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PRELIMINARY CHARACTERIZATION OF SWAINSONINE ABSORPTION AND ELIMINATION IN SHEEP FOLLOWING INITIAL ACUTE EXPOSURE1
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ABSTRACT:  Swainsonine (SW) absorption and elimination in sheep was investigated.  This experiment was conducted as a part of a companion study exploring the effects of subacute SW exposure on its toxicokinetics and subclinical markers of intoxication.  Fifteen wethers (BW = 74.7 + 7.6 kg) were stratified by BW and assigned to three treatments: 1.6 mg SW•kg-1 BW (HI), .4 mg SW•kg-1 BW (LO), and no SW.  Swainsonine was administered orally as a crude locoweed (Oxytropis sericea) extract mixed with corn syrup.  Blood was collected via jugular venapuncture at 1 h intervals from 0 to 12 h, 3 h intervals from 15 to 24 h, 6 h intervals from 30 to 48 h, and 12 h intervals from 60 to 168 h.  Treatments were delivered immediately after 0 h collection.  Serum SW was determined via -mannosidase inhibition assay (detection limit = 25 ng•mL-1; CV = 11.9%).  Serum SW peaked at 6 h for HI (289.6 ng•mL-1), and at 10 h for LO (68.6 ng•mL-1).  At 3 h, HI serum SW concentrations were higher (P < .05) than LO values, and remained higher through 30 h.  For the HI treatment, absorption (0-6 h) occurred at a rate of 0.514 h-1 (t1/2 = 1.4 h), distribution (7 - 48 h) at a rate of .055 h-1 (t1/2 = 12.6 h), and elimination (60 - 132 h) at a rate of .004 h-1 (t1/2 = 184.2 h).  For the LO treatment, absorption (0 - 10 h) occurred at a rate of .228 h-1 (t1/2 = 3.0 h), distribution (11 - 42 h) at a rate of .113 h-1 (t1/2 = 6.2), and elimination (48 - 120 h) at a rate of .002 h-1 (t1/2 = 289.4 h).  At 144 h for HI treatment, SW values rose unexpectedly to 64.3 ng•mL-1 (SE = 29.6).  No SW was detected after h 144 for HI, or 120 h for LO.  These preliminary data represent initial efforts at defining the absorption kinetics of SW.  Understanding the rate, mechanism and extent of SW absorption from locoweed will facilitate development of management protocols to improve animal tolerance of locoweed.
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Introduction

Locoweed (Oxytropis and Astragalus spp.) poisoning currently costs livestock producers approximately $330 million each year (Avant, 1998).  Swainsonine has been identified as the primary toxin in locoweed (Molyneux et al., 1982). Most research to date concerning locoweed poisoning has addressed swainsonine exposure rates and frequencies resulting in clinical expression of locoism (e.g., depression, ataxia, tremors, emaciation, etc.; James et al., 1970).  Few studies have addressed the effects of swainsonine within the first 24 h after initial ingestion.  Further, only four studies (Stegelmeier et al. 1995a, 1995b, 1998; Smith et al., 1992) have attempted to determine the disposition of or elimination rates of swainsonine, and only one (Smith et al, 1992) the absorption rates in cattle or sheep.  Although, data in these studies supported multiple compartment elimination kinetics, no clear distinction between rates of distribution and elimination were made in these studies.  A clear understanding of the toxicokinetics of swainsonine following both acute and subacute/subchronic exposures is needed in order to predict serum swainsonine levels following locoweed consumption on the range.  These data coupled with clinical dose response data would allow us to predict how long an animal could graze a pasture without adverse effects on health and production.  Therefore, this study was designed to provide a preliminary model of swainsonine disposition in sheep by characterizing the rates of absorption, distribution, and elimination following an acute oral exposure of an extract of locoweed.

Materials and Methods

[image: image1..pict]Experimental.
Fifteen wethers (BW = 74.7 + 7.6 kg) were housed outside in individual pens (4 x 1.5 m) at New Mexico State University, Las Cruces.  All protocols were approved by the Institutional Animal Care and Use Committee.  Sheep were stratified by BW and assigned to one of three treatments: 1) 1.6 mg swainsonine•kg-1 BW (HI), 2) .4 mg swainsonine•kg-1 BW (LO), and 3) no swainsonine. Only the HI and LO treatments will presently be addressed.  The control group is being used for data assessment in a companion study (not reported here).  Swainsonine was administered orally as a locoweed (Oxytropis sericea) extract mixed with corn syrup (15-20 mL) immediately following h 0 sampling.  The swainsonine extract was prepared by stirring ground locoweed in field grade methanol for 12 h at room temperature, followed by boiling for 8 h.  The liquid fraction was filtered and methanol completely removed by evaporation.  The remaining extract was diluted with distilled water (1:9), vigorously mixed, and centrifuged at 3000 x g for 30 min to separate lipid- and water-soluble fractions. The water-soluble fraction was collected and analyzed for swainsonine content using an -mannosidase inhibition assay (Taylor, 2000).  Feed was provided in rubber buckets and water given ad libitum in metal buckets.  Animals were allowed a 14 d adaptation to the blue grama hay diet fed during this experiment (1.7% BW on DM basis).  The hay diet was formulated to meet maintenance requirements (TDN, CP; NRC, 1985).

Sampling.  Blood samples were collected via jugular venapuncture at 1 h intervals from 0 to 12 h, 3 h intervals from 15 to 24 h, 6 h intervals from 30 to 48 h, and 12 h intervals from 60 to 168 h.  Samples were allowed to clot for 30 min and then centrifuged (1500 x g, 25 min).  Serum was collected and stored in 5 mL polypropylene tubes at < 20(C until analyzed for swainsonine using the -mannosidase enzyme inhibition assay (Taylor, 2000; lower detection limit = 25 ng•mL-1, CV = 11.9%).

Statistical Analysis. Due to a lack of swainsonine assay sensitivity causing a paucity of data at sampling times greater than 60 to 72 hours in all animals, no statistical analysis of treatment differences in rates of absorption, distribution, or elimination are included.  However, rates of absorption, elimination, and distribution were calculated on overall treatment LS means using the curve stripping program, PK Solutions v2.0 (Summit Research Services, Montrose, CO).  For determination of treatment differences by time of exposure, serum swainsonine data were subjected to repeated measures analysis using the Proc Mixed functions of SAS (1996).  The covariance structure for the repeated measures was modeled using the spatial power law function of Proc Mixed.  Means separation tests within sampling time were preformed via linear contrasts.

Results and Discussion

Figure 1 illustrates the serum swainsonine profiles of wethers receiving either the HI or LO swainsonine treatments.  Serum swainsonine was detected in all wethers at 2 h for the HI treatment, and at 7 h for the LO treatment.  The apparent delay in detecting serum swainsonine in all wethers on the LO treatment may be a consequence of the limited sensitivity of our current swainsonine assay.  (We are currently developing a gas chromatography procedure for serum swainsonine analysis which will improve our swainsonine detection limit and allow for full characterization of the toxicokinetic model in the near future.)  Maximum serum swainsonine levels were reached at 6 h for the HI (289.6 ng•mL-1), and at 10 h for the LO (68.6 ng•mL-1) treatment.  These values agree with those found by Taylor (2000; 6 to 12 h) in lactating ewes (74.8 + 6.4 kg) and cows (460.8 + 51.9 kg) receiving an acute dose of swainsonine delivered via a methanol extract of locoweed (.2 or .8 mg swainsonine•kg-1 BW).  Smith and coworkers (1992) reported that oral dosing of two cows with 3300 or 1950 mg swainsonine (delivered as locoweed) resulted in maximal serum levels at 12 to 24 hours after dosing.  The longer time to maximal serum levels, demonstrated by Smith et al. (1992), is likely due to the time needed digest the locoweed in order to release swainsonine from the plant matrix.  Findings by Vogt (1999) and Taylor (2000) would support this conclusion.  Vogt (1999) demonstrated that wethers allowed to consume locoweed at levels delivering .2, .4 or .8 mg swainsonine•kg-1 BW had widely varied time to maximal serum concentrations (i.e., range 7 to 16 h depending on dosage).  Taylor (2000) reported that in lactating cows allowed access to locoweed forage for 2 h resulted in maximal serum concentrations between 12 and 18 h.

A treatment by time interaction was detected at 3 h, with HI serum swainsonine concentrations being higher (P < .05) than LO values and remained so through 30 h.  At 36 h, HI and LO serum swainsonine levels were again similar(P > .05), and remained so throughout the duration of sampling.  Interestingly, at 144 h for HI treatment, SW values in our study unexpectedly rose to 64.3 ng•mL-1 (SE = 29.6; not shown in Figure 1). We are currently exploring the cause of this unexpected finding.  No swainsonine was detected after 144 h for any animal receiving HI treatment, or 120 h for those receiving LO treatment.

As discussed previously, a lack of sensitivity in the current swainsonine assay limited our ability to detect swainsonine in all wethers at all time points.  This necessitated combining the data for all wethers into one LS mean per time point in order to predict the rates of absorption, distribution and elimination by treatment.  For the HI treatment, absorption (0 - 6 h) occurred at a rate of 0.514 h-1 (t1/2 = 1.4 h), distribution (7 - 48 h) at .055 h-1 (t1/2 = 12.6 h), and elimination (60 - 132 h) at .004 h-1 (t1/2 = 184.2 h).  However, for the LO treatment these rates appeared to be longer for elimination (48 to 120 h; .002 h-1; t1/2 = 289.4 h) and absorption (0 - 10 h;.228 h-1; t1/2 = 3.0 h) than in the HI treatment, but shorter for the rate of distribution (11 - 42 h; .113 h-1; t1/2 = 6.2 h).  We are currently unable to determine if the apparent differences in rates for the HI and LO treatments are due to the treatments or the assay.  Development of a gas chromatography procedure will improve assay sensitivity and thus, improve our ability to predict the absorption, distribution and elimination rates of swainsonine.  Our absorption half lives are shorter than those that would be predicted using the data of Smith et al. (1992).  Their data would predict that the half life of absorption should be between 5 and 6 h.  Recall however, that Smith and coworkers (1992) offered swainsonine in the form of locoweed, whereas we delivered our swainsonine in the form of an extract.  This would eliminate the need to digest the locoweed prior to swainsonine being released and thus, make it available immediately.  The data in the paper by Smith et al. (1992) did not allow for calculation of the lag time for swainsonine release from locoweed forage.

Taken together, our kinetic data would indicate (assuming first order kinetics for all rates) that swainsonine elimination from the body could be modeled as a two compartment open model.  Although no research has developed a toxicokinetic model of swainsonine elimination in cattle and sheep, two reports (Stegelmeier et al., 1995a; 1998) studying the elimination kinetics of swainsonine in livestock would support a two compartment open model of swainsonine elimination.  First, Stegelmeier and coworkers (1995a) reported the serum half life of swainsonine in cattle and sheep to be approximately 16 to 20 h.  In this study, the researchers established their half life determinations following 12 or 30 d of locoweed consumption.  It is difficult (as the paper did not clearly state the sampling interval) to match this data with that in our study.  However, as indicated by their graphs, the elimination half life values were based on 3 or 4 samples taken over the 48 to 72 h period following last locoweed consumption.  If so, this time period would be somewhat equivalent to what we report for distribution above, although our values are 6 to 12 h.  Smith and coworkers (1992) reported elimination half life values of 6 to 12 h on samples collected through 48 h following last exposure.  Their sampling times and half life data correlate well with our distribution values. In addition, to their relatively short term serum clearance work, Stegelmeier and coworkers (1998) presented data that support a multi-compartment model of swainsonine elimination.  Their findings demonstrate that tissue (i.e., liver, kidney and pancreas) clearance half life was approximately 60 h, considerably longer than the approximately 20 h they report for serum.  It is not surprising that these tissues have a longer half life of clearance than serum since these tissues are very active metabolically and thus, have large amounts of lysosomal activity.  Furthermore, swainsonine accumulates within lysosomes in vivo (Dorling et al., 1980) and is fully ionized (pKa = 7.4) within the acidic (pH = 4.0) lysosomal environment.  Therefore, outward passage of swainsonine across the lysosomal membrane is greatly retarded (Dorling et al., 1980).  The discrepancy between tissue and serum half lives definitely argues for a multi-compartment model of elimination.  In fact, Bowen and coworkers (1993) utilized a three compartment open model to describe the results of a preliminary experiment in which the terminal half life of swainsonine in mice was found to be 31.6 min.  No one to date has reported the exceedingly long elimination half lives (184 h plus) we report here for wethers.  As such, we are looking forward to the gas chromatograph to improve our sensitivity and thus, our predictions for clearance rates.  Regardless, our data coupled with that of other researchers demonstrate that at least two compartments and possibly more are involved in swainsonine disposition and elimination from the body.

Implications

Our preliminary findings tend to agree with those of Bowen and coworkers (1993), suggesting a multi-compartment model for swainsonine toxicokinetics.  We currently hypothesize that a third compartment may effect swainsonine kinetics in ruminants.  However, as mentioned, serum swainsonine was measured indirectly by an -mannosidase inhibition assay with a detection limit of only 25 ng•mL-1.  Due to this lack of sensitivity, conclusive evidence to support a third compartment in swainsonine toxicokinetics is currently beyond our capabilities.  As such, further research, using more sensitive detection methods (e.g., gas chromatography), is necessary to fully characterize the toxicokinetics of swainsonine.  One thing is for certain, to completely clear the animal of swainsonine (if our elimination data are close to correct) would take approximately 80 to 120 days (i.e., 10 elimination half lives).  This extended period of clearance would be costly to the producer if the health and production of the animal remains compromised during even a fraction of the clearance period.
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Figure 1.  Serum swainsonine profiles of wethers receiving locoweed extract treatments (1.6 or .4 mg swainsonine•kg-1 BW) orally.  *1.6 mg•kg-1 BW treatment was higher (P<.05) than .4 mg•kg-1 BW treatment group.  **Sampling time at which serum swainsonine levels were initially detected for all animals in each treatment.
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