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Summary. Plasma LH levels and the effects of ovariectomy and of chronic and acute
administration of oestradiol-17\g=b\were compared in post-partum (anoestrous) and
cyclic Merino ewes during the breeding season. Plasma LH and LH pulses were
detected in more post-partum (anoestrous) than cyclic (dioestrous) ewes (10/10 and
4/10 respectively). The post-partum ewes had a greater pulse frequency (1\m=.\8 \m=+-\0\m=.\42
compared with 0\m=.\4\m=+-\0\m=.\16pulses/6 h) and higher plasma LH levels (1\m=.\16 \m=+-\0\m=.\32
compared with 0\m=.\17 \m=+-\0\m=.\05ng/ml). Ovariectomized post-partum ewes demonstrated
fewer LH pulses (3\m=.\8\m=+-\0\m=.\36compared with 5\m=.\0\m=+-\0\m=.\15pulses/6 h) than did
ovariectomized cyclic ewes. The depression of plasma LH following acute i.v.
injection of 3 \g=m\goestradiol-17\g=b\ was similar (0\m=.\05< P < 0\m=.\1)for the two groups
(80\m=.\5 \m=+-\3\m=.\6and 66\m=.\3\m=+-\4\m=.\1%).At 7 days after ovariectomy and an oestradiol
implant more cyclic ewes than post-partum ewes showed detectable plasma LH
and LH pulses (6/10 compared with 1/9 ewes). By 66 h after implant removal
pulse frequency was less in the post-partum ewes (3\m=.\2\m=+-\0\m=.\55compared with
5\m=.\5\m=+-\0\m=.\56pulses/6 h).

These findings indicate that in post-partum ewes there is an increased inhibitory
(negative-feedback) effect of oestradiol on LH release and a lower intrinsic frequency
of pulsatile release of LH. These factors may be causally related to ovarian acyclicity.

Introduction

The endocrine basis of post-partum anoestrus in the ewe is not known, but could involve an

impairment of neuroendocrine mechanisms controlling gonadotrophin release. Changes in
pituitary responsiveness to LH-RH and the positive feedback effect of oestrogen are not factors
limiting normal ovarian acyclicity post partum (Wright, Geytenbeek, Clarke & Findlay, 1980).
Preovulatory growth and development of ovarian follicles may require an increased tonic
secretion of LH (Hauger, Karsch & Foster, 1977; Baird, 1978), and therefore ovarian
acyclicity post partum could be due to an alteration in the response of the hypothalamic-
pituitary system to the negative-feedback effect of oestrogen, similar to that shown for
ovariectomized ewes during the anoestrous season (Legan, Karsch & Foster, 1977). We have
therefore examined plasma LH levels in intact, post-partum (anoestrous) and cyclic (dioestrous)
ewes and the negative-feedback effect of oestrogen on LH release in ewes ovariectomized during
dioestrus or the post-partum period. These experiments were done during the breeding season so

that the mechanisms involved in post-partum anoestrus were not confounded with those involved
in seasonal anoestrus.
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Materials and Methods

The experiments were undertaken at Mortlock Experiment Station, near Clare, South Australia,
in May 1979. Mature Merino ewes (Bungaree strain) lambing in April (autumn) and cyclic
parous ewes from the same flock were studied. Each post-partum ewe suckled 1 lamb and the
cyclic ewes had not lambed for at least 9 months. Other endocrine aspects of post-partum ewes
in this flock have been reported (Wright et al, 1980). In the three experiments using different
groups of ewes from the same flock, LH release was assessed by measuring plasma LH levels
in blood samples (8 ml) taken over 6 h at 20-min intervals via jugular venous cannulae. Blood
samples were chilled at collection, promptly centrifuged and the plasma stored at

—

20°C until
assay.

Experiment 1. Plasma LH levels were measured in 10 anoestrous ewes on one day between
29 and 31 days post partum and in 10 dioestrous ewes treated with cloprostenol (125 µg i.m.,
I.C.I.) 13 days previously. Plasma progesterone levels were determined in one sample from each
ewe to confirm reproductive status.

Experiment 2. Post-partum (anoestrous) (N = 10) and cyclic (N = 10) ewes were
ovariectomized when 21-24 days post partum and in mid-dioestrus, respectively. Blood samples
were taken as described above 7 days later. At the end of the 6-h period of blood sampling
each ewe received an i.v. injection of 3 µg oestradiol-17ß (Ikapharm) in 2 ml 10% ethanol-0-154
M-NaCl solution. Blood samples were taken every 20 min for a further 4 h. Injection of 2-5 pg
oestradiol-17ß is known to reduce plasma LH levels in ovariectomized ewes by approximately
50% (Clarke & Findlay, 1980).

.

Experiment 3. Post-partum (N = 9) and cyclic (N = 10) ewes were ovariectomized when
20-22 days post partum and in mid-dioestrus (13 days after 125 µg cloprostenol (I.C.I.) i.m.)
respectively, and a Silastic (Dow Corning) implant containing oestradiol-17ß (95-105 mg)
(Ikapharm) was inserted s.c. (Karsch et al, 1973). These implants result in plasma oestradiol
levels of 3-5 pg/ml (Legan et al, 1977). After 7 days, blood samples were taken as described
above and the implants were removed. Starting 60 h after implant removal, blood samples
were taken every 20 min for a further 6 h.

Hormone assays
Plasma LH levels were measured by the double-antibody radioimmunoassay described by

Clarke & Findlay (1980) using rabbit anti-LH sera, NIH-LH-S18 (biopotency 1-03  NIH-
LH-S1) as standard and Papkoff LH (G 3222B) for iodination by the chloramine-T method
(Greenwood, Hunter & Glover, 1963). Hormone concentrations and assay quality control data
were calculated using the methods and computer program of Burger, Lee & Rennie (1972). The
study included 8 assays with a mean (±s.e.m.) sensitivity of 68-7 (±9-6) pg/tube. Samples were

assayed in duplicate. The inter-assay coefficients of variation were 17% (4-1 ng/ml) and 24%
(14-0 ng/ml). The intra-assay coefficient of variation was < 20% over the range 1-2 (±0-2)-41-5
(±2-2) ng/ml.

The radioimmunoassay for progesterone (Hossian, Lee, Clarke & O'Shea, 1979) had a

sensitivity of 0-1 ng/ml. Inter-assay variation was assessed by repeated assay (n = 9) of plasma
pools from one wether and 2 ewes; the respective values were <0-1, 2-3 ± 0-29 and 5-3 ± 0-19
ng/ml (mean ± s.e.m.). The inter-assay coefficient of variation was <20% over the range
0-2-3-4 ng/ml.

Analysis of results
Treatment effects were assessed by comparison of plasma LH levels on an intra-assay

basis only. For each ewe the plasma LH levels for the series of blood samples taken over a



6 h period were analysed in terms of mean LH levels and of the frequency and amplitude of
short-term elevations of plasma LH that reflected pulsatile discharges (pulses) of the hormone
from the pituitary gland. An LH pulse was identified when the plasma concentration in one or a
series of samples was at least 1 ng/ml and greater than the level in preceding and/or following
samples by a factor of at least 4 times the coefficient of variation of the assay. Pulse amplitude
was the maximum plasma LH concentration associated with the pulse minus the concentration
preceding the pulse. These definitions are similar to those of Baird (1978) and Lincoln (1978).
Plasma LH levels less than the sensitivity of the assay were computed as 0 ng/ml. The inhibitory
effect of oestradiol given i.v. was expressed as % fall of the mean plasma LH concentration
of samples taken from 1 to 4 h after treatment compared with the mean concentration of
samples taken for 6 h before treatment (Clarke & Findlay, 1980).

Between-treatment group comparisons were made on the number of ewes with plasma LH
values above the detection limit of the assay and the number of ewes with LH pulses. Com¬
parisons were also made (group mean ± s.e.m.) of the frequency and amplitude of plasma LH
pulses, plasma LH levels and % change in plasma LH level following oestradiol treatment.
Standard statistical methods, Student's t test, Behren-Fisher test, Wilcoxon's two sample test
and exact tests for independence of a 2  2 contingency table, were used (Steel & Torrie,
1960).

Results

Experiment 1: LH release in intact ewes

All the post-partum ewes but only 40% of the dioestrous ewes had detectable (>0-3 ng/ml)
LH levels. In the post-partum ewes, the mean frequency of LH pulses and the mean LH concen¬
trations were greater than in dioestrous ewes (Table 1). Plasma progesterone levels were <0-1
ng/ml in the post-partum ewes and 2-6 ±0-4 ng/ml (mean ± s.e.m.) in the dioestrous ewes.

Table 1. Plasma LH in intact cyclic (dioestrous) and post-partum (anoestrous) ewes

_(Exp.1)_
Reproductive status

Cyclic Post partum Statistical significance
No. of ewes 10 10
No. of ewes with detectable LH 4 10

(>0-3 ng/ml)
No. of ewes with LH pulses 4 10  = 0005 (Exact test of

independence)
Frequency of LH pulses 0-4 ±0-16 1-8 ±0-42  < 0-01 (Wilcoxon's 2 sample

(pulses/6 h)* test)
LH pulse amplitude (ng/ml)* 3-7 ± 0-92 6-0 ± 0-97 P> 0-05 (/= 1-4)
LH cone, (ng/ml)* 0-17 ±0-05 1-16 ±0-32  < 0-05 ( = 3-1)

* Mean ± s.e.m.

Experiment 2: LH release in ovariectomized ewes given a single oestradiol injection
At 7 days after ovariectomy, the LH pulse frequency was less in post-partum ewes than in

cyclic ewes, but mean plasma levels were similar in the two groups. The depressions of plasma
LH levels after oestradiol injection for both groups of ewes were not significantly different
(Table 2).



Table 2. Plasma LH values (mean + s.e.m.) in ovariectomized cyclic and post-partum
ewes and the effect of a single injection of 3 pg oestradiol i.v. (Exp. 2)

Reproductive status

Cyclic Post partum Statistical significance
No. of ewes 10
No. of ewes with LH pulses 10
Frequency of LH pulses 5-0 ±0-15

(pulses/6 h)
LH pulse amplitude (ng/ml) 4-6 + 0-65
LH cone, (ng/ml) 4-1 ±0-61
% fall in plasma LH level after 66-3 ± 4-1

oestradiol

10
10

3-8 ±0-36  < 0-05 0 = 3-1)
6-3 ±0-44 0-05 <P< 0-1 0 = 2-0)
4-6 ±0-40  > 0-05 0 = 0-7)

80-5 ±3-6 0-05 <P< 0-1 (t = 1-8)

Experiment 3: LH release in ovariectomized ewes treated chronically with oestradiol

After 7 days of oestradiol treatment, a greater proportion of cyclic ewes had detectable
LH and LH pulses than did post-partum ewes. During the period 60-66 h after implant removal,
the cyclic ewes had a greater LH pulse frequency (Table 3).
Table 3. Plasma LH values (mean ± s.e.m.) in ovariectomized cyclic and post-partum ewes treated with

an oestradiol implant for 7 days (Exp. 3)
Reproductive status

Cyclic Post partum Statistical significance
No. of ewes 10
At time ofimplant removal

No. of ewes with detectable LH 6
(>0-3 ng/ml)

No. of ewes with LH pulses 6
Frequency of LH pulses (pulses/6 h) 2-1 ± 0- 75
LH pulse amplitude (ng/ml) 1-2 ± 0-31
LH cone, (ng/ml) 0-45 ± 0-18

60-66 h after implant removal
No. of ewes with detectable LH 10

(>0-3 ng/ml)
No. of ewes with plasma LH pulse 10
Frequency of LH pulses (pulses/6 h) 5 · 5 ± 0- 56
Amplitude of LH pulses (ng/ml) 3-9 + 0-70
LH cone, (ng/ml) 3-4 + 0-62

1

 = 0-04 (Exact test of independence)
 = 0-04 (Exact test of independence)

0-4 ±0-44
1-20

0-26 ±0-25 P> 0-05 (/ = 0-6)

3-2 + 0-55  < 0-05 ( = 2·9)
2-9 ±0-44 P>0-05(t= 1-18)
1-9 ±0-50 005 <  < 0-1 (/= 1-8)

Discussion

The frequency of pulsatile release of LH and the mean plasma LH levels observed in post-
partum anoestrous ewes were greater than in the dioestrous ewes, but were much less than LH
levels associated with preovulatory follicular development (Hauger et al, 1977; Baird, 1978),
when plasma levels of 2-8-6 ng/ml and pulse frequencies of greater than 1/h were detected.
The reduced levels of LH in dioestrous compared with post-partum anoestrous ewes probably
reflects the enhancing effect of progesterone on negative feedback of oestradiol in dioestrous
ewes (Hauger et al, 1977). The findings for post-partum ewes suggest that ovarian acyclicity
could result from inadequate LH release leading to failure of follicular development. The lower
levels of LH in these ewes compared with those associated with preovulatory follicular
development could be due to a reduced intrinsic frequency of LH-RH release and/or an
increased inhibitory effect of oestradiol-17ß on the hypothalamo-pituitary axis.



If LH pulse frequency reflects the pulsatile release of LH-RH from the hypothalamus
(Lincoln & Short, 1980) our data suggest that there is a lower intrinsic release frequency of
LH-RH in post-partum ewes. The LH pulse frequency in ovariectomized post-partum ewes was
less than in ovariectomized cyclic ewes and also less than the frequency reported in other
studies of ovariectomized ewes (Butler, Malven, Willett & Bolt, 1972; Reeves, O'Donnell &
Denorscia, 1972; Diekman & Malven, 1973; Martensz, Baird, Scaramuzzi & van Look,
1976). A lower frequency of LH pulses was also observed after removal of oestradiol implants
in ovariectomized post-partum ewes than in ovariectomized cyclic ewes.

The negative-feedback effect of oestradiol-17ß on LH release was greater in ovariectomized
post-partum than in ovariectomized cyclic ewes, as shown by the smaller number of post-partum
ewes with detectable plasma LH levels 7 days after ovariectomy and chronic oestradiol-17ß
treatment. These findings were similar to those for ovariectomized ewes in the anoestrous
season (Legan et al, 1977). This suggests that both seasonal anoestrus and post-partum
anoestrus could involve a suppression of tonic LH release due to increased inhibition by
oestradiol. The lower plasma LH levels in post-partum ewes 60-66 h after implant removal
indicated a slower rate of recovery from the inhibitory effects of oestradiol in these ewes. How¬
ever, this recovery rate was more rapid than that associated with ovarian acyclicity in
amenorrhoeic women treated with oestrogen (Santen et al, 1978).

We suggest that ovarian acyclicity in the post-partum ewe could result from a failure of
follicular development due to inadequate secretion of LH and that the lack of LH release
reflects an increased negative feedback of oestradiol-17ß and a lower intrinsic frequency of
pulsatile release of LH-RH.
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