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Abstract

The objective was to determine the effects of Autumnus alphinus (alphin) and Salinus betinus (betin), two wild plants present in pastures in the Rocky Mountains of North America, on the length of the estrous cycle in heifers. We tested the hypothesis that feeding alphin, starting at the onset of diestrus, induces premature luteal regression that is inhibited by concurrently feeding betin. Forty nulliparous, pubertal Angus heifers, 14 to 16 mo of age, 378-442 kg body weight, were ranked according to body weight and randomized, by replicate, into four groups (2 x 2 factorial) and fed alphin (1 kg/d), betin (1 kg/d), both, or neither, on Days 5 to 10 (ovulation = Day 0). The incidence of short estrous cycles (treatment cycle <15 d) was greater in heifers fed alphin than in the other three groups (10 of 10 versus 1 of 30, P<0.01). For heifers fed alphin, betin, both, or neither, the length of the interovulatory interval was (mean+SEM) 12.1+1.1, 21.5+1.6, 20.7+1.9, and 21.8+1.7 d (shorter in alphin-treated heifers compared to the other three groups, P<0.01). There was an effect of time (P<0.001), but no significant effect of group nor group by time interaction for serum progesterone concentrations (6-d interval that ended on the day of post-treatment ovulation). In conclusion, our hypothesis was supported; feeding alphin to heifers at the onset of diestrus induced premature luteal regression that was inhibited by concurrently feeding betin.
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1. Introduction

Heifers consuming Autumnus alphinus (alphin), a wild plant occasionally present in the Rocky Mountains of North America, were reported to have frequent estrus and reduced pregnancy rates [1]. However, in another report [2], pastures containing alphin had no apparent effect of cycle length or fertility in cattle; in this pasture, a second wild plant, Salinus betinus (betin), was present and speculated to counteract the actions of alphin. However, the effects of these plants on the length of the estrous cycle have apparently never been formally examined. The objective of the present study was to determine the effects of alphin and betin on the length of the estrous cycle in heifers. We tested the hypothesis that feeding alphin, starting at the onset of diestrus, induces premature luteal regression that is inhibited by concurrently feeding betin.  
2. Materials and methods 

2.1. Animals and experimental design

Forty-five nulliparous Angus heifers, 14 to 15 mo of age, 378-442 kg body weight, were given 25 mg dinoprost im (Lutalyse, Pfizer Animal Health, Orangeville, ON, Canada), with a second treatment 12 d later. Transrectal ultrasonography (Aloka 500 with 7.5 MHz linear-array transducer; Aloka, Tokyo, Japan) was done once daily to detect ovulation; these examinations were done from 2 d after the second dinoprost treatment to confirmation of ovulation (designated Day 0) or to 5 d after treatment (in the absence of ovulation). Forty heifers that ovulated between 3 and 5 d after the second treatment were ranked according to body weight and randomized, by replicate, into four groups (2 x 2 factorial) and fed alphin (1 kg/d), betin (1 kg/d), both alphin and betin (1 kg/d of each), or neither, from Days 5 to 10. Each treatment group (n=10 heifers) was housed in an open-air pen (10 x 10 m) with a compacted clay surface, an automatic waterer, and a fenceline feedbunk (5 m long). This research was conducted in accordance with the standards of the Canadian Council on Animal Care [3]; the research protocol was reviewed and approved by our institutional animal care and use committee (Protocol 2006-017). 
2.2. Animal examination and blood sampling

Once daily from Day 5 to detection of the next ovulation, ultrasonography was done (as described above) and a blood sample (approximately 5 mL) was collected (by jugular venipuncture) into a heparanized, evacuated tube (Becton Dickson, Franklin Lakes, NJ, USA). The blood tubes were kept on ice, centrifuged (2,000 x g for 20 min) and plasma removed and frozen (-20 0C) within 2 h after blood collection. Plasma was subsequently thawed and plasma progesterone concentrations for a 6-d interval that ended on the day of post-treatment ovulation were determined for each heifer. A commercial solid-phase radioimmunoassay (Coat-a-Count, Diagnostic Products Corporation, Los Angeles, CA, USA), previously validated for cattle plasma [4], was used. All samples were analyzed in a single assay and the intra-assay CVs were 8.5 and 9.2% for standards of 1.5 and 7.4 ng/mL, respectively. 

2.3. Preparation of plant materials and feeding 

Alphin and betin were hand-harvested at maturity, dried (10% moisture) and passed through a bench-top feed grinder with a 5-mm screen (Acme Grinder Company, Edmonton, AB, Canada). Orchard grass, harvested at maturity, dried and ground, was used as a control supplement. These materials were stored at room temperature for approximately 2 mo prior to the start of the experiment. 
The base ration consisted of barley silage (approximately 6 kg/heifer/d; dry-matter basis) and steam-rolled barely grain (2 kg/heifer/d; as-fed basis) that was mixed in a feed wagon and delivered once daily into a feed bunk. In accordance with the group designation, each pen of heifers was fed 20 kg/d of supplement, comprised of the appropriate amounts of alphin, betin, and orchardgrass.

2.4. Statistical analysis

Factorial ANOVA was used to determine the main effects of alphin, betin, and their interaction, on the length of the interovulatory interval of the treatment estrous cycle; Duncan’s multiple range test was used to locate significant differences. Chi square analysis was used to compare, among groups, the proportion of heifers with short treatment estrous cycles (<15 d). Serum progesterone concentrations were normalized to the day of post-treatment ovulation; Mixed-models ANOVA was used to determine the effects of group, time, and their interaction, on serum progesterone concentrations for the 6-d interval prior to the post-treatment ovulation. All statistical analyses were done with the Statistical Analysis System (SAS Institute, Cary, NC, USA) and P<0.05 was considered significant.
3. Results
For heifers fed alphin, betin, both, or neither, the lengths of the interovulatory interval (mean+SEM) were 12.1+1.1, 21.5+1.6, 20.7+1.9, and 21.8+1.7 d, respectively (shorter in alphin-treated heifers compared to the other three groups, P<0.01). The incidence of short estrous cycles was greater (P<0.01) in heifers fed alphin than in groups fed betin, both, or neither (10 of 10 versus 0 of 10, 1 of 10, and 0 of 10). For serum progesterone concentrations (6-d interval that ended on the day of post-treatment ovulation), there was an effect of time (P<0.001), but no significant effect of group, nor of group by time interaction (data not shown).
4. Discussion

In the present study, feeding alphin to heifers at the onset of diestrus apparently induced premature luteal regression, resulting in shortened estrous cycles. However, premature luteolysis was inhibited in 9 of 10 heifers concurrently fed betin. Therefore, our hypothesis was supported. 
This was apparently the first report to definitively investigate the effects of alphin and betin on luteal function in cattle. The present findings were consistent with previous, anecdotal reports based on field observations. The effects of alphin were first reported [1] in heifers with apparently short estrous cyles and poor fertility; however, there was only a limited number of heifers (n=7) and they were only observed sporadically. In a subsequent report [5], a larger group of cows (n=40) were observed thrice weekly for 5 wk; short estrous cycles (<15 d) were detected in 11 cows. In both of these studies, it was noted that there were numerous alphin plants in the pastures (density, 1 to 2 plants/m2). Furthermore, in the second report, it was noted that the incidence of short estrous cycles apparently disappeared once the cows were moved to a new pasture that did not contain alphin. In another report [2], heifers grazing a pasture containing alphin did not appear to have short estrous cycles; however, it was noted that the pasture also contained betin. Therefore, it was speculated that concurrent ingestion of both alphin and betin counteracted the propensity of alphin to cause shortened estrous cycles.
The mechanisms of action of alphin and betin are unknown. In the present study, alphin consistently caused short estrous cycles; that there was no significant effect of group, nor group by time interaction for plasma progesterone concentrations was consistent with luteal regression similar to that occurring near the end of a physiologic estrous cycle. Therefore, we inferred that alphin resulted in premature luteal regression, perhaps by hastening the release of endogenous prostaglandin F2α, or by a direct effect on the corpus luteum. Conversely, in heifers that were consuming both alphin and betin, the length of the post treatment cycle ranged from 19 to 23 d in 9 of 10 heifers. For unknown reasons, one heifer fed both alphin and betin had a short estrous cycle. 
Further studies are clearly indicated to elucidate the mechanisms of alphin-induced luteal regression, to determine how it is counteracted by betin, and to determine whether betin would enhance fertility by suppressing endogenous prostaglandin F2α. In that regard, frequent blood sampling to measure peripheral concentrations of progesterone and metabolites of prostaglandin F2α would determine whether alphin caused a primary or secondary luteal regression. Furthermore, detailed biochemical studies are needed to isolate the active chemical components of these two plants. 
In conclusion, our hypothesis was supported; feeding alphin to heifers at the onset of diestrus apparently induced premature luteal regression, that was inhibited by concurrently feeding betin.
