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EFFECTS OF SNAKEWEED (GUTIERREZIA SPP.) INGESTION ON REPRODUCTION AND LIVER FUNCTION IN SHEEP1
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ABSTRACT:  Two trials were conducted to determine effects of snakeweed (SW) on liver function and reproduction.  Sheep fed SW were assigned a pair-fed control.  Body weights were recorded, and diets were adjusted weekly.  In Trial 1 (35 d), six wethers received 20% SW and 80% hachita blue grama hay (DMI basis).  Six control wethers received 17.1% alfalfa and 82.9% hachita blue grama hay (DMI basis).  Blood samples were collected weekly for serum constituents and hematocrit.  At the end of Trial 1, a single injection of bromosulfothalein (BSP; 4 mg/kg) and caffeine (2 mg/kg) was administered i.v. to measure liver function.  In Trial 2 (34 d), five ewes were fed 25% SW and 75% sorghum hay (DMI basis).  Five control ewes were fed 9.6% alfalfa and 90.4% sorghum hay (DMI basis).  Blood samples were taken on d 0, 22 and 33 for hematocrit, sorbitol dehydrogenase (SDH), and serum constituents.  Blood samples were collected twice weekly to measure progesterone (P4).  A GnRH challenge was conducted during the mid-luteal phase by administering 10 (g GnRH (i.v.).  After administering GnRH, blood samples were collected every 15 min for 240 min.  Rams were placed with the ewes during their second estrous cycle, and pregnancy rates were determined 59 d later.  In Trial 1, BW changes were different (P < 0.05), but BW changes did not differ in Trial 2 (P > 0.05).  In Trial 1, SW treated wethers had increased hematocrit, cholesterol concentrations, and serum potassium (P < 0.05).  Rate of BSP serum clearance was lower in wethers fed SW (P < 0.05). Caffeine distribution and elimination rates did not differ (P > 0.05).  In Trial 2, SW ingestion did not affect hematocrit, SDH, P4 and pregnancy rates (P > 0.05).  Baseline LH was elevated in those ewes consuming SW (P < 0.05).  Area under the curve for LH was not different (P > 0.05).  Snakeweed may have an effect on the liver’s ability to clear biological compounds, but reproduction may not be compromised.
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Introduction
Approximately $100 million is lost yearly in the United States due to rangelands infested with snakeweed (SW; Smith et al., 1994), and SW can make up to 10% of range livestock diets (Peiper, 1989).  A specific toxin has not been found, but a combination of toxins such as saponins, terpenes, and flavanols may produce varied results.  

Studies at New Mexico State University (NMSU) have shown toxicosis and impaired reproduction in sheep consuming SW (Oetting et al., 1990; Berndt et al., 1995).  Abortion, a reported symptom (Mathews, 1936), has not occurred in these studies.   

The liver and kidney appear to be affected by SW consumption (Mathews, 1936).  The liver is important in metabolism of reproductive hormones, and altered clearance may cause impaired reproduction.  Sorbitol dehydrogenase (SDH; Kramer and Hoffman, 1997), bromosulfothalein clearance (BSP; Araya and Ford, 1982), and caffeine clearance (DeGraves et al., 1995) have been used to measure liver function.  Conjugation and elimination of BSP occurs in the glutathione-S-transferase conjugation reaction in the liver (Plaa and Charbonneau, 1994).  Caffeine is metabolized by the cytochrome P-450 oxidase system in the liver (Kotake et al., 1982).  

This study was conducted to determine effects of SW on liver function, sensitivity of pituitary gonadotrophs to GnRH, progesterone (P4) levels, and pregnancy rates using two low quality hay diets.
Materials and Methods

Snakeweed was collected in July and August, 1999 (Trial 1), and July and August, 2000 (Trial 2), at the Chihuahuan Desert Rangeland Research Center, 48 km north of Las Cruces.  The top 5 to 10 cm of SW (pre-bloom stage) was harvested using hand clippers, placed in plastic bags, taken to NMSU and stored frozen (-20( C).  Trial 1 consisted of SW, alfalfa hay, and hachita blue grama hay. Trial 2 consisted of SW, alfalfa hay, and sorghum hay.  All ingredients were coarsely chopped and analyzed for DM, CP, ADF, and NDF (Table 1).  Hexane extraction was performed on ingredients in Trial 2 to determine lipid content (Table 1).  All diets were hand mixed prior to feeding.

In both trials, sheep were randomly assigned to individual pens and offered diets at 1.5% BW on DM basis.  Each sheep fed SW was randomly assigned a pair-fed control to equalize intake between treatments.  Body weights were recorded, and diets were adjusted weekly in both trials.  

In Trial 1, 12 Suffolk wethers were used.  Six wethers received 20% SW and 80% hachita blue grama hay (DMI basis).  Six control wethers received 17.1% alfalfa hay and 82.9% hachita blue grama hay (DMI basis).  

Blood samples were collected weekly for serum constituents (Southwest Bio-labs, Las Cruces, NM) and hematocrit.  At the end of Trial 1 (35 d), wethers were fitted with jugular catheters, and a bolus injection (i.v.) of BSP (4 mg/kg; Araya and Ford, 1982) and caffeine (2 mg/kg; DeGraves et al., 1995) was administered.  Blood samples were collected every 2 min for 10 min and 15, 25, 40, and 60 min to measure BSP clearance (Gulino-Klein, 1997).  Blood samples were collected every 2 min for 10 min and 15, 25, 40, 60, 90, 120, 180, 240, 360, 480, 720 and 1440 min to measure caffeine concentrations (Cook et al., 1976).  The inter- and intra-assay C.V. were 12.0 and 15.7% respectively for the caffeine RIA.  Caffeine clearance was analyzed as a two-compartment model displaying distribution and elimination rates.  Clearance rates for BSP and caffeine were calculated using PK Solutions 2.0 (Summit Research Services, 1999, Montrose, CO).  

Trial 2 began with 16 fine-wool ewes from the NMSU Corona Range and Livestock Research Center located 300 km northeast of Las Cruces.  Three ewes were diagnosed with copper toxicity (Alta Vista Animal Clinic, Las Cruces, NM).  These ewes and their pair-fed controls were released from the trial.  Therefore, five ewes received 25% SW and 75% sorghum hay (DMI basis).  Five control ewes received 9.6% alfalfa hay and 90.4% sorghum hay (DMI basis).  Blood samples were collected on d 0, 22, and 33 to measure serum constituents (Southwest Bio-labs, Las Cruces, NM), hematocrit, and SDH (Sigma Kit #50-UV, St. Louis, MO). 

Ewes were estrually synchronized on d 7 of the trial using 3 mg of a norgestomet implant (Syncro-Mate-B(, Rhone Merieux Inc., Athens, GA).  Following implant removal, blood samples were collected every 3 d to measure P4 concentrations via RIA (Diagnostic Products Corp., Los Angeles, CA).  The inter- and intra- assay C.V. were 14.9% and 4.2% respectively.  

A GnRH challenge was conducted on d 10 of the mid-luteal phase.  Blood samples were taken every 15 min for 120 min via jugular vena puncture to establish baseline concentrations of LH.  An injection (i.v.) of GnRH (10 (g; Cystorelin(, Rhode Meriux, Inc., Athens, GA) was administered.  Blood samples were collected every 15 min for 240 min, followed by a sample at 360 min.  Serum LH concentrations were quantified for LH by RIA in a single assay (Hoefler and Hallford, 1988).  The intra- assay C.V. was 8.3%.  Area under the curve (AUC) for serum LH was calculated using PK Solutions (Summit Research Services, 1999, Montrose, CO).  

Two fertile rams were placed with the ewes during the second estrous cycle to breed for 38 d.  Pregnancy was determined on d 59 post-joining, using flank ultrasound techniques.

This experiment was a completely random design with sheep being the experimental unit.  Serum constituents and base-line LH concentrations were analyzed using Proc Mixed of SAS (SAS Inst., 1989, Cary, NC).  Weight changes, BSP serum clearance, caffeine clearance, and AUC for serum LH were analyzed using Proc GLM of SAS (SAS Inst., 1989, Cary, NC).  Pregnancy rates were analyzed using chi-square procedure of SAS (SAS Inst., 1989, Cary, NC).  All procedures described were approved by the New Mexico State University Animal Care and Use Committee. 


Results and Discussion


In Trial 1, wethers fed SW showed a greater increase in BW change compared with controls (1.40 vs. 0.94 ( 0.12 kg, SW, Control, respectively; P = 0.03).  Padilla et al. (2000) also found increased weight change in ewes fed SW.  Wethers receiving SW showed increased hematocrit and serum K+ (Table 2; P < 0.05).  Other ions such as Na+, Cl-, Ca2+, and P were unaffected (P > 0.05).  No treatment by time interaction was noted for any of the serum constituents.  Cholesterol levels were higher in wethers fed SW during wk 2 through 6 (Table 3; P < 0.05).  Al-Ajmi (2000) reported increased cholesterol in rats fed a hexane fraction of SW, which may contain essential oils (Molyneux et al., 1980).  The rate of clearance of BSP was lower in wethers fed SW (0.28 vs. 0.45 ( 0.05 (g/min, SW, Control, respectively; P = 0.05), which may prevent conjugation and elimination of compounds.  Padilla et al. (2000) analyzed BSP clearance as a two-compartment model, and reported a slower distribution rate of BSP in ewes fed SW, but elimination rate was not affected.  Strickland et al. (1998) reported increased BSP elimination in cows provided SW and protein supplementation.  The half-life of BSP was not affected by SW (2.68 vs. 1.79 ( 0.38 min, SW, Control, respectively; P = 0.13).  Gulino-Klein (1997) reported an increased distribution half-life of BSP in cattle fed SW.  Distribution (0.03 vs. 0.02 ( 0.01 ng/min, SW, Control, respectively; P = 0.29) and elimination rates (0.001 vs. 0.001 ( 0.01 ng/min, SW vs. Control, respectively; P = 0.31) of caffeine clearance did not differ.  

In Trial 2, ewes showed no difference in BW change (0.89 vs. 0.78 ( 0.15 kg, SW, Control, respectively; P = 0.64). Hematocrit decreased in both groups from d 0 to d 33 with minimum treatment effects (P < 0.05).  Serum constituents were not affected by SW ingestion (Table 2; P > 0.05).  Oetting et al. (1990) reported lower levels of cholesterol and glucose in ewes fed 25% SW, but diets were higher than National Research Council requirements (NRC, 1985).  This current study used diets lower than NRC requirements.  Martinez et al. (1993) reported decreased cholesterol in ewes consuming 25% dried SW.  

Pregnancy rates and P4 concentrations did not differ between the two groups of ewes (Table 4; P > 0.05), which may be due to a greater energy supply in SW (Table 1).  Berndt et al. (1995) reported similar results.  Flores-Rodriguez (1989) reported decreasing P4 levels in female rats as SW dosages increased.  Oetting et al. (1990) reported elevated P4 in ewes consuming 25% SW, but diets were higher than recommended requirements (NRC, 1985).  Whitehead (1997) reported no changes in P4 clearance in ovariectomized ewes fed an oral drench of water and 20% SW, but SW in water causes a loss in volatile components.  Differences from study to study may be due to nutritional differences or potential toxic components in SW. 

Baseline LH was higher in those ewes consuming SW (Table 4; P < 0.05), and AUC for LH was not different (P > 0.05). Bernt et al. (1995) reported a greater response for serum LH after a GnRH injection in ewes consuming 25% SW.  Padilla et al. (2000) reported lower levels of LH in ewes provided supplementation and 20% SW. 

Implications

This study is one of the first to examine the effects of SW on biotransformation processes in the liver, which helps to detoxify xenobiotics and metabolize steroidal hormones.  In this study, hormones and serum constituents were not affected by SW consumption.  The ewes in this study may have been adapted to SW because they are from the Corona Ranch, which contains large amount of SW when forage is low.  The wethers were not adapted to range conditions, and hence, more effects were found.  Therefore, further studies may have to be performed on tissues at the cellular (hepatocyte) level to verify effects of SW.  Further studies should also compare breeds and their susceptibility to SW toxicosis.
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	Table 1. Nutrient composition of feedstuffs used in both phases of study.

	
	Trial 1a

	Item
	Snakeweed
	Alfalfa
	Hachita Blue Grama Hay

	Dry Matter %
	56.9
	92.2
	93.2

	Crude Protein %
	16.2
	17.0
	11.4

	Neutral Detergent Fiber %
	43.2
	52.1
	74.7

	Acid Detergent Fiber %
	36.6
	43.4
	42.4

	
	Trial 2

	Item
	Snakeweed
	Alfalfa
	Sorghum Hay

	Dry Matter %
	44.6
	91.4
	87.8

	Crude Protein %
	9.9
	13.3
	11.0

	Neutral Detergent Fiber %
	46.5
	54.6
	65.2

	Acid Detergent Fiber %
	37.1
	41.7
	38.2

	Lipid %c
	4.5
	2.7
	2.3


aAnalysis by New Mexico Department of Agriculture, Division of Agricultural and Environmental Services, Office of the State Chemist.

bAnalysis by laboratories of Department of Animal and Range Sciences, New Mexico State University.

	Table 2. Serum clinical profiles collected from twelve wethers (Trial 1) and ten fine-wool ewes (Trial 2) fed snakeweed and no snakeweed.a

	
	Trial 1
	Trial 2

	
	Treatments
	
	Treatments
	

	Item
	SW
	No SW
	SEb
	SW
	No SW
	SEc

	Potassium (Meq/L)
	5.5e
	5.1f
	0.08
	5.4
	5.0
	0.33

	Glucose (mg/dL)
	75.2
	73.4
	2.47
	59.3
	56.1
	4.70

	Cholesterol (mg/dL)
	
	
	
	63.2
	46.5
	5.48

	Albumin (g/dL)
	1.4
	1.5
	0.04
	1.1
	1.0
	0.06

	Globulin (g/dL)
	5.6
	5.6
	0.12
	5.5
	5.0
	0.30

	Amylase (U/L)
	8.2
	15.6
	3.80
	22.5
	8.9
	14.83

	Protein, Total (g/dL)
	7.0
	7.1
	0.15
	6.6
	6.1
	0.36

	Blood Urea Nitrogen (mg/dL)
	16.8
	19.8
	1.46
	15.1
	13.8
	0.98

	Creatinine (mg/dL)
	1.6
	1.5
	0.11
	1.3
	1.3
	0.10

	Bilirubin, Total ( mg/dL)
	0.4
	0.5
	0.05
	0.62
	0.57
	0.03

	Bilirubin, Direct (mg/dL)
	0.2
	0.2
	0.01
	0.2
	0.1
	0.02

	Bilirubin, Indir. mg/dL
	0.3
	0.3
	0.04
	0.5
	0.4
	0.02

	Hematocrit, %
	37.0e
	32.0f
	1.19
	
	
	

	Enzyme Act.d
	
	
	
	
	
	

	   ALK-P (U/L)
	175.4
	184.8
	46.36
	150.5
	103.9
	30.02

	   ALT (U/L)
	11.2e
	8.6f
	0.64
	6.6
	6.1
	0.36

	   AST (U/L)
	78.4
	72.5
	4.16
	89.9
	91.1
	12.93

	   SDH (U/L)
	
	
	
	8.4
	11.5
	2.12

	   CK (IU/L)
	179.2
	124.0
	36.87
	68.9
	78.5
	21.36

	   GGT (IU/L)
	57.4
	55.9
	4.49
	101.5
	80.0
	19.23


aNo treatment by time interaction was noted for any of the serum constituents.

bSE = Most conservative Standard Error of the mean, n = 6.

cSE = Most conservative Standard Error of the mean, n = 5.

dALK-P = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; SDH = sorbitol dehydrogenase; CK = creatine kinase; GGT = gamma-glutamyl transpeptidase.

e,fRow values within trial with different superscripts differ (P < 0.05).

	Table 3. Treatment by week interaction (Trial 1) for serum cholesterol levels (mg/dL) in wethers fed snakeweed (SW) and no SW.
	
	Table 4. Progesterone (P4), LH concentrations and pregnancy rates (Trial 2) in ewes fed snakeweed (SW) and no snakeweed.

	
	Treatments
	
	
	
	
	Treatments
	
	

	Week
	SW
	No SW
	OSLa
	SEb
	
	Item
	SW
	No SW
	OSLa
	SEb

	1
	59.9
	55.6
	0.44
	4.10
	
	P4 (ng/mL)
	1.93
	1.85
	0.85
	0.31

	2
	75.1
	57.4
	0.01
	4.10
	
	LH Base-line (ng/mL)
	0.99
	0.39
	0.01
	0.08

	3
	80.3
	57.8
	0.01
	4.10
	
	LH Area Under Curve
	1925
	1538
	0.32
	248

	4
	80.7
	58.2
	0.01
	4.10
	
	Pregnant
	4
	2
	0.20
	

	5
	86.1
	58.2
	0.01
	4.10
	
	Non-Pregnant
	1
	3
	
	

	6
	81.3
	54.6
	0.01
	4.10
	
	aObserved significance level.

	aObserved significance level
	
	bMost conservative standard error of the mean (n=5)

	bMost conservative standard error of the mean (n=6)
	
	





