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A study was conducted to determine the effect of the milk

ejection reflex on exogenous gonadotropin releasing hormone (GnRH)-

induced release of luteinizing hormone (LH) after short term calf

removal. Twenty-four postpartum multiparous beef cows were assigned

3

randomly to groups arranged in a 2 factorial design to be either

suckled (S) or nonsuckled (NS) and treated with saline (C) or GnRH.

Calves were isolated from their dams for 4 hours on days 1 and 14

postpartum. At the end of 4 hours, calves were reunited with their

dams in the S+C and S+GnRH groups while calves of dams in the NS+C and

NS+GnRH groups remained separated an additional 2 hours. Cows were

injected intravenously with saline or 200 ug GnRH following the 4 hour

isolation period; 5 minutes after calves had begun suckling. Sera

from jugular blood samples collected 15 minutes prior to the end of

the 4 hour isolation period, immediately prior to injection (0 hour)



and at 15 minute intervals thereafter for 120 minutes were analyzed

for LH.

Serum concentrations of LH in control cows did not differ due to

suckling or stage of the postpartum period and averaged 2.3 + .1

ng/ml. Pituitary response to GnRH was determined by computing the

quantity of LH released in 120 minutes. Quantity of LH released (ng

-1 -1

LH ml min ) in response to GnRH on day 14 was greater (P<.001)

than that released on day 1 in both suckled and nonsuckled cows

(S+GnRH, 37.1 + 3.9 vs 18.3 + 5.0; NS+GnRH, 34.7 + 5.9 vs 14.5 + 1.1).

However, GnRH-induced release of LH did not differ between suckled and

nonsuckled cows on either day 1 or 14 postpartum. These data indicate

that response of the bovine pituitary to GnRH during the postpartum

period is not influenced by the act of suckling but is enhanced with

time after parturition.
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GONADOTROPIN RELEASING HORMONEINDUCED

SECRETION OF LUTEINIZING HORMONE DURING THE

MILK EJECTION REFLEX IN THE POSTPARTUM BEEF COW

REVIEW OF LITERATURE

Introduction

It is well established that calving intervals greater than 12

months in duration result in a substantial economic loss to the

producer. Length of the postpartum anestrous period has been

recognized as the most critical variable affecting the maintenance of

am optimal calving interval. Wiltbank (1970) reported that failure of

cows to cycle early in the breeding season is the primary cause of

poor reproductive performance and late calving. Thus, it is not

suprising that this reproductive stage in the life of the cow has been

extensively studied during the past two decades. Research has been

conducted to acquire knowledge of the hormonal and physiological

characteristics of the postpartum cow subjected to various

enviromental or management conditions and hormonal treatments.

Results of this research suggest that environmental conditions have a

marked effect on the physiology and endocrinology of the postpartum

cow. In particular, it has been demonstrated that nutrition (Wiltbank

and Cook, 1958; Dunn et al., 1969; Rutter and Randel, 1984) and

suckling intensity by the calf (Wettemann et al., 1978; Reeves and



Gaskins, 1981; Walters et al., 1982b) are major factors contributing

to the length of the postpartum anestrous period. The precise manner

in which these environmental factors control the length of the

postpartum period is not clearly understood, but some evidence

suggests that their effects are mediated through altered secretion of

hormones (Radford et al., 1978).

The following review of literature will focus on endocrine

characteristics of the postpartum cow and how these characteristics

are affected by suckling. Information pertaining to other species

will be presented when relevant and necessary.



Hormone Secretory Patterns During

the Postpartum Period

Pituitary Hormones

Luteinizing Hormone. Serum luteinizing hormone (LH)

concentrations are relatively constant through late pregnancy and

parturition (Ingalls et al., 1973), but Schams et al. (1972) suggested

that transitory increases in LH secretion may occur during late

pregnancy. Episodic increases in systemic LH concentrations occur

after parturition (Schams et al., 1972; Echternkamp and Hansel, 1973;

Arije et al., 1974) and with greater frequency 2 to 3 weeks prior to

the first postpartum estrus (Goodale et al., 1978; Stevenson and

Britt, 1979; Walters et al., 1982a; Humphrey et al., 1983). In

accordance with the episodic release of LH, serum concentrations of

this gonadotropin double between days 5 and 9 postpartum (Ingalls et

al., 1973; Echternkamp and Hansel, 1973) and continue to increase

until at least 30 days postpartum (Edgerton and Hafs, 1973; Kesler et

al., 1977; Fernandes et al., 1978). The first preovulatory LH peak

occurs between 6 to 46 days postpartum (Schams et al., 1978), with

ovulation occurring 24 to 36 hours later (Arije et al., 1974). Cows

ovulating between days 9 and 14 postpartum have been reported to

release greater quantities of LH during the ovulatory surge than cows

that ovulated between days 15 and 20 or after day 30 postpartum

(Stevenson and Britt, 1979). It therefore seems reasonable to

consider LH a limiting factor in the resumption of cyclic behavior in



cattle following parturition.

The interval from parturition to when systemic concentrations of

LH begin to increase is mediated at least in part by the suckling

status of the cow. Plasma LH concentrations during the first 30 days

postpartum are usually less in suckled than in nonsuckled cows

(Radford et al., 1978). Peters et al. (1981) reported that serum LH

concentrations began to rise about 2 weeks postpartum in milked cows,

but remained low for an extended period in suckled cows. These

findings suggest the postpartum inhibition of LH is primarily due to a

suckling mediated response. Carruthers and Hafs (1980) reported that

milking frequency in nonsuckled cows did not affect serum levels of LH

or average interval to first postpartum ovulation, but suckled cows

that were also milked displayed a 50% reduction in serum LH

concentrations and an anestrous period that was nearly double that of

the controls. In agreement with these latter observations, Smith et

al. (1983) demonstrated that following 24 hour calf removal, cows

reunited with their calves released less LH in response to

gonadotropin releasing

separated an additional 8

Numerous researchers establish the mechanism by

which suckling inhibits the postpartum period by

examining pituitary LH concentration and release. Pituitary LH

concentrations have been observed to increase during the first 30 days

postpartum (Saiduddin et al., 1968; Wagner and Hansel, 1969) and

coincide with the increased basal serum levels of LH observed during

this period in other studies. In vitro studies have shown that

hormone (GnRH) than

hours.

have attempted to

LH release during

cows that remained
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pituitaries of nonsuckled cows release more LH in response to GnRH

than do those of suckled cows (Carruthers et al., 1980; Walters et

al., 1982b). Walters et al. (1982b) also demonstrated that the in

vitro increase in pituitary responsiveness to GnRH occurred by 24

hours postweaning but did not increase further as duration of weaning

increased, suggesting that increases in basal serum LH levels are due

to increased pulsatile GnRH release. This decreased ability of the

pituitary of suckled cows to respond to GnRH in vitro was not

explained by changes in hypophyseal LH concentration. Carruthers

al. (1980) reported that the sucklinginduced decrease in serum LH

levels was not reflected by a reduction in hypothalamic luteinizing

hormone releasing hormone (LHRH, which is also synonomous with GnRH)

content or pituitary LH. Thatcher and Tucker (1968) reported similar

findings with rats; increased litter size resulting in increased

nursing intensity did not significantly alter pituitary LH content.

However, Culler et al. (1982) suggested that suckling stimuli may

cause a reduction in the release of LHRH from the hypothalamus or an

alteration in the pituitary sensitivity to LHRH. Because pituitary

concentration of LH is similar in suckled and weaned cows (Graves et

al., 1968; Saiduddin et al., 1968; Carruthers et al., 1980; Walters et

al., 1982b), the increased responsiveness to GnRH in weaned cows is

probably due to an increase in "releasable" LH (Stelmasiak and

Cumming, 1977). Increased release of LH observed to occur in weaned

cows may be a result of increased numbers of GnRH receptors in the

pituitary (Walters et al., 1982b). In rats increased GnRH receptors

has been shown to coincide with an increase in the releasable pool of
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LH (Pickering and Fink, 1979). Amount of LH in the releasable pool has

been observed to be greatest just prior to the ovulatory surge of LH

in the ewe (Stelmasiak and Cumming, 1977).

Although the in vitro pituitary response of suckled cows to GnRH

is reduced, administration of GnRH to postpartum cows (suckled or

weaned) causes a release of LH (Webb et al., 1977; Echternkamp, 1978;

Fernandes et al., 1978), but this release is of short duration.

Administration of small intermittent doses of GnRH stimulates normal

episodic release of LH that has been shown to cause suckled cows to

cycle earlier than suckled controls, but later than weaned controls

(Walters et al., 1982c). These results support the hypothesis that

suckling inhibits LH release by supressing GnRH release from the

hypothalamus, but demonstrates that replacement therapy cannot

completely override the effects of suckling. Fernandes et al. (1978)

injected GnRH into five different groups of dairy cows at 3, 10, 20,

30 or 40 days postpartum. Treatment resulted in an increased LH

release at 10 and 20 days, whereas the quantity of LH released at 30

and 40 days was intermediate between the release observed at 10 and 20

days. This decrease in LH release was not explained. However, this

study did demonstrate that exogenous GnRH was more effective in

stimulating LH release at 20 days postpartum than near the time of

parturition, suggesting the suckling-induced inhibition of LH release

decreases with increased time from parturition.

Follicle Stimulating Hormone. Follicle stimulating hormone (FSH)

appears to have a less important role than LH in resumption of cyclic

behavior following parturition. Literature pertaining to postpartum
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FSH levels in the cow is limited.

Prior to parturition, serum concentrations of FSH in the cow were

low and remained low until 1 to 5 days postpartum (Lamming et al.,

1981). This observation is similar to that reported for LH levels and

is likely the result of negative feedback of progesterone secretion

prior to parturition. Pituitary FSH concentrations have been observed

to be greatest at parturition and decline from 1 to 20 days postpartum

(Labhsetwar et al., 1964; Saiduddin et al., 1968; Wagner and Hansel,

1969). However, Foote (1971) demonstrated that ovariectomized cows

had the greatest pituitary FSH concentration at 22 days postpartum.

This suggests some ovarian hormone, possibly inhibin, is limiting FSH

release from the pituitary. Steroid-free porcine follicular fluid,

believed to contain inhibin, has been reported to reduce pituitary FSH

secretion without affecting LH secretion in male rats (Lorenzen et

al., 1981) and to suppress FSH levels in pituitary cell cultures from

female rabbits (Goodman, 1984).

The decrease in pituitary concentrations of FSH observed in

milked postpartum dairy cows corresponds to increased plasma levels of

this gonadotropin (Dobson, 1978) and early postpartum follicular

development. By day 10 postpartum FSH release from the pituitary

following GnRH treatment is similar to that observed during normal

estrous cycles (Schams et al., 1974). However, the FSH released in

response to GnRH at 10 and 20 days postpartum is less than that

observed for LH.

Suckling has been demonstrated to have no effect on pituitary FSH

concentrations in dairy cows, but pituitaries from suckled cows
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released less FSH in response to GnRH in vitro than did those from

weaned cows (Carruthers et al., 1980). Walters et al., (1982b)

demonstrated that at 22 days postpartum weaned beef cows had higher

serum FSH levels than did their suckled counterparts. However, these

high levels did not increase further as duration of weaning increased,

which is similar to observations of GnRH-induced release of LH

following weaning. Williams et al. (1982) also utilized beef cows and

found no difference between basal concentrations of FSH in suckled and

weaned cows, but this may have been due to a short control period

prior to GnRH treatment. Therefore, extended anestrous intervals due

to suckling does not appear to be mediated through altered FSH

secretion.

Prolactin. Secretion of prolactin (Prl) is affected by,

environmental factors, especially temperature (Wettemann and Tucker,

1974; Tucker and Wettemann, 1976; Peters and Tucker, 1978) and

photoperiod (Peters and Tucker, 1978). Suckling and milking have also

been demonstrated to induce the release of Prl in the cow (Fell et

al., 1971; Karg and Schams, 1974) and other species.

Serum levels of Prl have been found to be relatively low during

late gestation, reach a peak level a day before parturition and then

decline and fluctuate widely the first 21 days postpartum (Arije et

al., 1974). Humphrey et al. (1983) reported that serum Prl levels

tended to decrease at the first postpartum estrus in suckled beef

cows. In contrast, Arije et al. (1974) reported low serum levels of

Prl from 30 days postpartum until near estrus when serum levels

increased 3 days prior to estrus and remained high until 2 days



following estrus. Similar observations of increased serum Prl levels

at estrus have been reported in other studies involving cattle

(Swanson and Hafs, 1971; Wettemann and Hafs, 1973). It is likely that

the increased secretion of Prl at estrus is due to ovarian production

of estrogen because this steroid has been shown to stimulate the

release of this hormone in dairy cows (Schams and Karg, 1972).

Furthermore, increased levels of Prl have been reported to act in a

stimulatory synergistic fashion, with estradiol to promote progesterone

production in cultured porcine granulosa cells (Velhuis and Hammond,

1980). These latter data suggest that estrogen-induced secretion of

Prl at estrus may be important in transforming granulosa cells of the

ruptured follicle into functional luteal cells.

Because suckling and milking affect Prl release, many researchers

believed Prl was involved in controlling the length of the anestrous

period. Pituitary concentration of Prl was lower in postpartum

suckled cows than weaned cows (Riesen et al., 1968). This observation

may be due to the frequent suckling-induced secretion of Prl and the

consequent depletion of pituitary Prl concentration. However, these

investigators reported pituitary concentration of Prl did not change

dramatically with resumption of estrous activity. Plasma Prl levels

have been shown to be similar in cows suckling one or two calves, but

milk concentrations of Prl were significantly higher in cows suckling

two calves (Wheeler et al., 1982). This may be due to increased milk

synthesis and active uptake of Prl by the mammary gland.

Nevertheless, the higher milk Prl concentrations observed in cows

suckling two calves was not correlated with the postpartum interval to
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first ovulation (Wheeler et al., 1982). Furthermore, suppression of

Prl secretion by treatment with bromocryptine (an inhibitor of Prl

secretion) has failed to shorten the postpartum interval in suckled

heifers (Williams and Ray, 1980).

The pattern of Prl secretion appears to differ between milked and

suckled cows. Lamming et al. (1981) found that Prl secretion declined

linearly up to day 25 postpartum in suckled cows, but in milked cows

the decrease was more gradual. Between 25 and 90 days postpartum

serum Prl concentrations remained significantly higher in milked cows

than in those suckling calves. In agreement with the observations of

Wheeler et al. (1982), these investigators found no correlation

between Prl concentrations in cows of either group and the length of

the postpartum anestrous period. In contrast, the data of Lamming et

al. (1981) are in conflict with those of Hart et al. (1975) who

reported higher serum levels of Prl in suckled than in milked beef

cows. However, these high levels of Prl may have been stress-induced.

Ability of dairy cows to release Prl in response to machine milking

was reportedly inhibited by housing cows with their calves during the

first week postpartum, but removal of the calf allowed normal release

of Prl during the remainder of lactation (Akers and Lefcourt, 1984).

The reason why presence of the calf resulted in a suppression of Prl

secretion is not known, but again, frequent suckling-induced release

of Prl may have resulted in depletion of pituitary Prl reserves.

However, Carruthers and Hafs (1980) found no difference in serum Prl

levels between dairy cows that were milked twice daily or those milked

twice daily and suckled when sampled on days 7 and 14 postpartum.
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Their data suggest that hyperprolactinemia caused by milking is not

exaggerated by the presence of the calf and suckling. Collectively,

the results of these experiments and others have demonstrated that Prl

concentrations in blood serum or milk vary according to type and

degree of milk removal and appear to have no effect on the length of

the postpartum anestrous interval.

Oxytocin. The role of oxytocin in causing milk ejection was first

proposed by Ely and Peterson (1941) and subsequently confirmed by

numerous investigators (Denamur, 1965; Bisset, 1981). Because

oxytocin is released at each milking (Momongan and Schmidt, 1970) or

suckling period (Folley and Knaggs, 1966) and lactation is a major

factor that has been implicated with postpartum anestrous, it has been

repeatedly suggested that oxytocin plays a role in controlling the

length of this period.

Release of oxytocin has been observed to decline with increased

time from parturition (Momongan and Schmidt, 1970) coinciding with the

increased estrous activity observed as the postpartum period advances.

It might be presumed, therefore, that oxytocin inhibits release of

gonadotropins during the early postpartum period. Oxytocin also

causes contractions of the uterus that are important in hastening

uterine involution during the postpartum period (Kiracofe, 1980).

Suckling has been reported to promote uterine involution (Casida,

1968; Riesen et al., 1968) as would be expected due to the nursing-

induced release of oxytocin. On the other hand, limited suckling or

weaning shortens the postpartum anestrous period (Wiltbank and Cook,

1958; Carter et al., 1980; Walters et al., 1982b). Therefore, if
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oxytocin is inhibitory to postpartum gonadotropin release, a decline

in the secretion of this neuropeptide would be unfavorable because of

reduced uterine involution. It has not been definitely established

that oxytocin interferes with gonadotropin secretion and this topic

has not yet been a major focus of research. However, Fletcher (1973)

conducted a study in which return to estrus was determined for suckled

and nonsuckled ewes compared with those subjected to restricted

suckling or those nonsuckled and injected with oxytocin 10 times daily

for 17 days. Nonsuckled ewes returned to estrus sooner than suckled

ewes, but those receiving oxytocin returned to estrus earlier than did

suckled or nonsuckled ewes. These data suggest that oxytocin does not

inhibit the return to cyclic behavior but may actually accelerate the

return to estrous when administered to mimic suckling-induced release

of the hormone.

Although oxytocin released independent of suckling or as a result

of suckling does not appear to extend the length of the postpartum

anestrous period, it may have detrimental effects on luteal

development or function. Administration of oxytocin inhibits luteal

function in cattle (Armstrong and Hansel, 1959; Anderson et al., 1965;

Harms et al., 1969), as demonstrated by its ability to stimulate the

uterine release prostaglandin Fla in heifers (Sharma and

Fitzpatrick, 1974) and in estrogen-primed anestrous ewes (Newcomb

al., 1977). Prostaglandin Fla has been shown to be luteolytic in the

cow (Lauderdale, 1972; Rowson et al., 1972; Inskeep, 1973; Hafs et

al., 1974; Thatcher and Chenault, 1976). Early hypotheses suggested

that suckling-induced secretion of oxytocin during the postpartum
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period may be responsible for the short cycles observed by many

researchers following the first postpartum ovulation. However, it has

been demonstrated that cows weaned early displayed a reduced interval

to first estrus, an increased incidence of short cycles, and required

more services to conception than did their suckled counterparts

(Carter et al., 1980; Walters et al., 1982c). Like Prl, there does

not seem to be convincing experimental evidence for a role of oxytocin

in regulating release of gonadotropins during the postpartum interval.

Ovarian Hormones

Estrogens. There are a number of estrogens produced by the

ovary and placenta; estrone (E ), estradio1-17B (E ) and estriol (E )
1 2 3

are reportedly the primary forms. Literature pertaining to the

postpartum period primarily consider the most biologically active and

prominent E , followed by E .

2 1

Total serum levels of estrogen are high during pregnancy of the

cow (Arije et al., 1974), and consist primarily of 90% estrone and

about 10% estradiol (Humphrey et al., 1983). Total serum estrogen

levels increase markedly during the last 2 weeks of gestation (Arije

et al., 1974), but at this time estradiol becomes the dominant form

present (Echternkamp and Hansel, 1973). The reason for this change in

the ratio of E to E from gestation to parturition is not understood,
1 2

but might involve increased activity of placental 17 -hydroxysteroid

dehydrogenase, which catalyzes the conversion of estrone to estradiol.

Following peak levels attained at parturition both E and E decline

2 1
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rapidly with serum levels reduced by as much as 50% on the day after

parturition (Echternkamp and Hansel, 1973; Arije et al., 1974;

Humphrey et al., 1983). Humphrey et al. (1983) observed a serum E
1

peak between days 7 and 15 postpartum. There has been no

physiological role attributed to this peak, although it may coincide

with the first postpartum increase in LH secretion. Fluctuations in

serum E levels have also been reported by Echternkamp and Hansel

2

(1973) and Stevenson and Britt (1979). These researchers attributed

variations in basal E levels to the variable follicular growth and

2

atresia that occurs during the preovulatory postpartum period (Morrow

et al., 1966). Total serum estrogen levels remain low until 2 to 5

days prior to estrus at which time they begin to rise to reach maximal

concentrations on the day of estrus (Echternkamp and Hansel, 1973;

Arije et al., .1974; Stevenson and Britt, 1979; Humphrey et al., 1983).

These increased estrogen levels during estrus have long been thought

to be responsible for inducing the ovulatory surge of LH.

It is possible that the extremely high levels of estrogens near

the time of parturition may affect the pituitary's ability to release

gonadotropins, possibly causing it to become refractory to stimulation

by GnRH. To study the effects of long-term elevations of estrogens on

the hypothalamo-hypophyseal axis of cows, Azzazi et al. (1983)

administered estrogen and GnRH for 7 days beginning on the day of

parturition. Exogenous estrogen first stimulated, then inhibited

GnRH-induced LH release until day 16 postpartum. Thereafter, the rate

of increase in GnRH-induced LH release was greater in treated than in

control cows. These results suggest that high levels of estrogen
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observed near parturition may indeed cause the pituitary to be

refractory or unable to respond to GnRH stimulation for approximately

2 weeks postpartum. This is consistent with the observation that the

response to GnRH increases with time from parturition. After this

refractory period it appears that reduced endogenous estrogen levels

in the postpartum cow may be responsible for decreased gonadotropin

secretion. If this premise is true then administration of estrogens

after 16 days postpartum should shorten the anestrous interval. In

fact, Foote and Hunter (1964) demonstrated that a single injection of

estrogen on day 25 postpartum resulted in significantly shorter

intervals to uterine involution, ovulation and estrus. Subsequently,

Foote (1971) demonstrated that a single injection of estrogen as early

as day 12 postpartum was also effective in reducing the interval

first ovulation and first estrus with ovulation. Administration of

estrogen on both days 12 and 17 postpartum did not further reduce the

postpartum anestrous interval. Although the interval to conception

for estrogen-treated cows was shortened it was not significantly

different from that of untreated control cows. Therefore, some

additional factor appears to be inhibiting the cow's ability to

conceive following early services. Nevertheless, these results

suggest that a single injection of estrogen can be effective in

reducing the interval to first ovulation and first estrus with

ovulation.

Experiments have also been conducted to determine the effects

suckling on the postpartum serum levels of estrogen and the action of

this steroid. Acosta et al. (1983) demonstrated that heifers that
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were ovariectomized and treated with an implant of estradio1-176 and

subsequently weaned had greater serum LH concentrations than heifers

that received the same treatment and were suckled, ovariectomized and

weaned or ovariectomized and suckled. These researchers hypothesized

that early weaning may reduce the sensitivity of the hypothalamus to

the negative feedback effect of estrogen and also increase the

sensitivity of the pituitary to GnRH, resulting in the higher serum LH

concentrations observed

Conflicting data exist,

in the estrogen-treated,

however, because other

presented evidence to suggest that the interaction

estrogen is not important in

anestrous interval. Carter

number of large follicles

weaned heifers.

researchers have

of suckling and

controlling the length of the postpartum

et al. (1980) reported that although the

were greater in nonsuckled than

cows, the serum estrogen concentrations were similar in both

Because serum estrogen concentrations have been observed to be

suckled

groups.

similar

in suckled and nonsuckled cows, it is difficult to accept estrogen as

a factor controlling the anestrous interval. Nevertheless, additional

research should be conducted with intact animals to determine if

suckling can enhance the ability of estrogen to inhibit GnRH release

from the hypothalamus during the postpartum period.

Opiate Peptides

Opioids. It has been known for many years

synthetic opioid alkaloids such as morphine

secretions in mammals (Millan and Herz, 1985).

that administration of

would alter pituitary

After the discovery of
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specific opioid receptors in the neurohypophysis (Simantov and Snyder,

1977), numerous researchers attempted to elucidate the role of opioids

in regulating endocrine function. Apparently, endogenous opioid

peptides affect hypophyseal secretion similar to that of synthetic

opioids. The cells containing opioids have been classified into three

basic types: those containing 3-endorphin, methionine-enkephalin, or

dynorphin. This distinction is made by the possession of separate

biosynthetic precursors for 13-endorphin, methionine-enkephalin and

dynorphin that are proopiomelanocortin (POMC), proenkephalin A, and

proenkephalin B or prodynorphin, respectively (Millan and Herz, 1985).

Specifically, f3-endorphin secreting cell bodies are found within the

arcuate nucleus and anterior and intermediate lobes of the pituitary;

enkephalin secreting cell bodies are located in the arcuate and

magnocellular nuclei, and anterior and intermediate lobes of the

pituitary; and, dynorphin secreting cell bodies are located in the

arcuate and magnocellular nuclei, and the anterior lobe of the

pituitary (Millan and Herz, 1985). Suprisingly, methionine-enkephalin

and leucine-enkephalin have been observed in oxytocin secreting

neurons, and leucine-enkephalin and dynorphin have been observed in

vasopressin secreting neurons of the magnocellular nuclei

neurohypophyseal axis ( Millan and Herz, 1985). These data indicate

that opioids are not restricted to specialized cells, but may be

secreted from common neurosecretory cells. Bloom (1983) concluded

that neurons containing these opioid neuropeptides probably only

affect those cells adjacent to their axonal projections.
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Numerous investigators have reported that endogenous and

exogenous opiates suppress the release of LH ( Cicero et al., 1976;

Kalra and Simpkins, 1981; Bruni et al., 1982). Opioids may decrease

LH secretion by modifying the binding of GnRH to its receptor in the

adenohypophysis (Barkan et al., 1983). Opioid alteration of GnRH

function appears to also occur in other sites including the medial

preoptic and arcuate-median eminence regions of the hypothalamus

(Grandison et al., 1980; Kalra, 1981; Schulz et al., 1981; Panerai et

al., 1983). In fact, Rotsztejn et al. (1982) reported evidence for

the existence of opioid-binding sites on GnRH neurons in the

mediobasal hypothalamus of rats. In addition, opioid-induced

reductions in dopamine may be important in the control of GnRH release

(Millan and Herz, 1985). The effects of opioids on GnRH release may

be mediated through a single or any combination of these sites.

Administration of 200 mg naloxone (an opioid antagonist) to

anestrous beef cows at 48 days postpartum, which had their calves

removed at the beginning of the sampling period, resulted in increased

serum LH and cortisol concentrations (Whisnant et al., 1986). These

researchers concluded that opioids were affecting LH secretion in the

postpartum cow. This hypothesis was further supported by the

observation of axon terminals in the bovine neurointermediate lobe

that stained for methionine-enkephalin as well as oxytocin

(Vanderhaegen et al., 1983). This suggests that oxytocin and

methionine-enkephalin may be released together in response to suckling

stimuli. Malven et al. (1986) measured opioid concentrations in

tissues of the preoptic area, hypothalamus, pituitary stalk-median
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eminence and pituitary intermediate lobe at 0, 36 and 72 hours

following calf removal at 5 weeks postpartum. Opioids measured

included: methionine-enkephalin, -endorphin, dynorphin-A 1-17 and

dynorphin-A 1-8. After weaning, the weight of the neurointermediate

lobe increased between 0 and 36 hours and the concentrations of LHRH,

methionine-enkephalin, and dynorphin-A 1-17 in the combined preoptic

area and hypothalamic tissue increased between 36 and 72 hours. These

increased tissue levels observed at 72 hours could reflect less

secretion and(or) turnover of these peptides. Although the weight of

the neurointermediate lobe increased after weaning, no increase in the

concentration of any of the neuropeptides was detected in this tissue.

In addition, the concentration of LHRH in the pituitary stalk-median

eminence and the amount of LHRH released from superfused pituitary

stalk-median eminence did not change after early weaning. This

indicates that GnRH synthesis was not inhibited, but rather inhibition

of its release or ability to stimulate LH release was more probable.

Although Malven et al. (1986) did not elucidate the mechanism or

specific opioids involved, they did provide evidence to suggest that

opioid neuropeptides are involved in the suckling-induced suppression

of postpartum LH secretion. Additional research should be conducted

to further establish the role of these neuropeptides in the control of

the postpartum anestrous period.
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STATEMENT OF THE PRESENT PROBLEM

Under the current economic conditions it is most beneficial to

for cows to calve on a yearly basis. Heifers calving for the first

time at 2 years of age are of special concern because they usually

experience a longer postpartum interval than mature cows. Even when

heifers are bred to calve prior to the multiparous cows in the herd,

thus ensuring them a longer rest period prior to breeding, the

extended anestrous interval often prevents conception from occurring

during the regular breeding season. Dziuk and Bellows (1983) reported

that net calf crop, the number of calves weaned as a percentage of

total cows exposed in the breeding season, is approximately 70%.

These researchers concluded that failure of cows to become pregnant

ranked first among causes for reduced net calf crop. However, this

may also be the result of failure to maintain pregnancy as the result

of early embryonic mortality. Shortening the length of the postpartum

anestrous interval would be the most practical method for assuring the

opportunity for conception to occur within a planned breeding season

and hence maintain a yearly calving interval.

Generally it is recognized that suckling as opposed to weaning

delays the return to estrus in conjunction with ovulation. Numerous

hormonal treatments and management techniques have been employed in an

attempt to elucidate the factor(s) associated with suckling that are

responsible for extending the duration of the anestrous period.

Although significant knowledge has been acquired, there are currently

no acceptable treatments or practices to effectively reduce the
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postpartum anestrous interval.

Since the initial reports that secretion of LH was lower for an

extended period following parturition in suckled as compared with

nonsuckled cows, researchers have attempted to delineate the causes

for the suckling-induced reduction in serum LH levels. However, data

to explain why LH levels remain low for a longer period in suckled

cows are equivocal. Experimental evidence indicates that GnRH is not

limiting during the anestrous period and apparently neither is the

pituitary concentration of LH. It is possible some factor released by

higher centers of the brain in association with the act of suckling

may interfere with the ability of GnRH to stimulate secretion of LH or

inhibit LH secretion from the pituitary. Suprisingly, limited

information has been collected pertaining to the direct effect of

suckling and milk let-down on response of the pituitary to GnRH. The

objective of the following experiment was to measure the acute effect

of suckling and the resulting milk ejection reflex on GnRH-induced LH

release in the postpartum beef cow.
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EXPERIMENT: GONADOTROPIN RELEASING HORMONE-INDUCED SECRETION OF

LUTEINIZING HORMONE DURING THE MILK EJECTION REFLEX

IN THE POSTPARTUM BEEF COW

Introduction

Length of the postpartum anestrous period has been recognized as

the most critical variable affecting the maintenance of an optimum

calving interval. Suckling intensity of the calf (Wettemann et al.,

1978; Randel, 1981) has been demonstrated to be a major factor

contributing to the length of this reproductive stage of the cow.

Although the precise manner by which suckling prolongs the postpartum

period is not clearly understood, some evidence suggests that ovarian

inactivity may be due to reduced secretion of gonadotropins (Radford

et al., 1978).

Secretion of luteinizing hormone (LH) in the postpartum cow

appears to be dictated in part by the frequency of suckling. Serum LH

levels of ovariectomized heifers suckled twice daily were not

significantly different from those of ovariectomized heifers suckled

ad libitum (Echternkamp, 1978). In contrast, once daily suckling has

been shown to result in a shorter postpartum anestrous interval

(Randel, 1981; Reeves and Gaskins, 1981) and an increased pituitary

response to exogenous gonadotropin releasing hormone (Troxel et al.,

1980). More drastic reductions in suckling frequency, such as 48 hour

calf removal (Smith et al., 1977) or early weaning (Bellows et al.,

1974; Carruthers et al., 1980; Walters et al., 1982b) also resulted in
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elevated serum levels of LH and a shorter postpartum interval.

Suckling-induced suppression of LH secretion may not only be provoked

by stimulation of the mammary gland but may also be due in part to a

neuroendocrine mechanism triggered by the presence of the calf.

Peters et al. (1981) reported that serum LH concentrations began to

rise about 2 weeks postpartum in milked cows, but remained low for an

extended period in suckled cows.

Treatment of suckled cows with gonadotropin releasing hormone

(GnRH) to cause the release of LH and reduce postpartum anestrous has

been attempted with limited success (Echternkamp, 1978; Fernandes et

al., 1978; Carter et al., 1980; Troxel et al., 1980; Smith et al.,

1983). Administration of small intermittent doses of GnRH to mimic

endogenous pulsatile GnRH release and hence episodic release of LH has

been shown to cause suckled cows to cycle earlier than suckled

controls, but later than weaned controls (Walters et al., 1982c).

These observations suggest that inhibition of LH release in suckled

cows may be due in part to a suppression of GnRH secretion.

The act of suckling is known to have an immediate effect on the

hypothalamo-hypophyseal system by invoking the milk ejection reflex.

Research to determine whether the act of suckling or the milk ejection

reflex affects LH release through modification of the function of

higher centers in the brain has not yet been conducted. The purpose

of this study was to measure the direct effect of suckling or the milk

ejection reflex on exogenous GnRH-induced LH release following short

term calf removal on days 1 and 14 postpartum.
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Materials and Methods

Experimental Design. Twenty-four postpartum multiparous Simmental

x Hereford cows were assigned randomly to four groups (n=6) in an

3

experiment of 2 factorial design. Groups and treatments (table 1)

were as follows: group 1, suckled control (S+C); group 2, suckled+GnRH

(S+GnRH); group 3, nonsuckled control (NS+C) and group 4,

nonsuckled+GnRH (NS+GnRH). Calves were removed from all cows and

isolated from the dam for 4 hours on each of days 1 and 14 postpartum.

After this isolation period each calf was reunited with its dam in the

S+C and S+GnRH groups and allowed to nurse for 5 minutes to permit the

stimulation of the milk ejection reflex. The cows in the S+C and

S+GnRH groups then received an intravenous injection of either saline

or GnRH (200 ug), respectively. A dose of 200 ug of GnRH was chosen

based upon the results of Webb et al. (1977), Echternkamp (1978) and

Fernandes et al. (1978). Animals in the NS+C and NS+GnRH groups were

treated similarly except the calves were kept separated for an

additional 2 hours following the initial 4 hour isolation period. To

assess changes in serum LH, jugular blood samples were collected 15

minutes prior to the end of the 4 hour calf isolation period, at the

end of the isolation period (0 minute), and at 15 minute intervals for

120 minutes. All samples were collected between 1100 and 1700 hours.

Injection and sampling regimens are displayed in figure 1. Upon

completion of the 2 hour sampling period the cow and calf were placed

in a lot and allowed to remain together until day 14 postpartum when

the treatment was repeated.
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Table 1. Treatment groups, number of cows, suckling status and

injections utilized on day 1 and 14 postpartum.

EXPERIMENTAL DESIGN

Group No. of Cows Status Injection

S+C 6 suckled saline
S+GnRH 6 suckled GnRH
NS+C 6 nonsuckled saline

NS+GnRH 6 nonsuckled GnRH
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17---Separate Calf Replace Calf In S+C & S+GnRH Groups

4 h Isolation Period

I
Inject: S+ & NS+GnRH Groups With GnRH

S+C & NS+C Groups With Saline

-115 0 ' 15 30 45 60 75 90 105 120 min

Replace Calf In NS+C & S+GnRH Groups

Figure 1. Calf separation and replacement regimens, and time

injections were administered and blood samples were

collected.
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Radioimmunoassay. Blood samples (10 ml) were stored at 4 C for 48

hours and subsequently centrifuged at 500 x 2. for 10 minutes. The

resulting serum was harvested and stored at -20 C until assayed for LH

by use of radioimmunoassay as previously validated in our laboratory

by McCarthy and Swanson (1976). Serum LH concentrations were

determined for all samples in six assays. The intra- and interassay

coefficients of variation were 4.47 and 10.77%, respectively. The

sensitivity of the assay was .5 ng/tube (P<.05).

Statistical Analysis. Pituitary response to GnRH was determined

by computing the quantity of LH released with a linear interpolation

between sampling times and subtraction of basal treatment levels of

gonadotropin. The resulting values were divided by 120 minutes to
-1

yield the quantity of LH released in response to GnRH (ng LH

-1

min ). These data were subjected to split-plot analysis of

variance (Steel and Torrie, 1980).

Results

Administration of GnRH to suckled and nonsuckled cows on day 1 or

14 postpartum provoked increased secretion of LH, with peak serum

concentrations occurring from 105 to 120 minutes postinjection.

Secretory patterns of LH for each treatment group on days 1 and 14

postpartum are displayed in figures 2 and 3, respectively. Regardless

of the suckling status of the cow, response of the pituitary to GnRH

increased with time from parturition. As shown in figure 4, the

quantity of LH released in response to GnRH on day 14 postpartum was
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greater (P<.001) than that released on day 1 in both suckled and

nonsuckled cows (S+GnRH, 37.1 + 3.9 vs 18.3 + 5.0; NS+GnRH, 34.7 + 5.9

-1 -T
vs 14.5 + 1.1 ng ml min ). Treatment with GnRH also caused a

greater release of LH from suckled cows compared with their nonsuckled

counterparts (figure 4) but the differences in the quantities of LH

released on either day 1 or 14 postpartum were not different (P>.05).

Serum concentrations of LH in control cows did not differ due to

suckling or stage of the postpartum period and averaged 2.3 + .1

ng/ml. In addition, there was no significant difference in basal

levels of LH between control or treated cows (2.3 + .1 vs 2.9 + .1

ng/ml, respectively).

On both days 1 and 14 postpartum only three of the six calves

replaced with their dams in the S+GnRH group nursed during the

sampling period. Nevertheless, milk ejection did occur in a majority

of these "nonsuckled" S+GnRH cows as determined by the appearance of

milk at the opening of the streak canal.

The treatment regimen utilized in this study had no effect on

later reproductive performance; however, limited numbers were

utilized. Administration of GnRH to suckled or nonsuckled cows did

not affect the interval to first postpartum estrus or conception,

which averaged 61 + 3 and 83 + 3 days, respectively.
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Figure 2. Pattern of LH release after GnRH or saline injection on day

1 postpartum.
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Figure 3. Pattern of LH release after GnRH or saline injection on day

14 postpartum.



NS+GnRH

42 S + GnRH

38

34

30

E
26

22

-J

18

14

10

00111111

31

1 14

DAY POSTPARTUM

Figure 4. Serum LH release (ng LH ml
-1

min
-1

) in suckled and

nonsuckled cows after GnRH injection on days 1 and 14

postpartum.
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Discussion

Results of the present experiment indicate that the act of

suckling or induction of the milk ejection reflex had no immediate

effect on GnRHinduced LH release in cows on days 1 and 14 postpartum.

Failure to detect an effect of the suckling stimulus may have been due

to the short duration of isolation of the calf from its mother. The 4

hour isolation utilized in this experiment may not have been

sufficient to release the "brake" on LH secretion previously imposed

by the calf. This possibility is supported by the data of Smith et

al. (1983) who found that cows separated from their calves an

additional 8 hours after 24 hour calf isolation and treated with GnRH

released more LH than those that were reunited with their young after

the 24 hour period. In agreement with the results of the present

study, Williams et al. (1984) reported that manual stimulation of the

teats of ovariectomized nonlactating beef cows did not alter plasma LH

levels or LH pulse frequency. However, it could be argued that

stimulation of the teats of a nonlactating as opposed to a lactating

animal would not be expected to elicit the same physiological

response.

Quantity of LH released in response to GnRH in this study was

greater on day 14 than on day 1 postpartum. In addition, the pattern

of induced LH release in this experiment was similar to those reported

to occur after intramuscular injection of GnRH into the postpartum cow

at similar stages postpartum (Fernandes et al., 1978; Carter et al.,

1980; Williams et al., 1982). Increased response to GnRH with
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increasing time from parturition has also been reported to occur in

dairy cows (Kesler et al., 1977; Fernandes et al., 1978) and in

suckled and nonsuckled beef cows (Williams et al., 1982). These data

indicate that the ability of the pituitary to respond to GnRH

increases with time from parturition in milked, suckled and weaned

cows.

In conclusion, the data from the present study as well as those

of studies cited above cast doubt upon the premise that it is the

intermittent suckling stimulus per se that causes LH release be

suppressed during early lactation. Increased galactopoeisis as the

result of more frequent milk removal and(or) a neuroendocrine block

triggered by maternal behavior toward the calf appear to be more

likely causes for the reduced secretion of LH. These latter

possibilities are supported in part by the data of Carruthers and Hafs

(1980) who found that dairy cows that were milked twice daily and

suckled ad libitum released less LH and had an extended postpartum

interval to ovulation compared with nonsuckled cows milked two or four

times daily.



34

GENERAL DISCUSSION

The length of the postpartum anestrous interval appears to be

primarily controlled by the suckling intensity of the calf. The

precise mechanism by which the presence of the calf and(or) suckling

intensity is able to control the anestrous interval is not clearly

understood, but apparently results in reduced secretion of

gonadotropic hormones.

Both Prl and oxytocin release are stimulated by milking and

suckling stimuli. Serum concentrations of these

increased time from parturition, coinciding with

activity observed as the postpartum period

inhibition of Prl release has been demonstrated

hormones decline with

the increased estrous

advances. However,

to be ineffective in

reducing the anestrous interval. In addition, serum levels of Prl are

lower in suckled than in milked cows, but have been reported to have

no correlation with the length of the anestrous period. Additionally,

administration of oxytocin to ewes resulted in a reduced anestrous

interval, casting doubt on the premise that increased serum oxytocin

levels due to suckling delays the return of cyclic behavior.

Therefore, neither of these hormones appear to affect the release of

gonadotropins or be directly involved in controlling the length of the

anestrous interval.

Serum estrogen concentrations, like Prl and oxytocin, are higher

near parturition, then decline and remain low. After day 16

postpartum exogenous estrogen has been shown to stimulate exogenous

GnRH-induced LH release. In fact, a single injection of estrogen as
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early as day 12 postpartum will shorten the interval to first estrus.

However, some additional factor appears to be involved because these

cows required more services to conception and the interval to

conception was not significantly different from that of untreated

cows. Therefore, while suckling may enhance the negative feedback of

estrogen on the pituitary and exogenous estrogen shortens the

anestrous interval, the main effect of suckling appears to be mediated

through other mechanisms.

The key hormone controlling the length of the postpartum

anestrous period seems to be LH. Pituitary LH concentrations

increase with time from parturition, coinciding with increasing serum

LH concentrations in suckled and weaned beef cows. However, serum LH

concentrations in suckled cows remain low for an extended period after

parturition and in vitro GnRH-induced LH release from pituitary tissue

collected from suckled cows is reduced compared with that from weaned

cows. Likewise, hypothalamic GnRH concentration is similar in suckled

and nonsuckled cows, indicating that suckling inhibits GnRH release or

alters the pituitary's sensitivity to GnRH, thus reducing LH

secretion. In contrast to LH, FSH does not appear to be limiting

during the postpartum anestrous interval; follicle growth and atresia

does occur but ovulation is lacking due to insufficient LH levels.

Recent evidence suggests that the opioids may be involved in

causing postpartum suppression of LH release in postpartum cows.

Numerous investigators have demonstrated that endogenous and exogenous

opiates suppress the release of LH. Methionine-enkephalin and

dynorphin-A 1-17 appear to be the primary opioids involved and
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apparently reduce GnRH secretion or inhibit its ability to stimulate

LH release. Additional research needs to be conducted to further

establish the mechanism whereby the effects of suckling are mediated

through opioid secretion leading to reduced serum LH levels and

consequently an extended anestrous interval following parturition.

The results of the present study suggest that it is not the

intermittent suckling stimulus and the resulting milk ejection reflex

per se that causes reduced LH secretion during early lactation. The

cumulative effects of suckling, increased galactopoeisis as a result

of more frequent milk removal and(or) a neuroendocrine block triggered

by maternal behavior toward the calf appear to be more likely causes

for the reduced secretion of LH.

Interestingly, GnRH-induced release of LH in postpartum cows in

this study appeared to be delayed compared with that in cycling cows.

Intravenous administration of GnRH to cows during the estrous cycle

caused an increase in serum levels of LH with peak concentrations

occuring at 15 to 30 minutes post-injection (Schams et al., 1974;

Britt, 1975; Rodger and Stormshak, 1986). In contrast, peak LH

release in response to intravenous injection of GnRH in the present

study occurred at approximately 2 hours post-injection. This suggests

that some factor(s) associated with parturition suppresses release of

LH after GnRH administration. Possibly the high levels of serum

estrogens at parturition cause the pituitary to be refractory to GnRH

stimulation for at least 2 weeks postpartum. The stress associated

with parturition and the presence of a suckling calf may also be

responsible by causing the release of opioids that inhibit the
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secretion of LH following GnRH stimulation.

In conclusion, the ability of the pituitary to respond to GnRH

administration after parturition is suppressed. Factor(s) associated

with late gestation, parturition and(or) the early postpartum period

responsible for the inhibition of immediate LH release after GnRH

administration are not known. These factor(s) may act by reducing the

number of GnRH receptors in, the pituitary and(or) inhibiting the

release of LH. Additional research to determine how GnRH-induced LH

release in postpartum cows is delayed should be conducted and may

result in the elucidation of the mechanism(s) controlling the length

of the postpartum anestrous period of suckled cows.
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