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ABSTRACT:  The effects of ionophore supplementation on selected serum constituents of sheep consuming locoweed were investigated. Sixteen sheep (BW = 50.3 ( 1.0 kg) were allotted by weight to a 2x2 factorial arrangement of four treatments: 1) no locoweed, no lasalocid, 2) no locoweed, .75 mg lasalocid/kg BW, 3) .5 mg swainsonine/kg BW, no lasalocid, 4) .5 mg swainsonine/kg BW, .75 mg lasalocid/kg BW. Swainsonine (SW) was provided by locoweed (Oxytropis sericea), and sheep were fed a blue grama based diet at 2.5% BW for a 35 d treatment period. Diets were formulated to be isocaloric and isonitrogenous. Blood samples were collected on d 1, 7, 14, 21, 31, and 35 to determine serum SW concentration, total iron (FE) concentration, and alkaline phosphatase (AP) activity. There was no lasalocid by locoweed interaction (P > .4) for any of the response variables measured. Average daily gains (P = .4) and orts (P = .7) were not affected by the treatments. No lasalocid treatment (P = .67) or day (P = .1) effect of serum SW was observed. A locoweed by day interaction (P < .0001) of serum AP was detected. Alkaline phosphatase levels were elevated (P < .01) for the locoweed treated animals at 24 h following initial exposure and remained elevated throughout the trial. In addition, total FE was suppressed (P < .08) in locoweed fed sheep. A day effect (P < .02) was observed for serum FE. However, there were no linear, quadratic, or cubic effects of day noted (P > .17). Lasalocid treatment had no effect on serum AP or FE. These data indicate that the use of lasalocid in grazing animals should not increase the likelihood of locoweed intoxication.
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Introduction
Locoweeds are prevalent legume plants found in grazing areas of the western rangelands of the United States. These plants are often the first green forage available for grazing during the spring and early summer months, and other forages at this time are typically dormant and of low quality and palatability. As such, animals are often tempted to consume locoweed for the increased nutrient supply (James et al., 1968). In fact, some animals may habituate to the plant such that locoweeds may be the primary source of nutrient intake in the animal (Ralphs et al., 1990). The consumption of locoweed by animals results in a toxicity syndrome known as ‘locoism’ (Van Kampen and James, 1969; James et al., 1970). Clinical symptoms include depression, loss of coordination, emaciation, abortion, and ultimately death (Stegelmeier, 1995).

Swainsonine, the primary toxicant of locoweeds, is an (-mannosidase enzyme inhibitor (Dorling et al., 1980; Tulsiani et al., 1982; Kang and Elbein, 1983). Swainsonine inhibits glycoprotein processing through inhibition of the golgi II -mannosidase (Tulsiani et al., 1982). In addition, swainsonine causes cellular accumulation of incompletely degraded glycoproteins in lysosomes due to inhibition of the lysosomal acid (-mannosidase (Dorling et al., 1980).

Although research concerning the pharmacological and/or toxicological effects of swainsonine have been conducted, there is little or no data published concerning the effects of ionophore supplementation on the onset and rate of swainsonine toxicosis (i.e., locoism) in growing ruminants grazing locoweed infested pastures. Producers in northern New Mexico have reported that stocker calves grazing locoweed infested areas have showed clinical signs of swainsonine toxicosis at an earlier date if they are receiving ionophore supplementation compared to calves not receiving ionophores. Like swainsonine, lasalocid ionophores have been found to inhibit proteolytic processes in a number of cells (Grinde, 1983). Grinde reported in 1983 that ionophores were capable of causing complete inhibition of lysosomal protein degradation in isolated rat hepatocytes. Considering these effects of ionophores on intracellular protein processing, supplementation of growing ruminants consuming various levels of locoweed could potentially augment the toxic effects of swainsonine. Many producers in New Mexico supplement growing ruminants with ionophores to enhance growth. However, if ionophores do potentiate the toxic effects of swainsonine, then ionophore supplementation (in locoweed infested areas) could compromise animals’ health. Therefore, the objectives of this trial were to determine the effects of lasalocid on serum swainsonine concentrations and selected serum constituents indicative of locoism.

Materials and Methods
Animals and housing. The study was conducted using sixteen sheep (BW = 50.3 ( 1.0 kg) housed individually in outside pens (4 m x 1.5 m). Sheep were allotted by weight to a 2x2 factorial arrangement of four treatments. Treatments were 1) no locoweed, no lasalocid (CON), 2) no locoweed, .75 mg lasalocid/kg BW (LASA), 3) .5 mg swainsonine/kg BW, no lasalocid (LOCO), and 4) .5 mg swainsonine/kg BW, .75 mg lasalocid/kg BW (LOCO*LASA).  Swainsonine was delivered by feeding locoweed (Oxytropis sericea, 614 (g swainsonine/g of DM).  Half of the diet was administered at 0800 and at 1600, and water was provided ad libitum. Animals were allowed to adjust to diets without locoweed for 14 d dietary adaptation period, which was followed by a 35 d locoweed and lasalocid treatment period. Animal use was approved and followed the guidelines of the Institutional Animal Care and Use Committee. 

Diets. Animals received a blue grama based diet (10.4% CP, 60.3% TDN) during the 14 d adaptation period. Diets were then recalculated to contain locoweed and to be isocaloric and isonitrogenous throughout the treatment period (10.4% CP, 60.3% TDN). Locoweed used in the experiment was collected as whole plants (some root portion) near Folsom, NM, allowed to air dry, and stored until use. The locoweed was then passed through a rotating blade forage chopper (1 to 1.5 cm particle length) before feeding. Swainsonine content of locoweed was determined by the (-mannosidase inhibition assay (Taylor, 1997). A low-level dose of swainsonine (.5 mg/kg BW) was given to produce only sub-clinical symptoms of swainsonine toxicosis (Taylor, 1997) and to determine the potential additive or synergistic effects of lasalocid. Lasalocid was top dressed on the diets at a rate of .75 mg/kg BW (NRC, 1985). Dry matter intakes were limited to 2.5% of BW throughout the trial to encourage both complete consumption of the diet and very modest gains.  The diet approximated the requirement of a 50 kg replacement ewe lamb (NRC, 1985). Animals also received 1.0 mL molasses/kg BW to encourage consumption and reduce orts. Orts were collected daily and weighed.

Serum constituents and Body Weights. Blood was collected via jugular venapuncture just prior to the morning feeding on d 1, 7, 14, 21, 31, and 35 of the treatment period from each animal to determine serum swainsonine, alkaline phosphatase, and total iron concentrations. Blood samples were allowed to clot at room temperature for 1 h and centrifuged at 1,850 x g for 15 min. Serum was collected, transferred to a 1.5 mL polypropylene tube, and stored at    -20(C until subsequent analyses. Serum samples were analyzed for swainsonine by the (-mannosidase inhibition assay (Taylor, 1997). Alkaline phosphatase and total iron were measured using the manual procedures of Sigma Chemical Co. (procedures #245 & #565-A, respectively) adapted to a microtiter plate. Body weights were measured at the beginning of the trial and weekly thereafter.

Statistical analyses. Data were analyzed using JMP 3.1 (SAS Institute, Inc. Cary, NC). Serum alkaline phosphatase and total iron were analyzed via split plot analysis in time. Main plot effects were locoweed and lasalocid treatment and the locoweed by lasalocid interaction. Main plot effects were tested using the variance associated with animal within locoweed and lasalocid treatments. Subplot effects were day and all interactions with day. Linear contrasts were used to separate treatment means where interactions were significant. Additionally, where day effects were noted, linear, quadratic, and cubic effects were tested. Average daily gain and orts were tested and data were analyzed by ANOVA. Serum swainsonine levels were tested between LOCO and LOCO*LASA treatments via a split plot analysis in time. The main plot effect was lasalocid treatment with animal within lasalocid treatment used as the error term (Note: animals not receiving locoweed were not included in this analysis). Subplot effects were day and the day by treatment interaction.

Results and Discussion
ADG and Orts. Data for animal ADG and orts are shown by in Table 1. Treatment effects were not observed for animal ADG (P = .4) or for orts (P = .7). These data were not unexpected given the relatively low dose of swainsonine delivered and the restriction of dry matter intake to less than that required for maximum growth.

Serum Swainsonine. There was no lasalocid treatment effect (P = .67) or day (P = .1) effect noted for serum swainsonine. Serum swainsonine levels for animals receiving locoweed and not lasalocid were 73.0 ( 4.2 ng/mL versus 70.4 ( 4.3 ng/mL for the locoweed/lasalocid fed animals (Table 2). This indicates that lasalocid had no effect on serum swainsonine levels. However, we did not measure the tissue concentrations of swainsonine.  Therefore, we are not able to conclude from these data that lasalocid had no impact on overall disposition of swainsonine in the body.  For example, “could lasalocid have altered the amount of swainsonine within tissues such as the liver?”  In a review, Grinde (1983) reported that both monensin and lasalocid were capable of increasing intralysosomal pH.  The normal acidity of the lysosome causes complete ionization of swainsonine (Dorling et al., 1980).  Therefore, this ionization would be expected to limit return of swainsonine from the lysosome to the cytosol.  As such, given the ionophores tendency to increase intralysosomal pH swainsonine would likely be less effectively trapped within the cell.  Thereby, it is possible that lasalocid may have potential in lowering tissue levels of swainsonine.

Alkaline Phosphatase. A locoweed by day interaction (P < .0001) of serum alkaline phosphatase was detected. Alkaline phosphatases are a group of isoenzymes that exist in numerous tissues (Kramer, 1989). As an excellent marker of soft tissue damage (James et al., 1970), increased alkaline phosphatase levels are indicative of cholestasis, obstructed biliary tract, bone diseases, and active deposition of bone matrix (Guyton, 1996). Alkaline phosphatase levels were elevated (P < .01) for the locoweed treated animals at 24 h following initial exposure and remained elevated throughout the trial (Figure 1). Serum alkaline phosphatase levels have been shown to increase by d 1 following initial exposure and to remain elevated throughout the treatment period (James et al., 1970, Taylor, 1997; Strickland et al., 1998; Vogt, 1999) However, lasalocid treatment had no effect on serum alkaline phosphatase.  This data would indicate that lasalocid did not increase the severity of subclinical swainsonine toxicosis.

Total Iron. Data for serum total iron levels are shown in Table 2.  Total iron was suppressed (P < .08) in locoweed fed sheep. A day effect (P < .02) was observed for serum iron. However, there were no linear, quadratic, or cubic effects of day noted (P > .17). Serum total iron concentration have been found to be decreased in animals consuming locoweed and remain decreased for the duration of the locoweed fed period (Bachman et al. 1992; Taylor, 1997).  Decreases in total serum iron have been suggested to be indicative of renal damage or anemia (Bachman et al., 1992). The lasalocid treatment had no effect on serum total iron.  As with alkaline phosphatase this suggests no adverse effects of lasalocid on the severity of subclinical swainsonine intoxication.

Testing of additional subclinical markers of swainsonine intoxication such as aspartate amino transferase, lactate dehydrogenase and gamma-glutamyl aminotransferase will be necessary to confirm the serum alkaline phosphatase and total iron findings.  Additionally, further research to determine lasalocid’s effects on swainsonine disposition in the body will need to be conducted before potential interactions can be completely ruled out.

Implications

If further testing of additional subclinical markers of swainsonine intoxication support the lack of effects for lasalocid on serum swainsonine, alkaline phosphatase and total iron reported in this paper, then the use of lasalocid should not increase the likelihood of locoism in grazing livestock.  Therefore, producers will be able to continue the use of this production enhancing product to improve pasture performance.
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Table 1. The effects of swainsonine and lasalocid on average daily gain (ADG) and orts in sheep consuming locoweed for a 35 d treatment period.

Treatmenta


ADG


SE


Orts


SE

CON



.105


.069


48.3


27.1

LASA



.118


.069


23.6


27.1

LOCO



-.043


.069


59.0


27.1

LOCO*LASA


.088


.069


22.1


27.1

aTreatments were: 1) no locoweed, no lasalocid (CON), 2) no locoweed, .75 mg lasalocid/kg BW (LASA), 3) .5 mg swainsonine/kg BW, no lasalocid (LOCO), and 4) .5 mg swainsonine/kg BW, .75 mg lasalocid/kg BW (LOCO*LASA).

Table 2. The effects of swainsonine and lasalocid on swainsonine concentrations and serum constituents in sheep consuming locoweed for a 35 d treatment period.

Treatmenta


Swainsonine (ng/mL)

SE

Iron ((g/dL)b

SE

CON




N/Dc 




166.4d


13.5

LASA




N/Dc 




166.8d


13.0

LOCO




73.0d


4.2

138.9e


13.0

LOCO*LASA



70.4d


4.3

143.3e


13.5

aTreatments were: 1) no locoweed, no lasalocid (CON), 2) no locoweed, .75 mg lasalocid/kg BW (LASA), 3) .5 mg swainsonine/kg BW, no lasalocid (LOCO), and 4) .5 mg swainsonine/kg BW, .75 mg lasalocid/kg BW (LOCO*LASA). 

bDay effect for Iron (P < .01). However, the effect was not shown to be linear, quadratic, or cubic effect over time.

cSwainsonine concentrations were not determined in animals not consuming locoweed.

deValues in same column with differing subscripts are different (P < .05).

[image: image1.wmf] 

 

 

n

n

n

n

n

n

l

l

l

l

l

l

0

50

100

150

200

250

300

350

0

5

10

15

20

25

30

35

Alkaline Phosphatase (U/L)

Day

n

Swainsonine (.5 mg/kg)

l

Swainsonine (0 mg/kg)


Figure 1.  The effects of swainsonine on serum alkaline phosphatase in sheep consuming locoweed for a 35 d treatment period.  Animals consuming locoweed showed a locoweed by day interaction (P < .0001).  Alkaline phosphatase levels were higher (P<.01) on all sampling days for animals receiving locoweed versus those receiving no locoweed.  Alkaline phosphatase level for the locoweed fed animals also showed quadratic (P < .05) and cubic (P < .006) effects over time.

