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DIFFERENTIAL RELATIONSHIPS OF METABOLIC HORMONES AND SERUM GLUCOSE TO GROWTH AND REPRODUCTIVE DEVELOPMENT OF ANGUS, BRAHMAN, AND BRANGUS HEIFERS
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ABSTRACT: Beef production systems in the desert southwest require replacement females that are physiologically and behaviorally adapted to high temperature and low forage quality. To learn about potential use of differing breeds, Angus, Brahman, and Brangus heifers (n=8 /breed) of similar age were randomly selected from a group of 85 weanlings. Heifers were fed an alfalfa-corn-based diet (14.9% CP and 75% TDN) and evaluated for 78 d for differences in metabolic hormones, growth, and reproductive performance. Angus heifers were heavier (P < 0.05) than Brahman or Brangus heifers throughout the study.  Initial and final BW for Angus, Brahman, and Brangus heifers were 313, 247, 287, and 421, 332, 392 ( 10 kg. Despite Angus and Brangus heifers exhibiting greater ADG than Brahman, no differences were observed in DMI when expressed per unit of BW. Brahman heifers had greater hip height (P < 0.05) than Angus or Brangus, but Angus heifers had 55% more back fat than Brahman and 27% more than Brangus (P < 0.01) at the end of the study. Serum concentrations of the adipose derived hormone leptin were greater (P ( 0.05) in Angus (4.4 ± 0.2) than Brangus or Brahman heifers (3.1 and 2.9 ± 0.2, ng/mL) throughout the study. Partial correlation analyses with the effect of breed removed, revealed that serum concentrations of leptin were positively associated with back fat (r = 0.30, P < 0.05) and body condition score (r = 0.27, P < 0.05). Conversely, serum concentrations of GH (P < 0.13) and glucose (P < 0. 05) tended to be greater in Brahman than Angus or Brangus, whereas serum concentrations of IGF-I were greater (P < 0.05) in Brangus and Brahman than Angus throughout the study. Puberty was observed in 75% of the Angus, 75% of the Brangus and 0% of Brahman heifers during the study. After a 90-d breeding season, 100% of the Angus, 75% of the Brangus, and 12% of the Brahman heifers were pregnant (P < 0.05). Metabolic hormones such as GH and leptin are known to be involved in puberty. Data suggest that these varying hormone concentrations could may account for some of the differences that occur in the rate of reproductive development between various breeds of Bos indicus and Bos taurus cattle.  
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Introduction

Beef production systems in the desert southwest require replacement females with physiological characteristics and behavioral attributes necessary for adaptation to high ambient temperature and low quality forage. Most British influenced Bos taurus cattle are typically not well adapted to high ambient temperatures, but offer advantages of early puberty and desirable carcass quality. On the contrary, Bos indicus cattle are well adapted to the high ambient temperature but are known for slow rates of reproductive development (Martin et al., 1992).  Although these genotypes have been compared according to their biological and economic efficiencies, few studies have evaluated hormonal relationships to growth and reproductive performance. The objective therefore was to evaluate the relationships of metabolic hormones and serum glucose to growth and reproductive performance of Angus, Brahman and Brangus heifers fed for maximal performance.  

Materials and Methods

Twenty-four Angus, Brahman, and Brangus heifers (n = 8/breed) born in the spring of 1999 were used to characterize relationships between metabolic hormone and serum glucose to reproductive development. The heifers were randomly selected from a group of 85 weanlings, and were derived from registered herds that have been maintained at two experiment stations in New Mexico. Heifers were fed an alfalfa-corn-based diet (14.9 % CP and 75 TDN) for 78 d from January to April as they approached 1 yr of age. Body weights were recorded each 8 d while both body condition score and hip height were collected at the end of the study. 

Seven days before the end of the study, heifers were orally administered intraruminal captec chrome controlled release boluses containing chromium sesquioxide (Captec Chrome, Captec NZ Limited, Auckland, NZ). After the 7 d, fecal samples were collected from all heifers for 3 d. Dry matter output was estimated by dividing the fecal Cr concentrations by the corrected recovery Cr. 

Blood samples were collected by jugular venipuncture (Corvac serum separator tubes, Sherwood, St. Louis, MO) twice weekly throughout the study. Serum concentrations of GH were determined by the procedures of Hoefler and Hallford (1987), while serum leptin was determined by the procedures of Delavaud et al. (2000). Serum concentrations of insulin and progesterone were determined with Coat-A-Count kit (Diagnostic Products Corporation, Los Angeles, CA), while IGF-I was determined according to procedures of Berrie et al. (1995). Glucose was determined with enzymatic reagents and procedures of the Sigma-Aldrich Co (St. Louis, MO). Puberty was determined when two samples of progesterone within 1 wk exceeded 1.0 ng/mL. 

Comparisons of breeds across the study were analyzed using the SAS system for mixed models. The model included breed, day, and the breed x day interaction. Associations of hormones and corporal characteristics were determined by partial correlation analyses of SAS. The PROC FREQ procedure of SAS  was used to compare the percentage of heifers within breeds that passed or failed pubertal characterization and pregnancy diagnosis (V8.1, SAS Inst. Carry, NC.).

Results and Discussion

Body weight increased linearly (P < 0.05) in the three breeds with Angus heifers being heavier (P < 0.05) than Brangus or Brahman heifers throughout the study. Initial and final BW for Angus, Brahman and Brangus were 313, 247, 287, and 421, 332, 392 ± 10 kg, respectively. Despite Angus and Brangus heifers exhibiting greater (P < 0.05) ADG than Brahman, no differences were observed in DMI when expressed per unit of BW. Average daily gains for Angus, Brangus and Brahman heifers across the study were 1.04, 0.99 > 0.82 kg/d. On the contrary, Brahman heifers had greater hip heights (HH; P < 0.05) than Angus or Brangus heifers. Final HH for Angus, Brahman and Brangus were 121.6, 125.6, 123.0 ± 1 cm, respectively. Brangus heifers tended to express more similarities in body weight and frame size with Angus than Brahman heifers. This may be rationalized with the genetic composition of Brangus (i. e., 5/8 Angus and 3/8 Brahman). Moreover, Angus heifers had 55% more back fat than Brahman and 27% more than Brangus (P < 0.01) at the end of the study. This result was expected as Bos indicus typically contain less adiposity than Bos taurus cattle (Huffman et al., 1990). 

Serum concentrations of the obese gene product leptin were greater (P < 0.05) in Angus than in Brangus and Brahman heifers throughout the study. This hormone is produced and secreted by adipose tissue. Leptin is thought to serve as a circulating signal that regulates appetite, energy balance and reproduction in mammals. It has recently been described in cattle to be sensitive to changes in feed intake (Amstalden et al., 2000).  

Leptin increased dramatically on d 40 to 60 (Figure 1). It is possible that this can be associated with puberty as serum progesterone increased (P < 0.05) dramatically at this time in Angus and Brangus heifers. Congruently, we observed that DMI increases and BW changes were associated with high levels of insulin, and GH (Figure 1). In addition, leptin was found positively correlated to back fat (r = 0.30, P < 0.05) and body condition score (r = 0.27, P < 0.05). These observations, which are similar to those in mice and rats, suggest that leptin may link hormonal signals of energy balance to the central reproductive axis. However, this relationship may occur at a different age in developing Brahman cattle as none of the Brahman heifers obtained puberty during the blood-sampling period.   

Serum concentrations of GH changed (P < 0.05) across days with a tendency (P < 0.13) suggesting that Brahman heifers had greater concentrations of GH than Brangus or Angus (Figure 1). Comparative studies on serum GH across the breeds of cattle are limited. However, Carroll (1996) reported that the number of pituitary cells that expressed GH were 16% greater in ¾ Brahman cross steers relative to reciprocal Angus cross steers. Therefore,  results provide evidence to suggest that these breeds may differ in their ability to synthesize GH at the pituitary level. Serum concentrations of IGF-I were greater (P < 0.05) in Brangus and Brahman than in Angus heifers throughout the study. Insulin-like growth factor-I, which is a component of the GH axis, has been associated with pubertal development in beef heifers (Yelich et al., 1996). In the present study, we observed high levels of serum IGF-I in Brahman and Brangus heifers on d 40 to 75 synonymous with increases in leptin and insulin in all breeds (Figure 1). This is an interesting observation since Brahmans were relatively reproductively quiescent in this study.  Additional research is needed to fully understand relationships between these metabolic hormones within and across breeds of cattle. 

Even though an effect of day (P < 0.05) was detected for serum concentrations of insulin no differences were observed (P > 0.64) between breeds. Insulin concentrations are typically influenced by feed intake, energy density of the diet, and DMI (Harmon, 1992). Brahman heifers had greater (P < 0. 05) serum concentrations of glucose relative to Angus or Brangus heifers. Serum concentrations of glucose increased as puberty approached in Angus and Brangus, but not in Brahman (Figure 1). Glucose is known to be a regulator of pancreatic secretion of insulin, and in this study, was positively related with insulin (r = 0.28; P < 0.05). 

Puberty was observed in 75% of the Angus, 75% of the Brangus and 0% of Brahman heifers during the study. Onset of puberty, is usually associated with gains in BW from birth to puberty and an array of genetic and environmental variables. Knowledge that Brahman heifers reach puberty at an older age than heifers of Bos taurus breeding is well documented (Martin et al., 1992). After, a 90-d breeding season, 100% of the Angus, 75% of the Brangus, and 12% of the Brahman heifers were pregnant (P < 0.05). 

In conclusion, these results support the concept that metabolic hormones are associated with events known to initiate reproductive activity in beef heifers. Analyses also suggest that metabolic hormones differ between breeds and that Brahman cattle may respond or synthesize these signals at a different age relative to Angus cattle.

Implications

Differences exist between breeds of cattle such as Angus and Brahman in concentrations of hormone such as leptin, GH, and IGF-I as these animals grow and mature. These hormones play a pivotal role in nutrient metabolism, reproductive development, and growth. Understanding these differences may be useful for further development of selection strategies and (or) recommendations for beef production systems in the desert southwest.  
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Figure 1. In sequential order, serum concentrations of IGF-I (ng/mL), GH (ng/mL), glucose (mg/dL), leptin (ng/mL), and insulin (ng/mL) over a 78 d period in Angus, Brahman, and Brangus heifers approaching 1 yr of age.  a, b, and c differ P < 0.05.
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