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SUMMARY 

Three experiments were conducted to 
determine whether and how weaning, quanti ty 
of milk produced, suckling intensity, age 
of  dam, or a combination of these factors 
influence ovarian and/or  pituitary response to 
pregnant mare serum gonadotropin (PMS), 
synthetic gonadotropin-releasing hormone (Gn- 
RH), or ovariectomy in postpartum beef cows. 
Ovarian and pituitary responses, as determined 
by plasma estrogen, progesterone, and luteini- 
zing hormone (LH) concentrations, were 
evoked in both 3-year-old and mature anes- 
trous, suckled cows (experiment 1) at 42 days 
postpartum with either PMS, Gn-RH, or cessa- 
t ion of lactation. All three dosages of PMS 
(750, 1,500, or 2,250 IU) st imulated estrogen 
secretion and a subsequent LH surge in anes- 
trous suckled and nonsuckled cows; whereas, 
PMS only stimulated estrogen secretion in the 
cows already cyclic at 42 days postpartum. 
Cows given Gn-RH (75, 150, or 300 ug) had a 
dose related, biphasic increase in peripheral 
plasma LH concentration. A comparison 
between 2-year-old suckled Brown Swiss and 
Angus heifers at 42 days postpartum (experi- 
ment  2) indicated that  Brown Swiss produced 
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more milk, and had a longer interval from 
administration of 2,250 IU PMS to occurrence 
of the preovulatory LH surge; both breeds had 
increased ovarian and pituitary stimulation with 
2,250 1U PMS as compared with 750 IU. Effect 
of  suckling intensity on LH secretion was 
evaluated in nonsuckled, restricted nursed 
(twice daily), and unrestricted nursed 2-year- 
old ovariectomized heifers (experiment 3) from 
which blood samples were collected at 3, 9, 16 
and 30 days postpartum. Mean LH was not  
affected by treatment,  but  did increase linearly 
between 9 and 30 days postpartum. However, 
nonsuckled heifers had an increased inci- 
dence of  spontaneous LH releases and increased 
minimal LH concentrat ion at 30 days postpar- 
tum when compared to the nursed groups. 
These results suggest that lactation suppresses 
gonadotropin secretion in early postpartum 
COWS. 

(Key Words: Postpartum Cows, Luteinizing 
Hormone, Estrogen, Progesterone, Pregnant 
Mare Serum Gonadotropin.)  

INTRODUCTION 

Reducing the interval from parturit ion to 
conception in beef cows is advantageous to 
efficient beef  production. Duration of postpar- 
tum anestrous can be influenced by lactation, 
age, breed, nutri t ion, or a combination of these 
factors (Wiltbank and Cook, 1958; Wagner and 
Hansel, 1969; Dunn et al., 1969; Oxenreider 
and Wagner, 1971). Laster et al. (1973) re- 
ported that  early weaning of calves from beef 
cows, especially 2- and 3-year-olds, increased 
the percentage of cows exhibiting estrus during 
the subsequent breeding period. Because early 
weaning is not  feasible in most beef production 
systems, identification of lactational effects on 
the reproductive system of postpartum cows is 
warranted. Cessation of nursing removes both 
the endocrine events associated with the neural 
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metabolic demands of milk production; hence, 
their effects on postpartum anestrus should be 
evaluated independently. The present study was 
conducted to determine whether and how such 
factors as weaning, quantity of  milk produced, 
suckling intensity, age of dam, or a combina- 
tion of these factors influence ovarian and/or 
pituitary response to pregnant mare serum 
gonadotropin (PMS), synthetic gonadotropin- 
releasing hormone (Gn-RH), or ovariectomy in 
postpartum beef cows. 

MATERIALS AND METHODS 

Three experiments were conducted to 
evaluate ovarian and pituitary responses in 
postpartum cows. Ovarian responsiveness, sensi- 
tivity, and status were evaluated by quantita- 
tion of plasma estradiol (E2), estrone (El),  and 
progesterone after PMS. Pituitary responsive- 
ness and sensitivity were evaluated on the basis 
of plasma LH concentration after Gn-RH 
(experiment 1) and PMS (experiments 1 and 2) 
and after ovariectomy (experiment 3). Cows 
were fed a ration that provided 100% NRC 
requirements for lactating cows producing 5 kg 
of  milk except in experiment 3 when non- 
suckled cows were fed 100% NRC for non- 
lactating cows. Estrus was monitored twice 
daily for 10 days prior to treatment in both 
experiment 1 and 2 but was not detected in any 
of  the cows prior to treatment; therefore, 
pretreatment ovarian status for cows given PMS 
or Gn-RH was determined by palpation of  the 
ovaries one day before treatment and by plasma 
progesterone concentration. A portion of the 
PMS-treated cows in experiment 1 was classi- 
fied as cyclic at 42 days postpartum because a 
corpus luteum was palpable, and/or a pre- 
ovulatory LH surge was not detected but 
plasma progesterone was �9 1 ng/ml at the time 
of or within 2 days after PMS treatment and 
remained elevated for at least 6 days. 

Estradiol, E~, and progesterone were ex- 
tracted from plasma, separated on Sephadex 
LH-20 columns, and assayed as described 
by Echternkamp and Hansel (1973). Assays 
were validated by quantitation of known 
amounts of steroids added to distilled water 
or charcoal absorbed plasma from an ovariec- 
tomized cow. lnterassay coefficients of varia- 
tion for a plasma pool included in each assay 
were 7.2% for progesterone, 12.7% for E 1 , and 
9.4% for E2. 

Plasma LH concentrations were determined 

by the double antibody radioimmunoassay for 
bovine LH described by Niswender e t  al. 

(1969), except the pH of the .1M sodium 
phosphate buffer was 7.5. Purified LH (LER- 
1056-C2) was labeled with 1. 2 s I as described by 
Greenwood e t  al. (1963), placed on a 1- x 
30-cm Sephadex G-IO0 column and eluted with 
.05 M sodium phosphate buffer, pH 7.5. The 
eluate corresponding to the descending part of 
the LH -I 2 s I peak was diluted with gelatin-PBS 
(.1% gelatin in .14 M NaCI, .01M sodium 
phosphate buffer, pH 7.5) to 50,000 cpm/.1 
ml. More than 90% of the LH -12 s I was bound 
by the anti-LH serum, DJB 3-12/11, at the 
dilution of 1:300, 45 to 50% was bound by the 
serum at the working dilution of 1:40,000. The 
ovine anti-rabbit 3,-globulin (DJB 5x3) was 
used at a dilution of 1:80. An assay was com- 
posed of 16 concentrations of  bovine LH, 
NIH-LH-B8, ranging from 25 pg to 50 ng/tube, 
75 unknown plasma samples in duplicate, and 
aliquots of  two plasma pools. Each plasma 
sample was assayed at .1 and .2 ml, and the 
coefficient of variation of the mean was less 
than 10%. Mean LH concentrations and inter- 
assay coefficients of variation for the two 
plasma pools were .6 and 8.2 ng/ml, and 8.7 
and 5.3%, respectively. Inhibition curves 
obtained with National Institutes of Health 
(NIH) hormone preparations of prolactin 
(PRL-B2), follicle stimulating hormone (FSH- 
B1), growth hormone (GH-B14), and thyroid 
stimulating hormone (TSH-B3) were parallel to 
the LH standard, and the inhibition was equal 
to the bioassayable LH contamination of the 
preparation. Minimum and maximum detecta- 
ble concentrations of LH were defined as 
amounts of LH standard yielding 95 and 5%, 
respectively, of the counts per minute obtained 
for the control buffer tubes; these concentra- 
tions were .2 and 175 ng LH/ml of plasma, 
respectively. Recovery of added amounts of 
NIH-LH-B8 from .2 ml of plasma ranged from 
97 to 100%. Plasma LH concentrations are 
expressed as ng of NIH-LH-B8/ml of peripheral 
plasma. 

Assays were evaluated and concentrations 
determined as described by Robard e t  al. 

(1968). Data were analyzed by analysis of 
variance and Duncan's multiple-range test (Steel 
and Torrie, 1960). A split-plit analysis of 
variance was used for data involving repeated 
measurements within the same animal (Steel 
and Torrie, 1960). Response to Gn-RH was 
quantitated both by plasma LH concentration 
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and area under the LH response curve. Rela- 
tionships between quanti tated parameters were 
established by simple correlations. 

Experiment 1. Effects of suckling (suckled 
vs nonsuckled) and age [3-year-old (second 
calf) vs mature] on ovarian and pituitary 
sensitivity and function were evaluated in 48 
Hereford cows at 42 days postpartum. Ovarian 
and pitui tary sensitivity and function were 
monitored by determination either of  plasma 
estradiol and LH concentrations for 24 cows 
after three dosages of PMS (750, 1500, or 
2,250 IU) or of  LH in another 24 cows after 
three dosages of Gn-RH (75, 150, or 300 ug). 
Two cows were assigned per lactational status, 
age, and dosage of hormone in a 2 x 2 • 3 
factorial arrangement of  treatments.  Zero 
dosages of PMS and Gn-RH were not  included 
because objectives of  this s tudy were to deter- 
mine 1) whether gonadotropin and steroid 
secretion could be st imulated in the postpartum 
cow and 2) the influence of age and lactational 
variables on these responses. Exogenous hor- 
mones were administered intramuscularly in 
saline at 42 days postpartum. Calves were 
weaned from the nonsuckled groups at 35 days 
postpartum; thus 7 days were allowed before 
t reatment  for the nonsuckled cows to acclimate 
to the stress of  weaning. 

Jugular vein blood (50 ml) of  cows treated 
with PMS was collected by venipuncture at 6-hr 
intervals from 1 day before (for establishment 
of hormone concentration baseline) through 5 
days after treatment.  Blood collections were 
continued every 6 hr for another 6 days in 
nonsuckled 3-year-old and suckled mature cows 
to assure a complete response as estrus was not  
detected after PMS in these two groups. Jugular 
blood (10 ml) of cows treated with Gn-RH was 
sampled by venipuncture at lO-min intervals 
beginning 1 hr before and continuing for 4 hr 
after Gn-RH treatment.  Blood was collected 
into heparinized synringes, refrigerated, and 
centrifuged, and plasma stored at - 1 0  C until 
assayed. 

Experiment 2. Two-year-old lactating Angus 
and Brown Swiss heifers, 12 of each breed, 
were treated with 750 or 2,250 IU of PMS at 
42 days postpartum as in experiment 1 to 
determine 1) cause(s) of  previously observed 
breed differences in duration of the postpartum 
anestrous period and 2) the relationship between 
postpar tum anestrous and milk production. 
Ovarian responsiveness and status were evaluated 
after measurement of  E2 and progesterone in 

peripheral plasma samples collected at 12-hr in- 
tervals from 2 days before through 10 days after 
the PMS injection and at 2-day intervals for an- 
other 6 days. Plasma LH concentration was de- 
termined for blood samples collected at 6-hr 
intervals for 6 days after PMS. Blood samples 
were collected by venipuncture and handled as 
in experiment 1. 

Daily milk production for each cow was 
estimated at 34, 40 and 60 days postpar tum 
from amounts of milk consumed by its calf 
in two consecutive feedings; each of  which 
followed 12 hr of separation between the calf 
and dam. Calves were weighed just before 
and after feeding and weight increase associated 
with nursing was at t r ibuted to milk consumed. 

Experiment 3. Influence of  suckling inten- 
sity on LH secretion was determined with 15 
2-year-old Charolais heifers; they were ovariec- 
tomized at 3 days postpar tum and assigned to 
one of  three groups: 1) calf weaned 2) calf 
present for 30 rain at 8 am and 5 pm; 3) calf 
present continuously. Jugular vein blood for 
LH determinat ion were collected via indwelling 
catheters at 15-min intervals for 4 hr at - 1 ,  6, 
13, and 27 days after surgery and handled as in 
experiment 1. 

R ESU LTS 

Experiment I 

PMS. Treatment  with PMS increased plasma 
estrogen concentrations within 12 hr (figure 1) 
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Figure 1. Combined plasma estradiol concentra- 
tions (experiment 1) for 10 anestrous and 14 cyclic 
cows treated with pregnant mare serum gonado- 
tropin (PMS), regardless of the PMS dosage, age of 
cow or lactational status (Day 0 = day of treatment). 
Criteria for classification of cows as anestrus or cyclic 
are described in Materials and Methods. 
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and caused a surge (> 10 ng/ml)  in LH secret ion 
within  3 days af ter  inject ion ( table 1) in five of  
six and two of  six suckled and nonsuckled  
3-year-old cows, and two  of  six and one  of  six 
suckled and nonsuckled  mature  cows, respec- 
tively. The LH surge in these anestrous cows 
coincided with or  preceded a precipi tous 
decrease in E2 (table 2). Estradiol  rather  than 
E t was the  p redominan t  estrogen secreted 
before  the LH surge (table 2). Maximal plasma 
E1 concent ra t ions  were about  10% of maximal  
E2 concent ra t ions  when compared  within an 
animal.  Increases in plasma E2 > 5 pg/ml  were 
parallel wi th  increases in E1 (r = .92); however ,  
when E2 concent ra t ions  were lower,  concentra-  
t ions of  the two steroids f luc tuated  indepen-  
dent ly  (r = .19). Progesterone began to increase 
about  6 days af ter  t rea tment ,  or  4 days after  
the LH surge (table 2), and was increased for  
the dura t ion of  the  b lood  sampling period. 
Dosage of  PMS, age, and lactat ional  status did 
no t  affect  plasma E2 concent ra t ions  before  the 
LH surge or the interval f rom PMS to the  LH 
surge (table 1). 

In the o ther  14 cows t reated with PMS, PMS 

s t imulated estrogen secret ion (cyclic,  figure 1), 
so tha t  E2 concen t ra t ion  increased 5 or  6 days 
but  did no t  cause an increase in LH ~ 4  ng/ml.  
Rate  of  E2 reduct ion  was gradual (2 to 3 days) 
in cyclic cows;  whereas, the  E2 reduc t ion  
associated with the LH surge was precipi tous in 
anestrous cows. Again, more  E 2 was secreted 
than E t . The 14 cows wi thou t  an LH surge had 
plasma progesterone ~ 1 ng/ml  at the t ime of  or  
within 2 days af ter  PMS that  remained elevated 
for  at least 6 days. 

Gn-RH. Trea tmen t  w~th 75, 150, or  300 ~g 
of  Gn-RH increased LH concent ra t ions  (table 
3) in plasma samples col lected at 10 rain 
intervals. Initially, all three dosages of  Gn-RH 
induced an LH peak within 20 to 30 min (mean 
= 28.7 + 2.4 min)  (figure 2). An addi t ional  LH 
peak was de tec ted  at 110.4 + 3.2 rain within 
cows t reated with 300 ~g GrvRH and to a lesser 
ex ten t  within those t reated with 75 or  150 ug. 
These results suggest a biphasic LH response to 
Gn-RH (figure 2). Also, magni tude  of  the total  
LH response (area) varied direct ly  (P<.01)  with 
Gn-RH dosage (table 3). Unlike cows receiving 
PMS, palpable corpora  lutea and plasma proges- 

TABLE 1. OVARIAN AND PITUITARY RESPONSE TO PMS 
IN ANESTROUS COWS 

Treatment na 

Interval Maximum Maximum 
from PMS to E 2 concentration E 2 concentration 
LH surge f'Lrst peak second peak 

(hr) (pg/ml) (pg/ml) 
Experiment 1 

Suckled 
3-year-old 5 61.6 • 6.7 
Mature 2 63.0 • .0 
Mean 62.0 -+ 4.7 

Nonsuckled 
3-year-old 2 68.5 • 3.5 
Mature 1 39.0 
Mean 58.7 • 10.0 

Overall mean 10 61.0 • 4.1 

11.2• 
18.2• 
13.2• 

18.6• 
9.1 

15.5• 
13.9• 

3 82.0 • 12.2 b 8.7 • 1.3 bc 2.5 + .4 d 
5 69.6 • 7.0 b 8.3 • 1.5 bc 3.5 • .5 d 

74.3 • 6.2 b 8.4 • 1.0 bc 3.1 + .4 d 

Experiment 2 
750 IU of PMS 

Angus 
Brown Swiss 
Mean 

2,250 IU of PMS 
Angus 
Brown Swiss 
Mean 

6 55.0 • 3.9 c 8.6 • .7 b 18.4 • 3.6 e 
6 68.0 • 4.0 b 12.1 • 1.3 c 26.6 • 6.7 e 

61.5 • 3.3 bc 10.4 • .9 bc 22.5 • 3.8 e 

aEach treatment group contained six cows, but data are reported for only cows with both increased estradiol 
(E 2 ) concentrations and a luteinizing hormone (LH) surge. 

b'c'd'esuperscripts b and c denote significance within a column for experiment 2 at P<.05; d and e at P<.01. 
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TABLE 2. MEAN DAILY PLASMA LH, ESTRADIOL, ESTRONE, AND PROGESTERONE 
CONCENTRATIONS FOR ANESTROUS COWS TREATED WITH PMS 

(Experiment 1)a 

LH Estradiol Estrone Progesterone 
Hours b concentration concentration concentration concentration 

(ng/mt) (pg/ml) (pg/ml) (ng/ml) 

-96 1.25 + .22 2.78 + .50 2.13 + .34 .08 + .03 
-72 1.83 + .18 3.85 + .66 2.09 + .37 .74 + .44 
-48 2.45 + .43 6.47 • 1.05 1.92 • .25 .37 • .15 
-24 2.66 • .33 9.43 :t: 1.16 2.35 • .29 .32 • .10 

0 32.22 + 3.04 13.65 • 1.96 2.48 • .34 .22 • .05 
24 2.45 • .40 4.75 • .92 1.35 • .16 .17 • .05 
48 2.02 • .18 5.22 • .95 1.38 • .18 .19 • .04 
72 1.91+ .27 7.54• 1.51• .35• .11 
96 1.96 + .51 11.76 • 3.03 1.47 • .24 2.15 • 1.32 

aMean daily hormone concentrations for 10 anesrrous postpartum cows treated with 750, 1,500 or 2,250 IU 
of  PMS. 

bHours before and after the LH surge (Day 0). The LH surge occurred 61.0 + 4.1 hr after the cows were 
treated with PMS. 

terone > 1 ng/ml were not  detected at the time 
Gn-RH was administered to these 24 cows. If 
any of these cows were cyclic at the time of 
Gn-RH was given, it did not  affect incidence or 
timing of the LH response, but may have 
increased among animal variation in magnitude 
of LH release. The LH response to Gn-RH at 42 
days postpartum was not  affected (P>.05) by 
age or lactational status of the 24 beef cows 
used in this arrangement of treatments. 

Experiment 2 

Plasma E2 concentrations increased within 
12 hr after the injection of 750 IU of PMS into 
12 2-year-old suckled Angus and Brown Swiss 
heifers at 42 days postpartum (figure 3). A 
subsequent LH surge (table 1) occurred in three 
of six Angus, and five of six Brown Swiss 

heifers; after the surge, E~ concentration 
decreased precipitously. Maximal E 2 concentra- 
tion in all but  one of the heifers without an LH 
surge was lower than that in cows with the 
surge (5.0 -+ 1.2 vs 8.4 -+ 1.0 pg/ml). The 
excepted cow had a maximum E2 concentra- 
tion of 8.0 pg/ml at 60 hr after injection. 
Plasma E 2 concentrations were not  different 
(P>.05) between breeds. A small increase in 
plasma E 2 concentration was detected between 
6 and 10 days after injection of PMS (figure 3) 
for heifers with an LH surge. 

Administration of 2,250 IU of PMS resulted 
in two successive E2 peaks (figure 3) separated 

by an LH surge in all 12 heifers. Maximal 
plasma E2 concentrations for the first peak 
(table 1) were higher (P<.05) for Brown Swiss 
(12.1 + 1.3 pg/ml) than for Angus heifers (8.6 + 
.7). Interval from PMS injection to occurrence 
of the LH surge was longer (P<.05) for Brown 
Swiss (68 + 4 hr) than for Angus (55 + 4 hr). 
The second E2 peak (figure 3) occurred 202 + 
6.4 hr after the PMS injection, had an average 
magnitude of 22.5 + 3.8 pg/ml, was higher 
(P<.01) than the first E2 peak, and was not 
affected by breed. 

The difference in magnitude of the first E2 
peak (table 1) between heifers treated with 750 
and 2,250 IU of PMS approached significance 
(P<.10) for Brown Swiss (8.3 + 1.5 and 12.1 + 
1.3 pg/ml, respectively) but not  for Angus 
heifers. Magnitude of the second E2 peak (table 
1) was greater (P<.01) for heifers treated with 
2,250 IU of PMS than for those treated with 
750 IU. 

An increase >.5 ng/ml in plasma progester- 
one was observed 5 to 6 days after PMS in the 
20 animals exhibiting an LH surge and lasted 
from 3 to 13 days (mean = 6.7 -+ .8 days). 
Maximum increase ranged from 1.8 to 9.5 
ng/ml (mean = 4.4 -+ .6 ng/ml). Figure 4 shows 
plasma progesterone concentrations for Brown 
Swiss heifers treated with 2,250 IU of PMS. 
The high degree of variability in both magni- 
tude and duration of progesterone secretion 
typifies all treatment groups. Thus, progester- 
one secretion was not  influenced significantly 
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Figure 2. Plasma LH concentrations before and 
after treatment with 75, 150 or 300 .g of gonadotro- 
phin releasing hormone (Gn-RH) on Day 42 postpar- 
tum. The LH concentrations for each dosage of 
Gn-RH are the mean of eight cows. 
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Figure 3 .  Plasma estradiol concentrations, before 
and after treamaent with 750 or 2,250 IU of pregnant 
mare serum gonadotropin (PMS) on Day 42 postpar- 
tum, for 2-year-old Angus and Brown Swiss heifers 
(six heifers/PMS dosage/breed). 
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Figure 4. Plasma progesterone concentrations for 
six Brown Swiss heifers treated with 2,250 IU of 
pregnant mare serum gonadotropin. Day O is the 
day of the LH surge. 

by PMS dosage or breed of cattle. 
Table 4 contains means for daily milk 

consumption, body weight, and simple correla- 
tions between milk consumption and body 
weight for Angus and Brown Swiss calves at 
about 34, 40 and 60 days of age. Brown Swiss 
calves were heavier (P<.01) and consumed 
more (P<.01) milk than Angus calves at all 
three ages (overall mean difference, milk 
consumption, 2.2 kg; body weight 17.7 kg). 
The overall within-breed correlation between 
daily milk consumption and empty body 
weight (table 4) was significant (P<.05) for the 
Angus (r -- .39) but not for the Brown Swiss 
calves (r = .24). The overall between-breed 
correlation for these two parameters ( r - - . 2 1 )  
was also significant (P<.01). 

Experiment 3 

For each cow at each sampling date, a mean 
plasma LH concentration was calculated from 
LH concentrations of the 17 blood samples 
collected over the 4-hr sampling period; the 
means of these means were then calculated 
according to sampling date and treatment 
group. Similarly for each cow and sampling 
date, the minimal and maximal plasma LH 
concentrations were recorded; and their respec- 
tive means were calculated for each sampling 
period by treatment (table 5). The means in 
table 5 then allowed comparison of the effects 
of suckling and time after parturition on LH 
secretion. 
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TABLE 4. MEAN DAILY MILK CONSUMPTION AND BODY WEIGHT FOR ANGUS AND 
BROWN SWISS CALVES AT 34, 40 AND 60 DAYS OF AGE 

Item Angus Brown Swiss Diff. 

No. o f  cows a 12 11 

Period I 
Age (days) 33.6 • .8 34.6 • .9 
Milk consumption (kg) 4.5 • .3 6.9 • .4 2.4** 
Body weight (kg)b 42.4 • 1.4 58.1 • 1.9 15.7"* 
r a (milk consumption vs  body wt) c .03 (.17) .02 (.14) 

Period 11 
Age (days) 40.1 • .8 41.1 • .9 
Milk consumption (kg) 4.8 • .3 6.2 • .4 1.4"* 
Body weight (kg) 45.5 • 1.4 61.9 • 1.8 16.4"* 
r ~ (milk consumption vs  body wt) c .45 (.67)* .12 (.35) 

Period III 
Age (days) 59.6 • .8 60.6 • .9 
Milk consumption (kg) 5.0 • .4 7.8 • .7 2.8** 
Body weight (kg) 54.0 • 1.7 75.2 • 2.6 21.2"* 
r 2 (milk consumption v s  body wt) c .13 (.36) .02 (.14) 

Overall 
Milk consumption (kg) 4.8 • .2 7.0 • .3 2.2** 
Body weight (kg) 47.4 • 1.1 65.1 • 1.8 17.7"* 
r a (milk consumption vs  body wt) c .15 (.39)* .06 (.24) 

aData for one Brown Swiss cow that stopped lactating were not included in the statistical analysis. 

bBody weight is prenursing am weight. 

Cr values are in parentheses. 

*P<.05; **P<.01. 

Minimal, maximal, and mean plasma LH 
concentrations increased (P<.01) linearly over 
the 28-day experimental period. Basal secretion 
of  LH fluctuated over the 4-hr blood sampling 
period. Spontaneous LH surges >5 ng/ml were 
detected in all cows at 27 days after surgery; 
whereas, less than one-half of the cows within a 
.treatment group had LH surges before 27 days. 
Both frequency of spontaneous LH surges and 
minimal LH concentrations were greater at 27 
days after surgery for nonsuckled cows than for 
the restricted and unrestricted nursing groups. 
Also, without inclusion of  LH concentrations 
greater than two standard deviations above the 
animal mean, mean LH concentration was 
higher for the nonsuckled cows than for those 
in the other groups at 27 days after surgery. 
In contrast, suckling intensity had no effect 
(P>.05) on maximal and mean LH concentra- 
tions (table 5). 

D i s c u s s i o n  

Ovarian and pituitary responses, as deter- 

mined by estrogen and LH concentrations in 
peripheral blood, were evoked in anestrous 
42-day postpartum cows treated with PMS or 
Gn-RH. Hormonal and palpation data indicated 
that PMS dosages of 750, 1,500, or 2,250 IU 
stimulated estrogen secretion, which resulted in 
a subsequent LH surge and ovulation in both 
suckled and nonsuckled anestrous cows. Pre- 
ovulatory plasma E 2 and LH concentrations 
and relationships resulting from PMS treatment 
were similar to those reported for proestrous 
cows (Echternkamp and Hansel, 1973; Glen- 
cross e t  a l . ,  1973). Because five of six non- 
suckled 3-year-old cows but only one of six 
suckled cows were cyclic at 42 days postpar- 
tum, weaning of calves at 35 days postpartum 
appeared to reduce duration of the postpartum 
anestrous interval. 

Gn-RH at 42 days postpartum in experiment 
1 caused dose-related increases in plasma LH 
concentrations (figure 2), regardless of lacta- 
tional status. The biphasic LH secretion pattern 
suggests that the initial response to Gn-RH was 
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the release of LH; then, both LH synthesis and 
release resulted in a second dose-dependent 
increase in plasma LH concentration. Biphasic 
responses to Gn-RH have also been reported for 
cows with ovarian follicular cysts (100 ug of 
Gn-RH; Kittok e t  al., 1973), mature bulls (500 
~g of Gn-RH; Schanbacher and Echternkamp, 
unpubl i shed  data),  cyclic ewes (25 ~g of LRF; 
Pelletier and Thimonier, 1975), and anestrous 
ewes (200 ug of LH-RH/FSH-LH; Reeves et  al., 
1972). The biphasic response to Gn-RH was not 
observed in cows treated during the luteal phase 
(100 ~,g of Gn-RH; Kittok et  aL, 1973) or after 
removal of a progesterone implant (240 ug of 
Gn-RH; Kaltenbach et  al., 1974). Stage of an 
estrous cycle (Reeves et  al., 1970; Pelletier and 
Thimonier, 1975) and concentrations of 
exogenous estrogen (Reeves et  al., 1971) and 
progesterone (Hooley et  al., 1974) influence 
the timing and magnitude of the pituitary 
response to Gn-RH in ewes. Therefore, the 
presence of the initial release of LH to Gn-RH 
in the hiphasic response may depend upon the 
reproductive status and pituitary LH content of 
the animal, regardless of species. 

Treatment of 2-year-old heifers (experiment 
2) with PMS induced LH surges in eight of 12 
heifers treated with 750 IU of PMS and in 12 of 
12 heifers treated with 2,250 IU. Three of the 
four heifers without an LH surge had little or 
no increase in plasma E 2 concentration. Sub- 
minimal steroidogenic responses suggest that 
the gonadotropic stimulus was not of sufficient 
magnitude to completely initiate steroidogen- 
esis or that level of ovarian sensitivity to PMS 
was lower in these animals; therefore, induction 
of an ovarian response with 750 IU of PMS may 
depend upon the degree of follicular develop- 
ment, or quantity of endogenous gonadotropin 
secretion, or both. The higher incidence of E 2 
secretion after treatment with 2,250 IU of PMS 
than with 750 IU suggests that ovarian function 
and duration of the postpartum interval in 
lactating cows may be related to endogenous 
FSH or LH secretion rates, or both. 

The interval from the administration of 
2,250 IU of PMS to the appearance of an LH 
surge (table 1) was longer, and the preovulatory 
E 2 concentrations after 2,250 IU of PMS were 
higher for Brown Swiss than for Angus heifers. 
The longer interval for Brown Swiss heifers may 
indicate that their pituitaries were less respon- 
sive to, or had a higher threshold for, estrogen 
stimulation. Because the Brown Swiss pituitary 
required a longer period of estrogen stimulation 
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to induce an LH surge, their preovulatory 
E2 concentrations were higher as a result of 
additional time for ovarian follicular develop- 
ment and E2 secretion. The higher E2 concen- 
trations did not appear to be essential for 
release of LH because lower concentrations of 
E2 mediated an LH surge within the same time 
interval in Brown Swiss heifers treated with 750 
IU of PMS. In experiment 3, the basal mode of 
LH secretion and the frequency of episodic LH 
releases were greater for nonsuckled than for 
suckled cows at 30 days postpartum. These 
differences indicate that gonadotropin secretion 
is influenced by the suckling stimulus, or 
production of milk, or both. Because Brown 
Swiss calves consumed more milk than Angus 
calves (table 4) - and presumably the amount 
consumed reflected the quantity of milk 
produced by the dams - the delayed LH 
response in the Brown Swiss heifers after 
treatment with 2,250 IU of PMS may have been 
associated with the increased milk production. 

Results in experiment 1 and 2 showed that 
plasma E2 concentrations (tables 1 and 2) for 
the initial E2 peak in postpartum anestrous 
cows treated with PMS were similar to those 
reported for proestrous cows (Echternkamp 
and Hansel, 1973) but were considerably less 
than those reported for superovulated cows 
(Booth e t  al., 1975). The initial E2 peak was 
not influenced significantly by PMS dosage; but 
the second E2 peak, which was observed in 
experiment 2 (table 1) about 5 days after the 
first, was related to dosage of PMS. The pres- 
ence of two E2 peaks for heifers treated with 
2,250 IU of PMS is interpreted to mean that 
the initial E2 peak was due to stimulation of an 
existing graafian follicle and subsequent ovula- 
tion as occurs during proestrus, and that the 
second E 2 peak resulted from the stimulation 
of secondary or atretic follicles, which required 
3 to 6 more days to grow, develop and mature. 
The bovine estrous cycle is characterized by 
follicular growth (Bane and Rajakoski, 1961) 
and increased plasma E2 concentrations (Hansel 
and Echternkamp, 1972; Glencross e t  al., 1973) 
between Days 2 and 5 of the cycle (estrus = 
Day 0); hence the second E2 peak could also 
have resulted from enhanced stimulation of 
these follicles by the 2,250 IU of PMS. 

Only five of the 20 PMS-treated heifers with 
an LH surge in experiment 2 had progesterone 
concentrations characteristic of the luteal phase 
of the bovine estrous cycle (Hansel and Ech- 
ternkamp, 1972). The other 15 heifers had 

progesterone patterns below average in quan- 
tity, or duration, or both, as typified in figure 
4; these progesterone patterns suggest either 
inadequate luteal development and support or 
follicular luteinization without ovulation. Pos- 
sibly, the short luteal phases after PMS treat- 
ment were analogous to the short luteal phases 
(<10 days) with reduced plasma progesterone 
concentrations detected before the first post- 
partum estrus in spontaneously ovulating cows 
(Corah e t  al., 1974; Castenson e t  al., 1976). 
Castenson et  al. (1976) concluded that the 
increase in peripheral progesterone which 
preceded the first postpartum estrus resulted 
from corpus luteum formation preceded by 
ovulation without estrus. Even though ovula- 
tion can be induced, apparently the status of 
the reproductive system of some postpartum 
cows is not conducive to normal luteal func- 
tion. 

In experiment 3, plasma LH concentrations 
increased with length of the postpartum inter- 
val in both suckled and nonsuckled ovariecto- 
mized cows as has been reported for intact 
lactating dairy (Echternkamp and Hansel, 1973; 
Edgerton and Hafs, 1973) and beef cows (Arije 
et  al., 1974). Fernandes et  al. (1976) reported 
that the LH response to Gn-RH (100 ug) in 
lactating dairy cows increased in magnitude 
with time when compared at 3, 10 and 20 days 
postpartum. Presumably, the increase in LH 
secretion reflected an increase in LH content of 
the bovine pituitary, and such an increase in the 
pituitary during the same postpartum period 
has been observed (Saiduddin e t  al., 1966). 

The higher tonic secretion (baseline) and 
greater frequency of LH surges (table 5) for 
nonsuckled than for unrestricted nursing 
cows at 30 days postpartum indicate that 
lactation may suppress LH secretion. Randel et  
al. (1976) noted higher plasma LH concentra- 
tions in nonsuckled than in suckled cows within 
7 days postpartum. Short et  al. (1974) reported 
that suckling, in comparison with nonsuckling, 
tended to decrease the proportion of cows with 
an acute LH release in response to I0 mg of 
exogenous estradiol-17~ at 2 weeks postpartum, 
but not at 4, 6, or 8 weeks. Results of experi- 
ment 1 in the present study showed that the 
effect of suckling on LH secretion had appar- 
ently disappeared by 42 days postpartum 
because suckling had no effect on the pituitary 
LH response to 75, 150, or 300 ~g of exogen- 
ous Gn-RH. Because plasma LH concentration 
and the LH response to its mediators appear 
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to  be  re la ted  to  p i tu i t a ry  LH c o n t e n t ,  suckl ing 
m a y  suppress  LH sec re t ion  by  re t a rd ing  t he  
t r ans i t i on  of  the  bov ine  p i tu i t a ry  f r o m  a s ta te  
of  low LH c o n t e n t  dur ing  ges ta t ion  to  a s ta te  of  
h igher  LH c o n t e n t  in the  cyclic cow. T he  
grea te r  ovar ian  response  to  2 ,250  IU than  to  
750  IU of  PMS in the  2-year-old heifers  suggests 
t h a t  FSH m a y  also have a role in p o s t p a r t u m  
r e p r o d u c t i o n ,  b u t  t he  sugges t ion  c a n n o t  be 
c o n f i r m e d  because  of  the  lack o f  i n f o r m a t i o n  
regarding FSH sec re t ion  in the  cow. 
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