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SERUM THYROXINE AND REPRODUCTIVE CHARACTERISTICS OF RAMBOUILLET EWE LAMBS TREATED WITH PROPYLTHIOURACIL BEFORE PUBERTY1,2
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ABSTRACT:  Twenty-four fine wool ewe lambs (BW = 43.7  1.2 kg, 6 mo of age) were used to examine the effect of thyroid suppression before the onset of puberty on serum thyroxine (T4), BW, and date of puberty.  Beginning in early September, ewe lambs were assigned to three treatments (n = eight lambs/treatment).  All animals remained in a single pen (4 x 12  m) with access to salt, water, shade, and alfalfa hay (2.5 kg animal-1d-1) throughout the experiment.  On d 0 (first day of treatment), all ewe lambs received daily treatments (gavage) for 15 d consisting of 0, 20 (low), or 40 (high) mg of 6-N-propyl-2-thiouracil (PTU) kg BW-1d-1.  On d 16 the low and high treatments were lowered to 10 and 20 mg kg BW-1d-1, respectively.  All animals were treated for 28 d.  Blood samples (jugular venipuncture) and BW were taken regularly.  All serum samples were analyzed for T4 and ovarian cyclicity was determined by twice weekly progesterone (P4) analysis.  Thyroxine concentrations were similar on d 0 (62, 55, and 57  2 ng/mL, P = 0.16) in ewe lambs receiving 0, 20, and 40 mg of PTU/kg BW, respectively.  By d 7, both PTU-treated groups had T4 values less than 20 ng/mL (9 and 15  2 ng/mL) compared with 78 ng/mL in controls (P < 0.01).  By 7 d after termination of PTU treatment, serum T4 had risen to 29 and 27 ( ng/mL in the low and high PTU groups, respectively.  On d 66, control ewes had 55 ng T4/mL compared with 43 and 39 ( ng/mL for ewes in the low and high groups, respectively (P < 0.01).  Ewe lamb BW were similar (P > 0.50) among groups throughout the treatment period.   Average Julian day of puberty was also similar (P > 0.50) among treatments (281, 288, 288  5; control, low, and high respectively).  Control ewes had a pregnancy  rate of 75%, while both PTU-treated groups had pregnancy rates of 88% (P > 0.20).  The 
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PTU resulted in a rapid decline in serum T4 but neither

time of puberty nor pregnancy rates were affected by lowered T4 values.
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 Introduction

The practice of breeding spring born ewe lambs is a management strategy that sheep producers can utilize to increase total production from the ewe flock.  The ability of the ewe lamb to reach puberty and produce her first offspring at approximately 12 mo of age is determined by several factors.  Hulet et al. (1969) showed that better body condition and heavier weaning weights were observed in ewe lambs showing estrus in the fall of their first year.  The exposure to long days of spring and summer, followed by short days in autumn induces photoperiodic cues to stimulate the ewe lamb’s first estrus (Yeates, 1949; Foster, 1981; Foster et al., 1985).  Ewe lambs must experience these conditions because of the seasonal nature of the ovine reproductive cycle.  The reproductive cycle in sheep is such that a fall breeding season occurs followed by a season of anestrus.  During anestrus, the pulsatile secretion of LH diminishes due to a switch in estradiol feedback on LH  from positive to negative (Legan and Karsch, 1979).  In mature ewes, the thyroid hormone thyroxine (T4) has been indicated to play a role in seasonal reproduction.  Karsch et al. (1995) prevented the negative feedback of estradiol by removing the thyroid gland prior to cessation of the breeding season.  This allowed the period of cyclicity to continue longer than normal.   Administration of T4 to thyroidectomized ewes caused decreases in LH and the eventual ending of cyclicity (Dahl et al., 1995).  These data confirm involvement of the thyroid gland in seasonal anestrus.  Studies by Hernandez et al. (1999) and Bollinger et al. (2000) examined effects of the thyroid inhibitor propylthiouracil (PTU) on pregnant ewes.  In both experiments, oral administration of PTU was effective in lowering circulating T4 concentrations.  Recent work by Hernandez et al. (2001) demonstrated that large dosages of PTU were effective in lowering T4 and preventing the onset of anestrus.  Currently no data are available that demonstrate the effect of anti-thyroidal compounds on puberty.  Therefore the objectives of this research were to examine the effect of thyroid inhibition before the onset of puberty on serum T4, BW, time of onset of puberty, and pregnancy rates in fine wool ewe lambs.

Materials and Methods
 Twenty-four spring born fine wool ewe lambs (BW = 43.7  1.2 kg, 6 mo of age) were used in this experiment.  Animals were maintained in the same pen (4 x 12 m) under ambient conditions (early Sep to early Feb) and were given free access to water, shade, and salt throughout the trial.  Ewe lambs consumed alfalfa hay (2.5 kg animal-1d-1) and cracked corn (0.22  kg animal-1d-1) as a basal diet.  Weights were recorded regularly throughout the trial.

Treatments
On d - 2 (Sep 9), ewe lambs were stratified by BW and randomly assigned to treatments (n = eight lambs/treatment).  Daily treatments (gavage) beginning on d 0 were control (0 mg of 6-N-propyl-2-thiouracil (PTU) kg BW-1d-1 ), low (20 mg PTU), or high (40 mg PTU).  This dosage was administered until d 14.  On d 15 of the treatment period, the low and high treatments were decreased to 10 and 20 mg of PTU kg BW-1d-1, respectively.  The PTU (Sigma, St. Louis, MO) was prepared in gelatin capsules (size 12 EL, Torpac Inc., Fairfeild, NJ).  Ewe lambs in the control group received blank gelatin capsules.  Past studies using mature ewes (Hernandez et al., 1999; Bollinger et al., 2000) indicated that dosages of 12 mg PTU or less did not decrease serum T4 below 20 ng.  A more recent study (Hernandez et al., 2001) showed that larger dosages of PTU (> 20 mg) were sufficient to reduce serum T4 below 20 ng.  The larger dosages were chosen in an attempt to dramatically reduce serum T4.   After the treatment period ended (d 28), ewe lambs were joined with raddled mature Rambouillet rams for a 34-d breeding season (Oct 15 through Nov 17).  Breeding dates were recorded daily.

Blood Collection

Initial blood samples were collected on d - 2 (jugular venipuncture). Daily blood samples were collected from d 0 through d 35 and twice weekly thereafter until the end of the 34-d  breeding season (last day of trial).  Two additional samples were collected in late Jan (mid-gestation).  Blood samples were collected before feeding at all times into sterile vacuum tubes (Corvac 7, Kendall Health Care, St. Louis, MO).  Samples were allowed to clot at room temperature for approximately 30 min before centrifugation at 1,500 x g for 15 min at 4C to separate serum.  Following centrifugation serum was transferred to plastic vials and stored frozen at - 20C until analyzed.

Hormone Analyses
Serum T4 and P4 were quantified by RIA using components of commercial kits supplied by Diagnostic Products Corp. (DPC, Los Angeles, CA).  Modifications to the T4 assay were reported by Richards et al. (1999).  The P4 assay was modified as described by Schneider and Hallford (1996).  The within assay coefficients of variation (CV) were 9.2 and 7.5 % for the P4 and T4 assays, respectively, while the between assay CV for P4 and T4  were 8.1 and 13.3 %, respectively.  Date of puberty was determined by measuring P4 in samples collected twice weekly.  Puberty was defined as the day that P4 rose above 1 ng/mL and stayed for two consecutive blood samples.  Pregnancy was determined by the two additional blood samples taken during mid-gestation according to methods described by Schneider and Hallford (1996).  Specifically, a ewe lamb was considered pregnant if P4 was greater than 2.5 ng/mL in both late Jan samples collected 1 wk apart. 

Statistical Analysis
All analyses were computed using the GLM and FREQ procedures of SAS (SAS Inst. Inc., Cary, NC).  Serum T4  profiles were analyzed by split-plot analysis of variance for repeated measures (Gill and Hafs, 1971).  Treatment effects were included in the main plot and treatment by day interactions were included in the subplot.  Animal within treatment was used as the error term to test PTU effects and the residual error was used to test the interaction.  Ewe lamb weights and data for average Julian day of puberty were analyzed by analysis of variance for a completely random design (Steele and Torrie, 1980).  Pregnancy rates were determined by Chi-square analysis. 

Results and Discussion
Serum Thyroxine

 
Dahl et al. (1995) indicated that administering T4 to mature ovariectomized, thyroidectomized, estradiol-implanted ewes to raise T4 to nadir levels (approximately 20 ng/mL) was effective in promoting the cessation of LH pulsatility (i.e., initiation of anestrus).  Therefore our study attempted to lower serum T4  below 20 ng/mL in ewe lambs to determine PTU effects on puberty.  Serum T4 was greatly reduced in ewe lambs receiving PTU compared with values observed in controls.  A treatment by day interaction (P < 0.01) was detected by split plot analysis of variance during the 28-d treatment period; therefore, PTU effects on T4 were analyzed within day and results are presented in Figure 1.  Thyroxine concentrations before administration of PTU on d 0 were similar in all ewe lambs (62, 55, and 57 ± 2 ng/mL for control, low, and high treatments, respectively, P = 0.16).  After 1 d of PTU treatment, serum T4 was reduced in ewe lambs receiving 20 and 40 mg of PTU compared with controls (57, 52, and 65 ± 3 ng/mL, respectively,  P = 0.04).  On d 7, T4 values were much lower in the PTU-treated ewes than in controls (9, 15, and 79 ± 2 ng/mL for those receiving 0, 20, and 40 mg of PTU, respectively).  These data agree with results reported by Hernandez et al. (2001) and suggest that large dosages of PTU can lower serum T4 below 20 ng/mL.  In fact, ewe lambs appeared to respond much more quickly to PTU in terms of T4 reduction than did the mature ewes studied by Hernandez et al. (2001).  At the end of the treatment period (d 28), serum T4 values were less than 1 ng/mL in both PTU-treated groups.  Daily blood samples were collected for 7 d following termination of treatments (Figure 1) and although PTU-treated ewe lambs had increasing T4 concentrations, levels remained lower than in controls (58, 29, and 27 ± 2 ng/mL on d 35 in those initially treated with 0, 20, and 40 mg of PTU/kg BW, respectively).  Hernandez et al. (2001) noted that 40 mg of PTU was more effective in mature ewes than 20 mg of PTU in quickly lowering serum T4 to less than 20 ng/mL.  These authors also hypothesized that 40 mg of PTU may have been a large enough dosage to adversely impact ewe health in a manner different from hypothyroidism.  In our study, both 20 and 40 mg of PTU/kg BW lowered serum T4 to less than 20 ng/mL within 7 d and decreasing the dosages to 10 and 20 mg of PTU/kg BW was sufficient to hold serum T4 below 20 ng/mL for the remainder of the treatment period. 

Ewe Lamb Body Weight
At initiation of treatment (d 0) all ewe lambs had similar BW (approximately 44 kg, Table 1).  Weights on d 14 were also similar among treatments (45.8, 46.4, and 46.5 ± 1.2 kg; 0, 20, and 40 mg PTU, respectively; P > 0.20).  Likewise, BW did not differ (P = 0.88) on d 28 (48.6, 49.6, and 49.2 ± 1.3 kg for 0, 10, and 20 mg PTU/kg BW, respectively).  One week (d 35) and 5 wk (d 63) after the end of the treatment period all weights were similar (P > 0.20) among groups (Table 1).  These data indicate that at levels used in this trial PTU treatment had no adverse effect on BW.  This finding further suggests that feed intake was not adversely impacted by these dosages of PTU in young females.   Hernandez et al. (2001) found that mature ewes treated with 40 mg of  PTU tended to lose weight compared with controls.  These researchers hypothesized that this effect may have resulted from a ‘toxicity’ caused by the large dosage of PTU resulting in depressed feed intake.  This depression was not observed in the present study possibly because of the switch to a lower dosage or perhaps a shorter treatment period (28 d vs 35 d in the mature ewe study).

Reproductive Performance
In the present study reproductive characteristics were similar among treatments (Table 1).  Average Julian day of puberty was 281 ± 5 d in controls and  288 ± 5 d in both PTU-treated groups (P > 0.50).  Pregnancy rates were also similar (P > 0.20) in both control and PTU-treated ewes (75 % for controls and 88 % for both PTU groups).







Implications 
These data indicate that although oral administration of PTU caused a dramatic reduction in serum thyroxine, it did not hasten puberty or improve pregnancy rates.  However, results demonstrate that use of propylthiouracil is an effective means of studying effects of hypothyroidism in sheep.
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Table 1.
Weights (kg) and reproductive responses of Rambouillet ewe lambs treated daily with propylthiouracil (PTU) for 28 d before beginning a fall breeding season

	
	PTU, mg/kg BWa
	

	
	0
	20/10
	40/20
	SEc

	 Dayb 
	
	
	
	

	 0
	44.2
	43.7
	44.6
	1.2

	 14
	45.8
	46.4
	46.5
	1.2

	    28    
	48.6
	49.6
	49.2
	1.3

	        35        
	49.4
	48.4
	48.4
	1.2

	 63
	52.3
	50.1
	50.0
	1.1

	Reproductive Performance
	
	
	
	

	Julian day of pubertyd
	281
	288
	288
	5.0

	     Pregnancy rate, %e
	75
	88
	88
	


a Ewe lambs received 0, 20, or 40 mg PTU/kg BW daily (gavage in gelatin capsules) for 14 d.    

 After this initial period, the dosages in the three respective groups were decreased to 0, 10, and 

 20 mg of PTU/kg BW for an additional 14 d.  Row values do not differ (P > 0.20). 

b Day of trial   (d 0 = first day of PTU treatment; Sep 11).

c Standard error based on 8 animals/group.

dDate of puberty determined by P4 measured in samples collected twice weekly.  Puberty was defined as the day that P4 rose above 1 ng/mL and stayed for two consecutive blood samples.

e Ewe lamb was considered pregnant if P4 was greater than 2.5 ng/mL in both late Jan samples collected 1 wk apart.





