,3*+ ��F 1%�*- =D*V N�"1;"

 (���W-�2��� �qi #",� C30��!" 5�
1� �"13) N�"1;"

 �
,- 
�HypoG  �
,- 
� 1%�*- 5�
1� �"13) N��% 


EuG  G�� 
� ��F C30��!" =D*V N�"1;" �� ��)1��

�
,-  �� �� (!���B N0�O ��)$ 
� "
LPS  �"� ���! G%

b
�j G� (E30��!" =)
�6) N�"1;" $" (��!  
� (���3�

 N0�O ��)$LPS d�� 
 �:�'3*- G�1R� N�"1;" C3E

*- ,3�) $" 1%�*- =F�� N�"1;" 
 #&Q% 1!:�l!�%� C�" 
�

	"�  ���&� (6*� &!")Vernay et al., 2012( .,-"  C�" GO

 
� "
 u*�o) #��,3�) $" 1%�*- =D*V N�"1;" C3667)

"1;" GR3�!��,% ��3� �
13�
�% ��)
�� N�"&!4 �)"  h���!

 ��-�%�*- ��)
�� =D*V N�"1;" G% �"� ���! GX0�r) C�"

G�  �I) $" ('� �"�E+ ��)
�� C�,�  #�����!  ��F 1%�*-

 (!���B N0�O ��)$ 
�LPS ()  (�I) 
�3�� N6! &!"��

��*� $�3! �
�) 1%�*- C3)n� 
�  >��B #",� (E��" #��

.&���! ��",; b���I�0" G� P��E)  C�" h���! #���"
 
�

GX0�r)4 
� ��-�%�*- =D*V N�"1;"  ���3� k�,7� (B

 (!���B MF"� 5�
1� �� (E��"LPS  #,3� #��
�- 
�

 @
"1- 13! (��,3� M�"
"��&   =�"(Grosse et al., 

2017).  

�=��!��& ���* 

 h���! G� Gp�� ��&�() �o�) ,)" C�" �&)/ =�  G% ���

#
��3� $
,� 
 H�I�0" v�",� 
�  ��&E�/,; G�� (!�q+ #��

��3!�') 
 G� u*�o) #��  :,!" C3)n� 
� #�7! $�3! �
�) #

��*�  �� �&� M3F� �&� (E��" #�� ,�",� 
� &E!"���

() C3� C�" 
� .&E���! N6! #�q�" b���I�0" G� �"��  N�"1;"

G� ��-�%�*- ��)
�� =D*V   �&E�"1;" ��)
�� �"�E+

 $" ��F 1%�*-�"
  
� b
�q�) ('30����) #��,3�)

�
,- � C30��!" =D*V G% (���G   C30��!" 5�
1� Gr�"


(HypoG and EuG) $" �� 
 �"
  N�"1;"7�,�(*F"� b� 

(&���)  (!���B N0�O ��)$ 
�LPS  �
��" ��� G�;
 w��

() C�",��E� .�,%  ,3Un� G% ���! x�QE��" C3EO �"��

��)
�� (-&!
"�$��  ,� ��, �&��  s��� 
 ���Q! ( �3��

N3B ('�:�0��13; v�",� ��*� #",� �&)/  ���13) �&� #��

.=�"

  

 ('�>?@��A� 

.
 ,���%
,� 4.	 C�
$4  ." 
�B&�i" 
1397=30����) #
�'��� ,U" . ��)
�� 
 ��  ��3� ,� ��mRNA �: (�!/ #��  vQ�,) (!"&3�%"

 ��Nrf2  .()"� b"&30�� b�6367� .#,3� #��
�- (!���B =;�� 
�7)3 :(1-12.   
Aleri J. W., Hine B. C., Pyman M. F., Mansell P. D., Wales W. J., Mallard B. and Fisher A. D. 2016. 

Periparturient immunosuppression and strategies to improve dairy cow health during the periparturient 
period. Research in Veterinary Science, 108: 8-17. 
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Abstract 

Insulin and glucagon are glucoregulatory hormones which their secretions are critical for glucose hemostasis 
during inflammations. Intra-mammary LPS (lipopolysaccharide) challenge causes an immune reaction which is 
accompanied by metabolic and endocrine changes. The objective of the present study was to investigate the 
effects of intra-mammary LPS challenge concomitantly with elevated insulin concentrations on glucagon 
concentration during simultaneous hypoglycemia or euglycemia in dairy cows. Nineteen Holstein dairy cows 
with body weight of 3.0 ± 0.1 (mean ± SD) were randomly assigned to three treatment groups: an intravenous 
insulin infusion (Hypoglycemia; HypoG, n=5), insulin and glucose infusion (EuG, n=6), and a 0.9 % saline 
solution infusion (Control, n=8). At 48 h of metabolites infusions, LPS injected to two quarters of mammary 
glands. In response to LPS challenge, plasma insulin and glucose concentration increased. Intra-mammary LPS 
challenge caused an increase in plasma glucagon concentrations in HypoG and control compared to EuG group, 
pre infusion level, and pre LPS challenge. In conclusion, intra-mammary LPS challenge induced increases of 
glucose, insulin, and glucagon concentrations. The results showed that glucagon concentrations increased during 
immune system stimulation despite the increase of insulin concentrations, and its role is important in glucose 
metabolism hemostasis during inflammation.  
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