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Table 1.Polymerase chain reaction primer information (fdorward, rev = reverse), annealing temperature and

the PCR product length

Annealing
Gene Bank
Gené Sequence 5°-3° ) temperature Length,bp
accession no. .
0
GAPDH for GTCTTCACTACCATGGAGAAGG
NMO001034034 60 197
GAPDH rev TCATGGATGACCTTGGCCAG
Ubiquitin for ~AGATCCAGGATAAGGAAGGCAT
o 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
HMOX2rev  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
MTL1E rev ATGCAGGTTGGCCCACGTTCC
MT2A for GACCCCAGCCTCCAGTTCAGCTC
NM_001075140.1 61 93
MT2A rev CTTTGCATTTGCAGGAGCCGGC
NQOL1 for AACCAACAGACCAGCCAATC
NM_001034535.1 61 146
NQOL1 rev CCTCCCATCCTTTCCTCTTC
SOD1 for TGTTGCCATCGTGGATATTG
NM_174615.2 61 143
SOD1 rev CAGCGTTGCCAGTCTTTGTA
UGT1Alfor GCTCGTCAAGTGGCTGCCCCA
NM_001105636.1 61 175
UGT1Alrev TCCCCGGGTCTCCATGCGCT

*GAPDH = glyceraldehyde 3-phosphate dehydrogenas&: €datalase; CRP = C-reactive protein; GPX3 = ghivaie
peroxidase 3; HMOX2 = heme oxygenase 2; MGST3 xaammal glutathione S-transferase 3; MT1A = methiltmein
1A; MT1E = metallothionein 1E; MT2A = metallothione2A; NQO1 = NAD (P) H dehydrogenase, quinone @8 =

superoxide dismutase 1; UGT1A1 = UDP glucuronoaghferase 1 family, polypeptide Al.
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Table 2. Concentrations of plasma variables inlingtlypoG, n=5), insulin and glucose (hyperinsalinic
euglycemic) (EuG, n=6), beta-hydroxybutyrate (H@e1=5), and 0.9% NaCl (Control, n=8) infusion gair
cows. Data are presented as least square meand bfSiea under the curve (AUC) during 48 h

Variable Group LSMeans + SEM ANOVA
day 2 (P value,
group)
EuG 38 + 0%
Glucose, mmol/L Egggg gg i 8% <0.01
Control 41 + 01
EuG 578 + 78
Insulin, mU/L :ﬁig }é; i é? <0.01
Control 139 + 13
EuG 840 + 63
Glucagon, HyperB 97.4 + 383 <0.01
pg/ml HypoG 1290 = 79 :
Control 106.1 + 54

#EuG = insulin and glucose infusion (hyperinsulimerauglycemic) group; HyperB = Hyper BHB group; HypeG
Hyperinsulinemic hypoglycemic group; Control = gpoaf cows receiving physiological saline solutiom©@ NacCl).
"3bC Treatment groups without common letters are sicanitly different P< 0.05).
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Target genes
Fig. 1. Variation in mMRNA expression of genes mtato Nrf2 in mammary tissue in cows which injected
by insulin (HypoG, n=5), insulin and glucose (hyipsulinemic euglycemic) (EuG, n=6), beta-
hydroxybutyrate (HyperB, n=5), and 0.9% NaCl (Cohtn=8) during 48 h
(HYpOG, N=5) 1 Jsuil 5,5 el FA Soe 4y a5 Slagls o Sliwy <8L NIM2 L Lo o slooys MRNA Lo ol s - S

é 5 &g Ll 4 (Control, N=8)us o +/8 Sws Jgle 9 (HYperB, N=5)ul 5g onS 'y 0ualy (EUG, N=6)55305 4 ol gudl
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(Control, 7.+/8 (Ko Jslore 5 (HyperB, n=5)cl g oS 9,000l (EUG, N=6) ;5515 5 sl (HYPOG, N=5)
oas oals ylis Mean + SEME jg0 4y ool (Olay, 35 £9,0 31 el FA 5 LS o Sold) W 128,57 & 5.0 N=8)

Table 3. Changes of mMRNA abundance of genes relatid2 in mammary gland during 48 h infusion in

insulin (HypoG, n=5), insulin and glucose (EuG, hateta-hydroxybutyrate (HyperB, n=5), and 0.9% NaC

(Control, n=8) infused dairy cows. Delta (differesdetween before and 48 h after the start ofiiorfig}.
Values represent Mean + SEM

Time zero (before the start of metabolites ANOVA
Parametér Groupf infusion) Delta (P Value,
group)

EuG 188 + 0.1 07 + 02
HyperB 160 =+ 03 04 + 02

CAT HypoG 197 + 01 00 + 03 0.12
NaCl 179 + 08 02 + 03
EuG 115 + 04 09 + 04
HyperB 133 + 0.3 1.2 £+ 1.0

CRP HypoG 116 =+ 06 05 + 07 0.11
NaCl 135 + 1.0 02 + 03
EuG 166 =+ 0.3 07 + 05
HyperB 154 + 0.2 06 + 04

GPX3 HypoG 180 + 06 04 + 03 0.15
NaCl 185 + 0.4 01 + 03
EuG 175 £ 0.2 06 + 02
HyperB 146 <+ 04 04 + 04

HMOX2 HypoG 178 + 0.1 01 + 01 0.09
NaCl 176 + 0.1 04 + 03
EuG 179 + 02 09 + 02
HyperB 142 + 0.1 01 * 03

MGST3 HypoG 183 + 01 01 + o4 0.02
NaCl 170 + 07 02 + 04
EuG 156 + 0.6 05 + 1.0
HyperB 138 + 0.6 0.7 = 03

MT1A HypoG 155 + 08 10 + 06 0.42
NaCl 153 + 0.9 02 + 06
EuG 136 + 04 03 + 07
HyperB 120 + 04 02 + 01

MTIE HypoG 137 + 08 06 + 05 061
NaCl 135 + 07 03 + 04
EuG 162 + 0.6 06 + 1.1
HyperB 146 <+ 0.7 09 + 04

MT2A HypoG 163 + 07 08 + 04 0.30
NaCl 171 + 05 05 + 05
EuG 171+ 01 08 + 02
HyperB 131 + 03 04 + 02

NQO4 HypoG 169 =+ 04 01 + 01 0.07
NaCl 160 + 0.9 00 + 04
EuG 191 + 03 09 + 03
HyperB 162 + 03 00 * 0.2

SOD1 HypoG 200 + 03 06 + 02 0.06
NaCl 187 + 0.7 01 + 03
EuG 106 =+ 05 -11 + 08
HyperB 134 + 05 05 + 07

UGTIAL HypoG 90 + 15 02 + 17 0.68
NaCl 121+ 17 05 + 1.0

ICAT = catalase; CRP = C-reactive protein; GPX3 = ghitme peroxidase 3; HMOX2 = heme oxygenase 2; M&ST
microsomal glutathione S-transferase 3; MT1A = mhatsionein 1A; MT1E = metallothionein 1E; MT2A =
metallothionein 2A; NQO1 = NAD (P) H dehydrogenageinone 1; SOD1 = superoxide dismutase 1; UGT1AIDP
glucuronosyltransferase 1 family, polypeptide Al.

EuG = hyperinsulinemic EuGlycemic group (n=6); Hspe= Hyper beta-hydroxybutyrate group; HypoG =
hyperinsulinemic hypoglycemia (n=5);NaCl = grougcofvs receiving physiological saline solution.

*Delta is different from 0P<0.05).
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Abstract

Mammary immune suppression has been observed linyié¢ding dairy cows due to metabolites and enidecr
changing after parturition. Twenty four Holsteinrglacows at the late stage of lactation were usestidy the
effects of long term (48 h) manipulating metabalitend hormones on mammary antioxidant genes tlcatden
by nuclear factor E2-related factor 2 (Nrf2). Treanhts include 48 h intravenous infusion of insilitypoG,
n=>5), insulin and glucose (hyperinsulinemic eugiya® (EuG, n=6), BHB (HyperB, n=5), and 0.9 % NaCl
(Control, n=8). Mammary tissue samples were takemftwo rare quarters one week before and 48 I tiiée
start of infusions. Following total RNA extractiomRNA abundance of housekeeping and candidate genes
related to Nrf2 measured by gPCR method. Hyperimsoiic euglycemic down-regulated mRNA abundance of
catalase (CAT)heme oxygenase 2 (HMOX2), microsomal glutathiorteaBsferase 3 (MGST3), NAD (P) H
dehydrogenase, quinone 1 (NQCd)peroxide dismutase 1 (SODPK(.05), compared to pre-infusion in EuG
group. Hyperinsulinemic euglycemic down-regulateBX3 mRNA abundance in EuG group compared to
HyperB group P<0.05). Therefore, increased susceptibility aneéake in mammary gland may be related to
reduction in the mMRNA abundance of antioxidant gesh&ring metabolites and hormones changing.
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