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Polyethylene glycol reduces the net flux of
branched-chain amino acids across the mammary
gland in ewes fed sulla®
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ABSTRACT

Six lactating ewes were orally drenched each day with polyethylene glycol to remove the effects of
the condensed tannins in sulla (Hedysarum coronarium) and six other ewes (control) received a drench
of water. The treatments were started 28 days prior to the measurement period. At week 6 of lactation,
net absorption of branched-chain amino acids in the mesenteric vein was not affected by PEG. Valine
and leucine were released by the liver in the PEG ewes and extracted in the control ewes. The net
mammary uptake of isoleucine and leucine was lower in the PEG ewes.
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INTRODUCTION

A moderate concentration of condensed tannins (CT) in the diet can reduce the
degradation of dietary protein in the rumen (McNabb et al., 1996) and can increase
the apparent intestinal absorption of essential amino acids (EAA), especially
essential branched-chain AA (BCAA; Bermingham et al., 2001). Uptake of
BCAA by the mammary gland is usually in excess of that required for milk
protein synthesis and this excess is used for other important mammary functions
such as the synthesis of non-essential AA (Pacheco et al., 2003). Increased milk
production and protein concentration was observed in ruminants fed fresh CT-
containing forages, suggesting that these legumes may have potential as forages
for improving dairy production (Woodward et al., 1999).

Our hypothesis was that the CT in sulla (Hedysarum coronarium) would
increase the partitioning of BCAA to the mammary gland in lactating ewes.
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Polyethylene glycol (PEG) binds and inactivates CT and the effects of CT can
be elucidated by comparing the net flux of BCAA across the mesenteric-drained
viscera (MDV), portal-drained viscera (PDV) and liver of ewes fed fresh sulla
and dosed with PEG with that of ewes that had not received PEG (CT active).

MATERIAL AND METHODS

Two weeks postpartum, twelve ewes were prepared with catheters in the
mesenteric artery and in the mesenteric, portal and hepatic veins (Huntington
et al., 1989) and a transonic flow probe (6R) was fitted around the pudic artery
to measure mammary blood flow. A catheter was also inserted into the caudal
superficial epigastric (mammary) vein two days prior blood sampling. All ewes
were then offered fresh sulla (1500 g DM d'; 80 g CT d). Six ewes were orally
drenched each day with PEG (160 g d! in water; CT inactive) to remove the
effects of CT and six ewes (Control; CT active) received a drench of water.

Six weeks postpartum, sodium para-aminohippurate (pAH) was infused for
7 h into the mesenteric vein to measure blood flow across the total splanchnic
tissue (TSP = PDV + liver; Huntington et al., 1989). Mammary blood flow was
measured continuously during this period. Plasma was obtained from blood
samples collected from the blood vessels mentioned previously for measuring
AA (Pacheco et al., 2003) and pAH concentration (Huntington et al., 1989). One
control ewe died for reasons not related to the treatment. Plasma flow and net
BCAA flux results were subjected to the SAS GLM procedure according to a
block design. Treatment differences were declared as significant and trend at a
probability less than 0.05 and 0.10, respectively.

RESULTS

The plasma flows across the MDYV, PDV and TSP were similar between
treatments (Roy et al., companion paper) but there was a trend for reduced
mammary blood flow in the PEG ewes (Control: 362 vs PEG: 260 (SED 40) mL/
min). The concentration of BCAA in all blood vessels tended to be lower in PEG
ewes, but this was significant (or trend) only for mesenteric artery, mesenteric
and portal veins (except for leucine, Table 1). The net appearance of BCAA in the
mesenteric drainage was not affected by PEG. Lower net appearance of BCAA in
the portal vein was observed in PEG ewes but this was not significant (Table 1).
Inflow of BCAA to the liver was lower in PEG ewes (data not shown, P<0.10).
All of the BCAA were released by the liver in the PEG ewes and extracted in the
control ewes significantly for valine and leucine (Table 1). A similar net release of
BCAA by the TSP was observed with both treatments. The net uptake of BCAA
by the mammary gland was lower in the PEG ewes (Table 1).
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Table 1. Effect of polyethylene glycol on the partitioning of branched-chain amino acids across the
mesenteric-drained viscera (MDV), portal-drained viscera (PDV), liver and total splanchnic tissue

(TSP) in lactating ewes fed sulla’

Treatments
SED Probability
PEG,n=6  control, n=5
Valine concentration, umol/L
mesenteric vein 269.4 315.5 15.5 0.06
portal vein 1743 2259 18.3 0.07
hepatic vein 176.6 216.4 17.1 0.12
mesenteric artery 153.8 198.5 17.3 0.09
mammary vein 84.6 111.4 14.1 0.18
Isoleucine concentration, pmol/L
mesenteric vein 147.3 177.3 11.4 0.08
portal vein 81.0 107.1 9.9 0.08
hepatic vein 79.7 101.8 9.2 0.11
mesenteric artery 64.7 88.0 8.5 0.08
mammary gland 24.6 36.1 6.0 0.18
Leucine concentration, umol/L
mesenteric vein 141.9 172.4 17.7 0.14
portal vein 68.7 98.5 7.1 0.01
hepatic vein 69.7 90.8 6.6 0.04
mesenteric artery 52.7 76.6 5.6 0.01
mammary vein 13.5 243 33 0.04
Net valine flux, umol/min
MDV -83.1 -93.8 18.8 0.68
PDV -42.4 -59.4 7.9 0.15
liver -33 19.3 6.6 0.03
TSP -45.7 -40.1 7.8 0.61
mammary gland 17.8 25.3 33 0.11
Net isoleucine flux, umol/min
MDV -55.9 -70.9 12.4 0.39
PDV -33.9 -41.9 6.4 0.38
liver 93 7.5 10.1 0.25
TSP -43.2 -34.3 13.0 0.62
mammary gland 10.0 16.7 2.1 0.04
Net leucine flux, umol/min
MDV -62.7 -75.1 15.2 0.56
PDV -33.7 -47.9 6.8 0.16
liver -12.3 15.9 11.1 0.09
TSP -46.0 -32.0 15.5 0.52
mammary gland 10.2 19.0 2.9 0.05

! positive values indicate net uptake and negative values, net production from the organ
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DISCUSSION

Our study shows that the intra-luminal addition of PEG to lactating ewes fed
a CT-containing plant sulla decreased the net uptake of BCAA by the mammary
gland. This effect of PEG does not seem to be due to a lower TSP release of BCAA.
Despite the portal absorption of valine and leucine being 40% higher without
PEG, the liver appeared to extract most of the additional inflow. This result does
not support higher BCAA concentration found in the peripheral circulation of the
control ewes. Higher mammary plasma flow and peripheral BCAA concentration
could explain the elevated mammary uptake in control ewes (CT active). This
agrees with results showing that BCAA are taken up by the bovine mammary
gland not only for milk protein synthesis but also for oxidation or synthesis of
metabolites important for mammary function (Pacheco et al., 2003).

The trends observed with our absorption data are in agreement with previous
results where the apparent intestinal BCAA absorption was higher in control
sheep compared to PEG (CT inactive) sheep (Bermingham et al., 2002). Higher
variation associated with the measurement of the MDV flow might have prevented
the detection of significant differences.

CONCLUSIONS

These results establish that intra-luminal addition of PEG to lactating ewes fed
the CT-containing plant sulla decreased the net uptake of BCAA by the mammary
gland by, at least partly, down-regulating mammary blood flow.
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