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Summary. All hormones were determined in blood samples collected simultaneously
from the caudal vena cava and jugular vein at 20-min intervals for 12 h during the early
(Day 4) and mid- (~Day 11) luteal phases of the oestrous cycle in 7 cows. Mean
concentrations of oestradiol, progesterone and oxytocin were greater (P < 0\m=.\01)in the
vena cava than in the jugular vein. Pulses of these hormones were also more easily
identifiable in the vena cava. The frequency ofLH pulses was higher (P < 0\m=.\01)during
the early luteal than during the mid-luteal phase (8\m=.\0versus 3\m=.\6pulses/12 h). During
both phases, 90\p=n-\96%of all LH pulses were followed within 60 min by a pulse of
oestradiol. Basal concentration and amplitude of oestradiol pulses were greater (P <

0\m=.\05)during the early than during the mid-luteal phase. The frequency of FSH pulses
was similar to that of LH during the early luteal phase (8\m=.\5and 8\m=.\0pulses/12 h) but was
greater (P < 0\m=.\01)than that ofLH during the mid-luteal phase (6\m=.\3versus 3\m=.\6pulses/12
h). Thus, 41% more (P < 0\m=.\01)FSH pulses than LH pulses were observed during the
mid-luteal phase. However, the separate FSH pulses were associated with low\x=req-\
amplitude short-duration pulses of LH as clarified by an additional study (in 3 cows)
using 5-min sampling intervals: 90\p=n-\100%of all LH/FSH pulses and separate FSH
pulses were secreted either concomitantly with or followed by a pulse of progesterone.
However, no separate FSH pulses were associated with a pulse of oestradiol. Basal
concentration and amplitude of progesterone were greater (P < 0\m=.\01)during the mid\x=req-\
luteal than during the early luteal phase. The frequency of oxytocin pulses was similar
to that of progesterone during the mid-luteal but not during the early luteal phase.
During the mid-luteal phase 97% of all oxytocin pulses were associated with a pulse of
progesterone. It is concluded that (1) separate FSH pulses are secreted in addition to

parallel LH and FSH pulses during the mid-luteal phase; therefore, the frequency of
secretion of LH may be modulated to a greater extent by ovarian steroids than is FSH
pulse frequency; (2) pulses of progesterone are probably a result of stimulation by
pulses of FSH and/or LH whereas pulses of oestradiol are caused by LH pulses; (3)
ovarian oxytocin and progesterone are secreted concomitantly during the mid-luteal
phase of the oestrous cycle.

Introduction

The relationship between the pulsatile secretion ofgonadotrophins and ovarian steroid secretion is
not clearly understood. Ovarian steroids appear to regulate the frequency of LH pulses throughout
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the oestrous cycle of the cow (Rahe, Owens, Fleeger, Newton & Harms, 1980; Ireland & Roche,
1982). In the bull, each LH pulse is followed by a pulse of testosterone which indicates that the
amount of testosterone secreted by the testis is determined by the frequency and amplitude of the
LH pulses (Schams, Gombe, Schallenberger, Reinhardt & Claus, 1978). In sheep with utero-
ovarian or ovarian autotransplants it has been demonstrated that each pulse ofLH is followed by a
pulse of oestradiol throughout the oestrous cycle (Baird & McNeilly, 1981). However, there is a

paucity of information available for the cow concerning the effect of pulsatile LH secretion on

ovarian steroid response due to infrequent sampling procedures and the low concentrations of
ovarian hormones during certain periods of the oestrous cycle. Concentrations of oestradiol-17ß
average 1-5 pg/ml in jugular vein plasma during the luteal phase (Wettemann, Hafs, Edgerton &
Swanson, 1972; Glencross, Munro, Senior & Pope, 1973).

FSH is also secreted in a pulsatile manner in the cow (Schallenberger & Peterson, 1982; Walters
et ai, 1982; Ireland & Roche, 1982). However, there is no information available with regard to the
interaction of pulsatile FSH and ovarian steroid secretion during the oestrous cycle.

Recently, oxytocin has been found to be present in high concentrations in the corpora lutea of
sheep and cows (Wathes & Swann, 1982). Furthermore, oxytocin appears to be secreted into the
ovarian vein (Flint & Sheldrick, 1983).

The objective of the present study was to characterize the pulsatile secretion pattern of LH,
FSH, prolactin, progesterone, oestradiol and ovarian oxytocin during the early and mid-luteal
phases of the oestrous cycle and to determine possible temporal relationships between these
hormones.

Materials and Methods

Experimental animals. Seven regularly cyclic cows of the local Braunvieh and Fleckvieh breeds
(aged 3-5 years) were used. All cows were non-lactating and were tethered indoors throughout the
duration of the experiment. They were fed hay, corn silage and energy supplement twice daily and
had access to water ad libitum.

Experimental procedure. On the day before the first day of sampling, vinyl medical grade
catheters (i.d. 1-0 mm; o.d. 2-0 mm; Durai Plastics, Durai,  .S.W., Australia) were placed in the
vena cava and in the jugular vein. Cannulae were inserted into the caudal vena cava via the tail vein
using a modification of the procedure of Sears, Paape, Pearson & Gwazdauskas (1978). An
incision was made proximally to the paired haemal arches of the 5th and 6th coccygeal vertebrae
while using a tranquillizer (Combelene: Bayer, Leverkusen, FRG) and intradural anaesthesia
(Neocaine 2%; WDT, Hannover, FRG). The vein was isolated and the cannula inserted and
advanced maximally 75 cm (depending on the size of the cow) so the tip lay just cranial to the
entrance of the ovarian vein. Correct placement of the catheter was confirmed when progesterone
concentrations in vena cava plasma were at least 3 times higher than in jugular vein plasma.

Blood samples (20 ml) were collected simultaneously from the vena cava and jugular vein every
20 min for 12 continuous hours on Day 4 (early luteal) and on Days 9,10,12 or 14 (mean + s.e.m. =

11 + 1 day, mid-luteal) of the oestrous cycle. The day of ovulation was designated as Day 1. Blood
samples were placed into heparinized tubes, cooled in an ice-water bath, centrifuged and the
plasma stored at

—

20°C until hormone analysis.
Hormone analysis. LH (Schams & Karg, 1969a), FSH (Schams & Schallenberger, 1976) and

progesterone (Hoffmann, Kyrein & Ender, 1973) were measured twice in duplicate and prolactin
(Schams & Karg, 1969b), oestradiol-17ß (Korenman et al, 1974; Walters & Schallenberger, 1983)
and oxytocin (Schams, 1983) were measured once in duplicate. Characteristics of the assays are

summarized in Table 1. All antisera are highly specific and do not show extensive cross-reactions.
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Progesterone was extracted from 10-500 µ blood plasma with petroleum ether and oestradiol-17ß
from 500-1000 µ plasmawith méthylène chloride. Oxytocin was extracted and concentrated out of
10-20 ml blood plasma with SEP-PAK C18 cartridges using tetrahydrofuran for the elution. The
intra-assay coefficients of variation were derived from estimates for pooled plasma of 3-8 samples
run at least twice in duplicates in every assay covering the whole standard curve. Samples with high
hormone concentrations were measured in various dilutions to check in every assay for parallelism
of unknowns and standard hormone.

Table 1. Characteristics of the hormone assays

Hormone Standard Antiserum

Limit of Intra- Inter-
sensi- assay assay

Final Binding* Recovery* tivity CV CV
dilution (%) (%) (ng/ml) (%)* (%)*

LH

FSH
Prolactin
Progesterone

LH-DSAf
NIH-FSH-Blt
NIH-P-B3§
Crystalline
progesterone

Oestradiol-17ß Crystalline
oestradiol-17ß

Oxytocin Synthetic
oxytocin

Bovine/rabbit
Ovine/guinea pig
Bovine/rabbit
BSA-llahydroxy-
progesterone-
hemisuccinate/
rabbit

BSA-6-keto-17ß-
oestradiol-
6-carboxy-
methyloxime/
rabbit

BTG-oxytocin-
carbodiimide/
rabbit

1:500 000 44-3 + 1-6
—

0-25
1:180 000 42-6 + 2-4

—

17-5
1:160 000 58-4+ 2-1

—

0-25
1:49 000 51-2+1-0 84-5 + 1-4 002

9-1+0-5 11-2+1-1
10-9+ 0-5 13-2 + 0-9
9-1 + 1-3 14-1+0-9
7-3 + 0-7 11-4+ 0-6

1:40 000 43-6+1-5 85-8 + 2-1 00016 8-5 + 1-2 13-3+1-0

1:80 000 35-6+1-1 71-3 + 3-7 0-0003 7-9 + 1-2 141 + 10

* Mean + s.e.m.

t Biological activity 10 times NIH-LH-S1.
j Biological activity 0-49 times NIH-FSH-S1.
§ Biological activity 24-1 i.u./mg.

Statistical analysis. A pulse was defined as occurring when the value of the highest sample
(peak) exceeded a preceding sample (basal) by at least 4 times the coefficient of variation of the
assay for each respective hormone. There had to be at least one more value on the decreasing slope
ofa pulsatile hormone increase before basal concentrations were again reached. The amplitude was
determined by subtracting the basal from the peak value. This was the only definition to meet the
requirements of all 6 hormones studied. Temporal relationships between pulses of the various
hormones were determined by calculating the number of pulses that occurred either concomitantly
or within 60 min of the start of a pulse of another hormone. Differences in mean basal
concentrations, pulse amplitudes and frequencies between the two different luteal phases were

tested using Student's t test, and  2 analysis was used to test for differences in the number of
concomitant and associated hormone pulses.

Results

LH, FSH, prolactin, progesterone, oestradiol and oxytocin were all secreted in a pulsatile manner
during the early and mid-luteal phases of the oestrous cycle. However, significant changes in pulse
amplitude and/or frequency occurred for all the hormones examined.

Downloaded from Bioscientifica.com at 08/23/2022 04:41:43AM
via free access



LH

The frequency ofLH pulses was over 2-fold greater (P < 0-01) during the early than in the mid-
luteal phase (Text-fig. 1, Table 2). However, the mean concentration and pulse amplitude did not
differ (P > 0-05) (Table 2). There was no significant difference in basal concentration, pulse
frequency or pulse amplitude of LH in jugular vein and vena cava plasma (data not given).

Oestradiol-17ß
Mean concentrations of oestradiol-17ß were lower in the jugular vein than in the vena cava

during the early (P < 005) and the mid- (P < 0-01) luteal phase (Table 2). It was not possible to
detect pulses of oestradiol in jugular vein plasma due to the low concentrations but pulses were

readily detected in vena cava plasma (Text-fig. 1). Only data from vena cava plasma concentrations
were utilized to examine the pattern of oestradiol secretion. Pulse frequency was greater (P <

0-001) during the early luteal phase than during the mid-luteal phase (Table 2). Mean concentration
and amplitude of the oestradiol pulses were also greater (P < 001) during the early luteal phase but
there was considerable variation between animals during this phase (Text-fig. 2). The pulsatile
secretion pattern of oestradiol was similar to that of LH during both luteal phases (Text-fig. 1).
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Text-fig. 1. Hormone profiles from vena cava (#) and jugular vein ( ) blood samples collected
at 20-min intervals for 12 h during the early and mid-luteal phases of the oestrous cycle in one

representative cow (Cow I). Pulses are indicated by asterisks. Note that the scale is 2-5 times
lower for progesterone and 4 times higher for oestradiol during the early luteal than the mid-
luteal phase.
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Table 2. Secretory pattern (mean + s.e.m.) of LH, FSH, oestradiol-17ß, prog¬
esterone and oxytocin in vena cava and jugular vein plasma during the early and

mid-luteal phases of the oestrous cycle in 7 cows

Early luteal phase Mid-luteal phase

Vena cava Jugular vein Vena cava Jugular vein

Overall mean concentration
LH (ng/ml) 1-1+0-05 10 + 008
FSH (ng/ml) 53-4+ 4-1 47-5 + 2-7
Oestradiol (pg/ml) 23-6 + 9-7f 5-6+ 0-7 7-7 + 0-3Í 4-0+ 0-2
Progesterone (ng/ml) 3-8+0-4*t 0-8+0-1 12-3+ 2-0Í 4-0+ 0-6
Oxytocin (pg/ml) 4-0+ 0-9t 2-2 + 0-4 5-6 + 0-9 2-7 + 0-5

Pulses/12 h
LH 8-0+ 0-4* 3-6 + 0-4
FSH 8-5 + 0-3* 6-3 + 0-5
Oestradiol 7-2+ 0-2* 3-6+ 0-5
Progesterone 8-3 + 0-3* 6-0 + 0-6
Oxytocin 2-0+ 0-4* 4-7 + 0-6

Pulse amplitude
LH (ng/ml) 0-6+ 0-1 0-7 + 0-05
FSH (ng/ml) 18-5+1-6 16-6+1-7
Oestradiol (pg/ml) 16-8 + 6-8* 6-4+1-7
Progesterone (ng/ml) 2-7 + 0-3* 8-8 + 1-2
Oxytocin (pg/ml) 3-3 + 3-0 3-3 + 0-5

*P<001 compared with corresponding mid-luteal phase value.
•f  < 0-05 compared with corresponding jugular vein value.
|  < 0-01 compared with corresponding jugular vein value.
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Text-fig. 2. Oestradiol profiles from vena cava blood samples collected at 20-min intervals for
12 h during the early luteal phase of the oestrous cycle in 2 cows. Pulses are indicated by
asterisks. The low concentrations of Cow RB were not due to improper catheter position (see
also Text-figs 3 & 4).

FSH

Basal concentration and pulse amplitude were similar (P > 0-05) during both luteal phases.
However, there was a decrease (P < 0-01) in pulse frequency during the mid-luteal phase compared
to the early luteal phase (Table 2). The frequency of pulsatile FSH release was similar to that of LH
during the early luteal phase but was more (P < 0-01) frequent during the mid-luteal phase (Text-
fig. 1 ; Table 2). The mean concentration of FSH was similar (P > 0-05) in jugular vein and vena

cava plasma (data not given).
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Progesterone
Mean progesterone concentrations in jugular vein plasma were lower (P < 0-01) during both

luteal phases than in vena cava plasma (Table 2). It was not possible to detect any progesterone
pulses in jugular vein plasma during the early luteal phase and significantly fewer (P < 001) pulses
were observed in jugular vein plasma than in vena cava plasma during the mid-luteal phase (Text-
fig. 1). Since progesterone pulses were readily detected in vena cava plasma during both luteal

phases only data from vena cava plasma were further evaluated. Pulse amplitude and basal
concentration were greater (P < 0-01) during the mid-luteal than during the early luteal phase
(Table 2), but frequency of pulses was lower (P < 001) during the mid-luteal phase. The pulsatile
secretion pattern was similar to that of FSH during both luteal phases (Text-fig. 1 ; Table 2).

Oxytocin
As found for the steroids, the mean concentration of oxytocin was higher (P < 0-05) in vena

cava than in jugular vein plasma (Table 2; Text-fig. 3). Vena cava data were therefore used to

analyse the patterns of ovarian oxytocin secretion. Basal concentration and pulse amplitude were
not different (P > 0-05) between the two luteal phases (Table 2). However, pulse frequency was
higher (P < 0-01) during the mid-luteal than during the early luteal phase (Table 2). The pulsatile
secretion patterns ofoxytocin and progesterone were comparable during the mid-luteal (Text-fig. 4)
but not during the early luteal phase.

6
Hours

10 12

Text-fig. 3. Oxytocin profiles from vena cava (#) and jugular vein (O) blood samples collected
at 20-min intervals for 12 h during the early luteal phase of the oestrous cycle in one

representative cow (Cow RB). Pulses are indicated by asterisks.

Prolactin

Basal concentrations, pulse amplitude and pulse frequency of prolactin varied considerably.
Distinct pulses were observed in some cows (Text-fig. 5) but not in others depending especially on
the season in which the experiment was carried out. In some cows a few pulses were associatedwith
pulses of LH and FSH but there was no consistent temporal association to pulses of any other
hormone. There was no difference between the two luteal phases.

Relationship between LH and FSH pulses
During the early and mid-luteal phases of the cycle 96-100% of all LH pulses were associated

with a pulse of FSH (Table 3). Also, 91% of all FSH pulses were associated with a pulse of LH
during the early luteal phase. However, only 59% of all FSH pulses were associated with a pulse of
LH during the mid-luteal phase (Table 3). Thus, 41% more (P < 0-01) FSH pulses than LH pulses
were observed during the mid-luteal phase (Table 3).
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Text-fig. 4. Oxytocin (O—O) and progesterone ( ·-·) profiles from vena cava blood
samples collected at 20-min intervals for 12 h during the mid-luteal phase of the oestrous cycle
in one representative cow (Cow RB). Pulses are indicated by asterisks.
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Text-fig. 5. Prolactin profiles from jugular vein blood samples collected at 20-min intervals for
12 h during the early and mid-luteal phases of the oestrous cycle in Cow R. Pulses are indicated
by asterisks.
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Table 3. Association of LH pulses with FSH pulses and oxytocin
pulses with progesterone pulses during the early and mid-luteal

phases of the oestrous cycle in 7 cows

Concomitant pulses

Early luteal phase Mid-luteal phase

Pulses compared Total % Total %

LH:FSH 32/32 100 26/25 96
FSH:LH 35/32 91* 44/26 59
Oxytocin: progesterone 9/9 100 33/32 97
Progesterone: oxytocin 31/9 29* 37/32 86

*  < 0-01 compared with mid-luteal value.

It was apparent that the separate pulses of FSH observed in some cows during the mid-luteal
phase may have been associated with LH increases of very low amplitude and of short duration
which did not qualify as a regular pulse by our criteria (Text-fig. 1). To clarify this further, the
jugular vein of 3 cows was cannulated on Day 11 of the oestrous cycle. On Day 12, blood samples
were collected every 5 min over 12 h. The samples were then assayed for LH and FSH (the intra-
assay CV was 6-6 and 10-6%, respectively). The secretion pattern from 2 cows is shown in Text-fig.
6. The results supported the earlier belief that the separate FSH pulses observed during the mid-
luteal phase are generally associated with low-amplitude LH pulses lasting for about 2 consecutive
5-min samplings.

Cow  

Text-fig. 6. LH (#) and FSH (O) profiles from jugular vein blood samples collected at 5-min
intervals for 12 h during the mid-luteal phase of the oestrous cycle in 2 cows. Pulses are

indicated by asterisks and low-amplitude, short-duration pulses of LH are indicated by arrows.

Relationship between gonadotrophin and steroid pulses (based on 20-min sampling intervals)
Pulses of LH were released concomitantly with pulses of FSH and are thereby designated as

LH/FSH pulses in this section. A close temporal relationship appeared to exist between pulses of
LH/FSH and pulses of oestradiol (Text-fig. 1). During both luteal phases, 90-96% of all LH/FSH
pulses were followed within 60 min by a pulse of oestradiol (Table 4). The mean time between the
start of an LH/FSH pulse and an oestradiol pulse was similar during both luteal phases and varied
between 23 and 25 min (Table 4). No separate FSH pulses were associated with a pulse ofoestradiol
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(Text-fig. 1), whereas 93-100% of all LH/FSH pulses and separate FSH pulses were secreted either
concomitantly with or followed by a pulse of progesterone (Text-fig. 1 ; Table 4). During the early
and mid-luteal phases, progesterone pulses followed LH/FSH pulses and separate FSH pulses by a

mean time that varied between 5 and 9 min.

Table 4. Association of gonadotrophin pulses with steroid pulses (concomitant or
within 60 min of the start of a gonadotrophin pulse) during the early and mid-luteal

phases of the oestrous cycle in 7 cows

Associated pulses

Early luteal phase Mid-luteal phase

Time lag Time lag
Pulses compared Total % (min)f Total % (min)t

LH/FSH: oestradiol 31/28 90 22-9 + 3-2* 25/24 96 24-4+ 3-2*
LH/FSH-.progesterone 31/29 93 9-1+2-5 25/24 96 8-0+ 2-4
FSH progesterone 3/3 100 6-7 + 6-6 18/17 94 5-0+ 2-2

* P<0001 compared with the 2 values below.
t Mean ( +s.e.m.) time between gonadotrophin pulses and steroid pulses.

The time between the start of a gonadotrophin pulse and an oestradiol pulse was longer (P <

0-001) than the time between a gonadotrophin pulse and a progesterone pulse during both luteal
phases of the cycle (Table 4).

Relationship between progesterone and oxytocin pulses
During both luteal phases, 97-100% of all oxytocin pulses were associated with pulses of

progesterone (Text-fig. 4; Table 3). However, only 29 and 86% of all progesterone pulses were

associated with oxytocin pulses during the early and mid-luteal phases, respectively (Table 3).

Discussion

Pulses of LH were always secreted concomitantly with pulses of FSH suggesting that
gonadotrophin-releasing hormone (GnRH) is the sole hypothalamic releasing hormone for both
LH and FSH (Convey, 1973). The present results confirm studies of Rahe et al. (1980),
Schallenberger, Schams, Bullermann & Walters (1984) and Walters & Schallenberger (1984) who
reported considerable changes in LH pulse frequency during the oestrous cycle in the cow.

A marked relationship between pulsatile LH secretion and oestradiol secretion was observed
during both luteal phases as almost all pulses of LH were followed by a distinct pulse of oestradiol.
However, there was more frequent progesterone than LH secretion during the mid-luteal phase,
confirming the results of Hixon, Pijanowski, Weston, Shanks & Wagner (1983). Even though all
LH pulses were secreted concomitantly with FSH pulses it was assumed that a relationship existed
primarily between LH and oestradiol. This assumption was based on the observation that no
separate FSH pulses were associated with a pulse of oestradiol. In sheep (Baird & McNeilly, 1981)
each pulse of LH is followed by a pulse of oestradiol. The cow therefore appears to be similar to the
ewe (McNeilly, O'Connell & Baird, 1982) in that the amount of oestradiol secretion is determined
by the frequency of the LH pulses. The high number of LH pulses observed during the early luteal
phase may not only increase oestradiol secretion by increasing the number of oestradiol pulses but
may also increase the responsiveness of the follicle to the LH pulses, since an increase in the
amplitude of the oestradiol pulses was also observed during the early luteal phase. In some cows, the
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concentrations of oestradiol during the early luteal phase were comparable to concentrations
observed just before the preovulatory LH surge (Glencross et al., 1973; Walters & Schallenberger,
1984). However, it is probable that a preovulatory LH surge was blocked at this time by the low
progesterone concentrations (Short, Randel, Staigmiller & Bellows, 1979).

Oestradiol can also inhibit pulsatile LH secretion in cows (Walters et al., 1982). However, it is
known that a combination of oestradiol and progesterone is the most effective in inhibiting tonic
LH secretion (Beck, Smith, Seguin & Convey, 1976). With this in mind, it is proposed that during
the mid-luteal phase (when progesterone concentrations are high) each pulse of oestradiol
negatively feeds back on the pituitary and/or hypothalamus to inhibit the subsequent release of a
pulse of LH for a period lasting over several hours. This would then explain why more pulses of
FSH than LH were observed during the mid-luteal phase since it is known that low concentrations
of oestradiol do not inhibit either basal or pulsatile secretion of FSH in the cow (Padmanabhan &
Convey, 1981; Roche & Ireland, 1981; Ireland & Roche, 1982; Walters et al., 1982). Also,
oestradiol in combination with progesterone is no more effective than progesterone alone in
suppressing FSH secretion (Goodman, Pickover & Karsch, 1981). The observations (from the 5-
min sampling study) that the separate FSH pulses were associated with low-amplitude pulses ofLH
support this proposal.

A striking relationship between pulsatile FSH secretion and progesterone secretion was

observed during both luteal phases as almost all pulses of FSH were followed by or were

concomitant with a pulse of progesterone. Since 97% of the separate FSH pulses were associated
with progesterone pulses, it is possible that, at least in the cow, FSH may be the principal hormone
that stimulates progesterone secretion. This does not exclude a luteotrophic action of LH
(Hoffmann et al., 1974) in addition to a stimulatory action of FSH on progesterone release in the
cow. A temporal relationship between FSH and progesterone pulses has also been observed in
pregnant cows by Schallenberger, Rampp & Walters (1983) at a time when pulsatile LH secretion
was completely abolished. Foster, Lamming & Peters (1980) found an association between pulses of
FSH, LH and progesterone in the cow but they concluded that stimulation of progesterone
secretion was only due to the LH pulses and not the FSH pulses. Numerous in-vitro studies have
shown that FSH is capable of stimulating progesterone secretion from rat and pig granulosa cells
(Thanki & Channing, 1978; Dorrington & Armstrong, 1979; Adashi, Jones & Hsueh, 1981). In an

early in-vitro study, Romanoff (1966) perfused bovine luteal ovaries with FSH and observed an

increase in progesterone secretion. There are also specific receptors for FSH in the corpus luteum of
the cow (Mann & Niswender, 1983).

Even though FSH pulse frequency during the mid-luteal phase was greater than that of LH, it
was less than the FSH and LH pulse frequency during the early luteal phase. Since Padmanabhan &
Convey (1981) reported that progesterone does not inhibit FSH secretion from the pituitary, the
slight reduction in FSH pulse frequency during the mid-luteal phase could be a result of negative
feedback inhibition by progesterone on GnRH secretion (Goodman & Karsch, 1980). Also, in the
absence of luteal phase concentrations ofprogesterone, the interpulse interval for FSH is 40-80 min
in cows (Schallenberger & Peterson, 1982; Walters & Schallenberger, 1984; Schallenberger et al.,
1984) and the interpulse interval for GnRH is approximately 40 min in ovariectomized ewes

(Levine, Pau, Ramirez & Jackson, 1982). This proposal for regulation of pulsatile FSH secretion
does not necessarily account for changes in basal FSH concentrations. It has been shown that basal
FSH concentrations decrease during the follicular phase of the oestrous cycle in cows (Walters &
Schallenberger, 1984) and ewes (Baird & McNeilly, 1981 ; Goodman et al., 1981) at a time when
FSH pulse frequency is actually at its highest (Walters & Schallenberger, 1984). Several studies
have reported failure to inhibit basal secretion of FSH in ovariectomized cows (Kesner,
Padmanabhan & Convey, 1982) or ewes (Goodman et al., 1981) to levels observed in intact control
animals with implants or constant infusions of progesterone and oestradiol. It therefore seems

possible that another hormone, such as inhibin, may be involved in regulating changes in basal
FSH secretion (and possibly LH) in the cow. A negative relationship between progesterone and
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inhibin production by bovine granulosa cells has been reported (Henderson & Franchimont, 1981)
and this might explain the decrease in basal FSH concentrations during the follicular phase of the
cow, although Kesner & Convey (1982) found that concentrations of exogenous oestradiol, similar
to the ones found during the periovulatory phase, can suppress basal FSH concentrations.

A relationship between pulses of progesterone and pulses of oxytocin was observed in the
present study. Other studies with sheep have shown that basal progesterone concentrations and
oxytocin concentrations changed concomitantly during the oestrous cycle (Sheldrick & Flint, 1981 ;

Webb, Mitchell, Falconer & Robinson, 1981 ; Schams, Lahlou-Kassi & Glatzel, 1982). Almost all
oxytocin pulses were associated with a progesterone pulse, suggesting a common mechanism of
release. However, more pulses of progesterone were consistently secreted, especially during the
early luteal phase, than were pulses of oxytocin. Therefore, a common mechanism of release for
both oxytocin and progesterone may not necessarily exist. It is possible that prostaglandin (PG) F-
2a is responsible for the pulsatile secretion of ovarian oxytocin since exogenous prostaglandin
causes the release ofoxytocin from the ovary (Flint & Sheldrick, 1983 ; Schallenberger et al., 1984).
Also 13,14-dihydro-15-keto-PGF-2a (PGFM) episodes were associated with episodes of ovarian
oxytocin as demonstrated by Flint & Sheldrick (1983) in ewes. During the early luteal phase in
sheep, pulses of PGFM are infrequent but increase during the mid-luteal phase (Webb et al., 1981)
which corresponds closely with the frequency of oxytocin pulses as observed here.

The secretion of prolactin is susceptible to a wide variety of external stimuli such as stress

(Raud, Kiddy & Odell, 1971), season (Schams & Reinhardt, 1974) and the time of day (Koprowski,
Tucker & Convey, 1972). Some of these stimuli probably caused the large variation in prolactin
secretion observed between cows in the present study. Nevertheless, pulses of prolactin were

detected in some cows which were occasionally, but never consistently, associated with
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Text-fig. 7. Depiction of basal concentration, pulse amplitude and pulse frequency of LH,
oestradiol, FSH, progesterone and oxytocin during the early and mid-luteal phases of the
oestrous cycle. Calculations are based upon the means of the 7 cows studied. The shape of the
idealized pulses is according to the average appearance of all compared pulses of the respective
hormones.
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gonadotrophin pulses. In the present studies, even though prolactin concentrations varied

considerably, all cows had oestrous cycles of normal length before, during and after the study.
Therefore, as suggested by Hoffmann et al. (1974), the importance of peripheral concentrations of
prolactin with regard to reproduction in the cow is questionable.

Based upon the present data and interrelationships, a schematic diagram ofpulsatile secretion
of gonadotrophins, ovarian steroids and ovarian oxytocin was composed (Text-fig. 7). It is

suggested that pulses ofLH and FSH stimulate pulses ofoestradiol and progesterone from the ovary
which in turn feed back upon the pituitary and hypothalamus to regulate the frequency and

amplitude of the LH and FSH pulses. Also, pulsatile FSH secretion may be a better indirect
indicator of pulsatile GnRH secretion than LH since FSH is inhibited much less than LH by the
negative feedback action of steroids. Furthermore, it is suggested that pulses of ovarian oxytocin
are involved with luteal function in the cyclic cow.
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