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CHAPTER I 

INTRODUCTION 

A common problem facing the equine industry is the sexual/aggressive 

behavior exhibited by many young stallions in performance or race training. This 

sexual/aggressive behavior often masks the true performance potential of superior 

individuals. The ability to temporarily suppress sexual/aggressive behavior during 

training Vvould permit adequate time to efficiently evaluate the performance/breeding 

potential of animals prior to castration. Various studies have been conducted in 

which the administration of progestins were used in the males of several species to 

suppress LH secretion and testosterone production. However, the long-term effects of 

using altrenogest (an oral progestin) to suppress sexual/aggressi\'e beliavior remain 

unknown. In other species, it has been hypothesized that altrenogest ma)' produce a 

castration-like effect in the growing animal by reducing the testicular secretion of 

testosterone by suppressing LH secretion (Kluber et al., 1988). Altrenogest has been 

used in boars and has been shown to inhibit testicular growth and reduce the levels of 

testosterone found in blood semm (Kluber et al., 1988). In another study in which 

rams were implanted with progesterone, puberty was dela>'ed and testosterone 

concentrations were decreased; however, implant removal resulted in an increase in 

androgens within one week (Echtemkamp and Limstra, 1984). This may suggest that 

in this species, the recovery period following the removal of exogenous progesterone 

is relatively prompt. 



To date, studies focusing on the effects of altrenogest in horses ha\'e been 

conducted only with sexually mature stallions (Badzinski and Squires, 1994; Miller et 

al., 1997). Miller and colleagues (1997) reported only minor effects on semen quality 

and stallion behavior in those individuals treated with altrenogest for 30 days at the 

label dosage (0.044 mg/kg body weight). However, results have shown that 

altrenogest decreased the sexual behavior of stallions receiving an extra-label dosage 

of 0.088 mg/kg body weight (Badzinski and Squires. 1994). 

Little is knowTi about the effects of using altrenogest in young, sexually 

immature stallions. An understanding of the effects of altrenogest in young stallions 

is important because it is often young stallions which are treated in the industry 

tlirough extra-label use of this progestin in an attempt to suppress sexual/aggressive 

behavior. This purpose of the present study was to determine the immediate and post-

treatment effects of altrenogest (Regu-Mate, Hoechst-Roussel, Somer\'ille, NJ) on 

behavior, hoimonal profiles and testicular parameters in young stallions by using an 

extra-label dosage of 0.088 mg/kg body weight for a period of eight v\eeks. 



CHAPTER II 

LITERATURE REVIEW 

General Introduction 

For centuries, castration has been widely used in the livestock industry to 

improve meat quality and control sexual/aggressive behavior. Classical experiments 

have been conducted in a variety of male vertebrates. These studies have shown that 

if the testes (the primary source of testosterone) are removed, then the frequency and 

intensity of sexual/aggressive behavior declines. Some of these behaviors include 

vocalizations, threat postures, actual fights and courtship (Wingfield and Marler, 

1988). 

Behavioral interactions are important for reproduction. In some species, these 

sexual behaviors have attained exquisite complexity. Nevertheless, it is clear that the 

process of reproduction would not be complete without some degiee of 

communication. It is known that gamete production can proceed in total isolation, but 

the production of viable young requires social exchange (Wingfield and Marler, 

1988). In all the vertebrate classes, males show some form of competition. This 

competition is either for access to females, over a territory or for social status within a 

group. Plasma levels of testosterone tend to be maximal when males are establishing 

a territory (Wingfield and Marler, 1988). 

The primary purpose for which castration has been used in the equine industry 

is to control those sexual/aggressive behaviors that are exhibited by most stallions. 



However, an alternative to castration would be beneficial to horse owners, allowing 

time for stallions to be more effectively evaluated for performance potential before it 

must be decided whether or not to keep them as perspective breeders. Progesterone 

and its agonists have been used in several species to study the effects of testosterone 

suppression on male sexual/aggressive behavior. 

Use of Altrenogest in Boars and Rams 

Effects on hormonal profiles 

Progesterone has been shown to reduce testosterone-dependent male sexual 

behavior in many rodents including guinea pigs (Diamond, 1966), mice (Erpino. 

1973) and gerbils (Griffo and Lee, 1973). Further, testicular characteristics as well as 

testosterone secretion have been shown to be dependent upon secretion of anterior 

pituitary gonadotrophins (Allrich et al., 1983). It has been hypothesized that there 

may be a threshold concentration of testosterone in growing boars that is responsible 

for sexual behavior, libido and maintenance of spermatogenesis (Kluber et al., 1985). 

Kluber et al. (1985) conducted an extensive study in which four treatment groups 

were used. Included in these were boars fed altrenogest for three weeks, boars fed 

altrenogest for six weeks, boars fed altrenogest for nine weeks and boars that served 

as controls. Results demonstrated that feeding altrenogest for three, six or nine weeks 

prevented the rise in testosterone and estradiol associated vv ith sexual development in 

growing boars. In analyzing the effects that altrenogest had on testosterone 

concentrations, boars receiving altrenogest had significantly lower serum 
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concentrations of testosterone and estradiol by one week after initiation of treatment 

as compared to controls. There were significant differences among treatment groups 

as well as treatment by week interactions for serum testosterone concentrations. 

Kluber et al. (1985) postulated that feeding boars altrenogest may potentiallv 

produce a castration-like effect by reducing the secretion of testosterone. This could 

be achieved by suppressing luteinizing hormone (LH) release. Kluber et al. (1988) 

found that after treatment with altrenogest was initiated, serum LH significantly 

decreased from 1 ng/ml to .3 ng/ml. Testosterone was found to return to 

concentrations similar to controls two weeks after the cessation of altrenogest 

treatment (Kluber et al., 1988). The feeding of altrenogest for a period of at least six 

weeks reduced the secretion of LH and testosterone which is associated with the 

sexual development of growing boars (Kluber et al., 1988). 

In similar studies with sheep, it has been shown that progesterone suppresses 

episodic LH release in mature rams (Bolt, 1971). Echtemkamp and colleagues (1984) 

examined the relationship between systemic LH, testosterone and progesterone in 

prepubertal ram lambs. The effects of progesterone on postnatal LH secretion and 

subsequent sexual development in ram lambs was the primary objectives in this study 

(Echtemkamp et al., 1984). Progesterone implants were shown to significantly 

decrease LH secretion in prepubertal lambs between the ages of four and twelve 

weeks. The implants decreased systemic testosterone between four and fourteen 

weeks and delayed puberty from 18 to 22 or more weeks. However, following 

removal of the implants, LH concentration and pulse frequency, and serum 
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testosterone concentration increased significantly within one week (Echtemkamp et 

al., 1984). 

Effects on testicular parameters 

Seideman and others (1982) reported there is a pubertal rise in androgens 

associated with tesficular maturation and puberty. Boars used in the studies cited 

were young and sexually-immature for the purposes of measuring the effects of 

altrenogest on various growth parameters and their relationship to the onset of 

puberty. Testicular traits of those boars receiving altrenogest were affected markedK 

by treatment. The testicular weight and volume significantly declined linearly as the 

duration of feeding altrenogest increased (Kluber et al., 1985). Not only did 

altrenogest affect Vv'eight and volume, but it also affected the number of sperm within 

the testis of the boars. The total sperm/testis and epididymis, and concentration of 

sperm/gram in each tissue, were significantly less in altrenogest-treated boars as 

compared to control boars (Kluber et al., 1988). Additionally, altrenogest also 

affected the stmctural make-up of the seminiferous tubules. Boars fed altrenogest had 

a greater percentage of seminiferous tubule volume and lumen when compared to 

control boars. Further, in agreement with the work of Kluber and colleagues (1985; 

1988), there was an increase in testis growth after progesterone implants were 

removed in rams. The seminiferous tubule diameter was inversely related to the 

duration of progesterone implant treatment in rams (Echtemkamp et al.. 1984). This 

study suggested a positive functional relationship among LH secretion, testicular 
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steroidogenesis and development, and spermatogenesis in prepubertal ram lambs 

(Echtemkamp et al., 1984). 

Use of Altrenogest in Stallions 

Sexual/aggressive behavior which is often exhibited by young stallions has 

proven to be a major concem for performance professionals within the equine 

industry. However, many owners and equine professionals choose to control this 

undesirable behavior by castrating the animal regardless of his excellence as an 

athlete and potential sire. Regu-Mate® is a progestogen agonist approved for estms 

suppression in mares (Daels and Hughes, 1993). Clinical trials have demonstrated 

that estms will be suppressed within a period of three days in approximately 95% of 

the mares receiving a labeled dosage of 0.044 mg/kg BW of altrenogest. However, 

once administration discontinues the mares will retum to estms within four to five 

days and continue to cycle normally. Regu-Mate (altrenogest) Solution 0.22% 

contains the active synthetic progestin, altrenogest. The chemical name is 17a-AliyI-

17p-hydroxyestra-4,9,ll-trien-3-one. Regu-Mate is a 19-carbon chemical stmctiire 

with a diethylether group attached to carbon 18. More recently, altrenogest has been 

used as a hormonal altemative to castration to control sexual/aggressive behavior in 

stallions and some interesting results have been revealed. 

The age at which a colt actually reaches puberty has been extensiveh studied 

(Naden et al., 1990). The timing of prepubertal changes has been shown to differ 



among stallions and may even be influenced by breed (Amann, 1993). Puberty 

(meaning "to beget") has been defined as the time at wliich a stallion is first capable 

of successfully participafing in reproduction. This would include spermarche which 

is simply the production of first spermatozoa and the actual completion of prepubertal 

events. Some stallions are capable of ejaculation of spermatozoa as early as 14 

months of age (Amann, 1993). Many researchers and industry professionals consider 

a stallion to reach sexual maturity between two to four years after puberty has 

occurred (Amann, 1993). However, this has been debated. Naden et al. (1990) 

studied 15 colts and carefully monitored them for reproducfive development. They 

found that puberty occuned at an average age of 83 weeks with the range being 56-97 

weeks. In the above study, puberty was defined as the first ejaculate which contained 

at least 50 million spermatozoa of which >10% were motile. Nevertheless, a higher 

concentration of spermatozoa was evident, widi the average pubertal ejaculate 

containing 1.14 billion spemi with 26% progressive motile (Naden et al., 1990). 

Morphological evaluation of semen is also a valuable method for examining 

and predicting stallion fertility with abnomialties divided according to changes in the 

head, mid-piece or tail (Bielanski et al., 1982). Progressive motility of spermatozoa is 

essential for fertility. Abnomial motility may contribute to a reduction of fertility 

within the ovum (Pickett, 1993a). The characteristics of semen vary greatly from 

ejaculate to ejaculate in a given stallion as a function of several factors including 

sexual stimulation, frequency of ejaculation, age, testicular size and the method of 

semen collection (Pickett et al., 1976; Pickett 1993a). 
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Testicular size as measured by scrotal circumference permits a relatively 

accurate esfimation of spermatozoal output in bulls (Hahn et al., 1969). Pickett and 

colleagues (1976) reported that stallion tesficular weight was significantly correlated 

with daily sperm production (DSP) and daily sperm output (DSO). Scrotal width has 

been shown to have a similar correlation with DSP and DSO and is generally the most 

repeatable measure (Thompson et al., 1979). Daily spermatozoal production has been 

defined as the number of spermatozoa that is produced each day by the testis or the 

two testes of the stallion (Pickett, 1993a). Testicular weight has been shown to 

account for 60% of the variation in DSO, whereas, testicular widths accounted for 

only 32% of the variation in DSO over a 10-week collection period (Gebauer et al., 

1974b; Dinger and Noiles, 1986). Even though age significantly affected all testicular 

measurements in a study by Thompson et al. (1979), tesficular size for two to three-

year-old stallions did not differ from that for four to six-year-olds. However, the 

testicular size of two and three-year-olds was significantly smaller than the testicular 

size of stallions equal to or greater than seven years of age. Testicular growth has 

been shown to continue past five years of age in stallions (Naden et al.. 1990). 

Stallions, like primates, are single-mount, multiple-thmst ejaculators, with the 

musculocavemous penis being similar to that of man. The effects of experience on 

the sexual response of stallions closely resemble purported effects of experience in 

men. For these reasons, once a stallion reaches sexual maturity and has experienced 

masturbation and intercourse, those sexual/aggressive behaviors become e\'en more 

difficult to control (McDonnell et al., 1987). Sexual/aggressive behavior appears to 
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cause more problems when stallions are introduced to an environment where other 

horses, either stallions or mares, are present. Stallions have the innate ability to 

differentiate the sex of a horse on the basis of its feces alone (Stahlbaum and Houpt, 

1989). Therefore, stallions may simply react and display sexual/aggressive behavior 

based on the smell of other horses alone. Recently, male sexual behavior has received 

more attention in studies of both feral and domestic horses. Whenever two or more 

horses are gathered together a dominance hierarchy is formed. This dominance 

hierarchy is a ranking of individuals in which the top individual has priority to scarce 

resources and even mares. In many situations, the dominant animal will show 

aggression against other horses (Houpt, 1991). 

The circulating concentrations of testosterone in stallions are influenced by 

season and are usually highest during the breeding season. Therefore, variations in 

libido and spermatogenesis in stallions are mediated by the availability of testosterone 

(Pickett, 1993). High concentrations of estrogen are found in the stallion testis. 

Estrogens are also prevalent in the blood flowing to hypothalamic portions of the 

brain in stallions. It is believed that this high concentration of estrogen may be 

involved in suppressing discharge of LH and follicle sfimulating hormone (FSH) in a 

negative feedback loop (Amann, 1993). Testosterone also serves as a negative 

feedback loop. Work in the stallion may lead to a better understanding of the control 

of male sexual behavior in mammals in general (McDonnell et al., 1987). Altrenogest 

is used in an attempt to control those behaviors which are not accepted while the 

stallion is in performance training. While these behaviors may be preferably 
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suppressed during training, if the stallion is expected to react to a mare and reproduce, 

then consequences may be revealed. Even though seminal quality may be excellent, if 

libido is poor, fertility can be seriously reduced (Pickett et al., 1976). 

In a study by Miller et al. (1997), mature stallions were administered 

altrenogest at the labeled dosage for mares (0.044 mg/kg BW). This study was 

designed to determine if a short-term administration (30 days) of altrenogest would 

suppress sexual/aggressive behavior or spermatozoal quality as well as quantity of 

these mature stallions. Altrenogest was not found to effect behavior significantly. 

Stallion-mare interactions were not reduced during the course of the treatment. Only 

minor effects on stallion behavior and semen quality were noted (Miller et al., 1997). 

Badzinski and others (1994) using a higher dosage of altrenogest (0.088 mg/kg BW) 

have shown that significant differences occurred in a stallion's time to first erection as 

well as the interval to ejaculation as treatment time with altrenogest progressed, 

therefore, altrenogest was considered useful in reducing the libido of aggressive 

stallions. However, in reviewing the literature available, the effects of altrenogest on 

many behaviors have not yet been determined. 

The effects of altrenogest on sperm output, semen quality and 

sexual/aggressive behavior have been studied in sexually-mature stallions (Badzinski 

et al., 1994). In this study, altrenogest was given to twenty sexually-mature stallions 

ranging in ages from 3-18 years at a daily oral dose of 0.088 mg/kg BW. Daily sperm 

output and progressive motility of the spermatozoa were shown to be reduced by 

altrenogest. Throughout this particular study, stallions within the control group 
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remained relatively constant in their daily sperm output; whereas, stallions that were 

receiving altrenogest for periods lasting from 150 to 240 days showed a significant 

decrease in sperm output. Not only did altrenogest affect daily sperm output in 

treated stallions; but it also caused seminal quality and quanfity to diminish as well. 

While progressive motility remained constant for the controls, a significant decrease 

occurred within ejaculates collected from stallions that were receiving altrenogest 

(Badzinski et al., 1994). 

In the study conducted by Miller et al. (1997), a primary goal was to determine 

if any detrimental effects would occur in sexually-mature breeding stallions that were 

receiving 0.044 mg/kg BW or altrenogest therapy. In evaluating spennatozoal 

motility, spermatozoal morphology and daily spermatozoal output, it was detemiined 

that the only parameter of semen quality which decreased significantly was the mean 

average-path velocity. However, this parameter retumed to pre-treatment levels by a 

period of 30 days following cessation of altrenogest treatment. 

There exists no information in the literature on the effects of altrenogest on 

young stallions, yet altrenogest is being widely used in the perfomiance horse 

industry. Included in this industry are those animals being used in such events as 

racing, reining, cutting, roping, pleasure and others. Therefore, the primary objective 

of this study was to determine the effects of altrenogest not only on sexual/aggressive 

behavior, but also on hormonal profiles and testicular parameters of young stallions. 

It needs to be determined if there are some detrimental effects on stallion fertility 
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involving the extra-labeled use of altrenogest in stallions that are treated while still 

undergoing sexual development. 

In summary, the use of altrenogest in livestock species has been researched 

and some interesting results have been revealed. In boars and rams, castration-like 

effects have occurred due to altrenogest administration or progesterone implants. 

However, once the progestin or implants were removed, parameters including 

behavior, endocrine function and testicular growth retumed to normal. Previous 

studies have been conducted in equine to measure the effects that altrenogest has on 

sexually mature stallions; nevertheless, further research is warranted to measure those 

effects on young, sexually-immature stallions. 
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CHAPTER III 

EFFECTS OF ALTRENOGEST ON SEXUAL/AGGRESSIVE BEHAVIOR, 

DAILY SPERMATOZOAL OUTPUT AND SEMINAL QUALITY 

Introduction 

Progestins have been used in livestock species for controlling 

sexual/aggressive behavior. These compounds can, however, alter the seminal 

quality, concentration and percent motility. As an aid in controlling undesirable 

behavior, altrenogest has been used extensively in performance aspects of the equine 

industry where stallions are concemed. Training usually begins at an early age in 

horses. There are many equine training professionals who are using altrenogest 

(Regu-Mate , Hoechst-Roussel) in an attempt to control undesirable behavior that 

many stallions exhibit at the onset of puberty and throughout their adult lives. 

However, in addition to the positive role that dmgs or pharmaceuticals may play in 

enhancing the performance of an individual by masking undesirable behavior they 

may contribute to negative consequences later. In an effort to evaluate the positive 

and negative effects that altrenogest may have on young stallions, this study was not 

only conducted to examine the effects on sexual/aggressive behavior, but also on the 

growth parameters and the daily spermatozoal output and spermatozoal morphology. 
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Materials and Methods 

General 

Ten Quarter Horse stallions between the ages of 2 and 4 years and of 

comparable body condition were used. The mean weight of the stallions at the start of 

the trial was 429.8 kg. They were blocked according to weight, age and testicular 

development and randomly assigned to control (n=5) or treatment (n=5) groups. The 

stallions were housed in dry-lot paddocks at the Texas Tech University Ranch Horse 

Facility located in New Deal, Texas. They were fed a consistent diet of a 14% cmde 

protein balanced grain supplement to meet NRC requirements that consisted of 39.6% 

crimped oats, 39.6% cracked com, 12.7% soybean meal, 6.9% molasses, .75% 

calcium and .45% dicalcium phosphate and high quality alfalfa hay. Stallions were 

offered clean water ad libitum. Prior to the commencement of the study, stallions 

were halter-broken and trained for semen collection with an artificial vagina by using 

a restrained jump mare. At day 9 prior to the initiation of the study (day -9), a series 

of pre-trial measurements was recorded including weight, scrotal circumference and 

body condition score. At the initiation of the study (day 1), animals in the treatment 

group were orally administered altrenogest (Regu-Mate , Hoechst-Roussel, 

Somerville, NJ) at a daily dose of 0.088 mg/kg BW for a 56-day (8 week) treatment 

period. The administration of altrenogest occurred prior to the moming feeding. The 

stallions in the control group were administered a sham oral dosage to ensure that no 

group was stressed more than the other. 
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Measurements 

Stallions were weighed prior to administration of altrenogest on the seventh 

day of each week throughout the trial using Toledo Digital Scales to monitor the 

weight throughout the trial and to weekly adjust the Regu-Mate® dosages. 

Measurements for scrotal circumference, cannon length and cannon circumference 

were taken in triplicate by the same operator using a scrotal tape measurement. 

Height at the withers was also taken in triplicate by the same operator using a 

standard hip height measuring device. The arithmetic means of these 3 measurements 

was used for statistical analyses. All measurements were taken at three times 

throughout the study. These measurement times were on days -9, 60 and 111 of the 

study. 

Behavior Evaluation 

Each stallion was scored three times for sexual/aggressive behavior using a 

Standardized Teasing Test (Table 3.4) prior to each semen collection period at days -

12, 57 and 111. Stallions were hand-teased over a solid partition for a period of three 

minutes by presenting a hand-held mare in estms. Each stallion was video-recorded 

at real time (30 frames/sec.) for the three minute period. The tapes were analyzed by 

trained observers utilizing a sequence duration program (Amold-Meeks and 

McGlone, 1986). This program fimed the stallions for latency, frequency and 

duration of the following behaviors: initial approach to the mare, vocalization, 

sniffing of the mare, Flehmen response, dropping of the penis and erection. 
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Semen Collection 

Seminal collections were performed on each stallion using a Missouri artificial 

vagina by exposing them to a restrained, estrous jump-mare on both the control and 

treatment groups at three times during the study. Collections occurred prior to the 

initiation of the study (day -12), after the 8 week treatment period (day 57) and again 

at the end of the 16 week period (8 weeks following the cessation of Regu-Mate®. day 

111). Total sperm number and sperm concentration were measured (Animal 

Reproduction Systems Model 534A mod 1 densimeter). Percent motility and nonnal 

sperm were manually evaluated and recorded. Daily sperm output was computed b> 

calculations using two collecfions within one hour as (Table 3.2) described by Dinger 

and Noiles (1986). 

Statistical Analvsis 

Data were analyzed using the GLM procedures of SAS (1993). Testicular, 

cannon bone, weight and height measurements, and semm concentrations of 

testosterone and estradiol l7-beta were subjected to analysis of variance procedures 

and comparisons between and within treatment (time comparisons) made using 

Tukey's test for mean separation. Effects of treatment on semm LH concentrations 

were determined using analysis of variance for a split plot in time design with 

repeated measures. Latency to Flehmen and latency to other behavioral 

measurements was analyzed using analysis of variance as described above for 
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physical measurements. Behavioral frequency data were subjected to Chi-square 

analysis. 

Results 

In the present study, we found no significant differences in body condition 

score, weight, cannon length, cannon circumference or height (Table 3.1). However, 

there was a decrease (P<.03) over fime in the scrotal circumference of those stallions 

within the treatment group. There was also a decrease (P<.05) in the scrotal 

circumference of those stallions in the treatment group at week 8 as compared to 

stallions in the control group (Table 3.4). This difference remained (P<.05) after the 

8-week recovery period in these treated horses (Table 3.2). In this study, it is unclear 

if a longer recovery period would have resulted in a retum to pre-treatment testicular 

measurements in this group of young stallions. In boars, testicular weights and 

volumes decreased linearly with an increased duration of altrenogest feeding (Kluber 

et., 1985). Testicular weights were decreased and the total sperm per testis and 

concentration were less for altrenogest-treated boars than the controls. However, two 

weeks after withdrawal of the altrenogest, testosterone levels of the treated boars did 

increase to levels of the control group (Kluber et al., 1988). 

Decreases were also found in estimated DSO (P<.01) in those stallions within 

the treatment group at both 8 weeks and 16 weeks (Table 3.2). This decrease in DSO 

is most likely correlated with the significant decreases found in the scrotal 

circumference. It has been shown that testicular weight accounts for 60% of the 
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variation in DSO in stallions while testicular widths account for 32% of the \ariation 

in DSO (Gebauer et al., 1974b). One stallion from the Regu-Mate® treated group was 

removed from the experiment and that data were not included in the analysis. The 

horse was removed because his daily sperm output, ŵ hen collected at the pre-

treatment period (day -9), was more than three standard deviations beyond the mean 

of the other stallions. Data were collected from and recorded for this stallion and aje 

listed in Figures 3.1 and 3.2. Administration of Regu-Mate® decreased daily spemi 

output, testicular size, semm LH, testosterone and estradiol concentrations for this 

horse as it did for the other stallions. Data were originally analyzed with this stallion 

included and significant differences were found between treatments for testicular, 

endocrine and behavioral parameters. 

Effects on morphology were also evident in altrenogest treated stallions. 

Three primary sections of the sperm were evaluated and these included the head, mid-

piece and tail. The spermatozoa abnormalities were significantly increased within the 

treatment stallions, with head abnomialifies increasing (P<.009) and tail abnormalities 

increasing (P<.001) between the pre-trial collection period and the 8-week collection 

period (Table 3.3). 

Of great interest was the effect that daily dosages of altrenogest had on the 

sexual/aggressive behavior of these young stallions. It was found that Flehmen 

frequency decreased (P<.05) at the 8-week collection period in stallions within the 

treatment group. The time to Flehmen response decreased as a result of treatment in 

this group as well (P<.02). This is illustrated in Table 3.4. A difference was also 
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found in the frequency of dropping the penis (P<.007) as well as the duration of the 

drop (P<.08) at the 8-week collection period between the two groups (Table 3.5). 

Erection durafion (P<.01) and frequency (P<.005) were also reduced in the Regu-

Mate® treated stallions within this collection period (Table 3.6); however, by 8 weeks 

after cessation of Regu-Mate®, the duration and frequency of erections retumed to 

levels greater than pre-trial measurements (P<.003). Studies have been conducted in 

sexually mature stallions in which altrenogest was used to evaluate the effects it may 

have on sexual/aggressive behavior and testicular and seminal parameters. In a stud> 

by Badzinski and Squires (1994), time to first erection and interval to ejaculation 

were significantly greater among stallions treated with an oral altrenogest than those 

which were not. In some cases, libido levels decreased and thus affected the stallions' 

desire to ejaculate. We found a similar lack of breeding ability in treated stallions as 

3 of 5 failed to ejaculate at 16 weeks versus 1 of 5 of the control group. 

The results of this study suggest that the use of altrenogest (Regu-Mate®) for 

eight weeks, in young stallions did not suppress the overall growth of the animal, but 

scrotal circumferences decreased. Seminal quality and quantity were similarly 

affected by the use of an altrenogest in these animals. As indicated by decreased 

frequency of dropping the penis and decreased erection duration and frequency, Regu-

Mate® significantly decreased the sexual/aggressive behavior of these young stallions. 

Further research is needed to investigate the capacity of young stallions to recover 

over time from the suppressive effects of Regu-Mate® on libido, scrotal 

measurements and seminal characteristics documented in this study. 
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Table 3.1 Standardized Teasing Score 

Response Latencv Frequencv Duration 

Flehmen response 0-180s n 0-180s 

Dropping of the penis 0-180s n 0-180s 

Erection of the penis 0-180s n 0-180s 
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Table 3.2 Effects of altrenogest on growth in young stallions. 

Group 

Control 
Altrenogest 

No. 
Stallions 

5 
4 

Initial 
Weight 
436.8 
417.0 

Growth Parameter 

SEM Week 16 SEM Initial SEM Week 16 
Weight Height Height 

10.5 477.7 13.8 146.6 .3 145.5 
14.9 460.2 13.9 145.8 .5 143.8 

SEM 

.5 

.5 

Table 3.3 Effects of altrenogest on cannon growth in young stallions. 

Growth Parameter 

Cannon circumference, cm 
Week 1 
Week 6 
Week 10 
Week 16 

Cannon length, cm 
Week 1 
Week 6 
Week 10 
Week 16 

Control 
(n=5) 

20.4 
20.6 
21.2 
21.9 

19.9 
20.4 
20.6 
20.6 

SEM 

.03 

.06 

.11 

.12 

.18 

.12 

.26 

.24 

Altrenogest. 
(n=4) 

20.0 
20.8 
21.0 
21.3 

20.0 
19.8 
20.5 
21.1 

SEM 

.15 

.23 

.20 

.17 

.29 

.16 

.11 

.13 

Absence of superscripts indicates no significant differences between treatments. 
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Table 3.4 Effects of altrenogest on average scrotal circumference and daiK sperm 
output in young stallions. 

Group 

Control 
Altrenogest 

Control 
Altrenogest 

No. 
Stallions 

5 
4 

5 
4 

Initial 

22.2' 
21.6' 

1.60' 
1.52' 

Time Period, wk 

SEM Weeks SEM Week 16 

.83 20.1'*' l.l 23.2' 

.38 18.9^ .29 18.1^ 

LJaiiy o p c i l l l WUipui, opciXllaHJZ.ua y\ 1\J 

0.5 1.76' 0.4 1.8' 
0.28 0.59^ 0.21 0.2*̂  

SEM 

.87 

.45 

0.4 
0.2 

Different superscripts indicate differences (P<.05). 
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Table 3.5 Effects of altrenogest on spermatozoal abnormalities in young stallions. 

No. Stallions 

Head abnormalities 
Control 5 
Altrenogest 5 

Mid-piece abnormalities 
Control 5 
Altrenogest 5 

Tail abnormalities 
Control 5 
Altrenogest 5 

Initial 

12.8" 
13.5'^ 

5.9 
5.5 

27.4" 
24.4'^ 

SEM 

2.3 
1.2 

1.1 
1.2 

4.2 
4.1 

Collection Period,' 
Week 

8 

l l .O" 
16.5"^ 

5.1 
3.2 

22.8" 
29.9'^ 

SEM 

1.2 
2.1 

1.0 
.4 

3.2 
1.3 

v̂k 
Week 

16 

7.9^^ 
l l .O" 

3.1 
2.2 

33.6" 
26.7" 

SEM 

1.1 
1.3 

.8 

.7 

3.3 
1.3 

Different superscripts indicate differences between rows and columns (P<.001). 
Absence of superscripts indicates no significant differences. 
Numbers represent percentages. 

24 



Table 3.6 Effects of altrenogest on the Flehmen response in young stallions (3 
minute observation period). 

No. 

Latency, sec. 
Control 
Altrenogest 

Frequency, no. 
Control 
Altrenogest 

Duration, sec. 
Control 
Altrenogest 

Stallions 

5 
4 

5 
4 

5 
4 

Initial 

39.7' 
23.8" 

5.6" 
3.5" 

21.9' 
14.9' 

SEM 

2.5 
8.1 

.7 
1.3 

2.8 
5.0 

Time Period, wk 
Week 

8 

52.2'* 
0' 

2.6" 
0' 

10.2" 
0' 

SEM 

10.8 

.5 

1.6 

Week 
16 

31.5' 
15.7" 

2.4" 
2.0" 

14.7" 
7.8" 

SEM 

4.4 
7.8 

.4 

.6 

2.5 
2.5 

Different superscripts indicate differences (P<.07). 
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Table 3.7 Effects of altrenogest on penis drop in young stallions (3 minute 
observation period). 

No. 

Latency, sec. 
Control 
Altrenogest 

Frequency, no. 
Control 
Altrenogest 

Duration, sec. 
Control 
Altrenogest 

Stallions 

5 
4 

5 
4 

5 
4 

Initial 

21.3"' 
10.7" 

0.6' 
1.8" 

5.9' 
46.3' 

SEM 

9.5 
3.1 

.3 

.6 

2.6 
16.0 

Time Period, w k 
Week 

8 

20.6"' 
0' 

0.6' 
O'̂  

17.5" 
0' 

SEM 

9.2 

.2 

4.8 

Week 
16 

7.4" 
35.3"' 

3.2' 
2.8"' 

50.9' 
42.1' 

SEM 

2.1 
17.2 

.4 

.5 

6.7 
10.5 

Different superscripts indicate differences (P<.08). 
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Table 3.8 Effects of altrenogest on penis erection in young stallions (3 minute 
observation period). 

Time Period, wk 

Latency, sec. 
Control 
Altrenogest 

Frequency, no. 
Control 
Altrenogest 

Duration, sec. 
Control 
Altrenogest 

5 
4 

5 
4 

5 
4 

0" 
51.5' 

0" 
1.0' 

19.4 

.29 

0" 
33.83' 15.42 

32.8' 
0" 

0.6" 
0" 

33.5' 
0" 

14.6 

.2 

12.8 

No. Stallions Initial SEM Week SEM Week SEM 
8 16 

35.9' 
42.8' 

1.6' 
2.25' 

75.1' 
99.98' 

10.3 
19.7 

.2 
.38 

11.2 
13.98 

Different superscripts indicate differences (P<.01). 
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c o 

Initial Week 8 Week 16 

Figure 3.1 Effects of altrenogest on daily sperm production 
of an altrenogest treated stallion. This stallion was 
excluded from group analysis because of high daily 
sperm output 
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CHAPTER IV 

EFFECTS OF ALTRENOGEST ON HORMONAL PROFILES 

AND TESTICULAR HISTOLOGY IN YOUNG STALLIONS 

Introduction 

Studies have been conducted in domestic livestock species to examine the 

effects that oral progestins and progesterone implants have on circulating hormone 

concentrations and endocrine functions. Testosterone secretion is dependent upon 

secretion of gonadotrophins from the anterior pituitary (Allrich et al., 1983). In 

studies conducted in boars, it has been reported that feeding altrenogest for three, six 

or nine weeks will prevent the rise in testosterone and estradiol which is associated 

with the sexual development m these animals (Kluber et al., 1985). Altrenogest 

appears to have a rapid effect in boars. The suppression of testosterone could be 

mediated by a suppression in luteinizing hormone release as well. This is supported 

by another study conducted by Kluber et al. (1988) in which they found that after 

treatment with altrenogest was initiated in boars, serum LH and testosterone levels 

significantly decreased from I ng/ml to .3 ng/ml. 

Similar decreases in LH were seen in prepubertal rams treated with implants 

of progesterone (Echtemkamp and Lunstra, 1984). Bolt (1971) reported that 

progesterone suppressed episodic LH release in mature rams. Echtemkamp and 

Lunstra (1984) supported dits by demonstrating that removal of the progesterone 

implants resulted in a significant increase in mean LH concentrations within one 
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week. It was stated that a positive relationship between systemic LH and testosterone 

concentrations in prepubertal rams exists. Lower LH and testosterone concentrations 

were seen in rams implanted with progesterone than were seen in untreated rams 

(Echtemkamp and Lunstra, 1984). 

Materials and Methods 

Blood Collection 

To monitor the changes in serum concentrations of estradiol 17-beta and 

testosterone, blood collections for each stallion were conducted in the morning prior 

to feeding by jugular venepuncture on the seventh day of each week using Vacutaiiier 

blood collection tubes. Samples were allowed to clot at ambient temperature for 30 

minutes and then stored ovemight at 5°C. Samples were spun the following day and 

semm was separated and poured into a glass vial and then frozen at -20°C until assays 

could be conducted in the lab. In order to measure luteinizing hormone (LH) pattems 

of secretion, blood samples were taken at three collection periods being at days -10, 

59 and 110. Samples were taken at 15 minute intervals from each stallion using 

jugular catheters (Angiocath Deseact) for a period of five hours to establish pulse 

frequency and amplitude. Samples were processed in the same manner as discussed 

above. 
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Hormone Analyses 

Semm concentrations of testosterone and estradiol 17-beta were determined 

using commercially available radioimmunoassay assay kits (Diagnostic Products 

Corporation, Los Angeles, CA) validated for horse semm in our laboratory. 

Concentrations of luteinizing hormone (LH) were determined using purified equine 

reagents from Dr. A.F. Pariow (Harbor-UCLA Medical Center) and purchased from 

UCB-Bioproducts (Belgium) rabbit anti eLH antisemm. Equine LH (AFP5130A) 

ŵ as used as the standard and for iodinatiori. Five pg of eLH was iodinated using the 

chloramine-T method. Duplicate aliquots of semm (400 pi) were added to tubes with 

100 pi of O.OIM phosphate buffered saline (PBS) plus 0.1% gelatin (assay buffer). To 

standards and unknowns were added 35,000 cpm '̂ ^I-labeled eLH and primary 

antibody (rabbit-anti eLH AFP240580 at 1:400,000 final tube dilution). The tubes 

were incubated for 24h at 4°C before addition of 200 pi of goat anti-rabbit y-globulin 

(1:10 dilution). This was incubated for 24h at room temperature and then the 

hormone-antibody complex was precipitated by addition of 2 ml PBS followed by 

centrifugation at 2,000xg for 15 minutes at 4°C. Supranatants were removed by 

aspiration and tubes counted for 1 minute on a gamma counter. Serum concentrations 

were determined using the log-logit transfonnation (Rodbard and Lewald, 1970) and 

comparison with the standard curve. Standards and pooled aliquots of gelding semm 

(100 to 400 pi) were parallel. Cold recovery was determined to be greater than 95%. 
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Testicular Biopsv 

Stallions were anesthetized using the acceptable average dosage of X> lazine 

Hydrochloride (TranquiVed, Ben Venue Laboratories, Bedford, OH) at .45mg/kg BW 

intravenously. After waiting five minutes, Ketamine Hydrochloride (Ketaset®, Fort 

Dodge Laboratories, Fort Dodge, lA) was then administered at .23 mg/kg BW 

intravenously. When the stallions assumed lateral recumbancy, the scrotum was 

surgically prepared and a 1.25 cm incision was made on the ventral surface of one 

testicle through the scrotum, tunica dartos and tunica albuginia and approximately 5 

grams of parenchymous testicular tissue was collected and immediately placed into a 

commercial preparation of Benin's solution (Baxter; Champlin, MN). The incision 

was then closed with a simple intermpted suture. Histological samples were prepared 

at the Pathology Laboratory at the Texas Tech Health Sciences Center in Lubbock, 

Texas according to standard procedures for parrafin sectioning and stained for light 

microscopy using a hematoxylyn and eosin stain. 

Statistical Analvsis 

Data was analyzed as described in Chapter III. 

Results 

In the present study, decreases in hormone concentrations were found as a 

result of altrenogest administration. Semm testosterone concentrations showed a 

significant treatment by time interaction for the mean testosterone levels in stallions 
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within the treatment group. These levels in altrenogest-treated stallions decreased 

from 3.2 ± .28 ng/ml on day 1 to 0.038 ± .029 ng/ml after eight weeks of altrenogest 

administration. Semm testosterone concentrations increased (P<.001) after 

altrenogest cessation to pre-treatment levels by week 12. Concentrations of 

testosterone were not significantly different between groups at the initiation of the 

experiment; however, they were higher (P<.001) in control stallions from week 2 until 

week 12 (Figure 4.1). Serum concentrations of estradiol showed a similar pattem 

throughout the study (Figure 4.2). On day 1, there was no difference between groups, 

but estradiol levels decreased during altrenogest treatment (P<.001) and then 

increased (P<.001) by week 12 of the experiment (4 weeks post cessation of 

treatment). Mean LH secretion to include pulse frequency and amplitude was not 

different between groups at the initiation of the study. However, during treatment 

with altrenogest, LH pulse frequency and amplitude were lower in treated stallions as 

compared to controls. Serum LH concentrations were lower in treated stallions at 

week 8 (P<.01) as compared to control stallions. Nevertheless, LH pulse frequency 

and amplitude retumed to pre-treatment levels by the eight week post cessation (week 

16) of altrenogest administration (Figures 4.3 and 4.4). Two stallions from each 

group were randomly selected for plotting values over time. The pulse frequency of 

LH at the three collection periods between stallion groups is illustrated in Figures 4.5, 

4.6, 4.7 and 4.8. 

Not only does a difference occur in the endocrine functions of livestock 

receiving exogenous progesterone, but testicular parameters are also affected. Data 
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suggests there is a positive functional relationship among LH secretion, testicular 

steroidogenesis and development, and spermatogenesis in prepubertal rams as well 

(Echtemkamp and Lunstra, 1984). The seminiferous tubule diameter has been shown 

to be inversely related to duration of the progesterone implant in some rams 

(Echtemkamp and Lunstra, 1984). Very little is known, however, on the effects that 

altrenogest has on endocrine fiinction and testicular histology in the stallion, 

particularly the young stallion. 

Histological analysis of testicular tissue biopsied at eight weeks post cessation 

of altrenogest revealed differences between groups in testicular morphology (Brady et 

al., 1997). Tissue taken from treated stallions appeared to have increased luminal 

diameters and a disorganized appearance in many seminiferous tubules in contrast to 

the tissue from the control stallions. Mean spermatid number (per 25 seminiferous 

tubule cross-sections) was different (P<.07) between treatment (227 ±_66) and control 

(356 ±83) (Table 4.1). 
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Table 4.1 Effects of altrenogest on mean spermatid numbers in \oung stallions. 

Group 

Control 
Altrenogest 

No. Stallions 

5 
4 

Biopsy collection period, wk 
Week 16 SEM 

356.0' 83.0 
227.0" 66.7 

Determined by counting of spermatids within 25 cross-sections of seminiferous 
tubules from tissue obtained at biopsy at week 16 of the study (8 weeks post cessation 
of altrenogest). Tissue was fixed in Benin's solution and processed for paraffin 
sectioning. 

Different superscripts indicate differences (P<.07). 
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Figure 4.1 Effects of altrenogest on testosterone concentrations 
in young stallions. 
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Figure 4.2 Effects of altrenogest on testosterone concentration of 

an altrenogest stallion. This stallion was excluded from 
group analysis because of high daily sperm output. 
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• Control 

n Altrenogest 

Initial Weeks Week 16 

Figure 4.4 Effects of altrenogest on LH pulse frequency in young 
stalllions. Different superscripts indicate differences 
(P<.01). 
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Initial Week 8 Week 16 

Figure 4.5 Effects of altrenogest on LH pulse amplitude in young 
stallions. Different superscripts indicate differences 
(P<.05). 
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Figure 4.6 Effects of altrenogest on LH concentrations 
in young stallions. 

41 



••—Control 

•• - Altrenogest 

1 3 5 7 9 11 13 15 17 19 

Sample 

Figure 4.7 LH pulse frequency in a representative stallion 
from each group at day -9. 
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Figure 4.8 LH pulse frequency in a representative stallion 
from each group at v/eek 8. 
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Figure 4.9 LH pulse frequency in a representative stallion 
from each group at week 16. 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

The results of this study suggest that the use of an altrenogest (Regu-Mate) for 

a period of eight weeks in young stallions did not suppress the overall growth of the 

animal, but scrotal circumference decreased. In evaluating the seminal quality and 

quantity, the two parameters were similarly affected by the use of altrenogest in these 

stallions. Sexual/aggressive behavior was shown to be significantly affected by 

altrenogest as indicated by decreased frequency and duration of Flehmen response as 

well as decreased frequency to dropping the penis and decreased erection duration and 

frequency. 

Studies have been shovm in domestic animals to suppress testosterone 

production with the use of progesterone or synthetic progestagins. Studies conducted 

in boars and rams (Echtemkamp and Lunstra, 1984) have shown that testicular and 

epididymal weights were reduced while semm testosterone and estradiol levels were 

suppressed. However, the steroidal hormone levels were shown to retum to normal 

levels within two weeks following progestin withdrawal. In studies conducted in 

mature stallions treated with altrenogest at twice the dosage labeled for mares 

(Badzinski and Squires, 1994), libido, daily sperm output, and seminal quality have 

been shown to be affected. Whereas, another study using the labeled dosage for 

mares (Miller et al., 1997), only minor effects on seminal characteristics and behavior 

were found in mature stallions. However, neither of these studies measured the 
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effects of altrenogest on young, sexually-immature stallions which appear to be the 

most prevalent receiving altrenogest in the performance horse industry. Physiological 

differences may exist in the response of young and older stallions to altrenogest. Our 

data would suggest that treatment of young stallions with altrenogest has marked 

effects on behavior, hormone secretion and sperm production which have not entirely 

recovered by eight weeks' post-cessation of treatment. Further research is needed to 

investigate the capacity of young stallions to recover over time from the effects of 

altrenogest demonstrated in libido, scrotal measurements, seminal characteristics, 

homional profiles and testicular histology documented in this study. 
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