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SEC T ION 3. 

INVESTIGATION OF SHORT-TERM PATTERNS OF BIOACTIVE AND IMMUNOACTIVE 

LH LEVELS IN SERUM OF CYCLIC AND SEASONALLY ACYCLIC MARES 
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INTRODUCTION 

In cyclic females of several species (e.g., sheep, pig, cow and 

human), serum LH levels have been found to fluctuate in a rhythmically 

pulsatile manner; the frequency and amplitude of these pulses varying with 

stage of the ovulatory cycle (see reviews by Brinkley, 1981; and Weick, 

1981) • Because there is considerable evidence to suggest that serum LH 

pulses reflect pulsatile GnRH input to the pituitary (see, for example, 

Knobil, 1981) and thatLH pulse characteristics can be altered by the steroid 

environment (Goodman and Karsch, 1980), study of short-term LH patterns 

may offer important insight into the regulation of LH levels during the 

ovulatory cycle. Unfortunately, in the cyclic mare, measurement of LH 

levels by radioimmunoassay in blood samples collected at frequent intervals 
\, 

for up to 5 days has failed to reveal any consistent pattern of serum LH 

levelsi with levels varying very little in some mares, but fluctuating in 

erratic, infrequent "secretory bursts" in others (Evans et a1., 1979). 

Interestingly, recent work in the cyclic rhesus monkey has suggested that 

apparent short-term patterns of serum LH levels vary with method of assay 

(Marut et a1., 1981). For example, in the intact rhesus female, serum LH 

levels measured by radioimmunoassay appear to be stable, with no evidence of 

pulsatile fluctuation (Pierschke et a1., 1910 ), However, when measured 

by mouse testosterone production assay, a rhythmically oscillating pattern 

of LH secretion is observed. Similarly, it is possible that the failure to 

show a consistent pulsatile pattern of serum LH levels in cyclic mares 

stems from measurement of immunol;ogically rather than biologically active LH. 

Therefore, in the following experiments, patterns of bioactive LH in blood 

samples collected at frequent intervals from cyclic and seasonally acylic 

mares were investigated. In cyclic mares, comparisons between short-term 

bio- and immunoactive LH patterns were also made. 

.:.::;::-:< •. _ ...• -.. -, .... 
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MATERIALS AND METHODS 

EXPERIMENTAL ANIMALS 

All of the mares used in these experiments were Standardbreds (see 

Appendix 2 for details on individual mares). Maintenance and management 

of mares have been described in section 1, Materials and Methods, as have 

methods for detecting oestrus and determining seasonal acyclicity. In 

these experiments involving frequent blood sampling, jugular vein cannulat

ion was performed as discussed previously (Section 1, Materials and Methods, 

Experiment 7). During multiple sampling, horses were kept together outdoors 

in dirt yards and allowed to feed 'on meadow hay. 

by the experiment. 

No horse appeared stressed 

EXPERIMENTAL PROTOCOL 

EXpt~15.AIM: To study short-term fluctuations in serum LH levels 

in seasonally acyclic mares 

Three acyclic mares (Orient Star, Lady Sherelle and Kaitere) were bled 

at 20 min intervals for 6 h. SerumLH was measured by in vitro bioassay. 

'Expt~ "16.-1UM: To study short-term fluctuations in serum LH levels 

in oestrous mares. 

a) Eight mares (By Design, Queena Diamonds, Tudela, Tact pel, Royal 

Cheval, coming In, Descent and Lady Sherelle) were bled at 15 - 20 min inter

vals for 6 h on the 2nd-3rd day of oestrus (see Table 34 for day of oestrus 

on which the experiment was performed in each mare) . 

by in vitro bioassay and radioimmunoassay. 

Serum LH was measured 

b) Two dioestrous mares (Ann in and Fourth Hall) were given 250 pg 

prostaglandin i.m. on day 5 and day 15 of dioestrus, respectively. On the 

fourth day after prostaglandin administration, mares were teased to detect 

oestrus, and ovarian activity assessed by palpation per rectum (see Table 34b). 
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Table 34: (a) Day of oestrus for each mare (expressed as fraction 

of total number of days in oestrus) on which blood 

samples were collected at 15 - 20 min intervals for 

6 h (Experiment 16a). 

Queena Diamonds 2/4 

Royal Cheval 2/3 

Tact Del 2/4 

Tudela 2/4 

By Design 2/4 

Descent 3/3 

Corning In 3/3 

Lady Sherelle 3/5 

(b) Ovarian activity .t.n Expe'riment 16b mares on the 

day of the experilnent. 

Fourth Hall: 4.0 ern follicle 

Armin 2.5 ern·softish follicle 

(c) OVarian activity in Experiment 17 mares on the 

day of the experiment. 

Fourth Hall: ovaries large and active, no individual 
follicles distinguishable. 

1\Imin firm 2 ern follicle in right ovary. 

Safe Dream firm 2.5 ern follicle in right ovary. 

Lady Sherelle firm 2 em follicle in right ovary, 
very small follicle in left ovary. 
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Mares were then bled at 5 min intervals for G h. Fourth Hall was in oestrus 

on the day of the experiment, while Annin came into oestrus on the following 

day. Serum LH was measured by radioimmunoassay in all samples and by in 

vitro bioassay in selected samples. 

Expt~l~'AIM: To 'study short-term fluctuations in serum LH levels 

in dioest~ous mares. 

Four mares (LadySherelle, Annin, Fourth Hall, Safe Dream) were teased 

to determine sexual receptivity and ovarian activity assessed by palpation 

per rectum (see Table 34c). Mares were then bled at 5 min intervals for 

6 h. No m~re was in oestrus on the day of the experiment. Serum LH was 

measured by radioimmunoassay in all samples and by in vitro bioassay in 

selected samples • 

. 'Amount 'of 'blbodcollected - In these experiments, 6 ml of blood were 

collected at each sampling. Therefore, the maximum amount of blood removed 

from each mare (in Experiments 1Gb and 17) would have been 6 ml x 73 samples 

- 438 ml. If total blood.volume is approximately 8% body weight (Guyton, 

1976,pg 426), then a 400 kg mare would contain 32 1 of blood, and the amount 

of blood collected/experiment would. represent 1.4% total blood volume. 

Therefore, it was assumed that in these experiments no stress to the animals 

due to excessive blood. loss occurred. 

AssayDesign All radioimmunoassayswere planned to a completely 

randomised design. Bioassays of samples from Experiments 15 and 1Ga used a 
I 

partially randomised design (i.e., samples occurred in the assay in random 

order, but replicates were not separated); a completely randomised design 

being introduced for samples from Experiments 16b and 17 • 

. Statistical Analyses - Two different approaches were used to analyse 

these experiments. In Experiment 16a, rhythmic pulses in serum levels of 

bioactive LH could be defined in most of the oestrous mares. When inspection 

of data revealed a pattern of peaks and troughs in LH levels, a mean pulse 

interval was determined using an iterative process and assuming perfect 
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periodicity in LH pulses (which is possibly an unreasonably rigid constraint). 

since multiples of these pulse intervals did not correspond to sampling times, 

the LH concentration in the sample taken closest to the calculated peak time 

was used in the analysis. These peak samples were then compared to samples 

taken mid-way between calculated peak times (Student's t-test). A signifi-

cant difference between the two sets of. samples was considered to indicate that 

regular peaks and troughs in tH levels had occurred. Using radioimmunoassay, 

regular pulses in serum LH levels were less apparent than when bioassay was 

used, and therefore the method of analysis described above was not applied to 

immunoassay data. However, for each mare, short-term patterns in serum of 

bio- and immunoactive LH were compared by least squares linear regression (x 

bioassaY ~aluer y = corresponding immunoassay value) and calculation of the 

correlation coefficient, r (H-P 41CV programmable calculator, Stat Pak). 

Likewise, in Experiment 15, regular pulses in bioactive LH levels could not 

be detected in these seasonally acyclic mares, and data from this experiment 

were not statistically analysed. 

For analysis of the very frequent blood samplings of Experiments 16b 

and l7, expert. assistance was.sought. In collaboration with Mr Kim Prisk 

(Ph.D. student, Uni'Versityof Canterbury), Dr Alan McKinnon (Computer Centre, 

LinCOln College) and Prof. C.H.G. Irvine, a computer program was devised to 

analyse both bio- and immunoassay data using the method. of Yates (l9~0) with 

some modifications. Briefly, 1) for each mare the mean time interval between 

blood. samples was calculated, and data lin~arly interpolated to this interval, 

resulting in an evenly spaced set of data covering the same time period as the 

original. data; 2) data were pre-filtered with a 3-poleButterworth filter 

whose ~ut-off frequency was set at 1 cycle/hour, and fitted to a straight line 

which was then subtracted from all values to eliminate frequency trends with 

periods 'as long as the data record; 3) the autocorrelation function was cal

culated, and the Fourier transform of this taken to get a periodogram. The 

significa.nce of frequency peaks was assessed at the 0.1 level by plotting on 



213 

the graph of the autocorrelation function the correlation coefficient with 

degreesof'freedom appropriate to each number of paired data points (Yamane, 

1973; Appendix , Table 8). Frequency peaks exceeding this plotted line 

were considered to be statistically significant. A step-by-step example of 

the Yates method of analysis has been kindly provided by Mr Kim Prisk and 

appears as Appendix 4. 

In order to compare the two methods used to analyse these experiments, 

data from Experiments 16b and 17 were also analysed using the "iterative" 

method when possible (i.e., when a pattern of peaks and troughs could be 

detected by eye) • On the other hand, the Yates method was not applied to 

data from 'Experinlent l6a because of inadequate frequency of blood sampling 

(6 data po.ints per putative cycle being desirable for this method of analysis, 

see Results). 

RESULTS 

Experi'men t 'IS 

Figure 57 shows serum LH levels measured by in vitro bioassay in 

blood samples collected at 20 :nUn intervals for 6 h from three seasonally 

acyclic mares • Throughout the period of observation, LH levels in 'all mares 

remained low and stable" with little evidence of decay or pulsatile variation 

in concentration. 

Experiment'1.6a 

Figures 58 - 65 show bio- and immunoactive LH levels in blood samples 

collected at 15 - 20 min intervals for 6 h from 8 oestrous mares. In most 

mares, low amplitude fluctuations in LH levels were observed, these LH pulses 

appearing to be larger and more rhythmic when measured by in vitro bioassay 

than radioi1TllIlunoassay. Calculated period of these bioactive LH pulses and 

mean pulse amplitude (expresseQ as % increase in LH levels from trough to peak), 

are displayed for each mare in Table 35. Group mean period' (+ S.E .M.) of-
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Figure 57. Bioactive LH levels in serum samples 
collected at 20 minute intervals from 
3 seasonally acyclic mares. 
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Figure 58. Bio- and immuno- active LH levels in serum 

samples collected at 15 to 20 minute intervals 
from an oestrous mare (Experiment 16a). 
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Figure 59. Bio- and immuno- active LH levels in serum 
samples collected at 15 to 20 minute intervals 

from an oestrous mare (Experiment 16a). 
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Figure 60. Bio- and immuno-active LH levels in serum 

samples co~lected at 15 to 20 minute intervals 

from an oestrous mare (Experiment 16a). 
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Figure 61. Bio- andimmuno- active LH levels in serum 
samples collected at 15 to 20 minute intervals 

from an oestrous mare (Experiment 16a). 
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Figure 62. Bio- and immuno- active LH levels in serum 
samples collected at 15 to 20 minute intervals . . 
from an oestrous mare (Experiment 16a). 
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Figure 63. Bio- and immuno- active LH levels in serum 

samples collected at 15 to 20 minute intervals 

from an oestrous mare (Experiment 16a). 
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Figure 64. Bio- and immuno-' aC,tive LH levels in serum 

samples collected at 15 to 20 minute intervals 

from an oestrous mare (Ex'periment 16a). 
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Figure 65. Bio- and immuno- active LH levels in serum 
samples collected at 15 to 20 minute intervals 
from an oestrous mare (Experiment l6a). 
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Table 35: Period and amplitude of bioactive LH pulses in serum of 

8 oestrous mares bled at 15 - ~O mLn intervals for 6 h. 

Amplitude 
Level Of 

Mare Period (Min. ) (peak-'-trough x 100) Significance 
. trough 

By Design 69 23.7 P < 0.028 

Lady Shere lIe 58 27.7 P < 0.005 

Tact Del 69 12.2 P < 0.001 

Queena Diamonds 63 22.4 P < 0.005 

Descent 80 37.0 P < 0.005 

Coming In 69 18.0 < NS 

Tudela 75 18.7 NS 

Royal Cheval 94 20.7 P < 0.05 

Mean +SEM 72 + 4 22.6 + 2.6 - - -

.. 
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these pulses was 72 ~ 4 min and mean pulse amplitude (~S.E.M.) was 22.6 ~ 

2.6%. Using the criterion described under Statistical Analyses, fluctuat-

ions in bioactive serum LH were found to occur with statistically significant 

regularity in 5 of the 8 oestrous mares, while in a sixth mare, pulse 

rhythmicity approached significance. As can be seen in Figures 58 - 65, 

short-term patterns of bio- and immunoactive serum LH, levels appeared to 

differ and, in fact, lit-tIe correlation existed in any mare between bioassay 

and corresponding immunoassay estimates (mean correlation coefficient = 

0.27; range = 0!QP3). 

Figures 66- 71 show bio- and immunoactive LH levels in blood samples 

collected at 5 min intervals for 6 h from two oestrous mares and from four 

diestrous mares. In accompanying figures (i.e. Figures 66a and b, 67a and 

b; •••• 71a and b), the calculated autocorrelation function and periodogram (dis

played in the form of a power spectral density function (i.e. variance vs 

frequency» are shown for each set of data. Lines indicating significance at 

the 0.1 level have been sketched on the graphs of each·autocorrelation funct-

ion. Analysis results are summarised in. Table 36. In both oestrous'mares, 

fluctuations in serumLH levels were found to be significantly periodic when 

measure9 by bioassay but not by radioimmunoassay, with mean bioactive pulse 

period being 35 min. 'Results were less cons·istent in dioe.strous than in 

oestrc)Us mares, with significant periodicity being shown in bioactive LH 

levels in one mare, in immunoacti'Ye LH levels in another,and in neither bio-

nor immunoactive LH levels in the remaining two mares. 

period was 74 min.· 

Mean dioestrous pulse 

Using the "iterative" method to analyse these data yielded similar 

results, as can be seen in Table 36. Mean pulse amplitude was highly var-

iable in those mares with demonstrably periodic LH pulses, ranging from 19.4% 

(Fourth Hall, dioestrus, RIA) to 157,4% (Fourth Hall, oestrus, bioassay) (see 

Table 36). 
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Legend for Figures 66-71 

Graphs of da ta from Experimen ts 16b and 17 were drawn by computer.l 
.,; 
\~ 

Note that the vertical axis (LH - ng/ml) does not begin at zero 

and that the scale differs between graphs. Time (horizontal axisf 

1S expressed in decimal fractions of hours, beginning at the time 

of day the experiment commenced. Stars on graphs of the auto

correlation and spectral density functions mark statistically 

significant (p 0.1) pulse frequencies. The line denoting the 

correlation coefficient, p 0.1, has been sketched on all graphs 

of the autocorrelation function, but has been labelled only on 

Figure 66al. When LH levels could not be shown to fluctuate 

with statistically significant regularity, the letters NS are 

shown on the graph of the autocorrelation function 

Key to Figure numbers 

66 = Fourth Hall, oestrus 1 = bioassay data 

67 = Annin, oestrus 2 = 1mmunoassay data 

68 = FourOth Hall, dioestrus a = autocorrelation 

69 = Annin, dioestrus function 

70 = Safe Dream, dioestrus b = power spectral density 

71 = Lady Sherelle, dioestrus function 
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Figure 66al. AUTOCORRELATION FUNCTION: FOURTH HALL, 
OESTRUS ,BIOASSAY 
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Figure 66bl. POWER SPECTRAL DENSITY FUNCTION: FOURTH HALL, 

OESTRUS, BIOASSAY 
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Figure 66-2 
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Figure 66a2. AUTOCORRELATION FUNCTION: FOURTH HALL, 
OESTRUS, RADIOIMMUNOASSAY 
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Figure 66b2. POWER SPECTRAL DENSITY FUNCTION: FOURTH HALL 
OESTRUS, RADIOIMMUNOASSAY 
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Figure 67al. AUTOCORRELATION FUNCTION, ANNIN i · OESTRUS, 

BIOASSAY. 
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Figure 67bl. POWER SPECTRAL DENSITY FUNCTION, ANNIN, 
OESTRUS, BIOASSAY. 
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Figure 67a2. AUTOCORRELATION FUNCTION: ANNIN, OESTRUS, 

RADIOIMMUNOASSAY. 
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Figure 67b2. POWER SPECTRAL DENSITY FUNCTION: ANNIN, OESTRUS, 
RADIOIMMUNOASSAY. 
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Figure 68al. AUTOCORRELATION FUNCTION: FOURTH HALL, 
DIOESTRUS, BIOASSAY. 
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Figure 68bl. POWER SPECTRAL DENSITY FUNCTION: FOURTH HALL, 

DIOESTRUS, BIOASSAY. 
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Figure 68a2. AUTOCORRELATION FUNCTION: FOURTH HALL, 
DIOESTRUS ,RADIOIMMUNOASSAY 
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Figure 68b2. POWER SPECTRAL DENSITY FUNCTION: FOURTH HALL, 

DIOESTRUS,RADIOIMMUNOASSAY 
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Figure 69al .. AUTOCORRELATION FUNCTION: ANNIN, DIOESTRUS, 

BIOASSAY. 
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Figure 69bl. POWER SPECTRAL DENSITY"FUNCTION: ANNIN, 
DIOESTRUS, BIOASSAy. 
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Figure 69a2. AUTOCORRELATION FUNCTION: ANNIN, DIOESTRUS, 
RADIOIMMUNOASSAY •. 
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Figure 69hZ. POWER SPECTRAL DENSITY FUNCTION: ANNIN, 
DIOESTRUS, RADIOIMMUNOASSAY. 
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Figure 70a1. AUTOCORRELATION FUNCTION: SAFE DREAM, 
DIOESTRUS, BIOASSAY. 
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Figure 70bI. POWER SPECTRAL DENSITY FUNCTION: SAFE DREAM, 

DIOESTRUS, BIOASSAY. 
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Figure 70a2. AUTOCORRELATION FUNCTION: SAFE DREAM, 
DIOESTRUS, RADIOIMMUNOASSAY. 
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Figure 70b2. POWER SPECTRAL DENSITY FUNCTION: SAFE DREAM, 
DIOESTRUS, RADIOIMMUNOASSAY. 
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Figure 71a1. AUTOCORRELATION FUNCTION: LADY SHERELLE, 
DIOESTRUS, BIOASSAY. 
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Figure 7Ibl. POWER SPECTRAL DENSITY FUNCTION: LADY 
SHERELLE, DIOESTRUS, BIOASSAY. 
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Figure 71a2. AUTOCORRELATION FUNCTION: LADY SHERELLE, 
DIOESTRUS, RADIOIMMUNOASSAY 
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Figure 71b2. POWER SPECTRAL DENSITY FUNCTION: LADY SHERELLE, 
DIOESTRUS, RADIOIMMUNOASSAY 
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Table 36: Period of bio- and immunoactive LH pulses in serum of two oestrous and four dioestrous 

mares bled at 5 min intervals for 6 h. 

,-

Assay Approximate Period* 
(peak~Trough x 100) Mare Stage of Cycle (minutes) 

Method 
. Yates "Iterati ve" 

Trough. 
... Amplitude· + 

Annin Oestrus BIO 20 20 (p < 0.01) 21.0 

RIA No No 

Annin Dioestrus BIG No No. 

RIA NO No 

Fourth Hall Oestrus BIO 50 48 (p < 0.05) 157.4 

RIA No No 

Fourth Hall Dioestrus BIO No No 

RIA 80 75 (p < 0.005) 19.4 

Lady Shere lIe Dioestrus BIO 68 60 (P < 0.01) 44.0 

RIA No No 

Safe Dream Dioestrus BIO No No 

.. Rlll. .NO .... No .. . . . . . . . . . 

~ ---- '----- ----- ----"-------- - - --~-
~ ~ ~ -

* No = no significant periodicity detected. 
+ amplitude calculat.ed only for pulses with statistically significant periodicity 

N 
0'\ 
N 
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Table 37: Mean :rabio of biological::bnmunological LH activity in 

frequently collected blood samples from Experiment '1fj:"17 !flares, 

and coefficient of variation (%) of this ratio over the 

period of observation. 

% Coefficient 

Mare Experiment Mean of Variation 
B:I Ratio . 'SD 

<or x 100) 
... . .. . .. 

I'. ) 

Tudela - oestrus 1.87 9 

By Design - oestrus 1.01 14 

Lady Sherelle - oestrus 1.07 13 

Descent - oestrus 1.33 22 

Royal Cheval - oestrus '1.08 11 

Coming In - oestrus 1.19 16' 

Tact Del - oestrus 1.42 12 

Queena Diamonds - oestrus 1.04 12 

Ann in ) - oestrus 1..03 13 
) 

~ dioestrus 0.87 16 
) 

Fourth Hall. ) - oestrus 1.51 43 
) 

dioestrus 0.84 20 -
) 

Safe Dream - dioestrus 0.81 29 -

Lady Sherelle* - dioestrus 2.3 .. 19 
-

-
x lS 18 

. . . . . . . . ... . ... . . ...... 

* . Calculations based on those samples in which LH levels fell 
on radioinnnunoassay. s·tandard curve. 
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The lack of correlation between short-term patterns of bio- and 

immunoactive LH levels observed in both Experiments 16 and 17 indicated that 

the ratio of biological:immunological LH activity would vary during th~ 

observation period. To determine the extent of this variation, mean B:I 

ratio and its coefficient of variation CSD/X x 100) were calculated for each 

mare. Results are displayed in Table 37. Group mean coefficient of variat

ion was small, being 18% (range = 9t43%). 

DISCUSSION 

In most oestrous mares studi,ed. i.n these experiments, serum levels 

of biologically active LH were found to fluctuate with' statistically sig-

nif.:i::cant periodicity. These bioactive LH pulses were, in general, small 

and rapid; pulse amplitude being less than 30% above trough values in 8 

of the 10 mares, and mean period in Experiment 16a (blood sampled at 

15 - 20 min intervals) being 72 min and in Experiment 16b (blood sampled 

at 5 min intervals) being 35 min. The discrepancy between experiments in 

mean pulse period observed,. may be attributed to differences in frequency of 

blo0d sampling (20 .. min. samples being inadequate, to define low amplitude 

pulses with a. period of 35 :m.i:n) or to the $1lIall number of mares sampled in 

Experiment 16b. In..dioestrO'Qsmares, results were variable, with regular 

serum LH pulses bei,ng detectable, by bioassay in one mare, by radioimmuno

assay in c;>ne mare, and by neither assay method in the remaining two mares. 

When. LH pulses could be shown to occur in dioestrus, the per~od and 

amp1it1:}de were simi1ar to those observed in the majority of oestrous ma'res in 

Experiments 1Ga and b. In the dtoe!i3trous mares in which LH pulses could not 

be demonstrated, serumLH levels.remai.ned stable and did not appear to decay 

during the period of observation, .regardless of methodC>.{assay. Simi.lar 

stability.inbioactiveLH levels was observed in the three seasonally 

acyclic mares in Experiment l5. Possibly, in these mares, serum LH pulses 

occurred but with a period much greater than G h (Le., the duration of the 



265 

experiment); however, the lack of decay in LH levels observed in these 

mares during the experiment would suggest this explanation to be highly 

unlikely. ,Rather, it would appear that in seasonally acyclic mares and 

some dioestrous mares, serum LH levels do not fluctuate in a pulsatile manner. 

In general, short-term patterns of bio- and imnunoactive serum LH 

levels within each mare were,poorly correlated, resulting in variations in 

B: I ratio. However, because of the low amplitude of serum LH pulses, the 

deviations in B: I ratio about its -mean were also small (mean CV % - 18%) • 

Thus, daily blood samples would probably provide an adequate estimate of 

daily mean B:1 ratio (see also Experiment 2, section 1). 

Short-term'patterns of serum LH levels have been studied by Evans 

et ale (1979) in blood samples collected at 5 and/or 20 min intervals for 2 

to 5' days from ma;roes at various s.tages of the oestrous cycle. Mares had 

been kept indoors in sampling cages, under equinoctial photoperiod (i.e., 

12 light:12 darkl for 45 d before the start of the experiment. Serum LH 

was measured by ovine-ovine radioinununoass-ay (Geschwind et al., 1975). 

Although the highly variable results were not statistically analysed, 

rhythmic fluctuations in serum LH levels did not seem to occur in any mare. 

Hm'lCv"er,;in some mares, "bursts"::of LHsecretion (i.e., abrupt, approximately 

3-fo1d increases in LH levels followed by variable rates of decline) were 

observeda,t.infrequent intervals. Stage of cycle did not appea;roto affect 

either the' occurrence or the period of. these "secretory bursts" (periods = 
10.5 h at oestrus and, approximately 12 h during,mid-dioestrusl. Because 

of the low, frequency of these secretory bursts,. the blood samp1ing schedule 

1lsedin the present wOrk may not have.ooenade®ate to detect this secretion 

pattern. Nevertheless, 84 "mare~hours"' (L.e., 14 mares, each sampled for 

6 hl; were involved in the present studies and it is, surprising that in this 

time no secretory bursts were observed. Possibly, the artificial and per-

haps stressful conditions under, which. Evans etal. (1979)' 1TIain.tained the 

"i 
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mares encouraged erratic behaviour of the neuroendocrine axis;l although 

it should be noted that mares did ovulate under these conditions. 

-
In ovariectomised mares during the breeding season, no diurnal variat-

ion or consistent secretion pattern of LH could be detected in blood samples 

collected every 2 h for 24 h and at 20 min intervals between.lO:OO and 14:00 h 

and 22:00. and 2:00 h (Garcia, Freedman and Ginther, 1979). Radioimmuno- . 

assay (anti-PMSG, labelled equine LH, equine LHstandards (Whitmore, went-

worth and Ginther, 1973U ··was used to. measure LH levels. By contrast, 

rhythmic pulses in serumLH levels appear to occur at a frequency of 

approximately 1 pulse/6 h in ovariectomised.mares during the non-breeding 

season, with' frequency' increasing gradually as the breeding season approaches 

until it becomes so great that individual pulses can.no longer be disting-

uished (B. Fitzgerald and R.G. Loy, pers. comm.; ovine-ovine radioimmuno-

assay used to measure LH). If seasonally acyclic mares are equivalent to 

ovariectomised mares in the non-breeding season, then serum LH pulses should 

haVE! been found in Experiment 15, unless the pattern in serum of bioacti ve 

LI-I ,~lffers from that of. innnunoactive LB. As noted previously, lit tIe 

correlation was observed, in the present work between short-term bio- and 

imrn"p.oac:::ti ve serumllL patterns in cyclic mares; nevertheless, in cyclic 

mares, serum LH pulses. were. more appareat us·ing bio- than i:mmunoassay. 

In cyclic femaleso;Lother other species, pulsatile fluctuations in 

immunoactive serum LH.levels have ,been reported for the rat (Gallo, 1981), 

sheep. (Hauge.r, Karsch and Foster, 1977; Yuthasastrakdsol .. , Palmer and How-

land, 1977), cow (Rahe, Owens, Fleeger, Newton and Harms, 1980), pig (see review 

bY.Brinkley,1981) and human (Midg1.ey and Jaffe, 1971; Yen, Tsai, Naftolin, 

V~ndenberg and Aj abor,1972) • In all these species but the rat, se·rum LH 

pulses.·have . been clearly shown by the. studies cited above to vary in, frequency 

and· .amplitude during: the .ovulato:t'y' cyclel pulses bei:ng .infrequent and large 

\~~g., in mares, theinatur~tion of, pre-ovul~tory follicles, which is an LH
controlled eVEmt, is ~t its most erratic during equinoctial photoperiods (Le., 
transition periods between breeding (long photoperiod) and non-breeding 
(short photoperiods) seasons (see·_e.g. Ginther, 1979). 
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in the luteal phase (when progesterone is high) and rapid and small in the 

follicular phase (when oestradiol is high). These observations suggest that 

the steroid environment may modulate LH pulse characteristics, ·a so.pposition 

which is supported by recent work using ovariectomised ewes (Goodman and 

Karsch,1980). In the breeding ;season, serum LH pulses in ovari.ectomised 

ewes are rapid (approximately· 1 pulse(hl and large. (mean amplitude = 9.5 ng/ml). 

,Administration of physiological' levels of oestradiol to such ewes has been 

found to 'decrease selectively pulse amplitude (to approximately 4.0 ng/ml) 

while progesterone administration .. decreases pulse frequency (to 1 pulse/6 h) 

but increases pulse amplitude. (to 16.0 pg'lml) (Goodman and Karsch, 1980). 

Similarly, oestradiol administration.has been found, to d,ecrease LH pulse 

amplitude or inhibit pulsatile LH release altogether in the ovariectomised 

rat CWeick, 1981), ovariectomised rabbit (YoungLai, 1978), ovariectomised 

monkey' (Yamaji et al., 1972) and post-menopausa1. woman (Yen et a,l., 1975); 

whereas progesterone administration has. been ineffective in altering LH 

pulse characteristics in ovariectomised rats (Blake et al., 1974; Weick, 

1~~1) and ovariectomised monkeys CYamaji et al., 1972). 

In contrast to the species. discussed above., intensive blood sampling 

of cyclic rhesus monkeys (Dierschke, Bhattacharya, Atkinson and Khobil, 

1970; Weick et al., 1973; Knobil, I974) and g\linea pigs (Donovan, ter Haar 

and 'Rosenberg, 1975) has fa.iled.to show a pulsatile pattern of i:mmunoactive 

serumLH levels, although after ovariectomy serumLHplllses become readily 

id,entifiable. Interestingly, in the rhesus, rhythmic serum LH pulses have 

been detected using the mouse testostercme .prodllction assay i both in cyclic 

females in the ;follicular phase of the menstrual .cycle (Marut. et al., 1981) 

a,nd in in,ta.ct ma.les (Steiner et al.(1980); with frequent.d,iscordance between 

short-term bio- and .immunoassay patterns being especia.llynoticeable in 

cyclic females (}1arut e.t al. ,ovine-ovineRI2\11 • The characteristics of 

these ·bioacttve :·ur· ·pulses were· ·observed to. -vapy . during. the follicular phase, 

lantibody = GDN.#15, which .was also' used in the radioinm'lun9assays in 
the present work. 



pulses clearly occurring at regular hourly intervals in the early follicular 

phase but becoming undetectable in the late follicular phase, with marked 

pulsatility returning at the onset of the ovulatory surge. Short-term pat-

terns ofbioactive LH in luteal phase monkeys were not studied by Marut et 

al., and this should ,certainly be an area for future research. 

Bioactive LH pulses in the early follicular phase monkey were 

much larger than those observed in the present work with early to mid-

follicular phase .mares (monkey pulse amplitude = approximately 200% increase 

above, trough value), One explanation for this difference between monkey and 

mare may be that the uniquely long circulatory.halI-life of equine ;LH (see 

Section 1; half-life e;LH = 5 h (Irvine, 1979) compared with an estimated half-

life of' rhesus ;LH of 72 min (Pierschke et al., 1970) blunts the appearance 

of LH pulses in serum by minimising decay between pulses. Thus, at any given 

pulse frequency, smaller fluctuations would be seen in plasma concentrations 

of a hormone with a long half-life compared, wi,th one having a short half-life 

(Goodman and Gilman, 1975, pg 231. 

It is generally agreed that therhytlunic fluctuations in LH levels 

observed in sertnn result from .. pulsatile discharges of GnRH from the, hypothalamus. 

Several kinds of evidence have, been used to support this contention: 

1) Gn~Hhas been found to fluctuate in pituitary stalk blood of monkeys with a 

frequency consonant, with that 'of LH pulses in ovariectomised animals (Cannel, 

Araki and Ferin, .1976) • Measurements of GnRHin pituitary stalk blood of 

humans suggest that. GnRH is secreted in pulses in this ,species as well 

(Atunes, Carmel, Housepian and Ferin, 1978); 2) Recordings of the electrical 

activity in the medial basal hypothalamus of ovariectomised rhesus monkeys 

demonstrate rhythmic bursts of neuronal activity coincident with the initiation 

of 'each LH pulse in sertnn (Khobil, 1981); 3) Constant. infusions of GnRH do 
_ _ .'l 

not produce rh'ytfunic ,pulses in serum LH levels (human (woman}: Yen, Lasley, 

Wang, LeBlancand.S;i.ler,1975; . ,(men) Bremner and Paulsen, 1974; sheep, 

Hooley et al., 1974; Wilson 'and Lapwood" 1978; rat, Blake, 1976; Schuiling 

. , , I,. '. '.' "',I! 
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and Gnodde, 1976a; rat pituitary in vitro, Osland, Gallo and Williams, 

1975); and 4) In rhesus monkeys chronically deprived of endogenous GnRH by 

arcuate nucleus lesions, gonadotrophin secretion can be maintained by 

pulsatile GnRH administration but not by constant GnRH infusions 

(Belchetz et al., 1978). That the relative stability of serum LH levels 

in the mare need notimpl~ constant GnRH input is suggested by Experiments 

7 and 8 (Section 1) in which mares were given small pulses of exogenous 

GnRH intravenously at hourly intervals. As can be clearly seen in Figures 

19 and 20, and in data from :mdividuals in Appendix 3, the resulting pat

te;rn of serumLH was only slightlyp~lsa.tile (although in Experiment 7 the 

GnRH dose given. was large enough to induce an initial mean increase in 

bioactive LH levels of approximately 270%1. 

In both the mare ana rhesus monkey, the prominence of bioacti ve 

serum LH pulses compared with i:rranunoactive could suggest physiological 

importance of these pulses to.ovarian function. Alternativel~ the dis-

crepancy between short-term profiles of bio- and immunoactive serum LH 

levels may·reflect different pa,tterns of release from the pituitary of var

ious molecular· forms or post-secretory . metabolism te> less bioacti-ve forms 

(see section I) . without implying functiona 1, significance. It should be 

noted that when measured in jugular venous blood (i.e., at a site close to 

the pituitary), bioactive LH pulses in most oestrous mares were found to be 

6f very low amplitude anct it ishtgl}ly probabl~ that at the periphery (e.g., 

in the ovarian arte~) these pulses would be consideraqly damped (see, for 

example, Butler et al., 1972) resulting in exposure of target tissues to 

relatively stable LH concentrations·. Even in species with markedly pul-

satile patterns of LH secretion., there is some evidence to suggest that 

normal ovarian function does not depend upon a pulsatile LH input. For 

example, follicular growth a,nd ovulatlon can be stimulated in arloestrous ewes 

(McLeod and Haresign, 1982) and post-partum cows (Peters, Capel, Southee, 
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1 
Gayerie and Lamming, 1982) by constant infusion of very low doses of GnRH • 

Similarly, hCG administration, which would provide non-pulsatile LH-1ike 

stimulation of long duration '(circulatory half-life of hCG N 16 h in the ram 

\ 
(Garnier and Saez, 1980) and 24 h in the hUman (RizKallah et al., 1969» 

induces ovulation, in a number of'species (e.g., sheep"cow, pig, see Hafez, 

1974). Furthermore, in several species, at the time of the ovulatory LH 

surge, the rapid LH pulses' tend to merge, producing a reasonably smooth rise 

in concentrations (see, e.g.,Nett, Akba-r and Niswender, 1974 (sheep); Rahe 

et a.l., 1980 (cow}).· Thus, serum LH pulses may simply reflect the mode of 

operation of the central ne~ous system, 

Unfortunately, in the,-present work, results :j:n dioestrous mares 

were too variable to allow comparison of oestrous and dioestrous patterns of 

LH secretion. Nevertheless, the ease with which pulsatile bioactive LH 

release could be demonstrated in oestrous mares compared with the relative 

stability of LH levels in dioestrous mares, would suggest that in the mare, 

in contrast to other species, LH pulses are not markedly larger or less 

frequent in the luteal phase compared with the follicular phase. This 

point deserves further investigation. 

1constant infusion of larger GnRH doses seems to cause pituitary refractoriness, 
as evidenced by declining LH levels' despite conti.nued GnR,Hinfusion, ~n the 
sheep (Chakraborty, Adams, Tarnavsky and Reeves, 1974; Wilson and Lapwood, 
1978) and other species (rat: Schui1ing and Gnodde, 1976b; Blake, 1976; 
human: Jewelewl:cz et al., 1974; monkey: Ferin et al., 1978). Interestingly, 

,recent W0r~ in the., rat ,has convincingly ,'dernonstratedthat long-term (6 d) 
infusion of high Gn:ruI doses: reduces the 'numbe:r of GnRH :receptors in the 
pi tui tary, whereas' infusion' of low· GnRH doses fo:r the sam~. length of time 
actually increases GnRH receptor' numbers (Clayton,- 1982) ~ 
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SEC T ION 4. 

INVESTIGATIONS OF MECHANISMS REGULATING THE SEASONAL 

. 
PATTERNS OF LH SECRETION IN THE MALE 

HORSE. 
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INTRODUCTION 

The horse is a seasonal breeder (see, e.g., Stabenfeld and Hughes, 

1977). In pony and horse mares, the incidence of ovulation is maximal 

during the summer and minimal or absent during the winter (Ginther, 1979). 

As might be expected, monthly mean serum LH levels in the mare describe a 

pattern similar to that of ovulation incidence, with mean levels low in the 

w~nter and high in the summer (Turner, Garcia and Ginther, 1979). The 

primary environmental cue regulating seasonal breeding in the mare seems 

to be photoperiod. Almost 40 years ago, it was demonstrated that exposure 

of mares in winter to artificial light hastened the occurrence of oestrus 

(Burkhardt,- 1946). This finding has been confirmed and extended by a 

number of studies (see, e.g., Loy, 1968; Cooper and Wert, 1975; ~ooistra 

and ,Ginther, 1975), and it now seems to be generally accepted that t.he onset 

of the breeding season ·can be advanced by exposing mares to long photoperiods. 

In the stallion, season affects libido, semen quality (pickett, Faulkner 

and Sutherland, 1970) and serum levels of testosterone (Berndtson, Pickett 

and Nett, 1974), FSH (Harris, Irvine and Evans, 1983) and LH (Thompson, 

Pickett, Berndtson, Voss and Nett, 1977). In general, these measures' of 

.reproductive activity pe~ in spring-summer and are lowest in mid-winter. 

The photoperiodic control of seasonal bre,eding in the stallion has not been 

as conclusively demonstrated as in the mare. However, exposing stallions 

in autumn to artificially increasing photoperiod has been reported to shift 

the time of occurrence of peak serum LH levels from summer to winter (Thomp-

son, Pickett, Berndtson, Voss and Nett, 1977). 

The object of the following experiments was to study the mechanisms 

controlling seasonal patterns of LH secretion in the horse. It was decided 

to use male horses for this purpose since, in the male, the seasonal cycle 

of LH secretion is not complic.ated by oestrous cyclicity • The major part of 

. ( . 
thJ:s study was devoted to measuring seasonal changes in serum LH levels 1n 
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castrated male horses (geldings); these experiments being aimed at 

determining the contribution of steroidal feedback to producing the seasonal 

pattern of LH secretion in the stallion. This is of interest since in some 

seasonally breeding species, seasonal changes in LH secretion seem to 

require sex steroids, i.e. gonadectomy eliminates the seasonal pattern of LH 

secretion. However, in other species, the normal seasonal pattern occurs 

despite gonadectomy~ (These points will be elaborated on in the Discussion.) 

In a concurrent experiment, the same geldings were given a small injection of 

GnRH at fortnightly intervals in an attempt to elucidate the relative roles 

of changing pituitaryrespons:i:veness and endogenous GnRH input in regulating 

seasonnl changes in LH levels (see section 2 for discussion of Irvine's 

"GnRH index") . The short- and long-term effects of gonadectomy on serum LH 

levels wore also investigated in a third experiment. 

MATERIALS AND METHODS 

EXPERIMENTAL ANIMALS 

Four groups of animals we:!:a used in these experiments (see Appendix 

2 for details of individual horses) • 

Group 1: This group consisted of five "long-term" geldings (castrated 

3 years or more) aged 5 - 10 years. Two of the horses wexe Standardbred 

(Lord Norice and Takapo) and·. 3 were part Thoroughbred· (Gumboots, Poldark 

and Junior}. All were maintained outdoors and fed on mixed sward pasture, 

supplemented in the winter by oats, horse pellets, and lucerne and meadow 

h.ay. Lindted shelter was available to the horses and all were covered 

(Le., rugged) during the winter. The horses remained in good condition 

during the experiment and shed their hair at the same seasonal time as intact 

males under similar conditions. At various periods during the experiment 

(the pexiods are indicated ;tn Appendix 2), all horses except Junior were. 

subjected to daily moderate exercise. All horses were kept in close 
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proximity to mares which during the breeding season were cyclic. 

Group 2: This group consisted of five stallions, aged 2 - 11 years, which 

were maintained under similar conditions to Group 1. Three of the horses 

were Standardbred (Gerry Jr., Gossip and Watbro Split) and two were ponies 

(Major and Wayne). The ponies and Gerry were employed by Nevele R Stud 

for detecting oestrus in mares. 

Group 3: This group consisted of 9 "short-term" gelding-s (castrated less 

than 3 months at the start of the experiment), aged 2 - 4 years. All of 

these horses were Standardbreds. six of these horses were castra~ed early 

in the breeding season (October - November) and 3 (Watbro Split, Cottontail 

and Brockworth Jack) were castrated late in the breeding season (F8bruary -

March) (see Appendix 2 for details). 

Group 4: This group consisted of 20 long-term geldings of various breeds 

(see Appendix 21, which were tnaintained under similar conditions to Groups 1, 

2 and 3. Horses were between 5 and 30 years old, and were selected to provide 

a reasonably even distribution of ages within this range. Castration had 

been performed between the ages of 1 and 3 years in all horses.: 

. -Hormone -preparations 

GnRH: A sxnthetic preparation of the hypothalamic decapepeptide. GnRH 

(LH-RH!FSH-RH) was a gift from Hoechst AG,. ~st Germany. 

EXPERIMENTAL PROTOCOL 

-Experiment -18 -..;., -AIM: TO study the annual pattern of LH secretion in 

long-term geldings. 

Group 1 horses were used in this experiment, which commenced in 

March, 1981. At approximate.ly fortnightly intervals from this date through 

September, 1981, then at monthly intervals through March, 1982, blood 
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samples were collected over 2 hours (intervals = 0, 0.5, 1 and 2 h) from 

each gelding. Collections were usually but not always made in the morning. 

Because the geldings were kept at different locations (see Appendix 2), col

lections were seldom made at the same time of day from all horses (see 

Table 38 for a detailed schedule for this experiment). To determine whether 

the blood sampling regime used would provide a reliable estimate of daily 

mean LH levels, 4 of the 5 long-term geldings (Junior was excepted) were 

bled at 15 min intervals for 6 h in March, 1981. Jugular vein cannulation 

was performed as described previously (Section 1, Materials and Methods, 

Experiment 7). 

Experiment 19 - AIM: To study the effe.ct of duration of castration 

on LH levels in the male horse. 

This experiment .used Group 2, 3 and 4 horses, 'which had been clas

sified on the basis of duration of castration (i.e., Group 2: stallions = 

not castrated; Group 3 = geldings castra,ted < 3 months; Group 4 = geldings 

castrated> 3 y). 

Between late December and early February, blood was collected ~rom 

each G:r'oup 2 stallion; 4 samples at 20 min intervals being taken from each 

horse, except Watbro Split from which. a single sample was collected. In 

early January, 1982, 5 of the 9, "short-term" geldings in Group 4 (Del Haven, 

Not Understood, Local Edition, Going Places and Manana) were bled. . Blood 

was collected again on 26 March, 1982 (at whi.ch time Brockworth Jack, 

Hurricane Command and Cottontail joined the experiment), 11 August, 1982, 

and 4 November, 1982. The remaining horse in the group, Watbro Split, 'Was 

bled on 11 February, 1982, 2 July, 1982 and 4 November, 1982. In mrd-

February, 1982, a single blood sample was collected from each "long-term" 

gelding in Group 3. 
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T~le 38: Experiment 18: Date and time of fir~t blood sampling of the 5 long-term geldings. 

! Lord Norice Takapo Guffiboots·and Junior --
Date of Time of First Date of Time of First Date of Time or :first Date of 

Experiment Blood Sampling Experiment Blood Sampling Experiment Blood Sampling Experiment 

I.Mar 1046 1 Mar 1054 4 Mar 0902 ·4 Mar 

15 Mar 0730 15 Mar 0730 20 Mar 0907 20 Mar 

29 Mar 0920 29 Mar 0917 1 Apr 0834 l·Apr 

11 Apr 1200 11 Apr 1150 17 Apr 0901 17 Apr 

25 Apr 1305 25 Apr 1310 29 Apr 0805 29 Apr 

10 May 0717 10 May 0715 15 May 0943 15 May 

7 June 1236 7 June 1240 27 May 0826 27 May 

27 June 0925 27 June C924 17 June 0833 17 June 

11 July 0910 11 July 0910 3 July 1050 3 July 

9 Aug 1130 9 Aug 1130 23 July 1254 23 July 

27 Aug 1030 27 Aug 1030 10 Aug 0716 10 Aug 

13 Sept 1500 13 Sept 1505 23 Aug 0943 23 Aug 

20 Sept 0915 16 Dec 1135 6 Sept 1237 6 Sept 

12 Oct 1140 7 Feb 1515 27 Sept 0915 23 Sept 

29 Noy 1150 13 Mar 1445 11 Oct 0930 8 Oct 

21 Jan 1555 20 Oct 1236 30 Noy 
• 

7 Feb 1510 5 Nov 1340 15 Dec 

13 Mar 1445 30 Nov 1412 29 Dec 

15 Dec 1208 14 Mar 

29 Dec 1051 
. 

21 Jan 1921 

15 Feb 1005 

I I 25 Mar 0933 
! 

Pol dark 

Time of First 
Blood Sampling 

0903 

0911 

0833 

0903 

0802 

0940 

0824 

0835 

1038 

1253 

0718 

0941 

1235 

1044 

1024 

1445 

1205 

1140 

0830 

_.- --_._---

: 

I 
I 
, 

tv 
co 
o 
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Experiment 20 - AIM: To study the effect of season on pituitary' 

responsiveness to GnRH stimulation in long-term geldings. 

This experiment was designed to accompany Expt 18 and used Group 1 

horses, which were given 0.32 mg GnRH i.v. at fortnightly intervals 

between March, 1981, and mid-September, 1981; the dose being increased 

to 0.4 mg between late September and February, 1982, when the experiment 

ended. The GnRH dose was increased when it became apparent that the LH 

response to 0.32 mg was very small and difficult to measure accurately. 

GnRH was injected immediately after collection of the fourth blood sample 

as described in Expt 18; blood was further sampled at +0.5, 1, 2 and 3 h 

from GnRH injection. 

Experiment 21 - AIM: To study the GnRH dose-LH response relationship 

. in long-term geldings. 

This experiment was designed when' results of Expt .• 14, Section 2, 

failed to demonstrate a GnRH G.ose-LH response relationship in oestrous mares; 

thereby complicating interpretation of the physiological significance of the 

size of LH response induced by exogenous GnRH at oestrus (see Discussion, 

Secti.on 2). To ascertain whether a GnRH dose-LH response relationship 

existed in long-term ge1dings in the range of GnRH doses used in Expt. 20, 

4 of the 5 Group 1 geldings (Poldark was omitted since he had been moved 

t9 another, less accessible, location) were. each given i.v. GnRH doses of 

0.2, 0.4, 0.8 and 1.2 mg. Two of the horses (Lord No:.;:ice and Takapol also 

received doses of 0.05 & 0.1 mg GnRH. The' order in which each horse 

received the doses was randomised. Doses generally were given on consecut-

ive days (see Table 39'for a detailed schedule for this experiment). 

was sampled, at -1, -0.5, 0, +0.5, 1, 1.5 and 2 h from GnRH injection. 

Blood 
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Table 39: Experiment 21: Dates on which 4 long-term geldings received GnRH injections. 

~ 
Dose 0.05 0.1 0.2 0.4 0.8 

Horse _ _ mg) __ ...... - . 

Lord Norice 11 April, second 11 April, second 20 March 13 March 17 March 
dose dose 

Gumboots - -- 29 March 25 March 30 March 

Junior 30 March 25 March 31 March 

Takapo 11 April, first 11 April, second 17 March 20 March 13 March 
dose dose 

. . .. 
- -~----- ------ ._- ---- - --- - ----- --~ ._------'---~ --.~ -- -

1.2 

21 March 

31 March 

29 March 

21 March 

- --- --

N 
(Xl 

N 
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ASSAYS 

Serum LH levels were measured by radioimmunoassay. In these 

assays, special care was taken to minimise the effect of intra- and 

inter-assay variation on results. At the completion of Expt. 18, 2 

pre-GnRH samples from each, fortnightly experiment from each gelding' were 

assa~together in a totally randomised assay. This p~ovided a common 

reference point to which samples from Experiments 18 and 20 could be cor-

rected. Samples from Experiment 19 were assayed together using a totally 

randomised design; as were all samples from Experiment 21. Included 

in the assay of Expt. 18 samples were selected samples from an earlier 

experiment (Harris, Irvine and Evans, 1983) in which seasonal'patb~rns 

of LH, FSH and testosterone secretion in stallions had been studied . 

. was to ensure that the seasonal changes in LH levels observed in this 

stallion experiment could be replicated when the samples were assayed 

together using the present, slightly modified, RIA. 

STATlSTICAL ANALYSES 

This 

. Experiment '18: Monthly 'mean LH levels for each horse were submitted 

to analysis of variance, in which treatment was month and individual geld-

ings were treatment replications. 

Duncan's new multiple range test. 

Treatment means were compared using 

Experiment 19.: Group 4 horses were assigned on the basis of age to 

one of the following categories: aged a) 5 - 10 years, b) 11 - 15 year~, 

c) 15 - 20 years, or d) > 20 years. Data were then submitted to analysis 

of variance, with treatment being age group. Mean February LH levels of 

Group 1 horses were placed in the appropriate age range and included in the 

analysis. Data 'from Experiments 18 and 19 were then combined to compare 

mid-breeding season LH levels in stallions (the mean of the 4 x 20 min 

samples was used), short-term geldings (Del Haven, Not Understood, Local 
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Edition, Going Places and Manana) and long-tenn geldings (Groups 1 and 4 

horses) . Analysis of variance was used; treatment being duration of 

castration (i.e., not castrated, castrated < 3 months, castrated> 3 years). 

Treatment means were compared using Tukey's W test. Finally, LH levels 

in four Group 3 geldings (Del Haven, Local Edition, Manana and Hurricane 

command
l

) in November, 1982, 47 weeks post-castration were compared with 

mean November, 1981,. levels in Group 1 long-tenn geldings using Student's 

t-test. 

Experiment '20: The area of the LH response to GnRH was calculated 

as described in Section 2 (Materials and Methods), except that an area unit 

was defined as LH secretion needed to maintain serum LH level of 1 ng/ml for 

1 hour. In the initial analysis of the experiment, it was assumed that in 

the range of GnRH doses given, LH response would be directly proportional 

to the dose (see Section 2 for reasons for this assumption). That is, in 

h 'h h 0 32 :'" d b 0~32 . eac orse, t e response to • mg was antIcIpate to e 0.40 tImes as 

great as the response to 0.40 mg. Therefore, to compensate for the late-

September increase in GnRH dose from 0.32 mg to 0.40 mg, the calculated 

responses to the higher dose were multiplied by 0.32/0 •40 • Data were also 

analysed using uncorrected responses. Monthly mean LH responses' for each 

horse were submitted to analysis of variance, with month as treatment and 

individual geldings as replications. Treatment means were compared using 

Duncan's new multiple range test, 

, 'Experiment 21: The area of the LH response, to GnRH was calculated 

and area units were defined as described in Section 2. To compensate for 

the fact that some variation in pre-injection LH levels occurred in each 
\ 

gelding during the experiment, the LH response to GnRH was also expressed as 

1 
Not Understood had been shifted to the North. Island, and 'although a 
November 1982 blood sample was collected from him, it spent several days 
at warm room temperature and was quite rotten by the time it reached 
Lincoln College. Going Places was also bled at this time, but assay 
results were unacceptably erratic and unfortunately no time was left to 
repeat the measurements. 
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per cent pre-injection LH levels (i.e., fractional GnRH induced change 

from pre-injection levels x 100). These data were then submitted to 

analysis at variance, with GnRH dose as treatment, and individual geldings 

as replications. Linear and quadratic trends in LH response to increasing 

GnRH dose were also examined. Because only two of the geldings received 

GnRH doses of 0.05 and 0.1 mg, these doses were not included in the major 

an~lysis. 

RESULTS 

Experiment·18: Monthly mean serum LH levels in 5 long-tenn geldings 

are shown in Figure 72. Table 40 shows monthly mean LH levels in each 

gelding. Analysis of variance failed to show a significant effect of month 

'on LH levels (p > 0.1), although a slight downward trend in levels was 

apparent during the period of observation; In all geldings, LH levels 

·March1982 
were lower in March 1982 than r-Iarch 1981 (range = O. 43 - 0.81, 

March 1981 

X + S.E.M. = 0.65 + 0.08). Annual mean LH levels were 19.3 ng/ml (range of 

monthly means = 16.1 - 25.9) • In no gelding were marked short-term 

fluctuations in LH levels observed, either during the 6 ? intensive bleed 

in March (see Figures. 73 - 76) or in any of the fortnightly collections of 

4 samples over 2 h (see, e.g. Figure 77). Reassay of selected serum samples 

cql1ected from stallions throughout the year (Harris et al., 1983) confirmed 

tha.t LH levels were appro:dmately 3 times higher. in late spring than winter 

(see Figure 72); lbwever, the present assay system LH levels were 0.68 

(0.54 {- 0.82; 95% confidence limits) those reported by Harris et al., 

presumably due to the higher potency of the LH standard·currently used . 

. 'Experiment '19: LH levels in the 20 Group 3 "long-term" geldings 

are shown in Table 41. When these horses were grouped by age, mean LH 

levels + S.E.M. were: age 5 10 yr, n = 7, 18.4 + 3.1 ng!ml; 11· - 15 yr, 

n = 9, 14.5 + 2.8 ng!ml; 16 - 20 yr, n = 3, 15.0 + 5.3 ng/ml; > 20 yr, 
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Table 40: Monthly mean LH levels (in ng/ml) in 5 long-term geldings 

(Experiment 18). 

I~ 
Gumboots Junior Poldark Lord Norice Takapo 

Month .. 

March 23.2 26.3 12.2 50.1 17.6 

April 21.8 22.3 12.1 34.3 14.9 

May 20.5 18.9 12.2 35.4 13 .6 

June 8.5* 13.9 13.3 45.0 14.1 

July 16.8 10.4 14.8 39.4 16.3 

Aug. 17.7 17.1 13.1 31.0 12.5 

Sept. 17.4 21.0 8.0 32.2 14.0 

Oct. 16.4 21.8 7.9 24.8 -

Nov. 18.3 20.0 11.0 27.3 -
Dec. 16.0 17.5 10,4 - 11. 7 

Jan. 18.2 22.9 - 31.2 11.1 

Feb, 19.5 30.6 - 27.7 10.6 

March 17.0 20,4 9,9 25.6 7.5 
. . . . . . . . . . . . . . . .. . .. - - , ..... . . . . . ....... 

* Horse sick at this time, value not included in analyses of results. 
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Figure 73 and 74. LH levels In samples collected at 15 mIn 

intervals from 2 long-term geldings. 
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Figure 75 and 76. LH levels ln samples collected at 15 mln 

intervals from 2 long-term geldings. 
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n = 5, 7.4 ~ 1.2 ng/m1. Analysis of variance of results could not 

. 3 
demonstrate a significant effect of age on LH levels (F 2'0 = 2.05, NS), 

although mean levels in geldings> 20 y were only 40.2% those of horses 

between 5 and 10 years of age. 

Mean LH levels + S.E.M. in serum collected between late December 

and mid-February from short-term geldings, long-term geldings and stallions 

we:re 63.5 ~ 8.8, 14.0 ~ 1.6, and 9.0 + 1.5 ng/m1 respectively. Analysis 

,2 of variance showed a highly significant effect (P < 0,001, F32 = 53.7) of 

duration of castration on LH levels, with recent castrates having higher 

levels than long-term geldings and stallions. LH levels in long-term 

geldings and stallions were not different using Tukey' s W test, Ir; no 

stallion were marked short-term fluctuations in LH levels observed (see 

Figure 78). 

Post castration'LH levels in Group 4 "short-term" geldings are 

plotted against duration of castration in Figure 79. Because of infrequency 

of blood sampling and variation between horses in time of sampling in 

relation to duration of castration, data were not grouped for analysis. 

However, a general decline in LH levels ov~r the year's observation was 

apparent, so that LH levels 47 weeks after castration (November, 1982) 

were not significantly different to November, 1981, LH levels in Group 1 

"long-term" geldings (t = 1.62, NS). In contrast to the other Group 4 

horses, LH levels in the 3 horses' cas·trated late in the breeding season 

(Watbro Split, Cottontail and Brockworth Jack) increased slightly (rnean 

increase = 15%1 between A.ugust (22 weeks post-castration) and November 

(33 weeks, post-castration) (see Figure 79). 

Experiments 20 and 21: Monthly mean Gn~H-induced LH responses in 5 

long-term geldings are shown in Figure 80a, These responses were not cor-

rected to compensate for the increased GnRH dose given from September through 

February. Analysis of variance of these data failed to show a significant 
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Table 41: LH levels (in ng/ml) in 24 long-term geldings grouped 

by age. 

. ·Age . (Years} 

5 - 10 11 -.15 .16 ."":" .20 .. > 20 

Gumboots 19.5 Guv 6.5 Jasper 13.7 Gully 

Polda:t"k 10.4 Joe 90 12.5 Chips 6,7 Dieman Lad 

Lord Norice 27.7 Ho 15.1 Bonanza 24.7 Grey pony 

Takap,") 10.6 Sam 14.8 Patch 

Junior 30,6 Bomber 10.6 Prince 

Peppy 11.3 Kelly 32.1 

Casey 18.5 Monty· 6.1 

Sunset 9,5 

Nugget 23.0 
....... . . . . . . - . . . . . . . . . . ........ 

5.9 

8.2 

9.4 

9,7 

3.6 
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LH levels (in ng/ml) in 4 blood samples taken at 20 min intervals 

from 4 stallions 
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11 
effect of month on LH response (F39 = 1.87, NS), although means did tend 

to decline from March through December. Figure 80b shows monthly mean LH 

responses corrected for GnRH dose. Analysis of varianqe of these corrected 

11 
data showed a significant effect of month on LH response (F

39 
:= 3.36, 

P < 0.005} with responses tending to decline from March through August 

(with the exception of July, these means were not different to each other, 

using Duncan' s test)' and dropping sharply and significantly in September, 

the time at which GnRH dose was increased. Thus, correcting the data on 

the assumption of GnRH dose-LH response proportionality resulted in 

statistS. cal analysis showing a significant effect of month on LH response. 

Obviously this significance would be false if LH response were not in fact 

directl}' proportional to GnRH dose given. Figures 81 84 show LH response 

induced by various GnRH doses in 4 long-term geldings. In accompanying 

tables are shown the calculated area under the pre-injection baseline, net 

response to each GnRH dose and response expressed as per cent pre-injection 

baseline. lbe group mean dose-response curve is shown in Figure 85. 

~egardless of how LH response was expressed, analysis of variance failed'to 

show a significant effect of GnRH ~ose on LH response. In neither analysis 

was there. indication of a linear trend in LH response to increasing GnRH 

'1 
dose (Fg = 0.007, response in area units, and 0.989, response as per cent 

pre-injection levelsl. F:tgures 83 and 84 also show LH responses induced by 

doses' of 0.05 and 0.1 mg GnRH, which were given to 2 of the 4 geldings. 

Both doses were given on the same day; however, it should be noted that LH 

levels' had returned to pre-injection levels before injection of the second 

dose. Although not analysed statistically, it appeared that, in these 2 

geldings, the smallest dose given (i.e., 0.05 mg) did induce a slightly 

smaller response both in terms, of net LH release and per cent increase over 

pre-tnjection levels than had other doses. However, even ,at this dose level, 

there Was no suggestion that response was directly proportional to dose 

given. 
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Table 80 

Monthly mean GnRH induced LH responses in 5 long-tenn geldings 
uncorrected and corrected for increased GnRH dose given from 
September through February. 

a) Uncorrected 

Tukey's w 
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ANOVA: no significant effect of month on response. 
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Month 

b} Corrected 

ANOVA: response varies significantly with month. 
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Honth 

Values without common superscripts are significantly different at the 
0.5 level. 
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Pre-injection LH levels, LH response and fractional 

change in LH levels induced by various GnRH'qoses in 

a long-term gelding. 

Gelding: Gumboots 

Order Given 
Pre-injection LH LH Response Fractional 

. (un:i tsl (units) Change 

2 13 .. 5 3.7 0 27. 

1 13.9 4.6 0.33 

3 12.7 4.0 0.31 . 
4 11.3 3.0 0 .. 26 

. . .. . .. 
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Pre-injection LH levels, LH response and fractional 

change in LH levels induced by various GnRH doses in 

a long-term gelding. 

Gelding: Junior 

Order Given Pre-injection LH LH Response Fractional 
(units) .. (units) C:"ange , . . 

3 16.0 3.8 0.24 

1 17.8 6.8 0.38 

4 13.5 5.1 0.38 

. 
2 15.6 5.9 0.38 

. . . . .. 
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Pre-injection LH levels, LH response and fractional 

change in LH levels induced by various GnRH doses in 

a long-term gelding. 

Gelding: Lord Norice 

Order Given 
Pre-injection LH LH Response Fract.iona1 

. (lJ,nits) (units) Change 

6 19.2 2.6 0.13 

5 19.7 3.8 0.19 

3 23.5 5.0 0.2J. 

1 . 24.5 4.9 0.20 

2 24.1 7.0 0.'29 

4 24.9 3.9 0.15 
. . - ...... - . 
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GnRH Dose 
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Pre-injection LH levels', LH response and fractional 

change in LH levels induced by various GnRH doses in 

a long-term gelding. 

Gelding: Takapo 

Order Given 
Pre-injection LH LH Response Fractional 

. . . ... .... _ . (~nits) . (units> .. Change 

5 7.0 1.9 0 .. 27 

6 7.0 1.8 0.25 

2 6.9 3.4 0.49 

3 6.8 3 .. 2 0.47 

1 7.6 3.9 0.51 

4 6.8 3.2 0.47 
. . . . . . . . . ... 

* Dose given sub-cutaneously 
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Figure 85. Mean GnRH dose-LH response curve 1n 5 long-term 

geldings. 
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DISCUSSION 

In the male horse, as in other species (Martin, 1976), castration 

results in an increase in LH levels (Experiment 19, and "Thompson, Pickett, 

Squires and Nett, 1979), which can be prevented by testosterone administrat-

ion (Thompson et al., 1979). Tn other species, elevated LH levels appear to 

be maintained indefinitely after castration (rhesus monkey: Plant, Hess, 

Hotchkiss and Knobil, 1978; rat: Gay and Midgley; 1969; sheep: Lincoln 

and Short, 1980; hypogonadal men, Paulsen, 1974). This does not seem to 

be the case with the castrated male horse; annual mean LH levels in long

term geldings (19.6 ng/ml, range of monthly means = 16.4 - 25.9 ng/ml) 

being almost identical to those in stallions (20.4 ng/ml, range of fcrt

nightly ~eans = 7.6 - 38.3 ng/ml, data from Harris, Irvine and Evans, 

1983," expressed in terms of eLl! CI 1-37). Clearly, in the gelding, the 

acute post-castration rise in LH levels has been followed by a decline to 

pre-castration levels. While the time course of this decline requires 

further investigation, results of Experiment 19 demonstrate that within 47 

weeks from castration, LH levels are not significantly different to those 

in long-term geldings at the same time of the year. Furthermore, LH levels 

were found to be similar in groups of horses castrated 3 to 17 years,sug

gesting that the decline in LH levels may not be due to a progressive loss 

of pituitary competence associated with aging and/or testicular hormone 

withdrawal. Interestingly, LH levels in horses castrated late in the breed-

ing season increased slightly between August (non-breeding season) and 

November (breeding seasonl. This did not occur in horses castrated early 

in the breeding seaSon. Unfortunately, blood sampling frequency was 

ina.dequa.te in this experiment to permit definite conclusions on the effect 

of season of castration on subsequent patterns of serum LH. Nevertheless, 

results do suggest that the effects of castration early arld late in the 

breeding season may be different; an observation that deserves further 

investigation. 
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In the stallion, serum LH levels vary with season, with spring 

levels being 3 - 5 times those in early winter (Thompson' et al., 1977; 

Harris et al., 1983). The present work demonstrates that this pattern of 

LH secretion no longer occurs in the long-term gelding, in which no 

monthly variation in serum LH levels could be shown, although a slight down-

ward trend in levels was apparent during the year of observation. Con-

1 · . . d 1 h . verse y, ~n ovar~ectom~se pony mares , t e seasonal pattern of LH levels xs 

similar to that observed in intact mares and stallions (Garcia and Ginther, 

1976; Freedman, Garcia and Ginther, 1979). Furthermore, this pattern of 

LH levels can be manipulated by exposure to artificial photoperiods (Freedman, 

Garcia and Ginther, 1979). Considering other seasonally breeding millrumals: 

gonadectomy has been observed to abolish normal seasonal patterns Gf serum 

LH levels in male red deer (Lincoln and Kay, 1979) and female Scotti.3h Black-

face, Finnish Landrace tLand, Wheeler and.Carr, 1976) or Suffolk sheep (Legan, 

Foster and Karsch, 1977} and to eliminate the reduction in LH secretion normally 

induced by inhibitory photoperiods in male golden hamsters (Turek, 1977; 

Tate-Ostroff and Stetson, 1982). Interestingly, castrated male Soay (Lincoln 

and Sl.ort, 1980} and lIe de France (Pelletier and Ortavant, 1975) sheep retain 

the ability to respond to changing photoperiod with appropriate gonadotrophin 

secretion. This difference between ewe and ram in response to castration 

h.as been attributed to breed (Karsch, 1980; the Soay is a highly seasonal 

breeder compared with the domesticated ewes· studied by Legan et al. and Land, 

Wheeler and Carr) or to sampling regimen (Goodman and Karsch, 1981, 

LH secretion is extremely episodic in the gonadectomised sheep (Butler, 

Malven, Willett and Bolt, 1972; Lincoln and Short, 1980) and the infrequent 

sampling schedule used by Pelletier and Ortavant may not have truly reflected 

seasonal, LHpatterns in. the ram) . rather than to sex. 

lIn Garcia and Ginther (1975}, mares were ovariectomised in July-July 1972, 
and bled monthly between February 1973 and January 1974, whereas in Freedman 
et al~ (1979) mares were ovariectomised in late December, 1975 and the 
experiment run between January 1976 and January 1977. 
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Similarly, in the horse, breed differences could have contributed to the 

conflicting observations on the effect of gonadectomy on male and female 

seasonal LH patterns; since in the present work horse geldings were used 

whereas Ginther's group have studied pony mares. The pony mare is probably 

a more seasonal breeder than the horse mare as suggested by a number of 

reports in which a much greater percentage of ponies than horses have been 

found to become anovulatory in the non-breeding season (see Ginther, 

1979, for review). 

Pituitary responsiveness to GnRH stimulation in the long-term 

gelding could not be shown to vary with month, although a slight downward 

trend in response size, similar to that observed in pre-injection LH 

levels, was noticed. However, failLre to demonstrate a GnRH-LH response 

relationship in geldings in the range of the GnRH doses used in these 

experiments makes the significance of this observation questionable (see 

Section 2 for discussion of the importance of showing a dose-response 

relationship to measurement of pituitary responsiveness). 

of this will be considered further later. 

The tmplications 

The results of these experiments- show that in the male r.::>rse, "the 

continued presence of the, testes is necessary for maintenance of the normal 

seasonal pattern of LH secretion. Observations in other species (summarised 

earlier) have suggested that in some seasonal breeders the annual rhythm of 

,gonadotrophin level~ is largely dependent on the presence of gonads (e.g., 

male red deer, female sheep, male, golden hamster), whereas in other species, 

the expected seasonal changes' in gonadotrophin sEcretion occur in the ab

sence of gonads (e.g., most birds (Follett, 1980; rams, pony mares). In 

some of those species in which gonadectomy eliminates seasonal changes ;in 

LH levels" it has been found that treatment with gonadal steroids can 

restore the normal pattern of seasonal gonadotrophin secretion as well as

the ability to respond to experimentally altered photoperiods. For 

example, in ovariectomised ewes, in which LH levels remain elevated after 
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gonadectomy and unresponsive to changing photoperiod, implantation of 

oestradiol filled silastic capsules allows animals to respond as if intact 

to changing photoperiod, i.e. in the presence of oestradiol LH levels 

are suppressed in inhibitory photoperiods (Legan, Foster and Karsch, 1977). 

On the basis of these results, it has been suggested that seasonal breeding 

in the ewe is regulated by changing response to the negative feedback of 

oestradiol. This response increases in the non-breeding season, thus pre

venting the cascade of events leading to the LH surge in the intact ewe, 

and suppressing elevated LH levels in ovariectomised oestradiol-treated 

ewes (Legan and Karsch, 1979). Similarly, implantation of testosterone-

filled silastic capsules of various ~;izes into castrated male golden 

hamsters has been found to suppress €.levated LH and FSH levels. However, 

in inhibitory photoperiods, maximum suppression of gonadotrophin levels 

occurred at a smaller testosterone dose than in stimulatory photoperiods. 

(Tamarkin, Hutchinson and Goldman, 1976; Turek, 1977). Thus, .both of 

these groups have suggested (see also Turek and Ellis, 1981) that one action 

of: inhibitory ph6toperiods in the intact male may be to render the 

gonadotrophin control centre extremely sensitive to the negative feedback 

effects of gonadal steroid hormones. Preliminary experiments wir.h long-

term castrate male horses have shown that in the non-breeding season, inject

ions of testosterone sufficient to raise serum levels to those found during 

the breeding season in the stallion suppress serum LH to almost immeasurably 

l0w, levels (C. H. G. Irvi::.ne and J.E. Turner, unpublished observations). 

~periments are currently in progress to determin~ the effect of this 

testosterone treatment on LH levels in the breeding season. It should be 

remembered that in the castrated male horse, in contrast to other species 

studied, LH levels neither remain elevated after castration nor rise at the 

onset of the breeding season, at which time LH levels in stallions increase to 

exceed those of long-term geldings by over two-fold. These observations sug-

ges-t that in male horses the seasonal patt~rn of LH secretion cannot arise 



310 

SOLELY from changing response to a negative feedback by gonadal steroids. 

Rather, it appears that at the onset of the breeding season, a positive 

signal for LH secretion must occur which depends onthe·presence of the 

testes for its generation. It should be noted that in the stallion at the 

onset of the breeding season, rising LH levels follow rising testosterone 

levels; the two hormones then increase together (Harris, Irvine and Evans, 

1983), suggesting that at this time testosterone itself may have a positive 

effect on LH secretion. 

Unfortunately, this interpretation of the results of the present 

\'lOrk can be challenged on several grounds. As pointed out by Goodman and 

Karsch (1981), there are problems in using the long-term castrate as a 

model for the intact animal. Notably, the response of the neuroendocrine 

axis to steroidal inhibition has· been (.bserved to alter with time after 

gonadectomy (rhesus female: Karsch, Weick, Hotchkiss, Dierschke and Knobil, 

1973; rhesus male: Plant, Hess, Hotchkiss and Knobi1, 1978; ewe: Karsch, 

Legan, Hauger and Foster, 1977). Furthermore, the short-term pattern of LH 

secretion is affected. by gonaoectomy, being characterised by large pulsatile 

fluctuations in serum levels in castrates of many species (rhesus: 

Dierschke, Bhattacharya, Atkinson and Knobil, 1970; red deer: Lincoln and 

Kay, 1979; sheep: Butler, Malven, Willett and Bolt, 1972; post-menopausal 

women: Yen et ai., 1972; rat: Gay and Sheth, 1972; cow: Forrest et ai., 

1980) • Pulsatile LH release in castrates also means that particular care 

must be t~en in designing experiments to study effects of gonadectomy on 

seasonal patterns of LH secretion to avoid nassing subtle changes in pulse 

frequency in response to altered photoperiod. For example, in the 

ovariectomised ewe, the frequency of LH pulses may be greater in the breeding 

than non-breeding season (Karsch, Goodman and Legan, 1980), thereby question

ing the assumption that in the absence of gonads the ewe is totally 

unresponsive to changing photoperiod. On the other hano, in the castrated 

male horse, unlike other castrates, serum.LH levels appear to be extra-
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ordinarily stable when measured in blood samples collected at 15 min 

intervals for 6 h at the end of the breeding season. Furthermore, no con-

sistent evidence of pulsatility was found in the fortnightly collections of 

4 blood samples over a 2 h period throughout the year, These observat-

ions suggest that in castrated male horses, either LH secretion is not 

pulsatile, or more likely (by analogy with other species), that LH that 

puJ,ses occur so frequently that, in serum', pulses merge yielding apparently 

stable levels. The long half-life of equine LH of 5 h (Irvine, 1979) 

compared with 24 min for ovine LH (Akbar, Nett and Niswender, 1974) would 

also contribute to the flattening of serum levels when LH pulses are rapid 

(see SEction 3 for discussion). The supposition of a high LH pulse 

frequency together with the observed failure to demonstrate a GnRH dose-LH 

response relationshipl could indicate that in the long-term gelding the 

stimulus to secrete LH is maximal. 

Thus, in the gelding, changing photoperiod may generate the normal 

signal (i.e., "steroid-independent ll control of seasonal patterns of LH 

secretion) but the abnormal (due to chronic steroid deprivation) neuro-

endocrine axis may be unable to respond appropriately (e.g., by increasing 

LH secretion at the onset of the breeding season). In this case, these 

experiments in long-term castrates may have shed little light on the 

regulation of seasonal breeding in the intact animal, a criticism which may 

be levelled against similar experiments in other species. Nevertheless, 

these experiments, have demonstrated the vital importance in the male horse 

of the gonads to the. normal functioning of the neuroendocrine axis to 

produce the seasonal pattern of LH secretion. 

A clue. to one mechanism whereby gonadectomy may affect the response 

of tne neuroendocrine axis of seasonal breeders to changing photoperiods 

comes from studies of pineal gland function. It is generally believed 

lSince the' aSyfuptote of the GnRH dose-LH response curve was reached at 
yery s,mall. doses of exogenous GnJ~H, it. is poss;tble that the lQng-te:r;:rq 
gelding has limited' ability to'i'espcnd to increasing amplitude of endogen
ous GnRH pulses. 
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that in seasonally breeding mammals, the co-ordination of perception of 

photoperiod with physiological response is mediated by a pathway that begins 

at the retina and involves both the suprachiasmatic nucleus in the hypo

thalamus and the pineal gland (see reviews by Turek and Campbell, 1979; 

and Rusak and Zucker, 1980). Quoting Turek and Campbell (1979): "The 

importance of the [pineal] gland in the photoperiodic response of mammals 

is underscored by our failure to find in th.e literature a single demon

stration that the removal of the pineal gland did not alter how an animal 

responded to a subsequent photoperiodic challenge." The reported effects 

of pinealectomy range from abolition of seasonal rhythms of gonadotrophic 

and/or gonadal activity (e.g., male ~!olden hamster: Hoffman and Reiter, 

1965; male Djungarian hamster: Hoffmann, 1978; and male and female vole 

(Microtus agrestis): Charlton, Grocod:, and Ostberg, 1976; Farrar and 

Clarke, 1976} to asynchrony between natural photoperiodic changes and 

reproductive activity (e.g., female ferret: Thorpe and Herbert; 1976, 

NB: the pinealectomised female ferret cannot respond to experimentally 

altered photoperiodsl • In Soay rams, removal of the superior cervical 

ganglia, which has been ;reported to reduce pineal gland activity (Wurtman, 

AXelrod and Fischer, 1964; Barrell and Lapwood, 1978/9) renders these 

highly seasonal breeders essentially non-photoperiodic (Lincoln, 1979), 

Le. teste.s do not regress during non-stimulatory photoperiods and 

gonadotrophin levels, although·continuing to show minor long-term fluctuat

ion.s, are not affected by the lighting schedules to which the animals have 

been exposed.. Similar, although less dramatic, results have been reported 

in pinealectomised R,omney rams- Ca more domesticated and "less seasonal" 

breeder than the Soay) in which the normal photoperiod induced changes in 

serum testosterone levels are eliminated (Barrell and Lapwood, 1978a) while 

changes in testis and accessory sex gland weights are reduced in magnitude 

(Barrell and Lapwood, 1979) .. Conversely, in these rams, pinealectomy could 
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not be shown to alter LH response to various lighting regimens, as assessed 

by fortnightly blood samples (Barrell and Lapwood, 1978a). However, when 

blood was sampled more frequently (i.e., at 20 min intervals for 26 h), 

differences between pinealectomised and intact rams in short-term LH secret

ion patterns could be observed; serum LH pulses in pinealectomised rams, 

in non-stimulatory photoperiods, being larger and more rapid than the LH 

pulses of intact controls (Barrell and Lapwood, 1978b). A similar effect 

of pinealectcmy on LH pulse frequency in the Saxon-Merino ram has been 

reported by Kennaway et ale (1981). In free-running pony mares, superior 

cervical ganglionectomy during the ncn-breeding season results in delayed 

onset of the second post-ganglionectl)my breeding season, as assessed by 

date of first ovulation (Sharp, Verncn and Zavy, 1979). This time-lag 

between pineal inactivation and observable effect on seasonal reproduction 

patterns has also been reported in the female ferret when pinealectomised during 

the non-breeding season (Herbert, Thorpe and Klinowska, 1975) and suggests that 

in these' species' the onset of the breedIng season may be "programmed" some-

time well in advance of the event (Sharp, Vernon and zavy, 1979). On the 

other hand, pinealectomy of free-running Merino cross ewes has Leen found to 

cause no marked alteration in ti~ing of the breeding season or fertility 

even four years after surgery (Seamark et ai., 1981). Gonadotrophin levels 

were not measured in this experiment, nor was specific mention made of 

the' timing of the termination of the breeding season (presumably during 

most of t~e experiment the breeding season was ended by pregnancy} . Since 

ganglionectomised Soay rams seem to be permanently fertile ("a ram for all 

seasons,lI, Lincoln and Short, 1980}, it may not be surprising that the 

reproductive performance of pinealectomised ewes is uncompromised. This 

conjecture is supported by the observations' of Bittman, Karsch and Hopkins 

(198l} who found that the majority of pinealectomised Suffolk ewes (but none 

of the, controls) continued to OVulate, in the non-breeding season. However, 
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these pinealectomised ewes, although unresponsive to experimentally 

altered photoperiod, did retain a rhythm of reproductive activity, sug-

gesting that the ewe (and the pony mare and female ferret) deprived of 

pineal input may rely on cues other than photoperiodl to initiate and 

terminate cyclicity. Interestingly, experiments with pinealectomised, 

ovariectomised, estradiol implanted ewes have suggested that the pineal 

exerts its effect at least in part through co-ordinating changes in LH 

responsiveness to the negative feedback of oestradiol with photoperiod 

(Karsch, Bittman and Legan, 1981; Bittman, Karsch and Hopkins, 1981). 

Similar results have been obtained with pinealectomised, castrated, 

testosterone-treated golden hamsters, in which the increased sensitivity to 

testosterone negative feedback that usually occurs under non-stimulatory 

photoperiods could not be demonstrated (Turek, 1979). 

If the pineal gland is involved in mediating seasonal changes in 

steroid responsiveness, as is implied by these experiments with .ewes and 

hamsters, can gonadal steroids in turn affect pineal function? There is 

evidence to suggest that indeed this might happen. Specific testosterone 

(Cardinali, Nagle and Rosner, 1974) and oestradiol (Cardinali, Nagle ahd 

Rosner, 1975) receptors have been found in rat pineal glands with steroid 

binding-affinity comparable to receptors found in other known steroid target 

tissues. Furthermore, in vitro studies have shown that rat pineal glands 

metabolise testosterone similarity to other androgen responsive tissues 

(Cardinali, Nagle and Rosner, 1974). Gonadal steroids may also affect various 

measures of pineal activity, e.g. anti-androgens (Gusek, 1976) and castration 

2' 
(Karasek, Pawlikowski, Pevet and Stepien, 1976) appear to increase pineal 

1 
F0r example, blinded ewes can respond appropriately to experimentally 

2 

altered photoperiod as lorig as they are_housed with a sighted ra,m 
(Karsch, Bittman and Legan, 1981). 

These authors now feel that the. effect of castration on pineal morphology 
may be due to elevated gonadotrophin levels rather than steroid removal 
(see Reiter, 1981). 
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activity in rats as assessed by changes in cellular morphology, whereas 

oestrogtns stimulate rat pineal protein and RNA synthesis and the activity 

of the enzyme hydroxy-indole-O-methyl transferase (Mizobe and Kurokawa, 

1976) . This last observation has been confirmed by Cardinali, Vacas and 

Ritta (1981) who reported that, in rat pineal, oestradiol increases the 

conversion of serotonin to melatonin (hydroxy-indole-O-methyl transferase 

is involved in the second step of this biosynthetic pathway, Martin, 

1976). The work of Cardinali's group also suggests that considerable 

interaction between the sympathetic nervous system and oestradiol occurs 

in both superior cervical ganglion and the pineal gland; with oestradiol 

1 
enhancing norepinephrine uptake, as '."ell as dopamine B hydroxylase 

1 activity, but depressing tyrosine hydroxylase activity in the cerVical 

ganglia (Cardinali, Vacas, Valenti and Salveyra, 1979) and an, adrenergic 

input acting through a B adrenergic receptor regulating oestradiol receptor 

activity at the translational level in the pineal gland (Cardinali and 

Vacas, 1978). 

To summarise these observations: In several seasonally breeding 

species, the pineal gland has been shown to be involved in medic:ting the 

endocrine response to changing photoperiod. Experiments, primarily with 

rat 'pineals, have suggested that gonadal steroids may modulate pineal 

activity. Therefore, it seems a reasonable hypothesis that in the 

gonadectomised seasonal breeder, pineal activity may be altered by steroid 

deprivation and thus response to changing photoperiod disturbed. Interest-

ingly, it appears that in several species the results of gonadectomy 

parallel those of pinealectomy; e.g. in the male hamster, both manipulat-

ions' abolish the seasonal pattern of gonadotrophi:n secretion, whereas in the 

pony mare, neither manipulati,on appears to be effective in this respect (if 

altern.ating anovulatory and ovulatory periods' can be taken to reflect the 

IThe biosynthesis of norepinephrine 'follows this pathway: 

Tyrosine ------). DOPA, 
tyrosine 
hydroxylase 

---~~ dopamine ~+ norepinephrine 
DOPA dopamine B 
decarboxylase hydroxylase 

(Martin, 1976) 
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normal seasonal profile of LH secretion) . However, the effects of pineal-

ectomy and gonadectomy do not appear to concur in male and female sheep 

and it is obvious that much research is needed to determine in each species 

the importance (if any) of gonadal feedback to pineal function. It is 

apparent from this brief review that species differ as to the strategy used 

to regulate seasonal reproductive patterns. For example, the pineal gland 

does not seem to be equally necessa.ry in all species for maintenance of the 

annual rhythm of reproductive activity (e.g., compare the male hamster with 

the female ferret). Likewise, some but not all seasonal breeders appear 

to be dependent on gonadal steroids for normal function of the neuroendocrine 

axis. Thus, when it comes to inter?reting the results of the present 

series of experiments with castrated male horses, it seems that review of 

existing literature may identify areas for future investigation without 

pointing to define answers to questions posed. For example, it seems 

clear that future research should begin with investigation of t~e basic 

endocrinology of the stallion to discover: 1) whether serum LH levels are 

pulsatile (the existing evidence is contradictory; Harris (1980) finding 

no evidence of pulsat:ili ty in blood samples collected every 8 mi'n for ·3 h 

or in hourly samples collected for 24 h in the middle of the breeding 

season, and Squires et ai. (1977) observing broad, infrequent LH peaks in 

blood's-amp1es collected half-hourly from sexually active stallions); 

21 and if pulsatile, whether pulse frequency varies with season; and 

31 whether pituitary responsiveness to GnRH stimulation varies with season 

(after fi.rs't establishing GnRH dose-LH response ~elationships at each time 

Returning to the long-term gelding, examination of the effect of 

season on the LH response to various levels- of testosterone should clarify 

to some extent the role of this hormone in producing the seasonal pattern of 

serum LH levels observed in the intact male. Furthermore, the effect of 

, . 
oestrogens on seasonal LH secretion in long-term geldings also warrants 

study since oestrogen levels' in the staUion are uniquely high (annual mean 
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level conjugated oestrogen (primarily oestrone sulphate) = 52.9 ng/ml 

(Raeside, 1978/9) cf high oestrous levels in mares of 2.4 ng/ml (Palmer 

and Terqui, 1977); annual mean unconjugate oestradiol levels 79 pg/ml 

(Thompson, Pickett and Nett, 1978) cf high oestrous levels in mares of 

11.5 pg/ml (Noden, Oxender and Hafs, 1975) and both free and conjugated 

oestrogens have been found to vary significantly with month, being highest 

in the breeding season (Raeside, 1978/9; Thompson et al., 1978). 

Finally, investigation of the seasonal pattern of bioactive LH levels 

in long-term geldings and the effects of steroid treatment on the ratio of 

biological: immunological LH activity :.n serum might prove rewarding as 

well (see Section 1). Taking another approach, in vitro studies on horse 

pituitaries could be used to help determine both the site of steroid feed

back in the stallion and whether lack a f pi tui tary competence in the long

term gelding is responsible for the absence of the normal seasonal LH 

profile. Pinealectomy is possible in the horse (Grubaugh et aI-., 1982) 

and the effect· of this operation on seasonal reproductive activity of 

stallions would be interesting to investigate. Furthermore, various 

measures of pineal function are available (e.g., serum melatonin levels) 

and comparisons of these between stallions and long-term geldings could 

prove informative. Only after some of those questions are answered will 

an understanding of the regulation of seasonal breeding in the male horse 

be approached.· 
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APPENDIX la: POTENCY ESTIMATES FROM TWO DIFFERENT DILUTIONS OF 

DILUTION 2 
SERUM (DILUTION 1 :;:: 2) IN THE IN VITRO BIOASSAY. 

1. Estimates classified on the basis of amount of serum added. 

Amount of Serum Added (lJ 1) 

4 -8 2 -4 1 - 2 0.5 -1 

13.4, 12.5 11.1, 10.3 48.9, 48.5 20.1, 18.8 38.6, 41.7 
3.25, 2.7 5.1, 4.8 38.8, 38.8 25.6, 24.9 10.9, 8.1 
5.8, 6.5 6.0, 6.4 23.5, 24.0 16.2, 15.1 26.1, 22.8 
2.2, 2.6 6.4, 6.3 14.5, 14.8 14.4, 13.3 114.3, 120.2 
2.2, 2.4 7.2, 9.8 11.3, 11.8 22.4, 17 .9 89.4, 88.8 
6.2, 7.3 10.9, 11. 7 30.2, 34.9 55.5, 64.3 46.8, 42.4 
8.3, 7.5 11.4, 10.1 1.8, 2.0 21. 9, 19.1 30.4, 26.7 

10.1, 10.7 34.8, 33.1 5.9, £.8 18.9, 18.5 41.8, 36.8 
10.0, 12.9 5.6, 8.0 55.4, 58.1 20.7, 16.8 40.6, 33.6 
7.7, 10.7 22.6, 27.0 45.7, 4E, .2 16.9, 20.8 26.7, 26.5 
2.3, 2.2 11.6, 9.5 68.3, 6€ .7 19.5, 23.4 48.5, 46.1 
5.4, 4.6 10.6, 10.9 26.8, 26.8 19.1, 18.2 50.5, 43.4 
1. 9, 1.9 11.8, 12.4 15.1, 13.7 12.8, 13.2 50.6, 47.1 
2.9, 2.9 14.9, 14.9 19.4, 15.3 12.0, 14.8 49.1, '53.1 

17.5, 18.6 45.6, 44.2 23.9, 25.7 7.5, 8.1 
t :;:: 1.22 6.9, 6.9 61.0, 62.2 7.7, 8.1 '24.5, 22.8 
df :;:: 13 NS 6.3, 7.0 11.4, 6.4 9.2, 8.2 43.2, 45.0 

4.2, 3.2 10.3, 12.0 27.3, 31.1 39.1, 32.6 
5.1, 5.6 7.7, 8.5 34.8, 37.8 51. 7, 50.4 

43.3, 41.4 5.5, 4.4 19.4, 21. 7 46.7, 48.3 
5.7, 7.2 8.4, 7.5 26.7, 24.7 77.2, 77.7 

17.0, 13.2 9.1, 8.3 17.4, 22.4 24.9, 19.2 
11.5, 9.4 7.1, 9.9 14.3, 14.6 21.5, 22.8 

7.3, 6.7 5~8, 6.3 16.6, 15.6 29.8, 27.1 
5.0, 6.2 10.3, 10.9 17.6, 16.9 24.9, 26.4 
7.8, 7.6 22.5, 25.3 11.3, 11.2 20.8, 19.2 

14.9, 11. 7 25.1, 27.1 24.6, 25.5 22.4, 22.8 
6.2, 6.0 19.5, 18.8 33.1, 27.7 
2.7, 2.3 20.8, 21.1 t :;:: 0.09 121.6, 118.7 
2.0, 1.9 29.2, 23.5 df = 71 NS 56.8, 56.8 
2.4, 2.0 27.3, 26.5 51.2, 57.2 

,1. 7, 1.7 7.,4, 7.5 63.9, 53.2 
7.1, 5.9 67.6, 56.2 

t :;:: 0.40 21.5, 20.1 56.2, 53.2 
df = 31 NS 32.3, 3'2.5 28.5, 37.8 

31.8, 29.0 46.3, 52.5 
18.9, 20.3 
26.3, 28.9 t = 1.84 
26.1, 28.2 df ::; 35 NS 
23.9, 24.3 
32.0, 21.2 
15.2, 15.8 
16.2, 20.0 
18.3, 18.9 

, 
21.,1" ' 17.7 . , ' . ' 
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APPENDIX la: POTENCY ESTIMATES FROM TWO DIFFERENT DILUTIONS OF 

DILUTION 2 
SERUM (DILUTION 1 == 2) IN THE IN VITRO BIOASSAY. 

2. Estimates classified on the basis of physiological state of the 

horse donating the serum. 

Physiological State 

Oestrus Dioestrus Post-GnRH Seasonally 
Gelding 

Acyclic 

38.8, 38.8 13.4, 12.5 48.9, 48.5 11.1, 10.3 61.4, 71.0 
23.5, 24.0 6.4, 6.3 3.25, 2.7 5.1, 4.8 83.3, 84.3 
26.1, 22.8 2.2, 2.6 5.8, 6.5 2.3, 2.2 79.1, 62.9 
55.4, 58.1 30.2, 34.9 38.6, 41. 7 76.6, 75.9 

114.3, 120.,2 7.7, 10.7 14.5, 14.8 t == 1. 92 71.4, 67.8 
89.4, 88.8 5.6, 8.0 2.2, 2.4 df == 2 NS 73.9, 82.5 
46.8, 42.4 45.7, 46.2 6.2, '7.3 80.9, 80.6 
30.4, 26.7 22.6, 27.0 7.2, 9,8 82.0, 83.2 
50.6, 47.1 68.3, 66.7 11.3, 11.8 93.4, 89.2 
24.5, 22.8 26.8, 26.8 8.3, 7.5 87.5, 90.2 

t == 0.79 
15.1, 13.7 10.9, 11.7 84.9, 81.3 

df == 9 NS 
11.4, 6.4 11.4, 10.1 96.2, 93.0 
10.3, 12.0 10.1, 10.7 67.8, 69.7 
7.7, 8.5 10.0, 12.9 
5.5, 4.4 45.6, 44.2 t ::::: 0.29 

8.5,7.5,8.1 61.0, 62,2 df ::: 12 NS 
9.1, 8.3 41.8, 36.8 
7.1, 9.9 40.6, 33.6 
5.8, 6.3 26.7, 26.5 
7.4, 7.5 48.5, 46.1 
7.1, 5.9 50.5, 43.4 

10.6, 10.9 43.2, 45.0 
10.3, 10.9 

6.9, 6.9 21.5, 20.1 
6.3, 7.0 32.3, 32.5 
4.2, 3.2 14.9, 14.9 
5.1, 5.6 17.5, 18.6 

43.3, 41.4 21.1, 17. T 
5.7, 7.2 20.1, 18.8 

12.8, 13.2 55.5, 64.3 
12.0, 14.8 39.1, 32.6 

7.7, 8.1 21.9, 19.1 
27.3, 31.1 18.9, 18.5 
34.8, 37.8 23.9, 25.7 
19.4, 21. 7 24.9, 19.2 

t = 1.86 
9.2, 8.2 

20.8, 19.2 
df c: 33 NS 

121.6, l18.7 
56.8, 56.8 
67.6, 56.2 
17.4, 22.4 
14.3, 14.6 
17.0, 13.2 
11.5, 9.4 
51.7, 50.4 
46.7, 48.3 

t == l.6 
df ::::: 45 NS 
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APPENDIX Ib: POTENCY' ESTIMATES FROM TWO DIFFERENT DILUTIONS OF 

. (DILUTION 2 
SERUM DILUTION 1 = 2) IN THE RADIOIMMUNOASSAY. 

Estimates classified on the basis of the physiological s"tate of the 

horse donating the serum. 

Post-GnRH Acyclic Geldings P
4

E
2 

Treated E2 Treated 

~.5, 2.8 2.4," 2.4 59.3, 59.2 "20.5, 19.2 64.4, 58.6 
3.0, 3.0 3.2, 4.0 41.0, 49.6 1. 8, 2.4 22.6, 20.0 
3.5, 3.9 32.2, 26.6 8.3, 8.6 39.2, 36.8 
4.1, 4.8 51.1, 54.4 35.7, 30.4 81.5, 77 .8 
5.6, 6.5 52.4, 55.2 26.7, 25.8 46.3, 47.4 
7.8, 7.6 39.3, 45.2 16.7, 13.6 92.8, 97.4 

60.1, 60.2 t :::l 1.83 t = 1.77 t = 0.96 
62.5, 49.5 

df = 5 NS df = 5 NS df = 5 NS 
22.7, 21.6 
17.8, 17.1 
85.3, 83.4 
85.3, 78.0 
21.5, 19.6 
21.6, 21.0 
46.9, 42.6 
30.6, 27.8 
8.3, 7.6 
8.6, 6.0 

32.0, 31.6 
39~1, 38.8 
51.5, 45.8 
51.9, 47.8 
50.0, 56.4 
48.8, 58.6 
20.8, 19.6 
22.6, 20.1 
24.1, 22.0 
59.3, 55.4 
61.2, 60.4 

124.0, 135.6 
121. 6, 133.0 
50.0, 51.8 
53.5, 53.8 
93.3, 87.2 

104.3, 118.8 

t = 0.22 
df = 34 NS" 

" " " " " " " " " " " . . . . . . . . . . . . . . . . . . . . . . . . ....... . ....... . . . . . - . . . . ... 
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APPENDIX 2 

MARES: SECTIONS I. II AND III 

ANNIN: 1972, Standardbred 

Sampled: expt 14/a 11/11/81 - 1/12/81 
expt 14/b 6-7/4/82 
expt 16/b 6/4/82 
expt 17 1/4/82 

Location: Lincoln' College Research Farm 

Comments: Never mated 

... 'BARUCH: 1954, Standardbred 

Sampled: 

Location: 

Comments: 

expt 3 
expt 12 

8/6/79, 11/6/79 
8/6/79, 11/6/79 

Lincoln College Research Farm 

Multiparous, last foaled in 1974 

BAYLIGHT: 1958, Standardbred 

Sampled: expt 14a 14/11/81 - 28/11/81 

Location: Nevele R Stud 

Gomments: Multiparous, 1980 embryotomy, not mated 

BLUEBURN: 1973, Standardbred 

Sampled: expt 3 23/8/76 

Location: Nevele R Stud 

Comments: First season at stud 

BRIGHTSEA: 1965, Standardbred 

Sampled: expt 8 3/9/81 

Location: Lincoln College Research Farm 

Comments: Multiparous 

14. 
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MARES SECTIONS I, II AND III (Cont'd) 

BY DESIGN: 1969, Standardbred 

Sampled: 

Location: 

Comments: 

expt 2 
expt 16a 

13/2/81 - 18/2/81 
13/2/81 

Nevele R Stud 

Multiparous, foal at foot 

COMEAWAY: 1965, Standardbred 

Sampled: expt 14a 9/11/81 - 23/11/81 

Location: Nevele R Stud 

Comments: Multiparous 

. COMING IN: 1973, Standardbred 

Saupled: 

Location: 

expt 2 
expt 10 
expt 13b 

expt 14c 
expt 16a 

29/11/80 - 2/12/80 
18/12/80 - 28/12/80 
15-16/5/82 

7/5/82 
29/11/80 

Author's property 

15. 

Comments: Had first foal 1979, not mated 1979, 1980; mated but did not 
conceive 1981. In moderate work 1982. 

DESCENT: 1974, Standardbred 

Sampled: expt 1 9/4/80 - 27/4/80 
expt 2 29/11/80 - 2/12/80 
expt 6 (9) 10/5/80 

.~ 
21/5/80 

expt 16a 29/11/80 

Location: Author's property 

Comments: 'In light work until 1/7/80. Nlever mated 



331 

MARES SECTION I, II AND III (Cont'd) 

FOURTH HALL: 1969, Standardbred 

Sampled: 

Location: 

Comments: 

expt 13b 
expt 14b 
expt ·14c 

expt 16b 
expt 17 
1EF 

16-17/5/82 
6-7/4/82 
12/5/82, 14/5/82 
6/4/82 
1/4/82 

13/11/81 - 7/12/81 

Lincoln College Research Farm 

Multiparous 

HOLY NAME: 1971, Standardbred 

expt 14a 11/11/81 - 25/11/81 

location: Nevele R Stud 

Comments: Multi parous 

. KAI TERE: 1964, Standardbred 

Sampled: 

Location: 

Comments: 

LADY SHERELLE: 

Sampled: 

;.:-::. -:<'--_:->:~,1 
" - .'. .'<.~-_~ - I 

Location: 

rnmn,.on+"" . 

expt 7 
expt 15 

12/6/81 

11/6/81 

Lincoln College Research Farm 

Multiparous 

1977, Standardbred 

expt 2 7/12/80 - 12/12/80 
expt 4 3/9/80 - 17/9/80 
expt 5 25/9/80 - 28/9/80 

expt 7 12/6/81 
expt 10 24/12/80 - 6/1/8·[ 
expt 14b 6-7/4/82 
expt 15 11/6/81 
expt 16a 8/12/80 
expt l7 1/4/82 

Lincoln College Research Farm 

f\)n\ln"", ,.."""+,,,.1 

16. 
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LILALEE: 1967, Thoroughbred 

Location: 

Comments: 

MILFORD NURSE: 

Sampled: 

Location: 

Comments: 

expt 3 
expt 4 
expt 5 
expt 8 
expt 13a 

22/8/79 

3/9/80 - 17/9/80 
25/9/80 - 28/9/80 
3/9/81 

10/4/80 - 15/4/80 

Lincoln College Research Farm 

Aborted twins 1972, produced dead foal 1976, has cycled 
irregularly since, frequently retaining corpus luteum. 

1960, Standardbred 

expt 3 22/8/79 
expt 12a 10/4/80 - 14/4/80 

Lincoln College Research Farm 

Multiparous 

MINDANAO: 1964, Standardbred 

Sampled: 

.Location: 

Comment::;: 

expt 1 10/1/79 - 1/2/79 
22/5/79 - 20/6/79 

Lincoln College Research Farm 

Had only foal in 1969, failed· to conceive again until 1982 
despite repeated matings 

MRS. ORAM: 1950, (?) 

Sampled: expt 3 8/6/79, 11/6/79 
expt 6 (9) 16/11/77, 30111/77 
expt 8 3/9/81 
expt 11 25/3/79 - 7/5/79 
expt 12 (3) 8/6/79, 11/6/79 

Location: Lincoln College Research Farm 

Comments: This mare's past is a well kept secret~ 
) . 

17. 
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MARES, SECTIONS I, II AND III (Cont'd) 

ORIENTAL SCOTT: 1959, Standardbred 

Sampled: expt 3 31/5/79, 8/6/79, 11/6/79 

expt 11 27/3/79 - 7/5/79 
expt 12 (3) 8/6/79, 11/6/79 
expt 14a 16/11/81 - 30/11/81 

Location: Lincoln. College Research Farm 

Comments: Multiparous, last foal 1974, not mated since 

. ·ORIENT STAR: 1971, Standardbred 

.?ampled: 

Location: 

Comments: 

expt 1 19/3/79 - 9/4/79 
expt 3 22/8/79 
expt 4 3/9/80 - 17/9/80 
expt 5 25/9/80 - 28/9/80 
expt 7 12/6/80 

expt 11 10/4/79 - 2/5/79 
expt 15 11/6/80 

Lincoln College Research Farm 

Never mated 

PRENTICE: 1970, Standardbred 

Sampled: expt 6 (9) 9/12/77, 27/1/78 
expt 7 
expt 11 

12/6/81 

6/4j79 - 30/4/79 

Location: Lincoln College Research Farm 

Comments: Never mated 

QUEENA DIAMONDS: 1976, Standardbred 

Sampled: 

Location: 

expt 2 

expt 16a 
13/2/81 - 18/2/81 
14/2/81 

Nevele R Stud 

18. 

Comments: Multiparous, foal at foot, mated and conceived during experiment 



: ~::.::;:-::::::::.::::' ~ 
... ~ .. 

. -.-.-.".".".--... , 

334 

MARES: SECTIONS I. II AND III (Cont'd) 

ROYAL CHEVAL: 1969, Standardbred 

Sampled: 

Location: 

Comments: 

expt 2 
Expt 16a 

13/2/81 - 16/2/81 
14/2/81 

Nevele R Stud 

Multiparous 

SAFE DREAM: 1971, Standa rdbred 

Sampled: expt 1 4/3/80 - 28/3/80 
expt 6 (9) 1/5/80, 16/5/80 
expt 13a 10/4/80 - 14/4/80 
expt 14b 6-7/4/82 
expt 16 1/4/82 

Location: Lincoln College Research Farm 

Comments: Never mated 

SCOTTISH CHAT: 1970, Standardbred 

Sampled: expt 14a 7/11/81 21/11/81 

Location: Nevele R Stud 

Comments: Slipped first foal 1979 

SHORETT: 1977, Standardbred 

Sampled: 

Location: 

Comments: 

1EF 4/11/81 - 4/12/81 

Lincoln College Research Farm 

Never mated 

STOAT; (Miss Cruachan): 1971, Standardbred 

Sampled: expt 1 10/1/79 - 1/2/79 
expt 11 26/3/79 - 7/5/79 
expt 14c 12/5/82, 14/5/82 

Location: Lincoln Coll ege Research Farm ----
Comments: Never mated 

19. 
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MARES: SECTIONS I, II AND III (Cont'd) 

TACT DEL: 1973, Standardbred 

Sampled: expt 2 

expt 16a 
13/2/81 - 26/2/81 

14/2/81 

Location: Nevele R Stud 

Comments: Multiparous, developed 13d cycles after difficult foaling in 
1980, mated during the experiment but failed to conceive. 

TRUE RETURN: 1974, Standardbred 

Sampl ed.: 

Location: 

expt 1 14/3/79 - 12/4/79 
expt 3 8/6/79, 11/6/79 
expt 6 (9) 9/12/77,2/1/78 
expt 8 3/9/81 
expt 12 8/6/79, 11/6/79 
expt 13b . 16-17/5/82 
expt 14c 12/5/82, 14/5/82 . 
Lincoln College Research Farm,Never mated 

... TUDELA: 1973, Standardbred 

,.j 

Sampled: 

Location: 

Comments: 

expt 2 

expt 16a 
13/2/81 - 18/2/81 
14/2/81 

Nevele R Stud 

First season at stud 

TUSSLE: .1976, Standardbred 

Sampled: expt 6 (9) 10/5/80, 18/5/80 

Location: Author's property 

Comments: Never mated, in light work during the experiment 

:::: ZANY; (Golden Decision): 1970, Standardbred 

Sampled: expt 1 2/2/79 - 25/2/79 
expt 6 (9) 23/5/80 - 1/6/80 

expt 11 4/3/79 - 26/3/79 
expt 13a 15/4/80 - 18/4/80 

20. 
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MARES: SECTIONS I, II AND III (Cont'd) 

ZANY; (Golden Decision .. (Cont'd) 

Location: 

Comments: 

Lincoln College Research Farm 

Never mated 

21. 
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SECTION 4: GELDINGS 

Group 1:- Long term Geldings 

GUMBOOTS: 1972, part Thoroughbred 

Sampled: 

Location: 

Comments: 

4/3/81 - 31/3/82 

Julie Turner's property 

In heavy work March-May 1981; sick with respiratory virus 
June 1981; in light work July 1981 - March 1982 . 

. LORD NORICE:1975, Standardbred 

Sampled: 1/3/81 - 26/6/82 

Location: Author's property 

22. 

Comments: In moderate work from March - early June 1981, and September 
through November, 1981. 

JUNIOR: 1971, part Thoroughbred 

Sampled: 20/3/81 - 31/3/82 

Location: Julie Turner's property 

Comments: Not in work 

POLDARK: 1973, part Thoroughbred 

Sampled: 4/3/81 - 14/3/82 

Location: Julie Turner's property 

Comments: In light work from March - June 1981 

TAKAPO: 1976, Standardbred 

Sampled: 1/3/81 - 26/6/82 

Location: Author's property 

Comments: In light work from February - March 1982 

NB. The location of these horses has been noted to indicate the environ
ment in which each was kept (e.g. training stable, home property). 
It is appreciated that all readers will not have detailed knowledge 
of location of people and places in Canterbury, New Zealand! 
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23. 

SECTION 4: GELDINGS 

Group 2:- Stallions 

GERRY JR: 1977, Standardbred 

Sampled: 28/12/81 

Location: Nevele R Stud 

Comments: Used to detect oestrous behaviour in mares 

GOSSIP: 1978, Standardbred 

Sampled: 29/11/81 and 7/2/82 

Location: Author's property 

Comments: Gentleman of leisure 

MAJOR: 1972, Pony 

Sampled: 28/12/81 

Location: Nevele R Stud 

Comments: Used to detect oestrous behaviour in mares 

WATBRO SPLIT: 1979, Standardbred 

Sampled: 4/2/82 

Location: Tory Jordan's property, Lincoln 

Comments: Just turned out from heavy work 

WAYNE: 1970, Pony 

Sampled: 28/12/81 

Location: Nevele R Stud 

Comments: Used to detect oestrous behaviour in mares 
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SECTION 4: GELDINGS 

Group 3:- Short-term Geldings' 

BROCKWORTH JACK: 1979, Standardbred 

Sampled: 26/3/82, 11/8/82, 4/11/82 

Location: R. Butt's training stables, West Melton 

Comments: In moderate work (castrated early March 1982) during the 
experiment. 

COTTONTAIL: 1979, Standardbred 

Sampled: 26/3/82, 11/8/82, 4/11/82 

Location: 

Comments: 

J.D. Litten's property, West Melton 

Castrated early March, 1'182. In moderate work during the 
experiment. 

DEL HAVEN: 1977, Standardbred 

Sampled: 4/1/82, 11/8/82, 4/11/82 

Location: R. Butt's training stables, West Melton 

Comments: Castrated late November, 1981, in moderate work during the 
experiment. 

GOING PLACES: 1979, Standardbred 

Sampled: 4/1/82, 11/8/82, 4/11/82 

Location: R. Butt's training stables, West Melton 

Comments: Castrated October, 1981, in moderate work during the 
experiment. 

HURRICANE COMMAND: 1978, Standardbred 

Sampled: 26/3/82, 11/8/82, 11/11/82 

Location: J.D. Litten's property, West Melton 

Comments: Castrated late November, 1981, in moderate work during the 
experiment. 

LOCAL EDITION: 1979, Standardbred 

Sampled: 4/1/82, 26/3/82, 11/8/82, 4/11/82 

Location: W. Hunt's property, Weedons 

Comments: Castrated mid November 1981, started jogging August 1982 

24. 
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SECTION 4: GELDINGS 

Group 3:- Short-term Geldings (Cont1d) 

MANANA: 1979. Standardbred 

Sampled: 4/1/82. 26/3/82. 11/8/82. 4/11/82 

Location: Artie Stoke I s property. West Melton 

.Comments: Castrated mid November 1981. started jogging August 1982 

NOT UNDERSTOOD: 1978. Standardbred 

26/3/82. 11/8/82. 6/11/82 

Location: J.D. Litten1s property. West Melton 

Castrated late November 1981. In moderate work during the' 
experi ment. 

WATBRO SPLIT: 1979. Standardbred 

Sample(: 11/2/82. 2/7/82. 4/11/82 

Location: Tory Jordan1s property. Lincoln 

Comments: Castrated 4/2/82. turned out from heavy work 

.. Group 4:- Long-term Geldings 

All Sampled: 16-17/2/82. all located within a 25km radius of Lincoln College 

BOMBER: 1969, Thoroughbred 
BONANZA: 1963, Thoroughbred 

'CASEY: 1975, Station hack 
CHIPS: 1965, Thoroughbred 
DIEMAN LAD: 1960, Standardbred 

SUNSET: 1969,breed unknown 

GEORGE MUGFORD1S DAUGHTER1S GREY PONY: 1959, Pony 
GULLY: Older than 25 years, part-thoroughbred 
GUV: 1969, Pony 
HO: i 967. Thoroughbred/pony cross 
JASPER: 1963, Pony 
JOE 90: 1969, Standardbred 
KELLY: 1969. Thoroughbred 
MONTY: 1968, Breed unknown 
NUGGET: 1970, Pony 
PATCH: 1959, Pony 
P~PPY: 1972. Pony 
PRINCE: 1951, Pony 
SAM: 1967, Pony 

25. 
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" 

LH Levels (ng/ml) in Mares in Experiments 1-8 

. Appendix 3 

Experiment 1 - (once daily bleeds through an oestrous cycle) 

ZANY (February, 1979) STOAT (January, 1979) 

Behaviour Bio Ria Behaviour Bio Ria 

+ 10.5 10.7 + 15.5 13:2 

+ 15.1 12.8 + 23.2 17.3 

+ 15.2 16.9 + 23.1 

+ 23.7 21.1 + 48.6 42.2 

+ 43.1 45.3 + 86.8 58.1 

+ 30.9 42.5 + 38.8 34.9 

33.8 47.9 62.7 62.0 

11. 3 21.3 38.8 52.3 

6.3 11.4 31.2 51.0 

3.8 6.9 16.9 24.9 

22.2 56.2 12.9 20.5 

6.0 10.6 7.9 15.8 

3.7 7.5 3.8 8.6 

4.0 6.8 3.0 6.0 

3.7 7.2 6.3 

3.4 5.8 3.8 10.1 

2.0 4.3 1.8 4.2 

2.9 6.8 1.1 3.2 
, 

3.3 )80.0 
I 

2.8 5.2 

1.6 3.9 1.1 2.8 

2.4 3.3 1.1 2.9 

2.4 4.6 3.0 4.9 

3.8 5.5 2.7 3.8 
':::,:,:,,:,:1 

+ = sexually receptive 

- = indifferent-antagonistic 
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2. 

TRUE RETURN (March - Apri 1 , 1979 SAFE DREAM (March, 1979) 

Behaviour Bio Ria Behaviour Bio Ria 

-* 102.2 88.0 + 56.7 24.7 

75.0 67.5 + 60.5 24.4' 

39.3 31.5 + 66.8 29.1 

32.6 29.0 + 140.0 44.8 

34.1 24.2 + 117.2 49.0 

12.4 13.0 130.5 116.1 

11.1 13.2 214.5 133.5 

7.7 9.2 83.4 85.6 

5.9 9.1 79.3 

5.4 7.1 70.1 37.3 

4.6 6.1 46.3 31. 3 

4.1 5.2 35.4 21.4 

12.1 14.5 36.4 14.2 

12.1 13.2 26.6 13.3 

25.6 21.0 33.5 18.1 

+ 57.6" 32.2 24.8 9.9 

+ 33.9 29.8 15.5 10.0 

+ 45.4 32.6 28.0 11.8 

+ 38.8 28.4 18.9 11. 5 

+ 48.9 29.0 27.0 10.7 

+ 45.4 32.8 45.3 21.4 

+ 50.6 43.0 67.5 31.2 

+ 56.4 57.0 

+ 52.3 46.5 

* 1st day of dioestrus 

""" 

_ ....... -.... '.-.. 
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3. 

MINDANAO (Janua ry, 1979) MINDANAO (June, 1979) 

Behaviour Bio Ria Behaviour Bio Ria 

+ 20.6 19.8 + 16.8 12.4 

+ 29.9 14.7 + 15.8 11.2 
+ 35.6 36.7 + 13.2 10.9 
+ 62.1 25.0 + 14.3 11. 2 
+ 52.5 11.5 + 16.6 12.2 
+ 63.9 )·150.0 + 25.5 15.9 

79.6 '> 150.0 + 36.7 25.8 
57.2 75.3 + 34.2 26.5 
38.7 50.3 51.1 39.8 
19.3 13.8 28.0 20.4 
13.4 10.7 12.7 10.1 
9.7 8.5 9.7 6.6 
9.5 14.8 16.4 11.2 
7.7 7.3 5.2 5.4 

14.7 6.5 4.7 3.9 
10.0 7.0 3.2 3.1 
7.5 6.5 19.4 23.0 
6.6 6.2 4.7 3.8 

3.2 ,3.0 

6.2 8.1 8.6 6.9 
15.2 8.5 11.4 11. 9 

--,> 'J- 22.0 7.3 - 3.2 2.7 

13.5 13.5 
14.3 11.2 

13.0 10.7 

11.8 9.4 

12.7 10.2 
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4. 

ORIENT STAR (March-Apri 1 , 1979) DESCENT (Apri 1, 1980) 

Behaviour Bio Ria Behaviour Bio Ria 

-* 117.5 110.8 20.2 14.0 
99.5 24.7 16.6 
55.2 20.4 26.8 18.5 
50.2 21.8 36.9 30.8 
31. 7 10.3 33.3 30.5 
11.2 5.8 + 30.1 31. 7 
13.9 6.3 + 38.3 34.9 
11. 9 5.2 + 37.1 I 33.5 
10.2 3.7 + 42.6 39.7 
9.8 3.0 + 44.6 45.5 
6.0 2.5 + 68.5 77 .4 
4.1 2.5 64.9 59.4 
3.1 3.3 25.3 28.4 

14.0 4.5 54.6 80.0 
17.5 14".4 13.7 
25.3 12.8 36.1 42.8 
51.7 19.4 8.8 10.0 
64.3 19.0 39.2 46.6 
54.4 20.4 6.7 5.9 

+ 103.9 32.2 

+ 150.9 50.6 

+ 47.5 31.7 
180.9 149.5 

* 2nd day of dioestrus 

--".,--:-" .' .... , 
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4. 

Experiment 2: three times daily bl eeds through oestrus 

QUEENA DIAMONDS TUDELA 

Day of expt Behaviour Bio Ria Day of expt Behaviour Bio Ria 

1 0 + 18.4 11.8 1 + 24.8 19.0 
+6h 16.8 12.9 

2 0 + 19.6 18.5 2 0 + 30.7 17.2 
+6h* +6h* 
+12h 27.6 23.9 +12h* 46.7 24.0 

3 0 + 23.2 24.2 .3 0 + 36.5 23.0 
+6h 25.8 21.7 +6h 47.0 22.8 
+12h 18.6 24.6 '+12h 39.5 21.0 

4 0 + 25.0 26.5 4 0 + 29.1 21.5 
+6h 37.0 37.3 +6h 42.4 22.1 
+12h 32.6 35.9 +12h 55.1 31.5 

5 0 + 25.8 24.8 5 0 + 38.0 24.3 
+6h 33.2 33.5 +6h 54.3 33.3 
+12h 31.6 35.9 +12h 64'.4 48.8 

6 0 23.6 26.2 6 0 78.1 73.3 
+6 24.0 28.4 +6h 74.2 83.8 
+12 29.9 30.3 +12h 69.6 73.0 

7 19.4 25.3 7 99.2 110.3 

* Blood sampled at 15 min intervals through this period, see experim~nt 16a for 
results. 
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6. 

BY DESIGN COMING IN 
. 

Day of expt Behaviour Bio Ria Day of expt Behaviour Bio Ria 

1 0 + 18.9 17.4 1 0 + 31.8 27.9 
+6h 16.5 17.8 +6h 37.8 28.1 

2 0 + 13.8 15.3 +12h 43.6 32.4 
+6h* 2 0 + 43.8 39.7 
+12h 13.5 14.3 +6h* 

3 0 + 13.0 13.7 +12h 37.0 44.0 
+6h 17.5 19.5 3 0 52.3 38.0 
+12h 15.3 16.7 +6h 54.5 47.8 

4 0 + 13.2 13.1 +12h 52.9 42.4 
+6h 18.7 12.8 4 69.9 58.0 
+12h 18.1 17.4 

5 0 + 15.1 13.2 
+6h 20.9 20.1 
+12h 21.7 26.5 

6 0 28.0 36.3 
+6h 19.9 31. 3 
+12h 20.6 26.6 

7 32.6 46.1 

* Blood sampled at 15 min intervals through this period; see experiment 16a for 

results. 
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7. 

DESCENT TACT DEL 

Day of expt Behaviour Bio Ria Day of expt Behaviour Bio Ria 

1 0 + 31.0 25.7 
+6h 56.0 31.0 1 + 38.4 29.1 
+12h 39.4 30.5 2 0 + 34.4 28.4 

2 0 + 83.2 38.7 +6h* 
+6h* +12h 45.0 35.2 
+12h 33.2 39.5 '3 0 + 44.7 33.7 

3 O. 41.4 51.5 +6h 43.5 32.2 
+6h 64.6 67.0 +12h 39.0 33.3 
+12h 75.4 76.5 4 0 + 44.9 39.1 

4 91.8 91.0 +6h 48.8 29.4 
+12h 48.6 34.2 

5 0 + 60.2 44.8 
+6h 60.7 4-4.6 

+12h 61.5 42.5 

6 0 41.4 31.8 
+6h 42.4 36.1 
+12h 43.3 23.5 

7 15.7 15.3 

8 40.2 31. a 
9 15.0 10.1 

* Blood sampled at 15 min intervals through this period; see experiment 16a for 

results. 
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8 . 

. LADY SHERELLE ROYAL CHEVAL 

Day of expt Behaviour Bio Ria Day of expt Behaviour Bio Ria 

1 0 + 25.7 24.3 1 + 25.6 26.0 
+6h 17.0 26.9 2 0 + 30.6 33.7 
+12h 29.0 32.9 +6h* 

2 0 + 35.5 30.7 +12h 30.8 28.3 
+6h* 3 + 43.9 31.5 
+12h 31. 7 28.3 32.6 33.2 

3 0 + 43.0 39.2 39.3 34.5 
+6h 39.0 39.2 4 + 42.8 36.2 
+12h 37.6 45.1 50.8 42.7 

4 0 + 56.6 81.0 48.0 40.5 
+6h 68.4 78.9 5 29.6 29.6 
+12h 52.2 73.1 25.,4 30.5 

5 0 83.2 125.8 22.3 28.6 
+6 90.2 154.3 

6 117.0 152.6 

* Blood sampled at 15 min intervals through this period; see experiment 16a for 
results. 
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9. 

Experiment 3: Acyclic mares, single bleeds 
Bio Ria 

L il al ee 5.7 4.0 

Mi Hord Nurse 5.9 . 9.0 

Orient Star 2.1 2.7 
Bl ueburn 3.0 5.8 

Oriental Scott 0, 0.6, 0.5, 0.5 1. 0, 3.7, 3.4, 8.4 

Baruch 5.1, 4.5, 3.6, 4.0 1. 3, 6.7, 1. 3, 6.0 

Mrs. Dram. 1. 9, 1. 2, 1.1 3.0, 5.4, 5.0 

True Return 11.1, 6.0, 5.0 11.4, 3.4, 5.3 

....... ,:i 
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Experiment 4: Oestradiol-treated acyclic mares 

Mare Lady Sherelle Li 1 a lee Orient Star 

Day of expt. Bio Ria Bio Ria Bio Ria 

1 1.1 0.7 5.7 2.6 1.6 1.6 

2 2.1 1.4 7.5 2.B 1.6 2.1 

3 1.2 0.7 6.3 . 2.6 5.0 3.B 
4 loB 1.4 4.5 1.7 1.6 1.B 
5 0 2.5 2.0 3.6 1.4 1.5 2.2 

Start Oestradiol Treatment 

+ 411 1.2 0.4 3.0 1.1 2.2 1.6 

6 a 1.3 0.9 3.0 2.1 1.3 1.8 

+ 4h 2.B 1.5 3.5 1.6 1.9 2.4 

+ Bh 1.4 0.7 5.4 2.2 2.0 2.1 

7 a 1.1 1.0 2.3 1.3 1.4 2.0 

+ 4h 1.0 0.6 5.3 2.7 1.6 2.2 

+ Bh 2.0 0.9 5.2 1.7 2.4 2.1 

End Oestradiol Treatment 

B 
1.7 1.1 6.6 3.5 2.B 4.2 

============================================================================= 

Experiment 5 : Progesterone-treated acycli.c mares 

Mare Lady Sherelle Li 1 a lee Orient Star 

Day of Expt. Bio Ria Bio Ria Bio Ria 

1 0.42 2.5 1.1 2.3 a 0.6 

·2 a 0.7 1.2 1.9 a a 
3 a a 0.1 1.9' J.5 a » .. 3 

+12h a a 1.5 2.B a a 
4 a 2.1 1.1 4.4 4.0 2.0 3.5 

.:;=:: :..:-~:-;:-:;::j +12h a 1.1 O.B 0.7 a a 
+:.--:--.'«< 
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11. 

Experiment 6: single injection of 0.5mg GnRH given to cyclic mares once in 

oestrus and once in di-oestrus, and to seasonally acyclic mares. 

cyclic mares 
Experiment 6a: November 1977 - January 1978 (bioassay only) 

Hours from GnRH PRENTICE MRS. ORAM TRUE RETURN 
Injection oestrus dioestrus oestrus dioestrus oestrus dioestrus 

-0.5 137.0 21.2 66.5 14.6 96.0 52.7 

0 174.0 16.6 108.0 57.4 
+0.5 270.3 105.0 149.1 36.0 144.0 108.1 

1 360.4 175.8 196.6 38.0 160.0 108.1 

2 408.0 107.6 113.3 33.0 144.0 108.1 

3 428.0 83.2 100.6 26.0 144.0 80.7 

cyclic mares 
Ex~eriment 6b: May - June 1980 

Hours from GnRH TUSSLE DESCENT 
Injection oestrus dioestrus oestrus dioestrus 

Bio Ria Bio Ria Bio Ria Bio Ria 

-0.75 25.5 19.4 11.4 8.7 34.0 21.2 4.3 2.0 

-0.5 10.3 8.1 26.1 20.1 3.9 1.7 

0 29.0 19.7 11.0 7.5 25.7 20.5 3.6 1.5 

+0.5 37.5 24.5 77.0 67.1 33.8 26.4 44~9 ·47.2 

1 52.6 33.6 73.4 47.6 38.8 31. 3 68.2 51.6 

2 56.3 32.7 55.4 38.5 44.0 32.2 41.1 52.1 
.3 48.8 29.1 32.4 . 28.8 34.2 32.6 39.9 33.5 

Hours from GnRH SAFE DREAr~ ZANY 
Injection oestrus dioestrus oestrus dioestrus 

Bio Ria Bio Ria Bio Ria Bio Ria 

-0.75 57.9 28.7 20.4 22.8 45.6 10.2 11. 3 

-0.5 69.7 31. 5 53.5 20.5 28.5 45.6 8.1 13.9 

0 68.8 30.1 54.1 20.4 19.7 44.9 4.9 12.3 
+0.25 80.2 37.7 155.0 74.7 35.7 47.2 26.6 81.6 

0.5 103.3 42.2 210.9 140.4 33.9 53.3 38.6 134.7 

0.75 112.5 53.5 38.7 55.6 47.3 143.1 

1 99.0 44.2 208.7 113.5 39.3 60.0 65.8 145.8 

1.5 98.1 47.6 170.7 101.0 37.1 60.8 69.7 140.4 
2 106.4 52.3 161. 3 91. 9 42.3 59.5 72.6 133.7 
3 85.1 43.7 130.6 76.6 49.4 58.1 46,9 114.2 
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Experiment 7: acyclic mares given hourly pulse injections of 0.25mg GnRH 

Mi nutes (GnRH KAITERE PRENTICE ORIENT STAR Injections at 
arrows) Bio Ria Bio Ria Bio Ria 

0 12.4 6.6 6.1 5.8 16.3 6.9 
20 5.8 4.8 5.9 4.2 13.2 7.7 
4() 7.8 3.5 5.8 3.8 16.1 7.4 
60 5.5 3.3 5.7 3.8 24.6 J3.5 

) _s" 
80 35 .. 6 21.8 31.0 16.0 59.1 31.4 

J 

100 30.6 18.8 29.8 17.2 
120 

) 
26.8 16.7 20.7 19.3 55.4 33.1 

140 35 .. 4 22.8 36.3 25.5 63.3 42.7 
160 33.2 23.4 30.8 25.4 69.0 45.0 

1~ 35.4 23.3 31.3 21.8 77.7 37.7 
200 32.1 23.5 40.4 30.7 40.2 
220 38.9 29.3 77 .6 52.1 

" >j 240 
) 

31.2 21.7 38.3 28.9 88.4 '46.2 
, 

260 36.0 21.9 46.2 36.3 108.6 48.7 I .. " ....... ! 

280 37.4 19.7 52.3 33.0 92.5 53.6 

300 
) 

24.8 17.7 54.4 33.9 86.0 47.4 

320 38.0 20.7 50.5 38.7 75.1 55.0 

340 29.9 18.4 50.4 35.1 69.0 50.9 

360 
) 

27.5 19.2 44.5 37.6 90.3 53.3 

380 29.4 18.2 60.5 39.8 81.3 56.3 

400 36.6 19.1 61. 8 32.7 82.3 58.5 
420 36.2 16.4 55.1 35.1 93.1 58.1 
440 27.5 14.9 45.1 33.4 59.9 55.3 
460 26.6 15.5 56.9 37.0 58.8 46.3 
480 23.9 12.6 42.3 29.8 .63.0 41.2 
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13. 

Experiment 8: oestradiol pre-t~eated acyclic mares given hOUI'ly pul se injections 
of 0.25mg GnRH 

Mi nutes (GnRH TRUE RETURN LILALEE MRS. ORAM BRIGHT SEA injections 
at arrows) Bio Ria Bio Ria Bio Ria Bio Ria 

0 5.4 1.3 4.3 1.3 6.1 2.2 1.6 1.3 

30 6.4 1.8 3.1 1.5 3.9 2.4 1.9 
60 

) 
7.5 4.2 1.2 3.5 1.8 1.7 1.1 

80 33.5 7.2 16.8 4.6 13.0 4.1 10.3 4.0 

100 35.9 7.2 14.2 5.6 15.2 3.8 11. 7 4.3 
120 31.6 6.7 14.8 

--1 
4.8 10.3 4.1 10.2 3.8 

140 43.1 8.2 18.3 6.3 12.9 4.2 13.0 4.4 
160 28.7 7.5 20.7 6.3 12.0 2.5 13.5 4.2 

180 32.4 6.9 20.7 4.5 12.0 4.2 12.4 3.6 

200 
) 

32.7 7.5 24.5 6.1 13.5 4.3 12.8 4.0 

220 34.2 6.9 22.5 6.4 19.8 4.5 12.9 4.0 

240 31.4 6.8 25.6 5.8 17.7 3.9 12.3 3.8 

260 30.9 5.2 18.4 4.8 10.8 3.5 11.8 3.2 

"- ,'.'.,; 



354 

Appendix 4: A step-by-step example of the 

Yates method for analysing. 

data for periodicity. 
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32.0 

46.0 

32.0 

4.0 

DATA FPQM FILE DK(3:FHOEBI.LHt.. 29-NOV-82 
RESULTS FOLLOWING FILTEPING WIT4 THREE POLE BUTTERWORTH 

CUTOFF~· 2.00 CYCLES/HOUR 

-.... 

INPUT 

... 
10.8 11.6 12.4 13.2 14.0 

OUTPUT 

10.8 11.6 12.4 13.2 
-"113 • 0~' :-__ --.::-:-"::-------L-----L------L ____ ---.J 

10.0 14.0 

FIGURE 1: Data before (top) and after (bottom) filtering with a three-pole 
Butterworth filter. These data cor.le from the mare Forth Hall 
during oestrus using the BIO assay technique. 
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Three P·~te But ... + ... erlo.l,:>t~th Fi It.,e~··1 C:ut,off= 2.00 Cyctes/Sec 

1.00001 __ 

0.8032 

0.6063 

AMPLITUDE 

0.4095 

0.2127 

0.01581~--------L---------~---------L~------~--~~~~ 
0.00 0.80 1.59 2.39 3.18 3.98 

FREQUENCY (Cycte~/Sec) 

.... 

FIGURE A-2: The Butterworth three pole filter in the frequency domain (equation A-I) 
Cutoff = 2.0 cycles(second (6.28 radians/second) 
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Three Pole Butterw~r~h Fitterl .Cu~off = 6.3 Rad1ans/Sec 

2.54 

1.97 

1.41 

0.84 

0.28 

-0.29' I ,4 __ L-________ J' ______ ~ __ L_ ________ J 

0.00 0.80 1.60 2.40 3.20 4.00 
TIME (seconds) 

FIGURE A-2: The Butterworth three pole filter in the time domain (equation A-6) 
Cutoff = 2.0 cycles/second (6.28 radians/second) . 
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4.0 

DATA FROM FILE DK0:FHOEBI.~HL 
RESULTS FOLlOWING:TPEND PEMOUAL 

INPUT 

29-NOU-82 

-le.01~--------~~----------~--------~~--------~~--------~ 
60fu.0 lQL8 11.6 12.4 13.2'14 .. 0 

46.13 

OUTPUT 

4.0, _ L ~ /....... ,...... '7 ;;;;;:: r <:: 7 

-10.0~'----------~~-----------~--------~~----------~~---------~ 
10.0 10.8 11.6 12.4 13.2 14.0 

FIGURE 2: Data from Figure 1 after truncation of the left hand end to 
avoid the starting transient of the filter, and following the 
trend removal process. '. 
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DATA FROM FILE DK0:FHOEBI.LHL 
. AUTOCORRELATION 
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FIGURE 3: 

-7.0 0.0 7.0 1-4.0 

LAG (DATA POINTS) 

Autocorrelation of the filtered, trend removed data shown at the 
bottom of Figure 2. Maximum lag was chosen to be half the length 
of the data record. 
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POWER SPECTRAL DENSITY FUNCTION 
. . 

DKetFHOEBI.LHL 29-NOV-8Z 
FILTERING CUTOFF: 2.00 CYCLES/HOUR 

0.07 

~.0G 

0.04 

0.03 

0.01 

0. eet--=--......./ J " ~ J 

0.00 

FIGURE 4: 

1.12 2.24 

CYCLES/HOUR 

3 .. 35 4.47 5.59 

Power Spectral Density Function (PSDF) of the autocorrelation function 
shown in figure 3. 
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