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ABSTRACT

Fish oil and linseed are concentrated sources of n-3 polyunsaturated fatty acid: fish oil contains a higher proportion of long
chain polyunsaturated (LCP) whereas linseed contains their precursors (I-linolenic acid, ALA). The inclusion of LCP in the
maternal diet can influence the fatty acid composition of offspring tissues and the postnatal expression of A% and AS-
desaturase, thus improving the quality of animal products. The aim of this study was to check whether the maternal
dietary supplementation of n-3 fatty acids (ALA or LCP) affected the gene expression and activity of AS-desaturase in the
liver of suckling rabbits. Thirty New Zealand White rabbit does belonging to 3 experimental groups were studied: control,
10% of linseed (ALA) and 3% of fish oil (LCP). Two pups per does were killed at two different ages: 0 (T0) and 20 days
(T20) and the liver was sampled for subsequent analysis. At birth day (T0) the enzyme activity and the gene expression of
pups was lower in the linseed group compared to the others (P<0.05). After 20 days of lactation the mRNA expression
was upregulated in the offspring liver of ALA group, whereas the enzyme activity didn’t show significantly differences. Our
study suggested that the main effect on liver mMRNA expression and the activity in the rabbit pups was mainly due to the
LCP supply in maternal milk. The epigenetic effect of maternal diet on rabbit pups was not clear probably related to the
relatively low dietary LCP amount administered.

K ey words: Rabbit,A>-desaturasenRNA expression, Long-chain polyunsaturated fatfigls, Liver
metabolism

INTRODUCTION

The current human consumption of eicosapentae®®&\( 20:5n-3) and docosahexaenoic (DHA, 22:6n-3)
fatty acids in many western countries is only 25%he recommended daily intake (Givens and GibB8382
Fish is the most concentrated source of long-clpailyunsaturated fatty acid n-3 (LCP) but the curren
technique of fishing and aquaculture are becomingenand more unsustainable. Further, changingabe f
habits of humans is a very difficult goal and tlestivay to enhance the intake of LCP is to incréasdevels

of LCP in a wide range of terrestrial foods. Theinmstrategy to enlarge the amount of EPA and DHA in
animal products is the inclusion of fish oils ardeed @-linolenic acid, ALA) in the diet (Toral et al., 28,
Wang et al., 2012). The latter approach is moréageble but requires an efficient conversion ofAAinto
LCP; namely a high\®-desaturaseA®) and A>-desaturaseAf) efficiency. The inclusion of LCP in the
maternal diet can influence the fatty acid compasibf offspring tissue¢Lauridsen and Jensen, 2007) and
the postnatal expression af andA® (Neuringer et al., 1988; Xiang et al., 2006, Deel@n et al., 2013)
Accordingly, it's a way for programming the EPA alHA contents in the animal foodstuffs. To our
knowledge, no studies have been performed on feetefof dietary LCP supplementation during pregyan
on A® metabolism of rabbit progeny. The objective okthiudy is to determine whether the maternal dietar
supplementation of n-3 fatty acids (linseed or fish affects the liverA® gene expression (FADS2) and
desaturating ability of suckling rabbits.
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MATERIALSAND METHODS

Animals and experimental design

A total of 30 New Zealand White rabbit does beloggio the three experimental groups were studied.
Rabbits were housed in cages of the Research Gafntine University of Perugia (IT). Each group cstexl

of 10 rabbits with different diet (Table 1): Cortréed ad libitum with the standard diet; Fish oil, fed the
standard diet containing 3% of fish oil (Nordos®nseed, fed the standard diet added with 10% tfidrd
linseed.

Two pups per does were killed at twoTlable 1: Chemical composition (9 and nutritional value cdiets

different ages: 0 (T0) and 20 days (T2Q). Diets
The liver was quickly excised with _ Control __ Fish oil Linseed
sterile scissors (about 1 g imbibed in %r”de protein 16.91 16.11 16.32
. . ther extract 4.93 5.03 4.72
volumes of RNAlater - Sigma, Milan, - qe fiver 15 40 15 44 1558
Italy). After 1 day at +4°C RNAlater was pqp, 8.21 8.59 8.78
removed and samples placed -80°C unti{pr 31.37 30.91 31.34
analysis. The rest was stored at -20 °@GDF 18.04 18.00 18.16
for subsequent enzyme activity analysis.ADL 4.98 5.03 5.09
Cellulose 13.06 12.91 13.18
Chemical Analyses Hemicellulo;es . 13.33 12.97 13.07
Total RNA was extracted from rabbifEstlmated digestible Energy**(MJ) ** 2.50 2.38

. . . . *% H
liver using Mldlprep System (Promega, According to Maertens et al., 1988

Italy -PureYield™ RNA). RNA was reverse transcribietb cDNA and an aliquot was amplified with GoTaq
Polymerase (Promega) to perform PCR (Thermal Cydgcycler, Biorad). The primer was (FADS2 sense +
antisense) designed on the basisQfyctolagus cuniculus FADSBene sequence (Genebank database
XM_002721017.1). The PCR product was then clon&E(T-Easy cloning vector system, Promega, Italy)
and sequenced in both directions (One Step TagMRBR). Data were collected with StepOne Sequence
Detector Program. Microsomes were isolated from @& dresh rabbit liver by standard methods. TAfe
desaturase activity was estimated by measuringuteunt of [1:'C]18:4n-3 produced from [1'C]18:3n-3
(Perkin Elmer) in a buffer A (4mM ATP, 0.1mM CoA,2bmM NADH, 0.5mM nicotinmide, 5mM MgGl|
62.5mM NaF, 1.5mM GSH and 35 of unlabeled fattylaonol substrate). For each sample, about 3nmol [1-
11C]18:3 n-3 were blended with 30nmol of unlabelettiyfacid. The distribution of radioactivity betwete
substrate and the product af-desaturase activity was determined by thin-laygomatography (10% w/w
AgNO; silica gel plates, SiliCycle, Canada). Methyl estef 18:3n-3 and 18:4n-3 were spotted near the
labelled FAME to identify reaction product. Platesre developed in hexane/diethyl ether (2/3, vih)e
spots were identified under UV light with 0.2% (W/ef 2',7’-dichlorofluorescein in ethanol. Radiomet
spots were identified by Istant Imager (Packard) aoraped off directly into the scintillation viagnd
counted for radioactivity with 4mL of scintillatioflour by using a scintillation analyzer (Tri-caRackard,
model 1600 CA).

Statistical Analysis
Statistical analysis was performed using one-waglysis of variance (STATA 2015, proc ANOVA) and
Bonferroni test was used to analyse the signifieafdifferences (P<0.05).

RESULTSAND DISCUSSION

Fish oil and linseed are good sources of polyumatdd fatty acids (PUFA) of n-3 series. Fish oil is
particularly high in LCP (3.60%), while linseedhgh in ALA (30.56%) (Table 2), which is the presar for
the biosynthesis of LCP (Cleland et al., 2003).

Many studies have shown that prenatal nutritionailtars the epigenetic regulation and the PUFA exunof
cell membranes in the offspring (Burdge et al.,0However, Hoile et al. (2013) have demonstrébed the
modulation of fatty acids metabolism in rodent newls depends on LCP series and the amount (fromn 3 t
21% w/w) of dietary fat eaten by pregnant animiur study, at birth day (TO) the liver activiflyigure 2)
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and the gene expression (Figure 1) of pups wasrlowthe linseed group compared to the others fogba
due to the higher affinity ok®for LA than ALA (Portolesi et al., 2007).

Table 2. Main fatty acid composition (% of total FAME) ofads (n=3)

Diets
Fatty acids Control Fish oil Linseed Pooled SE
SFA 19.76b 18.42a 18.54a 0.32
MUFA 18.46b 16.55a 17.14a 0.86
C18:2n-6 38.93b 32.08a 33.27a 1.26
C18:3n-6 0.01 0.02 0.01 0.02
C20:3n-6 0.14 0.04 0.05 0.02
C20:4n-6 0.19 0.11 0.09 0.08
PUFA n-6 39.27b 32.25a 33.42a 1.30
C 18:3n-3 22.18 29.18b 30.56b 1.46
C20:5n-3 0.18 1.01B 0.17A 0.12
C21:5n-3 0.01 0.09 0.01 0.08
C22:5n-3 0.02A 0.34B 0.09A 0.03
C22:6n-3 0.11A 2.16B 0.07A 0.21
LCPn-3 0.32A 3.60B 0.34A 0.28
PUFA n-3 22.51A 32.78B 30.90B 1.92
n-3/n-6 0.57a 1.02b 0.92b 0.32

Means in the same row with different letters difggnificantly (P< 0.05 or P<0.01 small or blockées, respectively).
LCP: long chain polyunsaturated fatty acid2qC).

Many studies have shown that prenatal nutritionaitars the epigenetic regulation and the PUFA exunof
cell membranes in the offspring (Burdge et al., ®0However, Hoile et al. (2013) have demonstréted the
modulation of fatty acids metabolism in rodent newls depends on LCP series and the amount (fromn 3 t
21% w/w) of dietary fat eaten by pregnant animiur study, at birth day (TO) the liver activiflyigure 2)
and the gene expression (Figure 1) of pups wasrlowthe linseed group compared to the others fogba
due to the higher affinity of®for LA than ALA (Portolesi et al., 2007).

This hypothesis is further sustained by assessiageffect of PUFAN-3 supplementation in sucklinghits
(Figure 1, 2; T20). Indeed, in spite the materndk mrovided a high proportion of ALA (linseed) @CP
(fish oil) to suckling rabbits (data not showneit\® enzyme activity was not significantly different.

FADS2 mRNA expression at T20, unlike of enzyme\dtsti was upregulated in the linseed group (Figlire
There is emerging evidence which suggest®iadirect correlation between mRNA expression pratein
translation rate, since many other post-transomgti mechanisms are involved (Schwanh&usser 204L).
The effect of fish oil on FADS2 expression is inregment with the data of literature on other specie
Matsuzaka et al., (2002) has showed a repressidipagfenic enzyme-encoding genes by LCP, and, most
recently, Hoile et al. (2013) has demonstratedgatieely correlation with the promoter methylaticate of
CpGs sites in FADS2 gene. Dietary-induced changethé fatty-acid metabolism could be the result of
activation/inhibition of A°® enzyme expression, operated by n-3 fatty acidsygtr the regulation of
transcription factors (Deckelbaum et al., 2006).

However, it remains unclear, why in newborn rablotsmothers fed fish oil (Figure 2, TO), the enzyme
activity was almost 3 times higher than linseedugr¢145.53 vs 54.87 pmol in 30min/mg protein, P§R.0
With respect to the dietary manipulation duringtgtsn, some authors suggested that only small atnaiu
the dietary fatty acids can be transferred to ¢ietus and then modulate the liver lipid metabol{Ramsay et
al., 1991). The total lipid percentage of rabbétgiwas relatively low in all the diets (Table ajd probably
the PUFA amount provided was not sufficient to matiutheA® activity and expression of offspring trough
epigenetic regulation of FADS2.

CONCLUSIONS

The main finding of our study is that the dietanpglementation of n-3 fatty acids (precursor/prasluon
prenatal period affected the fatty acid metabolisf offspring mainly during lactation. The dietary
supplementations influenced the pups’ mRNA expogsbut not the\® enzyme activity, where the effect of
the competition by LA (preferential substrate) aégher. The epigenetic effect of rabbit maternetaly was
unclear. Further study was necessary to elucitaamount of LCP necessary to produce the moduolafio
lipid metabolism in rabbit offspring.
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Figure 1. and 2. A°-desaturase expression (1; mRNA copies / ng of Rits) and enzyme activity (2; pmol
in 30 min / mg potein) in suckling rabbits (meaad: n=20/group) of different ages and with diffdrdiets
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