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Abstract 5 

Artificial insemination as a management tool can be facilitated by synchronization 6 

of estrus or ovulation.  Although estrus detection will remain an important part of 7 

successful breeding programs, timed artificial insemination is increasingly used in cattle 8 

herds.  The practicing theriogenologist must utilize his or her knowledge of the 9 

physiology of the bovine estrous cycle and reproductive pharmacology, consider 10 

constraints imposed by availability of labor and facilities, and choose among the 11 

available protocols the one which is most likely to be successfully implemented.  This 12 

article reviews the physiology of the bovine estrous cycle, and some of the protocols 13 

currently in use.  14 
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Introduction 16 

Artificial insemination as a management tool has been extensively utilized by 17 

dairy producers for over 50 years, and use in beef cattle has become increasingly 18 

common over the last 2 decades.  Heat detection and insemination based on estrus signs 19 

and behavior remain necessary components for most successful artificial insemination 20 

programs, but the veterinary practitioner is increasingly called upon to suggest and 21 

monitor protocols aimed at increasing efficiency or convenience of artificial insemination 22 

programs by synchronizing estrus or ovulation.  Knowledge of the physiology of the 23 
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estrous cycle, reproductive pharmacology, and management of cattle and people are all 24 

necessary components of successful programs.   25 

Estrous cycle control has developed in distinct phases, as the events of the estrous 26 

cycle have been understood and pharmacologic agents have become available.  Today, 27 

the most successful protocols combine control of the length of the luteal phase with 28 

control of the emergence of follicular waves, often with control of the time of ovulation 29 

and timed artificial insemination.  An understanding of the physiology of the estrous 30 

cycle, including emergence of follicular waves, development of the dominant follicle, 31 

follicular atresia, ovulation, development of the corpus luteum (CL), and luteolysis is a 32 

necessary prerequisite to evaluate and implement synchronization strategies.    33 

Integration of the physiology of the estrous cycle with reproductive 34 

pharmacology, the age, breed and lactation status of the targeted group, the animal 35 

handling skills and facilities present on the farm or ranch, the availability of sufficient 36 

skilled personnel at critical times, effective communication and record keeping are all 37 

important to success of protocols. The practicing theriogenologist must take all of these 38 

into consideration as he or she consults with their clients.  39 

A brief outline of critical points is presented below, and discussion of the some of 40 

the more common protocols which have evolved follows.   41 

 The bovine estrous cycle 42 

Cattle are reproductively non-seasonal, polyestrous, monovulatory, with an 43 

interestrus interval ranging from 18-23 days.  Observable estrus behavior is detectable 44 

even in the absence of the male.  45 
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Heat, or estrus, is best demonstrated by standing to be mounted, whether by a bull 46 

or by other females in the herd.   Typical estrus behavior is triggered by rising estradiol in 47 

an environment where progesterone concentrations are falling.  48 

The rising concentrations of circulating estradiol accompanying estrus induce the 49 

leutinizing hormone (LH) surge, and the LH surge induces ovulation.  Ovulation follows 50 

the onset standing heat by 24 to 32 hours.   51 

Ovulation is followed by development of the CL, a transient endocrine organ that 52 

arises on the ovary at the site of ovulation.  The CL produces a number of endocrine 53 

products, the most important for this discussion being progesterone, which is necessary 54 

for maintenance of pregnancy following insemination.   Should pregnancy not occur, the 55 

CL will regress and another ovulatory follicle will develop.  This follicle will produce 56 

sufficient estradiol to again induce psychic estrus and the LH surge, and ovulation will 57 

follow.  The cycle will repeat indefinitely in the absence of pregnancy.  This very basic 58 

outline of the events of the estrous cycle has proven to be sufficient for insemination 59 

programs based on heat detection.  As we move to more precisely control the estrous 60 

cycle, an understanding of other, less obvious events becomes necessary.   61 

The cycle is sometimes conveniently divided into the luteal and follicular phases, 62 

based on the dominant ovarian structure present.  The follicular phase begins with the 63 

regression of the CL and encompasses about 20% of the cycle, the period from the onset 64 

of luteolysis until ovulation.  Estradiol from the developing dominant or preovulatory 65 

follicle is the predominant sex steroid during the follicular phase.  The luteal phase 66 

begins at ovulation, and continues until regression of the CL.  During this time, the sex 67 

steroid dominance shifts to progesterone produced by the CL.  The luteal phase includes 68 
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both metestrus, the period of CL development following ovulation, and diestrus, the 69 

period spanned by the life of the mature CL. Follicles continue to emerge and grow 70 

during the luteal phase, and although they produce estradiol, luteal progesterone inhibits 71 

LH sufficiently to prevent development to preovulatory size 72 

The endocrine signal that results in regression of the CL in the absence of 73 

pregnancy has been known to be prostaglandin F2alpha (PGF2ά) for several decades.  74 

More recently, the signal responsible for maternal recognition of pregnancy, which 75 

effectively blocks luteolysis, has been shown to be interferon tau produced by the fetal 76 

trophoblast.1   The signals that result in emergence, growth, and regression of ovarian 77 

follicles became evident following the advent of ultrasound as a research tool coupled 78 

with endocrine assays in the early 1980’s.2  As mechanisms regulating the ovarian cycle 79 

were discovered and pharmacologic agents became available, opportunities to develop 80 

protocols to control the events of the estrous cycle developed. 81 

Follicular dynamics 82 

During the 1980’s, ultrasound technology allowed basic research that described 83 

waves of follicular growth and regression. These revelations were coupled with endocrine 84 

assays to explain the dynamic nature of ovarian follicles.  Understanding of the processes 85 

that initiated follicular emergence, selection, atresia, dominance and ultimately ovulation, 86 

coupled with strategic administration of the limited number of available pharmacologic 87 

agents have become the basis for programs to manipulate the estrous cycle and in many 88 

instances precisely control the time of ovulation.  The basic research on follicular 89 

dynamics has been reviewed extensively in recent publications,3,4 and the reader is 90 
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referred to these resources for a more detailed description.  A brief summary, applicable 91 

to clinical practice follows.   92 

Estrus is characterized by the presence of a large ovarian follicle, producing 93 

sufficient estrogen to induce the psychic changes associated with estrus behavior and to 94 

induce a surge of LH, which eventually results in ovulation of the follicle and release of 95 

the oocyte.  Following ovulation, the granulosa and thecal cells surrounding the follicular 96 

antrum transform into luteal cells (luteinization) and the CL develops.  Steroid production 97 

shifts from estrogen to progesterone and this period of progesterone dominance initiates 98 

the luteal phase.   99 

At the time of the LH surge which initiates the events of ovulation, both LH and 100 

follicle-stimulating hormone (FSH) are released from the pituitary.  This release of FSH 101 

is followed closely by a second surge of FSH, and these peri-ovulatory surges of FSH are 102 

associated with the emergence of a cohort of small follicles from the ovarian follicular 103 

pool shortly after ovulation.   Emergence, defined as the last day the potential dominant 104 

follicle was less than 4 mm, is perhaps more easily understood as the time that follicles 105 

are easily detectable with commonly used ultrasound equipment.  Emergence of follicles 106 

is generally coincident with the peak of the FSH surge.  As growth of these follicles is 107 

stimulated by FSH, follicular hormonal activity increases and the antral follicles produce 108 

a number of endocrine products, including the protein hormone inhibin, and later 109 

estradiol.5   Estradiol and inhibin exert negative influence on the anterior pituitary to 110 

decrease or inhibit release of FSH from the anterior pituitary, so that following follicular 111 

emergence, FSH concentrations decline.  FSH has a long half life relative to LH, but 112 

concentrations of FSH remain sufficient to support follicular growth only to a diameter of  113 
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8-9 mm,6 although exogenous FSH administration will allow follicular development to 114 

continue past this stage.7      115 

Within the cohort of emerged follicles, a single follicle either has or gains a slight 116 

developmental advantage as FSH concentrations approach their nadir. As this 117 

developmentally advantaged follicle grows, it acquires additional LH receptors in the 118 

granulosa cells surrounding the follicular antrum and oocyte.8  The acquisition of LH 119 

receptors is critical for continued development of the follicle, and LH support allows this 120 

follicle to continue progressive development as the growth rate of the other follicles in 121 

the cohort declines. The time at which the growth rate of the future dominant follicle 122 

exceeds the growth rate of the largest dominant follicle is referred to as follicular 123 

deviation and the largest follicle is referred to as the dominant follicle.  As this selected 124 

follicle continues to grow in response to pulsatile release of LH it continues to produce 125 

estradiol and inhibin, and FSH support for the remaining follicles is lost.  These 126 

subordinate follicles, lacking LH receptors in a low FSH environment, begin the process 127 

of atresia as the dominant follicle continues to grow.  As the dominant follicle grows and 128 

produces estradiol, a positive feed back loop with the hypothalamus increases the 129 

frequency of gonadotropin-releasing hormone (GnRH) pulses, which in the face of 130 

continued inhibition of FSH release, results in increased pulsatile LH, but not FSH, 131 

release from the pituitary.     132 

Coincident with the development of this first post ovulatory follicular wave, and 133 

eventual development of a single dominant follicle, is the development of the CL and the 134 

associated increase in circulating progesterone concentrations.  As noted above, the 135 

dominant follicle grows and increasingly produces estrogen which feeds back on the 136 
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hypothalamus to increase GnRH and elicit LH pulses from the pituitary.  However, in the 137 

high progesterone environment of the luteal phase, GnRH release is limited, and the 138 

resultant LH pulsatility is insufficient to support continued development of the dominant 139 

follicle to pre-ovulatory size.  The dominant follicle, deprived of sufficient LH for 140 

continued development, eventually joins the other members of the cohort, and undergoes 141 

atresia.  Atresia of the dominant follicle removes the source of estradiol and inhibin, and 142 

shortly after its demise, another surge of FSH from the anterior pituitary stimulates 143 

emergence of a second follicular wave.9   The second follicular wave develops in a 144 

manner similar to the first, and a new dominant follicle develops. The dominant follicle 145 

of the second follicular wave may go on to become the ovulatory follicle, or may undergo 146 

atresia and be replaced by a dominant follicle from a third follicular wave which will 147 

become the ovulatory follicle.   148 

In the non-pregnant animal, the endometrium releases PGF2ά by day 16 -17 post 149 

ovulation, and destruction of the CL (luteolysis) follows.  As circulating progesterone 150 

concentrations decrease following luteolysis, the inhibitory effect of progesterone on 151 

GnRH release is removed. LH pulse frequency increases, and the dominant follicle 152 

responds with continued growth.  This growth is accompanied by increasing estrogen 153 

production, and feedback on the hypothalamus further increasing pulsatile release of 154 

GnRH, which it turn acts on the pituitary to increase LH pulse frequency.  Follicular 155 

development continues in this low progesterone environment with the production of 156 

estrogen eventually reaching the threshold necessary to trigger the LH surge.   157 

Most cattle exhibit either 2 or 3 follicular waves during an estrous cycle.  It is 158 

necessary to recognize that follicles which achieve dominance can only reach pre-159 
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ovulatory status in the low progesterone environment that follows luteolysis, and that any 160 

of the dominant follicles produced in either 2 or 3 wave cycles can grow to ovulatory size 161 

if luteolysis is induced and the inhibitory effect of progesterone removed.  Figure 1 is a 162 

schematic representation of ovarian follicular development during a typical three wave 163 

estrous cycle.   164 

Pharmacologic control of the estrous cycle 165 

Programs to control the time of estrus and ovulation developed as the events 166 

controlling various portions of the estrous cycle were recognized, and as products for 167 

pharmacologic manipulation of these events became available.  Even though the number 168 

of pharmacologic agents available is limited, producers and veterinarians are offered an 169 

ever increasing number of protocols for control of the estrous cycle, with seemingly 170 

endless variations and refinements.  Veterinarians actively practicing in the field as 171 

theriogenologists are asked and expected to evaluate estrus and ovulation synchronization 172 

programs, and make recommendations regarding selection and implementation on 173 

specific premises.  Understanding the available hormones and their interactions with the 174 

events of the estrous cycle are essential in this task.   175 

Pharmacologic agents to control the bovine estrous cycle 176 

Opportunities for manipulation of the estrous cycle in cattle are limited to control 177 

the length of the luteal phase, initiation a new follicular wave, and control the time of 178 

ovulation.   Many of the currently available programs rely on control of all three.  Precise 179 

control of ovulation has increasingly led to adoption of timed artificial insemination 180 

(TAI) protocols.  181 
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Drug availability is influenced by legal constraints which prohibit the use of some 182 

drugs and classes of drugs.  Products must be available from commercial sources, and the 183 

use of compounded drugs for estrous cycle control is prohibited by the Animal Medical 184 

Drug Use Clarification Act (AMDUCA).   Enforcement of restrictions seems likely to 185 

increase, driven by food safety and consumer demands. 186 

Available products meeting these criteria and commonly utilized in clinical 187 

settings are limited to progesterone and progestins, prostaglandin F2ά (PGF2ά) and its 188 

analogs, and GnRH agonists.  Other potentially useful products such as FSH, LH, or 189 

human chorionic gonadotropin (hCG), are uncommonly utilized in synchronization 190 

protocols.  Noticeably, and deliberately absent from this list are injectable estrogenic 191 

compounds, which although valuable and historically widely used, are not currently 192 

approved for estrus control in food animals, and not commercially available in the United 193 

States.  As mentioned earlier, compounded products, including estrogen, must be 194 

avoided.  Table 1 provides a list of some commercially available products.  195 

Control of the length of the luteal phase  196 

The length of the luteal phase may be extended by administration of exogenous 197 

progesterone or progestins, or truncated by the administration of luteolytic doses of 198 

prostaglandin.   199 

Extending the luteal phase with progestins 200 

Early attempts at synchronizing estrus focused on administration of progesterone 201 

or progestins, followed by acute withdrawal.  In this manner, the period of progesterone 202 

dominance is extended beyond the normal lifespan of the corpus luteum.  Exogenous 203 

progesterone inhibits release of LH, preventing development of ovarian follicles to 204 
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preovulatory size. Removal of the exogenous source or progesterone from groups of 205 

cattle results in a relatively synchronized estrus followed by ovulation.  An additional 206 

benefit of progestin therapy is the ability to hasten the onset of estrous cyclicity in 207 

animals that may be anestrous at the beginning of the protocol.   208 

 Melengestrol acetate.  Melengestrol acetate (MGA), an orally active 209 

progestational steroid, was developed in the 1960s and first marketed to both improve 210 

feed efficiency and rate of gain in feedlot heifers and suppress estrus behavior.  211 

Suppression of ovulation and estrus behavior occurs when consumption was 212 

approximately 0.5 mg per head per day.10  213 

Early efforts at synchronization with MGA in cycling cattle relied on feeding 0.5 214 

to 1 mg daily for 14 to 18 days, a period sufficient to allow spontaneous luteal regression 215 

in all animals within a group.  Because the luteal phase is extended past the time of 216 

luteolyis, follicular development and ovulation is suppressed.  Following withdrawal of 217 

MGA from the diet, follicular development resumes and a synchronized estrus follows.  218 

A majority of animals treated in this manner exhibit signs of estrus and ovulate 3 to 7 219 

days following MGA withdrawal.  Pregnancy rates to this synchronized estrus are 220 

variable and generally disappointing.  The reduction in fertility, however, is not apparent 221 

in subsequent cycles. Because the reduction in fertility is confined to the first post 222 

treatment estrus, programs have developed to take advantage of the synchrony of the 223 

second post treatment cycle.  These programs are plagued by decreasing synchrony of the 224 

second post treatment estrus due to the inherent variability of estrous cycle length.  These 225 

protocols require that the synchronization be planned well in advance of the onset of the 226 

breeding season.   227 
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The reduced fertility of the first synchronized estrus following MGA withdrawal 228 

has been attributed to altered development of ovarian follicles. Dominant follicles which 229 

would either undergo atresia or ovulate during a normal ovarian cycle persist beyond 230 

their normal lifespan in the sub-luteal progesterone environment provided by the 231 

exogenous MGA.   Following withdrawal of the progestin, these persistent follicles grow, 232 

produce sufficient estradiol to induce estrus and the LH surge, and ovulate, but the 233 

oocytes associated with these follicles are often developmentally compromised.   234 

Administrating MGA in the feed for shorter intervals partially overcomes the 235 

negative effects of persistent follicles, but synchrony of estrus is decreased.  236 

Incorporating higher doses of MGA has not been effective in overcoming problems 237 

associated with development of persistent follicles.11   Although some reports indicate 238 

acute administration of progesterone late in the artificially lengthened luteal phase will 239 

induce follicular turnover,12  the lack of FDA approval for injectable progesterone 240 

products precludes use of this strategy.  241 

  Several variations of the initial MGA protocol utilizing PGF2ά have been 242 

developed to overcome problems associated with lack of synchrony of the second post 243 

treatment estrus, and will be discussed in a later section.   244 

 Intra-vaginal progesterone. Intra-vaginal delivery of progesterone as a method of 245 

extending or controlling the length of the luteal phase of the cycle has been available in 246 

the United States since 2002.  Currently the only FDA approved device is the Eazi-Breed 247 

CIDR® (Pfizer Animal Health, New York, NY, USA).  The Eazi-Breed CIDR®  has 248 

been available for many years in other countries prior to introduction to the U.S. and a 249 
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large number of clinical and research trials have demonstrated the efficacy of 250 

progesterone delivery by this route.   251 

Labeled protocols for Eazi-Breed CIDR® specify that the pessary be placed intra-252 

vaginally for 7 days, with administration of PGF2ά either one day prior to pessary 253 

removal, or on the day of removal. The protocols yield similar results.13   This 254 

combination approach allows precise control of the length of the luteal phase, and 255 

synchronizes estrus.  Because of inherent variations in follicular wave emergence, estrus 256 

activity following this protocol is not synchronized sufficiently to permit appointment 257 

breeding. The range of estrus activity is often much more tightly controlled than in 258 

programs which use prostaglandins as the sole agent.   259 

Progesterone-releasing pessaries are often incorporated into other synchronization 260 

programs to improve the degree of control of the luteal phase, and like other progestin 261 

based synchronization protocols, may hasten the onset of cyclicity in anovular cattle.14,15 262 

Truncating the luteal phase with prostaglandin F2ά 263 

Almost 3 decades ago, PGF2 ά and its analogs were introduced as the first drugs 264 

approved to control the estrous cycle in cycling cows.  Prostaglandin is released from the 265 

endometrium after mid-cycle in non-pregnant cattle, and result in regression of the CL, 266 

removing the progesterone mediated inhibition of LH pulsatility.  Although the 267 

developing CL is resistant to the effects of prostaglandin, sensitivity increases as the CL 268 

matures, and by day 6 post-estrus, the luteal phase can be terminated in virtually all cows 269 

administered exogenous PGF2ά.   270 

Administration of PGF2ά or its analogs after day 5-6 of the estrous cycle results 271 

in CL regression and loss of progesterone dominance. When administered to groups of 272 
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cycling cattle, the synchronized end of the luteal phase is followed by a synchronized 273 

estrus. 274 

 Following the commercial introduction, PGF2ά protocols rapidly became popular 275 

in estrus synchronization protocols both for artificial insemination and in synchronizing 276 

estrous cycles for recipients in embryo transfer programs.  The two commercially 277 

available products,  dinoprost (Lutalyse®; Pfizer Animal Health, New York, NY, USA)  278 

and cloprostenol (Estrumate®;Intervet/Schering–Plough animal Health, Summit, NJ, 279 

USA), are in similar in their action, and while cloprostenol has a longer duration of 280 

action, their effects are clinically comparable.16 281 

Following a single injection of PGF2ά to randomly cycling groups of cows or 282 

heifers, 60 to 80% can be expected to be in estrus within a few days following luteolysis.  283 

Poor to no response is expected in cattle which have ovulated recently. Cattle which have 284 

undergone spontaneous luteolysis would typically exhibit estrus coincidentally with their 285 

“synchronized” herd mates.  Single injection protocols can be tailored to a producer’s 286 

needs is several ways.   287 

Traditional estrus detection with artificial insemination for 6 to 7 days, followed 288 

by PGF2ά administration to those not previously inseminated increases the percent 289 

response by removing those with immature CLs from the pool.  Animals injected are 290 

expected to exhibit estrus in 2 to 5 days.  Drug costs are very low in this protocol, but the 291 

number of days during which animals need to be observed and bred is fairly high.  These 292 

single injection programs are useful and widely practiced in many farm settings, but 293 

many management situations exist in which a shorter window of estrus synchronization is 294 
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desired.  In these cases, group synchronization utilizing 2 injections of prostaglandin may 295 

offer advantages.17 296 

In two injection schemes, animals which respond to the first injection and animals 297 

in the group which have undergone spontaneous luteolysis just prior to administration of 298 

the drug are expected to be in heat in from 2 to 5 days.  Those animals with an immature 299 

CL, (~ day 1-5 of the cycle) are not be expected to respond to the injection of PGF2ά, and 300 

luteal development will continue.  At the time of the second injection, all animals in the 301 

group should be an appropriate stage of the luteal phase and expected to exhibit a 302 

synchronized estrus.    303 

Although label indications for dinoprost suggest a two injection scheme with the 304 

injections separated by 10 to 12 days, 14 day intervals are more commonly used and 14 305 

day programs are considered equally effective if not superior to the shorter intervals 306 

specified on the product label.  307 

Strategies aimed at identifying cows at the appropriate stage of the cycle to 308 

respond to PGF2ά injections eliminate injections in animals that will not respond to 309 

exogenous prostaglandin.  Transrectal palpation for the presence of a CL, determination 310 

of milk progesterone concentrations,18 or identification of the CL with ultrasound have 311 

been investigated as methods to identify cattle with functional luteal tissue.  Although 312 

these techniques can be effective, routine administration of PGF2ά to non-inseminated 313 

animals at random stages of the estrous cycle has remained the most common, and 314 

perhaps most economically justifiable, procedure.   315 

Estrus synchronization protocols which use PGF2ά as the sole agent are 316 

characterized by an inherent variability in the time of the onset of estrus, typically 317 
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exhibiting a bell shaped curve with estrus activity beginning 2 days post injection, 318 

peaking in 3 to 4 days, and declining rapidly after day 5.  While this synchronization of 319 

estrus is useful and advantageous compared to observing and handling cattle over an 320 

entire estrous cycle, synchrony of ovulation is too variable to allow timed artificial 321 

insemination protocols.   322 

MGA plus prostaglandin F2ά 323 

The availability of PGF2ά products led to estrus synchronization protocols which 324 

combined feeding MGA for various lengths of time with injections of prostaglandin. 325 

Feeding MGA for 14 to 18 days, as described above, results in synchrony of estrus, but 326 

poor fertility is associated with the first estrus following prolonged feeding of the 327 

progestational agent.  Because estrous cycles in cattle fed MGA are synchronized 328 

following withdrawal of the progestin, there is an opportunity to administer PGF2ά to a 329 

group of animals with a synchronized luteal phase following MGA withdrawal.  330 

Treatment with prostaglandin late in the luteal phase reduces the variability in the interval 331 

from PGF2ά injection to estrus.  Following treatment with PGF2ά, synchrony of the 332 

second estrus following MGA withdrawal is better than in MGA protocols which do not 333 

control the luteal phase length prior to the second synchronized estrus, and fertility to the 334 

synchronized estrus is not compromised.  Initial protocols injected prostaglandins at 17 335 

days after withdrawal of MGA, and more recently protocols in which prostaglandin 336 

injection has been delayed until 19 days after MGA withdrawal have shown tighter estrus 337 

synchrony.19  Detection of estrus and breeding based on the signs of estrus are 338 

recommended.   These combination programs are quite effective and economical in 339 
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situations where feed intake is adequately controlled.  The length of treatment in these 340 

MGA protocols remains a disadvantage, requiring a long lead time prior to insemination. 341 

Shorter MGA programs combined with prostaglandin injections at the time of MGA 342 

withdrawal either did not overcome the infertility associated with longer feeding 343 

periods,20 or did not show improvement over PGF2ά alone.21  344 

Synchronization of the emergence of the follicular wave 345 

Following atresia of the dominant follicle, a new cohort of follicles emerges in 346 

response to FSH, and the transition from the dominance of one follicle to emergence of a 347 

new cohort of developing ovarian follicles is termed follicular turnover.  Treatments 348 

aimed at ending the period of follicular dominance will induce follicular turnover, 349 

allowing more precise control of the events and timing of the estrous cycle.   350 

At least three methods to induce synchronous emergence of a new follicular wave 351 

are practiced, but only one lends itself to mass synchronization schemes.22  Aspiration or 352 

ablation a mid-cycle dominant follicle removes the inhibitory effects of estradiol and 353 

inhibin on pituitary FSH release, and is followed by wave emergence in 1 to 2 days. 354 

Administration of an acute dose of exogenous estradiol or a combination of estradiol and 355 

progesterone results in emergence of a new follicular wave in approximately 3-4 days.  356 

Administration of GnRH can induce ovulation or luteinization of a dominant follicle, 357 

removing the source of inhibin and estradiol, followed by emergence of a new follicular 358 

wave in 1.5-2 days.22,23   359 

Follicular ablation is not practical in on farm settings involving synchronization 360 

of the estrous cycle of groups of cattle.  As previously noted, the  lack of commercial 361 

sources of injectable estrogens and the legal atmosphere surrounding the use of 362 
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compounded pharmaceuticals in food animals effectively removes administration of 363 

estrogen or estrogen/progesterone injections as an option for synchronizing follicular 364 

wave emergence.   365 

Although not specifically approved by the Food and Drug Administration for this 366 

purpose, GnRH is available in the United States and licensed for use in cattle.  367 

Administration of GnRH is currently the basis for control of follicular wave emergence 368 

and ovulation in many synchronization programs.   369 

Gonadotropin-releasing hormone  370 

GnRH, a decapeptide hormone produced in the hypothalamus and transported to 371 

the anterior pituitary, influences the secretion of the hormones FSH and LH.  Commercial 372 

formulations have been available in the United States and worldwide for nearly 3 373 

decades, and are approved for treatment of cystic ovarian disease.  Currently, no meat or 374 

milk withdrawal periods are required for use of this product in cattle.   375 

 Endogenous GnRH stimulates release of LH and FSH, with a varying magnitude 376 

of response and ratio depending on the ovarian structures and resultant hormonal mix 377 

present.  During the luteal phase of the cycle, high progesterone concentrations limit the 378 

release of GnRH, and subsequently LH pulse frequency.  Conversely, during the 379 

follicular phase, removal of the negative influence of progesterone is followed by 380 

continued growth of the dominant follicle, and increasing production of estradiol by the 381 

follicle triggers increasing pulsatile release of GnRH from the hypothalamus.  This 382 

feedback loop culminates in the pre-ovulatory LH surge, which induces ovulation and 383 

initiates the onset of another luteal phase.  384 
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Exogenous GnRH administered in the luteal phase during the period of follicular 385 

dominance results in ovulation or luteinization of dominant follicles, and is followed by 386 

emergence of a new follicular wave.  Administration shortly after follicular wave 387 

emergence is less likely to result in initiation of a new follicular wave.   Administration 388 

of exogenous GnRH following spontaneous or induced luteolysis can be used to induce 389 

an LH surge and control the time of ovulation.  The actions of GnRH have been 390 

incorporated into synchronization protocols which control the time of follicular wave 391 

emergence and ovulation.   392 

Ovsynch and related protocols 393 

In 1995, a protocol for  TAI using sequential administration of GnRH, PGF2ά, 394 

and GnRH to synchronize follicular wave emergence, luteolysis, and ovulation was 395 

introduced.24   This protocol, widely known as Ovsynch, was the first allowing 396 

appointment breeding to gain widespread acceptance. The basic program with numerous 397 

modifications is the basis for many of the successful ovulation synchronization protocols 398 

used today.   399 

Figure 2a illustrates a timeline schematic for the Ovsynch protocol.  Figure 2b 400 

outlines an injection scheduling calendar for Ovsynch.   On day 0, all eligible cattle 401 

receive GnRH, followed 7 days later by PGF2ά.  Forty eight hours later, a second 402 

injection of GnRH is administered, and TAI, without regard to heat detection, is carried 403 

out 16 to 20 hours following the second GnRH.  The initial injection of GnRH is intended 404 

to synchronize emergence of a new follicular wave following induction of ovulation of a 405 

dominant follicle.  The corpus luteum formed following this diestrus ovulation will not 406 

become susceptible to the luteolytic effects of prostaglandin for several days, and will 407 
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provide a source of progesterone should the CL which developed following the previous 408 

ovulation be destroyed.  The prostaglandin injection 7 days after initiation of the protocol 409 

will initiate luteolysis and allow continued development of the dominant follicle which 410 

arose from the induced follicular wave to pre-ovulatory size.  The second injection of 411 

GnRH will induce an LH surge, with ovulation following in approximately 28 hours.24  412 

Not all randomly cycling cattle have equivalent ovarian structures. Synchrony of 413 

ovulation is improved if a dominant follicle is present at the time of the first GnRH 414 

injection compared to initiation prior to the time of follicular deviation. The day of the 415 

cycle at which Ovsynch is initiated influences pregnancy rates to timed artificial 416 

insemination.  Cows in which Ovsynch was initiated near mid-cycle had greater rates of 417 

synchronous ovulation following the first injection of GnRH, and programs beginning on 418 

day 5 to 12 of the estrous cycle resulted in greater pregnancy rates.25,26     419 

Many modifications to the initial Ovsynch protocol have been developed with the 420 

goal of increasing rate of synchronous ovulation and pregnancy.  The most common have 421 

utilized 2 prostaglandin injections, approximately 2 weeks apart, with the last injection 12 422 

or 14 days prior to the first GnRH injection of Ovsynch.  These programs increase the 423 

percentage of animals at the optimum stage of the cycle when the first injection of GnRH 424 

is administered, and are collectively referred to as Pre-Synch Ovsynch programs, or 425 

Prostaglandin Pre-Synch programs. Pregnancy rates to TAI are improved compared to 426 

Ovsynch alone.27   A sample schedule for a Pre-Synch Ovsynch protocol is shown in 427 

Figure 3.  The long lead time (initiation of hormone injections 36-38 days prior to 428 

insemination) present an obstacle to use of Pre-Synch, which is minimized in dairy herds 429 
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by initiating the protocol during the voluntary waiting period during which breeding is 430 

commonly withheld for 45 to 70 days following parturition.   431 

More recently, protocols utilizing both GnRH and prostaglandin to increase the 432 

percentage of cows that ovulate following the first GnRH injection have been developed  433 

with improvement in pregnancy rate following timed artificial insemination similar to or 434 

better than that seen with Pre-Synch Ovsynch programs.28,29  The injection schedule for 435 

the G6G protocol described by Bello is illustrated in Figure 4.  The injection of PGF2ά 436 

which initiates the protocol induces luteolysis of mid- and late-cycle CL’s.  Two days 437 

later, an injection of GnRH synchronizes ovulation following luteolysis, and initiates a 438 

new follicular wave in animals which have a dominant follicle.  An Ovsynch protocol is 439 

initiated six days later.  The goal is to optimize the number of animals with a dominant 440 

follicle at the onset of Ovsynch, and ultimately synchronization of ovulation at the 441 

completion of Ovsynch.28  The G6G protocol has a shorter lead time than Pre-Synch, but 442 

has scheduling disadvantages. Increased pregnancy rates to timed artificial insemination 443 

compared to Ovsynch alone are reported. 444 

MGA plus PGF2ά plus GnRH  protocols 445 

 Estrus synchronization protocols incorporating oral administration of MGA, 446 

followed with administration of PGF2ά have been modified by incorporating GnRH near 447 

the time of the first post MGA estrus to synchronize the first follicular wave and 448 

ovulation.30-32  These programs generally allow for shorter duration of MGA feeding, and 449 

offer the potential advantage of hastening the onset of cyclicity in the late pre-pubertal 450 

period or post partum period.  Adaptations allowing fixed-time artificial insemination33  451 
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or heat detection are utilized.  Figure 5 illustrates a treatment schedule for the MGA 7-11 452 

Synch modification with fixed time insemination.  453 

Synchronization of ovulation and timing of insemination 454 

GnRH administration in the low progesterone environment following luteolysis 455 

results in an LH surge followed by ovulation in 24 to 32 hours. Protocols which used 456 

estrogen to induce ovulation enjoyed some popularity,34  but no approved product is 457 

available for veterinarians at this time.  Agents with LH activity, such as hCG, could be a 458 

suitable substitute for GnRH, but protocols utilizing this strategy are not common.   459 

Timing of insemination should include ample opportunity for sperm capacitiation 460 

prior to ovulation, and insemination at 16 to 20 hours following the ovulation-inducing 461 

dose of GnRH is the most common recommendation.35   Earlier insemination, including 462 

at the time of administration of GnRH (Co-Synch protocol), may result in acceptable 463 

pregnancy rates, while insemination later than 24 hours after GnRH leads to less 464 

favorable outcomes.   465 

In the original Ovsynch protocol, the second GnRH injection, administered to 466 

synchronize ovulation, was given 48 hours following induction of luteolysis with PGF2ά.  467 

This timing was convenient for dairies, and resulted in grouping of chores associated with 468 

the protocol around times when cows were handled or locked up.  Recent studies suggest 469 

that delaying the administration of the second GnRH injection until 56 hours after 470 

induced luteolysis will improve pregnancy rates.36   Modification of any protocol should  471 

take into consideration farm schedules to insure compliance, particularly if handling or 472 

restraint occurs outside the normal daily or weekly routine.   473 

Choosing and implementing the right protocol 474 
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Many estrus synchronization and TAI programs are available, and when 475 

implemented properly, most are effective.  Selecting a protocol for a particular herd will 476 

depend on the ability of herd management to comply with the time lines inherent in each 477 

protocol.  A lack of commitment or cavalier attitude concerning the timing of injections 478 

and breeding will negatively impact the ultimate success any program.   479 

An old saying in the dairy business is “When heat detection is everybody’s job, it 480 

usually means it is nobody’s job”. This wisdom is applicable to scheduling and 481 

administration of protocols. Unless a job is a priority, compliance will suffer.   482 

Accurate record keeping and proper administration of all hormones are essential.  483 

Injection schedules can become very complicated when dealing with large herds and 484 

when multiple protocols used within a herd.  Both PCDART and DAIRYCOMP 305 485 

have routines which will generate action lists to facilitate scheduling of injections.   486 

Timed artificial insemination programs may overcome some management 487 

problems associated with estrus detection, but management problems with nutrition, 488 

housing, semen handling, and concurrent disease are not eliminated.   489 

Drug cost, availability of trained technicians, class of livestock and the facilities 490 

available for repeatedly handling cattle will influence the choice of protocols for 491 

individual farms.   Selection of the appropriate protocol for a particular herd or 492 

management system means selection of the protocol herd management will be most likely 493 

to efficiently and consistently implement, rather than the newest or most popular protocol 494 

available. 495 

 Discussion 496 
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  Today, theriogenologists have an increasing number of options to synchronize 497 

estrus and ovulation.  These systems developed in concert with an increased 498 

understanding of reproductive endocrinology and the proper selection and 499 

implementation of any of the available protocols requires an understanding of follicular 500 

dynamics, luteolysis and ovulation.  Programs which allow for the successful utilization 501 

of TAI require much more precise control of the events of the estrous cycle than those 502 

which incorporate estrus detection.  Although the legal and regulatory environment 503 

restricts or forbids access to certain potentially useful pharmacologic agents, successful 504 

strategies utilizing available agents have been devised, and offer adequate control of the 505 

cycle.  506 
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Figure 1. 615 
 616 
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Figure 1:  Development of successive waves of ovarian follicles during the estrous cycle.  619 

Shortly after ovulation, a cohort of follicles emerges; a single follicle gains an advantage 620 

that allows it to become the dominant follicle, only to undergo atresia in the high 621 

progesterone environment of the luteal phase.  A second follicular wave emerges around 622 

day 8-9 of the cycle, and the dominant follicle that follows meets the same fate.  A third 623 

wave emerges on day 16-17 following demise of the second wave dominant follicle. 624 

Prostaglandin-induced luteolysis destroys the source of progesterone, the inhibition of 625 

LH pulses is removed, and this third wave dominant follicle develops to preovulatory 626 

size.  Estradiol produced by the dominant follicle increases past the threshold necessary 627 
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to induce the LH surge, and ovulation follows.  Image courtesy of Dr. M. Daniel Givens, 628 

Auburn University 629 

 630 
631 
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 632 
Figure 2a. 633 
 634 
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Figure 2a:  OVSYNCH PROTOCOL.  An injection of GnRH on day 0 induces ovulation 637 

or luteinization of a dominant follicle, and a new follicular wave emerges 2 days later.  638 

Injection of prostaglandin F2alpha on day 7 induces luteolysis, and injection GnRH on 639 

day 9 induces an LH surge, with ovulation 28 hours later.  Insemination at 16-20 hours 640 

after the second GnRH injection (~8 hours ahead of ovulation) allows time for sperm 641 

capacitation prior to ovulation.   642 

643 
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Figure 2b. 

 SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SAT 

Week 1  GnRH      

Week 2  PGF2ά  GnRH TAI (16-20 

hours post 

GnRH) 

  

 

Figure 2b: Injection calendar for a Pre-Synch Ovsynch protocol that avoids weekend 

chores.  

PGF2ά = prostaglandin F2alpha, GnRH = gonadotropin-releasing hormone, TAI = timed 

artificial insemination.   
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Figure 3. 

 

 SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SAT 

Week 1  PGF2ά      

Week 2        

Week 3  PGF2ά      

Week 4        

Week 5  GnRH      

Week 6  PGF2ά  GnRH TAI (16-20 

hours post 

GnRH) 

  

 

Figure 3:  Injection calendar for a Pre-Synch Ovsynch protocol which utilizes 2 

prostaglandin injections, 14 days apart, with the second injection given 14 days prior to 

the start of Ovsynch.  This protocol minimizes the number of days per week on which 

injections are given, avoids weekend chores, and places all prostaglandin injection on the 

same day of the week.  A modification in which the first two prostaglandin injections are 

given on Wednesday of week 1 and 3 could be utilized and may have advantages. 

PGF2ά = prostaglandin F2alpha, GnRH = gonadotropin-releasing hormone, TAI = Ttmed 

artificial insemination.   

 

 

227



  

 

Figure 4. 

 SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SAT 

Week 1  PGF2ά  GnRH    

Week 2   GnRH     

Week 3   PGF2ά  GnRH TAI (16-

20 hours 

post 

GnRH) 

 

 

Figure 4:  Injection calendar for a modified G6G protocol.  G6G shortens the lead time 

prior to insemination compared to Pre-Synch Ovsynch, but has the disadvantage of 

having assigned chores related to the protocol on more days of the week. Scheduling to 

avoid weekend chores may be more complicated with this protocol. 

PGF2ά = prostaglandin F2alpha, GnRH = gonadotropin-releasing hormone, TAI = timed 

artificial insemination.   
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Figure 5. 

 SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SAT 

Week 1      MGA 

(first 

day) 

MGA 

Week 2 MGA MGA MGA MGA MGA  

(last day) 

 

PGF2ά 

  

Week 3  GnRH       

Week 4  PGF2ά  GnRH and 

TAI (60 

hours after 

PGF2ά) 

   

Week 5        

Week 6        

 

Figure 5:  Treatment calendar for MGA 7-11 Synch with TAI.  MGA feeding begins on 

day 0, and is discontinued on day 7.  Prostaglandin injections are given on day 7, and 

followed on day 11 with GnRH injections.  On day 18, prostaglandin is injected to end 

the luteal phase, and GnRH is injected and cows are inseminated at 60 hours following 

the prostaglandin injection.  Variations eliminating the last GnRH injection utilize heat 

detection and breeding based on the signs of estrus.  
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MGA = melengestrol acetate incorporated into feed, PGF2ά = prostaglandin F2alpha, 

GnRH = gonadotropin-releasing hormone, TAI = timed artificial insemination.   
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Table 1. 

Class Drug Trade Name Route of 

Adminstration 

Manufacturer 

Progestatational 

agents 

 

 

 

 

Melengestrol 

acetate 

 

 

Progesterone 

MGA® 

 

 

 

Eazi-Breed 

CIDR® 

Oral  

 

 

 

Intravaginal 

pessary 

Pfizer 

 

 

 

Pfizer 

Prostaglandin 

F2ά and 

analogs 

Dinoprost 

tromethamine 

 

 

Cloprostonol 

Lutalyse® 

 

 

 

Estrumate ® 

Intramuscular 

injection 

 

 

Intramuscular 

injection 

Pfizer 

GnRH agonists Gonadorelin 

diacetate 

tetrhydrate 

 

 

 

 

 

Cystorelin® 

 

Ovacyst® 

 

 

 

 

 

Intramuscular 

injection 

Intramuscular 

injection 

 

 

 

 

Merial 
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Gonadorelin 

hydrochloride 

 

Factrel® 

 

 

 

 

Intramuscular 

injection 

 

Fort Dodge 

Animal 

Health 

 

Table 1:  Commercially available products used to manipulate the estrous cycle of cattle. 
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