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1. Reactive Oxygen Species; ROS 
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2. Nuclear erythroid 2-related factor 2; Nrf2 
3. NAD (P) H dehydrogenase, quinone 1; NQO1 
4. UDP–glucuronosyl transferases; UGT 
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2. Trapezoidal Rule 
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al., 2015(.  
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�� ��H�
 L	'"
 D�0� 3	J'�;

 ��8�*�E4  4	K E' =
� |`&� ��� 6=
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� E4 ( =N�q�*:$ +��4  E4 Dn�� +��

�*:$ ) 3/Van knegsel et al., 2007 $�J� %�"; 3��% �� (
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* )Bertoni et al., 2008; Trevisi et al., 

2012; Zarrin et al., 2014 a(.  
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H�0	4��� F�"��G; "4�"4 ��
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H�e#	�EuG (�(  E'=
(4 g���*   ET0�i� %� �(�:
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1. Acute Phase Response 
2. Plasma Negative Acute Phase Proteins 
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� (u

� ^8*$ ) (J'Dandona et al., 2009 .(=
(4 g���*   �(�:

F(� �� $*��H� =.�4 +�"4   3��%48  ^���%: �!� = �
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3. Haptoglobin; Hp 
4. Serum Amyloid A; SAA 
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2. Insulin-responsive element (IRE) 
3. DNA responsive element (DNA-RE) 
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 �!(b1 -  %�"
��� �"�I*% ^J'�! +��"#%�q: F�n`&�) = !"&��for 65� !�  =rev$,��"
�! +��� 6(  �	n9� �	R !

%�"
��� �"�I*% ^J'�!  
Table 1. Polymerase chain reaction primer information (for = forward, rev = reverse), annealing temperature and 

the PCR product length 

Gene# Sequence 5´-3´ 
Gene Bank  

accession no. 

Annealing  

temperature 

(°C) 

Length,bp 

GAPDH for GTCTTCACTACCATGGAGAAGG 
NM001034034 60 197 

GAPDH rev TCATGGATGACCTTGGCCAG 

Ubiquitin for AGATCCAGGATAAGGAAGGCAT 
NM174133 62 198 

Ubiquitin rev GCTCCACCTCCAGGGTGAT 

CAT for TGGGACCCAACTATCTCCAG 
NM_00103586.1 61 178 

CAT rev AAGTGGGTCCTGTGTTCCAG 

CRP for GGCCAGACAGACTTGCATAAGAAGG 
NM_001144097.1 61 142 

CRP rev GGGTTCGGGCCAGCTCTGTG 

GPX3 for ACCACCGCACCACGGTCAAC 
NM_174077.3 61 127 

GPX3 rev GCCCGTGTGGTGGACTTGGG 

HMOX2 for GCCACCACCGCGCTGTACTT 
NM_001032087.2 61 108 

HMOX2 rev CCGGTGTAGCTCCGTGGGGA 

MGST3 for GGGCTTGGCCTGGATCGTTGG 
NM_001035046.1 61 124 

MGST3 rev CACAGTGGTGCCCATCAGGCC 

MT1A for ATCCGACCAGTGGATCTGCTTTGCC 
NM_001040492.2 61 209 

MT1A rev AGACACAGCCCTGGGCACACT 

MT1E for ACGACCACACTTCGTCTCCGAA 
NM_001114857.1 61 261 

MT1E rev ATGCAGGTTGGCCCACGTTCC 

MT2A for GACCCCAGCCTCCAGTTCAGCTC 
NM_001075140.1 61 93 

MT2A rev CTTTGCATTTGCAGGAGCCGGC 

NQO1 for AACCAACAGACCAGCCAATC 
NM_001034535.1 61 146 

NQO1 rev CCTCCCATCCTTTCCTCTTC 

SOD1 for TGTTGCCATCGTGGATATTG 
NM_174615.2 61 143 

SOD1 rev CAGCGTTGCCAGTCTTTGTA 

UGT1A1 for GCTCGTCAAGTGGCTGCCCCA 
NM_001105636.1 61 175 

UGT1A1 rev TCCCCGGGTCTCCATGCGCT 
#GAPDH = glyceraldehyde 3-phosphate dehydrogenase; CAT = catalase; CRP = C-reactive protein; GPX3 = glutathione 

peroxidase 3; HMOX2 = heme oxygenase 2; MGST3 = microsomal glutathione S-transferase 3; MT1A = metallothionein 

1A; MT1E = metallothionein 1E; MT2A = metallothionein 2A; NQO1 = NAD (P) H dehydrogenase, quinone 1; SOD1 = 

superoxide dismutase 1; UGT1A1 = UDP glucuronosyltransferase 1 family, polypeptide A1. 
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 �!(b2 -  U�0	H*� 7���; E' $���!�# �� �

e� +��"�G�� =N�q(HypoG, n=5) �'	�# ! U�0	H*� 6(EuG, n=6) 6

���4�H'!�($ ;	4�F�" (HyperB, n=5)  $)
* �	�9� !9/0 %(Control, n=8)  .=."# F�	y���� �� E4 F�	y LSMeans± 

SEM $J9J� "�% ��!(9�  F(� ��48  3�&* = �
����  �(� (*�  
Table 2. Concentrations of plasma variables in insulin (HypoG, n=5), insulin and glucose (hyperinsulinemic 
euglycemic) (EuG, n=6), beta-hydroxybutyrate (HyperB, n=5), and 0.9% NaCl (Control, n=8) infusion dairy 

cows. Data are presented as least square means ± SEM of area under the curve (AUC) during 48 h 
Variable Group# LSMeans ± SEM 

day 2*  
ANOVA  
(P value, 
group) 

Glucose, mmol/L 

EuG 3.8 ± 0.2ab 

< 0.01 
HyperB 3.5 ± 0.1b 

HypoG 2.3 ± 0.1c 

Control 4.1 ± 0.1a 

Insulin, mU/L 

EuG 57.8 ± 7.8b 

< 0.01 
HyperB 12.7 ± 1.4a 

HypoG 41.9 ± 8.1b 

Control 13.9 ± 1.1a 

Glucagon, 
pg/ml 

EuG 84.0 ± 6.3a 

< 0.01 
HyperB 97.4 ± 3.3b 

HypoG 129.0 ± 7.0c 

Control 106.1 ± 5.4b 

#EuG = insulin and glucose infusion (hyperinsulinemic euglycemic) group; HyperB = Hyper BHB group; HypoG = 
Hyperinsulinemic hypoglycemic group; Control = group of cows receiving physiological saline solution (0.9% NaCl). 
* a,b,c Treatment groups without common letters are significantly different (P< 0.05). 

Fig. 1. Variation in mRNA expression of genes related to Nrf2 in mammary tissue in cows which injected 
by insulin (HypoG, n=5), insulin and glucose (hyperinsulinemic euglycemic) (EuG, n=6), beta-

hydroxybutyrate (HyperB, n=5), and 0.9% NaCl (Control, n=8) during 48 h  
 D)�1- G;F�"�� 43�� mRNA 3/ ��+ �4 c[;"� Nrf2 *��H� =.�4$ ��!�# ��$�  F(� E4 E'48 ��; = �
7� 0	H*�U� (HypoG, n=5) 6

0	H*�U�  �'	�# !(EuG, n=6)���4 6$H'!�(� F�"�;	4 (HyperB, n=5) )
* �	�9� !$ 9/0 (y�� (Control, n=8)  �r*: E4=."# F�	y 
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 �!(b3 -  3��4 F�"��G;mRNA 3/  �4 c[;"� +��Nrf2  F(� E4 E' $���!�# �� $*��H� =.�448  U�0	H*� 7���; = �


(HypoG, n=5) �'	�# ! U�0	H*� 6(EuG, n=6) 6���4�H'!�($ ;	4�F�" (HyperB, n=5)  $)
* �	�9� !9/0 %(Control, 

n=8) .=."# F�	y  ! D[\ U�4 F!��;) ��0�48  .(F�8���; _!"� %� (T4 = �
���� �� E4   F�	yMean ± SEM 3�&* ����   �(�

=
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Table 3. Changes of mRNA abundance of genes related to Nrf2 in mammary gland during 48 h infusion in 

insulin (HypoG, n=5), insulin and glucose (EuG, n=6), beta-hydroxybutyrate (HyperB, n=5), and 0.9% NaCl 
(Control, n=8) infused dairy cows. Delta (differences between before and 48 h after the start of infusions). 

Values represent Mean ± SEM 

Parameter1 Group2 
Time zero (before the start of metabolites 

infusion) Delta 
ANOVA 
(P Value, 

group) 

CAT 

EuG 18.8 ± 0.1 -0.7 ± 0.2* 

0.12 
HyperB 16.0 ± 0.3 0.4 ± 0.2 
HypoG 19.7 ± 0.1 0.0 ± 0.3 
NaCl 17.9 ± 0.8 -0.2 ± 0.3 

CRP 

EuG 11.5 ± 0.4 -0.9 ± 0.4 

0.11 
HyperB 13.3 ± 0.3 1.2 ± 1.0 

HypoG 11.6 ± 0.6 0.5 ± 0.7 
NaCl 13.5 ± 1.0 -0.2 ± 0.3 

GPX3 

EuG 16.6 ± 0.3 -0.7 ± 0.5 

0.15 
HyperB 15.4 ± 0.2 0.6 ± 0.4 
HypoG 18.0 ± 0.6 0.4 ± 0.3 
NaCl 18.5 ± 0.4 0.1 ± 0.3 

HMOX2 

EuG 17.5 ± 0.2 -0.6 ± 0.2* 

0.09 
HyperB 14.6 ± 0.4 0.4 ± 0.4 
HypoG 17.8 ± 0.1 -0.1 ± 0.1 
NaCl 17.6 ± 0.1 -0.4 ± 0.3 

MGST3 

EuG 17.9 ± 0.2 -0.9 ± 0.2b* 

0.02 
HyperB 14.2 ± 0.1 0.1 ± 0.3a 

HypoG 18.3 ± 0.1 -0.1 ± 0.1ab 

NaCl 17.0 ± 0.7 -0.2 ± 0.1ab 

MT1A 

EuG 15.6 ± 0.6 -0.5 ± 1.0 

0.42 
HyperB 13.8 ± 0.6 0.7 ± 0.3 
HypoG 15.5 ± 0.8 1.0 ± 0.6 
NaCl 15.3 ± 0.9 -0.2 ± 0.6 

MT1E 

EuG 13.6 ± 0.4 -0.3 ± 0.7 

0.61 
HyperB 12.0 ± 0.4 0.2 ± 0.1 
HypoG 13.7 ± 0.8 0.6 ± 0.5 
NaCl 13.5 ± 0.7 -0.3 ± 0.4 

MT2A 

EuG 16.2 ± 0.6 -0.6 ± 1.1 

0.30 
HyperB 14.6 ± 0.7 0.9 ± 0.4 
HypoG 16.3 ± 0.7 0.8 ± 0.4 
NaCl 17.1 ± 0.5 -0.5 ± 0.5 

NQO4 

EuG 17.1 ± 0.1 -0.8 ± 0.2* 

0.07 
HyperB 13.1 ± 0.3 0.4 ± 0.2 
HypoG 16.9 ± 0.4 0.1 ± 0.1 
NaCl 16.0 ± 0.9 0.0 ± 0.4 

SOD1 

EuG 19.1 ± 0.3 -0.9 ± 0.3* 

0.06 
HyperB 16.2 ± 0.3 0.0 ± 0.2 
HypoG 20.0 ± 0.3 -0.6 ± 0.2 

NaCl 18.7 ± 0.7 0.1 ± 0.3 

UGT1A1 

EuG 10.6 ± 0.5 -1.1 ± 0.8 

0.68 
HyperB 13.4 ± 0.5 0.5 ± 0.7 
HypoG 9.0 ± 1.5 0.2 ± 1.7 
NaCl 12.1 ± 1.7 0.5 ± 1.0 

1CAT = catalase; CRP = C-reactive protein; GPX3 = glutathione peroxidase 3; HMOX2 = heme oxygenase 2; MGST3 = 
microsomal glutathione S-transferase 3; MT1A = metallothionein 1A; MT1E = metallothionein 1E; MT2A = 
metallothionein 2A; NQO1 = NAD (P) H dehydrogenase, quinone 1; SOD1 = superoxide dismutase 1; UGT1A1 = UDP 
glucuronosyltransferase 1 family, polypeptide A1. 

2EuG = hyperinsulinemic EuGlycemic group (n=6); HyperB = Hyper beta-hydroxybutyrate group; HypoG = 
hyperinsulinemic hypoglycemia (n=5);NaCl = group of cows receiving physiological saline solution. 
*Delta is different from 0 (P<0.05). 
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Abstract 

Mammary immune suppression has been observed in high yielding dairy cows due to metabolites and endocrine 
changing after parturition. Twenty four Holstein dairy cows at the late stage of lactation were used to study the 
effects of long term (48 h) manipulating metabolites and hormones on mammary antioxidant genes that encode 
by nuclear factor E2-related factor 2 (Nrf2). Treatments include 48 h intravenous infusion of insulin (HypoG, 
n=5), insulin and glucose (hyperinsulinemic euglycemic) (EuG, n=6), BHB (HyperB, n= 5), and 0.9 % NaCl 
(Control, n=8). Mammary tissue samples were taken from two rare quarters one week before and 48 h after the 
start of infusions. Following total RNA extraction, mRNA abundance of housekeeping and candidate genes 
related to Nrf2 measured by qPCR method. Hyperinsulinemic euglycemic down-regulated mRNA abundance of 
catalase (CAT), heme oxygenase 2 (HMOX2), microsomal glutathione S-transferase 3 (MGST3), NAD (P) H 
dehydrogenase, quinone 1 (NQO1), superoxide dismutase 1 (SOD1) (P<0.05), compared to pre-infusion in EuG 
group. Hyperinsulinemic euglycemic down-regulated GPX3 mRNA abundance in EuG group compared to 
HyperB group (P<0.05). Therefore, increased susceptibility and disease in mammary gland may be related to 
reduction in the mRNA abundance of antioxidant genes during metabolites and hormones changing. 
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