
" - - - ' > - • 

EFFECTS OF MONENSIN AND ALTERNATE ENERGY SOURCE 

ON REPRODUCTIVE ASPECTS OF BEEF FEMALES 

by 

BRIAN KEITH REED, B.S., M.S. 

A DISSERTATION 

IN 

ANIMAL SCIENCE 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF PHILOSOPHY 

Approved 

May, 1998 



ACKNOWLEDGMENTS 

Many people assisted in the completion of this document and my graduate training. 

I offer heartfelt appreciation and a big thank you to all those individuals who saw me 

through. 

Special recognition goes to the following people. 

Dr. Scott Whisnant: Thank you for the opportunity to work with you and all of the 

help you have given me. You have made me appreciate both sides of my research, as well 

as challenging me to go beyond whole animal research. 

My graduate committee, Dr. Andy Herring, Dr. Bob Albin, Dr. David Wester, and 

Dr. John Kastelic: Thank you for servmg on my committee and for all of the advice you 

have given me. I would especially like to thank Dr. Kastelic for help with design and 

analysis of follicle wave data and for helping me to better understand this information. 

Faculty and staff of ASFT: Your friendship, help and support have been greatly 

appreciated. I would especially like to thank Hart Derington, Bill Pittman, David Ballard, 

and Kenneth Stephens for their invaluable help with care of the animals and data 

collection. 

My friends and associates in the cattle business: Thank you for encouraging me in 

this endeavor and for keeping track of my progress. 

Samara Klembeck: Words cannot express how much I appreciate you. You have 

helped me with everything I have done here, I am very lucky to have you in my life. 

u 



My family: Thank you for your support during this phase of my life. I hope you 

are as proud of me as I am of you. 

Ill 



TABLE OF CONTENTS 

ACKNOWLEDGMENTS ii 

LIST OF TABLES vii 

LIST OF FIGURES vui 

CHAPTER 

1. INTRODUCTION 1 

2. LITERATURE REVIEW 5 

2.1 Characterization of Follicular Wave Dynamics and the Use of 

Ultrasono graphy in Wave Mapping 5 

2.2 A Few Notes on Dietary Protein 9 

2.3 Dietary Energy 10 

2.3.1 Weight and Body Condition Score (BCS) 11 

2.3.2 Metabolism 13 

2.3.3 Anestrus, Fertility, and the PPI 16 

2.3.4 Hormonal Profiles 22 

2.3.5 Ovarian Dynamics 26 

2.4 Effects of lonophores 28 

2.4.1 Weight and BCS 29 

2.4.2 Metabolism 30 

2.4.3 Anestrus, Fertility, and the PPI 32 

2.4.4 Hormonal Profiles 34 

2.4.5 Ovarian Dynamics 35 
iv 



2.5 Granulosa Cell Culture Systems 35 

2.6 Summary 37 

3. A PRELIMINARY STUDY ON THE EFFECTS OF MONENSIN AND 
ALTERED FORAGE:CONCENTRATE ON FEED INTAKE AND 
OVARIAN FUNCTION IN BEEF HEIFERS 38 

3.1 Abstract 38 

3.2 Introduction 39 

3.3 Materials and Methods 40 

3.4 Results and Discussion 45 

3.5 Implications 47 

4. EFFECTS OF MONENSIN AND ALTERED FORAGE:CONCENTRATE 
ON FEED INTAKE, ENDOCRINE, AND OVARIAN FUNCTION IN 
BEEF HEIFERS 54 

4.1 Abstract 54 

4.2 Introduction 55 

4.3 Materials and Methods 56 

4.4 Results and Discussion 60 

4.5 Implications 63 

5. EFFECTS OF INSULIN AND PROPIONIC ACID ON GRANULOSA 
CELL GROWTH AND STEROID PRODUCTION IN SERUM FREE 
CULTURE 84 

5.1 Abstract 84 

5.2 Introduction 85 

5.3 Materials and Methods 86 

5.4 Results and Discussion 89 

V 



5.5 Implications ^^ 

6. DISCUSSION, CONCLUSIONS, AND IMPLICATIONS 95 

LITERATURE CITED 97 

VI 



LIST OF TABLES 

3.1 Composition of diets 49 

3.2 Feed and Diet Proximate Analysis 50 

3.3 Feed and Diet Mineral Analysis 51 

3.4 Effects of monensin and/or altered F:C on nutritional and reproductive 
variables: main effects 52 

3.5 Effects of monensin and/or altered F:C on nutritional and reproductive 
variables: interactions 53 

4.1 Composition of diets 64 

4.2 Feed and Diet Analysis 65 

4.3 Feed and Diet Mineral Analysis 66 

4.4 Effects of monensin and/or altered F:C on feed intake 67 

4.5 Effects of monensin and/or altered F:C on hormonal profiles 68 

4.6 Effects of monensin and/or altered F:C on follicle growth 69 

4.7 Effects of monensin and/or altered F:C on ovarian measures 70 

5.1 Effects of insulin or propionate on cell proliferation and esttadioH7p 
production in cidture 91 

Vll 



LIST OF FIGURES 

4.1 Effect of monensin and alternate energy source on reduced feed intake 71 

4.2 Effect of alternate energy source x day on feed intake reduction 72 

4.3 Effect of alternate energy source x day on insulin concentrations 73 

4.4 Effect of monensin x day on insulin concentrations 74 

4.5 Effect of day on progesterone concentrations 75 

4.6 Effect of day on estradiol concentrations 76 

4.7 Effect of alternate energy source x day on diameter of the second largest foUicle 
on the left side 77 

4.8 Effect of monensin x day on the diameter of the second largest foUicle on the 
right side 78 

4.9 Effect of monensin x day on the diameter of the second largest follicle on 
either side 79 

4.10 Effect of alternate energy source x day on the number of large follicles on the 
leftside 80 

4.11 Effect of alternate energy source x day on the number of small foUicles on the 
right side 81 

4.12 Effect of alternate energy source x day on the number of total large foUicles 82 

4.13 Effect of monensin x alternate energy source on the number of waves per cycle.. 83 

4.14 Effect of monensin and alternate energy source on the maximum size of 

the ovulatory follicle 84 

5.1 Effect of insulin and propionate on cell proliferation 92 

5.2 Effect of insulin and propionate on estradiol concentrations 93 

5.3 Effects of insulin and propionate on estradiol concentration per cell 94 

VIII 



CHAPTER 1 

INTRODUCTION 

An integrated approach to research in animal science has become popular in recent 

years. This approach integrates two or more disciplines, combining them in such a way as 

to determine processes that occur naturally in the animal's body. Two of the more 

commonly associated disciplines are nutrition and reproduction. Nutrition is an essential 

part of the basic fimction of living organisms. Without proper nutrition, growth is slow or 

halted, the organism is predisposed to disease, reproduction is impaired, and product 

formation is reduced. In livestock species, this means growth below genetic potential, 

poor reproductive performance, and reduction of meat and milk production (Randel, 

1990; Lemenager et al., 1991). Nutrient partitioning occurs in all animals, in order of 

priority to the animals' health and well being. Basal maintenance has the highest priority, 

with the remaining nutrients utilized for other biological processes. Reproduction and 

lactation generally have the lowest priority (Young, 1988). 

In beef cattle, increasing the plane of nutrition has been the most common remedy 

for nutrient restriction. Energy is typically the limiting nutrient, and when energy is 

restricted, animals will lose weight and body condition, have reduced reproductive 

performance, and have altered hormonal profiles (Randel, 1990; Short et al., 1990). 

Protein deficiency (Nolan et al., 1988; Sasser et al., 1988) or excess (Ehod and Butler, 

1993) has been shown to reduce hormonal secretion and reproductive performance, and a 

proper mineral and vitamin intake and balance are necessary for normal growth and 



reproduction (Lemenager et al., 1991). Generally, if cattle are treated for ovarian 

inactivity, it is through the use of exogenous hormone therapy rather than addressing the 

cause of the reproductive failure. In many cases, the true cause of the failure is due to an 

underlymg nutritional deficiency. 

Insulm appears to be an important link between nutritional status and reproductive 

performance. Greater dietary energy intake (Short et al., 1990) or glucose precursor (i.e. 

propionate) availability (Reed et al., 1997) results in a rise in serum insulin concentrations. 

Propionate production can be increased through altered forage:concentrate ratio or the 

addition of an ionophore. A rise in insulin appears to stimulate the hypothalamus to 

release GnRH, which increases the release of LH and FSH from the pituitary (Connor et 

al., 1990). Elevated gonadotropin concentrations stunulate follicular growth and improve 

reproductive performance (Randel, 1990). 

Evaluation of nutritional status has improved greatly during this century. Body 

weight (gain or loss) is the most common tool for measurement of the nutritional well 

being of animals. Weight measurement requires only a set of scales and facilities for 

weighing. Another widely used tool is body condition score (BCS), first proposed in 1970 

(Randel, 1990). This measurement, although subjective, scores the visual and palpable 

external fat cover of the animal. The commonly used scales are 1-5 (mostly used in dairy 

cattle) and 1-9 (mostly used in beef cattle). Each scale has definitions for each whole 

number, and incremental values between each whole number have been used also. A new 

technology that has had limited use is ultrasonic imaging. Ultrasound uses sound waves to 

determine the density of the tissues. The density of the tissue affects the speed at which 



the ultrasonic waves are reflected back to the source. Fat and muscle have different 

densities and are easily distinguishable on a real-time ultrasound. This device can then be 

used to determine subcutaneous fat cover in one or a number of locations on the animal's 

body. The Ikniting factors in the use of this technology are the cost of the machine and 

the traming required to properly use the machine. 

Evaluation of reproductive status has also improved. With rising costs of 

production, cattle producers have taken a closer look at the reproductive performance in 

their animals. Culling reproductively unsound animals is now a common practice, but it 

does requhe record keeping and individual animal identification to remove the specific 

females that fail to reproduce. Decreasing the age of puberty may provide for 

improvement in long-term reproductive performance (Martin et al., 1992; Patterson et al., 

1992; Schillo et al., 1992). New technologies have been developed which allow greater 

numbers of ofifepring to be bom from a mating or a single parent, but have the added 

benefit of improving reproduction. Artificial insemination has become widely used, 

particularly in the dairy industry and to a lesser extent in the commercial beef cattle 

industry. This technology allows for nearly limitless progeny to be bom from a bull, 

provided live, viable sperm can be collected and frozen. This technology also reduces the 

risk of spreading sexually transmitted diseases that impair reproduction in the female. 

Superovulation and embryo transfer are also common practices. This technology 

increases the potential for a single donor female to have multiple offspring bom at the 

same time. There is also the added benefit of improving the fertility in some subfertile 

animals. 



An integrated approach to beef cattle nutrition and reproduction would therefore 

benefit both disciplmes, while gaining new insight into the workings of the animal's body, 

and how changes in the nutritional status of the animal are reflected in the reproductive 

abiUty of that animal. Further information can be obtained from reviews by Randel 

(1990), Short et al. (1990), Lemenager et al. (1991), and Dunn and Moss (1992). The 

following sections describe previous research in nutrition, reproduction, or interactions 

thereof, and their effects in beef cattle. 



CHAPTER 2 

LITERATURE REVIEW 

2.1 Characterization of FoUicular Wave Dynamics 
and the Use of Ultrasonography in 

Wave Mappmg 

Numerous researchers have studied and characterized the pattern of follicle 

growth, dominance, and atresia (death of the follicle) in cattle. This pattern has been 

termed follicular wave dynamics. Most of this work has been conducted in the last ten 

years, through the pioneering use of ultrasonography by O. J. Ginther, J. E. Fortime, and 

J. F. Roche and their graduate students. Further information can be obtained from reviews 

by Kastehc (1991), Beal et al. (1992), GrifBn and Gmther (1992), Fortune (1994), and 

Gmtheretal. (1996). 

Pierson and Ginther (1984) conducted the first definitive study in the use of 

ultrasound to monitor bovine reproductive events. Transrectal ultrasonography was 

shown to provide an avenue for direct, repeated, noninvasive tracking of follicle diameter 

regardless of location within the ovary. Prior to the use of ultrasonography, hypotheses 

regarding follicle growth included bimodal (two waves per cycle), trimodal (three waves 

per cycle) or the development and rapid atresia of successive dominant follicles until a 

threshold ovulatory diameter was reached (Ginther et al., 1996). Pierson and Ginther 

(1986, 1987), using ultrasonography, developed profiles of follicular growth that were 

bimodal during the estrous cycle and early pregnancy, which supported the two-wave 

hypothesis. 



These studies paved the way for further investigations into follicle wave dynamics. 

Savio et al. (1988) conducted daily ultrasound exammations on heifers for two complete 

estrous cycles. They found a predominance of cycles with 3 waves, although a few cycles 

had 1 or 2 waves. In cycles with three waves, the first dominant foUicle was detected on d 

4 (ovulation = d 0), reached maximum diameter on d 6, began decreasing in size on d 10, 

and was undetectable by d 15. For the second dommant foUicle, first detection was on d 

12, maximum diameter on d 16, and was undetectable by d 19. The third (ovulatory) 

foUicle was first detected on d 16 and reached maximum diameter on d 21. In cycles with 

two waves, the second or ovulatory foUicle reached maximum diameter on d 19. 

Ginther et al. (1989) characterized the composition of the foUicular waves when 

there were two waves per cycle (also called an mterovulatory interval). Rettospective 

analysis of the data indicated that the first wave was detectable on d 0 as a cohort of 

foUicles 4 to 6 mm in diameter. The anovulatory dominant foUicle reached a maximum 

diameter of 16 mm by d 6, was static for 6 d, began regressing by d 12, and was 

undetectable by d 21. The second wave was detected on d 10. The ovulatory foUicle 

grew to a maximum diameter of 16 mm by d 19 and then ovulated. Dominant foUicle 

diameter and the numbers of identified growing, static, and regressing foUicles 4 to 6 mm 

in diameter did not differ between anovulatory and ovulatory waves. Ninety-five percent 

of the identified growing foUicles were assignable to a wave and the time of wave 

emergence was narrow and consistent. 

Murphy et al. (1990) studied foUicular growth and resumption of ovarian activity 

postpartum in beef cows. Ovarian observations began on d 5 postpartum and continued 



untU the end of a complete estrous cycle. The first dommant foUicle (>10 mm) was 

identified by d 10, which ovulated in a smaU percentage of cows. The average interval 

from parturition untU first ovulation was 36 d, and was characterized by the growth and 

regression of 1 to 6 dominant foUicles. As cows approached first ovulation, the maximum 

diameter of the dominant foUicle increased. Behavioral estrus was not observed in a high 

percentage of cows at first ovulation. This was foUowed by a short estrous cycle (10 d) in 

which a smgle dominant foUicle developed and ovulated. A higher percentage of cows 

exhibited estrus behavior at the second ovulation, as the interval from parturition to first 

estms was 54 d. In addition, in estrous cycles of normal length, one, two, or three 

dominant foUicles were identified. 

Savio et al. (1990a) studied foUicular growth and resumption of ovarian activity in 

early postpartum dairy cows. Ovarian observations began on d 5 postpartum and 

continued untU the first postpartum ovulation. The first dominant foUicle was detected on 

d 7 for faU calving cows and on d 20 for spring calving cows. The first detected foUicle 

ovulated in 63% of cows, became cystic in 18%, faUed to ovulate in 5%, and was not 

detected due to scanning difficulties in 13%. First ovulation for both faU and spring 

calving cows was on d 27. Cystic foUicles were found to delay first ovulation an average 

of 46 d. Frequency of LH pulses increased from 2 to 3 per 6 h to 5 to 7 per 6 h when a 

dominant or cystic foUicle was detected, and progesterone and estradiol concentrations in 

serum were elevated. 

In a second report, Savio et al. (1990b) studied the ovarian cycles of postpartum 

dairy cows. The cycle foUowing the first ovulation was termed "ovarian cycle" since 94% 



of cows did not exhibit estrus behavior with the first ovulation. If the first ovulatory 

foUicle was identified before d 10, ovarian cycles were normal (21 d) or long (>25 d); 

however, if the first ovulatory foUicle was not detected untU >20 d postpartum, the 

ovarian cycle was short ( l i d ) . Number of foUicular waves was associated with ovarian 

cycle length, short cycles had one dominant foUicle, normal cycles had mostly two 

dominant foUicles, and long cycles had predominantly three dominant foUicles. During the 

first 45 d of pregnancy, foUicular waves with associated dominant foUicles occurred, each 

lasting 10 to 12 d. 

In a review by Ginther et al. (1996), it was suggested that dietary intake, parity, 

and lactational status could affect number of foUicular waves. Perry et al. (1991) found 

that low dietary energy reduced the number and appearance rate of large foUicles in 

postpartum cows. The percentage of cows cycUc by 150 d was also lower with low 

dietary energy. Low body condition score increased the interval to the appearance of an 8 

to 10 mm foUicle and lengthened the time to first ovulation. Lucy et al. (1992) reported 

that dairy cows with high miUc yield were predisposed to be in a negative energy balance 

untU after peak lactation. This reduces the potential for ovulation. The use of bST to 

increase miUc output ampUfies the problem, by hnmediately reducing energy balance in the 

animal. 

Another factor to consider in foUicular wave dynamics is the development of a 

persistent dominant foUicle. In one study (Cooperative Regional Research Project, NE-

161, 1996), it was noted that the fertility of cows in which a persistent dominant follicle 

ovulated was lower than that of cows in which a growing dominant foUicle ovulated. The 



reason a persistent foUicle develops is not known, but circulating hormones are altered in 

the presence of a persistent foUicle. NormaUy, estradiol is higher and progesterone is 

lower when a persistent foUicle exists. Pulse frequency is also increased and for a longer 

duration when a persistent foUicle develops. The use of synthetic progestms has been 

shown to increase the occurrence of persistent foUicle development, and synchronization 

programs that employ progestins require more management to achieve normal levels of 

fertUity. 

2.2 A Few Notes on Dietary Protein 

Dietary levels of protein, although not studied in the current research, can have a 

large impact on the nutritional and reproductive status of the animal. Marston et al. 

(1995a) reported that incremental increases in cmde protein reduced the age at puberty. 

Lalman et al. (1993), m a study with British crossbred heifers, found that with diets 

producing equal rates of gain, high levels of undegradable intake protein (UIP) increased 

the age and weight at which heifers reached puberty. The authors did show an 

improvement in energetic efficiency with UIP, which agrees with work by Miner et al. 

(1990) in pregnant cows. Rusche et al. (1993) found that a higher level of cmde protein 

increased average daUy gain, but not BCS, in primiparous cows. MiUc production and calf 

growth rate were sinularly improved by both higher levels of cmde protein and higher 

UIP. Conception rates and hormonal profiles were unaffected by protein level or source 

in this study. Sklan and Tinsky (1993) also found enhanced miUc production and feed 

efficiency when feeding high levels of UIP to dairy cows. However, the authors also 



found improvements in first service conception rate, services per conception, percentage 

of cows pregnant at 90 d, and days open. WUey et al. (1991) also found improvements in 

postpartum weight gain and PPI with primiparous beef cows fed higher levels of UIP. 

Triplett et al. (1995) found that increasing the level of UIP improved mUk production in 

first calf heifers and increased conception and pregnancy rates in both primiparous and 

multiparous cows. Dhuyvetter et al. (1993) found improvements in weight gain, but the 

PPI was longer when 50% of CP was UIP. Excess ruminaUy degradable protein has been 

shown to reduce the uterine pH during the luteal phase, which may inhibit implantation 

and result m reduced fertUity (Ehod and Butler, 1993). 

Protein deficiency can also affect hormonal production and reproduction in cattle. 

Nolan et al. (1988) fed either adequate (0.96 kg/d) or deficient (0,32 kg/d) levels of cmde 

protein to cows in late pregnancy through early postpartum. In three different 

experiments, low cmde protein was found to reduce pituitary LH content, FSH content, 

FSH concentration, and the release of LH in response to a GnRH chaUenge. Sasser et al. 

(1988) fed isocaloric diets containing adequate or deficient levels of protem to primigravid 

heifers. Protein deficiency resulted in longer intervals to first estrus, first service, and 

pregnancy and lower first service and overaU pregnancy rates. AdditionaUy, heifers 

receiving protein deficient diets had consistently lower body weights. 

2.3 Dietary Energy 

Several feedstuflfe are energeticaUy dense. These feedstuffs are generaUy grains, 

and the grains that are used most commonly are com, barley, sorghum, and wheat. Some 
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other grains or derivatives, such as soybean meal or cottonseed meal, can also serve as 

energy feeds, although their primary function in ration formulation is as a protein source. 

Other feedstuflfe, such as alfalfa hay and wheat straw, are classified as forages and have 

lower energy density than grains. Various studies have shown the importance of dietary 

energy in reproductive performance. The metaboHc and endocrine relationships in the 

body that perceive and interpret the nutritional status of the animal have been recently 

reviewed (Armstrong and Benoit, 1996; Keisler and Lucy, 1996). The foUowing sections 

discuss studies in which the effects of dietary energy on reproduction have been examined. 

2.3.1 Weight and Body Condition Score TBCS) 

Dietary energy has a profound effect on the nutritional and reproductive status of 

the animal. Negative effects can occur in any animal, but seem to be more common in 

replacement heifers and in cows from late pregnancy to the early postpartum period. Day 

et al. (1986) fed heifers a growing or energy deficient diet during the prepuberal period. 

Body weight gain was more rapid and of a greater magnitude in heifers fed the growing 

diet. Harrison and Randel (1986) fed 75% or 180% of National Research CouncU (NRC) 

recommendations for energy to heifers. Heifers receiving the low-energy diet lost weight 

and BCS whUe the heifers receiving high-energy gamed both weight and BCS. Imakawa 

et al. (1987) fed diets containing low or high levels of energy to cycUc heifers. Heifers fed 

the low-energy diet exhibited rapid weight loss during the first 30 d of the experiment, 

stabilized, then lost weight agam near the end of the experiment (90 d). Body fat stores 

exhibited the same trend. Imakawa et al. (1983) fed cycUc heifers low, maintenance, or 

high levels of energy based on NRC recommendations. Heifers receiving both the low-



and maintenance-energy diets lost weight during the experimental period. Weight loss 

from the low-energy diet was more severe than that from the maintenance diet. This 

suggests that mamtenance energy values pubUshed by NRC may not be adequate for the 

animal. In a sunUar study, Imakawa et al. (1984) fed cycUc heifers three levels of energy. 

In this study, only the heifers fed low-energy diets lost weight, but weight change was 

agam dhectly related to energy mtake. 

Dunn et al. (1969) fed primiparous heifers two levels of energy prepartum and 

three levels of energy postpartum. Greater prepartum energy resulted m greater weight 

gam prior to calving, and greater postpartum energy resulted in greater weight gains after 

calvmg. Henricks et al. (1986) intentionaUy fed primiparous heifers to maintain or gain 

body weight by adjusting feed intakes weekly based on weekly cow weights. Body weight 

gain or maintenance was achieved, but cows receiving the maintenance diet lost body 

condition without loss of weight. Perry et al. (1991) fed multiparous cows two levels of 

energy before and after parturition. Low prepartum energy resuhed in losses in prepartum 

and postpartum weight, BCS, backfat, and longissimus muscle area. Low postpartum 

energy resulted in losses in postpartum weight, BCS, backfet, and longissimus muscle 

area. Low dietary energy also resulted in reduced calf weight, rate of gain and various 

aspects of milk production. Bartle et al, (1984) showed that greater energy intake resulted 

in greater weight gain, miUc production, and calf growth rate. Spitzer et al. (1995) also 

showed that greater weight gains postpartum increased actual and 205-d adjusted weaning 

weights. 



A study by Holness et al. (1978) demonstrated that weight loss occurs both prior 

to and after parturition when multiparous cows are fed low levels of dietary energy, 

Richards et al. (1986) also showed that weight loss occurs when multiparous cows are fed 

low levels of dietary energy. Rutter and Randel (1984) fed three levels of dietary energy 

to multiparous cows (90, 100, and 110% of NRC recommendations) but found no 

differences in weight or BCS change due to dietary treatment. However, Whisnant et al. 

(1985) fed 120 or 80% of NRC recommendations for energy; low energy resulted in 

greater weight loss in postpartum, primiparous cows. Whittier et al. (1988) also showed 

that lower postpartum energy reduces weight and BCS gain in primiparous heifers, and 

Wright et al. (1992) had the same results with muhiparous cows. 

Grimard et al. (1995) fed 100 or 70% of energy requirements to both primiparous 

and multiparous cows for 70 d postpartum. Again, cows fed low energy levels lost weight 

and condition. Reed et al. (1997) fed isocaloric diets to primiparous cows differing in 

forage:concentrate (F:C) ratio and found no differences in weight, back fat, or body 

condition score change, but calf gain to 30 and 90 d was greater for calves from cows 

receiving the moderate forage diet. 

2.3,2 Metabolism 

MetaboUc functions of the animal are responsive to changes in the energy density 

of the diet. Various authors have shown changes m metaboUc patterns with changes in 

energy level, energy density, or source of dietary energy, Reynolds et al. (1991a, 1991b), 

in two separate experiments, found that tissue energy retention was higher and heat 

13 



production was lower for heifers receiving a 75% concentrate versus a 75% forage diet at 

isocaloric and isonitrogenous levels. Cronje et al. (1991) showed that the efficiency of 

utUization for acetate, a volatUe fatty acid produced from the fermentation of stmctural 

carbohydrate or fiber, was improved when a source of glucogenic precursors was 

provided to the animal. They demonstrated that high levels of acetate cleared the body 

with low efficiency, but the addition of propionate, a volatUe fatty acid produced from 

nonstmctural carbohydrate or starch, markedly increased the clearance rate efficiency. It 

w£is also shown that acetate clearance rate and glucose irreversible loss rate (ILR) were 

positively correlated when cattle were supplemented with either propionate or protein. In 

another experiment, glucose ILR did not increase with an acetate chaUenge alone but rose 

markedly when propionate was fed in conjunction with acetate. The authors suggested 

that a proper balance of VFA, insuring an adequate supply of glucose precursors, would 

result in optimum efficiency of utUization. Steel and Leng (1973) studied the effects of 

plane of nutrition on gluconeogenesis in sheep. They found that the rate of conversion of 

propionate to glucose was dhectly dependent on the rate of propionate production. 

AdditionaUy, they found that glucose ILR was positively correlated with the rate of 

production of propionate in the rumen. This agrees with earUer reports from the same lab 

(Judson et al,, 1968), However, Herbein et al. (1978) reported no difference in glucose 

ILR with diets that vary in the levels of glucose precursors. Their results did show a 

significant increase in daUy propionate production when comparing a 70:30 with a 20:80 

F:C diet fed at isocaloric levels. In this study the animals were fed every two hours, which 

would give a very different metaboUc profile compared to twice daUy feeding. Van 

14 



Eenaeme et al. (1990) also found no difference in plasma glucose concentrations when 

feeding diets that produced different levels of glucose precursors. In theh study with 

buUs, the high fiber diet, 70% sugar beet pulp and 30% barley, produced higher levels of 

acetate and butyrate and lower levels of propionate compared with the high concentrate 

diet (the previous ratio reversed). The high fiber diets also had flatter, more even mmmal 

production curves for VFA, pH, ammonia and glucose compared with the high 

concentrate diet. However, these differences in mminal production were not reflected in 

the blood plasma. No differences were observed for plasma glucose, urea, alpha 

aminonitrogen, or growth hormone, but insulin levels were higher for the high concentrate 

diet. In this study, the fiber source, sugar beet pulp, is rapidly degradable, has a high 

starch content and may not have been the best choice for a fiber source. Bergman et al. 

(1966), studymg propionate metaboUsm and gluconeogenesis in sheep fed a peUeted 

alfalfa hay diet, concluded that propionate probably forms only 20 to 40% of the glucose 

in the animal's body. 

Other authors have studied the effects of energy on insulin secretion, McAtee and 

Trenkle (1971) conducted two experiments, one studying insulin levels in the fed and 

fasted states, and the other studying the effects of infusing glucose, volatUe fatty acids, or 

amino acids on insuUn levels. In both experiments, the forage level of the diet was low 

(25% or less). In the first study, insulin was shoym to rise immediately upon feeding, with 

peak insulin concentration occurring approximately 1 hour after feeding. InsuUn and 

glucose levels 46 to 58 hours postprandial (after feedmg) were significantly lower than 0 

to 6 hours postprandial, and were numericaUy lower compared to mean levels prior to 



feeding. In the second study, infusions of propionate and glucose, but not acetate, 

resulted in increases in plasma insuUn and glucose, AdditionaUy, infusions of the casein 

hydrolysate and arginine resulted in mcreased plasma insuUn and glucose. Sinularly, Sano 

et al. (1995) mfused various levels of propionate into the femoral and mesenteric veins of 

sheep and found that both insulin and glucagon levels rose in response to the infusion. 

They concluded that propionate absorbed from the digestive tract has a physiological role 

in regulating circulatmg concentrations of insuUn and glucagon. 

Grimard et al. (1995) fed cows 100 or 70% of energy requirements for 70 d 

postpartum. The primiparous cows consuming low energy levels had lower levels of 

glucose, urea, and insuUn in plasma compared with conttols. AdditionaUy, Bishop et al. 

(1994) showed that serum IGF-I concentrations were correlated with BCS, Ryan et al. 

(1992) reported that prepuberal heifers fed high fat diets at isocaloric and isonitrogenous 

levels had increased concenttations of cholesterol but not NEFAs in blood serum. Reed et 

al. (1997) reported alterations in digestibiUties, VFA production, and insuUn when feedmg 

diets differing in forage:concenttate ratio. Dry matter digestibility was greater but DM 

and NDF digested per day was lower for the moderate forage diet. Ruminal fluid pH was 

lower for the MF diet, but the acetate: propionate ratio was not different. Serum insuUn 

concentrations were greater for the moderate forage diet at aU sampling times, 

2.3.3 Anestms, FertiUtv. and the PPI 

Many researchers have studied the effects of dietary energy on reproduction in 

beef cattle. Of primary interest are anestrus and age of puberty in heifers and the 
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postpartum interval (PPI) in cows. Anestrus can be induced in females by large reductions 

in energy mtake (Imakawa et al., 1986). The age of puberty is thought to be conttoUed 

primarily by chronological age and body weight or fat stores (YeUch et al., 1995), 

Nutritional effects on the onset of puberty have been recently reviewed (SchUlo et al., 

1992). The PPI, the time between parturition and retum to cycUcity, can be altered by 

prepartum and postpartum energy intake and body fat stores, AdditionaUy, both the level 

of dietary energy and the source of energy can contribute to differences among these 

factors. 

Dietary energy affects age at puberty in growing replacement heifers. Day et al. 

(1986) formulated two diets to produce either 0,9 or 0,2 kg of gam per day. The heifers 

(299 d of age at the start of the trial) on the low energy diet gained less weight and did not 

exhibit puberty during the 175 d experimental period compared with the control heifers 

(92% puberal by 175 d). SunUarly, Buskirk et al. (1995) fed heifers high or low levels of 

supplemental energy resulting m postweaning gains from 0.7 to 1.17 kg per d. Increasing 

postweaning gain and weaning weight increased the probabiUty of reaching puberty before 

the breeding season and calving to the first Al service and increased milk production at 

first calving. McCartor et al. (1979) fed prepuberal heifers (316 d of age) isocaloric diets 

differing in forage:concentrate (80:20 versus 50:50). The heifers receiving the 50:50 diet 

attamed puberty at a younger age and lower weight compared to the 80:20 fed heifers. 

Patterson et al. (1992) fed heifers to attain 55 or 65% of projected mature weight by the 

beginning of the breeding season. Initial weight on trial was the largest contributing factor 

to reduced age at puberty and energy level had no effect. The authors also found a 
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negative relationship between age at puberty and PPI; heifers that reached puberty earUer 

had a longer anestms period after calving. This may be due to lower body fat stores or 

some other unknown fector. In addition. Lynch et al. (1997) reported that trnimg for rate 

of gam was unhnportant so long as heifers reached a common target weight at a sumlar 

age on the attamment of puberty. Conversely, HaU et al, (1994) found tiiat even modest 

mcreases in energy consumption reduced the age at puberty, although body weight at 

puberty was not different. 

Energy mtake affects reproduction in cows as weU, In a classic study by Dunn et 

al. (1969), both prepartum and postpartum energy intake affected reproduction in 

primiparous beef cows. Low prepartum and low postpartum energy reduced the number 

of cows pregnant by 80, 100, and 120 d postpartum. Low prepartum energy reduced the 

number of cows exhibiting estrus by 40, 60, and 80 d, whUe low postpartum energy 

reduced the number of cows exhibiting estrus by 80, 100, and 120 d. The authors 

concluded that prepartum energy level affected reproduction in the early postpartum 

period and postpartum energy affected reproduction later in the postpartum period. Bartle 

et al. (1984), in two studies with Hereford and Hereford-Angus cows 2 to 6 years of age, 

showed the effects of energy on weight gain, PPI, and miUc production. In the first study, 

cows receiving the higher energy diet gained more weight and produced more imlk 

compared with cows receiving the lower energy diet. In the second study, the higher 

energy diet resulted in cows gaining more weight and producing heavier calves than the 

lower energy diet. Multiple regression showed that energy intake and body fet accounted 

for 71% of the variation m PPI. This is in agreement with the findings of Holness et al. 



(1978), who showed that Bos indicus cows on a high plane of nutrition had shorter PPI 

compared with cows on a low plane of nutrition. Bishop et al. (1994) also showed that 

lower prepartum energy, resultmg in lower BCS at calvmg, unpacts postpartum 

reproduction. AU cows (100%) with BCS >5 were cycUc within 70 d, whUe only 43% of 

cows with a BCS<5 were cycUc. 

Perry et al. (1991) fed multiparous cows either 70 or 150% of NRC 

recommendations for energy before and/or after parturition in a 2x2 factorial design. In 

this study, greater dietary energy prepartum increased calf birth weight, calf weight gam, 

and milk production and reduced the PPI, Greater postpartum energy increased milk 

production, calf weight gam, and the percentage of cows that were cycUc by 150 d. A 

study by Rakestraw et al. (1986) showed that weight and BCS loss between parturition 

and the end of breedmg season, regardless of when the loss occurs, is detrimental to 

reproduction. In a three-year study, cows were fed to calve in good body condition, then 

were assigned to either a maintenance diet untU the end of breeding season, a 10% body 

weight loss diet prior to the breeding season, or a 10% body weight loss diet during the 

breeding season. Body weight loss, regardless of when the loss occurred, resulted in a 

lower percentage of cows that were cycUc at the end of the breeding season and a lower 

percentage of pregnant cows, Marston et al. (1995b) also showed that greater energy 

prepartum unproved conception rates, but found no differences due to postpartum energy 

intake. Conversely, Spitzer et al, (1995) showed that the effect of BCS at parturition and 

postpartum weight gam were additive to increase the percentage of postpartum cows that 

were cycUc and became pregnant in a controUed breeding season. 



However, a sttidy by Richards et al. (1986) suggested that postpartum energy level 

was not as unportant as that prepartum. In their three-year study with multiparous cows, 

the largest difference in postpartum reproduction was due to BCS at parturition. Cows 

calvmg with a BCS < 4 had longer mtervals to estrus and pregnancy than cows calving 

with a BCS > 5. Within cows with a BCS >5, postpartum energy level had no effect on 

any of the reproductive variables measured. Withm cows with a BCS < 4, several 

differences were found. Increasing the postpartum energy level increased the percentage 

of cycUc and pregnant cows and calf body weights at each time measured. Smularty, 

Rutter and Randel (1984) found that PPI decreased with increasing energy intake. 

AdditionaUy, cows that mamtamed BCS had a shorter PPI than cows who lost BCS, 

regardless of dietary energy intake. Osoro and Wright (1992) had a simUar findmg 

concerning body condition. In their study, increasmg body condition at calving resulted in 

a shorter PPI. Cow BCS at the start of breeding season was less important, and BCS at 

the end of breeding had no effect. Weight and weight change through the experimental 

period did not affect the PPI. DeRouen et al. (1994) also found that BCS at parturition 

was the largest controlling factor on the length of the PPI in primiparous cows. 

AdditionaUy, Lahnan et al. (1997) reported that when cows calved in a BCS of 4, 

increasing energy consumption postpartum reduced the PPI. The condition score at 

calving accounted for 37% of the variation, and the condition score change from calving 

to 90 d postpartum accounted for 27% of the variation. 

Other authors have found no differences. Carstairs et al. (1980) found no 

difference in the PPI. days open, or services per conception in dairy cows when feeding 
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diets contammg different levels of energy (135 or 85% of NRC) and phosphorus (138 or 

98% of NRC), Whittier et al. (1988) found no reproductive differences in primiparous 

heifers fed various levels of postpartum energy. In this study, cows were divided into 

three groups: 130% of NRC recommendations for energy for 45 d foUowed by 70% of 

NRC for 45 d, the reciprocal, and 100% of NRC for 90 d. The heifers receiving 130-70 

maintamed weight and condition for 45 d but both were reduced in the second 45 d 

period. The heifers receiving either 100-100 or 70-130 lost weight and condition for the 

first 45 d, then gained both during the second 45-d period. MiUc production results were 

sunUar to changes in weight and condition. However, calf weight gain, days to first estrus. 

days to conception, and services per conception were not affected by dietary treatments, 

SunUarly, Wright et al. (1992) found no differences in length of the PPI due to energy 

intake. In this study, muhiparous cows were fed ehher a low or high level of energy for 

12 weeks postpartum or low energy for 6 weeks, then high energy for 6 weeks. Although 

the low-energy diets resulted m lower body weights and weight loss, BCS changed very 

Uttle. Again, BCS was negatively correlated with PPI, but no differences due to 

postpartum energy mtake were observed. However, as in other studies, aU cows calved in 

good body condition and did not lose condition during the trial. 

Reed et al. (1997) fed isocaloric diets differing in forage:concentrate to 

primiparous cows and reported no difference in the PPI to first or second ovulation, first 

estms, first service or conception. Stumpf et al. (1992) also fed cows to calve in good or 

poor body condition. BuU exposure had a greater influence on reducing PPI than did 

prepartum nutrition, but increased nutrition ampUfied the response to buU exposure. This 
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was sumlar to Browmng et al. (1994) who showed that increased postpartum energy 

intake enhanced the response to once daUy suckUng by calves. 

2.3.4 Hormonal Profiles 

Dietary energy intake and the source of that energy can have a profound impact on 

hormonal profiles and ovarian dynamics in cattle. Much research has been done to 

determine the effects of altered energy mtake or altered energy source. In heifers during 

the prepuberal period, energy resttiction alters the secretion of LH (SchUlo, 1992), as weU 

as progesterone, estrogen, and FSH. Day et al. (1986) fed prepuberal heifers a growing or 

energy deficient diet. In heifers fed the energy deficient diet, serum LH concentration 

increased more slowly than conttol heifers and no increase in pulse frequency was 

observed. AdditionaUy, the LH response to an LHRH chaUenge was lower in energy 

deficient heifers. Rutter et al. (1983) concluded that abomasal mfusion of propionate, 

either dhectly or mdhectly, enhances the LH response to a GnRH chaUenge in the 

prepuberal heifer and Leers-Sucheta et al. (1994) showed that high energy pre- and 

postbreeding increases the concentrations of LH in response to a GnRH chaUenge. 

However, Harrison and Randel (1986) found no differences in serum LH 

concentration when feedmg diets above and below maintenance levels for energy to cycUc 

heifers. No differences were observed m serum progesterone concentrations either, but a 

combmation of dietary energy and infusions of exogenous insulm altered serum insulm 

concentrations. Spitzer et al. (1978) also found no differences in daUy serum LH or 

progesterone concentrations when feeding cycUc heifers either 100 or 33% of NRC 
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recommendations for energy over a short tune. In contrast, Gombe and Hansel (1973) 

found differences in both LH and progesterone production during three estrous cycles in 

Holstein heifers. The authors fed 100 or 62% of recommended levels of energy and 

observed that plasma LH increased progressively from the first to the thhd cycle in the 

low-energy fed heifers, resultmg m greater basal LH compared to controls by the third 

cycle. Progesterone concentration in plasma was initiaUy higher for the low-energy fed 

heifers, but became progressively lower in subsequent cycles. On the tenth day of the 

third cycle, total progesterone and progesterone concentrations in corpora lutea were 

lower for the low-energy fed heifers. The authors concluded that restricted energy, 

resulting m ovarian dysfunction, was not due to reduced levels of LH, but rather reduced 

abUity of the ovary to respond to LH. 

Imakawa et al. (1986) fed heifers a diet with half the energy reqmred for 

maintenance untU they had been anestrous for 40 d. Heifers were then assigned to control, 

ovariectomy, or ovariectomy plus estradiol-17p (E2) unplant and fed a high energy diet. 

The resulting hormonal profiles demonstrated that E2 suppressed LH secretion during 

nutritional anestrous, but this response does not subside with resumption of cycUcity. In a 

reverse of this study, Imakawa et al. (1987) assigned normal, cycUc heifers to either 

control, ovariectomy, or ovariectomy plus E2. AU the control heifers and half of the 

heifers in each treatment received a low energy diet whUe the remamder received a high-

energy diet. The results demonstrated that dietary energy restriction lowers the number of 

LH pulses, and E2 works to ampUfy this effect prior to the onset of nutritionaUy induced 

anestrus. 
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These results are contrary to those found by Rhodes et al. (1995). When heifers 

were fed diets restricted in energy, no changes were observed in LH pulse frequency or 

mean FSH concentrations. However, during anestms, concentrations of progesterone 

were very low, suggestmg that LH release was bemg suppressed. Clearly, if they are 

anestms, a corpus luteum is not present to produce progesterone. Indeed, the lack of 

progesterone resuhs in high LH concentrations, as progesterone inhibits LH. In another 

study, Rhodes et al. (1996) fed heifers a restricted energy diet untU they became anestrus. 

Energy restriction resulted in lower LH and estradiol 17p concentrations, but FSH 

concentrations appeared to be higher, Prepuberal heifers were fed high fat, isocaloric diets 

in a study by Ryan et al. (1992). Feeding high levels of fat resulted in increased P4 

concentrations in foUicular fluid, but E2 was not affected. Granulosa ceUs recovered from 

these heifers produced more P4 and less E2 in vitro compared with conttols. Thomas et al. 

(1997) reported that a high-fat diet increased chculating concentrations of insuUn, 

cholesterol, GH, and IGF-I. AddhionaUy, Yung et al. (1996) showed that heifers in 

negative energy balance had lower serum IGF-I concentrations and smaUer corpora lutea, 

which produced less progesterone compared with heifers in positive energy balance. 

Shmlarly, Gutierrez et al. (1997) reported that an increased level of energy increased the 

insuUn concentration, but did not affect FSH levels in dairy heifers. 

EarUer research by Imakawa et al. (1983) studied the effects of energy intake on 

semm progesterone concentrations. Heifers were synchronized and fed diets containmg 

low, mamtenance, or high levels of dietary energy. As energy level increased, 

progesterone peak concentration and area under the curve increased Unearly. Corpora 
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lutea were collected from sbc heifers in each group on d 10 of the fourth cycle. In 

addkion, in vitro progesterone production of luteal ceUs from the heifers fed low energy 

was lower than the other treatments when culttired in the presence of hCG. In another 

study, Imakawa et al. (1984) fed cycUc heifers a low, mamtenance, or high-energy diet. 

Heifers were hnplanted with exogenous progestogen on d 160, Serum LH concentrations 

and pulse frequencies were higher for heifers fed high energy diets. Body condition 

decUned m heifers fed low and mamtenance levels of energy, and the authors concluded 

that body condhion might be important m the effectiveness of progestogens used to induce 

estms in acycUc females, 

Connor et al. (1990) removed the hypothalami and pituitaries from cows at 

slaughter that had received various levels of prepartum and postpartum energy. The 

authors found that pituitary LH concentrations increased with increasmg BCS. Prepartum 

and postpartum energy level also affected the concentration of GnRH in various sections 

of the hypothalamus, and both met-enkephaUn and beta-endorphin were impUcated in the 

neuroendocrine regulation of postpartum reproduction. In a study by Perry et al. (1991), 

the authors concluded that, after parturition, serum LH concentrations increased due to 

high prepartum energy and LH pulse frequency increased due to high pre- and postpartum 

energy. Rutter and Randel (1984) found no differences in LH characteristics when feeding 

low, maintenance, or high nutrient levels to primiparous heifers postpartum. However, 

females that maintained body condition had greater serum LH characteristics (endogenous 

and GnRH induced concentration, peak, and release curve area) compared with those that 

lost condition. Bishop et al. (1994) fed cows to range in BCS from 3 to 6 at calving, then 
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weaned the calves at 45 d postpartum. Cows whh a BCS > 5 at weanmg had increased 

LH pulse frequency and serum IGF-1 concentrations over 10 d foUowmg weamng 

compared with thm cows (BCS< 5), Roberts et al. (1997) also reported that IGF-I was 

greater and mcreased over tune postpartum m cows that were fed adequate levels of 

energy postpartum and these cows retumed to cycUcity earUer than those that were not. 

Whisnant et al. (1985) fed low or high energy diets to primiparous heifers. At calf 

removal (60 d postpartum) cows fed high-energy diets had higher serum LH, and serum 

LH concentrations rose more quickly after calf removal. The LH response to a GnRH 

chaUenge was greater in cows fed the low energy diet, suggesting that pituitary stores of 

LH were normal, but GnRH production or secretion was lowered in energy restricted 

cows. By contrast, Wright et al. (1992) found no differences in LH pulsatUity due to the 

feeding of diets low or high in energy to multiparous cows. However, LH pulse frequency 

was correlated v̂ dth BCS at parturition. Cirimard et al. (1995), usmg cows fed 100 or 

70% of energy requhements, found no dhect effects of energy level on LH profiles. 

Nevertheless, LH pulse frequency was lower in low energy fed cows that had high NEFA 

concentrations in plasma, which is indicative of a negative energy balance. No effects due 

to dietary energy were observed for estradiol or progesterone. 

2.3.5 Ovarian Dynamics 

Some authors have studied changes in ovarian function due to dietary energy level, 

Harrison and Randel (1986) fed heifers 75 or 180% of NRC recommendations for energy 

to cycUc heifers. Energy deprivation reduced individual corpus luteum (CL) weight. 
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number, and progesterone content in response to an FSH superovulation regimen. Spitzer 

et al. (1978) found no differences m ovulation rates, ova recovery rates, or fertUization 

rates when cycUc heifers were fed low or mamtenance levels of energy. However, the * 

ovary where the ovulatory foUicle was located was smaUer in heifers receiving low levels 

of energy. Rhodes et al. (1995) fed heifers a restricted energy diet to induce anestms. 

Loss of body weight was dhectly correlated with decreases in the size of foUicles and 

corpora lutea and in the persistence of dominant foUicles. In another study, Rhodes et al, 

(1996) fed heifers an energy deficient diet. Diameters of dommant foUicles and corpora 

lutea were lower during energy restriction. Conversely, Gutierrez et al. (1997) reported 

that mcreased energy level above maintenance increased smaU foUicle recruitment but no 

carryover effect was observed after cessation of treatment. Thomas et al. (1997) reported 

that isocaloric diets containing high levels of polyunsaturated fats result in mcreased 

numbers of medium sized foUicles early in the estrous cycle. Ryan et al. (1992) showed 

that, although it increased the development of medium sized foUicles, a high fat diet fed at 

isocaloric levels did not influence the fiuther recruitment or ovulation of FSH stimulated 

foUicles or embryo recovery and viabiUty. 

Henricks et al. (1986) fed primiparous cows to maintain or gam weight from 90-d 

prepartum untU 10- to 70-d postpartum. Females were seriaUy ovariectomized and 

mcidence of ovulation quantified. At 28-, 46-, and 70-d postpartum, females fed to only 

mamtam weight had a lower incidence of ovulation than those that gamed weight. Perry 

et al. (1991) fed multiparous cows either low or high levels of energy before and after 

parturition. Constantly low energy both pre- and postpartum resulted in a reduction of 
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medium, large, and total foUicles. Low prepartum energy lengthened the interval to first 

ovulation and low postpartum energy reduced the percentage of cows that were cycUc by 

150 d. 

In a study by Grimard et al. (1995), cows were fed 70 or 100% of energy 

requhements and ovaries were monitored by ultrasound. Low-energy supply reduced the 

number of large foUicles, and the size of the largest foUicle was smaUer compared with 

adequately fed cows. Reed et al. (1997) reported that the diameter of the ovulatory 

foUicle was 1 mm in diameter smaUer in cows fed a moderate forage diet compared with 

those fed a high forage diet (P<.06). Other measures of foUicular growth and wave 

djmamics were not different. Also, Bums et al. (1997) reported that energy restriction 

resulted m two types of corpora lutea, functional and subfunctional. The difference in CL 

function may have been mediated by IGF-I, which was lower for cows with subfimctional 

corpora lutea. 

2.4 Effects of lonophores 

Little is known about the biochemical actions of lonophores. In fact, most of the 

research conducted whh lonophores has been some type of feeding trial. Two of these 

lonophores are monensin and lasalocid, which are also known by the trade names 

Rumensin and Bovatec, respectively, Monensin, produced by the bacteria Streptomyces 

cinnamonensis, is the most commonly used ionophore. It is approved by the Federal Dmg 

Admmistration for use as a feed additive. Although several feedmg rates have been 

studied (Turner et al., 1980), 200 mg per head per day appears to be the opthnum level for 
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biological and economical efficiency and is the most commonly used rate. Most ionophore 

use is in feedmg for slaughter (feedlot cattle), although they can be used for any type of 

cattle production. The use of lonophores for cow production has been reviewed (Sprott 

et al., 1988), 

2.4.1 Weight and BCS 

Feeding monensm may resuh in changes in weight and body condition. Bushmich 

et al. (1980) fed monensin to prepuberal heifers, but no differences were observed for 

weight, gam or feed efficiency. McCartor et al. (1979) fed monensm to prepuberal heifers 

and observed no differences in weight gain or body condition, but feed efficiency was 

greater for monensin supplemented heifers. Moseley et al. (1977) conducted three 

experiments m feeding monensin to heifers. In one or more of the experiments, monensin 

produced superior results to that of conttols for gains in body weight, height, and length, 

and feed efficiency. As part of a large complex study, Hixon et al. (1982) fed monensm to 

heifers from 40 d before breeding untU 120 d of lactation. Monensm fed heifers gamed 

more weight through the trial and gave birth to heavier calves compared with conttols. 

The authors noted no detrimental effects due to long term supplementation with monensin. 

Clanton et al. (1981) fed 0, 50, 200, or 300 mg/h/d to multiparous cows from 112-

d prepartum untU 82-d postpartum. Cows receiving monensin received less feed than 

control cows, so no differences were observed for weight, gain and condition, but feed 

efficiency was unproved. Hardm and Randel (1983) observed no changes in weight and 

condition of cows when feedmg 0 or 200 mg of monensm with hay ad libitum. Mason 
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and Randel (1983) observed no differences in body weight gam or condhion, but cows 

consuming monensm ate less, resuhmg in greater feed efficiency. Turner et al. (1977) 

conducted two experiments, feeding monensm to multiparous cows, Monensin fed cows 

gained more weight on less feed (greater feed efficiency) than controls. In another study. 

Turner et al, (1980) fed 0, 50, 200, or 300 mg/h/d of monensm to multiparous cows. No 

differences in weight gain were observed, but feed efficiency was unproved by feedmg 

monensin. The authors also concluded that 200 mg/h/d of monensm was the optunal 

biological and economical rate to feed to mature cows on forage based diets. 

Goehring et al. (1989) found that lasalocid reduced the amount of condition lost 

from calving to 130-d postpartum, but no other weight or condhion measures were 

affected. Steen et al. (1992) observed minor increases in hearth girth and fat and muscle 

depth when feedmg lasalocid. Rode et al. (1994) included lasalocid in a free-choice 

mineral mix, but observed only marginal increases in average daUy gain. Del Vecchio et 

al. (1988) observed no differences in weight or condition of cows fed lasalocid versus 

controls. 

2.4,2 MetaboUsm 

Monensm, as with other lonophores, usuaUy results m a shift of the molar 

proportions of volatUe fatty acids (VFA), specificaUy acetate (2 carbons), propionate (3 

carbons), and butyrate (4 carbons). These are the primary VFA produced in the mmmant, 

in decreasmg order. Many authors discuss the acetate to propionate ratio (A:P), 

Monensm typicaUy reduces the A:P, as does increased levels of grain. Propionate is the 
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only VFA among the three that resuhs in net glucogenic activity, Rummal fluid sampUng 

is the largest drawback to the determination of VFA levels. Dhect sampUng through a 

mmmal cannula usuaUy resuhs in the best sample coUection, whUe the use of an oraUy 

inserted pump system usuaUy resuhs m contammation and a poor sample. This may be the 

cause of conflictmg reports by authors. 

McCartor et al. (1979) fed prepuberal heifers 0 or 200 mg/h/d of monensm. 

Monensm reduced acetate and butyrate production whUe increasing propionate 

production. Moseley et al, (1977) fed 0 or 200 mg/h/d of monensm to cycUc heifers. In 

two of three experiments, monensin supplementation reduced acetate and butyrate 

production and mcreased propionate production without changmg total VFA production. 

Hixon et al. (1982) also fed 0 or 200 mg/h/d of monensin to cycUc heifers, with shnUar 

reductions in acetate and butyrate production and increased propionate production with 

monensin supplementation. Bushmich et al. (1980) fed 0 or 200 mg/h/d of monensin to 

prepuberal heifers, and observed a lower A:P in the monensm fed heifers. 

Clanton et al. (1981) fed 0, 50, 200, or 300 mg/h/d of monensin to beef cows, 

Agam, acetate and butyrate were reduced and propionate was increased vsdthout changes 

m total VFA at each incremental mcrease in monensin. Turner et al. (1977) fed 

muhiparous, pregnant cows 0 or 200 mg/h/d of monensin. Monensm supplementation 

reduced acetate and butyrate production whUe increasmg propionate production without 

changes m total VFA production. In another study. Turner et al. (1980) fed 0, 50, 200, or 

300 mg/h/d of monensin to muhiparous, gestating cows. Acetate and butyrate were lower 

and propionate higher for cows receivmg the 200- or 300-mg levels of monensin 
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compared with controls, but not the cows receiving the 50-mg level. Total VFA 

concentrations declined with increasmg levels of monensin. 

Armstrong and Spears (1988) gave mtravenous infusions of monensin to heifers or 

steers m two experiments. Monensin infusion resuhed m lower blood concenttations of K, 

Mg, and P and higher glucose and free fetty acids. Serum insuUn decUned mitiaUy and 

then increased m response to monensm infusion. High doses of monensin resuhed in 

ataxia, hypemea, polyuria, and anorexia for 2 h. These results provided the first evidence 

of alterations of metaboUsm due to monensin which were independent of ruminal 

metaboUsm. 

2.4.3 Anestrus, FertUity, and the PPI 

Several authors have studied the effects of monensin on reproductive variables in 

beef females. Both Moseley et al. (1977) and McCartor et al. (1979) found that feedmg 

200 mg/h/d of monensm reduced the age and weight at puberty m prepuberal beef heifers. 

Lahnan et al. (1993) also fed 200 mg/h/d of monensin to heifers as part of an age of 

puberty study. Monensm reduced age of puberty m heifers compared with those receiving 

high levels of bypass protem. Purvis and Whittier (1996) fed monensm alone or combined 

with ivermectm (anthelmentic) mjection to prepuberal heifers. Monensm, ivermectm, and 

the combmation reduced both the age and weight that the heifers attained puberty. Hbcon 

et al. (1982) fed yearUng heifers 0 or 200 mg/h/d of monensm from 40 d prior to breeding 

untU 120 d of lactation (>450 d total). Monensin supplementation reduced the postpartum 
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mterval whh no effect on gestation length. Monensm also mcreased catf birth weight and 

calvmg difficulty, 

Clanton et al. (1981) fed various levels of monensin to pregnant cows in three 

different experiments. No differences were observed due to monensm supplementation for 

percentage in estrus at a given tune, conception rates to artificial insemmation, or overaU 

pregnancy rates. However, both Hardm and Randel (1983) and Mason and Randel (1983) 

fed 0 or 200 mg/h/d of monensm to muhiparous cows; monensm supplementation resuhed 

m reduced PPI and an mcrease in the percentage of cows exhibhing estrus. Turner et al, 

(1977) fed 0 or 200 mg/h/d of monensm to multiparous cows from late gestation untU calf 

weanmg. In one of the two trials, the PPI was reduced due to monensm supplementation. 

In another study. Turner et al. (1980) fed 0, 50, 200, or 300 mg/h/d of monensm to 

multiparous cows from late gestation imtU 30 d postpartum. The PPI was not affected by 

monensm m this study. 

Reports on the effects of lasalocid on reproduction are sporadic. Steen et al. 

(1992) found that age at breeding was reduced for dairy heifers fed lasalocid. Rode et al. 

(1994) found no difference in conception rates in grazing heifers consuming lasalocid in a 

free-choice mineral mix. Del Vecchio et al. (1988) observed no difference in PPI or the 

cumulative frequency of retum to estms in Brahman and Brahman-cross cows, Goehring 

et al. (1989) observed no differences due to lasalocid for estrus activity at 120 d 

postpartum, conception rates, mtervals from calvmg to first estms and conception, and 

inseminations per conception. 
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2.4.4 Hormonal Profiles 

Many authors have studied the effects of monensm on serum concentrations of 

various hormones. WhUe some have studied the changes in endogenous levels, others 

have appUed exogenous hormonal treatments and studied the changes in endogenous 

hormone response in relation to monensm supplementation. 

Bushmich et al. (1980) fed 0 or 200 mg/h/d of monensin to prepuberal hehers and 

found that monensin increased luteal progesterone production. Lalman et al. (1993) fed 

UIP, propionic acid, and monensm to prepuberal heifers. Monensm supplementation 

resuhed in consistently lower growth hormone levels and somewhat lower insuUn levels. 

Randel and Rhodes (1980) injected control and monensin supplemented prepuberal heifers 

with 100 |ig of GnRH on two occasions, four hours apart. Monensin supplemented 

heifers released more LH m response to each GnRH chaUenge compared with controls. 

Peak concentration and the area under the LH curve were also greater for monensin 

supplementation. Randel et al, (1982) mjected control and monensm supplemented 

prepuberal heifers whh 5 mg of E2. In heifers fed monensin, the LH surge was earUer, 

persisted longer, and the area under the curve was greater than for control heifers 

Hardm and Randel (1983) injected control and monensin-supplemented cows with 

0, 1, 2, or 4 mg of estradiol-17p 21-d postpartum. Monensm supplemented cows 

exhibited a longer mterval to LH response and to peak LH when injected with 4 mg of E2 

but had no effect at the other dosage levels. Mason and Randel (1983) injected control 

and monensin-supplemented cows with 100 |ig of GnRH 22-d postpartum. Monensm 

resuhed in lower LH released in response to the GnRH chaUenge. The authors suggested 
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that this response was due to the monensm-supplemented group bemg in a higher 

nutritional state. In other words, cows on a low plane of energy had been producmg and 

storing LH but not releasing h. The GnRH chaUenge caused release of the stored LH. 

Conversely, weU-fed cows were releasing the LH as h was produced, thus less stored LH 

was avaUable to be released foUowmg tiie GnRH chaUenge. 

2.4.5 Ovarian Dynamics 

A few authors have studied the effects of monensm on ovarian and foUicular wave 

dynamics, Bushmich et al. (1980) fed 0 or 200 mg/h/d of monensm to prepuberal hehers. 

These heifers were then given FSH m a superovulation procedure and ovariectomy was 

performed 10 days later. Monensm supplementation mcreased the number of ovulation 

shes and resuhed in greater ovarian weight, more corpora lutea, greater total luteal 

weight, more foUicles, and greater weight of foUicular fluid and stroma. 

2.5 Granulosa CeU Culture Systems 

Culture systems have been used to study the effects of various nutritional and 

hormonal treatments on granulosa cells. Langhout et al. (1991) developed a culture 

system that had the poshive effect of semm on granulosa ceU attachment and aUowed 

subsequent expression of treatment effects m serum-free medium. In the experimental 

portion of the study, Langhout et al. (1991) cultured ceUs from smaU (<5 mm) and large 

(>10 mm) foUicles with msuUn, epidermal growth factor (EGF), estradiol, LH, FSH, GH, 

or a combmation of these factors. In ceUs from smaU foUicles, insuUn increased ceU 
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numbers and progesterone production compared with controls. CeU numbers and 

progesterone production were not affected by EGF, FSH, LH, or GH alone, CeU numbers 

were not affected and progesterone production was inhibhed by E2. When cultured m 

combmation with msuUn, GH increased ceU numbers and progesterone production, FSH 

increased progesterone production, and EGF decreased progesterone production. CeUular 

protein synthesis and secretion was mcreased by GH in ceUs from foUicles of both sizes 

and decreased by LH m ceUs from large foUicles. 

Spicer et al. (1993) cultured granulosa ceUs with msuUn, IGF-1, testosterone, or 

FSH. In cells cultured from smaU foUicles, insuUn and IGF-1 increased ceU numbers and 

progesterone production. In cells from both smaU and large foUicles, insuUn combmed 

with FSH increased E2 production. Conversely, IGF-1 inhibhed E2 production from cells 

from smaU foUicles and stimulated production from cells from large foUicles. Granulosa 

cells contamed mRNA transcripts for IGF-1 and produced IGF-1 in vitro, which supports 

the authors' hypothesis that msuUn and IGF-1 have dhect local effects on ovarian 

function. Vemon and Spicer (1994) cultured granulosa ceUs from smaU foUicles with 

basic fibroblast growth factor (FGF) and (or) heparin. Low doses of heparin had no 

effect, but high doses mhibhed FSH-mduced E2 production. Treatment with FGF 

mhibhed FSH-induced E2 production, and the severity of inhibhion increased whh 

mcreasmg dosage level. Cocuhure of FGF and heparin resuhed in varied indiscrimmant 

effects. 

Spicer and Stewart (1996) cultured granulosa ceUs from smaU and large foUicles 

with bST, msuUn, or gonadotropins. Basal production of E2 was not affected by bST, but 
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bST inhibhed E2 production that resulted from FSH plus msuUn. Progesterone production 

was not affected by bST. The authors also cultured thecal ceUs; androstenedione 

production by thecal ceUs was affected by bST at physiologic doses. 

2.6 Summary 

Level of energy obviously affects the reproductive system in the bovme female. 

Results to feeding suboptunal levels of energy are many and varied for the different ages 

and classes of females. Source of energy is not as clearly defined. Feeding isocaloric 

levels of concentrates may improve reproduction, but not aU authors agree, AddhionaUy, 

lonophores may have a role in enhancmg the function of the reproductive system. Many 

authors have studied monensin, but Uttle is known about lasalocid. Monensin may alter 

fertiUty through propionic acid or insulin, but some authors have also indicated a potential 

dhect effect. In culture systems, insuUn is the primary agent in altering granulosa ceU 

growth and steroid production, but other metaboUc agents have not been tested. One 

thing is clear, nutrition and reproduction have an intimate association, and possibly the 

best way to hnprove fertUity is through enhanced nutrition. 
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CHAPTER 3 

A PRELIMINARY STUDY ON THE EFFECTS OF MONENSIN 

AND ALTERED FORAGE:CONCENTRATE ON FEED 

INTAKE AND OVARIAN FUNCTION IN BEEF HEIFERS 

3,1 Abstract 

The objective of this preUminary study was to determme the effects of monensm 

(M) and altered forage:concentrate ratio (F:C) on feed intake, hormonal profiles, and 

ovarian function in beef heifers. The study was designed as a 4x4 Latm square with a 2x2 

factorial arrangement of treatments; however, due to feed refiisal, the study was 

terminated after two periods. Therefore, no statistical analyses were performed and 

differences reported are numerical differences only. Four ruminaUy cannulated heifers 

were maintained in metaboUsm crates and fed twice daUy 0 (C) or 440 (M) mg/d M (2.2 

times the recommended dose) in diets contaming 75% forage:25% concentrate (high 

forage; HF) or 25:75 (high concentrate; HC), Diets were Umit fed to achieve isocaloric 

intake of calculated ME. Percentage reduced feed intake (%RFI) appeared to be greater 

for monensin supplemented and HC diets. Serum insulin and progesterone concentrations 

appeared to be greater for M and HC, and the combination of treatments had the greatest 

effect. Monensm supplementation also appeared to enhance the size of the dommant 

foUicles in the first two foUicular waves, AddhionaUy, the combmation of M and HC 

appeared to have the lowest mtakes (%RFI) and the HF without monensm appeared to 

have the smaUest dommant foUicles m the first two foUicular waves. We conclude that the 
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resuhs of the current study warrant fiuther investigation of the effects of monensin and 

altered F:C on digestive and reproductive characteristics m beef hehers. 

3.2 Introduction 

Improvmg reproductive efficiency is a major goal of cow-cah'producers. Beef 

cows must conceive withm approxhnately 80-d postpartum to mamtam a 365-d calving 

mterval. Although most cows are lactatmg, they must undergo uterine mvolution, re-

mitiate ovarian cycUcity and be fertUe, Therefore, cows must be in poshive energy balance 

and energeticaUy efficient for rebreedmg to occur. 

Low dietary energy has been impUcated in reduced reproductive efficiency (Short 

et al., 1992; Randel, 1990). AdditionaUy, source of energy may be as important as total 

dietary energy content. Blood glucose is responsive to changes in ruminal propionate 

production (Cronje et al., 1991) which may resuh from mcreased intake of nonstmctiwal 

carbohydrates (Van Eenaeme et al., 1990) or monensin supplementation (Moseley et al., 

1977). Greater propionate elevates blood glucose and insuUn concentrations, mcreasmg 

tissue energy retention (Reynolds et al., 1991), which wiU improve metaboUc, and possibly 

reproductive, efficiency. Altered blood glucose or insulin may mfluence reproductive 

activity. Both Moseley et al. (1977) and McCartor et al. (1979) observed that heifers 

receivmg diets that produced more propionate were younger and Ughter weight at puberty 

than normaUy fed heifers. Monensm has been shown to increase ovarian activity 

(Bushmich et al., 1980) and serum LH (Randel and Rhodes, 1980; Randel et al, 1982) 

and insulin (Reed, 1994) concentrations. 
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This preUmmary study was conducted to evaluate the effects of altered 

forage:concentrate (F:C) ratio and monensin supplementation on rummal characteristics 

and ovarian fimction ui vhgm beef heifers. It was previously pubUshed in J, Anim. Sci. 75: 

235A(Suppl. 1). 

3.3 Materials and Methods 

Four rummaUy cannulated, postpuberal heifers (Hereford-shed crossbreds, 

approximately 18 months of age and 500 kg) were used in a 4 x 4 Latin square with a 2 x 

2 factorial arrangement of treatments. Diets were 75:25 (HF) or 25:75 (HC) F:C with 0 

(C) or 440 (M) mg/hd/d of monensin. The level of monensin used in this study exceeded 

recommended doses. This was due to inaccurate calculations of the concenttation of 

monensm in the premix, and was not intentionaUy planned. Diets were formulated using 

NRC (1984) recommendations and feed values for com {Zea Mays Indentata), alfalfa hay 

(Medicago Sativa), and wheat straw (Triticum Aestivum), which are presented in Table 

3.1. The amount of the diet offered was altered to achieve isocaloric levels of calculated 

metaboUzable energy (ME), and daUy offerings and orts were recorded to determme 

mtake. Alfalfa and straw were fed long and core samples were taken from each bale prior 

to feedmg. A 0,1-kg sample was taken from each 35-kg bag of cracked com. An 

mdependent laboratory (Peterson Labs, Hutchmson, KS) analyzed aU feed samples. Van 

Soest analysis is presented in Table 3.2 and mmeral analysis is presented in Table 3.3. 

Moisture was determmed usmg a forced ah oven at 105°C for three hours. Cmde protein 

was determmed usmg the Kjeldahl semiautomatic method (AOAC 990.02). Cmde fiber 
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was determmed usmg the ceramic fiber filter method (AOAC 962.09). Acid detergent 

fiber was determmed using AOAC metiiod 973.18. Neutral detergent fiber was 

determmed usmg the amylase procedure. Method 5.1, Forage Analysis Procedures, 

National Forage Testing Association. Fat was determmed usmg pettoleum ether extract 

(AOCS Ba 3-38). Ash was determmed usmg AOAC method 942.05. Phosphorus was 

determmed usmg a photometric method (AOAC 965.17). Calcium, potassium, 

magnesium, and sodium were determmed usmg the Atomic absorption spectrophotometric 

method (AOAC 968.08). Alummum, cobalt, copper, hon, manganese, molybdenum, and 

zinc were determined using the Inductive coupled plasma spectrophotometric method 

(AOAC 985.01). A trace mmeral mix was also given daUy, The mineral mix (453 kg 

total) contamed 415 kg ground mho, 1.13 kg Ca(I03)2, 0.70 kg EDDI, 7.00 kg MnO, 1.60 

kg ZnO, 26.70 kg Zmpro-100 (a zmc methionme product), 1.20 kg CuO, and 0.05 kg 

C0CO3, with a calculated composition of 2801 ppm I (44.0% from EDDI and 56.0% 

from Ca(I03)2), 9259 ppm Mn, 8426 ppm Zn (30.15 from ZnO and 69.9% from Zinpro-

100), 1984 ppm Cu, 51 ppm Co. Each day at -0800, a blood sample was coUected from 

each heifer by jugular venipuncture v^th a syringe and needle, transferred to glass vials, 

covered, and stored at 4° C for at least 48 h. Samples were then centrifuged at 2000 x g 

for 30 mm, after which semm was poured into scmtUlation vials and frozen at -20°C untU 

assay. FoUowmg sample coUection, orts were coUected, weighed, and discarded. 

Concentrate was then weighed and fed to each heher, then forage was weighed and fed. 

Due to the buUc of the HF diet, half of the forage for aU diets was fed in the mommg and 

the remamder fed in the afternoon. Few orts were apparent at the afternoon feeding, 
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therefore, orts were only coUected once daUy. FoUowmg the mommg feeding, crates were 

cleaned of feces and urine, then ultrasonic exammations were conducted. Data from 

ultrasound were recorded usmg a clock face to record location, and the diameter of the 

foUicle or corpus luteum was recorded at that location. Hehers were initiaUy synchronized 

with two mjections of 5 mg of Prostaglandm F2a (Lutylase, Upjohn Company, Kalamazoo, 

M ) 10 days apart. Period 2 began hnmediately after the conclusion of Period 1. Due to 

feed refiisal and an Ul appearance, one heifer was removed from the study after period 1, 

The study was ended after period 2, when anhnal health decUned. Blood samples were 

coUected from d 0 (day of ovulation) untU d 14, From d 15 through d 18, coUection 

occurred every 12 h and from d 19 untU ovulation, coUection occurred every 6 h. Samples 

were analyzed for estradiol, progesterone, and insulin. Hormone concentrations were 

determined by radioimmunoassay, as described below. 

Serum progesterone (P4) concentrations were measured using a commerciaUy 

avaUable radiohnmunoassay kit (Coat-A-Count, Diagnostic Products Corporation, Los 

Angeles, CA) vaUdated for use wdth bovine serum m our laboratory. In this procedure, 50 

III of serum and 50 |il of 0,01 M phosphate buffered saUne-0.1% gelatm (PBS-gel) were 

added to plastic tubes coated with an antibody to progesterone. For the standard curve, 

aUquots of a progesterone standard solution and PBS-gel were added to this type of tube 

as weU m differmg amounts to produce a total volume of 100 îl. Then one ml of 1-125 

labeled P4 was added to aU tubes. Total counts were determmed by addhion of labeled P4 

to non-coated plastic tubes. After vortexmg for 30 seconds, the ttibes were incubated at 

temperature for 3 hours and then ttibes were inverted and the Uquid poured off. 
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After drymg for 15 minutes tubes were counted in a gamma counter and counts converted 

into ng/ml via log-logh transformation and comparison to the standard curve using an 

automatic data analysis program (Rodbard and Lewald, 1970). Reported cross reaction of 

the antibody with other steroids was less than 0.1%. Senshivity of the assay was 70 

pg/tube. Addhion of increasmg amounts of bovme serum to the standard curve resulted in 

paraUel Unes. Inter- and mtra-assay coefficients of variation averaged 9.3% and 6.2%, 

respectively, 

Semm estradiol concentrations were determined using a previously vaUdated RIA 

(Howard et al., 1990). The antibody used was a gift from Dr. Norman Mason (LUly 

Research, Indianapolis, IN). lodmated estradiol 17-p was purchased from Amersham 

(ArUngton Heights, IL) and estradiol 17-p used as the standard was purchased from 

Sigma. For assay, 500 |il of serum was extracted with 2 ml of ethyl acetate, vortexed for 

1 min, left to stand for 5 min, vortexed and left to stand again, and finaUy vortexed for 1 

min and left to stand for 15 min before bemg placed in a dry ice-methanol bath (-40° C) 

for 30 sec. The solvent layer was then decanted from the frozen aqueous layer and dried 

down at 37° C m a drymg block under nitrogen gas. The sample was reconstituted whh 

500 îl of PBS-gel. To tiie sample was then added 200 |il of the antibody at 1:100,000 

dUution and h was left to mcubate at 4° C overnight. The next day 100 [il of 1-125 

estradiol at 10,000 cpm were added to aU tubes and left to mcubate at 4° C for 6 h. Then 

500 |al of dextran coated charcoal (0,04% dextran, 0,4% Norit A charcoal in PBS-gel, 

Fisher) was added to aU tubes except total count tubes and tubes were vortexed for 1 mm 

and left to incubate for 15 mm at 4°C before centrifligation at 3000 rpm for 15 mm at 4°C. 
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The supernatant fluid was poured off into dupUcate tubes and counted for 1 min in a 

gamma counter and concentrations (pg/ml) determmed as described above. Recovery of 

estradiol from serum was 94%. Cross reactivity of the antibody was <1% with estradiol 

17-a and androstenone and <0.1% with aU other steroids. Standards run with increasmg 

amounts of bovine serum were parallel to the standard curve. Senshivity of the assay was 

0,5 pg/tube. Inter- and intra-assay coefficients of variation were 14.1% and 7.2%, 

respectively. 

Serum insulin concentrations were determined using a commerciaUy avaUable kit 

(Coat-A-Coimt, Diagnostic Products Corporation, Los Angeles, CA) vaUdated for bovine 

serum. Two hundred |il of serum were added to antibody-coated plastic tubes. The 

standards consisted of varymg amounts of a solution prepared from bovine insuUn (Sigma 

Chemical, St. Louis, MO). One ml of 1-125 labeled insuUn suppUed with the kit was 

added to aU tubes. After vortexing for 30 sec, tubes were left to mcubate at room 

temperature for 18-24 hours. Tubes were inverted to pour off Uquid and after drymg for 

15 min were counted m a gamma counter and concentrations (ng/ml) calculated as 

described above. Senshivity of the assay was 370 pg/ttibe. Standards with increasmg 

amounts of bovme serum added were paraUel. Cross reactivity of the antibody was less 

than 0,1% for aU other hormones tested. Inter- and mtra-assay coefficients of variation 

averaged 10.4% and 6.2%, respectively. 

Transrectal ultrasound exammations were conducted daUy through the 

experimental period, as described by Pierson and Gmther (1987), A real-time, B-mode 

uhrasound with a 5-MHz transducer was used (Tokyo-Kekei LS 1000, Products Group 
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were 
International, Inc., Boulder, CO). At each exammation, the diameter and location 

recorded for aU foUicles greater than 3 mm. Ovulation was determmed on the basis of 

disappearance of a large foUicle and subsequent detection of a corpus luteum. The 

emergence of foUicular waves (Ginther et al., 1989) was mfeired from a retrospective 

exammation of the ovarian data. Data coUected from ulttasound observations were used 

to evaluate foUicular wave dynamics, waves per cycle (trackmg the development, 

persistence, and atresia of each foUicular wave during one estrous cycle), mterovulatory 

mterval (length of thne from one ovulation to the next), corpus luteum duration (length of 

thne the CL was detected), and the diameter and side of the dominant foUicle for each 

wave. 

Due to severe reductions in feed intake, one heher was removed from the study 

after the first period, and treatments were discontinued after the second period. Due to 

the nature of the Latm square design, we were unable to analyze the data statisticaUy. AU 

values reported are raw data averages, and aU mferred differences are based on numerical 

differences. 

3.4 Resuhs and Discussion 

Main effects of treatments are presented in Table 3.4 and interactions are 

presented m Table 3,5, Monensm, as reported previously (Turner et al,, 1977, 1980), 

reduced feed mtake in this study. The high level of monensm reduced calculated feed 

intake to nearly 35%, whereas diets without monensin had <7% reduction in intakes. 

Feed intake reduction for the HC diet was nearly double that of the HF diet (28,1 
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versus, 16.0%), which may be due to subacute acidosis or another digestive disorder. The 

combmation of monensin and HC resulted in greater feed intake reductions than any other 

combination (Table 3.5). In fact, this diet/tteatment combmation resulted in nearly 

complete cessation of feed mtake by the end of the period. These resuhs may suggest that 

a high concentt-ate diet may exacerbate the feed intake reduction potential of monensm, 

especiaUy at extremely high levels of monensm. 

InsuUn concentrations averaged across aU times were 22% greater for monensin 

supplemented heifers than for hehers not fed monensm, AddhionaUy, the HC diet resulted 

in insuUn concentrations 12% greater than the HF diet. These results are shnUar to those 

previously reported by Reed (1994). The combmation of monensin and HC resuhed in the 

greatest msuUn secretion (30 to 42% greater) compared with aU other diet̂ treatment 

combmations. This is shnUar to previous reports by Reed (1994) and Reed et al. (1997) 

who showed that insulin concentrations were increased with both monensin and increased 

levels of concentrates. However, Reed (1994) reported that the monensm, at a lower level 

than used in the current experiment, combined vdth a high concenttate diet resuhed in 

insulin concentrations less than either treatment alone, which may be due to both increased 

secretion and increased clearance of msuUn from the system. 

Supplementation with monensm resuhed in 19% greater P4 concentrations 

compared whh heifers not fed monensm, Sinularly, the HC diet resuhed in 38% greater P4 

concentrations compared with the HF diet. The combmation of monensin and HC resuhed 

m P4 concentrations 50 to 63% higher than aU other treatments. Estradiol concentrations 
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were very shnUar for aU groups, varying at most 9% for HC and HF diets. The treatment 

combinations only varied 14% from the highest to the lowest for E2 concentrations. 

The number of foUicular waves per cycle was sUghtly lower (10%) for monensm 

supplementation, but was 30% higher for HC diets. The HF-M combination resulted in 

the fewest waves per cycle of aU treatment combmations. The mterovulatory interval did 

not appear different among treatments or treatment combinations. Treatment did not 

seem to affect the duration of the corpus luteum, but the HC-M combmation was 23% 

greater than HF-C, with the other combinations being intermediate. 

The size of the dominant foUicle for the first foUicular wave was very simUar 

among treatments, but the HF-M was 38% greater than the HF-C, with other 

combmations being mtermediate. The size of the dommant foUicle for the second 

foUicular wave was 19% greater for M compared with C, but HF and HC were not 

different. The HF-M combination was 25% greater compared whh HF-C, with other 

treatments bemg intermediate. This suggests that monensm plays a role in foUicular 

growth, which is simUar to reports by Bushmich et al. (1980). 

3.5 ImpUcations 

Although no statistical analyses were performed, results mdicate potential for 

ahered feed mtake, hormonal profiles, and ovarian dynamics with tiie addhion of monensin 

or an altered F:C, and the effect may be more pronounced when both treatments are 

conducted together. The level of monensm used in this sttidy was not mtentional. This 

study does show the potential ramifications of monensm if levels become excessive. 
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especiaUy with a Umit-fed, high concentrate diet. More research is needed to determine 

the effect of monensin and an ahered F:C on ruminal and ovarian dynamics. 
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Table 3.1: Composition of diets. 

Ingredient 

Diet 
HF" HC 

Kg, DM % of Diet Kg, DM % of Diet 

Com grain, cracked 2.045 23,57 4,649 70.79 

Wheat Straw 3.163 36.45 0.800 12.19 

Alfalfa, hay, early bloom 3.072 35.40 0.780 11.87 

Trace mineral premix 0.270 3.11 0,210 3,20 

Premix (0 or 440 mg monensm) 0.128 1,47 0.128 1,95 

Totals 8.678 100.00 6.567 100.00 

HF = High forage (75:25) diet. 

HC = High concentrate (25:75) diet. 
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Table 3.4: Effects of monensm and/or altered F:C on nutritional and reproductive 
variables: mam effects 

RFI,% 34,9 6,8 16.0 28.1 

W/C 3.0 3,3 2.7 3,5 

IOI,d 21.0 22.0 21.3 21.5 

CLD,d 15.3 14.3 14.0 15.5 

Size Wl, mm 10,5 9.7 10.0 10.3 

Size W2, mm 12.3 10,3 11,7 11.3 

InsuUn, ng/ml 9.6 7,9 8,3 9.3 

Progesterone, ng/ml 3.1 2.6 2.4 3.3 

Estradiol-17p, pg/ml 4,6 4.6 4.8 4.4 

^ RFI, % = Percentage reduced feed intake; W/C = FoUicular waves per estrous cycle; 
lOI, d = Interovulatory mterval m days; CLD, d = Corpus luteum duration in days; 
Size Wl, mm = Size of the dominant foUicle for the first foUicular wave in millimeters; 
Size W2, mm = Size of the dominant foUicle for the second foUicular wave in miUimeters. 

"M = Monensm (200 mg/hd/d), C = Control (0 mg/hd/d) 

' HF = High forage (75:25) diet, HC = High concentrate (25:75) diet 
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Table 3.5: Effects of monensin and/or altered F:C on nutritional and reproductive 
variables: interactions^ 

i!£I!l— HF-M HF-C HC-M HC-C 

^ I ' " ^ 21,4 5.1 48.5 7,6 

W/C 2.5 3.0 3.5 3.5 

lOI'd 20.5 23,0 21.5 21,5 

CLD,d 14.5 13.0 16.0 15,0 

Size Wl, mm 11.0 8.0 10.0 10.5 

Size W2, mm 12.5 10.0 12.0 10.5 

InsuUn, ng/ml 8.2 8.4 10.9 7.7 

Progesterone, ng/ml 2.4 2.6 3.9 2.6 

Estradiol-17P, pg/ml 4.9 4,7 4.3 4,5 

^ HF-M = High forage diet wdth monensm, HF-C = High forage with conttol, HC-M = 
High concentrate with monensm, HC-C = High concentrate with control. 

'' RFI, % = Percentage reduced feed mtake; W/C = FoUicular waves per estrous cycle; 
lOI, d = Interovulatory mterval m days; CLD, d = Corpus luteum duration in days; 
Size Wl, mm = Size of the dommant foUicle for the first foUicular wave m mUUmeters; 
Size W2, mm = Size of the dominant follicle for the second follicular wave in millimeters. 
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CHAPTER 4 

EFFECTS OF MONENSIN AND ALTERED FORAGE:CONCENTRATE 

ON FEED INTAKE, ENDOCRINE, AND OVARIAN 

FUNCTION IN BEEF HEIFERS 

4,1 Abstract 

The objective of this study was to determme the effects of monensin (M) and 

altered forage:concentrate ratio (F:C) on feed mtake, hormonal profiles, and ovarian 

function m beef heifers. Four ruminaUy cannulated heifers were maintamed in metaboUsm 

crates and fed twice daUy 0 or 200 mg/d M in diets contammg 70:30 or 30:70 F:C. Diets 

were Umit fed to achieve isocaloric intake of calculated ME. Monensin supplementation 

had no effect on feed intake, but heifers fed HF had greater refusals compared with heifers 

fed HC (P<,005). Serum msuUn, progesterone, and esttadiol concentrations did not differ 

between diets or treatments (P>.10). Diet and/or treatment tended to alter the size or 

number of foUicles on ehher or both ovaries. Monensin resuhed in more waves per cycle 

in HF diets, but fewer in HC diets (P<.10), The interovulatory interval, duration of the 

corpus luteum, and the size of the dominant foUicle in tiie first two foUicular waves not 

different due to diet or treatment (P>. 10), However, tiie HC diet resuhed in a larger 

ovulatory foUicle compared with the HF diet (HF=12.25. HC=13,5; P<,10), We conclude 

that feedmg monensin or a higher proportion of concentrates alters hormonal secretion 

and ovarian dynamics, which may lead to enhanced fertUity in beef hehers. 
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4,2 Introduction 

Enhancmg reproductive efficiency is a major goal of cow-calf producers. Beef 

cows must conceive withm 80 d postpartum to mamtam a 365-d calvmg interval. 

Although most cows are lactatmg, they must undergo uterine involution, re-initiate 

ovarian cycUcity and be fertUe. Therefore, cows must be in poshive energy balance and 

energeticaUy efficient. 

Reproductive efficiency may be compromised tf dietary energy is low (Short et al., 

1992; Randel, 1990). Source of energy may be as important as total dietary energy 

content. Nonstmctural carbohydrates (Van Eenaeme et al., 1990) or monensin 

supplementation (Moseley et al., 1977) may alter blood glucose, which is responsive to 

changes in ruminal propionate production (Cronje et al., 1991). Greater propionate 

elevates blood glucose and insulin concentrations, increasmg tissue energy retention 

(Reynolds et al., 1991), which wiU improve metaboUc, and possibly reproductive, 

efficiency. Moseley et al. (1977) and McCartor et al. (1979) observed that heifers 

receivmg diets that produced more propionate were younger and Ughter weight at puberty 

than normaUy fed heifers. Monensm has been shown to increase ovarian activity 

(Bushmich et al., 1980) and serum LH (Randel and Rhodes, 1980; Randel et al., 1982) 

and insuUn (Reed, 1994) concentrations. 

This study was conducted to evaluate the effects of altered forage:concentrate 

(F:C) ratio and monensin supplementation on rummal characteristics, hormonal profiles. 

and ovarian function m vhgin beef heifers. 
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4,3 Materials and Methods 

Four rummaUy cannulated, postpuberal hehers (Hereford-shed crossbreds. 

approxhnately 2 years of age and 600 kg) were used m a 4 x 4 Latin square with a 2 x 2 

factorial arrangement of treatments. Thus, each heher received a different diet/tteatment 

combmation m each period. Diets were 70:30 or 30:70 F:C with 0 or 200 mg/hd/d of 

monensm. Diets were formulated usmg NRC (1984) recommendations and feed values 

for com {Zea Mays Indentata), soybean meal {Glycine Max), alfalfa hay {Medicago 

Sativa), and wheat straw {Triticum Aestivum), which are presented in Table 4.1. The 

amount of the diet offered was altered to achieve isocaloric levels of calculated 

metaboUzable energy (ME) and isonitrogenous levels of calculated CP, and daUy offerings 

and orts were recorded to determine mtake. AlMfa and straw were fed long and core 

samples were taken from each bale prior to feeding usmg the Penn State forage sampler. 

A 0.1-kg sample was taken from each bag of cracked com (35 kg), soybean meal (25 kg) 

and prenux (wdth or without monensin, 10 kg). Two different lots of ahaha were used, 

and were analyzed separately. An mdependent laboratory (Peterson Labs, Hutchinson, 

KS) analyzed aU feed sanq)les and analyses were conducted as described in Chapter 3.3, 

Van Soest analysis is presented m Table 4.2 and mineral analysis is presented in Table 4,3. 

A mmeral mix was also given to each heher daUy. The mineral mix (453 kg total) 

contamed 415 kg ground mUo, 1,13 kg Ca(I03)2, 0.70 kg EDDI, 7.00 kg MnO, 1.60 kg 

ZnO, 26,70 kg Zmpro-lOO (a zmc methionme product), 1,20 kg CuO, and 0,05 kg 

C0CO3, with a calculated composhion of 2801 ppm I (44% from EDDI and 56% from 

Ca(I03)2), 9259 ppm Mn, 8426 ppm Zn (30.15 from ZnO and 69.9% from Zinpro-100), 
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1984 ppm Cu, 51 ppm Co. Each day at -0700, a blood sample was coUected from each 

heher by jugular venipuncttire witii a syringe and needle, transferred to glass vials, 

covered, and stored at 4° C for at least 48 h to msure clottmg. Samples were then 

centtifiiged at 2000 x g for 30 mm, after which serum was poured into scintUlation vials 

and frozen at -20°C untU assay. FoUowmg sample coUection, orts were coUected, 

weighed, and discarded without fiirther analysis. Concentrate was then weighed and fed 

to each heher, then forage was weighed and fed. Due to the buUc of the HF diet, hah" of 

the forage for aU diets was fed m the mommg and the remamder fed in the afternoon. Few 

Orts were apparent at the afternoon feedmg, therefore orts were only coUected once daUy. 

FoUowing the mommg feeding, crates were cleaned of feces and urine, then 

ultrasonic exammations were conducted. Data from ultrasound were recorded usmg a 

clock face to record location, and the diameter of the foUicle or corpus luteum was 

recorded at that location. Heifers were injected with 5 mg of Prostaglandm F2a (Lutylase) 

at the beginning of each period to synchronize estrus. Between each period, heifers were 

maintained in a dry lot for ~10 d, with access to water and were fed alfalfa, wheat straw, 

and com to maintain a simUar dietary regimen. Heifers were then retumed to the same 

crates, aUowed 2-3 days for diet adjustment, and given mjections. The period began on 

day 1 postovulation as mdicated by ulttasonography. Blood samples were coUected from 

d 0 (day of ovulation) untU d 14. From d 15 through d 18, coUection occurred every 12 h 

and from d 19 untU ovulation, coUection occurred every 6 h. Samples were analyzed for 

estradiol, progesterone, and insuUn. Hormone concentrations were determined by 

radioimmunoassay, as described m Section 3.3. 
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Transrectal ultrasound exammations were conducted, as described m Section 3.3. 

Data coUected from uhrasound observations were used to evaluate foUicular wave 

dynamics, waves per cycle (countmg of waves through trackmg the development, 

persistence, and atresia of each foUicular wave during one estrous cycle), interovulatory 

mterval (length of thne from one ovulation to the next), corpus luteum duration (lengtii of 

thne tiie CL was detected), and the diameter and side of the dommant foUicle for each 

wave, includmg the ovulatory wave. 

Data were analyzed as a 4 x 4 Latm square, with anhnal (AN) and period (PD) as 

the rows and columns. Diet (DT) and treatment (TR) were included as the main effects m 

a 2 x 2 factorial arrangement of treatments. Diet, treatment, and the interaction were 

tested usmg AN x PD x DT x TR mean square as the error term. 

Day postestrus and interactions mvolving day postestrus with diet and/or tteatment 

were included in some analyses. These data were analyzed as a spUt plot design. As 

above, diet and treatment were tested usmg AN x PD x DT x TR mean square as the error 

term. Day postestrus and the interactions were tested usmg the error mean square as the 

error term. Data with muhiple sample thnes per day were averaged for a single value for 

the day. Tests for violations of nonaddhivity, sphericity, and normaUty were conducted, 

and when violated, data were transformed. Progesterone, diameter of the second largest 

foUicle on the left side, diameter of the largest foUicle on the right side, number of smaU 

foUicles on the left and right sides, number of medium foUicles on the left, right and both 

sides, number of large foUicles on the left side, duration of the corpus luteum, and the 

maxhnum diameter of the dommant foUicle for waves 1 and 2 did not violate any 
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assumptions, and the origmal data were used. Data for reduced feed intake vwlated 

nonadditivity and normaUty (error B), and a log transformation was used to correct the 

violation. Data for insuUn violated nonadditivity, however no transformation attempted 

corrected the violation, therefore the original data were used and P values are 

approxhnate. Data for estradiol violated nonaddhivity and normaUty (error B), and a 

square root transformation was used to correct the violations. Data for the diameter of 

the largest foUicle on the left side violated normaUty (error B), and a log transformation 

was used to correct the violation. Data for the diameter of the second largest foUicle on 

the right side violated normaUty (error B); however, no transformation attempted 

corrected the violation, therefore the origmal data were used and P values are 

approximate. Data for the diameter of the largest foUicle on ehher side violated 

nonadditivity, and a log transformation was used to correct the violation. Data for the 

diameter of the second largest foUicle on either side violated normaUty (error A and B); a 

log transformation was used which corrected error B normaUty, but no further 

transformations corrected the error A violation, therefore the log data were used and P 

values are approxhnate. Data for the number of large foUicles on the right side violated 

normaUty (error A and B); however, no transformation attempted corrected the violation, 

therefore original data were used and P values are approxhnate. Data for the number of 

total smaU foUicles violated normaUty (error A and B), and a log transformation was used 

to correct the violation. Data for the number of total large foUicles violated normaUty 

(error B); however, no transformation attempted corrected the violation, tiierefore the 

origmal data were used and P values are approxhnate. Data for the number of waves per 
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cycle violated normaUty, and a log transformation was used to correct the violation. Data 

for the mterovulatory interval violated normaUty; however, no ttansformation attempted 

corrected the violation, therefore the origmal data were used and P values are 

approxhnate. Data for the maxhnum diameter of the ovulatory foUicle violated normaUty, 

and a log transformation was used to correct the violation. Data were analyzed usmg 

GLM procedures (SAS, 1985). 

4,4 Resuhs and Discussion 

Monensm, m contrast to previous reports (Turner et al., 1977, 1980) and the 

previous study, did not reduce feed intake (%RFI) m this study (P>, 10; Table 4,4, Fig, 

4.1). However, the HF diet was consumed m a lower amount than the HC diet (P<.003; 

Table 4.4; Fig. 4.1). This may be due m part to the buUc of the HF diet, and the inabUity of 

the heifers to consume the calculated level of mtake suggested by NRC. Reduced feed 

intake tended to differ by diet through the estrous cycle (Diet x Day interaction, P=. 18, 

Fig. 4.2). Heifers consummg the HF diet tended to have a higher, more fluctuatmg level 

of refusals through the enthe period. However, heifers consuming the HC diet had 

mitiaUy low levels of refusal, but the level mcreased as hehers neared estms. 

Monensm tended (P=.14) to increase serum insuUn concentrations (ng/ml); 

however, ahemate energy source, and the interaction were not different (P>,10; Table 

4.5). This is m contrast to previous reports (Reed et al., 1997; Reed, 1994) which showed 

that both monensm and diets contammg higher proportions of concentt^tes resulted in 

greater msuUn secretion due to greater propionate production. Day combmed with energy 
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source (P=,14; Fig. 4.3) or with monensm (P=.19; Fig. 4.4) tended to alter insuUn 

concentrations. Serum progesterone concentrations (ng/ml; Table 4,5) were not different 

(P>,10) due to monensm, alternate energy source, or the interaction. Progesterone 

concentrations did vary with day postestms (P<,0001; Fig. 4.5), but did not interact with 

either diet or treatment. This is contrary to a previous report by Bushmich et al, (1980) 

that showed that luteal progesterone production mcreased witii monensin 

supplementation. AdditionaUy, Ryan et al. (1992) reported that a high fat diet, which 

contams steroid precursors, fed at isocaloric levels, mcreased serum P4 concentrations. 

Progesterone concentrations decreased with increasmg days postestrus, which has long 

been estabUshed, as the corpus luteum becomes mactive and degenerates. 

Estradiol-17P concentrations (pg/ml) m serum were not affected (P>.10) by energy 

source or monensm (Table 4.5). This is shnUar to a report by Ryan et al. (1992) that 

showed high fat diets fed at isocaloric levels did not alter E2 concentrations. Estradiol-

17p remained at a basal level through most of the experimental period, but typicaUy 

increased as ovulation approached (P<,009; Fig, 4,6), 

Effects due to tteatment, diet, and the interaction were not significant for the 

diameter of the largest and second largest foUicle or the number of smaU, medium, and 

large foUicles (P>. 10; Table 4,6). However, energy source tended to mcrease the diameter 

of the second largest foUicle on the right side (P=,14). the number of smaU foUicles on the 

right side (P=.13), and the number of total medium foUicles (P=.13); monensin tended to 

lower the number of total smaU foUicles (P=. 15), Day postestms mfluenced the diameter 

of the largest foUicle on the left side (P<,008), the largest (P<.0001) and second largest 

61 



(P<,02) foUicles on either side, and tended to alter the diameter of the second largest 

foUicle on the left side (P=. 18) and largest foUicle on the right side (P=, 12). Energy 

source tended to alter the size of the second largest foUicle on the left side through the 

period (P=, 18; Fig. 4,7), AddhionaUy, monensm altered the size of the second largest 

foUicle on ehher side through the period (P<.08; Fig. 4.9) and tended to alter the size of 

the second largest foUicle on the right side (P=.14, Fig. 4.8). These data suggest a role 

for monensin and ahered energy source in influencmg the growth pattem of foUicles 

during the estrous cycle. FoUicular populations may also be affected. Day postestrus 

influenced the population of medium (P<.04) and large (P<,02) foUicles on the left side, 

the total number of medium (P<.03) and large (P<.002) foUicles, and tended to influence 

the population of smaU foUicles on the right side (P=.12). Energy source through the 

period tended to alter the number of large foUicles on the left side (P=.15; Fig. 4.10), smaU 

foUicles on the right side (P=. 11; Fig. 4.11), and total large foUicles (P=. 19; Fig. 4.12). 

No differences or trends in foUicle populations through the cycle were observed for 

monensm. 

Altered energy source combmed with monensm resuhed in altered waves per cycle 

(P<,07; Fig 4.13), where monensm supplementation tended to reduce the number of 

waves per cycle m the high forage diet, but increased the number in the high concentrate 

diet. Monensm tended to increase the interovulatory interval (P=.17) and corpus luteum 

duration (P=.14) but no effects were observed for energy source (Table 4.7), The size of 

the dommant foUicles in waves one and two were unaffected (P>,10; Table 4.7) by 

monensm or ahered energy source. The ovulatory foUicle was larger for the HC diet 
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compared with the HF diet (P<.08; Table 4.7; Fig. 4.14). This is simUar to, but opposhe 

of. Reed et al. (1997) who reported a larger ovulatory foUicle in primiparous hehers fed a 

high forage versus a high concentrate diet in tiie postparttmi period. The importance of 

this findmg is unknown, but h is possible that a larger diameter ovulatory foUicle may have 

greater fertUity, Thus, feedmg a diet wdth a greater proportion of concentrates would 

enhance fertUity in beef heifers. 

4,5 ImpUcations 

NormaUy, cycUc vhgm heifers are maintamed on high forage diets with Uttle grain 

or supplements such as monensin. The current study suggests that mcreasmg the 

proportion of concentrate in the diet without mcreasing caloric intake may enhance the 

reproductive system, both hormonaUy and at the ovary. Addhion of monensin to heifer 

diets may mimic some of the changes due to mcreased grain, but also produces changes 

independent of changes m ruminal function. These two factors may act in an addhive 

fashion to enhance fertiUty in beef heifers. More research is needed to determine the mode 

of action of these factors on the reproductive system in cattle. 
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Table 4.1: Composhion of diets. 

Ingredient, kg DM basis 

Com gram, cracked 

Diet 
HF BC 

Kg, DM % of Diet Kg, DM % of Diet 

1.92 24.81 3.63 58.35 

Soybean meal, solv. 44% 0.35 4.47 0.65 10.40 

Wheat Straw 2.74 35.43 0,95 15,22 

Alfalfe, hay, early bloom 

Trace mmeral premk 

Prenux (0 or 440 mg monensm) 

Totals 

2.65 

0.02 

0.06 

7.74 

34.28 

0.26 

0.75 

100.00 

0.92 

0.02 

0.06 

6,23 

14.77 

0.32 

0,94 

100.00 

HF = High forage (70:30) diet. 

HC = High concentrate (30:70) diet. 
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Table 4.4: Effects of monensm and/or altered F:C on feed mtake. 

Treatment Intake Reduction, % SE^ P-diff 

Monensm 0.47 1.94 0.35 

Control 0.18 

High Forage 2.84 1.94 0.003 

High Concentrate 0.03 

^ SE = standard error 
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Table 4.5: Effects of monenshi and/or altered F:C on hormonal profiles, . 

Hormone M' C* S r P-diff HF' HC" SE*̂  P-difT 
InsuUn, ng/ml 7.6 6,5 .44 0,14 6.6 7.4 .44 0.24 

Progesterone, 6.1 6.2 ,26 0.71 6.2 6.2 .26 0.98 
ng/ml 

Estradiol- 4.21 4.26 .01 0.64 4.26 4.21 .01 0.54 
np, pg/ml 

^ M = Monensin, C = Control 

^ HF = High forage (70:30) diet, HC = High concentrate (30:70) diet 

"̂  SE = standard error 
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Table 4.6: Effects of monensm and/or altered F:C on foUicle growth. 

FoUicle value' M*̂  C*̂  SE'' P-diff HF'̂  HC^ SE'' P-difT 
Left largest 6.72 7.18 1.12 0.69 6.61 7.29 1.12 0.56 

Left 2"'largest 3.60 4,09 .27 0.25 3,90 3.78 ,27 0.76 

Left#smaU 3,14 3.20 ,17 0.82 3.24 3.09 .17 0.55 

Left # medium 0.55 0.61 .10 0.73 0.64 0.52 .10 0.43 

Left # large 0.20 0,28 .06 0,34 0,20 0,28 .06 0,34 

Right largest 7.77 7.08 .96 0.63 7.57 7,27 ,96 0,83 

Right 2"Margest 3.87 3.80 ,17 0,78 4.04 3.63 .17 0.14 

Right #smaU 3.08 3,40 .13 0.12 3.26 3.22 .13 0.83 

Right # medium 0.68 0.59 .09 0.51 0.69 0.58 ,09 0,41 

Right # large 0.20 0.14 ,08 0.65 0.17 0.17 .08 0,96 

Both largest 9.89 9.73 1.03 0.72 9.64 9.98 1.03 0.48 

Both 2"Margest 5.38 5.27 1.03 0,63 5.39 5.26 1,03 0.55 

Both#smaU 5.90 6.23 1.02 0.14 6.18 5.95 1.02 0.28 

Both # medium 1.23 1.20 .09 0.80 1,33 1.10 .09 0.13 

Both # large 0.39 0.42 ,07 0.77 0.37 0.45 .07 0.47 

^ FoUicle values given are for the left ovary, right ovary, and both ovaries combmed. 
Values coUected were largest foUicle, second largest foUicle, and the number of smaU 
(<6nim), medium (6-10 mm), and large (>10 mm) foUicles. 

** M = Monensin, C = Control. 

' HF = High forage (70:30) diet, HC = High concentt-ate (30:70) diet. 

'̂  SE = standard error. 
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Table 4.7: Effects of monensin and/or altered F:C on ovarian measures. 

Ovarian measures M' C* SE' P-diff HF*' HC" SE' P-diff 

Waves/cycle 3.11 2.72 1.1 0.45 2,97 2.85 1.1 0.81 

Interovulatory mterval, d 22.00 21.00 0.4 0.16 21.13 21,88 0,4 0.28 

CL duration, d 13.50 12.75 0.3 0.13 13.00 13.25 0.3 0.58 

Dommant foUicle wave 1, 12.50 12.63 0.7 0.91 11,88 13.25 0,7 0,24 
mm 
Dommant foUicle wave 2, 11.63 12.75 0.6 0.22 12,13 12.25 0.6 0,88 
mm 
Ovulatory foUicle, mm 12.96 12.74 1.0 0.73 12.20 13.53 1.0 0,07 

^ M = Monensm, C = Control, 

^ HF = High forage (70:30) diet, HC = High concentrate (30:70) diet. 

'̂  SE = standard error. 
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Figure 4.1: Effect of Monensin and Alternate Energy Source on Reduced 
Feed Intake (P<.005) 
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Figure 4.2: Effect of Alternate Energy Source x Day on Feed Intake Reduction 
(P=.18) 

72 



CO 

1 3 5 7 9 11 13 15 17 19 21 

Day Postestms 

Figure 4.3: Effect of Alternate Energy Source x Day on Insulm Concentrations 
(P=.14) 
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Figure 4.4: Effect of Monensin x Day on Insulin Concentrations (P-.19) 
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Figure 4.5: Effect of Day on Progesterone Concentrations (P<.0001) 
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Figure 4,6: Effect of Day on Estradiol Concentrations (P>.009) 
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Figure 4,7: Effect of Alternate Energy Source x Day on Diameter of the Second Largest 
Folhcle on the Left Side (P=,18). 
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Day Postestrus 

Figure 4.8: Effect of Monensin x Day on the Diameter of the Second Largest Folhcle 
onthe Right Side (P=. 14). 
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Figure 4.9: Effect of Monenshi x Day on the Diameter of the Second Largest FoUicle 
on Either Side (P<.08). 
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Figure 4.10: Effect of Altemate Energy Source x Day on the Number of Large FoUicles 
onthe Left Side (P= 15). 
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Figure 4,11: Effect of Altemate Energy Source x Day on the Number of SmaU FoUicles 
onthe Right Side (P=. 11). 
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Figure 4.12: Effect of Altemate Energy Source x Day on the Number of 
Total Large FoUicles (P=.19). 
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Figure 4.13: Effect of Monensin x Altemate Energy Source on the number of 
Waves per Cycle (P<,07). 
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Figure 4,14: Effect of Monensin and Altemate Energy Source on the Maximum Size 
of the Ovulatory FoUicle (P<.08) 
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CHAPTER 5 

EFFECTS OF INSULIN AND PROPIONIC ACID ON 

GRANULOSA CELL GROWTH AND STEROID 

PRODUCTION IN SERUM FREE CULTURE 

5,1 Abstract 

The objectives of the present study were to determme the effect of addition of 

insuUn or propionic acid to bovine granulosa ceU growth and production of estradiol 17p, 

Granulosa ceUs were coUected fi-om medium sized foUicles (5-10 mm) on ovaries 

harvested fi-om finished heifers at slaughter. CeU numbers for propionic acid were lower 

(2.43 X 10^ P<.01) but msuUn (5.16 x 10̂ ; P>,10) was not different fi-om contt-ols (5.98 x 

10 ). Estradiol-17p concentrations m media were greater (P<.001) for msuUn (69,1 

ng/ml) than for propionate (37.6 ng/ml) or controls (36.3 ng/ml). Propionate was not 

different from controls (P>, 10). InsuUn, but not propionic acid, enhanced steroid hormone 

production in this study. Further, propionate reduced ceU proUferation in culture, 

resulting in greater E2 production per ceU for both msuUn and propionate. We conclude 

that msuUn and propionate may act through different mechanisms to enhance estradiol 

production by granulosa ceUs in culture. 

5.2 Introduction 

Nutrition affects reproductive capacity, ovarian dynamics, and hormone secretion 

in beef cattle (Randel, 1990; Short et al., 1990). Dietary differences, specificaUy volatUe 
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fatty acid production, may act dhectly at the ovary or be mediated by chculatmg 

metaboUtes such as insuUn. In vivo studies have shown mcreased ovulation rates when 

hehers were mfiised with insuUn (Harrison and Randel, 1986) or fed monensm, which 

causes a shht m molar VFA proportions (Bushmich, 1980). CeU culttu-e sttidies usmg 

granulosa ceUs from smaU and large foUicles have shown that insuUn alone increases ceU 

numbers and progesterone production (Spicer et al., 1993; Langhout et al., 1991), and 

when coculttu-ed whh FSH, estradiol production is mcreased (Spicer and Stewart, 1996; 

Spicer et al.. 1993). The objectives of this study were to determme if msuUn or propionic 

acid, the major glucogenic precursor in rummants, would mcrease ceU proliferation and 

steroid hormone production. 

5.3 Materials and Methods 

Reagents and hormones used in this experiment were as foUows: a 1:1 mixture of 

Dulbecco's Modified Eagle Medium and Ham's F12 with 15 mM HEPES buffer, L-

glutamine, pyridoxine HCl, 0.12 mM gentamicm and 38.5 mM sodium bicarbonate 

(Gibco-BRL., Grand Island, NY) as the culture media, saUne, ethanol (70%), fetal calf 

serum (FCS), propionic acid (Sigma Chemical Co. St. Louis, MO), and insuUn (bovme; 

Sigma Chemical Co. St. Louis, MO). Equipment used mcluded a needle (20 gauge, 38,1 

mm) and syringe (plastic, 3 mL), Falcon muhiweU plates, Pasteur pipettes, and conical 

centrifuge tubes, aU obtained from Becton Dickinson and Co.(Lincoln Park, NJ), 

Preparation of ceUs for culture was sinular to that previously described by 

Langhout et al. (1991), Ovaries were obtamed at a commercial processing plant from 
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approximately 40 beef heifers at slaughter. Ovaries were transported m plastic bags on ice 

to the lab (~60-min). Ovaries were then washed three times with saUne, once in 70% 

ethanol, and then twice agam in saUne to remove blood and foreign matter. Granulosa 

ceUs were asphated with a syringe and needle from foUicles measuring 5-10 mm surface 

diameter. Asphated fluid was composhed in 15-mL centrifiige tubes. Serum free medium 

was added to each of three washes of granulosa ceUs. A hemocytometer was used to 

determine initial ceU numbers, after which 100 |iL of medium containmg granulosa ceUs 

were added to each weU of three Falcon multiweU plates. Another 900 |iL of medium, 

this containing 10% FCS, were added to each weU and plates were placed in an incubator 

at 37° C with 5% CO2 for -40 h. At 40 h of mcubation plates were removed and media 

was asphated using a Pasteur pipette. To each weU was added 900 |j.L of serum free 

medium and 100 îL of either msuUn (1 ng/ml; n=15), propionic acid (500 ng/ml; n=15), 

or control (serum free medium, n=24). Plates were then retumed to the mcubator. After 

24 h of incubation with treatments, plates were removed from the incubator. Each weU 

was asphated; fluid placed m mdividual scmtUlation vials, capped, labeled, and frozen for 

later analysis. After coUection, medium was added to each weU without treatments. CeUs 

were enumerated 6 or 10 d foUowmg tteatment removal. Trypsm was added to each weU 

for 1 h. Each weU was then scraped, aghated three thnes with a Pasteur pipette, and 10 ̂ L 

was placed on the hemocytometer to enumerate ceUs, 

Media estradiol concentt-ations were determmed usmg a previously vaUdated RIA 

(Howard et al., 1990). The anti1x)dy used was a gift from Dr, Norman Mason (LUly 

Research, IndianapoUs, IN), lodmated estradiol 17-p was purchased from Amersham 
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(ArUngton Heights, IL) and estradiol 17-p used as the standard was purchased from 

Sigma Chemical (St. Louis, MO). One hundred \il of 1-125 estradiol at 10,000 cpm were 

added to aU tubes and left to incubate at 4° C for 6 h. Then 500 |il of dextran coated 

charcoal (0.04% dextt-an, 0.4% Norit A charcoal m PBS-gel, Fisher) were added to aU 

ttibes except total count ttibes and ttibes were vortexed for 1 mm and left to mcubate for 

15 mm at 4° C before centritfugation at 3000 rpm for 15 mm at 4° C. The supernatant fluid 

was poured off mto dupUcate tubes and counted for 1 mm in a gamma counter and 

concentrations (pg/ml) determmed as described above. Cross reactivity of the antibody 

was <1% with estt-adiol 17-a and androstenone and <0,1% with aU other steroids. 

Standards run wdth mcreasmg amounts of bovine serum were paraUel to the standard 

curve. Senshivity of the assay was 0.5 pg/tube. Inter- and intra-assay coefficients of 

variation were 14.1% and 7.2%, respectively. 

The original design of this study was a randomized complete block. Treatments 

were assigned to a row on a plate, with sbc wells per row. Each treatment was 

represented on each plate. However, during data coUection, the location of each data 

point was not recorded. Therefore, the data were analyzed by altemate methods, and the 

resulting means, standard errors, and P values are approxhnate. Data from ceU numbers 

were analyzed using a randomized block design with day as the block and treatment as the 

mam effect. Day was tested using the error mean square as the error term and treatment 

was tested using the TR x DAY mean square as the error term. Data for the ceU numbers 

violated normaUty, and a log transformation was used to correct the violation. Data from 

88 



media RIA were analyzed as a completely randomized design with treatment as the mam 

effect, AU data were analyzed using GLM procedures (SAS, 1985). 

5.4 Results and Discussion 

In the present study, ceU numbers were unaffected by propionate or msuUn 

compared with controls (P>,10; Table 5,1; Fig. 5,1). This is m contrast to other reports 

(Langhout et al., 1991; Spicer et al., 1993; Spicer and Stewart, 1996) which showed 

mcreased ceU numbers when ceUs were cultured m the presence of insulin. The reason for 

the difference in the present study is not known, but may be due to the difficulty in 

removing ceUs from the weU and the extended time from the end of treatments to ceU 

enumeration. 

Estradiol-17p production by granulosa cells cultured wdth insulin was nearly 

double the level produced by either control or propionic acid (P<,0001; Table 5.1; Fig. 

5.2). This is in agreement with reports by others (Langhout et al., 1991; Spicer et al. 

1993; Spicer and Stewart, 1996) regardmg the sthnulatory effects of msuUn on steroid 

hormone production by granulosa ceUs, In other reports, insuUn m culture media resulted 

m increased progesterone and estradiol-17p production by granulosa ceUs. In the present 

study, progesterone concentration m the media was not measured. 

Increased estradiol production whh the same number of ceUs appeared to resuh in 

greater E2 production per ceU for msuUn compared wdth controls (Fig. 5.3), Conversely, 

shnUar E2 production wdth fewer ceUs appeared to result in greater E2 production per ceU 

for propionate compared with controls. Data for E2 production per ceU were not coUected 
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hi such a way as to be statistically analyzed. However, these data suggest that insulin and 

propionate work through different mechanisms to increase the E2 production per ceU 

compared wdth controls. The differential mechanisms through which msulin and 

propionate work were not determmed in this study. 

5.5 ImpUcations 

In previous studies, msuUn was shown to increase ceU numbers and steroid 

hormone production when m culture whh bovine granulosa ceUs. In the present study, 

msuUn did increase estradiol-17p production, but ceU numbers were unaffected. In the 

bovine, propionic acid is the primary glucogenic precursor. Thus, h was included as a 

treatment m the study. Propionic acid did not result hi any differences m steroid 

production or ceU proUferation. This may have been due to the acidic nature of 

propionate. Other authors have noted that bovine granulosa ceUs have receptors for 

msuUn or IGF-1. The differential response of insuUn compared wdth propionate may be 

due to an insufficient dose of propionate or there may be no effect due to the mcreased 

energy substrate m the media. Monensm is known to alter ovarian activity, but this action 

may not be mediated by propionic acid at the level of the granulosa ceU. More research is 

needed to determme the exact actions of insuUn, propionic acid, and potentiaUy monensin 

on the ovary. 
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Table 5.1: Effects of insulin or propionate on ceU proUferation and estradiol-17p 
production in cuhure. 

Item Control Insulin Propionate SE[ P-diff 
CeUs, X10' 4.24 4.84 2.37 1.34 0,37 

Estradiol 17-P 36.42 69.40 37.57 L25 0.001 
* SE = standard error 
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Figure 5.1: Effect of Insulm and Propionate on CeU ProUferation (P>.10) 
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Figure 5.2: Effect of InsuUn and Propionate on Estradiol Concentrations (P<,0001) 
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Figure 5.3: Effects of Insulin and Propionate on Esttadiol Concentration per CeU 
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CHAPTER 6 

DISCUSSION, CONCLUSIONS, AND IMPLICATIONS 

Monensm has been shown to aher nutritional, hormonal, and reproductive 

characteristics. NutritionaUy, monenshi alters the volatUe fatty acid profile in the rumen, 

promoting the production of propionate, which is a glucogenic precursor, AdditionaUy, 

monensm reduces feed intake whUe mamtaming equal levels of gam, resultmg in better 

feed efficiency. HormonaUy, feedmg of monensin results in increased serum insuUn 

concentrations. Other hormones have had nuxed resuhs, but the majority of reports show 

that progesterone and LH also increase due to monensin supplementation. 

Monensin has been shown to reduce the age and weight at puberty for prepuberal 

heifers as weU as reducing the postpartum mterval and mcreasmg the numbers of cows 

cycUc by the beginning of the breedmg season. Monensin has also been shown to enhance 

the response to superovulation, which would have potential use by commercial embryo 

transfer clinics. More studies involving monensin are warranted both on a commercial 

basis for improvement of reproduction in cattle, as weU as at the organ, tissue, and ceUular 

level to determine exactly how monensm alters activity in the ovary. 

Changing the forage:concentrate has been shown to aher rumen metabolism, which 

is perceived by the body as a higher nutritional state, even at isocaloric levels. This 

perception resuhs in enhanced pituitary function and gains in both body weight and 

condhion. Increasing weight, or more correctly condhion, resuhs in greater ovarian 

activity and greater fertUity in bovine females. Improvements in nutritional state reduce 
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age at puberty, but also mfluence early breedmg and conception rates and the length of the 

postpartum interval. Many studies have shown the effects on reproduction when energy is 

Umited, however few studies have examined diets that differ only in forage and 

concentrate composhion, bemg shnUar m levels of both calories and nitrogen. More 

studies of the latter type are warranted to determme how the bram and endocrine system 

perceive the differences, and how these perceptions are transmitted through hormonal 

messengers to other shes in the body. 

The mteraction of monensm and diets differing m forage and concenttate levels has 

been studied very Uttle. These two treatments have effects that may be antagonistic, 

addhive, or synergistic. More studies are warranted to determine if these two tteatments 

act through simUar mechanisms or totaUy different pathways, and how they work m 

combmation wdth each other. Studies that examine the effects on a commercial use basis 

would be useful, but studies that examine the differences at the organ, tissue, and ceUular 

level are also needed. 

It is clear that many reproductive traits can be influenced or altered through the 

use of monensm or increasmg the proportion of concentrates in the diet. What is not clear 

is how these effects occur, and what is the final effect on fertUity in the bovine female. 

Further research is needed to determine these factors. 
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