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INTRODUCTION

A cost-effective way to increase productivity
measured as kg lamb weaned per ewe, from sheep
farming is to increase lambing percentage.
However, late fetal and early neonatal twin lambs
have reduced body weight (McCoard et al., 2000)
and ~20% less skeletal muscle mass than singletons
(McCoard et al, 2001) with carryover effects on
post-natal growth performance (Afolayan et al.,
2007; De Blasio et al., 2007), and thus profits.
Increased knowledge of the impact of nutrition and
other environmental factors on the mechanisms
regulating fetal growth, in particular skeletal muscle
growth, is essential in order to develop new
strategies to enhance meat production performance.

Intracellular free (non-protein bound) amino
acids (FAA) serve as regulators of key metabolic
and cell signalling pathways necessary for
maintenance, growth, reproduction and immunity
(Wu, 2009). For example, arginine has an important
role in the regulation of nutrient metabolism (Tan et
al., 2008; Kim & Wu 2009). In pigs arginine-
supplementation increases muscle protein synthesis
(Yao et al., 2008) and bodyweight gain (Kim & Wu
2004). However, the mechanisms of action of
arginine on muscle growth are largely unknown.
Furthermore, in ruminants the association between
intracellular FAA profiles and phenotypes, such as
muscle mass, has not been explored.

We hypothesised that the smaller muscle mass
of twins compared to that of single late gestation
fetuses would be associated with differing
concentration of intracellular FAA in skeletal
muscle. If that is the case, specific amino acids (AA)
might be identified that are limiting fetal skeletal
muscle growth.

MATERIALS AND METHODS

All procedures involving these animals were
carried out in compliance with the guidelines of the
Massey University Animal Ethics Committee.

Skeletal muscle tissue samples from single and
twin fetal lambs at 140 days of gestation were
sourced from a subset of animals used in a larger
study. Details of the animals and experimental

conditions have been published elsewhere (Firth ef
al., 2008; Kenyon et al., 2009). Both single and
twin-bearing ewes were fed on a maintenance
pasture-only nutritional regimen from Day 21 post-
insemination until 140 days of pregnancy and
grazed such that total increase in maternal body
weight during pregnancy approximately equalled
the expected conceptus mass at term, that is the
ewes maintained a conceptus-free weight.

At Day 140 of pregnancy, five twin bearing
ewes and ten singleton-bearing ewes were
euthanised. Fetal sex, weight and crown-rump
length were recorded and the M. semitendinosus was
excised, weighed and snap frozen in liquid nitrogen
and stored at -80°C until analysis. Nine samples
were obtained for each litter size group. Samples of
approximately 120 mg of tissue were analysed for
FAA concentrations using lithium-based high-
performance liquid chromatography as described by
Pacheco et al. (2010).

Differences between singletons and twins were
defined by performing an analysis of variance, using
the MIXED procedure in SAS, Version. 9.1 (SAS
Institute, Cary, North Carolina, USA). Several
models were tested, which included litter size
(singleton vs. twins), sex of the fetus (male vs.
female) and the interaction between main effects.
Ewe live weight was included as a covariate.
Results reported herein are those from the most
parsimonious model, containing only litter size.

RESULTS

Ewe live weight did not differ between single
and twin-bearing ewes. Twin fetuses had a smaller
(P <0.001) crown-rump length, body weight and M.
semitendinosus weight than their single counterparts
(Table 1).

For all AA, there were no significant (P >0.05)
interactions between litter size and sex of the fetus.
For essential AA, the absolute intracellular
concentrations (umol/g tissue) of arginine, histidine,
glutamine and valine were less (P <0.01) in twins
compared to singletons, while methionine was
greater (P = 0.01) (Table 2). For non-essential AA,
the concentrations of alanine, proline and tyrosine
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were less in twins (P <0.05), while the concentration
of glycine was greater (P <0.01) (Table 2). The
relative concentrations (g/100 g total AA) followed
similar patterns as those described for the absolute
concentrations, as the total AA concentrations did
not differ between single and twin fetal lambs.

DISCUSSION

Intracellular FAA concentrations are the result
of complex interactions involving protein synthesis

Pacheco et al. - Amino acids in ovine skeletal muscle

extracellular fluids, and trans-membrane transport.
Nevertheless, the concentrations of FAA themselves
have been described as regulators of intracellular
metabolic pathways (Haussinger et al., 1996). This
is the first report of differences in the concentrations
of intracellular FAA in ovine skeletal muscle tissue
of single and twin fetuses. The preliminary findings
reported herein indicate that the reduced M.
semitendinosus mass in the late gestation twin fetus
is not associated with reduced overall AA
availability. Rather, reduced muscle mass in twin

and  degradation, FAA  concentrations in lambs is associated with reduced intracellular

concentration of specific AA

namely, arginine, alanine,

TABLE 1: Mean =+ standard error of mean for effect of litter size on histidine, proline, tyrosine and
crown-rump length, live weight and M. semitendinosus weight in valine.

single and twin fetal lambs at 140 days of gestation. Previous studies have

Measurement Singles' Twins’ P value reported  that  fetal  growth

Ewe data restriction during late gestation in

Ewe live weight (kg) 699+ 1.4 720+ 1.5 0312 sheep, resulting from maternal

Foetal data nutrient restriction, is associated

Crown-rump length (cm) 61.1+0.6 548+09  <0.001 with reduced concentration of all

Fetal Wfaight.(kg) . 6.4+0.2 48+0.1 <0.001 FAA in fetal plasma and amniotic

M. sem{tend.mosus weight (g) . 11.4+04 6.6+0.5 <0.001 and allantoic fluids (Kwon ef al.

M. semitendinosus (% of foetal weight)  0.18 £ 0.01 0.14+£0.01 <0.001 ’

2003, 2004). Similar results have

"Ewe data n = 10, Fetal datan = 9.
’Ewe data n = 5, Fetal datan = 9.

TABLE 2: Mean =+ standard error of mean of the concentration
(umol/g tissue) and the relative change (%) of intracellular free amino
acids in the semitendinosus muscle from nine single and nine twin

fetal lambs at 140 days gestation. ND = Not detected.

been reported for growth-restricted
human fetuses (Cetin ef al., 1996).
Therefore, while total
concentrations of FAA in the
plasma is likely to be important for
overall fetal growth, the results of
the present study suggest that

Twin vs Single

Amino acid Single Twin P-value o0 skeletal muscle growth does not
depend on total FAA levels.
Total amino acids 314+1.6 30.1+£0.7 0.456 - Rather, a decrease in the
Essential amino acids concentration of a few specific AA
L-Arginine 0.82+0.06  0.45+0.04  <0.001 1 46% known to be involved in the
L-Glutamine' 6.80+0.18 591029  0.017 113% regulation of muscle protein
L-Histidine 0.38 +0.07 0.12+0.03 0.003 1 67% synthesis, notably arginine,
L-Isolel..lcine 0.04 £0.01 0.03+£0.01 0.006 - glutarnine, histidine and alanine,
L-Leu'cme 0.09 +0.02 0.08 £0.01 0.618 - indicate that these AA may have a
L-Lysine 0.19+0.02 0.18+0.02 0.847 - . letal muscle
L-Methionine 0.12+0.01 0.18+0.02 0.012 155% regUIatOW role in ske .e
L-Phenylalanine 0.09+0.01 0.08 = 0.01 0.505 - grOWth .m grOWth_rGStrl.C ted lambs.
L-Threonine 318+033  326+0.13  0.834 - Interestingly, intracellular
L-Valine 026+0.03  0.15+0.01  0.001 152% concentrations ~ of  leucine, a
Non-essential amino acids potential ~stimulator of muscle
L-Alanine 3802024 274017 0003 128% protein synthesis in pigs (Suryawan
L-Aspartic acid 094+004  087+004 0153 ) et al., 2008) d}d not differ betwc?en
L-Asparagine 0.06 = 0.01 0.03+0.01 0248 ) single and twin lambs, suggesting
L-Citrulline ND 0.11 +0.05 0.036 i} that the effects of individual AA on
L-Cystathionine ~ 0.31+0.08  0.30+0.14  0.950 - skeletal muscle protein synthesis
L-Glutamic acid ~ 3.02+0.21 3.30+£0.28 0.443 - may be species-specific. The
L-Glycine 3.12+£023  432+£030  0.007 138% mechanisms involved have not been
L-Ornithine 024+0.02  0.29+0.03 0.264 - defined, but are likely to involve
L-Proline 0.68 +0.07 0.41 +0.05 0.007 1 40% AA signaling pathways such as the
L-Taurine 7.14+£0.83  7.27£0.58  0.901 - nutrient-sensing mechanistic target
L-Tyrosine 0.13 +0.02 0.09 +0.01 0.025 135%

of rapamycin (mTOR) pathway

"' L-Glutamine is a conditionally essential amino acid in neonates.

(Liao et al., 2008).
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Collectively these results highlight the potential
importance of intracellular FAA levels for
regulation of muscle growth, and provide some
insights into which individual AA may be limiting
for muscle growth in fetal lambs. Further research is
required to confirm if the findings reported herein
apply to other conditions with differential muscle
growth, as well as detailed investigation on the
cause-effect relationships between intracellular FAA
and muscle growth. Increased knowledge of the
impact of nutrition and other environmental factors
on the mechanisms regulating fetal growth is
essential in order to develop new strategies to
enhance production performance in sheep farming.
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