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1. Negative Energy Balance 
2. Non-Esterified Fatty Acids 
3. Intra-mammary LPS challenge 
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4. Nuclear erythroid 2-related factor 2: Nrf2 
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1. Cycle threshold: CT 
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$(;7) '�$�;"7 �$;k,' P>)�
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rev P>)�
 �!Zp  �!r 
 &.��$��
 -� � �(

'�$�;"7 �$;k,' 
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 GTC TTC ACT ACC ATG GAG AAG G 
NM_001034034 60 197 ¥GAPDH rev TCA TGG ATG ACC TTG GCC AG 

¥Ubiquitin for AGA TCC AGG ATA AGG AAG GCA T 
NM_174133 62 198 ¥Ubiquitin rev GCT CCA CCT CCA GGG TGA T 

CAT for TGG GAC CCA ACT ATC TCC AG 
NM_00103586.1 61 178 

CAT rev AAG TGG GTC CTG TGT TCC AG 

CRP for 
GGC CAG ACA GAC TTG CAT AAG AAG 

G NM_001144097.1 61 142 
CRP rev GGG TTC GGG CCA GCT CTG TG 
GPX3 for ACC ACC GCA CCA CGG TCA AC 

NM_174077.3 61 127 
GPX3 rev GCC CGT GTG GTG GAC TTG GG 
HMOX2 for GCC ACC ACC GCG CTG TAC TT 

NM_001032087.2 61 108 
HMOX2 rev CCG GTG TAG CTC CGT GGG GA 
MGST3 for GGG CTT GGC CTG GAT CGT TGG 

NM_001035046.1 61 124 
MGST3 rev CAC AGT GGT GCC CAT CAG GCC 
MT1A for ATC CGA CCA GTG GAT CTG CTT TGC C 

NM_001040492.2 61 209 
MT1A rev AGA CAC AGC CCT GGG CAC ACT 
MT1E for ACG ACC ACA CTT CGT CTC CGA A 

NM_001114857.1 61 261 
MT1E rev ATG CAG GTT GGC CCA CGT TCC 
MT2A for GAC CCC AGC CTC CAG TTC AGC TC 

NM_001075140.1 61 93 
MT2A rev CTT TGC ATT TGC AGG AGC CGG C 
NQO1 for AAC CAA CAG ACC AGC CAA TC 

NM_001034535.1 61 146 
NQO1 rev CCT CCC ATC CTT TCC TCT TC 
SOD1 for TGT TGC CAT CGT GGA TAT TG 

NM_174615.2 61 143 
SOD1 rev CAG CGT TGC CAG TCT TTG TA 
UGT1A1 for GCT CGT CAA GTG GCT GCC CCA 

NM_001105636.1 61 175 
UGT1A1 rev TCC CCG GGT CTC CAT GCG CT 
#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. 
¥ GAPDH and Ubiquitin were used as reference genes. 
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Fig. 1. Differences in mRNA abundance (ΔΔCt) of udder selected genes related to Nrf2 in LPS quarters in cows 
infusions with insulin and glucose (hyperinsulinemic euglycemic; EuG, n=6), beta-hydroxybutyrate (BHB) 

(hyper beta-hydroxybutyrate; HyperB, n=5), insulin (hyperinsulinemic hypoglycemic; HypoG, n=5), and NaCl 
(Control, n=8) 

 M+�1 - ��;� ?�$;;@�(ΔΔCT) mRNA  �A �� dR�$  -�� Nrf2  <;��) �LPS  &,���7 12�� <) &���
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1. Acute phase protein 

2. Serum amyloid A: SAA 
3. Haptoglobin: Hb 
4. Induced nitric oxide synthase: iNOS 
5. Tumor necrosis factor alpha: TNFα 

Candidate genes
MT1A MT1E MT2A GPX3 UGT1A1 HMOX2 CRP CAT MGST3 NQO1 SOD1
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1. Reactive oxygen species: ROS 
2. Toll-like receptor: TLR4 
3. Vascular adhesion molecules 
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4. Nuclear factor kappa-light-chain-enhancer of activated 
B cells: NF-κB 
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Fig. 2. Differences in mRNA abundance (ΔΔCt) of udder selected genes related to Nrf2 in Control quarters in 
cows infusions with insulin and glucose (hyperinsulinemic euglycemic; EuG, n=6), beta-hydroxybutyrate 

(BHB) (hyper beta-hydroxybutyrate; HyperB, n=5), insulin (hyperinsulinemic hypoglycemic; HypoG, n=5), and 
NaCl (Control, n=8)  
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Fig. 3. Differences in mRNA abundance (ΔΔCt) of udder candidate genes related to Nrf2 in both LPS and 
control quarters 
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Abstract 

To study the reaction of udder mRNA abundance of genes related to nuclear erythroid 2-related factor 2 (Nrf2) 
to an intramammary lipopolysaccharide (LPS) challenge with changes in blood insulin and metabolites levels, 
24 dairy cows were used. Treatments included insulin infusion (HypoG, n=5), insulin and glucose (EuG, n=6), 
β-hydroxybutyrate (HyperB, n= 5), and saline (Control, n=8) for 56 h. At 48 h of infusions, two quarters were 
treated with 200µg LPS, and two control quarters were treated with physiological serum. Mammary tissue 
biopsies were obtained before and after the LPS challenge. The mRNA abundance of the genes was measured 
by the qPCR approach. In the LPS quarters, the mRNA abundance of MT1A, MT2A, and MT1E increased in all 
treatments. The mRNA abundance of GPX3 increased in HyperB and Control. The mRNA abundance of 
MGST3 and SOD1 decreased in all groups lacking EuG. Decreased mRNA abundance of NQO1 observed in 
HypoG. In the control quarters, the mRNA abundance of MT1A and MT2A was raised in all groups. Similarly, 
MT1E is up-regulated in all groups except for the HypoG. The increase of mRNA abundance of GPX3 was 
observed in the Control and EuG groups, and UGT1A1 in EuG. LPS decreased the mRNA abundance of MGT3, 
NQO1, and SOD1 in HypoG. In conclusion, LPS influenced the mRNA quantity of the investigated genes in 
both quarters, which indicate local and systemic reactions to endotoxin. Applying appropriate management 
strategies will reduce oxidative stress and susceptibility to diseases and will lead to better welfare and 
performance of the animal.  
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