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SERUM THYROXINE, BODY WEIGHTS, AND OVARIAN CYCLICITY IN FINE WOOL EWES SUBJECTED TO THYROID SUPPRESSION IMMEDIATLEY BEFORE ONSET OF ANESTRUS
J. A. Hernandez, D.M. Hallford, and N. H. Wells
 New Mexico State University, Las Cruces, NM 88003
ABSTRACT:  Fourteen cycling fine wool ewes were assigned to three treatments to examine effects of thyroid suppression on time of onset of anestrus.  Ewes remained in a single pen (4 x 12 m) with access to salt, shade, water, and alfalfa hay (1.8 kg Canimal-1Cd-1) throughout the experiment.  Beginning on d 0 (January 17, first day of treatment), ewes received daily treatments (gavage) for 35 d consisting of either 0 (n = 4), 20 (n = 5), or 40 (n = 5) mg of propylthiouracil (PTU)/kg BW.  Blood samples (jugular venipuncture) and BW were taken regularly.  Serum samples were assayed for thyroxine (T4) and progesterone (P4).  Ewe BW were similar (P > 0.90) among treatments before the trial began with all ewes weighing 78 ± 2.2 kg.  Likewise, all ewes had serum T4 concentrations of approximately 85 ± 8 ng/mL on d 0 (P > 0.40).  After 11 d of PTU treatment, however, serum T4 was 90, 75, and 44 (± 14) ng/mL in ewes receiving 0, 20, and 40 mg of PTU/kg BW, respectively (linear, P = 0.04).  On d 20, T4 values in the three respective groups were 73, 51, and 16 (± 13) ng/mL (linear, P < 0.01).  Fourteen days after PTU treatment ended, serum T4 was similar (P > 0.50) in the three respective groups (71, 77, and 52 ± 12 ng/mL).  Although BW did not differ (P > 0.10) among treatments during the experiment, ewes receiving PTU tended to weigh less on d 42 (84, 78, and 72 ± 5 kg for ewes treated with 0, 20, and 40 mg PTU/kg, respectively; linear, P = 0.10).  Day of onset of anestrus was designated as the day on which serum P4 fell and stayed below 1 ng/mL.  Ewes treated with 0, 20, or 40 mg of PTU/kg BW became anestrus on d 16, 40, and 78 (± 12) of the experiment, respectively (linear, P < 0.01).  At the time the 35-d treatment period ended, 25, 60, and 100% of ewes receiving 0, 20, or 40 mg of PTU/kg were still cycling.  Large dosages of PTU will dramatically lower serum T4 and  this effect appears to inhibit onset of anestrus in fine wool ewes.
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Introduction
The reproductive cycle in ewes consists of a breeding season in the fall when the days are short followed by the anestrous season that begins as day length increases in the spring and is continued until the fall of the subsequent year (Legan and Karsch, 1979).   During the anestrous period, the pulsatile activity of LH is lost as a result of estradiol switching from positive to negative feedback on LH (Legan and Karsch, 1979; Barrell et al., 1992). The mechanism which allows this change has been examined in many studies.  Thyroid intact ewes given larger dosages of thyroxine (T4) entered  anestrus prematurely (O’Callaghan et al., 1993).  Karsch et al. (1995) noted that removal of the thyroid gland during the normal breeding season eliminated the negative feedback of estradiol that accompanies anestrus. In other words, thyroidectomy during the breeding season allowed ewes to remain cyclic for more than a year (Moenter et al., 1991).   However, Dahl et al. (1995) also found that supplementing thyroidectomized ewes with T4  caused a decrease in LH and induced the end of the breeding season.  These data suggest that the thyroid gland plays a significant role in onset of the anestrous season by exerting a negative effect on LH pulsatility during the last 20 to 25% of the breeding season (O’Callaghan et al., 1993; Karsch et al., 1995; Thrun et al., 1996).  Recent studies have attempted to mimic this decrease in T4 during this short “window” of time to allow  ewes to remain cyclic throughout the year.   The thyroid blocking compound 6-N-propyl-2-thiouracil was examined for its usefulness in suppressing thyroid levels in ewes and was found to be effective (Bollinger et al., 2000).  The objective of the current study was to determine if propylthiouracil (PTU) could delay the onset of anestrus in normally cycling fine wool ewes.
Materials and Methods  

Fourteen cycling fine wool ewes (BW= 78 + 2.2 kg) were used in this experiment.  Animals were maintained in a single pen (4 x12 m) and had ad libitum access to water, salt, shade and alfalfa hay (1.8 kg·animal-1·d-1) throughout the study.  Ewe weights were measured on d -1 (day before initiation of treatment) and ewes were stratified by BW and assigned to one of three treatment groups.  Body weight measurements were taken every 2 wk.  Previous data from our laboratory showed that 12 mg of PTU/kg of BW was not sufficient to lower T4 levels below 20 ng/mL (Bollinger et al., 2000). Therefore two higher dosages of PTU (Sigma, St. Louis, MO) were used in this trial.  A control group (n = 4) received blank gelatin capsules (Torpac, Fairfield, NJ, size 12 EL) daily throughout the 35-d treatment period.  The second group received 20 mg of PTU/kg BW (n = 5) daily and the third group received 40 mg of PTU/kg BW (n = 5) for 35 d.  The PTU was delivered by gavage in gelatin capsules.  

Blood samples were collected (jugular venipuncture) twice weekly for 2 mo before treatments began to ensure all ewes remained cyclic on d 0 (first day of treatment).  Beginning on d 0 (Jan 17) blood was collected daily for the duration of the treatment period and for 14 d after termination of treatment to measure serum T4 concentrations in response to the PTU.  Additionally blood was collected twice weekly to measure serum progesterone (P4) until the time when all ewes were anestrus.  Serum was harvested by centrifugation at 1,500 x g for 15 min and was stored at -20° C until analyzed.  Serum T4 was quantified by RIA (Richards et al., 1999) utilizing components of a commercial kit from Diagnostic Products Corp. (DPC, Los Angeles, CA).  Serum P4 was quantified by RIA using a commercial kit (DPC) with modifications described by Schneider and Hallford (1996).  Anestrus was determined as the day that serum P4 fell below and remained less than 1 ng/mL   The within and between assay coefficients of variation for both the T4 and P4 assays were less than 20%.   

Effects of PTU on T4 concentrations was evaluated by split plot analysis of variance for repeated measures (Gill and Hafs, 1971).  The model included treatment in the mainplot which was tested using animal within treatment as the error term.  Day and the day by treatment interaction was included in the subplot and was tested using the residual mean square.   When a significant time x treatment interaction was detected, treatment effects were examined within time.   Body weights and date of anestrus were subjected to analysis of variance for a completely random design and means were separated using linear and quadratic contrasts.  Percentage of ewes becoming anestrus during and after the treatment period was analyzed by Chi square procedures.  All analyses were computed using the GLM or FREQ procedures of SAS (SAS Inst. Inc., Cary, NC).  

Results and Discussion

Serum Thyroxine
During the 35-d treatment period, beginning in mid Jan, 10 ewes were exposed to either 20 or 40 mg of PTU/kg BW, while four controls received blank gelatin capsules.   Split plot analysis of variance revealed a treatment by day interaction (P < 0.01) during the 35-d treatment period; therefore PTU effects on T4 were analyzed within day and results are presented in Figure 1.  Prior to administering PTU on d 0, serum T4 concentrations were approximately 85 (+ 8) ng/mL in all ewes.  On d 11, serum T4  was 90 + 14 ng/mL for controls compared with 75 and 44 (+ 14) ng/mL in ewes receiving 20 or 40 mg of PTU/kg BW, respectively (linear, P = 0.03).  Serum T4 continued to decline through the treatment period; and on d 18, values were 83, 55 and 19 (+ 14) ng/mL in the three respective groups (linear, P < 0.01).  On d 35 (last day of treatment) serum T4 was 65, 9, and 2 (+ 5) ng/mL in animals receiving 0, 20 and 40 mg PTU, respectively (linear P < 0.01).  

Blood samples were also collected daily for 14 d after termination of PTU.  During this recovery period (d 36 through d 49), split plot analyses of serum T4 detected a treatment by day interaction (P< 0.01) necessitating examination of PTU effects within each day (Figure 1).  By the end of this 14-d period, serum T4 was similar (P = 0.16) with means of 71, 77 and 52 (+ 10) ng/mL in the three respective groups.  These data demonstrate that PTU at 20 mg/kg BW is effective in lowering serum T4 below 20 ng/mL but approximately 30 d of treatment are required to elicit this effect.  However, 40 mg of PTU/kg BW resulted in serum T4 less than 20 ng/mL in about 18 d.  Thus the 40 mg treatment produced more desirable effects of T4 reduction in terms of the 20 ng level suggested by Karsch et al. (1995) as being necessary to influence LH pulsatility in ovarectomized, estradiol- implanted ewes.  Likewise, both treatments in the present trial induced a much more dramatic lowering of serum T4 than that observed by Bollinger et al. (2000) who used 12 mg PTU/kg BW.  These data also demonstrate that ewes recover quickly in terms of serum T4 even after exposure to high dosages of antithyroidal compounds.

Ewe Body Weight

On the day before the first day of treatment (d -1), all ewes weighed approximately 78 kg.  Likewise, BW were similar (P = 0.29) after 28 d of treatment (Table 1) but control ewes weighed 82 + 5.3 kg compared with 78 and 71 (+ 5.3) kg for those receiving 20 and 40 mg of PTU.  These results suggest that even though the BW were similar among treatments, ewes receiving 40 mg of PTU had lost weight by d 28.  Likewise, BW did not differ (P = 0.30) on d 84 but ewes receiving 40 mg PTU weighed 73 + 5.4 kg compared with 84 and 81 (+ 5.4 kg) for those receiving 0 and 20 mg of PTU, respectively (Table 1).  During the 84-d observation period, control ewes gained an average of 7 kg and those receiving 20 mg of PTU gained an average of 3 kg.  Ewes treated with 40 mg of PTU, however, lost an average of 6 kg.  This weight loss supports our observation that 40 mg of PTU seemed to affect feed intake.  Because the T4 levels were very low in both PTU-treated groups after 30 d of treatment, we hypothesize that the effect on feed intake may have resulted more from a “toxic” effect of 40 mg than the hypothyroid state.

Ovarian Cyclicity
Serum collected twice weekly after the recovery period was used to quantify P4 and determine the day of anestrus.  Day of anestrus was designated as the day that P4 fell and remained below 1 ng/mL.  On d 16 + 11 after initiation of treatment (d 0), controls were anestrus while ewes receiving 20 mg of PTU stopped cycling on d 40 + 11 and those treated with 40 mg became acyclic on d 78 + 11 (linear, P < 0.01; Table 1).  These data suggest that treating cycling ewes with either 20 or 40 mg of PTU/kg BW was effective in extending the period of cyclicity.  The percentage of ewes in each group that continued to cycle 35, 49 and 69 d after treatment began was examined by Chi square procedures (Table 1).  On d 35, 25% of controls were cycling compared with 60 and 100% of ewes receiving 20 and 40 mg of PTU/kg BW (P = 0.06).  On d 49, all controls had become acyclic compared with 40 and 100% of ewes treated with 20 and 40 mg of PTU that continued to cycle (P < 0.01).  On d 65 the only group continuing to exhibit cyclic ovarian activity was those receiving 40 mg of PTU (80%, P < 0.01).  These data agree with those of Dahl et al. (1995) and Karsch et al. (1995) who suggested that thyroidectomy of ewes during autumn inhibited the onset of anestrus during the subsequent spring.  Likewise, O’Callaghan et al. (1993) treated anestrus ewes with T4 and extended the anestrous season.  However, our data suggest that lowering serum T4 with PTU near the end of a normal breeding season can lengthen the period of cyclicity without major adverse effects on the animals.  Follet and Potts (1990) showed similar results using the antithyroidal compound methiouracil.  

Implications

This study provides evidence for a relationship between low serum thyroxine and an extended breeding season in mature fine wool ewes.  Lowering serum thyroxine with propylthiouracil during a 35-day period near the end of a fall/winter breeding season resulted in an extended period of ovarian cyclicity.  Oral administration of propylthiouracil is an effective way to induce hypothyroidism in sheep and may prove useful in shortening the length of the anestrous period and extending the length of the breeding season in seasonally cycling sheep.    
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Table 1.  Weights and reproductive performance of cycling fine wool ewes treated with propylthiouracil (PTU)a
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0
20
40
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4
5
5


Weight, kg





     Dayb





          -1

77
78
79
4.5

         28

82
78
71
5.3

         56

87
81
76
5.2

         84

84
81
73
5.4

Cyclicity





   Day of 

     anestrusc     
16
40
78
11

   Ewes cycling 

      d 35, %c
25d
60de
100e


   Ewes cycling 

      d 49, %c
0f
40f
100g


   Ewes cycling

     d 65, %c  
0f
 0f
80g


aThe thyroid inhibiting compound 6-N-propyl-2-thiouracil was delivered in gelatin capsules by gavage for 35 d.  Row values without superscripts do not differ (P > 0.10).

bDay 0 = first day of treatment (Jan 17).

cThe day serum progesterone concentrations fell below and remained less than 1 ng/mL.  Day 0 = first day of treatment (Jan 17).  Treatment effect was linear (P < 0.01).

deRow values with different superscripts differ (P = 0.06).
fgRow values with different superscripts differ (P < 0.01).
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