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Summary. The secretion of LH during the preovulatory surge has been shown to be
pulsatile in several species. We confirmed this phenomenon in intact ewes in two
experiments in which we studied the LH surge in detail. In the first experiment, the levels of
LH were measured in discrete blood samples taken every 5 min around the onset of oestrus
in 5 intact Merino ewes. For 2-b h immediately prior to the onset of the surge, the median
pulse interval was 17.5 min (range 10-55) and the median pulse amplitude was 0.70 ng/ml
(range 0.28-1.33 ng/ml}). During the ascending phase of the surge, the pulse interval did
not change significantly (median 18.3 min) but the median puise amplitude increased
20 fold to 18.0 ng/ml. During the descending phase, the median puise interval was
22.5 min and the median amplitude decreased to 8.1 ng/ml (P < 0.005}. During the surge,
intervals of 10 min and amplitudes over 30 ng/ml were common. In the second experiment
with 2 oestrous Romanov x Préaipes-du-Sud ewes, blood was withdrawn continuously and
samples were pooled over 4 min periods for 19-27 h. In the resulting profiles, individual
pulses were better defined but the pulse frequencies (median interval 15.2 min during
ascending phase) and amplitudes (median 35.0 ng/ml} varied in similar fashion to the
Merinos.

Using a simple mathematical description of pulsatile secretion, and assuming that LH is
only released in pulses, we also found that the high concentrations normally achieved
during the surge can only be explained by puise frequencies and amplitudes well above
those normally observed in other physiological situations, including the follicular phase or
following ovariectomy. These findings strongly support the experimental data and the
combined results of the two studies suggest that the initiation and execution of the LH
surge is probably accomplished by changes in the amplitude of pulses. A high frequency is
also essential and our data suggest that it may be established some time before the onset
of the surge proper, but this requires confirmation. Respectively, the changes in amplitude
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and frequency reflect the pituitary and hypothalamic components of the positive feedback
mechanism. The theoretical study suggested that a change in clearance rate could also
contribute to the surge and this awaits further investigation.

Introduction.

The entire ewe has long been considered to exhibit two modes of LH secre-
tion : a tonic mode which continues throughout most of the oestrous cycle and
controls follicular and luteal activity, and a surge mode which comes into play
once each cycle at the onset of oestrus to induce ovulation and luteinization. His-
torically, the surge was described first because it lasted many hours and was large
enough to be detected in peripheral plasma with the first immunoassays (Gesch-
wind and Dewey, 1968 ; Pelletier et al., 1968 ; Niswender et al., 1968). Tonic
secretion was at first thought to be low and continuous (e.g. Reeves et al., 1970 ;
Scaramuzzi et al.,, 1970) but more frequent samples were taken in subsequent
studies and it was found to be pulsatile (Scaramuzzi and Martensz, 1975). It is
now known that the frequency and amplitude of the pulses vary according to the
phase of the reproductive cycle and the state of the environment {(Martin, 1984).

Detailed examination of the preovulatory LH profiles of women, cows rats
and monkeys has revealed that the surge is also composed of pulses rather than a
massive continuous release of hormone (Midgley and Jaffe, 1971 ; Rahe et a/.,
1980 ; Gallo, 1981 ; Marut et a/., 1981 ; Walters and Schallenberger, 1984). The
pulses are very frequent and of high amplitude compared to those secreted toni-
cally, and it has been proposed that the changes in LH concentration that des-
cribe the surge can be entirely explained by changes in pulse frequency and
amplitude (Gallo, 1981).

On occasions, frequent blood samples have been collected inadvertently near
the onset of the surge in ewes, and from the resulting profiles it appears that the
surge is also composed of pulses in this species (Baird, 1978 ; Poindron et al.,
1980 ; Karsch et al., 1983). The frequency of LH pulses is determined entirely by
the hypothalamus through its control over the frequency of the pulses of
gonadotrophin-releasing hormone (GnRH), while pulse amplitude is potentially
determined by both hypothalamic (the amplitude of the GnRH pulses) and pitui-
tary factors (the responsiveness of the gonadotrophs to GnRH) (review : Martin,
1984). The observation that the LH surge is composed of pulses therefore raises
fundamental questions concerning the respective contributions of the hypothala-
mus and the pituitary gland in the secretion of the surge.

In the present study, we have recorded the changes in pulse amplitude and
frequency around the time of the endogenously-generated LH surge in oestrous
ewes, and we have determined the theoretical combinations of pulse variables
(amplitudes and frequencies) which would be required to reach the high concen-
trations of LH normally observed during the surge. Comparison of these findings
with the experimental data have led us to conclude that the preovulatory surge is
probably due to a profound increase in LH pulse amplitude superimposed on a
background of high pulse frequency.
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Material and Methods.
a) Empirical studies

Experiment 1

Animals. — To minimize the duration of sampling, we took advantage of the
close synchrony that exists between the onsets of the LH surge and oestrus in the
ewe (review : Martin, 1984). Twenty mature, entire Merino ewes were treated
with intravaginal sponges containing 30 mg of fluogestone acetate (Chronogest
30, Intervet) and 13 days later they received indwelling jugular cannulae. The
sponges were withdrawn the following day and the ewes were placed in a pen
with two vasectomized rams wearing marking crayons. At 06:00 h, 36 h after
sponge withdrawal, the ewes that had been detected in oestrus by the rams were
removed and the remaining ewes were observed continuously for signs of oestrous
behaviour. The next five ewes to show standing oestrus were also removed and
blood (2 mi) was sampled from them every 5 min untill 17:00 h when samples had
been collected from individual ewes for 6-10 h.

Radioimmunoassay of LH. — The double antibody assay has been described in
detail by Martin et al. (1980). In brief : 10 ul (surge) or 200 pl (late follicular phase)
aliquots of each sample were assayed in duplicate ; for reference and iodination
we used the preparation CNRS-M3 (activity 1.8 i.u./mg NIH-LH-S1%) kindly
supplied by M. Jutisz (CNRS, Gif-sur-Yvette, France} ; the limit of detection of
the standard curve was 0.36 ng/ml ; six 200 pl replicates of 3 pooled samples (con-
centrations : 0.99 + 0.16 ng/ml ; 3.45 + 0.11 ng/ml : and 10.41 + 0.40 ng/ml,
mean + SEM) were used to estimate the coefficients of variation within
(121 + 14% ; 5.1 + 05 % ; 53 + 0.6 %) and between assays (13.6 % ;
7.6 % ; 5.1 %).

Experiment 2

Animals and sampling. — 2 cyclic crossbred (Romanov x Préalpes-du-Sud) ewes
were given an indwelling catheter in an external jugular vein about 3 days before
the expected onset of oestrus. The animals were heparinized (10 000 i.u. every
2 h) and connected to a peristaltic pump. On the expected day of oestrus, blood
was aspirated at a constant rate for 19-27 h and aliquots were pooled over 4 min
periods with the aid of a fraction collector. Plasma was separated and frozen until
assayed.

Radioimmunoassay of LH. — The double antibody assay was initially developed
by Pelletier et al. (1968) but has recently been modified to improve sensitivity
(Pelletier et al.,, 1982). Only small amounts of plasma were available so single
aliquots of 50 ul were assayed. The hormone preparation described for experiment
1 was also used in this assay, which contained all the samples from the
experiment and had a limit of detection was 0.54 ng/ml. In contrast to the routine
of the laboratory in which experiment 1 was carried out, the within-assay variation
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was determined from the variation around each point on the standard curve
(4 replicates). This does not take account of the effects of plasma but does allow
the variation to be measured at all points on the curve, thus aiding in the
detection of pulses at widely varying concentrations of hormone. The coefficient
of variation decreased from 45 % at 0.65 ng/mi (B/By = 94 %) to 4 % at
10 ng/ml (B/By = 72 %), and then increased to 27 % at 80 ng/ml (B/By =
50 %).

b) Data analysis

A pulse was defined as any increase in LH concentration which exceeded the
sum of the assay errors (coefficients of variation) for the lowest (nadir) and
highest (peak) samples, and which was followed by a decline in concentration
that also exceeded the sum of the assay errors. This is essentially the definition
described in detail by Martin et a/. (1983), except that the maximum time allowed
between a significant increase and significant decrease was extended to
5 sampling intervals. Pulse interval was estimated from the number of samples
between successive significant peaks and pulse amplitude was estimated by
subtracting the nadir concentration (the lowest value between successive
significant peaks) from the pulse height (absolute concentration at the pulse
peak). The onset of the LH surge was arbitrarily defined as the time at which the
pulse height increased above 10 ng/ml. The peak of the surge was the sample
with the highest concentration of LH, so the ascending and descending phases
were the periods either side of this point during which the level of LH was more
than 10 ng/mi.

In many instances, the data were not normally distributed so medians and
ranges are provided, and the frequency distributions of pulse intervals and
amplitudes were compared, between sections of the hormone profiles, using Chi-
squared analysis. Elsewhere, means and standard errors are quoted. Because
different assay methods were required for the follicular and surge sections of the
profiles in experiment 1, statistical comparison of the phases for pulse amplitudes
was not possible. Within phases, changes in amplitude from one pule to the next
were tested by paired analysis of variance.

c) Theoretical study

It is generally accepted that LH is secreted tonically as pulses. Indeed, there
appears to be little non-pulsatile « leakage » and between pulses the net release
from the head into jugular blood is negative {Rasmussen and Malven, 1982). From
the peak of the pulse, the hormone level declines in an approximately log-linear
fashion until the onset of the next pulse. In order to represent pulses in simple
mathematical terms for the present study, we made the following assumptions :
1) LH is secreted into only one compartment (the plasma) and there is only one
rate constant (the half-life)} governing the clearance ie., only one site of
clearance. Most LH is catabolized by the liver, but it is to be expected that some
of the hormone would be absorbed and metabolized at other sites and some
would diffuse into extravascular compartments (Rasmussen and Malven, 1982).
Mcintosh and Mclntosh {1980) discuss this in some depth with respect to
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pregnant mare’s serum gonadotrophin, which has more than one rate constant
for clearance in sheep.

2} The duration of secretion is very short compared to the duration of the pulse,
the sampling interval and the half-life. Thus, it is assumed that maximum LH
concentration is reached at t = 0 min and the subsequent decline reflects
clearance alone, rather than a summation of clearance and secretion. This is
probably a fair approximation as LH is sscreted for only 2-6 min at the onset of
the pulse (Rasmussen and Malven, 1982). However, when the pulse interval
becomes short, even 2 min may become a significant proportion of the duration
of the pulse.

3) Mixing of the hormone is complete and takes a very short time relative to
sampling and clearance.

Under these assumptions, most of which have been discussed by Mcintosh
and Mclintosh (1980, pp. 115-119), each LH pulse consists of an instantaneous
increase in concentration foliowed by a simpie log-linear decline which continues
until the onset of the next pulse. The theoretical heights of pulses and nadirs have
been calculated using the mathematical model described in the Annex for the
different values of the interval between pulses (I) and pulse amplitude {A). In
brief, starting with a conveniently chosen concentration (S), the nadir (N) after
the first pulse is given by

(S + A)

A
where e is the natural exponent (2.718), the constant, b = ITn_g
12

and ty,, is the time needed to lose half of C (the half-life). As the number of
pulses in a series increases, the nadir increases but stabilizes at an asymptotic
(asymp) maximum (fig. 1), given by the formuia
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FIG. 1. — Theoretical profiles derived from manually adding and clearing successive pulses. In the

first instance (starting at 0 ng/ml) the interval between pulses was made equal to the half life of
30 min. It can be seen that the nadirs reach a plateau at about 4 ng/ml and the peaks reach a
plateau at about 8 ng/ml. The second case shows the effects of a combination of a decrease in
pulse interval (to less the half iife) and an increase in pulse amplitude.
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The asymptotic value for pulse height can be obtained by adding A to Nagymp-
The existence of an asymptote is perhaps the most striking feature of this
relationship, especially when the pulse frequency is reduced to less than one half-
life (fig. 1). The concentration does not continue to build up indefinitely, as would
be judged intuitively, because the half-life dictates a steeper disappearance curve
at higher concentrations than at lower concentrations. For example, with
t;;2 = 30 min the concentration must fall by 10 ng/ml in 30 min if the starting
point is 20 ng/ml but only 1 ng/ml in 30 min if the starting point if 2 ng/ml. The
nadir and pulse height therefore level off as they approach asymptotic values
determined by a new equilibrium between the rates of clearance (half-life) and
secretion (pulse interval and amplitude).

By substituting values into the equation, we were able to study the effects of
changes in each of the variables on the final concentrations of LH that would be
achieved, and these have been displayed as the series of lines in figure 2. For
reference, amplitudes of 4 ng/ml are normally observed during tonic secretion in
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FIG. 2. — Examples of the theoretical relationships between pulse amplitude (A), pulse interval (1}, half
life (t1/2) and the maximum concentration reached by the peaks of a series of pulses {H,,,,). The
solid lines demonstrate the effect of changing the pulse interval while keeping the half life
constant at 30 min, and the two broken lines demonstrate the effects of changing the half life
while keeping the interval constant.
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seasonal anoestrus or the luteal phase of oestrous cycle of Merino ewes (Martin
et al., 1980 ; Thomas et al., 1987) whereas 32 ng/ml is somewhat higher than
that observed in ovariectomized Merino ewes (Martin et a/., 1983). Intervals are
typically over 80 min during the luteal phase or anoestrus, and 40 min during the
follicular phase (Martin et a/., 1980 ; Thomas et a/.,, 1987), but may be as low as
20-30 min during the follicular phase in (Baird, 1978 ; Karsch et a/., 1983) or after
ovariectomy {Martin et al., 1983). A wide range of half-lives has been reported for
LH in entire ewes, from 23 min {(Geschwind and Dewey, 1968) to 43 min (Akbar
et al., 1974}). In anoestrous Merinos, the disappearance curves following
endogenous tonic pulses indicate a half-life between these values (Martin, 1981)
so values of 20 to 40 min were substituted into the equation.

Results.
Experimental observations

The LH surges from the five Merino ewes are shown in figure 3. The
sampling period coincided with the entire surge only in ewe 1, while the peaks
and either the ascending or descending phases were observed in the other four
ewes. The mean (+ s.e.m.) peak height was 126 + 5ng (n = 5, range 108-
141 ng/mi) for the Merinos. It was clearly evident that the surge did not consist of
smooth increases or decreases in the concentration of LH in any of the ewes, but
was composed of pulsatile fluctuations.
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FIG. 3. — The preovulatory surge of LH in 5 entire Merino ewes. Samples were collected at 5 min

intervals, beginning at th'e' first sign of oestrous behaviour. The points indicated by open circles
(o) are the peaks of significant pulses as detected by the pulse definition described in the text.

In the Merinos, the last stages of the follicular phase were observed for 145-
310 min prior to the onset of the surge, giving a total of 12 h observation
(table 1). For pulse intervals, there was no significant difference between the pre-
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surge period and the ascending phase of the surge, but during the descending
phase they became significantly (P < 0.005, Chi-square} longer than during either
of the previous phases. Of the intervals recorded, 30 % were 10 min (ie.,
2 sampling periods) before the onset of the surge, 26 % during the ascent, but
only 5 % during the descent. Similarly, 10 %, 12 % and 32 % of the longer
intervals (more than 30 min) were observed prior to the surge, during the ascent,
and during the descent respectively.

TABLE 1

LH pulse frequencies, intervals {min) and amplitudes (ng/ml} observed in the jugular
plasma of entire Merino and Crossbred ewes around the peak of the preovulatory surge of LH.

Pulse interval Pulse amplitude
Pulses Frequency
observed pulses/12 h median range median range

— 12 h to 6 h before surge

Crossbred (n = 2) 24/720 min 24.0 22.8 8-60 0.8 0.3-25
— 6 h to onset of surge

Merino (n = 3) 30/720 min 30.0 17.5 10-55 0.7 0.3-1.3

Crossbred (n = 2} 23/720 min 23.0 17.6 8-108 0.8 0.2-4.2
Ascending phase of surge

Merino (n = 5) 38/825 min 33.2 18.3 10-55 18.0 4.0-69.0

Crossbred (n = 2) 29/484 min 43.0 16.2 8-66 35.0 44924
Descending phase of surge

Merino (n = 2) 21/580 min 25.6 22.5 10-70 8.1 3.0-32.0

Crossbred (n = 2) 23/510 min 32.1 15.2 8-56 15.2 0.8-94.5
After surge

Crossbred (n = 1) 18/308 min 421 20.0 8-32 0.8 0.3-1.5

The pre-surge period was characterized by pulses of very low amplitude and,
although the use of different assay methods precluded rigorous statistical
comparison, it was quite evident that the amplitudes increase at least 5-fold at the
onset of the surge. The amplitudes were significantly (P < 0.005, Chi-squared)
greater during the ascending phase of the surge than during the descending
phase. Of the pulses recorded, 42 % had amplitudes greater than 20 ng/mi during
the ascent, but only 23 % during the descent.

In figure 4, the frequency distributions of pulse intervals for the late follicular
phase and the surge are compared for the Merinos. These distributions were very
similar with similar median values. Figure 4 also illustrates the changes in pulse
interval during the surge itself, in relation to the time the peak is attained. There
was a large degree of variation in pulse interval, but it appeared to be shortest
during the ascending phase, particularly around the time of the third and fourth
pulses before the peak when the mean was 12.5 + 2.2 min. In contrast to the
data for interval, there was a distinct pattern in the pulse amplitudes. The
amplitude of the eighth pulse before the peak was already well outside the range
of the late follicular phase, and there was another sharp increase in the next pulse
(P < 0.05, paired test) followed by a gradual rise to a maximum of
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32.6 + 8.7 ng/ml for the pulse giving the peak concentration. The amplitude
then declined during the descending phase.
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FIG. 4. — Left panels - The changes in pulse interval (top) and pulse amplitude (bottom) observed
during the ascending and descending phases of the LH surge, plotted in relation to the pulse
which provided the highest concentration recorded during the surge (« peak pulse », or Pulse O) ;
Right panels - Frequency distributions of LH pulse intervals (top), before and during the surge,
and pulse amplitudes {bottom)} observed during the LH surge. The frequency distribution for
amplitudes observed in the late follicular phase are not shown as all pulses fell in the first category
{0-5 ng/ml) on the extreme left of the distribution. The bars indicate standard errors and the
asterisk indicates P < 0.05 (paired test) for the change in amplitude between the 8th and
7th pulses before the peak of the surge.

The sections of the profiles containing the surges of the crossbred ewes are
shown in figure b and the data for the late follicular phase are in table 1. Again
the pulsatile nature of LH secretion during the surge is evident. The peak
concentrations were 135 ng/ml and 173 ng/ml and the pulse intervals and
amplitudes varied between the phases in similar fashion to those of the Merinos
(table 1). The most striking change was in pulse amplitude. The median value was
less than 1 ng/ml before the onset of the surge and increased to 35.0 ng/ml
during the ascending phase, which was characterized by a proportion of very high
amplitude pulses e.g., 68 % were over 20 ng/ml and 32 % were over 60 ng/ml.
During the descending phase, these proportions decreased to 39 % (P < 0.05,
Chi-squared) and 9 % (P < 0.01) respectively. In general, during the surge the
intervals were shorter and the amplitudes higher in the crossbreds than in the
Merinos, the latter despite the use of the same LH standard preparation in the
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assay. Overall, 15 % of the pulse intervals recorded were 2 sampling intervals
long for the crossbreds and 19 % for the Merinos.
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FIG. 5. — The LH surges of 2 entire Romanov x Préalpes-du-Sud ewes. Blood was sampled
continuously and pooled over 4 min intervals, beginning at the first sign of oestrous behaviour.
The points indicated by open circles (o) are the peaks of significant pulses as detected by the
pulse definition described in the text.

Theoretical study

Figure 2 shows the theoretical effects of changing the hormone half-life and
the frequency and amplitude of pulses on the maximum pulse height that can be
achieved. With a half-life of 30 min, it can be seen that to reach concentrations
normally observed during the LH surge (over 100 ng/ml}, either pulse frequency
or pulse amplitude must be increased to well above the normal range /.e., above
the values observed in other physiological states. Changes in the rate of clearance
could have considerable impact on the ability of pulses to achieve high
concentrations (fig. 2) even if it is limited to the range of values reported in the
literature. However, even with the longest half-life (40 min), either amplitude or
frequency must still be increased above the normal range if concentrations around
100 ng/ml are to be reached, and for higher concentrations both pulse variables
must be changed. If the half-life was 20 min or less, both amplitude and
frequency would have to be above normal.

Discussion.

In this study we have confirmed the suggestions of earlier reports that LH is
secreted in a pulsatile manner throughout the preovulatory surge in the ewe and
we have expanded upon this by showing : 1) that the initiation, maintenance and
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termination of the surge could be explained by changes in pulse amplitude,
provided the frequency is sufficiently high ; 2) that the amplitudes {and probably
frequencies) required lie well above the range observed in other physiological
situations ; 3} that if LH is secreted only as puises, the surge cannot be initiated
by simply reducing the pulse interval to less than the half-life of the hormone.

It could be argued that the empirical observations are drawn from only a few
complete surges from a few animals. Indeed, experiments of this type are difficult
to design, particularly with respect to prediction of the timing of the surge, and
lead to a large number of samples spanning a very wide range of concentrations,
which need to be included in a single assay run to aid pulse analysis. However,
despite these problems and the differences between the experiments in assay and
sampling protocol, all of the surges observed were strikingly similar, showing
similar frequencies and amplitudes and the same phenomenon of a sudden
increase in amplitude superimposed on a background of high frequency at the
onset of the surge.

The sudden increase in LH pulse amplitude at the onset of the surge reflects
an increase in the responsiveness of the anterior pituitary gland to GnRH rather
than an increase in the amplitude of the GnRH pulses secreted into stalk blood
(Clarke and Cummins, 1984). Pituitary responsiveness increases in a time- and
dose-dependent manner in response to the high levels of plasma oestrogen just
prior to the onset of the surge (Reeves et a/., 1971 ; Jackson, 1975 : Coppings
and Malven, 1976), an effect which is apparently mediated by an increase in the
number of GnRH receptors (Schoenemann et al., 1985). It may also increase
through the mechanism of self-priming (Crighton and Foster, 1977}, though on
currently available evidence it is difficult to assess the contribution of this
phenomenon to the initiation of the surge (Martin, 1984). The descent from the
peak of the surge appears to be due primarily to a decline in amplitude and this
effect is also mediated at the level of the pituitary gland. It has been shown that
the anterior pituitary gland responds very weakly to exogenous GnRH following
the surge (Foster and Crighton, 1976), possibly due to pituitary exhaustion or to
the down-regulation of GnRH on the gonadotrophs {Clayton et al., 1980).

Whereas the amplitude changes associated with the surge have been clearly
demonstrated in the present study, we need to rely upon comparisons with data
from other experiments from our laboratories to implicate a role for changes in
pulse frequency. We do so cautiously for several reasons : first, although the
assays used in this and previous studies are comparable, the systems for blood
sampling and pulse detection are not ; second, in the present study we were
unable to demonstrate any major changes in frequency during the period around
the onset of the surge ; and finally, the theoretical study suggests that if the
frequency were held constant at the median values observed in the present
experiments, the surge could be completely explained by changes in amplitude.
However, it is evident from the profiles, especially on the steeper sections of the
ascending and descending phases, that there were many small fluctuations in LH
levels, often indicated by departures from the rapid increases and exponential-
type decreases in concentration normally associated with pulsatile secretion,
which did not qualify as pulses under the definition used here. We suspect that
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these were in fact pulses and that because they were not detected the overall
pulse frequency was underestimated. This is supported by the highly variable
intervals observed within a given profile. Acceptance of frequencies which are
higher than the measured values strengthens the theoretical argument that the
surge could be expressed purely by changes in amplitude. However, this same
problem of inadequate pulse detection weakens the empirical argument of a
constant frequency throughout the surge, especially since the pulse interval
tended to be shorter during the ascending phase.

Obviously, this matter cannot be definitively resolved with the present
data, but we can still address one of the purposes of this study, namely to
compare the amplitudes and frequencies in the surge with those normally
secreted by ewes during other stages of the reproductive cycle. A significant
proportion of the pulse intervals were only 2 sampling intervals long, /.e. in the
order of 8-10 min, and most were less than 30 min. For pulse amplitude, values of
30-90 ng/ml were common, and a large number fell within the range 16-32 ng/mi.
Thus, despite the difficulty of obtaining accurate measures of the frequencies and
amplitudes, it appears that both are greater than those observed at any other
stage of the reproductive cycle, and also greater than those observed in
ovariectomized ewes where the generally inhibitory effects of the ovarian steriods
have been removed.

A frequency above that seen in other reproductive states suggests that
hypothalamic stimulation plays an active role in the positive feedback mechanism
of the ewe. This is supported by other lines of evidence : first, knife cuts placed
in the retrochiasmatic area obliterate or reduce the size of the LH surge (Thiery et
al., 1978 ; Jackson et al., 1978 ; Pau et al., 1982) ; second, the surge induced in
ovariectomized ewes by exogenous oestrogen is accompanied by an increase in
the multiunit activity of the retrochiasmatic area associated with pulsatile LH
release (Thiery and Pelletier, 1981) and by an increase in the irequency, but not
the amplitude, of GnRH pulses secreted into hypophyseal stalk portal blood
(Clarke and Cummins, 1985} ; third, treatment of ewes with barbiturate during the
ascending phase of the surge will reduce the secretion of LH (Webb et a/., 1981) ;
and fourth, in ovariectomized ewes in which the hypothalamus and pituitary gland
have been surgically disconnected and endogenous GnRH has been replaced by a
regime of constant hourly injections of GnRH, the LH surge evoked by oestrogen
is smaller than that seen in the entire ewe (Clarke and Cummins, 1984). Taken
together, this evidence indicates that the LH surge of the ewe is at least partly
dependent on the action of oestrogen on hypothalamic sites, although the data
from the present study suggest that pulse frequency is close to a maximum
before the onset of the surge per se, which begins when the gonadotrophs are
sufficiently responsive to GnRH to be able to secrete high amplitude pulses.

During the descending phase of the surge there is some indication of a
decline in pulse frequency. However, once the peak has been attained pulse
amplitude falls very rapidly thereby reducing the efficiency with which the pulses
are detected, so the pulse frequency is probably underestimated to a greater
degree during the descending phase than during the other phases. We therefore
propose that the decline in LH levels is due mainly to pituitary effects. This is
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supported by the observation that multiunit activity in the hypothalamus remains
high during this phase (Thiery and Pelletier, 1981} and that barbiturate
anaesthesia after the apex of the surge does not accelerate the decline in plasma
LH levels (Webb et al.,, 1981). Finally, despite the problems with pulse detection
in the present study, the frequencies observed during the descending phase of
the surge were greater than those previously seen in ovariectomized ewes.

A change in the rate of clearance of LH, even within the range of published
values, could also make a significant contribution to the mechanism of the surge.
To date, the half-life of LH secreted during the surge has not been measured, but
the literature contains ample evidence for physiological control of the form of LH
released. For example, the amount of carbohydrate residue in glycoprotein
hormones is a major determinant of the rate of clearance of the hormone (Van
Hall et al., 1971) and appears to be under oestrogenic control in primates and rats
(Peckham and Knobil, 1976 ; Weick, 1977). Similarly, in sheep it is known that
the rate of disappearance of LH following a pulse decreases with time after
ovariectomy, indicating a reduction in the rate of clearance (Montgomery et al.,
1984). These observations suggest that oestrogen reduces the carbohydrate
content and thereby reduces the half-life of the LH being released. It seems
plausible for this to be one of the ways by which the anterior pituitary gland is
prepared for the surge by the high levels of oestrogen secreted during the late
follicular phase. A decrease in the half-life of the hormone would make it more
difficult to achieve and maintain high levels of LH, but it would also prevent high
frequency pulses from merging with one another. Our data, particularly those
from the crossbred ewes, support this contention because many of the declines
following peaks of pulses appear to be far steeper than can be accounted for by a
half-life of 20 min. This is a subject for future investigation.
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Résumé. Sécrétion pulsatile de LH durant la décharge ovulante chez la brebis. Observa-
tions expérimentales et considérations théoriques.

Il a été démontré chez plusieurs espéces que la sécrétion de LH au cours de la
décharge préovulatoire est pulsatile. Nous avons confirmé ce phénoméne chez des brebis
intactes au cours de deux expériences ol nous avons étudié en détail la décharge de LH.
Dans la premiére expérience, les taux de LH ont été mesurés dans des échantillons de
plasma de sang prélevés toutes les 5 min avant et au cours de |'oestrus de 5 brebis Méri-
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nos. Pendant 2 & 5 h, immédiatement avant le début du pic de LH, la médiane de Vinter-
valle entre les pulses était 17,5 min {(valeurs extrémes : 10-55 min) et la médiane de I'ampli-
tude des pulses était de 0,70 ng/ml {valeurs extrémes : 0,28-1,33 ng/ml}. Pendant la phase
ascendante de la décharge, l'intervalle entre les pulses n'a pas varié significativement
(médiane : 18,3 min)} cependant la médiane de I'amplitude des pulses a augmenté jusqu’a
18,0 ng/ml. Pendant la phase descendante, la médiane de I'intervalle entre les pulses était
22,5 min et la médiane de I'amplitude a chuté jusqu’a 8,1 ng/ml (P < 0,005). Des interval-
les de 10 min et des amplitudes de plus de 30 ng/ml étaient souvent enregistrés au cours de
la décharge hormonale. Dans la seconde expérience, effectuée sur deux brebis Romanov x
Préalpes-du-Sud en oestrus, le sang a été prélevé continuellement grace 3 une pompe et
des échantillons correspondant a 4 min ont été réalisées grace a un collecteur de fractions,
ceci pendant une période de 19 & 27 h. Les profils hormonaux ont montré des pulses indivi-
duels plus clairs, cependant la fréquence (médiane durant la phase ascendante : 15,2 min)
et I'amplitude {médiane : 35,0 ng/ml} ont varié¢ tout comme chez le Mérinos.

En utilisant un modeéle mathématique simple de la sécrétion pulsatile de LH, et en suppo-
sant que la LH est exclusivement libérée sous forme de pulse, nous avons également trouvé
que les concentrations élevées normalement observées au cours de la décharge ne peuvent
étre expliquées que par des fréguences de pulse et d’amplitude bien supérieures a celles nor-
malement observées dans d’autres conditions physiologiques telles que la phase folliculaire
ou l'ovariectomie. La comparaison de ces résultats avec les données expérimentales nous a
conduit a conclure que l'initiation ainsi que la réalisation de la décharge préovulatoire de LH
sont probablement dues & des changements d’amplitude des pulses. Une fréquence rapide
est également nécessaire mais nos résultats suggérent que cela peut étre établi bien avant le
déclenchement de la décharge elie-méme. Ces changements reflétent respectivement les
composantes hypophysaire et hypothalamigue du mécanisme du rétro-contréle positif.
L'étude théorique a suggéré qu’un changement dans la vitesse de dégradation peut égale-
ment contribuer au phénoméne de la décharge préovulatoire et ceci nécessite des recherches
ultérieures.

Annex.
Detailed description of empirical study. — Following logarithmic (In) transformation of the
concentration/time curve (fig. 6), the decline in hormone levels is described by a straight line,
InC = a — bt
or inC° — InC” = blt” - t") [1]
putt’ = O0andt” = tjpsothatC’ = 2C”
je., InC' = In2 + InC". Substitute for InC" in [1],
b= In2 (2)
t1/2
Taking antilogarithms in [1],
¢’ b@t” - t')
> _e 3
o 3)

where e is the exponent 2.718. Substituting for b from expression [2]

o C
e[|n2(t" - ')/l

C)]

where C’ is the pulse height and C” is the level t” min after the peak is reached (fig. 6). This
expression can be used to calculate the decay curve following a pulse and, after a series of manual
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calcuiations, show how LH levels change following a change in pulse interval and amplitude. An
example of this effect is plotted in figure 1, where we used t;,, = 30 min, a convenient figure close
to the published estimates in entire ewes (Geschwind and Dewey, 1968 ; Akbar et a/., 1974).

I
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C'T ' " v
| ' y =a-bt
f I
I l | 1
: | | 3
o A |A |A 2
< I | <
a | | >
i | | 7 \
| [ \
1 e | \
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v t t "
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FIG. 6. — The theoretical LH pulse, showing it's relationship with sample points and the lineariza-

tion of the disappearance curve. The solid line indicates the form which would be observed by
discrete sampling and the broken line indicates the form assumed for the calculations.

C: concentration of LH; t: time; A: amplitude; |: pulse interval; H: pulse height
concentration ; N : nadir concentration : a : intercept on ordinate axis ; b : slope of the regression
line ; ty,, : half life.

These manipulations and their consequences can also be described mathematically. Starting with
a conveniently chosen concentration, S (0 ng/ml in the first case in figure 1), theoretical pulses are
added and cleared (a time series) until a picture of the changes in nadir and pulse height following a
change in frequency and amplitude are built up. If we fix pulse interval at | and pulse amplitude at A
then the « theoretical nadir » (N”) following the first pulse is obtained by substituting N” for C",
(S + A} for C', and | for {t" — t') in (3) giving :
S +A) (5)

ebl

The assumption of instantaneous secretion and mixing allows the amplitude to be added directly to the

theoretical nadir, the concentration at the instant of secretion, giving the height of the second pulse
(using (5)) :

N” =

(S+A)+A

H" =
ebl

Repeating these operations (dividing by e° to obtain the next nadir and adding A for the pulse height)
for each pulse in turn, one obtains an expression for the theoretical nadir {N) after j pulses :

_S+A A A
(pulses) = (€] + [em]j-2+"' oo
A — [ i
= %) +8S[e™)! (6)
obl-
Obviously, as the number of pulses (j) increases the term (e}~ 1 in (6) tends to zero, and the nadir

stabilizes at its asymtotic (asymp) maximum :

A
Nasymp = P @

where A, | and t,, are fixed and, from (2) b = In2

12
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The asymptotic value for pulse height can be obtained by adding the amplitude to N,y The series
of lines in figure 2 were obtained by substituting values into equation {7) as described in the Materials
and Methods.
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