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Acute oral exposure of lactating ruminants to swainsonine and subsequent appearance in the serum, elimination in milk and subclinical toxicity in the mothers and nursing young1
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ABSTRACT:  A series of experiments were conducted to investigate the elimination of swainsonine (SW) in the milk of lactating ruminants acutely exposed to SW and to assess subsequent subclinical effects on the mothers and their nursing young.  In experiments 1 (ewes) and 2 (cows), lactating ruminants were exposed to locoweed providing .8 mg SW(kg-1 BW for ewes (gavage; n = 4; BW = 75.8 ( 3.6 kg; lactation = 45d) and up to 2.0 mg SW(kg-1 BW for cows (free choice; n = 16; BW = 389.6 ( 20.9 kg; lactation = 90 d).  Serum and milk were collected at h 0 (before treatment), 3, 6, 12 and 24 for ewes and h 0 (before treatment), 6, 12, 18 and 24 for cows.  Swainsonine was highest (P < .05) by h 6 in the serum and milk of ewes.  Consumption of at least .68 mg SW(kg-1 BW induced consistent (> .025 ug(mL-1) appearance of SW in cow serum and milk with numerically higher concentrations occurring by h 12.  In experiment 3, lactating ewes (n = 13; BW = 74.8 ( 6.4 kg; lactation = 30 d) and cows (n = 13; BW = 460.8 ( 51.9 kg; lactation = 90 d) were exposed (gavage) to either 0, .2 or .8 mg SW(kg-1 BW and individually penned with their nursing young. Serum and milk from the mothers and serum from the nursing young were collected at h 0 (before treatment), 3, 6, 9, 12, and 24. Serum and milk SW was higher (P < .05) in the .8 mg treated groups and maximal (P < .05) concentrations for both treated groups occurred from h 3 to 6 for ewes and h 6 to 12 h for cows (P < .05).  Rises in alkaline phosphatase activity indicated subclinical toxicity in the treated ewes (P < .05).  Acute oral exposure of lactating ruminants to .2 and .8 mg(kg-1 BW induces elimination of SW in both ovine and bovine milk and subclinical toxicity in lactating ewes; however, neither subclinical toxicity nor SW was detected in the serum of the nursing calves and lambs.
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Based on producer reports indicating that young ruminants become intoxicated from nursing mothers that were consuming locoweed, James and Hartley (1977)
designed a study to evaluate the potential for locoweed toxicity to occur in nursing ruminants.  These researchers observed subclinical and clinical symptoms of locoweed toxicity to occur within 7 and 21 days (respectively) in young ruminants (ovine, bovine) ingesting milk from mothers consuming moderate to high amounts of locoweed daily. These studies were conducted prior to the isolation of SW from locoweed (Molyneux and James, 1982); hence, the estimated SW exposure level as well as the amount eliminated in the milk was unknown.  


Previous studies conducted by Taylor et al. (2000) suggest that acute consumption of .2 mg SW(kg-1 BW(d-1 or less to be a minimal effect level in yearling wethers.  When considering the findings of James and Hartley (1977), coupled with the normal route of elimination of SW occurring in the urine (Stegelmeier et al., 1995), this minimal effect level could be different for lactating ruminants due to an added route of elimination, the mammary system.  However, the mammary system as an elimination route of SW for the lactating ruminant posses a problem for the nursing young as observed by James and Hartley (1977).  Therefore, the objective of this study was to investigate the dose dependent elimination of swainsonine in the milk of lactating ruminants acutely exposed to SW and to assess subsequent subclinical effects on the mothers and their nursing young.

Materials and Methods

Animals, Treatments, Sampling


 Experiment 1.  Four lactating ewes (BW = 75.8 ( 3.6 kg; lactation = 45 d) receiving an alfalfa based diet ad libitum were placed in separate pens with their lamb.  Locoweed (Oxytropis sericea; .614 mg SW(g-1 of plant matter) intake for each ewe was estimated based on a target SW dosage of .8 mg SW(kg-1 BW. Milk and blood samples were obtained at h 0 (prior to treatment), 3, 6, 12 and 24.  Locoweed treatment was immediately delivered (gavage) following h 0 of sampling. 


Experiment 2.  Sixteen lactating cows (BW = 389.6 ( 20.9 kg; lactation = 90 d) receiving a sudan grass hay diet fed at 1.9% BW and supplemented with 908 g(d-1 of a 46.8% CP supplement were placed in separate pens with their calf. Locoweed (Oxytorpis sericea; .614 mg SW(g-1 of plant matter) intake was estimated for each cow based on a maximum intake of 2.0 mg SW(kg-1 BW.  Locoweed treatment was individually offered to each cow immediately after obtaining blood and milk samples at h 0.  Cows were allowed 2 h to consume locoweed treatment before removal.  After the consumption period, refusals were collected and weighed for estimation of SW intake.  Milk and blood sampling was conducted at h 0 (prior to treatment), 6, 12, 18 and 24.


Experiment 3: In two separate trials, thirteen ewes (E; 74.8 ( 6.4 kg; lactation = 30 d) with lambs and thirteen cows (C; 460.8 ( 51.9 kg; lactation = 90 d) with calves were randomly assigned to one of three treatments: 0 (n = 3), .2 (n = 5) or .8 (n = 5) mg SW(kg​-1 BW (CON, LOW, HIH, respectively).  Swainsonine treatments were delivered (gavage) to each animal as a SW extract.  The SW extract was prepared by boiling ground locoweed (1 mm; O. sericea and O. lambertii) in methanol for 24 h.  The liquid fraction was filtered and methanol was evaporated off.  Resulting contents were vigorously mixed 1 to 9 with distilled water and centrifuged at 3000 x g for 30 min to separate the lipid and water soluble fractions.  The water soluble fraction was removed and analyzed for total SW as described below. The fraction was then mixed 1 to 1 with molasses for treatment delivery (extract = 5.85 mg SW(mL-1).  For CON group, a 1 to 1 water and molasses solution was prepared.  For ewes and cows both, blood and milk samples were collected at h 0 (prior to treatment delivery), 3, 6, 9, 12 and 24.  Blood samples were also obtained from their nursing young at each corresponding sampling hour.

Sample Collection and Analysis  


Experiments 1, 2 and 3.  Blood (jugular) and approximately 10 mL (ewes; 5 mL per half) and 16 mL (cows; 4 mL per quarter) of milk were collected by hand at the designated sampling times. Blood was allowed to clot, centrifuged at 3000 x g and serum was decanted to 2 mL storage vials. Samples from all experiments were stored for subsequent analyses at -20oC.  Serum and milk samples from all experiments were analyzed for SW using a modified (-mannosidase inhibition assay (lower detection limit = .025ug(mL-1; Taylor et al., 2000).  Additionally, serum obtained from the ewes, cows, lambs and calves in Experiment 3 was analyzed for alkaline phosphatase activity (Procedure # 245, Sigma, St. Louis, MO) in order to detect symptoms of subclinical SW toxicity.  Animal use for all experiments was approved and followed the guidelines of the Institutional Animal Care and Use Committee.

Statistics


Experiments 1 and 2. In order to estimate changes in ewe and cow serum and milk SW over the sampling period, arithmetic means were calculated within sampling hour which included only animals with detectable levels of serum or milk SW.  Preplanned pairwise comparisons were then made between sampling hours with P < .05 considered significant. For observation of the minimal intake of locoweed needed to induce consistent and detectable levels of SW in serum and milk of cows, arithmetic means for SW intake and serum and milk SW concentrations were calculated for each cow across time (h 6 to 24).  


Experiment 3.  Milk SW and serum alkaline phosphatase and SW (i.e., ewes , cows, lambs, calves) were analyzed using mixed models (PROC MIXED) procedure of SAS (1997).  Data were analyzed as unequally spaced repeated measures based on mixed models using “spatial power law” structure [SP(POW)].  When treatment by time interactions were detected, preplanned pairwise comparisons were estimated within time to test for difference.  To estimate maximal SW concentrations and difference from h 0 for alkaline phosphatase, preplanned pairwise comparisons were estimated for each sampling hour versus h 0 and initial hour of detection for AP and SW, respectively.  When no interactions were detected, F-test was used to determine treatment effect.  A P value of < .05 was considered significant.

Results and Discussion


Experiment 1.  Swainsonine was detected in the serum and milk of the ewes at all sampling points following initial SW exposure. Mean serum SW concentrations were .402 ( .032, .567 ( .045, .227 ( .032, and .140 ( .032 (g(mL-1 for h 3, 6, 12, and 24, respectively.  All sampling hours were different (P < .05) with maximal SW concentrations occurring in the serum at h 6. Mean milk SW concentrations were .127, .256, .173, and .086 ( .03 (g(mL-1 for h 3, 6, 12, and 24, respectively.  Maximal SW concentrations occurred in the milk at h 6 (h 6 > h 3, 12, 24; P < .05).  As with the serum, SW appeared to be rapidly declining in the milk over the acute period as indicated by significant lower concentrations at h 24 (h 24 < h 3, 6, 12; P < .05).


Experiment 2.  Swainsonine was detected in the serum of 13, 7, 6, and 6 cows for h 6, 12, 18, and 24, respectively.  The corresponding serum SW concentrations were .131 ( .014, .154 ( .02, .151 ( .021, and .128 ( .021 (g(mL-1, respectively.  Swainsonine was detected in the milk of only 7 cows at h 6 and 8 cows at h 12 with mean concentrations being .06 ( .023 and .115 ( .022 (g(mL-1, respectively.  The reason for variation in number of cows with detectable serum or milk SW appears to be due to differences in locoweed intake; cows consuming more locoweed generally had detectable levels and more SW present in milk and serum.   At least .68 mg SW(kg-1 BW (provided by locoweed free choice) appeared to be the minimal intake level to induce consistent detectable concentrations of SW in the serum and milk of cows acutely exposed to locoweed.


Experiment 3.  A treatment by time interaction was detected (P < .05) for ewe serum and milk SW.  From h 3 to 24, SW was detected in ewe serum (Figure 1) and milk (Figure 2) of the E-LOW and E-HIH groups.  No SW was detected in the serum or milk of the E-CON group.  At sampling h 3, 6, 9 and 12, the E-HIH had higher (P < .05) serum SW concentrations than the ewes in the E-LOW.  Serum SW in the E-LOW remained fairly constant with no significant (P > .05) fluctuation from initial hour of detection (h 3) to h 24. The greatest (P < .001) concentrations of serum SW in the E-HIH group were observed at h 3 and 6 (h 3 and 6 > h 9 – 24). Following h 6, serum SW rapidly declined (h 6 > h9; P < .05).  Appearance and disappearance of SW in the milk of the ewes was similar to serum SW, but less pronounced.  The E-HIH group had higher (P < .05) levels of SW in milk at h 3, 6 and 9 than did E-LOW group.  A maximal SW concentration in the milk was not obtained in the E-LOW group (P > .05), but did occur from h 3 to 6 in the E-HIH group (h 6 > h 9 – 24; P < .05).


These observations are similar to the data discussed earlier for Experiment 1.  Furthermore, the rapid appearance of maximal SW concentration in the ewe serum of this study is supported by Vogt (1999) where maximal concentrations of serum SW in similarly treated yearling wethers occurred between h 6 and 7.  However, Vogt (1999) did not observe a significant decline in serum SW following peak concentrations, but reported sustained serum SW with no decline during a 24 hour sampling period.  This discrepancy could be due to the movement of SW from the serum to the milk of the ewes in the current studies resulting in a potential hastened serum half-life compared to nonlactating animals.


A treatment by time interaction was detected (P < .05) for cow serum and milk SW. Swainsonine was detected in the serum (Figure 3) of the C-HIH group at all sampling hours following treatment and was highest from h 9 to 12 (h 9 and 12 > h 3 and 24; P < .05).  Serum SW was only detected at h 6, 9 and 12 in the C-LOW group with no difference (P > .05) occurring between sampling hours, and was lower (P < .05) than the serum SW values observed in the C-HIH at each of these sampling points. In both treated cow groups, SW was detected by h 3 in the milk (Figure 4). Peak milk SW concentrations were obtained between h 9 and 12 (h 9 and 12 > h 3, 6, 24; P < .05) in C-HIH and by h 12 (h 12 > h 3 – 9; P < .05) in C-LOW. No SW was detected (P > .05) in the serum or milk of the C-CON group.


A treatment by time interaction was detected (P < .05) for serum alkaline phosphatase in ewes.  Increases in serum alkaline phosphatase activity (Figure 5) was observed in the E-HIH group by h 6  (P < .05) and tended to be higher (P < .1) than E-CON and E-LOW groups by h 12 and remained elevated(P < .05) and tended to be higher (P < .1) than E-CON at h 24.   By h 24, alkaline phosphatase activity of E-LOW also tended to be higher (P < .1) than E-CON, but was not different from E-HIH (P > .05).  These rapid rises in alkaline phosphatase activity are characteristic of acute subclinical effects of SW (Taylor et al., 2000) and substantiate toxic levels of SW present in these ewes.  In contrast to the ovine study, serum alkaline phosphatase activities of the cows were not effected (P > .05) by SW treatment.  No data are available on acute response of serum alkaline phosphatase to SW consumption in cattle.  The choice to use alkaline phosphatase in the bovine trial was based on the acute response of this serum marker to locoweed consumption by sheep (Taylor et al., 2000) and elevated alkaline phosphatase levels observed in cattle by d 7 after commencement of daily locoweed consumption (Bachman et al., 1992).


No SW or changes in alkaline phosphatase activities (P > .05)  were detected in the serum of the lambs or calves in the HIH, LOW or CON groups.  This result was unexpected due to the isolation of SW in the milk of the treated ewes and cows.  James and Hartley (1977) observed onset subclinical toxicosis (elevated serum aspartate aminotransferase activity) by 7 d in lambs daily ingesting milk from either cows or ewes consuming 454 and 227 g of locoweed per day, respectively.  Moreover, calves nursing the same cows daily also developed subclinical symptoms of toxicity by d 7.  For the current study, the equivalent locoweed (based on .614 mg SW(g-1 plant matter) intake for the HIH treatment groups are approximately 98.6 ( 11.4 and 583.1 ( 36.7 g for the ewes and cows, respectively.  When compared to the study of James and Hartley (1977), the E-HIH ewes consumed 56% less and the C-HIH cows consumed 22% more locoweed equivalent.  Due to the high variability in SW content of locoweeds (~.15 to 1.2 mg(g-1 plant matter), caution must be exercised in assuming lower intakes for the current study (compared to James and Hartley, 1977) to be a reason for no SW being identified in the lambs. Furthermore, if this assumption were true, serum SW levels should have been detected in the C-HIH group calves since they were nursing cows consuming 22% more locoweed equivalent compared to James and Hartley (1977).  The lack of noticeable rises in serum alkaline phosphatase activities in the calves and lambs nursing treated mothers would suggest that no significant levels of SW were transferred to the nursing young to induce measurable subclinical or clinical symptoms of acute SW toxicity.

Implications


Swainsonine appeared in the serum and milk of both lactating ewes and cows in a dose dependent fashion.  Thus, confirming a potential route of SW exposure to nursing young.   Characteristic rises of alkaline phosphatase activities occurring in the serum of SW treated ewes indicate subclinical toxicity occurred.  For lactating cows acutely exposed to .8 mg SW(kg​-1 BW or less, use of alkaline phosphatase as a subclinical marker for SW toxicity did not appear useful in the current study or toxicity did not occur.  The lack of detectable SW in serum of lambs and calves nursing mothers dosed with SW coupled with the lack of increased serum alkaline phosphatase activities suggest that acute intakes of SW greater than .8 mg SW(kg-1 BW must occur in order to induce a measurable level of subclinical toxicity and SW in the serum of nursing young.
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Figure 1.  Appearance of swainsonine (SW) in serum of ewes dosed with .2 (LOW) or .8 mg (HIH)  SW(kg-1 BW at hour 0. *Indicates difference (P < .05) from LOW. abIndicates difference (P < .05)  across time within HIH treatment.

[image: image3.wmf].00

.05

.10

.15

.20

.25

.30

0

3

6

9

12

15

18

21

24

Hour

Swainsonine, ug  

l

mL

-1

HIH

LOW

*ac

*bc

*bc

a

   a

Figure 2. Appearance of swainsonine (SW) in milk of ewes dosed with .2 (LOW) or .8 mg  (HIH)   SW(kg-1 BW at hour 0. *Indicates difference (P < .05) from LOW. abcIndicates difference (P < .05)  across time within HIH treatment.
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Figure 3.  Appearance of swainsonine (SW) in serum of cows dosed with .2 (LOW) or .8 mg (HIH)  SW(kg-1 BW at hour 0. *Indicates difference (P < .05) from LOW. abcIndicates difference (P < .05)  across time within HIH treatment.
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Figure 4.  Appearance of swainsonine (SW) in milk of cows dosed with .2 (LOW) or .8 mg (HIH)  SW(kg-1 BW at hour 0. *Indicates difference (P < .05) from LOW. abcIndicates difference (P < .05)  across time within HIH treatment.  ABIndicates difference(P < .05)  across time within low treatment.

[image: image6..pict]Figure 5.  Serum alkaline phosphatase activities in lactating ewes dosed with 0 (CON), .2 (LOW) or .8 mg (HIH)  SW(kg-1 BW at hour 0. *Indicates difference (P < .05) from CON.  abcIndicates difference (P < .05)   across time within HIH treatment. ABIndicates difference (P < .05) across time within LOW treatment.
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Figure 3.4.  Appearance of swainsonine (SW) in milk of cows dosed with .2 (LOW) or .8 mg (HIH)  SWlkg-1 BW at hour 0. *Indicates difference (P < .05) from LOW.
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Figure 3.5.  Serum alkaline phosphatase activities in lactating ewes dosed with either 0 (CON), .2 (LOW) or .8 mg (HIH)  SWlkg-1 BW at hour 0. *Indicates difference (P < .05) from CON.  BIndicates difference (P < .05) from LOW.  AIndicates difference from h 0.
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           Means           

		SWMilk Ovine 2 - OVINE SERUM SW              08:34 Friday, October 13, 2000   5																		SWMilk Bovine 2 - COW SERUM SW                          52

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.331		0.02331082														HIH		0.14876		0.00981202

		6		HIH		0.3606		0.02331082														LOW		.		.

		9		HIH		0.1638		0.02331082												3		HIH		0.0462		0.01485084

		12		HIH		0.1424		0.02331082												6		HIH		0.1894		0.01485084

		24		HIH		0.0698		0.02331082												9		HIH		0.2222		0.01485084

		3		LOW		0.07		0.02331082												12		HIH		0.2222		0.01485084

		6		LOW		0.076		0.02331082												24		HIH		0.0638		0.01485084

		9		LOW		0.04562025		0.02574544												6		LOW		0.038		0.01485084

		12		LOW		0.03384415		0.03569909												9		LOW		0.043		0.01485084

		24		LOW		0.02799807		0.05212407												12		LOW		0.054		0.01485084

		SWMilk Ovine 2 - OVINE SERUM AP              08:34 Friday, October 13, 2000  15																		SMilk Bovine 2 - BOVINE SERUM AP                         66

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error						HOUR		TRT		LSMEAN		Std Error

		0		CON		67.03333333		71.5067543														CON		38.63333333		16.59013861

		3		CON		78.63333333		71.5067543														HIH		19.12857143		12.85066611

		6		CON		57.83333333		71.5067543														LOW		22.775		14.36748149

		9		CON		68.2		71.5067543												0		CON		36.96666667		16.93973768

		12		CON		63.6		71.5067543												3		CON		41.63333333		16.93973768

		24		CON		87.86666667		71.5067543												6		CON		35.83333333		16.93973768

		48		CON		61.26666667		71.5067543												9		CON		36.96666667		16.93973768

		72		CON		57.56666667		71.5067543												12		CON		41.6		16.93973768

		0		HIH		55.5		55.38889371												24		CON		38.13333333		16.93973768

		3		HIH		102.7		55.38889371												48		CON		39.3		16.93973768

		6		HIH		175.54		55.38889371												0		HIH		17.34		13.12146438

		9		HIH		220.64		55.38889371												3		HIH		17.34		13.12146438

		12		HIH		283.06		55.38889371												6		HIH		18.74		13.12146438

		24		HIH		289.3		55.38889371												9		HIH		21.5		13.12146438

		48		HIH		99.2		55.38889371												12		HIH		20.8		13.12146438

		72		HIH		89.5		55.38889371												24		HIH		18.04		13.12146438

		0		LOW		59.68		55.38889371												48		HIH		20.14		13.12146438

		3		LOW		74.24		55.38889371												0		LOW		19.075		14.67024316

		6		LOW		82.56		55.38889371												3		LOW		20.8		14.67024316

		9		LOW		88.8		55.38889371												6		LOW		22.525		14.67024316

		12		LOW		82.56		55.38889371												9		LOW		20.775		14.67024316

		24		LOW		330.92		55.38889371												12		LOW		25.125		14.67024316

		48		LOW		127.64		55.38889371												24		LOW		24.25		14.67024316

		72		LOW		87.42		55.38889371												48		LOW		26.875		14.67024316

		SWMilk Ovine 2 - Ewe Milk SW               08:34 Friday, October 13, 2000  42																		SWMilk Bovine 2 - BOVINE MILK SW                         76

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.302		0.03798639														HIH		0.2246		0.01644689

		6		HIH		0.35		0.03798639														LOW		0.09042805		0.01809499

		9		HIH		0.2474		0.03798639												3		HIH		0.0526		0.03088782

		12		HIH		0.236		0.03798639												6		HIH		0.2294		0.03088782

		24		HIH		0.1608		0.03798639												9		HIH		0.4104		0.03088782

		3		LOW		0.1266		0.03798639												12		HIH		0.356		0.03088782

		6		LOW		0.0974		0.03798639												24		HIH		0.1912		0.03088782

		9		LOW		0.12509064		0.0423792												48		HIH		0.108		0.03088782

		12		LOW		0.159		0.03798639												3		LOW		0.0413832		0.03800344

		24		LOW		0.14124953		0.04247008												6		LOW		0.0792		0.03088782

																				9		LOW		0.07538743		0.03800029

		SWMilk Ovine 2 - LAMB SERUM AP               08:34 Friday, October 13, 2000  42																		12		LOW		0.15599767		0.03943451

		HOUR		TRT		LSMEAN		Std Error												24		LOW		0.1142		0.03088782

		-		CON		230.0952381		46.05729891												48		LOW		0.0764		0.03088782

		-		HIH		212.78		35.67583033

		-		LOW		259.76285714		35.67583033												SWMilk Bovine 2 - CALF SERUM AP                          87

		0		CON		225.5		47.88715047												HOUR		TRT		LSMEAN		Std Error

		3		CON		230.06666667		47.88715047														CON		82.3		14.08279719

		6		CON		224.3		47.88715047														HIH		69.38		10.9084878

		9		CON		234.73333333		47.88715047														LOW		77.93333333		10.9084878

		12		CON		239.33333333		47.88715047												0		CON		83.26666667		21.77492655

		24		CON		226.63333333		47.88715047												3		CON		75.16666667		21.77492655

		48		CON		230.1		47.88715047												6		CON		72.86666667		21.77492655

		0		HIH		228.94		37.09322725												9		CON		79.8		21.77492655

		3		HIH		229.64		37.09322725												12		CON		91.33333333		21.77492655

		6		HIH		226.84		37.09322725												24		CON		91.36666667		21.77492655

		9		HIH		216.44		37.09322725												0		HIH		61.04		16.86678558

		12		HIH		217.84		37.09322725												3		HIH		63.84		16.86678558

		24		HIH		193.56		37.09322725												6		HIH		82.56		16.86678558

		48		HIH		176.2		37.09322725												9		HIH		68.7		16.86678558

		0		LOW		259.46		37.09322725												12		HIH		70.78		16.86678558

		3		LOW		279.58		37.09322725												24		HIH		69.36		16.86678558

		6		LOW		254.62		37.09322725												0		LOW		81.16		16.86678558

		9		LOW		253.92		37.09322725												3		LOW		77		16.86678558

		12		LOW		267.1		37.09322725												6		LOW		70.06		16.86678558

		24		LOW		256.68		37.09322725												9		LOW		76.32		16.86678558

		48		LOW		246.98		37.09322725												12		LOW		83.26		16.86678558

																				24		LOW		79.8		16.86678558
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           Means           

		SWMilk Ovine 2 - OVINE SERUM SW              08:34 Friday, October 13, 2000   5																		SWMilk Bovine 2 - COW SERUM SW                          52

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.331		0.02331082														HIH		0.14876		0.00981202

		6		HIH		0.3606		0.02331082														LOW		.		.

		9		HIH		0.1638		0.02331082												3		HIH		0.0462		0.01485084

		12		HIH		0.1424		0.02331082												6		HIH		0.1894		0.01485084

		24		HIH		0.0698		0.02331082												9		HIH		0.2222		0.01485084

		3		LOW		0.07		0.02331082												12		HIH		0.2222		0.01485084

		6		LOW		0.076		0.02331082												24		HIH		0.0638		0.01485084

		9		LOW		0.04562025		0.02574544												6		LOW		0.038		0.01485084

		12		LOW		0.03384415		0.03569909												9		LOW		0.043		0.01485084

		24		LOW		0.02799807		0.05212407												12		LOW		0.054		0.01485084

		SWMilk Ovine 2 - OVINE SERUM AP              08:34 Friday, October 13, 2000  15																		SMilk Bovine 2 - BOVINE SERUM AP                         66

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error						HOUR		TRT		LSMEAN		Std Error

		0		CON		67.03333333		71.5067543														CON		38.63333333		16.59013861

		3		CON		78.63333333		71.5067543														HIH		19.12857143		12.85066611

		6		CON		57.83333333		71.5067543														LOW		22.775		14.36748149

		9		CON		68.2		71.5067543												0		CON		36.96666667		16.93973768

		12		CON		63.6		71.5067543												3		CON		41.63333333		16.93973768

		24		CON		87.86666667		71.5067543												6		CON		35.83333333		16.93973768

		48		CON		61.26666667		71.5067543												9		CON		36.96666667		16.93973768

		72		CON		57.56666667		71.5067543												12		CON		41.6		16.93973768

		0		HIH		55.5		55.38889371												24		CON		38.13333333		16.93973768

		3		HIH		102.7		55.38889371												48		CON		39.3		16.93973768

		6		HIH		175.54		55.38889371												0		HIH		17.34		13.12146438

		9		HIH		220.64		55.38889371												3		HIH		17.34		13.12146438

		12		HIH		283.06		55.38889371												6		HIH		18.74		13.12146438

		24		HIH		289.3		55.38889371												9		HIH		21.5		13.12146438

		48		HIH		99.2		55.38889371												12		HIH		20.8		13.12146438

		72		HIH		89.5		55.38889371												24		HIH		18.04		13.12146438

		0		LOW		59.68		55.38889371												48		HIH		20.14		13.12146438

		3		LOW		74.24		55.38889371												0		LOW		19.075		14.67024316

		6		LOW		82.56		55.38889371												3		LOW		20.8		14.67024316

		9		LOW		88.8		55.38889371												6		LOW		22.525		14.67024316

		12		LOW		82.56		55.38889371												9		LOW		20.775		14.67024316

		24		LOW		330.92		55.38889371												12		LOW		25.125		14.67024316

		48		LOW		127.64		55.38889371												24		LOW		24.25		14.67024316

		72		LOW		87.42		55.38889371												48		LOW		26.875		14.67024316

		SWMilk Ovine 2 - Ewe Milk SW               08:34 Friday, October 13, 2000  42																		SWMilk Bovine 2 - BOVINE MILK SW                         76

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.302		0.03798639														HIH		0.2246		0.01644689

		6		HIH		0.35		0.03798639														LOW		0.09042805		0.01809499

		9		HIH		0.2474		0.03798639												3		HIH		0.0526		0.03088782

		12		HIH		0.236		0.03798639												6		HIH		0.2294		0.03088782

		24		HIH		0.1608		0.03798639												9		HIH		0.4104		0.03088782

		3		LOW		0.1266		0.03798639												12		HIH		0.356		0.03088782

		6		LOW		0.0974		0.03798639												24		HIH		0.1912		0.03088782

		9		LOW		0.12509064		0.0423792												48		HIH		0.108		0.03088782

		12		LOW		0.159		0.03798639												3		LOW		0.0413832		0.03800344

		24		LOW		0.14124953		0.04247008												6		LOW		0.0792		0.03088782

																				9		LOW		0.07538743		0.03800029

		SWMilk Ovine 2 - LAMB SERUM AP               08:34 Friday, October 13, 2000  42																		12		LOW		0.15599767		0.03943451

		HOUR		TRT		LSMEAN		Std Error												24		LOW		0.1142		0.03088782

		-		CON		230.0952381		46.05729891												48		LOW		0.0764		0.03088782

		-		HIH		212.78		35.67583033

		-		LOW		259.76285714		35.67583033												SWMilk Bovine 2 - CALF SERUM AP                          87

		0		CON		225.5		47.88715047												HOUR		TRT		LSMEAN		Std Error

		3		CON		230.06666667		47.88715047														CON		82.3		14.08279719

		6		CON		224.3		47.88715047														HIH		69.38		10.9084878

		9		CON		234.73333333		47.88715047														LOW		77.93333333		10.9084878

		12		CON		239.33333333		47.88715047												0		CON		83.26666667		21.77492655

		24		CON		226.63333333		47.88715047												3		CON		75.16666667		21.77492655

		48		CON		230.1		47.88715047												6		CON		72.86666667		21.77492655

		0		HIH		228.94		37.09322725												9		CON		79.8		21.77492655

		3		HIH		229.64		37.09322725												12		CON		91.33333333		21.77492655

		6		HIH		226.84		37.09322725												24		CON		91.36666667		21.77492655

		9		HIH		216.44		37.09322725												0		HIH		61.04		16.86678558

		12		HIH		217.84		37.09322725												3		HIH		63.84		16.86678558

		24		HIH		193.56		37.09322725												6		HIH		82.56		16.86678558

		48		HIH		176.2		37.09322725												9		HIH		68.7		16.86678558

		0		LOW		259.46		37.09322725												12		HIH		70.78		16.86678558

		3		LOW		279.58		37.09322725												24		HIH		69.36		16.86678558

		6		LOW		254.62		37.09322725												0		LOW		81.16		16.86678558

		9		LOW		253.92		37.09322725												3		LOW		77		16.86678558

		12		LOW		267.1		37.09322725												6		LOW		70.06		16.86678558

		24		LOW		256.68		37.09322725												9		LOW		76.32		16.86678558

		48		LOW		246.98		37.09322725												12		LOW		83.26		16.86678558

																				24		LOW		79.8		16.86678558
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Figure 3.5.  Serum alkaline phosphatase activities in lactating ewes dosed with either 0 (CON), .2 (LOW) or .8 mg (HIH)  SWlkg-1 BW at hour 0. *Indicates difference (P < .05) from CON.  BIndicates difference (P < .05) from LOW.  AIndicates difference from h 0.
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           Means           

		SWMilk Ovine 2 - OVINE SERUM SW              08:34 Friday, October 13, 2000   5																		SWMilk Bovine 2 - COW SERUM SW                          52

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.331		0.02331082														HIH		0.14876		0.00981202

		6		HIH		0.3606		0.02331082														LOW		.		.

		9		HIH		0.1638		0.02331082												3		HIH		0.0462		0.01485084

		12		HIH		0.1424		0.02331082												6		HIH		0.1894		0.01485084

		24		HIH		0.0698		0.02331082												9		HIH		0.2222		0.01485084

		3		LOW		0.07		0.02331082												12		HIH		0.2222		0.01485084

		6		LOW		0.076		0.02331082												24		HIH		0.0638		0.01485084

		9		LOW		0.04562025		0.02574544												6		LOW		0.038		0.01485084

		12		LOW		0.03384415		0.03569909												9		LOW		0.043		0.01485084

		24		LOW		0.02799807		0.05212407												12		LOW		0.054		0.01485084

		SWMilk Ovine 2 - OVINE SERUM AP              08:34 Friday, October 13, 2000  15																		SMilk Bovine 2 - BOVINE SERUM AP                         66

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error						HOUR		TRT		LSMEAN		Std Error

		0		CON		67.03333333		71.5067543														CON		38.63333333		16.59013861

		3		CON		78.63333333		71.5067543														HIH		19.12857143		12.85066611

		6		CON		57.83333333		71.5067543														LOW		22.775		14.36748149

		9		CON		68.2		71.5067543												0		CON		36.96666667		16.93973768

		12		CON		63.6		71.5067543												3		CON		41.63333333		16.93973768

		24		CON		87.86666667		71.5067543												6		CON		35.83333333		16.93973768

		48		CON		61.26666667		71.5067543												9		CON		36.96666667		16.93973768

		72		CON		57.56666667		71.5067543												12		CON		41.6		16.93973768

		0		HIH		55.5		55.38889371												24		CON		38.13333333		16.93973768

		3		HIH		102.7		55.38889371												48		CON		39.3		16.93973768

		6		HIH		175.54		55.38889371												0		HIH		17.34		13.12146438

		9		HIH		220.64		55.38889371												3		HIH		17.34		13.12146438

		12		HIH		283.06		55.38889371												6		HIH		18.74		13.12146438

		24		HIH		289.3		55.38889371												9		HIH		21.5		13.12146438

		48		HIH		99.2		55.38889371												12		HIH		20.8		13.12146438

		72		HIH		89.5		55.38889371												24		HIH		18.04		13.12146438

		0		LOW		59.68		55.38889371												48		HIH		20.14		13.12146438

		3		LOW		74.24		55.38889371												0		LOW		19.075		14.67024316

		6		LOW		82.56		55.38889371												3		LOW		20.8		14.67024316

		9		LOW		88.8		55.38889371												6		LOW		22.525		14.67024316

		12		LOW		82.56		55.38889371												9		LOW		20.775		14.67024316

		24		LOW		330.92		55.38889371												12		LOW		25.125		14.67024316

		48		LOW		127.64		55.38889371												24		LOW		24.25		14.67024316

		72		LOW		87.42		55.38889371												48		LOW		26.875		14.67024316

		SWMilk Ovine 2 - Ewe Milk SW               08:34 Friday, October 13, 2000  42																		SWMilk Bovine 2 - BOVINE MILK SW                         76

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.302		0.03798639														HIH		0.2246		0.01644689

		6		HIH		0.35		0.03798639														LOW		0.09042805		0.01809499

		9		HIH		0.2474		0.03798639												3		HIH		0.0526		0.03088782

		12		HIH		0.236		0.03798639												6		HIH		0.2294		0.03088782

		24		HIH		0.1608		0.03798639												9		HIH		0.4104		0.03088782

		3		LOW		0.1266		0.03798639												12		HIH		0.356		0.03088782

		6		LOW		0.0974		0.03798639												24		HIH		0.1912		0.03088782

		9		LOW		0.12509064		0.0423792												48		HIH		0.108		0.03088782

		12		LOW		0.159		0.03798639												3		LOW		0.0413832		0.03800344

		24		LOW		0.14124953		0.04247008												6		LOW		0.0792		0.03088782

																				9		LOW		0.07538743		0.03800029

		SWMilk Ovine 2 - LAMB SERUM AP               08:34 Friday, October 13, 2000  42																		12		LOW		0.15599767		0.03943451

		HOUR		TRT		LSMEAN		Std Error												24		LOW		0.1142		0.03088782

		-		CON		230.0952381		46.05729891												48		LOW		0.0764		0.03088782

		-		HIH		212.78		35.67583033

		-		LOW		259.76285714		35.67583033												SWMilk Bovine 2 - CALF SERUM AP                          87

		0		CON		225.5		47.88715047												HOUR		TRT		LSMEAN		Std Error

		3		CON		230.06666667		47.88715047														CON		82.3		14.08279719

		6		CON		224.3		47.88715047														HIH		69.38		10.9084878

		9		CON		234.73333333		47.88715047														LOW		77.93333333		10.9084878

		12		CON		239.33333333		47.88715047												0		CON		83.26666667		21.77492655

		24		CON		226.63333333		47.88715047												3		CON		75.16666667		21.77492655

		48		CON		230.1		47.88715047												6		CON		72.86666667		21.77492655

		0		HIH		228.94		37.09322725												9		CON		79.8		21.77492655

		3		HIH		229.64		37.09322725												12		CON		91.33333333		21.77492655

		6		HIH		226.84		37.09322725												24		CON		91.36666667		21.77492655

		9		HIH		216.44		37.09322725												0		HIH		61.04		16.86678558

		12		HIH		217.84		37.09322725												3		HIH		63.84		16.86678558

		24		HIH		193.56		37.09322725												6		HIH		82.56		16.86678558

		48		HIH		176.2		37.09322725												9		HIH		68.7		16.86678558

		0		LOW		259.46		37.09322725												12		HIH		70.78		16.86678558

		3		LOW		279.58		37.09322725												24		HIH		69.36		16.86678558

		6		LOW		254.62		37.09322725												0		LOW		81.16		16.86678558

		9		LOW		253.92		37.09322725												3		LOW		77		16.86678558

		12		LOW		267.1		37.09322725												6		LOW		70.06		16.86678558

		24		LOW		256.68		37.09322725												9		LOW		76.32		16.86678558

		48		LOW		246.98		37.09322725												12		LOW		83.26		16.86678558

																				24		LOW		79.8		16.86678558
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Figure 3.4.  Appearance of swainsonine (SW) in milk of cows dosed with .2 (LOW) or .8 mg (HIH)  SWlkg-1 BW at hour 0. *Indicates difference (P < .05) from LOW.
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Figure 3.5.  Serum alkaline phosphatase activities in lactating ewes dosed with either 0 (CON), .2 (LOW) or .8 mg (HIH)  SWlkg-1 BW at hour 0. *Indicates difference (P < .05) from CON.  BIndicates difference (P < .05) from LOW.  AIndicates difference from h 0.
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           Means           

		SWMilk Ovine 2 - OVINE SERUM SW              08:34 Friday, October 13, 2000   5																		SWMilk Bovine 2 - COW SERUM SW                          52

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.331		0.02331082														HIH		0.14876		0.00981202

		6		HIH		0.3606		0.02331082														LOW		.		.

		9		HIH		0.1638		0.02331082												3		HIH		0.0462		0.01485084

		12		HIH		0.1424		0.02331082												6		HIH		0.1894		0.01485084

		24		HIH		0.0698		0.02331082												9		HIH		0.2222		0.01485084

		3		LOW		0.07		0.02331082												12		HIH		0.2222		0.01485084

		6		LOW		0.076		0.02331082												24		HIH		0.0638		0.01485084

		9		LOW		0.04562025		0.02574544												6		LOW		0.038		0.01485084

		12		LOW		0.03384415		0.03569909												9		LOW		0.043		0.01485084

		24		LOW		0.02799807		0.05212407												12		LOW		0.054		0.01485084

		SWMilk Ovine 2 - OVINE SERUM AP              08:34 Friday, October 13, 2000  15																		SMilk Bovine 2 - BOVINE SERUM AP                         66

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error						HOUR		TRT		LSMEAN		Std Error

		0		CON		67.03333333		71.5067543														CON		38.63333333		16.59013861

		3		CON		78.63333333		71.5067543														HIH		19.12857143		12.85066611

		6		CON		57.83333333		71.5067543														LOW		22.775		14.36748149

		9		CON		68.2		71.5067543												0		CON		36.96666667		16.93973768

		12		CON		63.6		71.5067543												3		CON		41.63333333		16.93973768

		24		CON		87.86666667		71.5067543												6		CON		35.83333333		16.93973768

		48		CON		61.26666667		71.5067543												9		CON		36.96666667		16.93973768

		72		CON		57.56666667		71.5067543												12		CON		41.6		16.93973768

		0		HIH		55.5		55.38889371												24		CON		38.13333333		16.93973768

		3		HIH		102.7		55.38889371												48		CON		39.3		16.93973768

		6		HIH		175.54		55.38889371												0		HIH		17.34		13.12146438

		9		HIH		220.64		55.38889371												3		HIH		17.34		13.12146438

		12		HIH		283.06		55.38889371												6		HIH		18.74		13.12146438

		24		HIH		289.3		55.38889371												9		HIH		21.5		13.12146438

		48		HIH		99.2		55.38889371												12		HIH		20.8		13.12146438

		72		HIH		89.5		55.38889371												24		HIH		18.04		13.12146438

		0		LOW		59.68		55.38889371												48		HIH		20.14		13.12146438

		3		LOW		74.24		55.38889371												0		LOW		19.075		14.67024316

		6		LOW		82.56		55.38889371												3		LOW		20.8		14.67024316

		9		LOW		88.8		55.38889371												6		LOW		22.525		14.67024316

		12		LOW		82.56		55.38889371												9		LOW		20.775		14.67024316

		24		LOW		330.92		55.38889371												12		LOW		25.125		14.67024316

		48		LOW		127.64		55.38889371												24		LOW		24.25		14.67024316

		72		LOW		87.42		55.38889371												48		LOW		26.875		14.67024316

		SWMilk Ovine 2 - Ewe Milk SW               08:34 Friday, October 13, 2000  42																		SWMilk Bovine 2 - BOVINE MILK SW                         76

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.302		0.03798639														HIH		0.2246		0.01644689

		6		HIH		0.35		0.03798639														LOW		0.09042805		0.01809499

		9		HIH		0.2474		0.03798639												3		HIH		0.0526		0.03088782

		12		HIH		0.236		0.03798639												6		HIH		0.2294		0.03088782

		24		HIH		0.1608		0.03798639												9		HIH		0.4104		0.03088782

		3		LOW		0.1266		0.03798639												12		HIH		0.356		0.03088782

		6		LOW		0.0974		0.03798639												24		HIH		0.1912		0.03088782

		9		LOW		0.12509064		0.0423792												48		HIH		0.108		0.03088782

		12		LOW		0.159		0.03798639												3		LOW		0.0413832		0.03800344

		24		LOW		0.14124953		0.04247008												6		LOW		0.0792		0.03088782

																				9		LOW		0.07538743		0.03800029

		SWMilk Ovine 2 - LAMB SERUM AP               08:34 Friday, October 13, 2000  42																		12		LOW		0.15599767		0.03943451

		HOUR		TRT		LSMEAN		Std Error												24		LOW		0.1142		0.03088782

		-		CON		230.0952381		46.05729891												48		LOW		0.0764		0.03088782

		-		HIH		212.78		35.67583033

		-		LOW		259.76285714		35.67583033												SWMilk Bovine 2 - CALF SERUM AP                          87

		0		CON		225.5		47.88715047												HOUR		TRT		LSMEAN		Std Error

		3		CON		230.06666667		47.88715047														CON		82.3		14.08279719

		6		CON		224.3		47.88715047														HIH		69.38		10.9084878

		9		CON		234.73333333		47.88715047														LOW		77.93333333		10.9084878

		12		CON		239.33333333		47.88715047												0		CON		83.26666667		21.77492655

		24		CON		226.63333333		47.88715047												3		CON		75.16666667		21.77492655

		48		CON		230.1		47.88715047												6		CON		72.86666667		21.77492655

		0		HIH		228.94		37.09322725												9		CON		79.8		21.77492655

		3		HIH		229.64		37.09322725												12		CON		91.33333333		21.77492655

		6		HIH		226.84		37.09322725												24		CON		91.36666667		21.77492655

		9		HIH		216.44		37.09322725												0		HIH		61.04		16.86678558

		12		HIH		217.84		37.09322725												3		HIH		63.84		16.86678558

		24		HIH		193.56		37.09322725												6		HIH		82.56		16.86678558

		48		HIH		176.2		37.09322725												9		HIH		68.7		16.86678558

		0		LOW		259.46		37.09322725												12		HIH		70.78		16.86678558

		3		LOW		279.58		37.09322725												24		HIH		69.36		16.86678558

		6		LOW		254.62		37.09322725												0		LOW		81.16		16.86678558

		9		LOW		253.92		37.09322725												3		LOW		77		16.86678558

		12		LOW		267.1		37.09322725												6		LOW		70.06		16.86678558

		24		LOW		256.68		37.09322725												9		LOW		76.32		16.86678558

		48		LOW		246.98		37.09322725												12		LOW		83.26		16.86678558

																				24		LOW		79.8		16.86678558
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Figure 3.5.  Serum alkaline phosphatase activities in lactating ewes dosed with either 0 (CON), .2 (LOW) or .8 mg (HIH)  SWlkg-1 BW at hour 0. *Indicates difference (P < .05) from CON.  BIndicates difference (P < .05) from LOW.  AIndicates difference from h 0.
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           Means           

		SWMilk Ovine 2 - OVINE SERUM SW              08:34 Friday, October 13, 2000   5																		SWMilk Bovine 2 - COW SERUM SW                          52

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.331		0.02331082														HIH		0.14876		0.00981202

		6		HIH		0.3606		0.02331082														LOW		.		.

		9		HIH		0.1638		0.02331082												3		HIH		0.0462		0.01485084

		12		HIH		0.1424		0.02331082												6		HIH		0.1894		0.01485084

		24		HIH		0.0698		0.02331082												9		HIH		0.2222		0.01485084

		3		LOW		0.07		0.02331082												12		HIH		0.2222		0.01485084

		6		LOW		0.076		0.02331082												24		HIH		0.0638		0.01485084

		9		LOW		0.04562025		0.02574544												6		LOW		0.038		0.01485084

		12		LOW		0.03384415		0.03569909												9		LOW		0.043		0.01485084

		24		LOW		0.02799807		0.05212407												12		LOW		0.054		0.01485084

		SWMilk Ovine 2 - OVINE SERUM AP              08:34 Friday, October 13, 2000  15																		SMilk Bovine 2 - BOVINE SERUM AP                         66

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error						HOUR		TRT		LSMEAN		Std Error

		0		CON		67.03333333		71.5067543														CON		38.63333333		16.59013861

		3		CON		78.63333333		71.5067543														HIH		19.12857143		12.85066611

		6		CON		57.83333333		71.5067543														LOW		22.775		14.36748149

		9		CON		68.2		71.5067543												0		CON		36.96666667		16.93973768

		12		CON		63.6		71.5067543												3		CON		41.63333333		16.93973768

		24		CON		87.86666667		71.5067543												6		CON		35.83333333		16.93973768

		48		CON		61.26666667		71.5067543												9		CON		36.96666667		16.93973768

		72		CON		57.56666667		71.5067543												12		CON		41.6		16.93973768

		0		HIH		55.5		55.38889371												24		CON		38.13333333		16.93973768

		3		HIH		102.7		55.38889371												48		CON		39.3		16.93973768

		6		HIH		175.54		55.38889371												0		HIH		17.34		13.12146438

		9		HIH		220.64		55.38889371												3		HIH		17.34		13.12146438

		12		HIH		283.06		55.38889371												6		HIH		18.74		13.12146438

		24		HIH		289.3		55.38889371												9		HIH		21.5		13.12146438

		48		HIH		99.2		55.38889371												12		HIH		20.8		13.12146438

		72		HIH		89.5		55.38889371												24		HIH		18.04		13.12146438

		0		LOW		59.68		55.38889371												48		HIH		20.14		13.12146438

		3		LOW		74.24		55.38889371												0		LOW		19.075		14.67024316

		6		LOW		82.56		55.38889371												3		LOW		20.8		14.67024316

		9		LOW		88.8		55.38889371												6		LOW		22.525		14.67024316

		12		LOW		82.56		55.38889371												9		LOW		20.775		14.67024316

		24		LOW		330.92		55.38889371												12		LOW		25.125		14.67024316

		48		LOW		127.64		55.38889371												24		LOW		24.25		14.67024316

		72		LOW		87.42		55.38889371												48		LOW		26.875		14.67024316

		SWMilk Ovine 2 - Ewe Milk SW               08:34 Friday, October 13, 2000  42																		SWMilk Bovine 2 - BOVINE MILK SW                         76

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.302		0.03798639														HIH		0.2246		0.01644689

		6		HIH		0.35		0.03798639														LOW		0.09042805		0.01809499

		9		HIH		0.2474		0.03798639												3		HIH		0.0526		0.03088782

		12		HIH		0.236		0.03798639												6		HIH		0.2294		0.03088782

		24		HIH		0.1608		0.03798639												9		HIH		0.4104		0.03088782

		3		LOW		0.1266		0.03798639												12		HIH		0.356		0.03088782

		6		LOW		0.0974		0.03798639												24		HIH		0.1912		0.03088782

		9		LOW		0.12509064		0.0423792												48		HIH		0.108		0.03088782

		12		LOW		0.159		0.03798639												3		LOW		0.0413832		0.03800344

		24		LOW		0.14124953		0.04247008												6		LOW		0.0792		0.03088782

																				9		LOW		0.07538743		0.03800029

		SWMilk Ovine 2 - LAMB SERUM AP               08:34 Friday, October 13, 2000  42																		12		LOW		0.15599767		0.03943451

		HOUR		TRT		LSMEAN		Std Error												24		LOW		0.1142		0.03088782

		-		CON		230.0952381		46.05729891												48		LOW		0.0764		0.03088782

		-		HIH		212.78		35.67583033

		-		LOW		259.76285714		35.67583033												SWMilk Bovine 2 - CALF SERUM AP                          87

		0		CON		225.5		47.88715047												HOUR		TRT		LSMEAN		Std Error

		3		CON		230.06666667		47.88715047														CON		82.3		14.08279719

		6		CON		224.3		47.88715047														HIH		69.38		10.9084878

		9		CON		234.73333333		47.88715047														LOW		77.93333333		10.9084878

		12		CON		239.33333333		47.88715047												0		CON		83.26666667		21.77492655

		24		CON		226.63333333		47.88715047												3		CON		75.16666667		21.77492655

		48		CON		230.1		47.88715047												6		CON		72.86666667		21.77492655

		0		HIH		228.94		37.09322725												9		CON		79.8		21.77492655

		3		HIH		229.64		37.09322725												12		CON		91.33333333		21.77492655

		6		HIH		226.84		37.09322725												24		CON		91.36666667		21.77492655

		9		HIH		216.44		37.09322725												0		HIH		61.04		16.86678558

		12		HIH		217.84		37.09322725												3		HIH		63.84		16.86678558

		24		HIH		193.56		37.09322725												6		HIH		82.56		16.86678558

		48		HIH		176.2		37.09322725												9		HIH		68.7		16.86678558

		0		LOW		259.46		37.09322725												12		HIH		70.78		16.86678558

		3		LOW		279.58		37.09322725												24		HIH		69.36		16.86678558

		6		LOW		254.62		37.09322725												0		LOW		81.16		16.86678558

		9		LOW		253.92		37.09322725												3		LOW		77		16.86678558

		12		LOW		267.1		37.09322725												6		LOW		70.06		16.86678558

		24		LOW		256.68		37.09322725												9		LOW		76.32		16.86678558

		48		LOW		246.98		37.09322725												12		LOW		83.26		16.86678558

																				24		LOW		79.8		16.86678558
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Figure 3.4.  Appearance of swainsonine (SW) in milk of cows dosed with .2 (LOW) or .8 mg (HIH)  SWlkg-1 BW at hour 0. *Indicates difference (P < .05) from LOW.
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Figure 3.5.  Serum alkaline phosphatase activities in lactating ewes dosed with either 0 (CON), .2 (LOW) or .8 mg (HIH)  SWlkg-1 BW at hour 0. *Indicates difference (P < .05) from CON.  BIndicates difference (P < .05) from LOW.  AIndicates difference from h 0.
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           Means           

		SWMilk Ovine 2 - OVINE SERUM SW              08:34 Friday, October 13, 2000   5																		SWMilk Bovine 2 - COW SERUM SW                          52

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.331		0.02331082														HIH		0.14876		0.00981202

		6		HIH		0.3606		0.02331082														LOW		.		.

		9		HIH		0.1638		0.02331082												3		HIH		0.0462		0.01485084

		12		HIH		0.1424		0.02331082												6		HIH		0.1894		0.01485084

		24		HIH		0.0698		0.02331082												9		HIH		0.2222		0.01485084

		3		LOW		0.07		0.02331082												12		HIH		0.2222		0.01485084

		6		LOW		0.076		0.02331082												24		HIH		0.0638		0.01485084

		9		LOW		0.04562025		0.02574544												6		LOW		0.038		0.01485084

		12		LOW		0.03384415		0.03569909												9		LOW		0.043		0.01485084

		24		LOW		0.02799807		0.05212407												12		LOW		0.054		0.01485084

		SWMilk Ovine 2 - OVINE SERUM AP              08:34 Friday, October 13, 2000  15																		SMilk Bovine 2 - BOVINE SERUM AP                         66

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error						HOUR		TRT		LSMEAN		Std Error

		0		CON		67.03333333		71.5067543														CON		38.63333333		16.59013861

		3		CON		78.63333333		71.5067543														HIH		19.12857143		12.85066611

		6		CON		57.83333333		71.5067543														LOW		22.775		14.36748149

		9		CON		68.2		71.5067543												0		CON		36.96666667		16.93973768

		12		CON		63.6		71.5067543												3		CON		41.63333333		16.93973768

		24		CON		87.86666667		71.5067543												6		CON		35.83333333		16.93973768

		48		CON		61.26666667		71.5067543												9		CON		36.96666667		16.93973768

		72		CON		57.56666667		71.5067543												12		CON		41.6		16.93973768

		0		HIH		55.5		55.38889371												24		CON		38.13333333		16.93973768

		3		HIH		102.7		55.38889371												48		CON		39.3		16.93973768

		6		HIH		175.54		55.38889371												0		HIH		17.34		13.12146438

		9		HIH		220.64		55.38889371												3		HIH		17.34		13.12146438

		12		HIH		283.06		55.38889371												6		HIH		18.74		13.12146438

		24		HIH		289.3		55.38889371												9		HIH		21.5		13.12146438

		48		HIH		99.2		55.38889371												12		HIH		20.8		13.12146438

		72		HIH		89.5		55.38889371												24		HIH		18.04		13.12146438

		0		LOW		59.68		55.38889371												48		HIH		20.14		13.12146438

		3		LOW		74.24		55.38889371												0		LOW		19.075		14.67024316

		6		LOW		82.56		55.38889371												3		LOW		20.8		14.67024316

		9		LOW		88.8		55.38889371												6		LOW		22.525		14.67024316

		12		LOW		82.56		55.38889371												9		LOW		20.775		14.67024316

		24		LOW		330.92		55.38889371												12		LOW		25.125		14.67024316

		48		LOW		127.64		55.38889371												24		LOW		24.25		14.67024316

		72		LOW		87.42		55.38889371												48		LOW		26.875		14.67024316

		SWMilk Ovine 2 - Ewe Milk SW               08:34 Friday, October 13, 2000  42																		SWMilk Bovine 2 - BOVINE MILK SW                         76

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.302		0.03798639														HIH		0.2246		0.01644689

		6		HIH		0.35		0.03798639														LOW		0.09042805		0.01809499

		9		HIH		0.2474		0.03798639												3		HIH		0.0526		0.03088782

		12		HIH		0.236		0.03798639												6		HIH		0.2294		0.03088782

		24		HIH		0.1608		0.03798639												9		HIH		0.4104		0.03088782

		3		LOW		0.1266		0.03798639												12		HIH		0.356		0.03088782

		6		LOW		0.0974		0.03798639												24		HIH		0.1912		0.03088782

		9		LOW		0.12509064		0.0423792												48		HIH		0.108		0.03088782

		12		LOW		0.159		0.03798639												3		LOW		0.0413832		0.03800344

		24		LOW		0.14124953		0.04247008												6		LOW		0.0792		0.03088782

																				9		LOW		0.07538743		0.03800029

		SWMilk Ovine 2 - LAMB SERUM AP               08:34 Friday, October 13, 2000  42																		12		LOW		0.15599767		0.03943451

		HOUR		TRT		LSMEAN		Std Error												24		LOW		0.1142		0.03088782

		-		CON		230.0952381		46.05729891												48		LOW		0.0764		0.03088782

		-		HIH		212.78		35.67583033

		-		LOW		259.76285714		35.67583033												SWMilk Bovine 2 - CALF SERUM AP                          87

		0		CON		225.5		47.88715047												HOUR		TRT		LSMEAN		Std Error

		3		CON		230.06666667		47.88715047														CON		82.3		14.08279719

		6		CON		224.3		47.88715047														HIH		69.38		10.9084878

		9		CON		234.73333333		47.88715047														LOW		77.93333333		10.9084878

		12		CON		239.33333333		47.88715047												0		CON		83.26666667		21.77492655

		24		CON		226.63333333		47.88715047												3		CON		75.16666667		21.77492655

		48		CON		230.1		47.88715047												6		CON		72.86666667		21.77492655

		0		HIH		228.94		37.09322725												9		CON		79.8		21.77492655

		3		HIH		229.64		37.09322725												12		CON		91.33333333		21.77492655

		6		HIH		226.84		37.09322725												24		CON		91.36666667		21.77492655

		9		HIH		216.44		37.09322725												0		HIH		61.04		16.86678558

		12		HIH		217.84		37.09322725												3		HIH		63.84		16.86678558

		24		HIH		193.56		37.09322725												6		HIH		82.56		16.86678558

		48		HIH		176.2		37.09322725												9		HIH		68.7		16.86678558

		0		LOW		259.46		37.09322725												12		HIH		70.78		16.86678558

		3		LOW		279.58		37.09322725												24		HIH		69.36		16.86678558

		6		LOW		254.62		37.09322725												0		LOW		81.16		16.86678558

		9		LOW		253.92		37.09322725												3		LOW		77		16.86678558

		12		LOW		267.1		37.09322725												6		LOW		70.06		16.86678558

		24		LOW		256.68		37.09322725												9		LOW		76.32		16.86678558

		48		LOW		246.98		37.09322725												12		LOW		83.26		16.86678558

																				24		LOW		79.8		16.86678558
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Figure 3.5.  Serum alkaline phosphatase activities in lactating ewes dosed with either 0 (CON), .2 (LOW) or .8 mg (HIH)  SWlkg-1 BW at hour 0. *Indicates difference (P < .05) from CON.  BIndicates difference (P < .05) from LOW.  AIndicates difference from h 0.
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           Means           

		SWMilk Ovine 2 - OVINE SERUM SW              08:34 Friday, October 13, 2000   5																		SWMilk Bovine 2 - COW SERUM SW                          52

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.331		0.02331082														HIH		0.14876		0.00981202

		6		HIH		0.3606		0.02331082														LOW		.		.

		9		HIH		0.1638		0.02331082												3		HIH		0.0462		0.01485084

		12		HIH		0.1424		0.02331082												6		HIH		0.1894		0.01485084

		24		HIH		0.0698		0.02331082												9		HIH		0.2222		0.01485084

		3		LOW		0.07		0.02331082												12		HIH		0.2222		0.01485084

		6		LOW		0.076		0.02331082												24		HIH		0.0638		0.01485084

		9		LOW		0.04562025		0.02574544												6		LOW		0.038		0.01485084

		12		LOW		0.03384415		0.03569909												9		LOW		0.043		0.01485084

		24		LOW		0.02799807		0.05212407												12		LOW		0.054		0.01485084

		SWMilk Ovine 2 - OVINE SERUM AP              08:34 Friday, October 13, 2000  15																		SMilk Bovine 2 - BOVINE SERUM AP                         66

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error						HOUR		TRT		LSMEAN		Std Error

		0		CON		67.03333333		71.5067543														CON		38.63333333		16.59013861

		3		CON		78.63333333		71.5067543														HIH		19.12857143		12.85066611

		6		CON		57.83333333		71.5067543														LOW		22.775		14.36748149

		9		CON		68.2		71.5067543												0		CON		36.96666667		16.93973768

		12		CON		63.6		71.5067543												3		CON		41.63333333		16.93973768

		24		CON		87.86666667		71.5067543												6		CON		35.83333333		16.93973768

		48		CON		61.26666667		71.5067543												9		CON		36.96666667		16.93973768

		72		CON		57.56666667		71.5067543												12		CON		41.6		16.93973768

		0		HIH		55.5		55.38889371												24		CON		38.13333333		16.93973768

		3		HIH		102.7		55.38889371												48		CON		39.3		16.93973768

		6		HIH		175.54		55.38889371												0		HIH		17.34		13.12146438

		9		HIH		220.64		55.38889371												3		HIH		17.34		13.12146438

		12		HIH		283.06		55.38889371												6		HIH		18.74		13.12146438

		24		HIH		289.3		55.38889371												9		HIH		21.5		13.12146438

		48		HIH		99.2		55.38889371												12		HIH		20.8		13.12146438

		72		HIH		89.5		55.38889371												24		HIH		18.04		13.12146438

		0		LOW		59.68		55.38889371												48		HIH		20.14		13.12146438

		3		LOW		74.24		55.38889371												0		LOW		19.075		14.67024316

		6		LOW		82.56		55.38889371												3		LOW		20.8		14.67024316

		9		LOW		88.8		55.38889371												6		LOW		22.525		14.67024316

		12		LOW		82.56		55.38889371												9		LOW		20.775		14.67024316

		24		LOW		330.92		55.38889371												12		LOW		25.125		14.67024316

		48		LOW		127.64		55.38889371												24		LOW		24.25		14.67024316

		72		LOW		87.42		55.38889371												48		LOW		26.875		14.67024316

		SWMilk Ovine 2 - Ewe Milk SW               08:34 Friday, October 13, 2000  42																		SWMilk Bovine 2 - BOVINE MILK SW                         76

		HOUR		TRT		LSMEAN		Std Error												HOUR		TRT		LSMEAN		Std Error

		3		HIH		0.302		0.03798639														HIH		0.2246		0.01644689

		6		HIH		0.35		0.03798639														LOW		0.09042805		0.01809499

		9		HIH		0.2474		0.03798639												3		HIH		0.0526		0.03088782

		12		HIH		0.236		0.03798639												6		HIH		0.2294		0.03088782

		24		HIH		0.1608		0.03798639												9		HIH		0.4104		0.03088782

		3		LOW		0.1266		0.03798639												12		HIH		0.356		0.03088782

		6		LOW		0.0974		0.03798639												24		HIH		0.1912		0.03088782

		9		LOW		0.12509064		0.0423792												48		HIH		0.108		0.03088782

		12		LOW		0.159		0.03798639												3		LOW		0.0413832		0.03800344

		24		LOW		0.14124953		0.04247008												6		LOW		0.0792		0.03088782

																				9		LOW		0.07538743		0.03800029

		SWMilk Ovine 2 - LAMB SERUM AP               08:34 Friday, October 13, 2000  42																		12		LOW		0.15599767		0.03943451

		HOUR		TRT		LSMEAN		Std Error												24		LOW		0.1142		0.03088782

		-		CON		230.0952381		46.05729891												48		LOW		0.0764		0.03088782

		-		HIH		212.78		35.67583033

		-		LOW		259.76285714		35.67583033												SWMilk Bovine 2 - CALF SERUM AP                          87

		0		CON		225.5		47.88715047												HOUR		TRT		LSMEAN		Std Error

		3		CON		230.06666667		47.88715047														CON		82.3		14.08279719

		6		CON		224.3		47.88715047														HIH		69.38		10.9084878

		9		CON		234.73333333		47.88715047														LOW		77.93333333		10.9084878

		12		CON		239.33333333		47.88715047												0		CON		83.26666667		21.77492655

		24		CON		226.63333333		47.88715047												3		CON		75.16666667		21.77492655

		48		CON		230.1		47.88715047												6		CON		72.86666667		21.77492655

		0		HIH		228.94		37.09322725												9		CON		79.8		21.77492655

		3		HIH		229.64		37.09322725												12		CON		91.33333333		21.77492655

		6		HIH		226.84		37.09322725												24		CON		91.36666667		21.77492655

		9		HIH		216.44		37.09322725												0		HIH		61.04		16.86678558

		12		HIH		217.84		37.09322725												3		HIH		63.84		16.86678558

		24		HIH		193.56		37.09322725												6		HIH		82.56		16.86678558

		48		HIH		176.2		37.09322725												9		HIH		68.7		16.86678558

		0		LOW		259.46		37.09322725												12		HIH		70.78		16.86678558

		3		LOW		279.58		37.09322725												24		HIH		69.36		16.86678558

		6		LOW		254.62		37.09322725												0		LOW		81.16		16.86678558

		9		LOW		253.92		37.09322725												3		LOW		77		16.86678558

		12		LOW		267.1		37.09322725												6		LOW		70.06		16.86678558

		24		LOW		256.68		37.09322725												9		LOW		76.32		16.86678558

		48		LOW		246.98		37.09322725												12		LOW		83.26		16.86678558

																				24		LOW		79.8		16.86678558
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