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ABSTRACT:  Twenty ewe-lambs were used to determine if energy and protein supplementation would improve tolerance to snakeweed toxicosis.  Ewe-lambs were randomly assigned to one of four dietary supplements: Control (no supplement; CONT), corn (189g), undegradable intake protein (227g; UIP), or degradable intake protein (227g; DIP).  Supplements were isocaloric.  During Phase 1 (38 d) all ewes were fed 94% hachita blue grama hay, 6% alfalfa hay (DMI basis) and supplement.  Phase 2 (25 d) all ewes were fed 80% hachita blue grama hay, 20% snakeweed (DMI basis), and assigned supplement.  Diets were isonitrogenous and isocaloric between the two phases.  Weights were taken before Phase 1, after Phase 1, and after Phase 2.  Feed intake was measured by weighing refusals daily.  Ewes were estrually synchronized at the end of each phase using Lutalyse.  A GnRH challenge was conducted at the end of both phases by administering 10μg GnRH iv at days 9 to 11 after the Lutalyse injection. Blood samples were taken every 15 minutes for 240 minutes.  Bromosulfothalein (BSP) clearance was also measured at the end of each phase to measure liver function and the liver's ability to conjugate and eliminate compounds.   BSP was administered by single bolus injection iv (4mg/kg).  Blood samples were taken 0 to 60 minutes at 5 minute intervals. After Phase 1, ewes had a mean BW loss (P=.0002) of 1.56 kg.  In Phase 2, ewes gained of 0.2 kg BW.  Across both phases, supplements altered weight gain (P<.0002).  Controls lost the most weight, UIP gained the most weight with the other two diets being intermediate.  Ewes consuming snakeweed had a lower (P=.002) area under the curve (AUC) for LH than ewes not consuming SW.   Area under the LH curve was (P<.05) influenced by supplements.   Ewes receiving DIP had higher (P<0.05) AUC than UIP and Corn, but was similar (P>.10) to CONT. Results from BSP clearance indicate distribution slopes between the two phases are different (P=.01), and elimination slopes were similar (P>.60).
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Introductiontc \l1 "Introduction
Snakeweed (Gutierriezia spp.) consumption has caused abortion and toxic events leading to over $40 million/year loss in New  Mexico and Texas (Carpenter et al., 1990; Torell et al., 1988).  This unpalatable plant has been reported to increase in areas that have been disturbed or heavily grazed  (Ralphs, 1985).

Symptoms of snakeweed (SW) toxicosis have included depression, a decrease in appetite, reduction in BW gains, rough hair coat, nasal discharge, crusted skin around muzzle, vaginal swelling, abnormal udder development, painful urination, and diarrhea which may turn into constipation (Mathews, 1936; Dollahite and Anthony, 1957).  Abortion, low birth weight, retained placenta, and death may also occur (Dollahite and Anthony, 1957).   Mathews (1936) reported the liver and kidney appeared to be the major organs affected by SW consumption.  Evidence has shown that SW toxicosis may be altered by providing supplementation and increasing the plane of nutrition (Oetting et al., 1990; Williams et al., 1992; Bernt et al., 1995; Strickland et al., 1998).   

Scientists have not yet determined if ovulation, conception, or embryonation is affected in livestock consuming SW.  However, studies when SW was fed to female rats caused impaired reproduction, elevated progesterone, embryonic and early fetal death, and mild toxicosis (Flores-Rodriguez et al., 1989; Smith and Flores-Rodriguez, 1989; Edrington et al., 1991).  Sheep have exhibited a decrease in estrual activity when SW and a  low quality roughage were fed for a long period of time (102d).  However, these effects were not exhibited in sheep fed an alfalfa hay diet for the same length of time (Oetting et al., 1990).  Heifers also showed no impairment in reproduction when fed an alfalfa hay diet along with SW (Williams et al., 1992) 

A study was conducted to determine if SW consumption would alter liver function, forage intake, and sensitivity of pituitary gonadotrophs to GnRH when providing supplementation.      

Materials and Methodstc \l1 "Materials and Methods
Snakeweed was collected 48 km north of Las Cruces at the Chihuahuan Desert Rangeland Research Center.  New growth (pre-bloom) of the plant (approx. top 5-10 cm) was harvested using handclippers in July and August, 1998.  Snakeweed was then stored frozen in large plastic bags (-20 C).  Frozen SW, alfalfa hay, and hachita blue grama hay were chopped.  All diets were mixed by hand just prior to feeding.    

Twenty ewe lambs were randomly assigned to individual pens and to one of four different energy or protein supplements: Control (no supplement, CONT), Corn (189g), undegradable intake protein (227g; UIP), or degradable intake protein (227g; DIP).  All supplements were fed to be isocaloric.  The two protein supplements were isonitrogenous (32% CP; Table 1; Salisbury et al., 1999).  Ewes were fed forage at 1.5% of BW on a DM basis.  Phase I (38d) consisted of a diet containing 94% hachita blue grama hay, 6% alfalfa hay, and supplement.  Phase 2 (25d) consisted of 80% hachita blue grama hay, 20% SW, and supplement.  Diets were isocaloric and isonitrogenous between  phases.  Refusals were measured each day, and BW was recorded before Phase 1, after Phase 1, and after Phase 2.  

Ewes were estrually synchronized using a two- injection protocol of Lutalyse® (Upjohn) during each phase.  On days 9 to 11 post-Lutalyse® injection, a GnRH challenge was conducted at the end of each phase.  Blood samples were taken every 5 minutes for 60 minutes before the GnRH challenge via jugular venipuncture.  An injection of GnRH (10 µg) was administered iv, and blood samples were collected every 15 minutes for 240 minutes.  Blood samples were quantified for LH (Hoefler and Hallford, 1987) and area under the curve (AUC) was calculated using trapezoidal summation.

Bromosulfothalein (BSP) clearance was performed at the end of each phase to measure liver function (Strickland et al., 1998, Araya and Ford, 1982).  A bolus injection of BSP was administered iv (4mg/kg).  Blood samples were then collected every five minutes for 60 minutes.  Administration of BSP and analysis in serum samples were conducted as described by Gulino-Klein (1997). The results were analyzed as a 2-compartment model displaying elimination and distribution rates.  These slopes were calculated using Delta Graph 4.0 (1996, Deltapoint, Monterey CA) software by biexponential decay.

The experiment was a completely random design with a 2x4 factorial arrangement of treatments (two factors being levels of snakeweed and dietary supplements).   Data were analyzed using Proc GLM of SAS (1989).  No snakeweed by supplement interaction was noted for any variable measured.  Therefore, only main effect means are presented.  All procedures described in this manuscript were approved by the New Mexico State University Animal Care and Use Committee.

Results and Discussion

Ewes consuming SW maintained weight while ewes not consuming SW lost weight (P=0.003; Table 2).  These results are contrary to other scientists who report no difference in BW of sheep and cattle consuming SW (Oetting et al., 1990; Berndt et al., 1995; Strickland et al., 1998).  Forage intake was not affected (P=0.16) by SW consumption (Table 2).  However, AUC for serum LH was reduced (P=0.001) in ewes consuming SW (Table 2).  These results differ from data of Berndt et al. (1995), who reported higher serum LH concentrations in ewes consuming a grass hay diet with 25% SW.  These authors suggested that SW might have provided a higher energy value, which resulted in the elevated LH.  However, in a second study, Berndt et al. (1995) fed ewes SW with an alfalfa hay diet with no changes in serum LH.  In the present study, SW consumption increased (P=0.01) the slope of the distribution phase of BSP clearance (Table 2).  This suggests that SW consumption altered tissue and membranes allowing BSP to move into other compartments of the body.  Elimination slopes were similar (P=0.65; Table 2) suggesting that SW consumption did not influence the liver’s ability to conjugate and excrete BSP.  These data describing BSP clearance agree with Strickland et al. (1998).

Ewes receiving only the CONT diet had greater (P=0.05) weight loss than other supplemental groups.  Ewes supplemented with UIP gained weight and were different (P<0.05) from other supplemental groups (Table 3).  Salisbury et al. (1999) reported greater weight gain in supplemented versus non-supplemented ewe lambs with no difference among ewes consuming either UIP or DIP supplements.  Forage intake was similar (P>0.05) among dietary supplements.  These data agree with Salisbury et al. (1999).  However, ewes consuming DIP supplement exhibited a greater (P<0.05) response to the GnRH challenge as evidenced by higher AUC (Table 3).  These data differ from Salisbury et al. (1999) who found no effect of supplement on AUC.  However, Salisbury et al. (1999) used ewe lambs that were transitioning into puberty.  Supplements  did not affect (P>0.05) distribution and elimination of BSP (Table 3).  Strickland et al. (1998) reported that elimination increased with corn or protein supplements.  However, these authors used beef cattle that were in poor body condition.  Ewes in the present study were in moderate body condition.  The supplements did not appear to alter the ewes’ responses to SW consumption. 

Implications

This study has led to the examination of biotransformation processes occurring in the liver which aid in detoxification of xenobiotics and (Strickland et al., 1998) clearance of steroidal hormones.  If clearance of steroidal hormones is affected, this might explain the changes in LH and could ultimately alter reproduction. Further studies will be needed to refine what type of biotransformation mechanisms are involved in snakeweed toxicity.  
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Table 1. Ingredient and nutrient composition of degradable intake protein (DIP) and undegradable intake protein (UIP) used in both phases of study.



                      Treatmenta                                  

Itemsb
UIP
DIP


Corn (fine ground)
44.55
14.68

Hydrolyzed feather meal
30.00

High protein soy meal
14.00
79.10

Blood meal (flash dry)
5.0

Caramel-molasses blend
5.00
5.00

Potassium
1.00

Ferrous sulfate, 30%
0.36
0.36

Manganese sulfate
0.09
0.09

Cobalt carbonate, 46%
0.0025
0.005

Vitamin A
0.0025
0.005

Calcium carbonate

0.75

Selenium

0.01


a UIP is ruminally undegradable intake protein and DIP is ruminally degradable intake protein.  Crude protein is 32% for both supplements.

b All ingredients are in percent as-fed.

Table 2.  Weight changes (kg), forage intake (kg, DM basis), area under the curve (AUC) for serum LH and distribution and elimination of bromosulfothalein in ewes consuming snake weed and no snakeweed.a


                    Treatmentsb                    

Items
No Snakeweed
Snakeweed
OSLc
SEd

Total weight change
-1.556
0.20
0.003
0.38

Forage intake (kg)
16.8
15.7
0.16
523.2

AUCe
1156
602.9
0.001
114.1

Distribution
-0.18
-0.09
0.01
0.02

Elimination
-0.05
-0.04
0.65
0.01


a Completely random design with a 4 x 2 factorial arrangement of treatments.  Snakeweed by supplement interactions were not found.

b Phase 1 diets (38d) consisted of 94% hachita blue grama hay, 6% alfalfa hay, and no snakeweed (all on DM basis).  Phase 2 diets (25d) consisted of 80% hachita blue grama hay and 20% snakeweed (all on DM basis).

c Observed significance level.

d Standard error (N=20; ewes per treatment for Intake and AUC; N=15; ewes er treatment for distribution and elimination).

e Area under the LH curve following a Gn RH challenge.

Table 3.  Weight changes (kg), forage intake (kg, DM basis), area under the curve (AUC) for serum LH levels, and distribution and elimination of bromosulfothalein in ewes consuming supplement and no supplement.a,b


                                        Treatmentsc                                       

Items
CONT
Corn
UIP
DIP
SEd

Total weight change
-2.62e
-0.54f
1.31g
-0.86f
0.54

Forage intake (kg)h
15.15
15.61
17.57
16.7
7.4

AUCi
942.8e,f
689.7e
641.5e,f
1244.6f
161.4

Distributionh
-0.12
-0.20
-0.10
-0.11
0.04

Eliminationh
-0.04
-0.07
-0.04
-0.03
0.02


a Completely random design with a 4 x 2 factorial arrangement of treatments.  Snakeweed by supplement interactions were not found.

b Phase 1 diets (38d) consisted of 94% hachita blue grama hay, 6% alfalfa, and supplement or no supplement.  Phase 2 diets (25d) consisted of 80% hachita blue grama hay, 20% snakeweed, and supplement or no supplement.

c CONT=Control (no supplement), UIP=Undegradable intake protein, DIP=Degradable Intake Protein.

d Standard error (N=5; ewes per treatment for Weight change, Intake and AUC; N=3 for distribution and elimination).

e,f,gRow means with differing subscripts differ (P<0.05).

hRow means did not differ (P>0.05).

iArea under the LH curve following a GnRH challenge

