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The effects of omega-3 fatty acids supplementation on the immune status of
transition cows and young calves

Abstract

The transition period, from 3 weeks prepartum to 3 weeks postpartum (PP) in dairy cows, is
characterized by several changes in immune function to prepare the cow for parturition and
lactation. First, cows experience a variable degree of systemic subacute inflammation, which
involves a mild increase in pro-inflammatory mediators and may contribute to chronic and
progressive changes in tissue function. Dietary fats, and specifically omega-3 (n-3) fatty acids (FA),
can moderate the immunological effect caused by parturition through improvements in immune
function. Flaxseed oil (FLX) is one of the richest sources of the essential n-3 FA alpha-linolenic acid
(ALA), and fish oil are rich in eicosapentaenoic acid (EPA) and docosahexaenoic (DHA) acids, two
important long-chain omega-3 FA. Therefore, the objectives of this research were to determine the
effects of various n-3 FA supplemented to peripartum dairy cows on the immune function and
inflammatory state. Forty-two 255-day pregnant multiparous cows were supplemented until 60 d
postpartum (PP) with encapsulated fats, in treatments designated as i) SFA — saturated fat at 255 and
640 gsd/cow, prepartum and PP, respectively; i) FLX — flaxseed oil at 300 and 750 gs/d/cow
prepartum and PP, respectively; and iii) FO — fish oil at 300 and 700 g/d/cow prepartum and PP,
respectively. Blood samples were taken twice weekly from 21 d prepartum to 21 d PP for
metabolites and cytokines, and once weekly for analysis of subpopulations of white blood cells
(WBC) by flow cytometry and gene expression in WBC. Biopsies of the adipose tissue, liver and
uterus were taken from subgroups of cows for expression of pro-inflammatory genes. Blood
samples were also taken from calves immediately after parturition, before colostrum supply, and at 3
d of age. Milk and 4% FCM yields until 60 DIM were not different among groups, but DMI was
lower in FLX than in other groups. The n-3 FA content in plasma were higher in dams and calves in
FLX and FO than in CTL animals. No differences were observed among groups in blood
concentrations of glucose, NEFA, BHBA and TG. During weeks -2 to 3 PP, the average blood
concentration of cortisol was lower in FLX (P = 0.04) and tended to be lower in FO than in CTL (P =

0.08). Concentrations of plasma IL-2 and IL-6é were not different among groups. The average TNF-a
concentrations from week 1 prepartum to 2 wks PP tended to be lower in FO than in CTL (P = 0.1).
At week 1 PP, the average percentages of CD25 cells and gamma-delta T-cells (WC1) in blood were
lower in FLX and FO compared to CTL (P = 0.009 and P = 0.01, respectively) and the percentage of
CD8 in blood tended to be lower in CTL than in FO (P = 0.1). The relative gene expression of NFKB
in WBC at week 1 PP was lower in FLX and FO than CTL (P = 0.02). The relative mRNA expression

of TNF-a in the uterus was lower in FO (P = 0.006) and tended to be lower in FLX than in CTL (P =

0.1), and the relative expression of IL-1p tended to be lower in FO than in CTL (P = 0.07). The
immune cells in the blood include the peripheral blood mononuclear cells (PBMC), which consist of
lymphocytes and monocytes (T-cells, B cells, natural killer cells and dendritic cells), and
polymorphonuclear cells. In the current study, we also examined the effects of dietary n-3 fatty acids
on the proteome of PBMC. In PBMC, 3807 proteins were quantified; 44, 42 and 65 were differently
abundant in FLX vs. CTL, FO vs. CTL and FLX vs. FO, respectively. In FLX vs. CTL, the

abundance of the pé5-subunit-of-transcription-factor NF-kB was higher, whereas albumin, C4b-
binding protein and complement factor H levels were lower. In FLX vs. FO, complement factors B
and H and hemopexin were higher. The top canonical pathway enriched in FLX compared to other
groups was acute-phase-response signaling. In conclusion, this research demonstrates the effects of
dietary omega-3 fatty effects on several aspects of the immune system in blood and specific tissues;
some of them are pro- and others are anti-inflammatory. These findings are in accordance with other
research that examined the effects of these unique FA on the immune system n-vitro, and on health
and reproduction in sophisticated small studies and large field experiments.
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Sordillo, ) n21%NNN PPWYWRI2 N2 NN NN MDD NPDIAVN IRIYNN YW NININD DTN M TNN

NN NIPIAN RY NNPYT 2NN TVRI LHONN NN TIPanNa MY N 2% maron nnr (2016
,N2P VO ,DTIVP 133 N7 1YY MPNVN MY NPMINT NPYIA0N MHONN 7901 P2 IVPN DI
5P NN DM %Y MOdwn W navnnn nHnna arvnnY (Sordillo, 2016) myHey poy nphT
D”PIAVI NYNINN N2 MID HV NMINNIN 50%-Y T T PR ,AVYNY .NONNN YD JUNa DIYINIAN
MINN 92YNN NAIPNA POMN NN Tpan nna (Bradford et al., 2015) nvYnnn INRY DNWRIN
3 IRIN MNINRA DIVN N MITIAY 790N NN MM 251 MI HY 1NIPPAN NI1AN2 WIN DINN
Bionaz et al., 2007; Akbar et) py5 n xR ARIYNN TYNA NPYT 28N MIRXNI AVHNRNN INRY M9
Sadri ) 1mwn nnpaay (Loor et al., 2005) 7152 nnp T Mawn nMnnann nvYnnn IR (al., 2015

LJPVIPR NPYT NIPARNY N NPYT NAVNY T2 .NNVD0 NPYT MAnaY mnn JwR (et al., 2010
,JIP9T W 0PYORYPN DAPON KDY N12INI NITT2 MNP DNOYY NN VYRR INRY NPYTN NN
DYOPAOR P2 PIYN Hpwnn Nw (Hotamisligil, 2006) n%avn npYT HYw noanY oRNNa RN
NAVNN NNNIPY PONY D TNIN NYNNN NYNNY MYINDN2 DYNAY YR AV DM DPNpYT
NPYTN MNP DXY VRN INY DNV NNAN NN DA NPYTA A¥NAN INYNNN PRTM INPYTN
DITIDY I MNYD YW PNYPORI DI NN MPYTH ANNIN INYNNN NPNT LIOR LAVININ INRY

IWARN MPYT AXNIN 1NN NN D YWY N LiRon (Monteiro and Azevado, 2010) *5a0n
.N29NNN NYMNY NYYNVAIR MYLINDN

maan (n = 10) NVYNNN INRY 4 D2 MY NNPI YV NPDAYL 1ODR) 12 NTPH MDA
IMIVA NNPIR 23 IRIN NPLIRD IRXNDN JMYD MNPI KV NINMIRVIIE IPLIR NP PP 10HNNY
172YY MIA1 NNY 1PN PO MAYN KV NV L1 NI POMN YN HY D17 DNAYN DIRVIANN
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- (P < 0.06) CD163 :0»npHhT7-"0IR DN25N MNV'A2 DT IRXNI ,NRT NNYY (P < 0.03) LL N
Nana NYawn NnRIN moNIarRIa ArYar LL nmyb HL mna Yv 1w minpaa (P < 0.004) CD59
DOYYaxn YR DR¥NN .LL n1va nmyb HL-n S® 10w minpaa monphT nann Sv nuepna pun by
PAVNY NIVY NIV NNPI NDLIAHD NTN MY, HIOMN NIIPN DIPAVI NANPN MWD NNRPIY 72 Y
MIMN NT2YN2 NADRY NIINHYI9 MRNIN LY Q0N .AvHNAN INRY M1 »nphTn PoHnn Yy
AN MRXIN IRT) NVYNNN INRY N9 NNDNN NN DY WV o2
99002 PNONN RN TIPAN HY MY DPAVYN PION RN MV MXMN 157971 DY
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MY NIXMN ) IR¥N Lee et al. (2010) -1 Clarke (2004) ,35 > .(Raphael and Sordillo, 2013) ponn
121NN NNNANY DYAPPI DY DINNIN TIT NPNPYT-I0IR Myawny 173 DHA-EPA »on 3 mamir
D) MV NPV MYINRA 10 NPYT YY NPARAD MY MXMN YV MYavwnn " AR .NpYTH
DORM DWRANY YV nrTipann mMonn J(Lee et al, 2010) N NpYTN NANMNY DXIMN DPIIIN
MNa 3-NIMR YV NADINZ NN M YR WAVIN 1D DI 2YN MI91 DPIRYPINNN
IRINY N29N2 Ipan DYIVMTIR *RNa wINw Contreras et al. (2012a,b) ,qo1a .(Lessard et al., 2004)
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bR 1
0.93 0.89 64.5 68.9 65.5 NP
0.57 48.1 271.5 281.4 338.6 INEFA
0.62 1.04 25.5 26.8 25.5 TG
0.95 24.5 830.8 823.7 820.1 SAST
0.86 42.5 310.7 330.8 296.4 4L2
0.93 71.1 383.4 411.6 418.0 41L6
0.16 13.9 74.5 90.2 113.6 STNFa
0.10 0.02 0.31% ®0.30 %0.35 SBHBA
0.28 1.33 7.07 6.52 9.56 Cortisol

bR NN
0.50 1.0 57.9 59.6 59.0 Al
0.74 50.4 471.4 462.1 513.6 NEFA
0.38 0.61 11.8 12.4 11.2 TG
0.97 27.3 964.3 965.0 956.3 AST
0.85 57.0 333.6 287.8 307.5 IL2
0.30 68.5 295.0 337.2 440.5 IL6
0.29 12.08 79.9 96.1 107.4 TNFa
0.44 0.07 0.62 0.70 0.57 BHBA
0.30 1.09 9.30 9.35 11.5 Cortisol

1MW N9INY NN NVSNNN INRD DY 60 TYI NAXD VNN TYIN 185 1Y 21 -N NN MANN M

(FO) o237 19w R (FLX) nnwa 1nw R ,(SFA) »1n

!None-esterified fatty acids; 2Triglycerides; 3Asparatate aminotransferase; “Interleukin 2; °

Tumor necrosis factor o; 8g-Hydroxybutyrate acid.




D*919°0 Y 92PN NMPNA NNDYHI NPIYI 11 .1 0N DYYVIN

Glucose,mg/dL

80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0
40.0
35.0
30.0

) —4—5FA

== FLX
mo

-3 -2 -1 1 2 3
Weeks relative to calving

D990 8% 92ynn napna nnovaa NEFA 1371 .2 'on own

——SFA
] —m—FIX

. —4—FO

-3 -2 -1 1 2 3
Weeks relative to calving

D919 Y 72PN NOIPNA NNDYH DITINYIMIV 11977 .3 'ON DVIN

TG, mg/dL

30

25

20

15

10

—4—SFA

—m—FLX

-3 -2 -1 1 2 3

Weeks relative to calving
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A2 9901 1YaV) DPNIN PR RY NIPIYIN MM DHTIAND ,MINIIAPA 172 INIRD JTRN2 DHTAND MINY
5arR ,nMpaY oo nvHnn xaY NEFA -0 miamMa n75va minnninh inan 3-MniRn 91970 7 IR
RYY ,n0HNN DY Nnovaa TG -n miaMa mvNIT DT PRI .AVOYNNN INRY 1NV RY YR DYTIN

JoYn Y TG Hw »2001n 92ynn Ny it N7 .0N900 P2 oY Tan
.D'919°00 172 NNDYHL DIPIVIND 113772 DIYTIAN IRNNI RY 19 10D

nNo791 [niwa nixnin 7'91No9

MY 1920PYW MI9N INPLIV DT MNATN AVHNA 219% NNDYAL MY MmN Y9179 :3 190n n7a0
(FO) o7 1nwn "7 MY 1w IR (FLX) nnwa »opan »m17 mva imw (SFA) »n

FA (%) SFA FLX FO SEM P-Value
C14:0 1.55 1.39 1.49 0.08 0.11
C16:0 21.71° 19.1° 19.7% 0.56 0.02
C16:1 0.96? 0.62° 0.60° 0.10 0.02
C16:2 1.79 1.17 1.71 0.14 0.005
C16:3 1.57 1.88 1.90 0.19 0.68
C18:0 15.9° 18.0° 16.3° 0.57 0.01
C18:1n-9 7.97 7.06 6.04 1.6 0.64
C18:1n-7 4.75 4.15 5.99 1.65 0.73
C18:2n-6 33.4 33.5 34.8 0.90 0.40
C18:3n-6 1.11 1.21 1.03 0.07 0.18
C18:3n-3 2.05° 3.40° 2.22° 0.15 <0.0001
C20:1n-9 0.14 0.23 0.19 0.04 0.13
C20:2n6 1.04 1.11 1.21 0.09 0.58
C20:3n6 1.76 1.74 1.57 0.09 0.28
C20:4n-6 2.42 2.61 2.35 0.10 0.20
C20:4n-3 0.29¢ 0.45° 0.37° 0.03 0.0009
C20:5n-3 0.30° 0.47° 0.53 0.30 <0.0001
C22:5n-3 0.25 0.30 0.23 0.03 0.14
C22:6n-6 0.17 0.19 0.22 0.03 0.56
C22:6n-3 0.08° 0.172 0.21 0.02 0.0009
C24:1n-9 1.37 1.28 1.30 0.33 0.88
Total n-3 2.97° 4.79° 3.56° 0.20 <0.0001
Total n-6 39.9 40.4 41.2 0.90 0.46
Saturated 38.6 38.5 37.5 0.81 0.59
MUFA? 15.22 13.3° 14.1° 0.47 0.01
PUFA* 42.8 45.1 44.7 0.94 0.09
n-6/n-3° 13.8° 8.7 11.7° 0.64 <0.0001

1MW N9INY NN NVHNNN INRY DY 60 TYI NAXD NVONNN TYIN 285 DY 21 -N NN MaANN M
(FO) o237 17w R (FLX) nnwa 1nw R ,(SFA) »1n

Total omega-3 fatty acids; *"otal omega-6 fatty acids; 3mono unsaturated fatty acids; “Poly

unsaturated fatty acids; >omega-6/omega-3 ratio.
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MV 192PYW NI9N INPLIYV DT MNXTN VNN MINR 1NDYH MY MmN Y9179 :4 1v0n n7av
(FO) D27 1nwn "7 MY 1mw IR (FLX) nnwa »oyan »m17 mva imw (SFA) n1n

FA (%) SFA FLX FO SEM P-Value
C14:0 1.07 0.90 0.98 0.06 0.48
C16:0 17.3 17.4 16.7 0.69 0.75
C16:1 0.59 0.42 0.67 0.07 0.07
Ci6:2 1.53 1.47 1.48 0.10 0.99
C16:3 1.81 1.52 1.58 0.15 0.42
C18:0 12.9° 14.0° 13.67° 0.48 0.12
C18:1n-9 8.3 7.24 5.58 1.07 0.23
C18:1n-7 2.23 3.04 4.88 1.0 0.17
C18:2n-6 43.8 41.4 42.6 1.7 0.35
C18:3n-6 0.69 0.70 0.60 0.06 0.42
C18:3n-3 1.80° 3.84° 2.36 0.13 <0.0001
C20:1n-9 0.18 0.20 0.17 0.03 0.61
C20:2n6 1.16 1.05 1.12 0.10 0.89
C20:3n6 1.43 1.28 1.41 0.10 0.58
C20:4n-6 2.06 2.06 2.02 0.11 0.92
C20:4n-3 0.25 0.29 0.31 0.03 0.08
C20:5n-3 0.26° 0.44° 0.59 0.03 <0.0001
C22:5n-3 0.26 0.26 0.19 0.02 0.11
C22:6n-6 0.16 0.25 0.24 0.05 0.37
C22:6n-3 0.09° 0.11° 0.372 0.02 <0.0001
C24:1n-9 2.12 2.14 2.51 0.40 0.78
Total n-3 2.67° 4.92° 3.82° 0.16 <0.0001
Total n-6? 49.3 46.7 48.0 1.6 0.31
Saturated 31.2 32.3 31.3 1.10 0.55
MUFA? 13.4 13.0 13.8 0.64 0.68
PUFA* 52.0 51.6 51.8 1.54 0.83
n-6/n-3° 24,12 9.8 12.9% 4.3 0.04

MY 19NV NIN NVSNNN INRY DY 60 TYY NN NVHNAN TYIN 218% DY 21 -N 1NN MMM MIo

(FO) o7 11w W (FLX) nnwa 1nw 1R (SFA) »n

Total omega-3 fatty acids; 2Total omega-6 fatty acids; >mono unsaturated fatty acids;  Poly
unsaturated fatty acids; >omega-6/omega-3 ratio.

WY 73 MRIN (4 NH2V) NVHNN MINRY (3 NHAV) NVHNN 7195 NNDYA TMIVN MIXMIN D919 MIRNIN
3 17%Y w2 .N6/N3 onra MmYNwN N7 191 ,FO -m FLX -0 n¥iapa 3 manik 0N mxnmna nawyn
6-TINIR NDN MXNIND 112712 MNP P2 DHTAN 10 RY



12

7252 DYNPYT DM NV

.0YNNN INRY DM 10 - D19°0 HIN M 5 -0 TN NNPIN NPDAPI INPYI LYY MNTY 9
1N 93 .5 0N 1YV NIXIN MRIND .DPNPYT D) HV YOI VAN NR NIYIP NIOR MIRNNT

-N NX2Pa 7252 Y P o0 (IL6) 6-11H5101R MphT-1790 1 YW (RQ) *onn nvran ,mrad

D990 P2 INY A RY DN N N0 19N nMpran nmyh FLX

7252 DPNPYT DM MV — 5 'ON NHAY

P= SEM FO FLX SFA RQ
0.55 0.79 3.34 3.95 2.70 ITNFa
0.8 0.4 1.76 1.50 1.39 2IL1p
0.06 0.08 0.72% 0.62° 0.952 3IL6
0.51 0.30 2.00 2.49 2.10 “NFkB
0.31 0.15 0.63 0.91 0.93 5110

1MW NHINY NN NVHNRNN INRY DY 60 TYI NAXN NVHNNN TYIN 285 1Y 21 -N NN MaNN M9

(FO) 27 119w R (FLX) nnwa 1nw R (SFA) »1

YTumor necrosis factor «; Interleukin 1p; 3Interleukin 6; “Nuclear Factor Kappa B; Interleukin
10.

DNYN N2 0PNPHT D) MYV

FLX-n n¥1apa any 71 70 omin 112 TNFa nphTh pn Y9 nv0an ,6 9901 19201 IR 19

nmyY FLX-n n¥1apa any may 'n onia IL-10 »npH7-0aRn pn Sw nvan ¥Ry FO-n nmyY

(P =0.07) FO-n nx¢1ap nnmyY any max nyad non (P = 0.02) npran

DN N772 DPNPOT D03 NV — 6 "ON NYAV

P= SEM FO FLX SFA RQ
0.84 0.13 1.09 1.15 1.18 INFKB
0.71 0.09 0.29 0.23 0.36 2IL1p
0.02 0.12 1.47 0.63" 0.94% 3STNFa
0.57 0.51 3.07 3.4 2.62 4IL6
0.05 0.61 3.25% 4.87° 2.69P 51L10

1MW 1INV NN NVHNPNN INRY DY 60 TYI NAXN NVHNNN TYIN 2185 1Y 21 -N NN MaNN M

(FO) 0071 1w IR (FLX) nnwa 1nw 1R ,(SFA) »17
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!Nuclear Factor Kappa B; 2Interleukin 1B; 3tumor necrosis factor a; “Interleukin 6; °Interleukin
10.
1PN NPPIA DYNPYT DN NV

9% NMITIV 1MV NNPI2 DPNPYT D) MV2a DHTAN IRNNY RY L7 79010 NHY202 MRIY IN1IWY 29
any im0 TNFa mmpH1-1790 130 H» sondn »van ,nvdnnn InrY oYr .0%90n 12 nohnnn

DMpran nmyY FO-n n¥1ap Yw imwn nnpia

1MV MNP DPNPST DN NV — 7 'on NYIv

P= SEM FO FLX SFA RQ
U N1sb
0.56 0.14 0.4 0.55 0.59 ITNFa
0.99 0.15 1.38 1.37 1.37 2|6
TUDRT IR
0.94 0.13 0.33 0.35 0.39 3IL1p
0.11 0.14 0.75P 0.82% 1.18° TNFa.
0.5 0.46 2.35 2.77 1.95 “NFkB
0.25 0.08 0.88 0.84 1.04 IL6
0.52 0.29 1.12 1.46 0.96 5IL10

IV NYINY MIN NOYNNN INRY DY 60 TYI NAXD NOYNNN TYIN 2185 DY 21 -0 NN MM M9
(FO) 27 19w R (FLX) nnwa 1nw R (SFA) »1n
YTumor necrosis factor o; 2Interleukin 6; 3Interleukin 1 B; “Nuclear Factor Kappa B;
®Interleukin 10.

PN DT VA MXMN a1

DY) ,N0YNRNN INRY TN INPLIY DT MRINTA NIV NIXMIN 979179 MIRNIN DININ 8§ 790N NY2VA
NDN MIRXIND NNITL D IR .TAY2 INRN DITVONPA YA THN Y3 .01IVDINPN 1NN INRY 3

FLX 9200w minmr) 1791 00p1vay ,iv»win 717 172y 8Y FLX Sw mpnn ALA -1 nxmn ,0pn
MNNIRY 1TV MY NRT NMIYY .NVININ TYIND DNTI T AN DY INY NN NI IRXNI RY
TPV MXMIN 29199 NR NPT VR .DPA Y 197 ;0172 DHA Y9 9ny miax 113 Reny FO 1%apw
RMOY ,FLX -0 minnerY 1191w oopara ALA -0 1192 179 1IREND D10mNPn inn anrRY 3 ora
.DIVDINIPR INIPN
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(3 ©Y) DITVDIRIP NN INRY IR (0 DY) NVYNNN INRY TN DPIPL TMVN MXMN HI9179 .8 NHAV

(0 oY) NVSNNN INRY TN (3 DY) DHIVOYIP 1NN INRS

Fatty acid SFA FLX FO SEM P-= SFA FLX FO SEM P=

Ci14:0 2.8 2.5 2.8 0.2 0.24 6.8 5.7 5.7 0.82 0.58
Ci6:0 30.0 30.5 31.1 0.75  0.38 36.6 31.5 31.4 1.2 0.37
C16:1 1.96 2.15 2.17 0.23  0.79 1.5 1.5 1.1 0.22 0.52
Ci6:2 6.55 4.81 4.86 0.62 0.10 4.3 4.4 4.0 0.3 0.77
C16:3 5.46 5.89 8.60 1.30  0.24 1.5 1.8 1.5 0.4 0.90
C18:0 10.1 11.0 14.5 0.54  0.51 8.9 9.0 9.7 0.4 0.35
C18:1n-9 22.0 20.9 18.8 1.5 0.33 23.1 24.7 21.7 0.7 0.24
C18:1n-7 2.7 3.1 2.66 0.35  0.62 2.12b 2.62 1.8> 0.2 0.10
C18:2n-6 3.9 4.38 3.49 0.3 0.16 11.5 11.7 11.9 1.4 0.27
C18:3n-6 0.41 0.48 0.44 0.06 0.80 0.23 0.31 0.32 0.03 0.12
C18:3n-3 0.38 0.36 0.44 011 0.88 0.41b 0.66° 0.58? 0.03 0.002
C20:1n-9 0.20 0.32 0.34 0.06 0.26 0.19 0.26 0.14 0.06 0.49
C20:2n-6 3.46 3.93 4.64 0.70  0.54 0.90 1.10 0.95 0.22 0.78
C20:3n-6 1.23 1.41 0.96 0.15  0.17 0.98 1.15 1.17 0.10 0.34
C20:4n-6 3.043b 3.632 227 0.35  0.04 2.4 2.70 2.84 0.30 0.59
C20:4n-3 0.48 0.49 0.47 0.08  0.99 0.13 0.20 0.16 0.04 0.52
C20:5n-3 0.25 0.23 0.31 0.06  0.59 0.14b 0.202b 0.242 0.02 0.05
C22:5n-3 0.33b 0.452b 0.572 0.08 0.14 0.24 0.24 0.23 0.03 0.99
C22:6n-3 0.26P 0.30b 0.48? 0.5  0.006 0.14b 0.13b 0.192 0.01 0.02
C22:6n-6 0.37 0.33 0.57 0.08 0.12 0.09 0.11 0.10 0.03 0.90
C24:1n-9 2.10 2.82 3.60 0.76  0.43 0.87 1.13 1.26 0.28 0.63
SFA1 44.9 44.0 44.3 0.95  0.79 49.3 46.2 46.7 1.5 0.31
MUFA:? 29.0 29.3 27.6 1.5 0.69 27.72 29.22 26.0% 0.9 0.12
PUFA: 26.1 26.7 28.1 1.5 0.65 23.0 24.7 27.2 1.9 0.35
Total n-34 1.66 1.82 2.3 0.3 0.36 1.01P 1.402 1.31% 0.1 0.07
Total n-6° 12.4 14.2 12.4 0.64 0.1 16.1 17.1 20.4 1.8 0.31
n-6/n-3¢ 8.5 8.2 6.7 1.02  0.44 16.1 12.3 15.5 1.4 0.22

1MW 1PNV NIN NVYNNN INRY DI 60 TV NAXD NVHNNN TYIN 218% DY 21 -N 1NN MMM MIo
(FO) 27 119w R (FLX) nnwa 1nw R (SFA) »11
1Saturated fatty acids; 2Monounsaturated fatty acids;>Poly-unsaturated fatty acids; “Total

omega-3 fatty acids; °Total omega-6 fatty acids; ®omega-6/omega-3 ratio
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1Y% 0PNPYT D) NV

nY2AM AN M 10 IL6-y IL1B 0rnphT-179n 0on YW romIn M0an 9 9901 1YV ANINY 29
MIRD PN HW NVIAN .NNPan NMYY FO-n n¥iapn ma Hw n1n»Ywa any may nnY nva TNFa S
IUMHADIIVN HY oM MVXIAN NNPaN NNYY FO Sw nv»wa any may nvaY nva IL10 snphT
JMpan nmyY FO-n nxiapn nyHwa any max nnh 1oy FABP4 ,mwiw mionir jmw mxnind
NRN RONT 991 RNA-D minda mnw an»nw nivan »ooovon HTind noinn k11 RNA-1 nmnd

arRY pnam 0 RY mxy RNA-n Y» vparn .mrnnThn phna jemw RNA-n Yv maxn namn apy
STINN N RN PN P

1791 NIYIY MNIR 7MY MIXNIND DMIVNADITV 191 DPNPYT 023 MVa — 9 'on nYav

TRT*RNA pTRT | SEM FO FLX SFA RQ
0.09 0.52 0.41 1.7 1.12 0.71 ITNFa
0.006 0.26 1.39 6.8 2.46 1.11 2|L1b
0.007 0.44 1.28 5.74 2.34 0.81 3IL6
0.39 0.74 0.48 1.06 1.22 0.66 “NFkB
0.09 0.10 2.07 10.0 2.49 0.79 5|L10
0.11 0.3 1.13 3.67 2.61 0.64 SFABP4

1PV NYINY MIN NVINNN INRY DY 60 TYI NARN NVYNINN TYIN 218Y DY 21 -N NNN MIANN M
(FO) o237 19w R (FLX) nnwa 1nw R (SFA) »1n
YTumor necrosis factor a; 2Interleukin 1 B; 3Interleukin 6; “Nuclear Factor Kappa B;
®Interleukin 10; ®Fatty Acid Binding Proteins 4.

N9 7Y MRNINN D10
(ECM) 25na no32arn npan R (FCM) w0 ,a5n0 manna 09710 »n RY 1 MIRIN XD MRNIN
InRY pmn nox SFA -0 nmyb FLX -n n¥iapa any max on pmwn DNk pa L, msiapn a
12500 MY NI RY AT NNIAPA NV PPNI MR IRNY N FLX -0 niapa 1oy anrn nobnnn
INIRD JIRN MINY .DNTIP D7D NHOHNR NNARY ROW ARNIN 1 IXIAPA PN NN APy

»nR NEFA -y BHBA ;1Y Yv 0721 Dnoma ohavn 1a 0'Hv7an RN XY mivapn pa nnwn
DYTIN NRXN RY 12 N .MI9N DY IDI20NN DIVVDY IXPTIR NN TYR DVIAVN ,NVININ

1 ,nRt oy T TNFa -1 L6 ,IL2 1303 091900 P2 nnoYaa Doy 1900 YV N1 opnan

YN DM FO -n n¥apa qwRd 3-mmrn 90 nwa TNFa -1 1L Y onama nrmaon ne
JFLX -0 n¥iapa awrn 0o



16

NDN MRNIND NIVYN VI 23 MIRIN NOHNN MINRY NVHNN 71aY NINDYAL IMVWN MXMIN 19179 MIRNIN
11972 MNAPN P2 29720 RYH ,n6/n3 onva omynwn T 191 ,FO -m FLX -0 n¥apa 3 mmn
903 M2IPN 9901 0PYAPNI DAVN NIV MXNMIN 991791 YR DMPY 6-MINIR DN NMINMNN
MOV HAR ,PIDMN NIIWPNA TPAN W 6-NINIR NDN MEMNY D) D PIXRY ¥ 10NN NIIYN DN

3-MINIRD Y90IN NN DY T RY NOR 1MW MIXNIN
R¥n1 onIn N2 FLX -0 nxiapa any pns 0 ILe -5 pn Hw romen 11van 1o RN 7200 nnpa
P oYY Mvran 1R JFO-n nmyY FLX-n n¥apa any pn 0 TNFa mphTh pn Y nvnan
DXNY NVIAN DR DY NPT NNP AN nMYHY FLX-n n¥apa any max 7’0 omia IL-10 mmpYT-m0IRn
nnpaa Ny Pn1 1'n TNFa 'npHT-1990 10 YW ronen nv0an ,nohnnn InrRY jmwn nnpia ornpHT

N2IYN1 DNIVPN D) 190N HY NVAN D IR DYDY .nNpan nmyY FO-n n¥iap Y imwvn
3-MINIRD NN DY MNPI 990101 MNWHN ONN
3 NIRXN ,DIIVDINIPN NN INRY 3 D12 191 NVHNNN INRY TN DIPIV MIVD MINMIN 29179 NN

19w 72yn Yy Tynw nn ,notnnn nrY n FO-n man o'pavn o1a nby DPA -m DHA -n 1on
IRXNI DITODINPN NN INRY .DNI2 NIIY DPR INY 7IXP AN 1w ALA -0 9Ry ,Dwn 11T

FLX -0 minnorY v 1Hvw oopan 072 oy ALA -2 1wyn

DTN ORNN YOPN KV MRV MNP NYRIY ,NTIYNN NTIAYN PHN 1NYVN MWHYA Ipnnn mva
peripheral blood mononuclear cells 'Rn NR 17990 ATIAYN YV AT PHNL .D*N1HVN NYAVN DNAYN
1YY DNY DMVINININD DIVIRIANIN NR NYDID T DIRD NP .PYRIN P1ava 071 mrmyTn (PBMC)
IMTIV MI9 24 -n DT MRONITA Natural Killer -m ,B 'Rm T 'Rn 910 12 oY% om ony Py
D225 DT RN YV NMIWYNN NN DR NPT PBMC -0 'R nR 1T7Ta 1vYnnn anrY 7.1 + 2.5 ol
W ,10 Y2V NARIIN 99,10 790N 1YV MP?AIN MIRNINA TN NNV 3-NINIR 1IDN MENINT YR
NOR MXMINA NIVYN TR PNaY oy PBMC - orna 3-mnmRn nna nR 1Pwyn mmn 990

0NN NoIYNY 0»VIAYT DIYON DaYNN MV HY Yawn
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PBMC -2 1mwn mixmn 929179 .10 N0

Treatment!
FA (%) SFA FLX FO SEM P-value
C14.0 1.32 1.19 1.23 0.28 0.95
C16:0 24.02 21.93 22.28 1.10 50.3
Cl6:1 0.39 0.36 0.56 0.13 40.5
2C16: 1.64 1.42 2.51 1.10 0.76
3C16: 0.60 0.69 0.51 0.16 40.7
C18.0 26.78 23.26 24.45 1.46 50.2
C18:1n-9 16.85 13.97 14.37 2.32 30.6
C18:1n-7 1.81 2.14 1.46 0.47 30.6
C18:2n-6 10.48 13.21 12.99 1.03 0.13
C18:3n-6 0.13 0.35 0.18 0.07 0.16
C18:3n-3 1.53 2.10 1.68 0.20 50.1
C20:4n-6 12.24 15.92 13.89 1.61 90.2
C20:5n-3 0.31b 0.97a 0.86b 0.22 0.10
C22:5n-3 1.46 2.00 1.98 0.24 0.20
C22:6n-3 0.46 0.50 1.04 0.24 0.20
Saturated FA 52.12a 46.38b 48.96a 1.83 0.10
MUFA! 19.04 16.47 16.39 2.40 0.66
PUFA? 26.30° 34.08a 31.77b 2.66 0.13
Total n-33 3.75° 5.57a 5.57a 0.56 0.05
Total n-6* 22.85 29.48 27.06 2.44 0.17
n-6:n-3° 6.89 5.51 491 0.84 0.25

1MW NHINY NN NVHNPNN INRY DY 60 TYI NAXN NVHNNN TYIN 285 1Y 21 -N NN MaNN M
(FO) o237 117w R (FLX) nnwa 1nw R (SFA) »1n
Mono unsaturated fatty acids; 2poly unsaturated fatty acids; 3total omega-3 fatty acids; “Total
omega-6 fatty acids; >omega-6/omega-3 fatty acids.

NYMINYDIS NPYIR TNRY NHW 1TAYNI NMINY (D190 Han 6) PBMC mrnnT 18 Yy nrvir nyxna

JRNM 19N MWIR NNRMIN IRIDIY NTMIA
FO -n Moy FLX -0 01799 np2an nming 122 MmRNWN Mnn 1y .01aon 3807 IRYNI 1T NPYING
1na wRd> .£1.5 (fold change - FC) 79951 o1pm (P < 0.05) pnamn 19181 01w »nY D11a%n 1na
o°12%1 42 wxn1 FO -5 o2 npoa ,oonw 2onavn 44 el FLX -7 919009 o2 npan 9190 X

20 WapIw 2030 PR 9% 201w 2°12hn 65 wen1 FO -5 oma FLX -1 ,oonw



18

Table 11. Top ontology functions according to differential protein abundance in PBMC of
cows supplemented with omega-3 from flaxseed oil (FLX)! compared to control (CTL) during

the transition period.

Ontology functional group P-value Proteins

Aggregation of blood platelets 1.63E-07 | ALB, CFH, GC, GPX3, KNGL1, SERPIND1,
THBS1

Inflammation of organ 1.68E-06 | ALB, APCS, APOH, CD5L, CFH, DHFR, GC,
GLMP, IFI44, JCHAIN, KNG1, LRG1, RELA,
THBS1, VSIR

Phagocytosis of neutrophils 3.84E-06 | APCS, CD5L, CFH, THBS1

Inflammation of body cavity 9.2E-06 | ALB, APCS, APOH, CFH, DHFR, GC, GLMP,
IF144, LRG1, RELA, THBS1, VSIR

Adhesion of phagocytes 1.47E-05 | APCS, APOH, CFH, KNG1, RELA

Inflammation of absolute 5.58E-05 | ALB, APCS, APOH, CFH, DHFR, GC, GLMP,

anatomical region IFI44, LRG1, RELA, THBS1, VSIR

Degranulation of blood platelets 7.19E-05 | ALB, APOH, KNG1, THBS1

Binding of professional phagocytic 8.03E-05 | APCS, APOH, CFH, KNG1, RELA

cells

Immune response of phagocytes 0.000115 | APCS, CD5L, CFH, RELA, THBS1

Adhesion of blood platelets 0.000121 | APOH, KNG1, THBS1

Activation of macrophages 0.000208 | APCS, APOH, GC, KNG1, THBS1

Activation of phagocytes 0.000244 | APCS, APOH, CFH, GC, KNG1, THBS1

Activation of leukocytes 0.000305 | APCS, APOH, CFH, GC, KNG1, RELA, THBS1,
VSIR

Adhesion of neutrophils 0.000864 | APCS, CFH, KNG1

Complement activation 0.00106 CFH, JCHAIN, KNG1

Inflammatory response 0.00116 | APCS, APOH, CFH, GC, KNG1, RELA, THBS1,
VSIR

Phagocytosis of cells 0.00141 | APCS, CD5L, CFH, THBS1, WASHC5

1Dairy cows at 257 days of pregnancy were divided into three nutritional groups supplemented
with (i) CTL (n = 6) — encapsulated saturated fat, (ii) FLX (n = 6) —encapsulated flaxseed oil
providing ALA, or (iii) FO (n = 6) — encapsulated fish oil providing EPA and DHA.

NN 01O
MI9 42 DY NNVIAN NN NI 2018-2019 4NN PN YDIVIR NV NYPI T IPNN NNONA
DIVN ,M2T NN TP AT NDNY 2019 PIN NHDI DPNDMN 2018 INVPIRA HNN NDNAN .MVHNIN
TPV D 3 M AT NDNAA AT MDY TNIN J9IRT 1IN TN NN DPRY DNV WINY 1VYY
-1 1wy (FO) o071 1nw nxapy ,ALA -2 nvwy (FLX) nnwan n¥iap ,SFA) M1 1mw nxiap ,pmn
50 DN NYPIAP N ,MIONM MAIRAN DT MRDNIT NP A1 "o nona .EPA -» DHA

L9 100 MIRNINA P92 RINW 29,1y AST ,oomavddvav ,NEFA 1Y onneay ;oyay oonia
D27 797N (D225 DT RN NPDIYIIR 1977 DT DPPIVN T1DM) DINWY NON PTTN INR APYN TIM
NPDAYI MY YR MINPI2 PONN NIIYN TIPAN NR PIN2Y NN HY MNP 79001 NPDA’I YN
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NnYOAY ,NVHNAN INRY PIAVWI NHDN DY NVHNNN 71aY PIAWI N1V HIN M9 6 -1 1MYN NNPIA
MAI9 10-N DNIN PN NPDAI NYRIA 19 1N ,NVHNNN INRY DM 10 -3 51920 YN M9 5 -n 71
951 n119 8 -5 ACTH challenge 1yxa qoia .m1a9 30 3”70 = VYNNI INRY DY 40 -3 9190 YN

0 3 INRDY NVYNNN INRY TR MTHNN 1D DT VAT 12 190 2IP0NP NVISN NPT N
12 (ECM) 25na nnmarn npan R (FCM) w"an ,a5nn mianna ooo7an RN RY I8N MIRIN
INRY PN N2X SFA -0 nmiyY FLX -1 n¥1apa any may 70 1mvn NNk L, omwn Divaon

N2°00 Y 1M RY T NP INY PN IR JIRNY NI FLX -0 néiapa noma anrn nodnnn
MIMNRD JIRND MINY . DNTIP DD NOIR INARY RHY ARNIN T AP PINRN NN 1YY
»nR NEFA -y BHBA ;1Y Y¥ D721 D1oMa 09900 1a 0'Y7an RN RY mivapn pa nnwn
DYTIN NRXN RY 19 10D .10 YV HI1IA0NN DIVVDY VIPITIR DMNNN TVR DVINIAVN ,NVONIN

R ,NRT oY T TNFa -1 [L6 ,IL2 1303 91900 12 1noYaa Doy 9900 YV NN 'pnan

YN oMo FO -n n¥apa Ry 3-mmrn 90 wa TNFa -1 1L Y onama nrmaon ne
JFLX -0 n¥1apa qwrn 0ioma

10N MENMNL NIVPN W 23 MRIN NOYNN INRY NVINN N9Y NNDYHL MWD MXMIN DINIH MIRNIN
11972 MNAPN P2 o29T7an RYY ,n6/n3 onva omynwn T 191 ,FO -m FLX -0 n¥apa 3 mmin
L9092 MOIPN 9901Y 0PN DIAVN (MWD MIXMN 991991 NOR DY L6-NINIR 10N MXNMIND
MY LIAR ,PIDNN NIIPNA TPAN WY 6-MINMIR NDN MXMNY D) D %Y W 10NN NIIPN DR
.3-NINIRD 720N 1NN DY TP RY YR 1MW MXNIN

R¥NI 0NN 72 FLX -0 neiapa any i i ILe <Y pin Hw sondn 11van o RN 7150 nnpa
PR oYW NN R FO-n nmyY FLX-n n¥apa any 1m0 TNFa 'npHTh pn Hw nvnan
DX1Y MNVAN NR D) NPT .NMpran nmyY FLX-n n¥iapa any max n'n oma IL-10 'nphT-r0Ivn
NP Ny PNy ' TNFa mpvT-1990 130 YW 'onen »v5an ,noonnn InrY Jmwin nnpia ornpvT

N2IYNa DMNIVPN 023 790N YW NV D AR DIDY .NMpan nmyY FO-n n¥iap HYv mwn

3-MINIRM NN DY MNP 90N NINWN 0NN
3 NIRXN ,DITVDINIPN NN INRY 3 D12 191 NVHNNN INRY TN DIPIP NIVD MINMIN 29179 Nnaa
1YW q2yn Yy Tynw nn ,nvonnn RS n FO-n man o'pavn o1a nby DPA -m DHA -n 1o
IRXN) DIVDIVIPN NN INRY .0NI2 NI NPR INY NIRP XN 10w ALA -0 DRy ,Dwn 7T

FLX -0 minnorY v Hv oopan 072 oy ALA -2 hwyn

17990 NTIAYN YW DT PHNA .DXN9VN NYIVNL DN2YN DTN ORNN YVPN HY MRV NN NP2
T DRN NP VRN Mava oTh mrNTI (PBMCO) peripheral blood mononuclear cells '8n nx
-m LB oRM T RN 90 P2 D990 DY K1Y PP DY DRY DIVINININD DVRIANHN NR NYHID
N5V NT2YN2 NNV (D190 Yon 6) PBMC mrnnT 18 Hv mominovIna iR nyxa Natural Killer
NN 11903 MYYWIR NARMIN AR DTN IMIRVIIO NPYIR TINY

FO -n oy FLX -1 mna% nmipran mina 12 mnRNvwN mMinv 1yea .0Madn 3807 IRNNI 1T NrYIRa
1IN2 YR .+1.5 (fold change - FC) nY950 oIpm (P < 0.05) PN2IN 19IR1 DMWY 1Y D250 1INa
42 1Rx¥n) FO -5 ona npoa ,0ow oonadn 44 Reny FLX -0 51905 onra nmpran 9190 nr
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TWRI LYY WAV DNYIVIPN 1Y 0N 0Nadn 65 ReN) FO -H ormra FLX - ,oo0w oonabn
noYnn YW D257 NI IRXN ,o»axaon PBMC -n orn omadn Yy oxoovn vpar Nk una
5W D299 197 ,05VNN NIIYN YV 0237 ,p65-subunit-of-transcription-factor NF-kB 13 ;nmmomnn
-MINIRA NITNN YW VPAR YY IRIIN YD DTYN NYR D129N2 DMWY .acute-phase-response signaling

JIOMN N2IYN YV NYTIpaAn Yy 3
NNPI2 ,IINDNN NIIPYNN YV DNY DITIT HY NYAvN ¥ 3-MININRA NITNY 1 IRIN T ITIAY D120
MTAYN DNIRIN AYR DIRXNN .NIPNPYT Y0IR JPHM NINPYT-1I 1PON VR ,MINIVA MNPIA DTN
TN HY 191 ,1MN0NN NIIPNN HY AOR NPTINY 1Y MINMN YV MPAVN 1IN YR in-vitro 1WYIv
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