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Abstract

Nutrition, and particularly dietary energy intakplays a fundamental role in
reproductive function in cattle. There is some ewmite that supplemental omega-3 dietary
polyunsaturated fatty acide-8 PUFA) can exert positive effects on fertility. erbbjectives
of this study were to evaluate the effect of dietar3 PUFA supplementation, post-
insemination energy plane of nutrition and theiteiaction on embryo survival in cattle.
Crossbred beef heifers (n=185) were individualliedd barley stravad libitum and 6 kg
DM of concentrate supplemented with either a rummerected source of saturated fatty acid
(palmitic; control, CON) or a partially rumen-protedn-3 PUFA-enriched supplemem-8
PUFA). Estrous was synchronised using two injestiohPG administered at 11-d intervals
and following artificial insemination (Al = Day 0179 heifers exhibiting estrus were
inseminated and assigned to one of two dietarytnreats: (i) remain on their pre-
insemination high dietary plane of nutrition (Higby (ii) restricted to 0.6 x estimated
maintenance energy requirements (Low) in a 2 xc®ofal design. The heifers were then
maintained on their assigned diets until slaugater embryo recovery on Day 16 (n = 92) or
pregnancy diagnosis by ultrasound scanning at D@y p8st-Al (n = 87). Plasma
concentrations of fatty acids, metabolites, insytrogesterone (P4) and insulin-like growth
factor 1 (IGF-1) were measured at appropriate walsr Hepatic expression of mRNA for
aldo-keto reductas@AKR1C), cytochrome P450 2@QCYP 2C) and cytochrome P450 3A
(CYP 3A) was examined. Th&-3 PUFA supplementation increased plasma PUFA
concentration (P < 0.05) and reduaeé: n-3 PUFA ratio (P < 0.05). Plasma IGF-1 was
higher forn-3 PUFA relative to the CON (P < 0.05) and for Hggmpared with Low plane
of nutrition post-Al (P < 0.05) groups. A low plamé nutrition post-Al increased plasma

concentrations of progesterone from Days 7 to 1€ afisemination (P<0.001) but reduced
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embryo length (P<0.001). Supplementation with ntBR reduced and tended to reduce
hepatic expression dfYP2C (P=0.01) andCYP3A (P=0.08), respectivelyHowever, while
dietary n-3 PUFA supplementation and an abrupt aolu in nutrient status following
insemination elevated plasma concentrations of PLkB-A and mid and late phase P4,
respectively, there was no effect of either PUFApementation or post-insemination plane

of nutrition on embryo survival.

Keywords: n-3 PUFA; Cattle; Embryo; Progesterone;

Introduction

Reproductive efficiency has a major impact on tleenemic performance of the
global cattle industry and therefore strategiesalteviate declining fertility and enhance
reproductive capacity are of critical importancg [In particular, there is clear evidence that
nutrition plays a fundamental role in fertility Wwiboth concurrent and latent effects identified
[1]. For example, over the past two decades thasebkeen particular interest on the potential
of dietary enrichment with-3 polyunsaturated fatty acid-@ PUFA) to improve the fertility
of both male and female cattle [2-5]. While theseliitle evidence for an appreciable
influence on bull fertility [4], several studiesveareported beneficial effects on aspects of
reproductive function following dietary supplemeida of female cattle witm-3 PUFA [6-
9]. Fatty acid supplementation may act to spedlficeegulate some key reproductive
processes including ovarian function [10], stergelwesis [9, 11], oocyte competence [12],
uterine prostaglandin E2(PG) synthesis [13, 14] potentially leading to nmowed embryo
survival. We have previously demonstrated thatadyeenrichment witm-3 PUFA can alter

the expression of key genes involved in prostagtamibsynthesis in the uterus [13] and



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

those associated with IGF signalling in both tiverliand endometrium, suggesting a role in
mediating metabolic and reproductive events [18].addition, Waters et al. [16] also
identified effects on genes involved in maternamiome response and tissue remodelling
following n-3 PUFA supplementation to beef heifers.

Improved conception rates following dietary inctusiof PUFA may be associated
with greater embryo development [17]. Furthermdbes findings of Mattos et al. [18]
showed thah-3 PUFA may act in concert with conceptus-derivadrieron< to inhibit the
release of PG, thus preventing the onset of lugg®lgnd facilitating the establishment of
pregnancy [19]. Despite these data, work from abotatory failed to establish an effect of
n-3 PUFA on embryo yield or quality in cattle eithewnivo [20] orin vitro [21].
Although the estimated absolute energy requirerteestipport reproduction is modest [22],
the type and timing of the nutrient supply is higbpecific and necessitates a focussed and
targeted approach to improve reproductive efficgeriodeed, abrupt fluctuations in energy
intake during the peri-breeding period can negtiadfect reproductive success [23] and
embryo quality [24]. Dairy cow nutrition studiesveatraditionally increased dietary energy
content in an attempt to improve reproductive penence [25]. However, this approach, in
isolation, is inadequate and potentially countedpictive as increased dietary energy is
typically partitioned towards enhanced milk prodmetin the modern high genetic merit
dairy cow, further aggravating the problem of pmproductive performance.
Indeed, studies have shown a positive relationbeipveen plane of nutrition, liver blood
flow and as a consequence, the metabolic cleanateeof progesterone for both sheep and
dairy cows [26, 27]. In addition, data framvitro studies indicate that the hepatic enzymes
cytochrome P450 2C, cytochrome P450 3A and aldo-textuctase are pivotally involved in

progesterone inactivation in bovine hepatocyteg.[28ere is, however, no information
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available on the effect of dietary n-3 PUFA suppemation or indeed post-insemination

plane of nutrition on activity or mMRNA expressioitloese enzymes vivo.

While many studies, including our own [2, 15, 1®] have adopted a methodological
approach to investigating the effectsne® PUFA on key processes controlling reproduction,
there are few published reports that have testedhfipothesis that these nutrients affect
overall pregnancy outcome. Thus, using an energlyiteed heifer model as opposed to a
lactating dairy cow model to avoid the well-docuneehconfounding effects of differences in
milk yield and energy balance on fertility, the sifie objectives of this study were to
examine the main effects of ()3 PUFA supplementation, (ii) peri-insemination eyer
nutrition, and (iii) their interaction, on embryaurgival and physiological indices of

metabolic status in cattle.

Materialsand Methods
Animals and feeding regime — Pre-insemination

This study was conducted under licence, at Unityer€iollege Dublin’s Lyons
Research Farm and the Teagasc Research Centrenr@th€o. Galway, Ireland, in
accordance with the Cruelty to Animals Act (Irelabh876, as amended by the European
Communities regulations 2002 and 2005) and the figamo Community Directive 86/609/EC
and were sanctioned by the Animal Research Ethioswfttee of University College
Dublin. The management of the animals was the sarbeth facilities.

The experimental design is illustrated in Figuré&4.mentioned earlier, in an effort to
counteract the possible confounding influences ariation in lactation yield and energy

balance on reproductive processes, a nulliparoe$ beifer model was employed in the
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present study. Reproductively normal nulliparousitcental crossbred (Charolais and
Limousin) heifers (n = 185) with a mean age of 2254 months, liveweight of 486 + 60 kg
and body condition score (BCS) of 3.17 + 0.22 unise blocked on the basis of liveweight
and BCS and randomly allocated within block to afetwo dietary treatments. The
concentrate-based ration (6 kg dry matter, DM) amed either (i) 334 g of a partially
rumen-protected, eicosapentaenoic acid (EPA; CGEB)Alocosahexaenoic acid (DHA;
C22:6n-3) fish oil-based supplement-@ PUFA; n=93 heifers) or 151 g of a 90% palmitic
acid supplement (Palmit 80 saturated FA) as a controCQON; n=92 heifers). Both
supplements were provided by Trouw Nutrition (36pSbtreet Belfast, BT15 1JL, Northern
Ireland). Rumen protection was achieved via endapen in a pH sensitive matrix which
remains intact at rumen pH but breaks down atdiet pH in the abomasum releasing the
constituents for absorption. The fish oil was dedifrom anchovy, sardine and salmon oil
however, the oil was distilled in order to concatdrthe EPA and DHA content. The dietary
management of the heifers was similar to that desdrby Childs et al. [11] and is briefly
described below.

Heifers were split-fed, initially receiving theingre daily allocation of supplementary
lipid in the form of a 1.0 kg DM bolus feed at 09.6 each morning, combined with 1.5 kg
DM of a 24% crude protein (CP) ration (Balancetd.founteract the low crude protein CP
content of the bolus rations. This regimen helgedrsure that heifers consumed the entirety
of their daily lipid supplement allocation. Subseqtly, at 12.00 h, the heifers were offered
the remainder of their respective daily concentedii@cation in the form of 3.5 kg DM of a
second 13% CP ration (Balancer 2), together whkdy. DM barley straw.

Treatment diets were formulated to be isoenergéi¢ MJ GE/kg DM),

isonitrogenous (140 g/kg DM) and isolipidic (20 g/loM) in the total diet (including
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forage), the latter ensuring that observed effe€ts-3 PUFA, if any, were independent of
their role as energy substrates. The ingredierdschemical composition of the concentrate
rations and straw are presented in SupplementableTa and the typical fatty acid
concentrations of the diets fed have been repdriehilds et al. [2]. All heifers were
housed indoors on concrete slats, with unrestrieiszess to fresh drinking water and fed
individually using an electronic feeding system l@@alnc., Northwood, New Hampshire,
USA). During the experimental period, daily constimp of concentrate and straw was
measured and recorded for each individual heifed dny matter intake (DMI) was

calculated.

Oestrous synchronisation and post-insemination expeental diets

Subsequent to receiving the respective diets foddys, oestrous was synchronised
using two injections (PG1 and PG2, respectivelypd00ug PG analogue (Cloprostenol,
Estrumate®, Schering-Plough Ltd., Welwyn Gardery Gitertfordshire, UK) administered
intramuscularly 11 days apart. Pressure-activatsat Hetection aids (KanfaHeatmount
Detectors, San Diego, California) or scratch-cdEigrotect™ Heat Detectors) were used as
an aid for oestrus detection. All heifers were nameid for signs of oestrus 5 times daily
(07.00, 11.00, 15.00, 19.00 and 23.00h), commen2ig after administration of PG2 and
continuing for a further 96 h. Only heifers digptay standing oestrus (n=179) were
artificially inseminated (Al) by one of two expemnieed operators using frozen-thawed semen
from one high fertility bull. All inseminations wercarried out within 12 h of standing
oestrus.

On the day of insemination (Day 0), animals werekéd on the basis of bodyweight

and BCS within the two PUFA treatments and allagtdtem within their original treatment
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group to one of two post-insemination diets: (e on their pre-insemination high dietary
plane of nutrition (High, n=88) or (ii) restricte 0.6 x estimated maintenance energy
requirements ([29]; Low, n=91). The latter grougeiged a total of 2 kg DM concentrate
daily, which included the same level of lipid sugpent as that offered pre-insemination,
together with 0.85 kg DM straw. The experiment wlass constructed as a 2 x 2 factorial
design with four treatments (two pre- and four posemination treatment groups). This
resulted in 44, 45, 47 and 43 heifers allocate€@N_Low, CON_High, n-3 PUFA_Low

and n-3 PUFA_High dietary treatment groups, re$pelgt The heifers were maintained on
their assigned diets until slaughter and embryovely on Day 16 post-insemination (n =

92) or pregnancy diagnosis by ultrasonic scannirizgg 30 (n = 87).

Animal performance

At initiation of the experimental period, all hedewere weighed prior to feeding on
two consecutive days (Days -30 and -29). A sinplaatocol was followed at the end of the
experiment providing two mean values, which weliézetl to determine the start and end
bodyweights respectively. In addition, live weighs recorded on a weekly basis and
average daily gain was calculated using the limegression of bodyweight on day of
experiment. Body condition score was assessedidbiip by the same technician using a 5-
point scale with 0.25 intervals [30], with a scofel representing severely emaciated animals
and a score of 5 representing over conditioned alsind representative subsample of heifers
from each treatment (n = 20/treatment group) wdirasonically scanned (Aquila Vet real
time ultrasound scanner, with a 3.5-Mhz transdué&saote Pie Medical, Pie Medical
Equiptment B.V., Maastricht, Netherlands) for bdak depth measured at the third lumbar

vertebra.
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Feed sampling and analysis

Representative ration samples, relative to eacivitdhehl batch of feed milled, were
oven-dried in duplicate to a constant weigh at 55Gscertain an accurate fresh weight
feeding level. In addition, weekly composite sampd¢ concentrates and straw were stored
at -20°C until analysed for DM, ash, crude protéiP), fibre (crude fibre, CF, neutral
detergent fibre, NDF, and acid detergent fibre, ADdher extract, and gross energy (GE).
Samples were milled through a 1 mm screen using@ranter mill (Christy and Norris
Process Engineers Ltd., Chelmsford, England). Residry matter was determined by oven
drying at 104°C for a minimum of 16 h. Ash was deti@ed after ignition of a known weight
of ground material in a muffle furnace (NabertheBremen, Germany) at 550°C for 4 h. In
conjunction with the technique of Van Soest e{3l], fibre content (CF, NDF, ADF) of all
samples was determined using a Fibertec extraangn(Tecator, Hoganas, Sweden). Crude
protein, defined as total nitrogen*6.25, was calted using a Leco FP 528 nitrogen analyser
(Leco Instruments, U.K. Ltd., Stockport, UK), assdebed by Sweeney [32]. Ether extract
was determined using a Soxtex instrument (Tecatdn)e the GE of the samples was
determined using a Parr 1201 oxygen bomb calorin{Bt@r Instrument Company, Moline,

lllinois, USA).

Blood sampling and analysis

Blood samples were collected by jugular venipurefnior to the commencement of
the daily feeding regime. Samples were collectead 0 ml 170-1U lithium heparinised
vacutainers (Becton Dickenson Vacutainer Systemgmduth UK) for plasma
concentrations of IGF-1, insulin, fatty acids andtabolites on predetermined days during

the experimental period. Retrospectively, samptedyaed incorporated pre-supplementation
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(Day -30), pre-insemination (Day -14) and post-mswtion (Day 3 and Day 14) periods.
Blood samples to measure concentrations of P4 ealected on the Days 0, 4, 5, 6, 7, 10,
14, 15 and 16 into 10 ml ethylenediamine tetracaticl heparinized vacutainers (Becton
Dickenson Vacutainer Systems). On collection, kbt samples were immediately stored in
ice water and centrifuged at 1500 x g at 4°C fomild. Finally, the plasma was pipetted into
scintillation vials and stored at -20°C until assdy

Subsequent to an acid-ethanol extraction procegssma IGF-1 was quantified by
radioimmunoassay (RIA), as previously described’ing et al. [33]. The mean inter-assay
coefficients of variation (CV) for samples contaigilow (46.9 + 1.54 ng/ml), medium
(169.0 + 11.85 ng/ml) and high (406.4 = 2.14 ng/idJ-1 concentrations were 3.3%, 7%
and 0.5%, respectively. Intra-assay CV was 24.15%)(124.5% (medium) and 11.8% (high).

Concentrations of insulin in plasma was establisheg time-resolved
fluoroimmunoassay (AutoDELFIA Insulin, PerkinElméife and Analytical Sciences,
Wallac Oy, Turku, Finland; catalogue no. BO80-18hY) validated for bovine plasma [34].
The inter-assay CV for samples containing low (51862 pmol/l), medium (10.17 + 0.88
pmol/l) and high (150.9 + 7.04 pmol/l) insulin cemtrations were 12.1%, 8.6% and 4.7%,
respectively. Intra-assay CV was 12.0% (low), 8(n¥edium) and 4.7% (high).

Plasma concentrations of glucose, urea, triglyestidnon-esterified fatty acids
(NEFA), B-hydroxybutyrate (BHB), and cholesterol, were detieed using commercial
biochemical assay kits (Olympus Diagnostics, Toklapan and Randox Laboratories Ltd.,
Co. Antrim, Northern Ireland) on an automated beultal analyzer (AU400: Olympus
Diagnostics, Tokyo, Japan).

Plasma concentrations of P4 were measured in a@upliosing a** - labelled

progesterone antibody radioimmunoassay (Coat-A-C&uagesterone In Vitro Diagnostic

10



239 Test Kit™, Siemens Medical Solutions Diagnostices LAngeles, CA, USA) with each
240 sample measured in duplicate. The minimum detestabhcentration for this assay was
241 0.171 = 0.053 ng/ml. The inter-assay CV for samglestaining low (0.49 £+ 0.07 ng/ml),
242 medium (1.94 + 0.12 ng/ml) and high (7.01 + 0.53mmy P, concentrations were 12.4%,
243 5.2% and 6.8%, respectively. Intra-assay CV wa8o9(bw), 3.8% (medium) and 4.1%
244 (high).

245

246 Fatty acid analysis of feeds and plasma

247 In accordance with the extraction procedure desdrly Folch et al. [35], total lipids
248 were isolated and purified from 6 g of ground fréséd and 1 g of plasma using chloroform
249 methanol (2:1 v/v). Subsequently, utilizing the hugt outlined by Park and Goins [36],
250 sample methylation was performedibysitu transesterification with 0.5 N methanolic NaOH
251 followed by 14% boron trifluoride in methanol. Tredty acid methyl esters (FAME) were
252 separated using a CP Sil 88 column (100 m x 0.25 imdm 0.20 um film thickness;
253 Chrompack, Middleburg, Netherlands) and quantifiessing gas liquid chromatography
254 (GLC) (3400; Varian, Harbor City, CA, USA). Caliian of the GLC was performed with
255 commercial fatty acid standards (Sigma-Aldrich drel Ltd.) and the internal standard
256 utilized was heptadecanoic acid (C17:0; 99% puwiyigma-Aldrich). The GC was fitted
257 with a flame ionization detector (FID) and heliuBv (psi) was used as the carrier gas. The
258 injector temperature was maintained isothermall228°C for 10 min and the FID was held
259 at 250°C. The initial column oven temperature w&G°C for 8 min, which increased at a rate
260 of 8.5 °C/min to a final temperature of 200°C, whiecas sustained for 41 min. A Minichrom
261 PC system (VG Data System, Manchester, UK) wagedilto record and analyse the data,

262 which was expressed as g/100g FAME.
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Post-mortem sample collection (Day 16)

A representative sub-sample of heifers from withach of the four treatment groups
were slaughtered on Day 16 post-Al. Specificall@, 22, 24 and 23 heifers from the,
CON_Low, CON_High, n-3 PUFA Low and n-3 PUFA_Higletdry groups, respectively
were harvested. The reproductive tracts were ereavfrom all heifers and transported on
ice to the laboratory, which was within a 30 minigeey. The uterine horns were trimmed
free of excess tissue and flushed with 100 mL afsphate-buffered saline (PBS), containing
5% fetal calf serum. Pregnancy was confirmed byatiog a conceptus under a

stereomicroscope. Conceptus length was measunegl aisioptical callipers.

Hepatic tissue was sampled from all animals witBbhmin of slaughter. All surgical
instruments used for tissue preparation were &ediland treated with RNA Zap prior to use
(Ambion, Applera Ireland, Dublin, Ireland). Samplere washed thoroughly with sterile

DPBS and immediately snap frozen in liquid nitroppefore subsequent storage at —80 °C.

Pregnancy diagnosis (Day 30)

In the remaining heifers (n = 89), pregnhancy waerm@ned by ultrasound scanning
of the uterus using an Aloka SSD-500 V ultrasourahser fitted with a 7.5-MHz transducer
(Aloka Co. Ltd, Tokyo, Japan) at Day 30 after AlpAsitive pregnancy diagnosis was based

on the presence of a viable embryo with a visildartbeat and clear amniotic fluid.

Liver Tissue Sampling, RNA isolation and purificatn

12



286 Total RNA was isolated from liver tissue samplesngsthe RNeasy mini kit (Qiagen),
287 according to the manufacturer's instructions. Theardity of the RNA isolated was
288 determined by measuring the absorbance at 260 mmg asNanodrop spectrophotometer
289 ND-1000 (Nanodrop Technologies, DE, USA). RNA quyalvas assessed on the Agilent
290 Bioanalyser 2100 using the RNA 6000 Nano Lab Chip(Agilent Technologies Ireland
291 Ltd., Dublin, Ireland). RNA samples with RNA intégyr numbers between 8 and 10 were
292 deemed to be of sufficiently high quality. RNA gtialvas also verified by ensuring all RNA
293 samples had an absorbance (A260/280) of betweesndl.2.

294

295 cDNA Synthesis, and Real-Time Quantitative PCR

296 One microgram of total RNA was reverse transcribedDNA, with random hexamers,
297 using the High Capacity cDNA Reverse Transcriptdn/Applied Biosystems, Warrington,
298 UK), according to instructions supplied, and stoe#d-20°C. Real-time quantitative PCR
299 (RT-gPCR) was used to measure expression of genes invoinethe progesterone
300 inactivation ((aldo-keto reductase 1@KRLC), Cytochrome P450 2QCYP2C) and
301 Cytochrome P450 3AQYP3A)). The sequences of primers used for each gene were
302 commercially synthesized (Sigma-Aldrich Ireland .).tdnd are listed in Table 1. The PCR
303 products generated by amplification were sequenroederify their identity and confirm
304 primer specificity (Eurofins MWG Operon, Ebersbe@grmany).

305 The stability of expression of candidate referegeaes,-actin ACTB), ribosomal
306 protein S9 RPY), and Glyceraldehyde 3-phosphate dehydrogen&&PIH), was
307 investigated across all samples in the study. Hselting expression data were analyzed
308 using geNorm software (version 3.5, Excel add-ingrbsoft, Redmond, WA) as described

309 by Vandesompele et al. [37] to test the overalbifity of the tested reference genes. The

13
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333

highest stability was achieved by including theeBrence genes, achieving a combiivkd
value of 0.29. All RT-gPCR reactions were performesithg SYBR Fast Green mastermix
(Applied Biosystems). Assays were performed inlitgte using the Applied Biosystems
Fast 7500 v2.0.1 instrument with the following &y@arameters (95°C for 15 s, 60°C for
60 s, 95°C for 15 s, and 60°C for 15 s). Primer @A concentrations were optimized for
each gene. The efficiency of the reaction was tatled using a 5-fold dilution series of
cDNA to generate a standard curve. Dissociationesiwere examined for the presence of a
single PCR product. All PCR efficiency coefficiemtsre between 0.9 and 1.08 and therefore
deemed acceptable. The software package GenExIH(RIultiD Analyses AB, Gothenburg,
Sweden) was used for efficiency correction of ther rcycle threshold values, interplate
calibration based on a calibrator sample includedat plates, averaging of replicates,
normalization to the reference gene, and the caioul of quantities relative to the highest

cycle threshold value.

Statistical analyses

All data were analyzed using Statistical Analysyst8ms software (SAS, Cary, NC,
USA). Data were examined for adherence to normaising UNIVARIATE procedure of
SAS and transformed if necessary by Box-Cox transition analysis using the
TRANSREG procedure in SAS. A mixed model ANOVA (PRMIXED) was conducted
with statistical models including terms for thedikeffects of (i) PUFA supplementation, (ii)
post-insemination plane of nutrition and (iii) sdmg@ day (i.e. for blood analytes), where
appropriate, (iv) site (two experimental farms)vasdl as for (v) block (initially blocked to
treatment on bodyweight and BCS). The Tukey test waed to determine statistical

difference between mean comparative group valuegdch outcome variable. For binary

14
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variables such as conception rate, logistic regassvas conducted to examine their
relationship with specific continuous variablesjngsthe LOGISTIC procedure of SAS.
Statistical differences were denoted at P < 0.GB walues expressed as least square means *
standard error of the mean (SEM). Tendencies tosvstatistical significance were denoted

for p-values>0.05 and <0.10.

Results

There was no interaction between either of the mwtritional factors and site of study for
any of the measurements taken (P>0.05).

The effects on-3 PUFA supplementation and post-Al diet on animatfgrmance ADG
(kg/d) and BCS change (units/d) during the pre- post-Al periods, where appropriate, are
presented in Table 2. There wasm8 PUFA x post-Al diet interaction for either ADG or
BCS measures. Average daily gain in the pre-Alqekefvas higher (P < 0.0001) for non-
supplemented heifers compared wit3 PUFA-supplemented heifers. However, during the
post-Al period ADG was similar for both-3 PUFA treatment groups. Heifers on a high
plane of nutrition post-Al had increased ADG (P.80D1) while those on the low plane of
nutrition lost on average 1.19 kg per day. Neiftwer- nor post-Al BCS was affected by3
PUFA supplementation. However, restricting energppsy post-Al led to differences in
BCS gain manifested as heifers maintained on a pighe of nutrition gaining BCS while

those on the low plane of nutrition lost, on avera@01 of a BCS unit per day.

The effect of treatment on plasma concentrationsmaftabolic hormones and

metabolites are presented in Table 3. There wernhnee-way interactions detected for any

of the plasma analytes measured. There was-2rPUFA x sample day interaction (P <
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0.001) and also a strong tendency towards a posiiedlx sample day interaction (P = 0.05)
detected for plasma IGF-1. Although similar at $keart of the study (Day -30), plasma IGF-1
concentrations for heifers offered3 PUFA increased during the experimental period and
remained higher at all time-points compared to @briteifers whose plasma concentrations
of IGF-1 declined throughout the experimental perio

IGF-1 concentrations were similar fon-3 PUFA supplemented and non-
supplemented heifers prior to Al. However, follogiil, heifers subjected to metabolic
constraints had decreased systemic concentratfoliid~el compared with their unrestricted
counterparts.

There were no interactions between the main fadtmrgplasma concentrations of
insulin. Plasma insulin was lower (P < 0.0001) fmifers supplemented with-3 PUFA
compared with non-supplemented heifers on all sandalys. Additionally, there was an
effect of sample day (P = 0.006) on plasma cona@atrs of insulin with concentrations
increasing from Day -30 to Day -14, while concetitras were lower for the post-Al period.
There was no effect of post-Al nutrient intake ¢asma concentrations of insulin.

There was no treatment x sample day interactiomplEsma glucose nor was glucose
affected by eithen-3 PUFA or post-Al diet. However, glucose was akelcby sample day,
with higher levels on Day -30 compared with thesmguent sample days (P = 0.04). There
was ann-3 PUFA x sample day interaction for plasma ured wittendency (P = 0.08) for
urea to be higher on Day 3 post-Al in PUFA-fed aeifbut not on any of the other sample
days.

We observed am-3 PUFA x post-Al diet interaction for plasma conications of
BHB. This was manifested as CON heifers offeredva post-Al diet having higher plasma

BHB concentrations than their contemporaries offeaehigh plane of nutrition post-Al,
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404

while for PUFA-supplemented heifers this effect waversed. Plasma BHB was also
affected by sample day with concentrations higlmebDays -14, 3 and 14 compared with Day
-30.

There was a post-Al diet x sample day interaction glasma concentrations of
NEFA. While there was no pre-Al difference betwéeifers offered a High or Low post-Al
diet, heifers with declining nutrient status hagh@r NEFA concentrations than those offered
the high allowance following Al.

An n-3 PUFA x post-Al diet interaction was evident fdagma concentrations of
cholesterol. This was manifested as heifers recgint3 PUFA and maintained on a high
post-Al diet having increased concentrations oflesterol compared with their counterparts
receiving the low post-Al plane of nutrition (3.923.14 mmol/L) whilst in nom-3 PUFA
supplemented heifers whose cholesterol concenisatieere actually lower when maintained
on the high compared with low post-Al diet (3.08.86 mmol/L). There was also an effect
of day of sampling on plasma concentrations of e$terol with concentrations increasing
linearly across the experimental period (P < 0.0001

There was am-3 PUFA x sample day interaction detected for plasoracentrations
of triglycerides. This was apparent as heifers mmppnted withn-3 PUFA having lower
concentrations of triglycerides on Day -14 compasgth Day -30 which was not observed
for non-supplemented heifers. Similarly, there wa¢s0 a post-Al diet x day of sampling
interaction for triglyceride concentrations maniées as concentrations of triglycerides
decreasing for heifers on the low post-Al planawatrition while those offered the high plane

of nutrition maintained their pre-Al concentratiasfsriglycerides.
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The effect ofn-3 PUFA supplementation, post-Al diet and sample dag their
respective interactions on plasma concentration35ofatty acids is presented in Table 4.
Rather than describing the results for each indaidfatty acid, the main results for a
selection of fatty acids with potential effects mproductive processes are shown. With the
exception of palmitic acid (C16:0) there was geltgrrzo biologically significant interaction
between the main effects or of the main effectsndedves for the saturated fatty acids
measured.

There was am-3 PUFA x sample day interaction for concentratiohpalmitic acid.
This was manifested as concentrations of C16:0 gbesimilar betweenn-3 PUFA
supplemented and non-supplemented heifers at éineaftthe experiment but increasing in
non-supplemented heifers (C16:0 dominant diet) ay B with this difference maintained
throughout the remainder of the experiment. Thews wo effect of post-Al diet on
concentrations of palmitic acid.

There was am-3 PUFA x sample day interaction for concentratiohthe parenh-6
PUFA, linoleic acid. This was manifested as a latkdifference betweem-3 PUFA fed
groups at the start at the experiment with the eotration of linoleic acid increasing in the
non-supplemented heifers on Day 3 and this diffezdreing maintained with the progression
of the experiment. There was also a main effegtost-Al diet with heifers fed the high diet
having higher concentrations.

There was am-3 PUFA x sample day interaction for concentratiohthe parenh-3
PUFA, linolenic acid. This was manifested, simyatid linoleic acid, as a lack of difference
betweem-3 PUFA fed groups at the start at the experimehtlso similar on Day 3 but the
concentration of linolenic acid was higher in theswpplemented heifers on Day 14. There

was also a post-Al diet x day of sampling inte@ctfor concentrations of linolenic acid.
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This was apparent as a lack of difference betwest-pl dietary energy groups at the start
of the experiment and on Day 3 but the concentratiblinolenic acid was higher in the
unsupplemented heifers on Day 14.

A strong tendency (P = 0.06) towards @3 PUFA x day of sampling interaction was
observed for concentrations of the6 PUFA, and the substrate for the 2-series
prostaglandins, arachidonic acid (C20:4). This waanifested as a lack of difference
betweenn-3 PUFA treatments on Days -30 and 3 b8 PUFA fed heifers had higher
concentrations of C20:4 in plasma on Day 14 post-Al

There was also a post-Al diet x sample day inteacfor concentrations of
arachidonic acid. This was apparent as a lackftdrdnce between-3 PUFA treatments on
Days -30 and 3 but heifers fed a high post-Al diatl higher concentrations of C20:4 in
plasma on Day 14 post-Al. An3 PUFA x day of sampling interaction was observed f
concentrations of then-3 PUFA, eicosapentaenoic acid (EPA; C203). This was
manifested as a lack of difference at Day -30 \REHBA concentrations higher on days 3 and
14 inn-3 PUFA fed heifers.

There was a strong tendency towards an effeat-8fPUFA supplementation on
plasma concentrations of the-3 PUFA, docosapentaenoic acid (DPA; C22:5) with
concentrations higher in supplemented heifers (208). Similar to EPA, am-3 PUFA x
day of sampling interaction was observed for cotre¢ions of the n-3 PUFA,
docosahexaenoic acid (DHA; C221&3). This was manifested as a lack of differencBaf
-30 with EPA concentrations higher on Days 3 andnld-3 PUFA fed heifers. There was
also a post-Al diet x sample day interaction fonaentrations of DHA as concentrations of
DHA were higher on Day 14 in heifers fed the lowergy diet but no differences were

detected between groups prior to this.
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The effects of nutritional treatment on plasma emt@ations of P4, conception rate
and embryo length are presented in Table 5. Wehettception of a tendency on Day O (P =
0.05), there was no-3 PUFA x post-Al diet interaction for plasma conications of P4 on
any sampling day. Similarly-3 PUFA supplementation did not affect plasma cotreéinns
of P4 on any day of the oestrous cycle on whiehai$ measured. However, there was a post-
Al diet x sample day interaction for plasma concatians of P4 manifested as a higher
concentration of P4 for heifers on the low compaxét the high post-Al diet from Days 10

to 16 post-Al but not before this period (Table 5).

There were no two or three-way interactions betwenmain experimental factors
(PUFA treatment, post-insemination diet, site afdg) for pregnancy rate. Similarly, there
was no difference in pregnancy rate between CON3SVPUFA (0.77 v 0.73, respectively;
A7 = 0.40; P = 0.53) or High v Low post-Al (0.71 W9, respectively* = 1.596; P = 0.16)
dietary groups (see Table 5).. For ease of conparimean pregnancy rate coefficients for
the four individual treatments were 0.82, 0.6950aiAd 0.70 for CON_Low, CON_High, n-3
PUFA_Low and n-3 PUFA_High dietary treatment grqupespectively.,. Regression co-
efficients @o: intercept; P slope; R: co-efficient of determination) for the relatiomsh
between plasma concentrations of P4 on alternage dathe oestrous cycle post-Al and
embryo length measured at slaughter on Day 16 Aloate presented in Table 6. There was
a strong tendency towards a positive relationsl@pveen plasma concentrations of P4 on
Day 0 (Odds Ratio = 4.342; P = 0.057) and Day 7d&®Ratio = 0.82; P = 0.052) and
subsequent pregnancy status. There were no twadhree- (-3 PUFA, Post-Al diet,

replicate) way interactions detected for pregnaats.
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There was a positive though weak relationship betwglasma concentrations of P4
on Days 4, 5, 7, and 15 with embryo length on D&yot pregnancy, while a negative
relationship between these two variables was obsefor Day 0 (Table 6). No relationship
between concentrations of P4 on Days 6, 10, 14@nt embryo length on Day 16 could be

detected on any of the other sampling days employed

Hepatic mRNA expression oAKR1C was not altered (P>0.05) by either ne8 PUFA
supplementation or post-Al plane of nutrition. Tdnevas no effect (P>0.05) of post-Al diet
on the hepatic expression 6YP2C while n-3 PUFA supplementation reduced the mRNA
expression of that gene (P=0.01). Similarly, pokplane of nutrition did not affect (P>0.05)
the expression ofCYP3A however, there was a strong tendency (P=0.083artisva
reduction in the expression @YP3A in animals consuming diets supplemented wiB

PUFA.

Discussion

This study investigated the interaction betweenadyen-3 PUFA supplementation
and post-insemination level of nutrition on metabaidices, P4 and embryo survival in beef
cattle. The main findings were (in-3 PUFA supplementation increased plasma
concentrations afi-3 PUFA and reduced the6:n-3 PUFA ratio; (ii) there was an increase in
plasma IGF-1 in heifers fech-3 PUFA relative to the CON diet as well as on khgh
compared with the Low plane of nutrition post-Abgp; (iii) declining nutrient status post-
Al elevated plasma concentrations of P4 betweersO&yand 16 post-insemination, which
in turn was positively associated with the lengtlday 16 embryos; (iv) Plane of nutrition

following insemination did not affect transcriptuadgiance for genes involved in the hepatic
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501 metabolism of P4, though there was evidence tretadi n-3 PUFA supplementation may
502 down regulate genes involved in this process ahthére was no effect of dietany3 PUFA
503 or plane of nutrition on embryo survival.

504 Feeding diets fortified witim-3 PUFA (approximately 3% DM fish oil in concentrate
505 in a partially protected form did not affect DMI,itlv cattle consistently consuming their
506 entire daily allocation, consistent with similaudies in beef heifers from our group [2, 20]
507 and others [38]. In contrast, a negative relatigngietween dietary inclusion of fish oil
508 exceeding 1% DM and subsequent intake has beemmbmtad in a number of studies [39,
509 40], most likely contributed to by a combinationmbdification to the ruminal environment
510 and palatability issues.

511 A slight, though biologically insignificant, reduah (70 g per day) in the ADG of
512 heifers supplemented with-3 PUFA supplementation pre- but not post-Al wasdent.
513 However, this was not reflected in their body fetration (BCS change) which is consistent
514 with previous reports [2, 20, 40]. As expected,férsi maintained on the high plane of
515 nutrition post-insemination, experienced enhancedigt gain compared to their
516 nutritionally-challenged counterparts.

517 Plasma metabolites can provide a point-in-timedation of the metabolic status of
518 an animal. Glucose is an important energy souncéh®bovine ovary and the post-blastocyst
519 stage embryo [41]. Consistent with our previouskyaeve failed to detect an effect of3
520 PUFA supplementation on systemic concentrationglutose. In agreement, Grummer and
521 Carroll [25] concluded that fat supplementation sloet generally alter blood glucose and
522 stable systemic glucose concentrations during fgaplementation and may indicate a
523 reduction in hepatic gluconeogenesis. Despite thpmdifferences in feed intake between

524 the restricted and unrestricted heifers post-Adréhwas no effect on plasma concentrations
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of glucose. This is in agreement with previous aede carried out at this laboratory in which
no differences were found between glucose condemgin heifers restricted to 0.6 M in
comparison to 1.2 M for 50 days [42].

Plasma concentrations of triglycerides were lowthe current study and were
consistent with those reported by Childs et al.1[2, 20]. In agreement with some reports
[43] but not others [44], diatid not affect BHB concentrations in our study.cbmtrast to
Childs et al. [20], we failed to observe any effeth-3 PUFA supplementation on plasma
concentrations of NEFA. This is consistent, howewéth the findings of Moussavi et al.
[45]. There was an increase in plasma concenttddrNEFA in the diet-restricted heifers,
reflective of tissue lipid metabolism and consistetith others who have used the energy
restriction model in heifers [23, 42]. Concentratoof insulin were not affected hby3
PUFA supplementation, in agreement with Bilby et[d5] and Childs et al. [2]. As one
would expect, we did, however, observe a negatifecteof dietary restriction post-Al on
plasma concentrations of insulin.

Systemic urea was slightly higher in the hig8 PUFA-fed heifers which is
consistent with the findings of Childs et al. [28]t the magnitude of the increase was not
biologically significant and is in line with thediathat the diets were isonitrogenous in nature.
In contrast to Childs et al. [20] who reported acrease in plasma concentrations of
cholesterol with incremental additions of fish tlthe diet, we failed to observe any such
effects. As circulating cholesterol is the primanpstrate for the synthesis of P4, the lack of
difference is consistent with the observed sintyarnn plasma P4 profiles between
supplemented and non-supplemented heifers.

IGF-1 functions as a mediator of cell growth, depehent and differentiation and has

been positively associated with conception rateanetuction of the post-partum interval in
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549 cattle [47]. Despite having slightly lower perfornta, systemic IGF-1 was higher in the
550 cattle on then-3 PUFA compared with the CON diet, in agreemenhu@hilds et al. [20].
551 When comparing post-Al diet, however, as expectemnals offered the high plane of
552 nutrition had greater systemic concentrations of-IG in agreement with previous work
553 from our group [48]. .

554 The effect on-3 PUFA supplementation on the plasma fatty acidilprm this study
555 agrees with previous studies by our group [2,20] ,as well as those from other laboratories
556 [50, 51]. A ten-fold increase in plasma EPA andaémost four-fold increase in DHA are
557 consistent with the findings of Childs et al. [A)]2and would be expected to result in
558 Dbiologically significant increases in these3 PUFA in reproductive tissues including
559 follicular [20] and uterine [2] fluid as well asgsiificant accretion within the luteal tissue [3]
560 and the uterine endometrium [2]. We also know thath a plasma fatty acid profile is
561 consistent with a less luteolytic environment tadgathe latter stage of the oestrous cycle, as
562 outlined by Coyne et al. [13].

563 There is clear evidence in the literature of asoaiation between circulating
564 concentrations of P4 and conceptus development2n heifers, mediated by P4-induced
565 changes in the uterine endometrium [54, 55]. n-FRWYupplementation in the current study
566 had no effect on plasma concentrations of P4, irast to the observations of Childs et al.
567 [11] who reported evidence of an increase in oVédloutput as well as greater size of CL
568 and cholesterol concentrations in animals fed & hi@ PUFA diet. Indeed, the literature
569 relating to effects of PUFA supplementation on eyst concentrations of P4 is inconsistent
570 with reports of an increase [11], decrease [56e88jo0 change [39, 45, 59-61]. The findings
571 of Lopes et al. [62] suggest that feeding 0.1 kogfda rumen-inert PUFA supplement to

572 ovariectomized, non-lactating, beef cows reducegatie P4 metabolism. Similarly, cows
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infused with a soybean oil emulsion (predominamtly PUFA-based) displayed a reduced
hepatic clearance of P4 [27, 50]. Moreover, greanum P4 concentrations were also
observed in beef cows receiving calcium salts oF Rldompared with SFA and control cows
[63]. It is likely that different responses in Prbguction to supplemental lipid is related to
their specific fatty acid composition and potent@ntribution to systemic cholesterol
availability.

In contrast to n-3 PUFA supplementation, there veasstark effect of post-
insemination diet on plasma concentrations of BmfDay 7 onwards. Heifers offered the
restricted energy diet post-insemination had higkencentrations of P4 than their
unrestricted counterparts. Not only can dietaryidlipntake affected hepatic steroid
metabolism but increased liver blood flow resultingm elevated feed intake in lactating
dairy cows may increase steroid metabolism [27]r @gults are consistent with those of
Sangsritavong et al. [27] who demonstrated lowestesyic P4 as well as oestradiol
concentrations in lactating and dry dairy cows &dtiigh compared with a low plane of
nutrition. This is likely to be a consequence dafreased hepatic enzymatic activity during
bouts of increased metabolic load and feed intaickia particular increased expression of
progesterone dehydrogenase [64]. However, in thesiou study, divergence in systemic
concentrations of P4 between the restricted andresinicted heifers only began to emerge
after Day 7 and thus this may help to explain #ek lof an effect of post-insemination plane
of nutrition on embryo survival rate. The study@finne et al. [23] demonstrated a clear
depression in embryo survival in heifers switchreoif a high pre- to a low post-insemination
diet; they failed to observe an effect of post-ms®tion plane of nutrition on plasma
concentrations of P4, though those authors didrdeagositive effect of concentration of P4

on Day 7 and overall embryo survival rate.
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In an effort to provide some insight into the pdi@neffect of n-3 PUFA and plane of
nutrition on aspects of the biochemical regulati@patic progesterone metabolism in cattle,
we measured transcript of three key genes in ttosgss. The contribution of cytochrome
P450 2C and cytochrome P450 3A enzymes to progestanactivation in bovine hepatic
cell cultures was estimated as 40 and 15%, resedetwith aldo-keto reductase enzymes
observed to contribute an additional 40% to pragesie inactivation [28]. We found that
while a low post-Al plane of nutrition increasedceilating progesterone, this was not
accompanied by an effect on hepatic expressionmamistripts for any of the inactivating
enzymes examined. On the other hand, we obserwedetion in mRNA expression of
CYP2C and a strong tendency towards lower transcript dance forCYP3A in hepatic
tissue fromn-3 PUFA supplemented heifers 16 days after insenginauggesting that more
progesterone should be bioavailable. However, tedbis, as discussed earlier, unlike our
previous findings [11] this was not accompaniedha current study by an effect of n-3
PUFA on systemic concentrations of progesteronaléMepatic cytochrome P450 and aldo-
keto reductase enzymes are known to play a pivati@ in the first step of steroid
inactivation [28], other factors are involved inogesterone luteal production and hepatic

decay will influence systemic concentrations of hleemone.

In the current study we found that supplementaeyadyn-3 PUFA had no effect on
embryo survival though it did result in a smalluwetion in the length of 16 day old embryos.
The literature relating to effects of PUFA suppleta¢éion on conception rate and embryo
survival is inconsistent with reports of positiv&s[ 66] or neutral effects [20, 67, 68]. Our

current results substantiate findings framvitro studies where inclusion of EPA-8) or
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arachidonic acidrn6) to media during bovine oocyte maturation [69]rateed incremental
addition of EPA or DHA duringn vitro culture [21] failed to affect embryo developmednt.
contrast, Marei et al. [12] reported that suppletatton of bovine oocytes with ALAN(3)
during maturation enhanced blastocyst yield andityud&urther, it has been shown that a
low dose (1 uM) of DHA duringn vitro maturation had a positive effect on oocyte
development in comparison to a dose of 100 uM whield a negative effect [70].
Additionally, sheep studies by McEvoy et al. [7Hported significant increases in the
number and diameter of good quality blastocystgetteer with total cell counts in embryos
cultured with serum from ewes receiving an interiaed(3% w/w) inclusion rate of long-
chain PUFA fish oil (EPA and DHA). The same authogported compromised embryo
development following supplementation with dietéish oil (3 or 6% w/w) compared with
the non-supplemented control diet [71]. Similarthe quality of bovine embryos was
negatively affected by feeding donor lactating ylawws with a rich source o3 fatty acids

in the form of whole flaxseed compared with calcisafts of palm oil [67]. Thangavelu et al.
[17] reported a reduced early embryonic developmast evidenced by fewer embryos
beyond the morula stage when super-stimulated esndioypor cows were fed diets enriched
with a saturated source of FA compared to thoselsoented with unsaturated FA of both
sunflower (LA) and flax (ALA) seed origin.

There was no effect of post-insemination plane wfition on embryo survival rate
despite the large divergence in daily feed allowaemployed. This is in contrast to the
findings of Dunne et al. [23] who reported a 50 geetage-point reduction in embryo
survival in heifers switched from a high pre- téow post-insemination plane of nutrition.
Similarly, Kruse et al. [24] recently offered nonperovulated heifers either a control (125%

estimated maintenance energy requirements) oremaitréstricted diet (50-80% of estimated
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maintenance energy requirements) and observedethbtyos from restricted heifers were
both at a lesser stage of development and of paguatity than those recovered from
controls. Given that the heifers in our study wargividually fed and managed under a
controlled environment compared to those in thdisgiof both Dunne et al. [23] and Kruse
et al. [24], which were managed as groups at pasind a feedlot, respectively, our results
are particularly surprising. Additionally, whatnsore surprising regarding the lack of effect
on embryo survival rate is that unlike the resaoft®unne et al. [23] who found no effect of
dietary energy restriction post-Al on embryo size, observed that dietary restricted heifers
produced embryos that were over 2.5 fold shortan ttheir unrestricted contemporaries.
Overall, however, these findings with nulliparouseb heifers should be viewed in the
context that the origin of NEB in early pregnansyifferent to that typically experienced by

post-partum lactating cows.

4.1 Conclusions

In conclusion, n-3 PUFA supplementation had no effect on either gmbr
development or survival. The diets employed in #xiperiment were designed (as previous
reports have verified) to provide mane3 PUFA to reproductive and metabolic tissues than
in any other previously published report from adésiour own laboratory. However, in
contrast to an earlier study from this laborat@gyerely restricting dietary energy provision
immediately post-insemination had no detrimentidatfon embryo survival or development.
Indeed, we show very clear evidence for an effefctplane of nutrition on plasma
concentrations of P4, potentially mediated throaljaered hepatic blood flow but not through

changes in catabolic enzymatic activity. Furthese@ch will be required to determine the
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effects, if any, on embryo development and survifdlowing similar treatments in

lactating cows.
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Table 1. Oligonucleotide primer sequence information usedeal-time quantitative PCR assays.

'Gene Primer sequence (5'to 3’) Amplicon size (bp) Accession number

Reference genes:

RPS9 Forward: CCTCGACCAAGAGCTGAAG 04 NM_001101152.1
Reverse: CCTCCAGACCTCACGTTTGTTC

ACTB Forward: ACTTGCGCAGAAAACGAGAT 123 BT030480
Reverse: CACCTTCACCGTTCCAGTTT

GAPDH Forward: GATTGTCAGCAATGCCTCCT 135 NM_001034034
Reverse: CCATCCACAGTCTTCTGGGT

Target genes:

AKR1C Forward: AGTCGGAGGAGCAAAACAGA 141 NM_001035367
Reverse: AATTTGGTGACCTCCACA

CYP2C Forward: TATGGACTCCTGCTCCTGCT 177 AY265992
Reverse: CATACTGCTGGGGACAAGGT

CYP3A Forward: GAAGCTGCAGGAGGAAATTG 129 XM_015469393.1
Reverse: CTCCCAGCAATTGGAAACAT

'RPS9 = ribosomal protein S9; ACTB $-actin; GAPDH = Glyceraldehyde 3-phosphate
dehydrogenase AKR1C = aldo-keto reductase 1C; CYB2Cytochrome P450 2CCYP3A =
Cytochrome P450 3A.
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Table 2. Effect of n-3 PUFA (P) and post insemination (Al) energy alloegatreatment on average daily gain (ADG; kg/d) elmahge in

body condition scoreABCS: units/d) pre- and post-Al

n-3 PUFA Post Al Diet Significance
High Low SEM High Low SEM P Al P xAl
Variable
ADG (Pre-Al) 0.74 0.81 0.010 <0.0001 - -
ADG (Post-Al) -0.16 -0.13 0.020 0.90 -1.19 0.021 0.28 <.0001 NS
ABCS (Pre-Al) 0.002 0.005 0.001 0.002 0.005 0.001 0.11 - -
ABCS (Post-Al) -0.001 -0.002 0.001 0.009 -0.011 0.001 0.56 <.0001 NS
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Table 3. Effect of n-3 PUFA supplementation treatment (Bstpnsemination (Al) diet and sample day on plasoracentrations of metabolic hormones

and metabolites

PUFA Post Al Diet Day of Sampling (D) Significan
n-3
Variable PUFA CON SEM High Low SEM -30 -14 3 14 SEM P Al D PxAl AIxD P x
IGF-1(ng/ml)  379.9 320.5 15.32 373.53 326.93 15.76 330.06 383.54 341.58 342.35 13.83 0.01 0.05 0.0004 NS 0.05 <0.C
Insulin (IU/ml) 4.01 6.06 0.375 511 496 0.375 5.13 593 481 428 0.463 <0.0001 NS 0.006 NS NS N<
Metabolites (mmol/L)
Glucose 4.31 4.42 0.085 4.36 437 0.084 447 4.3 4.37 431 0.07 0.39 0.97 0.04 NS NS N<
Urea 4.44 4.01 0.125 4.24 421 0.123 3.44 4.04 4.54 4.87 0.125 0.02 0.85 <0.001 NS NS 0.0
BHB 0.17 0.18 0.006 0.17 0.17 0.006 0.14 0.19 0.2 0.17 0.006 0.35 0.89 <0.001 0.02 NS N<
NEFA 0.42 0.47 0.025 0.38 0.52 0.025 0.38 0.38 0.43 0.59 0.03 0.11 0.0002 <0.001 NS <0.0001 N<
Cholesterol 3.33 321 011 3.28 3.26 0.11 237 3.36 3.58 3.74 0.09 0.44 0.85 <0.001 0.03 NS N<

Triglycerides  0.18 0.23 0.007 0.21 020 0.007 023 0.212 019 0.18 0.007 <0.001 0.38 0.0002 NS 0.0048 0.0C
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Table 4. Effect of n-3 PUFA supplementation treatment (Bstpnsemination (Al) diet and sample day on plaswrcentrations of fatty

acids
n-3 PUFA Post Al Diet Day (D) Significance
n-3
Variable PUFA CON SEM High Low SEM -30 3 14 SEM P Al D PxAl PxD Al
Cl1 1 cl0 1.20 1.04  0.082 1.20 1.04  0.083 0.99 1.17 1.19 30.09.1951 0.1901 0.2521 NS NS
C12 0 0.90 1.00 0.066 0.99 0.92  0.066 1.43 0.63 0.79 7.09.3063 0.4932 <.0001 NS NS
Cl2 1 0.60 0.80 0.085 0.70 0.72  0.085 0.46 0.77 0.90 95.10.0834 0.8395 0.018 NS P<0.0001
C13 0 0.61 0.83 0.104 0.84 0.59 0.104 0.59 0.64 0.92 5.10.1493 0.1063 0.0341 NS NS
C13 1 c12 0.61 0.49 0.086 0.50 0.60  0.087 0.46 0.76 0.43 40.10.3425 0.4133 0.0541 NS NS
Cl4 0 3.90 414 0341  3.97 4.07 0.327 4.95 3.33 3.78 1.40.6288 0.8383 0.0238 NS NS
Cl4 1t 0.79 1.05 0.051 0.98 0.86 0.051 1.30 0.75 0.71 7.06€.0028 0.1186 <.0001 NS 0.039
Cl41lc 1.36 1.47  0.069 1.43 1.40  0.069 1.74 1.26 1.23 3.100.24  0.713 0.0031 NS NS
Cl50 1.68 1.65 0.065 1.68 1.65 0.065 1.90 1.65 1.45 60.00.8135 0.7344 0.0006 NS 0.019
C15 1 c10 0.29 0.29 0.050 0.30 0.29  0.050 0.20 0.36 0.31 (0.060.915 0.878 0.1331 NS NS
Cl6 0 23.70 26.86 0.474 2524 2550 0.479 27.09 25.07 9423.0.485 0.0004 0.7052 0.0001 NS <.0001
Cl6 1t 0.71 1.03 0.064 0.93 0.81 0.064 1.06 0.73 0.82 40.09.0044 0.229 0.0612 NS NS
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Table 5. Effect of n-3 PUFA supplementation, post-insertiora(Al) diet and sample day following Al on premgrcy rate, embryo length

and on plasma concentrations of progesterone

PUFA (P) Post Al Diet (Al) Significance (P-value)

n-3 PUFA CON SEM High  Low SEM P Al P x Al
Variable
Pregnancy Rate 0.73 0.77 0.71 0.79 0.53 0.16 NS
Embryo Length  5.58 7.78 0.403 9.74  3.62 0.420 0.004 <0.001 NS
Day Post-Al Plasma Progesterone (ng/ml)
Day 0 0.48 0.43 0.252 0.43 0.48 0.251 0.877 1.00 05 0.
Day 4 1.52 1.45 0.311 1.24 1.73 0.311 0.666 0.998 870
Day 5 2.74 2.85 0.309 2.48 3.11 0.310 0.993 0.994 500
Day 6 3.90 4.14 0.315 3.70 4.34 0.315 0.707 0.994 100
Day 7 5.12 5.50 0.252 4.76 5.86 0.252 0.237 0.165 300
Day 10 7.76 8.17 0.251 6.91 9.01 0.251 0.195 <@000 0.22
Day 14 9.35 9.71 0.303 8.66 10.40 0.302 0.641 0.006 0.62
Day 15 10.06 10.64 0.230 9.51 11.19 0.298 0.802 090.0 0.66
Day 16 10.08 10.07 0.298 8.57 11.58 0.301 1.00 6810 0.76

AUC 81.04 81.10 3.212 74.70 87.34 3.210 0.993 0.006 490.1




Table 6. Linear regression coefficients (SE) for relatiopshbetween plasma

concentrations of progesterone and embryo lengthadous days post insemination

Day Bo B: R® P-value (B1)
0 8.54 (1.14) -5.79(2.88)  0.06 0.04
4 3.02 (1.62) 1.97 (0.78) 0.10 0.01
5 2.25 (1.82) 1.41 (0.53) 0.11 0.01
7 1.74 (2.06) 0.84 (0.33) 0.10 0.01
15 2.13 (2.40) 0.40 (0.21) 0.06 0.05
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Differential feeding Differential feeding
-Control (CON) -Control (High)
-N-3 PUFA (-N-3PUFA ) -Restricted (Lowv; 0.6M)

| [ l

P4 -D456710141516

D-30 D-28 D-14 D-3 DO D16 D30
Blood / Pre — PG1Blood PG2 Al Slaughter!  pregnancy Scanning

Supplement Embryo recovery

Figure 1. Experimental design. Animals were offered eithecoatrol (n=93) or n-3
PUFA (n= 92) supplemented diet for 28 days prioAto On the day of Al animals
were further assigned within original dietary treant to either a high or low plane of
nutrition until Day 16 (slaughter; n=92) or 30 (gpnancy diagnosis; n= 87) of

pregnancy.

42



Highlights

Dietary supplementation of beef heifers with n-3 PUFA increased plasma concentrations of
n-3 PUFA and IGF-1 and led to larger embryos 16 days after insemination. However this did
not result in improved pregnancy rates.

There was evidence for a reduction in the hepatic expression of some key genes coding for
enzymes involved in progesterone degradation in heifers supplemented with n-3 PUFA.
Offering a nutrient restricted diet directly after insemination reduced systemic
concentrations of IGF-1 and embryo length, increased progesterone concentrations during
the mid to late luteal phase but did not affect pregnancy rate



