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PRELIMINARY DESCRIPTION OF SWAINSOININE FLUX ACROSS OVINE SPLANCHNIC TISSUE1
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ABSTRACT:  Three trials were conducted to investigate the acute effects of swainsonine administration on ovine portal and hepatic vein and hepatic artery blood flows, and on portal-drained visceral, hepatic and total splanchnic flux of swainsonine.  Sixteen wethers (BW = 60.2 + 3.2 kg) fitted with hepatic, portal and mesenteric vein, and mesenteric artery catheters were assigned to either a .2 or .8 mg(kg BW-1(d-1 swainsonine treatment (.2MG and .8MG, respectively).  Treatments were delivered by dosing with a liquid swainsonine extract mixed with molasses. Simultaneous arterial and venous blood samples were collected at 1.5 h intervals from h 0 to 12 and at 3 h intervals from h 12 to 24.  Treatments were administered immediately after h 0 collection.  Blood flows were estimated by continuous infusion of p-aminohippurate, and swainsonine flux was calculated as the difference between venous and arterial concentrations x blood flow. Arterial, hepatic, and portal blood flow in both treatments reached a maximal rate between h 1.5 to 4.5 and steadily declined thereafter. Arterial, portal and hepatic swainsonine concentrations peaked by h 4.5 and 6, and subsequently plateaued for the remainder of the sampling period. No treatment differences were observed for flux of swainsonine across splanchnic tissues throughout the sampling period.    Within sampling site, swainsonine concentrations were different between treatments at sampling times h 3 to 7.5 and h 10.5 to 24 (P < .05) for artery and portal and hepatic veins.  Overall artery, hepatic vein and portal vein swainsonine concentrations for .2MG and .8MG treatments were .046, .064 and .052, and .158, .165 and .167 ug swainsonine(mL-1, respectively.  This data represents a preliminary descriptive analysis of swainsonine flux across ovine splanchnic tissues. Further analysis will be conducted to quantitatively describe acute differences in swainsonine flux of varying levels of swainsonine consumption in sheep.
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Figure 1.  Appearance of swainsonine in portal (PV) and

hepatic (HV) venous and arterial (ART) plasma

following acute dose of either .2 (.2MG) or .8 (.8MG) mg
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Introduction
Swainsonine, an indolizidine alkaloid, is the primary toxicant found in locoweeds (Molyneux et al., 1982).  Toxic effects of this compound are elicited through inhibition of (-mannosidase enzymes (Tulsiani et al., 1982). Swainsonine readily inhibits Golgi mannosidase II resulting in alteration of glycoprotein processing (Winkler and Segal, 1984). Our lab has recently shown that swainsonine ingestion induces alterations in serum total Fe and alkaline phosphatase within 24 h after initial consumption (Vogt et al., 1999; Taylor et al., 2000).  Transferrin from rats treated with swainsonine for 6 h demonstrated a decrease in serum half-life, as well as an accelerated rate in transfer of iron to hepatic tissue (Hu et al., 1992).  Likewise, duodenal explants treated with swainsonine released an alkaline phosphatase protein that had altered affinity for lectin when compared to protein from nontreated explants (Koyama et al., 1986).  Combined with our results discussed above this verifies an acute toxic effect of swainsonine mediated through glycoprotein alteration. Limited data is available on the effects of swainsonine on nutrient metabolism.  Some nutrient regulator and transporter proteins are suggested to be glycosylated (Mailliard et al., 1995).  Splanchnic tissues are highly dependent upon many different transport and regulatory proteins.  Given the inhibitory nature of swainsonine and supporting evidence that swainsonine can rapidly alter glycoprotein concentrations, behavior and activity, we hypothesize that swainsonine could affect functions involved in absorption, transfer and metabolism of nutrients during acute swainsonine exposure.  The objectives of this trial were to evaluate the initial effects of acute swainsonine exposure on blood flow and flux across splanchnic tissues and appearance of swainsonine in venous (portal and hepatic) and arterial plasma.

Materials and Methods

Experimental.  Two trails were conducted utilizing sixteen wethers (BW = 60.2 + 3.2 kg) surgically fitted with chronic indwelling catheters in the hepatic, portal and mesenteric veins, and the mesenteric artery (Hunington et al., 1989).  Animals were housed individually in metabolism crates (130 cm x 46 cm) at the Nutrition and Physiology Building of New Mexico State University, Las Cruces, stratified by BW and randomly assigned to one of two treatments.  Treatments were .2 (.2MG) and .8 (.8MG) mg of swainsonine(kg of  BW-1.  Swainsonine was delivered by dosing each animal with a swainsonine extract mixed 1 to 1 with molasses.  Swainsonine extract was prepared by boiling ground locoweed (1 mm; O. sericea and O. lambertii) in methanol for 24 h.  Liquid fraction was filtered and methanol was boiled off.  Resulting contents were vigorously mixed with distilled water (1:9) and centrifuged at 3000 x g for 30 min to separate the lipid and water soluble fractions.  Water soluble fraction was removed and analyzed for total swainsonine content using an (-mannosidosis enzyme inhibition assay (Taylor et al., 2000).  Feed was provided in metal feeders, and water (ad libitum) via automatic watering systems attached to the crates.  Animals received a 7 d dietary adaptation period followed by a 24 h swainsonine treatment period. A basal diet (1.7% BW DM basis) of blue grama hay was fed during the adaptation and treatment periods.  Diets were formulated to meet maintenance (TDN, CP) requirements (NRC, 1985) and were isonitrogenous and isocaloric.  During the 24-h treatment period, swainsonine extract was delivered immediately before hay was offered. Locoweed (bud and flower stages) used for swainsonine extract was collected as whole plants near Clayton, NM, allowed to air dry, and stored until use. Animal use was approved and followed the guidelines of the Institutional Animal Care and Use Committee (#97-0001, 99-0001).

Sampling.  Simultaneous arterial, portal and hepatic blood samples were taken prior to swainsonine administration (h 0); immediately following, like samples were taken every 1.5 h from h 0 to 12 and every three hours from h 12 to 24.  Catheter patency was maintained by flushing catheters with heparinized (100 U(mL-1) saline between sampling intervals.  Blood flows were measured by the downstream dilution of a primed (20 mL) continuous infusion (.65 mL/min) of filtered (.22(m) P-aminohippurate (PAH; 5% wt(vol-1, pH = 7.4).  At each sampling time point, 10 mL of portal, hepatic and arterial blood was obtained and immediately transferred to individual tubes containing heparin (40 (L, 1000    U(mL-1).  Blood was centrifuged (1500 x g, 30 min) and plasma was aliquoted to 2 mL polypropylene tubes and stored (< 200C) for subsequent analysis.  Plasma was analyzed for PAH (Huntington, 1982) and swainsonine (Taylor et al., 2000).  

Calculations and Statistics. Portal, hepatic and arterial blood flow rates, as well as constituent flux were determined as previously described (Krehbiel et al., 1992). Data from the two trials were combined and analyzed as a completely randomized block design with trial serving as the blocking factor. Data were analyzed by split-plot ANOVA for repeated measurements (Gill and Hafs, 1971).  The model included the effect of treatment, trial and treatment x trial interaction in the main plot and the effect of time and time interactions in the subplot.  Treatment effects and treatment x trial interaction were tested using animal within treatment x trial as the error term. Mean separations were performed using t-tests with P < .05 considered significant.  Sampling times h 0 to 7.5 and h 9 to 24 were analyzed separately.  All analyses were conducted using General Linear Models of SAS 6.12 (1995).

Results and Discussion

Portal, hepatic and arterial plasma swainsonine was detected in the .8MG treatment within 1.5 h and in the .2MG treatment 3 h after swainsonine dose (Figure 1).  Our current minimal swainsonine detection level is .025 ug/mL; therefore, swainsonine could have appeared at h 1.5 in the lower treatment.  In the .8MG treatment, plasma swainsonine levels steadily rose at all sampling sites until h 7.5 and reach peak plasma concentrations from h 10.5 to 12.   For the .8MG treatment, all time points (except h 9 for portal and hepatic) were different (P < .02) from the initial time of swainsonine detection (h 1.5) in venous and arterial blood.  Furthermore, swainsonine concentrations began to significantly (P < .003) decline by h 21 in portal venous plasma when compared to h 10.5.  Plasma swainsonine concentrations in the .2MG treatment were not different from the initial detection time point (h 3) and remained constant in both venous and arterial plasma.  Within sampling site, treatments were different (P < .02) at all time points when swainsonine was detectable except at h 9 treatments did not differ (P = .14).  This early detection of swainsonine confirms previous studies indicating that serum swainsonine can be detected between 3 and 6 h following consumption of locoweed (Vogt et al., 1999).   The earlier detection of swainsonine in the current study could be due to the use of a swainsonine extract instead of locoweed.

A time x treatment interaction was detected for arterial and venous blood flows from h 0 to 7.5, but not from h 9 to 24.  Flux of swainsonine across splanchnic tissues was similar (P < .05) between treatments throughout the trial.  Main effect blood flow and flux treatment means for h 0 to 7.5 and h 9 to 24 are presented in Table 1.  Treatment differences occurring within time for blood flows are presented in Figures 2, 3 and 4.  Portal blood flow increased (P < .05) from h 0 to 1.5 and slowly declined thereafter in the .8MG treatment group.  Since hepatic arterial flow rates are calculated from portal and hepatic blood flow rates, similar flow rates are observed for each site.  In contrast to the .8MG treatment, the .2MG group exhibited opposite shifts in flow rates from h 0 to 4.5.  These opposing results cannot be explained at this time.  During the earlier part of the trial, difficulties with PAH infusion occurred, thus possibly contributing to the unexpected and opposite response detected.

Conclusion

As expected, no differences were observed in flux of swainsonine across splanchnic tissues.  Although glycoproteins are a vital component of the endothelial, renal, hepatic, and cardiac tissues, alteration of these proteins to induce an acute effect on blood flow would be minimal when compared to destruction of these tissues by swainsonine during subacute and subchronic exposure. The data presented herein are a preliminary description of the acute appearance of swainsonine in splanchnic plasma and subsequent flux across tissues in sheep dosed with swainsonine.  Although no differences were observed between treatments for swainsonine flux, further analyses of several nutrient fluxes (urea and ammonia nitrogen, amino acids, glucose, etc.) should reveal possible acute effects of swainsonine on nutrient metabolism in sheep dosed with swainsonine.
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Figure 2.  Effect of acute administration of swainsonine

on portal vein blood flow.  Treatments were .2 (
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Figure 3.  Effect of acute administration of swainsonine

on hepatic vein blood flow.  Treatments were .2 (
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Figure 4.  Effect of acute administration of swainsonine

on hepatic artery flow.  Treatments were .2 (
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Table 1.  Least squares means of blood flow rate and flux of swainsonine across splanchnic tissues of sheep acutely dosed with swainsonine.


Blood Flow2, L(h-1

Swainsonine Flux3, mg(h-1


PV
HV
ART

SE4

PFX
HFX
TFX

SE4

Treatment1
h 0 - 7.5

h 0 - 7.5

.2MG
102.6
131.7
29.1

9.6
11.4
2.1

1.75
-.44
1.31

1.92
1.38
1.41

.8MG
100.1
125.3
24.8

8.2
9.7
1.7

2.01
1.65
3.66

1.19
.86
.88


h  9 - 24

h  9 - 24

.2MG
88.3
108.2
19.9

11.6
12.8
2.8

.81
-.37
.44

2.94
1.38
2.56

.8MG
93.4
113.9
24.3

9.7
10.7
2.4

.38
-.49
-.11

1.42
.67
1.24

1Treatments were .2 (.2MG) and .8 (.8MG) mg swainsonine(kg BW-1 delivered immediately after h 0 sampling.  Blood flow was measured by down stream dilution of infused P-aminohippurate (5% wt(vol-1; .65 mL(min-1); PV = portal vein, HV = hepatic vein and ART = hepatic artery.  3PFX = portal-drained visceral flux, HFX = hepatic flux and TFX = total splanchnic flux.  4Standard error of the least squares means; n = 5 and n = 7 for .2MG and .8MG treatments, respectively.


































































































































































































































































































































