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Summary. Active immunization of 6 Damline ewes against LHRH during seasonal
anoestrus resulted in an inhibition of ovarian cyclicity throughout 2 subsequent breed-
ing seasons. This was associated with a significant suppression of plasma LH and FSH
concentrations but no significant effect on prolactin. The ovaries of LHRH-immunized
ewes 30 months after primary immunization contained no follicles > 2\m=.\5mmin
diameter and a greater proportion of follicles between 1 and 2 mm were atretic than in
control ewes (N = 8). In-vitro production of testosterone and androstenedione were
similar in follicles 1\p=n-\2mm in both control and LHRH-immunized ewes (N = 6) and all
had little or no ability to secrete oestradiol. However, basal and hCG-stimulated pro-
gesterone secretion was suppressed in the follicles from LHRH-immunized ewes. These
results show that follicular development beyond 2\m=.\5mm in the ewe is dependent on

adequate stimulation by both LH and FSH.

Introduction

In previous studies we have shown that active immunization against luteinizing hormone-releasing
hormone (LHRH) results in a cessation of ovulation and oestrous cyclicity associated with an
abolition of pulsatile secretion of LH (Clarke, Fraser & McNeilly, 1978; Fraser, Clarke &
McNeilly, 1981). While plasma concentrations of LH were suppressed, FSH concentrations in
intact ewes were similar to those in non-immunized ewes although there is no increase in FSH after
ovariectomy (Clarke et al., 1978). Plasma levels of prolactin were also significantly higher in
LHRH-immunized than control ewes (Clarke et al., 1978). While LHRH immunization prevented
oestrous cyclicity at least one antral follicle was present in the ovaries of ewes immunized for 5
months (Clarke et al., 1978), and no significant differences in ovarian venous concentrations of
oestrone, oestradiol-17ß or androstenedione were observed between LHRH-immunized and
control ewes.

The present study was undertaken to examine in more detail the effects of long-term (30
months) immunoneutralization of LHRH on the changes in LH, FSH and prolactin concentrations
and the consequences of these changes on ovarian follicular development.

Materials and Methods

Animals and immunization. Damline ewes (47% Finnish Landrace, 24% East Friesland, 17%
Border Leicester, 12% Dorset Horn; 2 years old; 44-51 kg) were studied over a period of 22 months
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while at pasture under natural lighting at the Animal Breeding Research Organization, Dryden
Field Laboratory, Roslin, Midlothian, U.K. In all 14 ewes oestrus was detected by running the
ewes with a raddled vasectomized ram and plasma concentrations of progesterone were measured
in blood samples collected at weekly intervals throughout the study to confirm that oestrus was
associated with presumed ovulatory cycles (progesterone > 1 ng/ml).

Having confirmed that all ewes showed normal oestrous cyclicity during the second part of the
previous breeding season, 6 ewes, chosen at random, were immunized against LHRH conjugated to
human serum albumin (HSA) as described in detail by Clarke et al. (1978). Six of the remaining
ewes were immunized against HSA. Primary immunizations were carried out on 1 June and booster
injections were given 21 (early breeding season), 39 (late breeding season), 56 (mid-anoestrus) and
79 (mid-breeding season) weeks later (Fig. 1). For the primary and final immunizations the LHRH
conjugate was emulsified with Freund's complete adjuvant and 1 ml was injected at four s.c. sites on
the inside of each leg. Booster immunizations were given in Freund's incomplete adjuvant.

Antibody titre to LHRH was measured as described in detail by Clarke et al. (1978) and
expressed as the initial dilution of plasma binding 33% of a constant amount of 125I-labelled
LHRH.

Blood samples were collected by jugular venepuncture at weekly intervals throughout most of
the study and plasma stored at

—

20°C until required for radioimmunoassay of LH, FSH and
prolactin. Plasma progesterone was measured in samples collected 7-10 days after oestrus in
control ewes and every 2 weeks throughout the breeding seasons in the LHRH-immunized ewes.

Follicle dissection and incubations. Ten days after the final immunization in November 30 months
after primary immunization, i.e. when control ewes had exhibited at least 2 normal oestrous cycles,
all ewes were anaesthetized with pentobarbitone sodium (Euthatal: May & Baker, Dagenham,
U.K.) and bled out via jugular vein catheters. The ovaries were then removed and placed in
medium (Medium 199 buffered with 20mM-Hepes (jV-2-hydroxy ethylpiperazine-yV-2-
ethanesulphonic acid) and containing Hank's salts, 0-35 g sodium bicarbonate/1, and 2 mM-
glutamine; Flow Laboratories, Irvine, U.K.) and transported on ice to the MRC Unit of
Reproductive Biology within 30 min of removal. Only 2 ewes were killed on each day, control ewes
being killed on Days 10-12 of the luteal phase.

Individual follicles > 1 mm in diameter were removed and the diameter of each measured to
the nearest 0-1 mm using a stereomicroscope fitted with an ocular graticule. The mean of the two
perpendicular diameters was used. After dissection, individual follicles were incubated in 1 ml
medium at 37°C for 2 h. The steroid production from follicles over this time has been shown to
reflect in-vivo steroid production (Webb & Gauld, 1985). Medium was then removed and replaced
with medium alone or containing hCG (25 i.u.; Chorulon, Intervet Laboratories Ltd, Cambridge,
U.K.) or testosterone (100 ng; Sigma, Poole, Dorset, U.K.) and incubation continued for a further
2 h. The addition of medium alone or containing hCG or testosterone for the second incubation
period was decided at random for follicles between 1 and 2 mm dissected from both ovaries of an
individual animal so that nearly equal numbers of follicles received these treatments. For the
purposes of this second incubation period all follicles 1-2 mm in diameter were therefore assumed
to be similar.

At the end of the second incubation period, medium was removed and stored at
—

20°C until
assayed for oestradiol, progesterone, testosterone and androstenedione.

Histological assessment of atresia. All incubated follicles from an individual animal were
pooled, fixed in Bouin's fluid and embedded in paraffin wax. Histological sections 5 µ  thick were
stained with haematoxylin and eosin and atresia was assessed by the morphological criteria
of Moor, Hay; Dott & Cran (1978) as detailed by Carson, Findlay, Burger & Trounson (1979).
Follicles were graded I-V in order of increasing atresia but for statistical analysis were pooled as
stages I + II (healthy), III (intermediate) and IV + V (atretic).
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Radioimmunoassays. The concentration of plasma FSH was measured in duplicate using the
radio-immunoassay described by McNeilly, McNeilly, Walton & Cunningham (1976) and results
are expressed as ng NIH-FSH-S10/ml. Assay sensitivity was 4 ng/ml with intra- and inter-assay
coefficients of variation in 7-4 and 111% respectively. Prolactin concentrations in plasma
were measured by radioimmunoassay (McNeilly & Andrews, 1974) and results are expressed
in terms of ng NIAMDD-oPRL-15/ml. This assay has a sensitivity of 1 ng/ml and intra- and
inter-assay coefficients of variation of 8 and 11-9% respectively.

Plasma LH values were measured in duplicate using a newly developed double-antibody radio¬
immunoassay based on a rabbit antiserum (R 29) raised against ovine LH (NIH-oLH-S19) which
showed minimal binding (< 10% at a final dilution of 1:2000) of 125I-labelled rat or ovine FSH
(A. S. McNeilly, unpublished observations). Volumes and times of incubations are exactly as
described for FSH (McNeilly et al., 1976) with the antiserum being used at a final dilution of
1:600 000. Ovine LH M4, kindly supplied by Dr M. Jutisz (C.N.R.S., Gif-sur-Yvette, France), was
used for iodination. The sensitivity of the assay covers the range 0-2 to 20 ng NIH-LH-S18/ml with
the linear part of the curve covering the range 0-6—10-1 ng/ml (80-20% B/B0). There was no plasma
interference as assessed by using plasma from hypophysectomized sheep (N = 3) and goats (N = 3)
kindly supplied by Dr H. Buttle (The Animal and Grassland Research Institute, Reading, U.K.).
Cross-reactions were < 01% with ovine FSH (181-2, Dr M. Jutisz), ovine LH alpha subunit
(NIAMDD, oLH Alpha, WRR-1-Alpha), prolactin (NIAMDD-oPRL-15) or bovine TSH
(Pierce). The intra- and inter-assay coefficients of variation assessed using 3 sera containing 1 -4,4-1
and 17 ng/ml, were 7-2 and 10-1%, 7-8 and 8-7%, and 7-5 and 8-5% respectively.

Oestradiol and androstenedione concentrations were measured directly in culture medium by
radioimmunoassays using 3H-labelled tracers as described in detail previously (Baird, Swanston &
McNeilly, 1981; Bäckstrom, McNeilly, Leask & Baird, 1982). Sensitivities per tube were 5pg for
oestradiol and lOpg for androstenedione with intra-assay coefficients of variation of 9 and 8%
respectively. Progesterone in unextracted culture medium and in extracted plasma was measured
using the 125I-labelled progesterone double-antibody radioimmunoassay described previously
(Djahanbakhch, Swanston, Corrie & McNeilly, 1981) as validated for the sheep (McNeilly, 1984).
The intra-assay coefficient of variation was 9-8% and sensitivity was 01 ng/ml. Recovery of
progesterone added to sheep plasma was 76-9 + 0-7% (s.e.m.;  = 70).

Testosterone was measured in incubation medium by a double-antibody radioimmunoassay
using 125I-labelled testosterone described previously (Sharpe & Bartlett, 1985). Sensitivity of the
assay was 1 pg and the intra-assay coefficient of variation was 7-2%.

All follicle incubation media were assayed for each steroid in a single assay to reduce variation.

Statistical analysis. Plasma concentrations of LH, FSH and prolactin were compared using
analysis of variance in blocks covering the period before primary immunization and then from
primary to first booster, from first to second booster immunization and so on. Steroid production
by follicles during the first incubation period was compared by Student's t test and by 2-way
analysis of variance and Student's t test for the second incubation period. The data were log
transformed when necessary to reduce heterogeneity of variances.

Results

Effect of immunization on oestrus and ovulation

Immunization against LHRH resulted in significant titres of antibody (range 1:200 to 1:5000)
within 10 weeks in 6 ewes. Two ewes showed a minimal response (1:50), and having failed to
respond adequately to two further booster injections (maximum titres of 1:6400 and 1:15 000)
were omitted from the present study. The remaining 6 ewes continued to respond to booster
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Flg. 1. The concentrations (mean ± s.e.m., 6 ewes/group) of LH, FSH and prolactin in control
ewes (·-·) and in ewes actively immunized (arrows) against LHRH (O-O). Only
mean concentrations of prolactin are given as these showed no significant differences.

immunizations with increased titres (second booster: antibody titre range 1:17 000-1:170 000; third
booster: 1:28 000-1:90 000; fourth booster: 1:37 000-1:70 000).

The control ewes had regular oestrous cycles during both breeding seasons (mean duration of
17-5 ± 0-3 days). Plasma concentrations of progesterone indicated that corpus luteum function
was normal (progesterone > 2 ng/ml by Day 6 of the luteal phase; McNeilly, 1985). Oestrous cycli¬
city in control ewes occurred between 18 October and 1 March and resumed on 12 October in the
second year of the experiment.

The 6 LHRH-immunized ewes with high-titre antibodies did not show oestrous cyclicity in
either breeding season, and plasma concentrations of progesterone remained below 0-8 ng/ml at all
times.
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Concentrations ofLH, FSH andprolactin
Plasma LH values were not significantly different after the primary immunization but were

significantly lower (P < 005) than in control animals after each successive booster immunization
(Fig. 1). LH remained detectable at all times but, unlike control ewes in which values showed
considerable variation from 0-8 to 7-4 ng/ml, LH concentrations in immunized ewes showed little
variation (0-6-1-5 ng/ml).

In contrast to LH, plasma concentrations of FSH had declined by 3 weeks after the primary
immunization and remained significantly (P < 0001) lower than in control ewes over the
remaining duration of the experiment (Fig. 1).

Plasma concentrations of prolactin showed the expected seasonal changes with high levels
during anoestrus and low levels in the breeding season. There was no significant difference in
concentrations between control and LHRH-immunized ewes.

At 30 months after the primary immunization ewes were given a final booster immunization of
LHRH conjugate in Freund's complete adjuvant. In 5 of the 6 ewes this resulted in a 2^-fold
increase in antibody titre 10 days later at the time animals were killed and the ovaries were removed
for follicle dissection. In these ewes concentrations of LH and FSH were significantly lower
(P < 001) than in controls in plasma samples withdrawn daily for 5 days before slaughter (LH:
control ewes, 2-2 ± 0-7 ng/ml; LHRH-immunized ewes, 11 +0-2 ng/ml; FSH: control ewes,
51 ± 7 ng/ml; LHRH-immunized ewes, 27 ± 6 ng/ml). Prolactin was not significantly different
(control ewes, 30 + 0-9ng/ml; LHRH-immunized ewes, 4-6 + 1-0ng/ml). In the remaining ewe,
antibody titre did not change and the plasma concentration of FSH (47 + 7 ng/ml) was within that
of the non-immunized control ewes. The concentration ofLH was reduced (1-4 + 0-1 ng/ml) and
prolactin was low (0-4 ± 0-1 ng/ml).

Ovarian follicular development. ,
/

The size distribution of follicles within the ovaries of control (N = 8) and LHRH-immunized
ewes (N = 6) is shown in Fig. 2. In control ewes 57/112 follicles had diameters > 2-0 mm compared
to 14/121 in LHRH-immunized ewes (P < 001;  2 test). In fact, 13 of these 14 follicles were from
the ovaries of the ewe that failed to respond to the final booster immunization and had normal
plasma concentrations of FSH (Fig. 2). Histological assessment of the remaining follicle of 2-5 mm

showed it to be atretic (Class V). The total number of follicles > 1 mm in diameter per ewe was

significantly greater (P < 005) in LHRH-immunized (20-2 ± 2-3) than in control (140 + 1-5)
ewes.

The maximum diameter of follicles in control ewes varied between 5-1 and 10 mm with 2-3
follicles >5mm being present in each ewe. Oestradiol secretion was >40pg/h per follicle in 1-3
follicles >2-5mm (20 ± 0-2 follicles/ewe), these follicles varying in size between 3-5 and 6-5mm.

Steroid production by follicles 1-2 mm in diameter from LHRH-immunized and control ewes

was compared (Table 1). During the first 2 h incubation period the production of oestradiol,
testosterone and androstenedione was not significantly different but progesterone production was

significantly (P < 001) reduced in follicles from LHRH-immunized ewes.

During the second incubation period oestradiol production was not significantly affected by
addition of hCG or testosterone and was not different between follicles from control and LHRH
immunized ewes. Addition of hCG caused a significant (P < 005) increase in production of
testosterone and androstenedione, with similar responses in follicles from control and LHRH-
immunized ewes. In contrast, while the unstimulated production of progesterone in the second
incubation period was not significantly different between follicles from control and LHRH-
immunized ewes, hCG only caused a significant ( < 0001) increase in progesterone in control
follicles. In contrast, addition of testosterone caused a significant (P < 0-01) increase in
progesterone release in follicles from control and LHRH-immunized ewes. The magnitudes of this
increase were similar (Table 1).
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Fig. 2. Distribution of follicle diameters in control and LHRH-immunized Damline ewes 30
months after primary immunization. Follicles from one ewe which failed to show an antibody
response to the booster immunization before follicle dissection are indicated separately ( ).

Table 1. Steroid production in vitro by ovarian follicles 1-2 mm in diameter from control (N = 8) and
LHRH-immunized (N = 6) ewes

Steroid production (pg/h per follicle)t
No. of
-follicles Oestradiol Progesterone Testosterone Androstenedione

Incubation
period Group
First

Second

Control
LHRH immune
Control

Medium alone
hCG
Testosterone

LHRH immune
Medium alone
hCG
Testosterone

54
91

11
25
10

22
42
25

18-8 + 1-5
17-5 + 1-8

23-8±6-5
290 + 4-4
34-3 ±5-5

24-5 ±3-5
22-8±4-3
35-0 + 6-8

52-3+ 6-0
31-3+ l-8a

88-0+ 13-8
87-3 ± 9-5

24-5± 3-8 95-0± 28-8
190-3±76-8b 453-0+125-8b
134-8±38-3b
22-0+ 2-5
32-8+ 3-2

278-5+ 54-0"

133-5+ 31-5
408-8+ 67-0"

171-0+14-3
116-8 + 18-0

2050 + 660
378-3 + 66-8

230-5 + 23-3
435-0 + 53-8"

Values are mean + s.e.m.

a,  < 005 compared to control; b,  < 005 compared to medium alone.
t Follicles were incubated for 2 h at 37°C (1st incubation), medium changed and incubated for a further 2 h at 37°C

with medium alone, hCG (25 i.u.) or testosterone (100 ng).

Atresia
Histological assessment of atresia in follicles 1-2 mm in diameter showed a significant

(P < 0-05) decrease in non-atretic (Stage I + II) follicles in LHRH-immunized ewes (control ewes,
55-8 ± 4-7%; LHRH-immunized ewes, 25-0 ± 5-5%). Although 25-9 ± 41% of follicles were
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classified as Stage I in control ewes, no follicles of Stage I were seen in LHRH-immunized ewes.
There was no significant difference in percentage of follicles in Stage III (control ewes,
17-3 ± 4-8%; LHRH-immunized ewes, 37-1 + 100%) or Stages IV + V, i.e. atretic (control ewes,
26-8 ± 1-8%; LHRH-immunized ewes, 37-4 ± 151%).

Discussion

In the present study primary immunization against LHRH in anoestrous ewes prevented the onset
of oestrous cyclicity, confirming previous reports that active immunization against LHRH results
in a cessation of oestrous cyclicity and anovulation in the ewe (Clarke et al., 1978; Jeffcoate &
Keeling, 1984). Plasma levels of FSH showed a significant decrease within 3 weeks of the primary
immunization and remained suppressed, though still detectable, for the remainder (117 weeks) of
the study. In our previous report on 3 intact Scottish Blackface ewes actively immunized against
LHRH for 5 months we did not observe a significant decrease in FSH although the FSH rise in
response to ovariectomy was abolished in these animals (Clarke et al., 1978). The continued detec¬
tion of low levels of FSH in plasma may result either from incomplete immunoneutralization of
LHRH (Clarke et al., 1978) or from the intrinsic ability of sheep pituitary gonadotrophs to secrete
FSH in the absence of LHRH stimulation (Miller, Knight, Grimek & Gorski, 1977). It is clear that
immunoneutralization of LHRH did result in a suppression of LH release. However, this effect was

not clearly evident until the start of the breeding season when the normal increase in pulsatile
secretion of LH associated with the resumption of oestrous cyclicity resulted in higher overall con¬

centrations of LH in control ewes. In immunized ewes LH values remained unchanged, indicating
an absence of pulsatile secretion. While this was not directly measured by multiple blood samples in
the present study we have previously demonstrated that pulsatile secretion of LH was abolished
after active immunization (Clarke et al., 1978). Also, we have shown that the antisera generated in
the present study abolish pulsatile LH secretion when administered passively to ewes (Fraser,
McNeilly & Popkin, 1984; McNeilly, Fraser & Baird, 1984) and rats (Ellis, Desjardins & Fraser,
1983). The continued presence of detectable LH concentrations in immunized ewes does appear to
reflect true LH since the levels measured were well within the sensitivity range of the radio¬
immunoassay and diluted parallel to the standard curve. Indeed, plasma concentrations lower than
those measured in the present study have been detected in other studies in this laboratory (J. M.
Wallace & A. S. McNeilly, unpublished observations). Finally, the radioimmunoassay results
correlate well both with LH concentrations measured by a mouse Leydig cell bioassay (r = 0-95,
 

—

60) (M. Abbott & J. M. Wallace, personal communication) and by the radioimmunoassay used
in our previous studies (r = 0-97;  = 80; Clarke et ai, 1978).

In our previous studies we observed a tendency for hyperprolactinaemia in ewes that were

actively (Clarke et ai, 1978) or passively (Fraser & McNeilly, 1983) immunized against LHRH.
This did not occur in the present study and may reflect a difference in neurotransmitter response to
LHRH neutralization in anoestrus when prolactin concentrations are elevated (McNeilly, 1980)
and the fact that in our previous studies the hyperprolactinaemia was not a sustained effect.

The suppression of the plasma concentrations of LH and FSH in the LHRH-immunized ewes

prevented normal follicular development with no histologically healthy follicles > 2-0 mm in
diameter being found. There was also an increase in atresia of follicles between 1 and 2 mm in
immunized compared to control ewes although overall there were more follicles in this size group
than in control ewes. After hypophysectomy, there is a similar attenuation in the growth of follicles
greater than 2 mm in diameter and an increase in atresia in follicles 1-2 mm, but there was also an

overall reduction in the number of follicles between 1 and 2 mm (Dufour, Cahill & Mauleon, 1979).
The difference in follicle number between the two experiments may relate to the continued presence
of low concentrations of FSH in LHRH-immunized ewes maintaining limited follicle growth in the
1-2 mm size range. Although these were not reported by Dufour et al. (1979), it is probable that
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hypophysectomy resulted in lower concentrations of FSH and LH (Clarke, Cummins & de Kretser,
1983) and this caused the observed decrease in antral follicular development in hypophysectomized
ewes.

The increase in the number of follicles between 1 and 2 mm in LHRH-immunized compared to
control ewes may be due to a build up of follicles failing to grow beyond 2-5 mm because of lack of
adequate gonadotrophin stimulation and, therefore, becoming atretic. Alternatively, it may relate
to a decrease in the rate of the later stages of atresia which leads to the final collapse of the atretic
follicle. The exact causes of atresia remain to be established but it is associated with a reduction in
granulosa cell aromatase activity and thus reduced follicular oestrogen secretion (Moor et ai, 1978;
Carson, Findlay, Clarke & Burger, 1981; McNatty, 1982; Tsonis, Carson & Findlay, 1984). Since
reduced metabolites of androgens, specifically DHT, can inhibit aromatase activity in granulosa
cells (Hillier, van den Boogaard, Reichert & van Hall, 1980; Faroohki, 1980), they may be involved
in the later stages of atresia, actively causing the final demise of the follicles (Hillier & Ross, 1979).
In LHRH-immunized ewes in which the LH input is reduced, each follicle will be exposed to less
androgen and therefore the final stages of atresia, if androgen-dependent, may proceed at a reduced
rate resulting in accumulation of atretic follicles.

In 5 of the 6 LHRH-immunized ewes in which LH and FSH concentrations were suppressed,
only one follicle, which was atretic, was > 2 mm in diameter. In the 6th ewe the lower antibody titre
against LHRH resulted in FSH concentrations similar to those in control ewes and follicles up to
30 mm were found. Therefore, while follicles may grow to between 2-5 and 3-0 mm in the presence
of FSH and limited LH secretion, growth beyond this point is dependent on the pulsatile secretion
of LH, presumably to generate production of androgens from the theca for subsequent conversion
to oestradiol by the granulosa cells (Moor, 1977; Baird et al., 1981; McNeilly et ai, 1984).

While LHRH immunization resulted in an increase in follicular atresia and attenuation of
growth, the steroidogenic capacity of these follicles between 1 and 2 mm in terms of oestradiol,
androstenedione and testosterone production was similar to those of follicles of similar size from
control ewes. However, the ability of these follicles to secrete progesterone both basally and in
response to hCG stimulation was reduced in LHRH-immunized ewes. Since progesterone in the
sheep follicle is mainly of thecal origin (Moor, 1977) this suggests that the reduction in LH and
FSH associated with LHRH immunization has altered the steroidogenic pathway in the theca
such that androgen production is maintained but progesterone is reduced. In contrast, granulosa
cell production of progesterone stimulated by the addition of testosterone (Moor, 1977) was not
different between control and LHRH-immunized ewes. The failure of hCG-induced thecal andro¬
gen production to stimulate granulosa cell progesterone production is presumably related to the
relatively small increase in androgen which was only 1-2% of the amount of testosterone which
increased progesterone when added in vitro.

It is unlikely that the effects of LHRH immunization are due to neutralization of an ovarian
LHRH-like factor since no such activity has been found and no binding of LHRH has been
demonstrated in the ovary of the ewe (Brown & Reeves, 1983; R. Popkin, H. M. Fraser & T.  .
Bramley, unpublished observations). It can therefore be assumed that the effects of LHRH
immunoneutralization observed in the present study are due to the suppression of gonadotrophin
secretion and confirm previous reports that normal follicular development is dependent on

adequate gonadotrophin support (McNatty, 1982; Webb & Gauld, 1984; Driancourt, Gibson &
Cahill, 1985).

The results of the present study support the concept that follicle growth beyond 2-0 mm in
diameter is dependent on adequate secretion of both LH and FSH in the ewe. However, the precise
requirements to maintain follicle growth, the causes of follicular atresia and the role of LH and
FSH in atresia remain unknown. While these questions can be studied after hypophysectomy, the
results may be complicated by the radical alteration in both thyroid and adrenal function and in
prolactin, growth hormone and posterior pituitary hormone secretion due to removal of the
pituitary gland. In contrast, LHRH immunization allows the specific suppression of secretion of
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LH and FSH, with no measurable alteration in the secretion of other pituitary hormones and thus
offers a better alternative for the in-vivo study of gonadotrophin action on the ovary.
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