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The results of experiments i~ Section 1, Chapter 2, will 
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ii 

ACKNOWLEDGEMENTS 

I would like to express my Slncere appreciation to a num

ber of people without whose help this projecr would have been all 

the more difficult to complete: 
-

For perform!ng field work, I thank Miss Janet Little, Miss 

Leonne Gason, Dr~ Margaret Evans, Dr. Robert Loy, Prof. C.H.G. Ir

vine and most especially Miss Julie Turner, who also donated geld

lngs, Poldark, Gumboots and Junior, for the experiments described 

under Section 4. I would also like to express, my gratitude to 

Nevele R Stud, Prebbleton, for use of horses and facilities, and 

for the unfailing cooperqtion of studmaster,Michael Butler, and 

his staff. The willingness of veterinarians, Bruce Taylor, Bill 

Bishop, John Shaw, Corin Murfitt and Basil Forsyth, ln supplying 

endless pairs of horse testicles for attempts at equine ln vitro 

bioassays is most appreciated. 

In the laboratory, I have benefitted greatly from the W1S-

dom and experience of Mr. B.M. Lawson, Dr. Margaret Evans, and Dr. 

Lloyd Vaughan (whose advice in the matter of isoelectric focussing 

was invaluable). The assistance of Julie Turner, Judith Phillips 

and John Parry is also something that I am very fortunate to have 

had. Mice for the in vitro bioassay were donated by Mr. Tom Pilling 

Clinical School, University of Otago. Isotope and facilities for 

iodinating hormone were provided by the Endocrine Unit, the Princess 

Margaret Hospital. 

In preparing this manuscript, I must thank all my typists, 

Kathy Brown, Julie Lassen, Anne Lawson and-C.H.G. Irvine, who per-

formed so valiantly under pressure. I am also very grateful to 

Margaret Evans for applying her artistic talents to the text figures 
; 

and to Mr. Kim Prisk and his computer for figures in Section 3. 



iii 

Finally, I would like to e¥~ress my gratitude to my 

supervisors, Dr. Margaret Evans and Prof. C~H.G. Irvine for 

reading and c~itically evaluating this thesis. I am particu-
- - . 

larly grateful to Prof. Irvine-for providing the funds, facili-

ties, and, mbst importantly} the inspiration for these studies~ 

" -~ ',- ..... -.. > 



. 
1V 

ABSTRACT, 

. "", 
" 

• ',1,' 

An in vitro bioassay based on LH-stimulated testo

sterone production by dispersed mouse Leydig cells was vali-: 

dated for use in the horse. Using this bioassay and a pre~i-

ously validated heterologous radioimmunoassay (RIA), it was 

found that the patterns of LH levels measured by the 2 assay i 

methods during the mare's,oestrous cycle were ~imilar but not 

identical, so that the r~tio of biological:im~~nological (B:I) 
-

activity changed signific~ntlyduringthe cycle; being high as 

LH levels rose during oestrus but falling sharpli on the last 

day of oestrus to remain stable and 16w through dioestrus. 

Investi$ating factors affecting the B:I ratio of ~erum LH, 

it was observ~d that the low ratio ,in serum from seasonally 
. . " . '. 

acyclic mares could be!aised by pre~treatmentwith oestr~diol, 

followed by pulse injection'of gonadotrophin-releasing hormone 

(GnRH). Neith~r GnRH nor oestr~diol tre~tment alone could 

alter B:I ratio in 'acyclic mare serum. Thus, it was suggested 

on the basis of this observation'and review of relevant 

literature that the rising serum oestradiol levels preceding 

ovulation and increased GnRH levels which may occur at this 

time ~_cou ld con tri bu te to the presence in serum of LH forms 

with greater piological potency. Changes in B:I ratio during 

the oestrous cycle. implied qualit~tive differences in the 

circulating ~61ecule. The nature 'and source of thei~ 

differences were ,investigated by using the technique of 

isoelectric' focussing (IEF)t9 separate'" on th'e 'basis of charge, 
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the var10US forms of LH in pituitary extracts and serum 

samples. lsoe1ectric focussing of pituitary extracts 

resulted in LH peaks at pH 7.2, 6.1, 5.2 and 4.5, with 

differring B:l ratio; mean ratio being greatest in thepl 

5.2 peak and least in the 7.2 peak. When horse serum was 

focussed, marked similarities between serum and pituitary 

LH were observed with peaks ofLH activity occurring at like 

pI values and B:l rati6 changing similarly with the plof 

peaks. Serum LH was different to pituitary LH in that immuno

activity without bioactivity was found at eith~r pH extreme. 

When lEF profiles of high and low B:l ratio sera (paired 

s~mp1es from2 cyclic mares) were compared, no consistent 

shift in LH distribution was observed with decreased ratio; 

however, 1n both low ratio sera, relatively more LH activity 

was found in areas of low .B:l ratio and cons~quently less 

LH activity was recovered in the highest ratio peak. While 

interpretation of these results was complicated by the small 

number of samples focussed, it appeared that changes in the 

B:l ratio of serum LHcould be related to structural changes 

in the circulating molecule. Whether the polymorphism of 

serum LH ori~inated entirely from the pituitary or in part 

from post-secretory modification of the molecule could not 

be conclusively answered. The close correspondence between 

pI values at which the bulk of pituitary and serum LH focussed 

attested to the pituitary being the major source of this 

polymorphism; however the presence in serum but not pituitary 

of LH with little or no bioactivity suggested that some 

post-secretory mutation might occur. This question was raised 

aga1n 1n Section 3, when little correlation could be found 

between patterns of bio- and immuno-active LH levels in serum 

samples collected at 5 or 15-20 min intervals from cyclic mares. 

-tn oestrous mares, rapid, low amplitude pulses in serum LH 



levels were shown to occur with statistically significant 

regularity when measured by bioassay but not by radioimmuno

assay_ Results with dioestrous\mares were highly variable 

with pulses similar in amplitude and frequency to those 

observed at oestrus demonstrable in some, but not all, mares. 

In dioestrus mares in which LH pulses could not be shown and 

1n seasonally acyclic mares, serum LH levels remained stable 

and did not appear to decay during the period of observation 

regardless of assay method. 

The physiological significance of the above observations 

requ1res further investigation; nevertheless, the fact that 

the mare ovulates when relative biopotency of serum LH 1S 

maximal as assessed by mouse Leydig cells, suggests both that 

qUplitative changes 1n the circulating molecule do have 

physiological impbrtance and that the response of equine 

target cells can be predicted adequately by the mouse (a 

supposition supported by preliminary results from an in vitro 

bioassay using horse Leydig cells). 

The practical significance of these findings is that 

there appear to be circumstances in which the radioimmunoassay 

used here would not give adequate information on the level of 

LH stimulation at target tissues. Furthermore, it is evident 

that bio- and immunoassay mea~ure forms of the hormone which, 

especially at oestrus, appear in serum with different time 

courses. 

In the course of experiments 1n which GnRH was g1ven to 

mares to determine the effect of stimulation on the nature of 

the circulating LH molecule it was observed that both bio- and 

immuno-active LH respo~ses to a small dose of Gn~H (i.e. 

"pituitary responsivenes~") were lower in early oestrus than 

in early dioestrus, whereas pre-injection LH levels were 

higher in oestrus than dioestrus. Furthermore, additional 

experiments demonstrated that 1n _the mare the ovulatory LH 

i."", __ 

: : 
! : 
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surge began without a corresponding increase' in pituitary 

responsiveness to GnRH stimulation suggesting that inc~eased 

GnRHinput to the pituitary was responsible for the onset 

of the LH surge. The basis for this deduction was proved 

tO,be less than firm when subsequent experiments failed to 

demonstrate a GnRH dose-LH response relationship in oestrous 

mares, with GnRH doses ranging from 0.05 mg to 2.0 mgeliciting 

simila~ responses. In the absence of a GnRH dose- LH response 

relationship, ,estimates of :piiuit~ry respons~~eness (i.e. 

LH release/unit GnRH) ,would vary ,with GnRH dose given, and 
I 

therefore the response of the pituitary to endogenous GnRH 

input could not be inferred from response to,ex~genous GnRH 

'administration. Thus, a GnRH dose-LH respo~se ~elationship 

must be shown ln oestrous mares before the relative importance 

of changes in pituitary responsiveness and endogenou~ GnRH 

secretion in producing the' ovulatory LH surge can be confidently 

assessed. 

In a serles of experiments, the reg~i~tion of seasonal 

patterns of LH secretion in the male horse was studied. 

In particular, the importance'ofthe,testes in maintaini~g 
, ' 

the annual pattern of serum LH levels was investigated by 

'measuring LH levels in blood samples collected at approximately 

fortnightly 'intervals for a year from 5 ~long-term"g~ldin~s 

(castrated~3 years). In these horses, no significant effect 

of month on LH levels was observed. By contrast,earlier work 

ln our taboratory had shown that stallions in the same envir-

onment during one year have a markedly seasonal pattern of 

,LH secretion,'with LH levels rising at the onset of the 

breeding season to reach levels in late spring 3-4 times those 

in early winter. Despite differences in seasonal patterns of 

secretion, annual mean LH levels in geldings and stallions 

were similar. In mid-shintner, serumLH levels were measured in 5 
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geldings castrated 4-6 weeks previously, 2~ geldings castrated 

3-25 years 

(in ng/ml) 

previouslyanci .5 'stallions; mean 
. _. -- , ~ .: ,. " . 

+' . +. 
were: 63.5 - 8.8~ 14~0 - 1.6 and 

+ LH levels -·S.E.M. 
'+ . 

9.0 - 1.5 

respectively. In the long-term geldings LH levels were not 

affected by age, indicating. that following ,the initial post

castra tion rise, LH levels fel,l to wi thin the normal range of 
, " 

pre~castration values and stabilized. 

These results show·that the testes are necessary for 

~aintenance of: the normal seasonal pattern of LH secretion 1n 

the male horse, including the increase in LH at the onset of 

the breeding season. Thus~it is possible that the effects 

of testicular hormones ·on LH'secretion in the maie horse may 

include not'only a negative feedb~ck at the hyp6thalamus/ 

pituitary as observed in other species but also a positive 

component 1n the pathway by which LH is increased at the onset 

of the breeding season. 

/ 



SEC T ION 1. 

EQUINE LH: STRUCTURE-FUNCTION RELATIONSHIPS 
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I N T ROD U C T ION 

Equine pituitary luteinizing hormone (eLH) is a glycoprotein 

with a molecular weight of 34,000 (Braselton and McShan, 1970). Like 

all luteinizing hormones studied, eIJH consists of two dissimilar subunits 

(alpha and beta) held together by non covalent bonds (Landefeld and 

McShan, 1974). Within species, the alpha subunits of LH, follicle 

stimulating hormone (FSH) and thyroid stimulating hormone (TSH) have been 

found to be essentially identical, t,lhereas the beta subunit seems to 

possess the biological specificity (If the hormone (Pierce and Parsons, 

198]) . The carbohydrate content of eLH is 23.6% by weight (Landefeld 

and McShan, 1974) which is higher tha~ that reported for any other lutein-

izing hormone (see Table 1). Equine LH is also unusual in that it is 

heavily sialylated (sialic acid content"= 7.7% by weight, Landefeld and 

McShan, 1974). Of other luteinizing hormones, only human LH has been 

sho~m to contain appreciable amounts of sialic acids (Kathan, Reichert 

and Ryan, 1967). When eLH is subjected to iseolectric focussing, it is 

found to be markedly polymorphic, consisting of a family of molecules of 

varying charge (Braselton and McShan, 1970; Reichert, 1971; Irvine, 

1979) . These differences in charge seem to arise in part from variations 

in content of the strongly negative sialic acid (Irvine, 1979; Aggarwal 

and Papkoff, 1981). Human LH is also polymorphic, as is clearly revealed 

by iseolectric-focussing (Reichert, 1971; Robertson, van Damme and 

Diczfalusy, 1977), but this polymorphism disappears after neuraminidase 

digestion, suggesting that it stems from variable sialylation (Reichert, 

1971) . Recent work shows that enzymatic removal of sialic acid from 

equine and human gonadotrophins differentially affects potency in various 

biological assays and radioimmunoassay (see Discussion, this section, for 

review of literature). More interestingly, the various forms of equine 
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pituitary LH separated by isoelectric focussing have been observed to 

differ in relative activities in radioilnmunoassay and in vitro bioassay 

(Irvine, 1979). Because the nature of serum equine LH is unknown, the 

validity of radioimmunoassay for measurement of biologically active 

hormone could be questioned especially if, as in the human (Strollo et 

al., 1981), rhesus monkey (Peckham, Yamaji, Dierschke and Knobil, 1973), 

and rat (Weick, 1977) the steroid environment can alter the form of the 

circulating hormone. The experiments in this section were therefore 

designed: 1) to investigate the relationship between biological and 

immunological LH activities in serum throughout the oestrous cycle of 

the mare; 2) to determine the effect of gonadal steroids and gonadotrophin 

relepsing hormone (GnRH) alone and i1 combination, on relative piological 

and immunological LH activities in serum, and 3) to compare isoelectric 

focussing profiles of pituitary and serum LH. 



Table 1: 

3 

1 
Carbohydrate composition of LH, hCG and PMSG • 

Hormone Carbohydrate Sialic Acid 
+ 

Species 
% (residues/mole) 

LH 

ovine l3.0 0 

bovine 12.2 0 

porcine 13.2 0 

equine 23.6 8.5 

human 16.4 2.3 

hCG 29.0-30.3 9.5-10.9 

PMSG 44.4 9.4 

1 A.dapted from Sherwood and McShan, 1977 
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C HAP T E R I. 

ASSAY METHODOLOGY 
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MAT E R I A L Sand MET HOD S 

The assay chosen to measure "biologically active" LH was an 

in vitro testosterone production assay using mouse interstitial cells 

(van Damme, Robertson and Diczfalusy, 1974b). In this assay, inter

stitial cells, dispersed from mouse testes, are stimulated during a 

3-hour incubation to secrete testosterone in response to LH in standards 

and unknowns. Secreted testosterone is then measured by radioimmunoassay 

(see Figure 1). This assay had several major advantages over other 

potential choices: 1) it was highly sensitive and could easily detect LH 

levels in dioestrous and seasonally :l.cyclic mares (unlike in vivo bio

assays and radioreceptor assays); 2) mouse interstitial cell~ could be 

. separated from seminiferous tubules without collagenase digestion, thereby 

reducing the risk of receptor damage (see Reichert and Abou-Issa, 1976, 

re rat FSH receptor), and altered cell responsiveness (collagenase digest

ion is required to harvest cells from rat testes); 3) mice were simply 

and inexpensively kept, meaning that cells for use in the assay were always 

available (unlike in vitro bioassays using bovine corpus luteum or pig 

grahulosa cells); 4) it measured LH by its ability to perform an accepted 

physiological function (unlike the Leydig cell alkaline phosphatase 

induction assay (Ryle and Carrier, 1981) or cytochemical method based on 

ovarian ascorbic acid depletion (Buckingham et al., 1979)):; and 5) using 

this assay, fractions after isoelectric focussinq of horse pituitaries has 

been found to vary in relative "biological" and radioimmunological potencies 

(Irvine, 1979). 

The assay chosen to measure "immunologically active" LH was a 

heterologous system consisting of anti-ovine LH, labelled ovine LH and 

equine standards. This assay was selected because of its widespread use 

to measure equine LH (see, for example: Pattison, Chen, Kelly and Brandt, 



Figure 1 . 

• 
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Mouse Leydig cells + LH 

Mouse castrated. 
Testes separated into 
tubules and interstitial 
cells by gentle stirring. 

Incubate 3 h 
at 34°C. 

........ 
". testosterone 

.' : ~ -

Measured by . 
radio-immunoassay. 
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1974; Noden, Oxender and Hafs, 1974; Geschwind et al., 1975; Nett, 

pickett, Seidel and Voss, 1976; Evans and Irvine, 1976). 

I. IN VITRO BIOASSAY 

Animals: Mice were NZ white x NZ black male hybrids (gift from 

Christchurch Clinical School). They were kept in groups of 2 - 7 in 

19.5 x 32 em plexiglass cages (Christchurch Clinical School) at ambient 

o 
laboratory temperature (13 - 18 ) under natural photoperiod. Pelle ted 

mouse ration (No. 95, H. Archer & Son Ltd, Southbrook) and water were 

fed ad libitum). 

preparation of Cells: Adul1: mice (> 2~ months) were killed by 

cervical dislocation, the testes removed, decapsulated and placed in a 

25 ml glass Ehrlenmeyer flask containing 10 ml tissue culture medium (TCM, 

see later for preparation) . The testes were gently teased apart by a 

glass rod and further dissociated by slow stirring on a magnetic stirrer 

for 15 min at room temperature, after which seminiferous tubules were 

separated from interstitial cells by filtration through 4 layers of gauze 

bandage. The cells were then incubated in TCM for 1.5 - 2 h a~ 340 in a 

sh~ing water bath set at 80 - 100 r.p.m. After incubation, the cells 

were washed with 10 ml fresh TCM at 4
0 

3 - 4 times, each wash being 

followed by centrifugation at 600 x g for 5 min at room temperature. 

After the last wash, cells were resuspended once again in 10 ml cold TCM 

. and counted in a haemacytometer (Neubauer improved). On some occasions, 

viability was also assessed by exclusion of Trypan blue dye (0.06% trypan 

bluet in 0.154 M sodium chloride, 0.01 M phosphate buffer, pH 7.4). In 

general, cell types were not classified (van Damme et al., 1974); however, 

red blood cells and spermatozoa when present were not counted. Seminifer-

ous tubules were seldom seen in any preparation. The mean number of inter-

stitial cells harvested from a pair of testes was 12.0 x 10
6 

(S.D. = 6.2 x 
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n = 28 randomly selected assays) 65 - 75% of which excluded trypan 

blue. 

In the original method, t2le tissue culture medium used was 

Medium 199 with Hank's salts and I-glutamine (Catalogue No. E-12, 

GIBCO Grand Island, N.Y., U.S.A.) with addition of 1.4 g/l of sodium 

bicarbonate and 0.5 - 1.0% fetal calf serum (Batch 107, Catalogue No. 614, 

GlBCO, heated to 56
0 

for 0.5 h and stored at _200 in 500 pI aliquots). 

The pH was adjusted to 7.3 - 7.4 with sodium bicarbonate or 1 N hydro-

chloric acid.. No attempt was made to maintain sterile conditions; 

the TCM was not filtered and antibiotics were not added. Incubation of 

cells ·.,ras performed in a specially constructed cannister designed to fit 

the :trt-,lley of the shaking water bath and in which a humidified atmos-

phere of 5% CO2 :95% O2 could be maintained (see Figure 21. 

In the modified method, the medium used was Eagle's minimum 

essential medium with Earle's salts* and l-glutamine (Catalogue No. F-ll, 

GlBCO) containing 0.5 - 1.0% fetal calf serum and buffered with 35 roM 

HEPES (N-2-hydroxyethylpiperazine-N '-2-ethane sulfonic acid, No. H-3375" 

Sigma Chemicals Co., St Louis, Missouri, U.S,A.) as described by Lichten-

berg and Pahnke (1976). The pH was adjusted to 7.3 - 7.4 with 1 N 

sodium hydroxide or 1 N hydrochloric acid. 

Changing the buffer allowed incubation to be performed under air 

thereby reducing the cost of the assay, increasing the number of samples 

that could be assayed together and reducing variability in incubation 

conditions as assessed by colour change during incubation of the pH 

indicator, phenol red, in the TCM. Assay results were not affected by 

*The author is well aware of the misuse of Hank's and Earle's balanced 
buffer salts. The method for preparing Medium 199 was inherited (as 
was the Ml99) from another student and when the error in usage of Hank's 
salts was eventually discovered, tissue culture medium with the appropriate 
Earle' 5 salts was ordered. However, shortly thereafter,' it was decided to 
try using HEPES to buffer the medium - hence HEPES buffer and Earle's 
salts. 



9 

Figure 2. Cannister used for incubating the ~n vitro 

bioassay under 5% CO 2 in 02 
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changing the buffer. Mean LH concentrations + SEM measured in a 

replicate serum standard by the last two* bicarbonate assays and first 

five HEPES assays were 19.2 ~ 1.1 ng/m1 and 18.2 ~ 0.6 ng/m1 respectively. 

Furthermore, when daily serum samples from'two cyclic mares were assayed 

by both methods, the mean ratio potency est~mate ~PES + SEM was 1.03 + 
potency est~mate b~carb -

0.07, n = 26 samples, each potency estimate being the mean of triplicate 

LUogi't B/Bo 
determinations. The mean slope (' ) see 1at~r for calculation) 

illog r1IiI ' 
of standard curves in the last 4 bicarbonate assays was 1.53 (range = 

1.14:2.05) compared with 2.49 (range = 1.95:3.06) in the first 4 HEPES 

assays; a significant improvement (p < 0.05, Student's t-test). Never-

the less, 17 two-point dilutions of serum in the last 4 bicarbona:e assays 

were' parallel to the appropriate standard curve and 11 two-point serum 

dilutions in the 4 HEPES assays were pa,ra11e1 to the HEPES standard curves. 

The method for determining parallelism will be discussed later. 

Lichtenberg and Pahnke (1976) reported that mouse Leydig cells 

could be kept in TCM overnight at 4
0 

with no loss of viability. In the 

present studies, it was found that the period of successful storage 

extei,ded to at least 3 days after cell harvest when dispersed cells from 

2 mouse testes were stored at 40 in 10 ml TCM prepared as described prev-

iously. Successful storage is illustrated by the results of the experi-

ment shown in Figure 3. Furthermore, when serum replicate standards were 

assayed on consecutive days using cells one and two days old, potency 

estimates were not significantly affected by age of cell (paired t-test, 

t = 0.04, n = 8 paired experiments using two different serum pools) • 

Storage of cells increased the efficiency with which the assay 

could be performed, since cells could be prepared once at the beginning 

of a week and used as required throughout the week. 

* New replicate standards were introduced at this time. 



Figure 3: Effects of age of cellon the in vitro bioassay 

Protocol 

Day 1: LH standards were prepared. Each standard was divided into 4 
aliquots and frozen. 

Day 2: a) One mouse was castrated and an interstitial cell suspension 
was prepared. 

b) Cell viability was assessed by trypan blue exclusion. 
c) One set of LH standards was thawed, aliquotted into Wasserman 

tubes and cells added. 
d) Incubation proceeded as described earlier. Remaining cell 

preparation was stored at 40 . Incubation medium was stored 
frozen until testosterone assay. 

Days 3-5: Steps b) - d) were repeated, after an appropriate aliquot of 
stored cell preparation had been washed once. 

Results 

Approximate number of 
cells added to each tube 

% live cells 

Age of Cell 
o 1 

75,000 

73 

60,000 

73 

pg ~ fg testosterone* 
. LH I,i~-'I ~per cell 

added (mean of triplicate observations) 

100 

50 

25 

12 

6 

o 

Means testosterone 
production/3 h 
efg/cell) incubation 

* 

8.2 

5.7 

2.7 

0.88 

0.25 

0.14 

6.9 

3.9 

2.1 

0.65 

0.30 

0.12 

. (In Days After Harvest) 
2 3 

60,000 

73 

80,000 
·65 

(moder~te bacterial 
contamination) 

, 9.6 

7.3 

4.1 

1.7 

0.52 

0.22 

6.1 

4.8 

1.8 

0.73 

0.48 

0.16 

Corrected to take into account differences in cell viability. 

Means without a common superscript are significantly different at the 
0.05 level (analysis of variance, Tukey's w test; Steel and Torrie,1980). 

Conclusions 

Although ANOVA showed that "cell age" si.gnificantly affected testosterone 

production, there was no evidence for a progressive deterioration in cell 

performance. In fact, mean testosterone production/oell was greatest on 

the second day after harvest. Because of increasingly noticeable bacterial 

contamination and decreas·irig cell viability, cells older than 2 days were 

not used for routine assays. 
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The modified assay procedure was used after 15/1/80, but since 

potency estimates did not appear to have been affected by the change in 

methodology, date of assay has not been noted in results. 

The Assay: Standards and unknowns were dilut.ed with "assay 

diluent" (Robertson and Diczfalusy, 1977), which consisted of 0.15 M 

sodium chloride (NaCl), 0.1% bovine serum albumin (No. 1-4503, Sigma 

Chemical Co.) in distilled water. The pH of this diluent was generally 

5.95 .,.. 6.05. Dilutions were made in and the assay performed in 12 x 75 rom 

disposable polystyrene test tubes ("Wasserman tubes", Laboratory Services, 

Penrose, N.Z.). 

The standard used was equinE~ pituitary LH, prepared by Prof. 

C.H.G. Irvine at Texas A & M University, using the following method. 

Pooled horse pituitaries were extracted with ethanol, precipitated with 

metaphosphoric acid (Braselton and McShan, 1970) and the resulting 

supernatant fractionated by lsoelectric focussing. The fractions with 

the highest ratio of in vitro biological:iromunological LH activity 

(Irvine, 1979) were retained for use as assay standard and were designated 

CIl-37. CI 1-37 contained 84.8 ~g LH (by in vitro bioassay, expre~sed 

in terms of bovine LH, LER 1072-2, 1 ng = 1.8 ng NIH LH-S1), 521 ~g FSH 

(by radioimmunoassay, expressed in terms of Nuti equine FSH, 1 ng = 90 ng 

NIH FSH S-l), and 17.3 mg protein as measured by the method of Lowry et 

al. (1960). After these initial assays, CI 1-37 was lyophilised and 

reconstituted in 1 ml 0.154 M NaCL, 1% bovine serum albumin in distilled 

water. Because of the impurity of the preparation, it was most convenient 

to define its potency in terms of DILUTIONS producing in vitro biological 

LH activity equivalent to known amounts of LER 1072-2. For example, 

100 ul of a 1 in 20,500 dilution of CI 1-37 was found to have LH activity 

equal to 4l0pg LER 1072-2, and therefore this dilution was said to produce 

4l0pg cr 1-37/100 ul. 
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The decision to use CI 1-37 as standard was based on several 

considerations: 1) Equine pituitary is polymorphic. '£he crude pituitary 

extract from which CI 1-37 was produced would have been more likely to 

contain, unaltered, the full spectrum of LH molecules in the pituitary 

than would highly purified laboratory preparations produced by rigorous, 

sometimes harsh, separation techniques. 2) The ideal standard should be 

identical to the substance measured. In most experiments, biologically 

active LH in serum was the substance to be measured and it was assumed 

that this would be most closely similar to the molecular form of pituitary 

LH with the greatest ratio of biological:irnmunological activity. Further 

purification of CI 1-37 was' decided against because of the risk of damage 

to tJ:te molecule and because the high specificity of the assay madl~ such 

steps unnecessary (see later). 

The standard was stored at __ 200 in 50 Jll a'liquots containing 

8.4 ng CI 1-37 in 0.154 M NaCl, 1% bovine serum albumin; Before each 

assay, an aliquot was thawed and 2 ml assay diluent added to produce the 

top standard containing 410 pg CI 1-37/100~1. serial 1:1 dilutions were 

then made with assay diluent giving the following concentrations of stand-

ards: 205 pg/100 ..ul, 102.5 pg/100 ..ul, 51.3 pg/100 ).11, 25.6 pg/100 .All, 

12.8 pg/100 J-ll, 6.4 'pg/100).11 and 32 pg/100..All. Serum samples were also 

diluted in assay diluent. The amount of serum used in the assay was 

generally 0.5 - 2 J.11; however, 4 - 8.}..ll of an oestrous mare serum and 

0.125 - 0.25 ~1 of serum from mares in oestrus or after gonadotrophin-

releasing hormone (GnRH) administration were sometimes needed. 

For the assay, the cell preparation was diluted with cold TCM to 

a concentration of 30,000 - 60,000 cells/lOa pl. A homogeneous suspension 

was ensured by gentle mixing on a magnetic s,tirrer. One hundred ~l of the 

cell preparation was then added to 100}.11 diluted unknown or standard in 

Wassel.man tubes. 
o 

These steps were performed at 4 • Assay tubes were 

vortexed at slow speed, placed in a shaking water bath and incubated at 340 
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for 2.5 - 3 h. When the TCM was bicarbonate buffered, this incubation 

occurred in the special cannister under 5% CO2 - 95% O
2

, whereas when 

HEPES,was the buffer, air was the gas phase. After incubation, assay 

o tubes were kept at 4 while the tempe,'cature of the water bath was brought 

o to 72 - 75 , and were then returned ,to the bath for 0.5 h. In both 

bicarbonate and HEPES systems, heating was done under air. Temperatures 

o greater than 80 were found to melt the Wasserman tubes. This heating 

step was reported to be necessary to destroy a testosterone binding 

substance in the interstitial cell preparation (van Damme et al., 1974a). 

Condensation was removed from the walls of the assay tubes by centrifugat-

ion at 1000 x g/2 min, after which':he testosterone content of the medium 

was determined by radioimmunoassay (RIA). 

Testosterone Radioimmunoassay: The anti-testosterone serum used 

was GDN S-250 (antigen = testosterone conjugated to BSA at position 11, 

gift from Dr G .D. Niswender, Colorado Sta'te University, Fort Collins, 

Colorado, U.S.A.) which cross-reacted 100% with testosterone, 33% with 

di-hydrotestosterone, 10% with 50: - androstan-3 0: -171;3 diol. and 5% with 

50:- androstan-31;3-diol (de Palatis et al., 1978). The antiserum was 

diluted 1 in 400 with "testosterone assay buffer", which consisted of 

0.01 Mphosphate (P04) buffer (i.e., 0.295 gil NaH2P04 , 1.15 gil Na2HP04), 

0.145 M NaCl, 0.025 Methylene di-amine tetra acetic acid-disodium salt 

(EDTA), 0.02% sodium azide (NaN
3

) and 0.1% gelatin (Davis, Christchurch), 

pH 7.0. 
o 

One ml aliquots were stored at -20 . Before use, the antiserum 

was further diluted to 1 in 10,000 in assay buffer. 

3 
An aliquot of tritium-labelled testosterone (1,2,6,7, H-testoster-

one, specific activity 80 Ci/mmol, Radiochemical Centre, Amersham, 

England) was suspended in assay buffer to an approximatp concentration of 

370 pglml (or 100, 000 cpmlml at 45% counting efficiency) • This solution 

was combined 2 parts:1 part with the 1 in 10, 000 dilution of antiserum, 

and 300 pI of this mixture was added directly ,to all assay tubes (Le., 
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tubes containing cell preparation and LH standards or unknowns) • 

Because testosterone is the major product of mouse Leydig cells, solvent 

extraction and/or chromatography was not necessary (van Damme et al., 

1973 ) • Also included in the testosterone assay were tubes containing: 

3 
1) 100pl tissue culture medium, 100pl assay diluent and 300~1 H-

testosterone/antiserum mixture (= zero added testosterone); 2) 100)Ul 

3 cell preparation, 100jUl assay diluent, 200pl H-testosterone solution 

and 100 pl assay buffer (= "blanks", to determine the amount of tracer 

in the charcoal supernatant not bound to antibody); 
3 

3] 200).l1 H-

testosterone solution and 300~l assay buffer (= total radioactivity 

added to the system); and occasion111y 4} testosterone standards. 

(Calculation of assay results did n\)t always involve quantitating the 

amount of testosterone produced by ctl1s. See later for det~ils of 

assay analysis.) These standards were made by dissolving testosterone 

Cb4-androstan-17B -01 3-one, Sigma Chemicals) in ethanol to a concentrat-

ion of 1 pg/ml. One ml of this was evaporated under air and the 

testosterone redissolved in 10 ml assay buffer. This 100 ng/ml testoster-

one stock solution was stored at _200 in 200 pl aliquots. Before use in 

the assay, 800jUl of TCM was added, resulting in the top standard con-

taining 2 ng testosterone/lOOpl. Seriall:l dilutions were then made 

with TCM to produce the following concentrations: 1 ng/IOO ]11, 0.5 ng/l00 

pl, 0.25 ng/IOO )11, 0.125 ng/IOO ~l and 0.0625 ng/IOO ).11; 100).11 of each 

was pipetted into Wasserman tubes containing 100).11 assay diluent. 

The assay was incubated at 370 for 1 h, then at 40 overnight. 

Free testosterone was separated from antibody bound by charcoal adsorption; 

the charcoal suspension consisting of 0.4167% activated charcoal (BDH 

Laboratory Chemicals, Poole, England), 0.1 M NaH
2

P0
4

, 0.15 M NaCl, 0.05% 

NaN3 in distilled water, pH 7.3, Originally, the charcoal suspension 

also contained 0,025% dextran; however, soon after the start of these 

experi~ents, this chemical became impossible to obtain, Tests comparing 
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dextran-coated and dextran-less charcoals showed no difference between 

the two in counts specifically or non-specifically bound after either 

5 or 12 minutes incubation at 4°, and therefore dextran-less charcoal 

could be used. Five hundred pI of charcoal suspension was added at 40 

to batches of approximately 65 tubes (the number of tubes that could be 

"charcoaled" in less than 5 min). The tubes were vortexed and allowed 

to s·tand at 4° for 10 - 12 min, after which they were spun at 100 x g 

for 10 min in a refrigerated centrifuge (00 _ 4°). Supernatants were 

decanted into glass scintillation vials, and 8 ml toluene scintillant 

(4 g diphenyl-oxazole, 0.2 g dimethyl POPOP in 1 1 toluene (industrial 

grade, filtered through Whatman No. 541 hardened ashless filter paper 

before use) 1 added. Vials were capped, vortexed for 7 - 10 secs to 

extract testosterone into the scintillant and counted in standard liquid 

scintillation counting equipment, usually until at least 10,000 counts/ 

vial had accumulated. Samples were assumed to be counted with identical 

efficiency; however, this assumption was tested occasionally USii.lg the 

"external standard channels ratio" method (Long, E.C., 1976). In both 

counters used in these studies, the external standard channels ratio 

exceeded 0.7 for all samples in tested assays. Variations in ratio 

-appeared to be randomly distributed; maximum deviation from the mean 

being 7%. Therefore, the assumption of identical counting efficiency 

for samples was considered valid. 

Assay Design: Assay design changed during the course of this 

study, and was adapted to the requirements of each experiment*. The basic 

design was one-point assays of unknowns in triplicate, with 15 - 20% of 

unknowns also assayed at a 1:1 dilution. In most experiments in which 

GnRH was given, all samples were assayed at one dilution, then pre- and 

post-injection samples were separately pOQled and the p09ls assayed at two 

* And when relevant will be noted with descriptions of experimental method. 
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Most recently and particularly in experi-

ments studying the short-term fluctuations in serum LH, the assay has been 

partially and finally completely randomised. In "partial" randomisation, 

the order in which samples occurred in the assay was random, but triplicates 

were kept together. In complete randomisation, tubes were ordered accord-

ing to a table of random numbers before addition of cells and were returned 

to. numerical order when the charcoal supernatant was decanted into 

scintillation vials. 

Assay Analysis: The testosterone assay was analysed by transform

, 'BIBb 
logit being ln ----l 1--- where B = -B Bo 

ing co\mts antibody bound to logit B/Bo: 

counts antibody bound in the presence of added testosterone and Bo = counts 

bound in the absence of added testosterone. When logit BIBo was plotted 

against log testosterone added, a straight line (r ~-0.995, least squares 

linear regression) ahlays res-ul ted. The presence of non-antibody bound 

counts in charcoal supernatants was corrected for as descr:'bed by Harris 

(l980) . Briefly, it was assumed that in any tube the ratio of counts 

charcoal bound:counts free (i.e., neither charcoal nor antibody bound) would 

be a constant which could be determined, using "blank" tubes (Le., tubes 

containing all reagents except antibody). For example, if total counts 

added to the system = 10,000, and counts in the charcoal supernatant of the 

"blank" = 200, then counts charcoal bound = 9800 and counts free = 200. 

Th th ratio charcoal bound:free is 49 . 9800 ) us, e (i.e. 200 • Extending the 

example to an assay tube containing antibody in which counts in the charcoal 

supernatant = 2000 (i. e., counts antibody bound + counts free); here, 

counts charcoal bound = 8000. 

free = 
counts charcoal bound 

49 

2000 - 163 1837. 

If counts charcoal bound = k = 49, then 
counts free 

8000 
~ = 163, and counts antibody bound = or 
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No completely satisfactory way of linearising the LH dose-

testosterone response curve has been described. Partial linearisation 

could be achieved by plotting: I} logarithm of the LH dose given against 

the square root of the amount of testosterone produced (van Damme et a1., 

1974); 2} LH dose given against stimulated testosterone production 

(testosterone produced at given dose - testosterone produced in the 

absence of added LH) (Alexander and Irvine, 1980); or 3) logarithm of 

LH dose against logit BIBO where B = counts bound to the testosterone 

antibody in standard/sample tubes, and Bo = counts bound to the antibody 

in the absence of addedLH (Robertson, 1977). Occasionally, Bo was 

definec;. as counts bound in the absence of added testosterone, if a better 

LH dQsE-response curve resulted (Robertson, pers. comm.). Of these 

methods, 3) was preferred because of its simplicity (calculation of 

testosterone produced was not required) and because the range of success

ful linearisation (r > O.99) was often greater than with the other methods. 

However, method 1) was particularly useful when analysing ~ssays specific

ally designed to test parallelism between unknowns and standards, since, 

variance was smaller and more homogeneously distributed than when the 

10git transformation was used, resulting in a fairer, if more rigid, 

statistical assessment of parallelism (see later). Non-linear trans~ 

fonnations such as the method used to analyse the radioimmunoassay (see 

laterl yielded variable results, sometimes fitting the standard curve 

extremely well and other times not at all. 

Validation of the Mouse Leydig Cell Assay for Use on Horse Serum 

1. Parallelism 

A fundamental requirement for a valid assay is that dilutions of 

unknowns must produce dose-response curves parallel to the standard curve. 

In these studies, parallelism was evaluated in two ways: 1) in assays 

-. -.- ....... _,--= 
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designed to test parallelism, in which 3 and 4 point dilutions of serum 

from horses in different physiological states were compared with the 

standard curve; and 2) in routine assays in which 2 point dilutions of 

a number of unknowns or pools of unknowns were compared with the standard 

curve. statistical analysis of these two approaches differed. For 

approach 1), data were expressed as the square root of the amount of 

testosterone produced at the logarithm of the LH dose given and parallel

ism evaluated using standard in vivo bioassay statistics (Finney, 1961). 

For approach 2), routine logit-log transformation was used to gain LH 

potency estimates (in ng/ml serum) and parallelism evaluated within and 

across assays by paired t-test, for which it was assumed that if unknowns 

were p,lrallel to the standard curve, the expected difference between 

potency estimates calculated from dilutions 1 and 2 would be zero. In 

routine assays, assessment of parallelism to the standard curve of 

individual two-point dilutions was made using the arbitrary criterion 

that parallelism existed if the two potency estimates diff~red by ~ 20%. 

If > 20% discrepancy occurred, the estimate derived from the dilution 

falling in the steeper part of the standard curve was used; occasionally 

both estimates were discarded. (NB: This selection procedure was applied 

only to decide if a given value could be used in the final analysis of an 

experiment. All data were used to evaluate parallelism by paired t-test 

as described above.) 

Figure 4 compares 3 and 4 point dilutions of serum with the stand-

ard curve. Analysis showed that" dilutions of sera from geldings and from 

mares in oestrus, at various times in diestrus (days 5, 6 and 17 (mare 

retained corpus luteum) post-ovulation), in anoestrus, and after GnRH 

administration, were parallel to the standard. 

Potency estimates, derived from two-point dilutions and classified 

on the basis of 1) physiological state of the horse from which the serum 

was collected and/or 2) amount of serum assayed, are tabulated in Appendix 
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Figure 4: Comparison of dilutions of standard LH and sera from horses 
in various physiological states in t,he in vitro bioassay. 

Post-GnRH and Ge ldinq Sera 

30 

~ 20 
o 
H 
OJ 
.jJ 
Ul 

~ 0 
.jJ 
Ul 

21 10 

30 

..:t" 

(1) 20 
~ 
0 
H 
(1) 
.jJ 
CJl 
0 
.jJ 

10 CJl 
(1) 
.jJ 

tr> 
ell 

0.125 0.25 0.5 
12.5 25 50 10') 

Dioestrous and Rnoestrous Sera 

0' 

0.5 
12.5 

,. ,." ,. 
,. 0" 

1 
2.5 

,. 

3 

5.0 

(LH) or ~l Serum Added 

4 
10.0 

I 

0-- -0 Post-GnRH serum 

• 1/1 Standard 

~. Gelding serum 

0--'-0 Dioestrous serum 

• • Standard 

• • Acyclic serum 

111 
pg 

-_/ 



30 

Q) 

§ 20 
H 
Q) 
jJ 
UJ 
o 
jJ 
UJ 

~ 10 
-' 

o 

20b 

Figure 4: cont'd 

Dioestrous, Oestrous , Post-GnRH Sera 

0.,063 
12.5 

0.125 
2.5 

0.25 
50 

0.5 
100 

(LH) or 111 Serum Added 

1 
200 

•• ~----. Standard 

.--:- -. Post-GnRH serum 

o~---o Dioestrous serum 

0--._- -E) Oest,r-aus serum 

2 111 
400 pg 

-:"~.:-.'-:-~.',:.;.,-~: 



21 

la. In each classification, paired t-test showed no reason to reject 

the hypothesis that dilutions were parallel to the standard curve. 

2. Specificity 

Van Oamme et al. (1974) have reported that the bioassay is highly 

specific for LH (and LH-like hormones, e.g. hCG) and that human FSH, TSH, 

ACTH, prolactin, growth hormone, vasopressin, oxytocin, and GnRH "did 

not influence the bioassay method at levels likely to be found in bio-

logical samples." In the horse, only FSH, of the anterior pituitary 

hormones was available in sufficiently pure preparation to test cross 

reaction in the assay. The equine FSH used was prepared by the method 

of Braselton and McShan (1970) by Or L. Nuti (University of Wisconsin, 

Madison, Wisconsin, U.S.A.) and contalned 0.16 units NIH-LH Sl/mg by 

ovarian ascorbic acid depletion assay and 1.3 units/mg LH by ventral 

prostrate weight assay (Braselton and McShan, 1970). Cross reaction was 

determined by adding varying amounts of eFSH to the assay, up to 1.25 

ng/tube; which at the smallest dilution of serum used in the assay (i.e., 

Bpl/tube) would correspond to a serum eFSH concentration of 162.5 ng/ml, 

a level more than 8 times the average cycle maximum (Evans, 1977). In 

two separate assays, mean eFSH cross reaction was 2.2 +0.05% (X + SO). 

Since the Braselton and McShan preparation of pure equine LH has a 

potency of 5.5 units NIH LH Sl/mg, the FSH preparation must contain at 

least 0.16/5.5 X 100 = 2.9% LH contamination. Thus, all eFSH cross 

reaction in the bioassay could be explained by LH contamination of the eFSH. 

Further confirmation of the absence of FSH cross reaction in the assay was 

the observation that at the time of maximal serum FSH levels in the cyclic 

mare (i.e., mid-dioestrus), bioassayable LH levels were minimal (see later). 

Progesterone (Garfink et al., 1976; Gnodde et al., 1979) and pos

siblyother steroids (Lichtenberg and Pahnke, 1976; Rajalakshmi et al., 
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1979) have been reported to interfere in testosterone production assays, 

presumably by providing testosterone precursors. The· effect of steroids 

on the present assay system was studied in two ways: 1) by'removing 

steroids from serum by charcoal adsorption (Rajalakshmi et al., 1979), 

and 2) by adding progesterone (8
4
-pregnen-3, 20~dione, Sigma Chemical 

1 
Co.) to serum in amounts up to 100 ng/ml serum; and observing effects 

on potency estimates. 

Charcoal (activated, BDH Chemicals) was washed and dried as 

described by Rajalakshmi (1979), a 1% (w/v) suspension in assay diluent 

o prepared, and 0.5 ml added to 0.5 ml serum at 4 • This mixture was vor-

o texed and allowed to stand for 0.5 h at 4 , then centrifuged at 11)00 x g/ 

10 min and the supernatant removed, diluted and assayed. Table 2 c'om-

pares potency estimates of various .sera before and aft.ex· charcoal treat-

mente Paired t-test.showed no significant effect of charcoal treatment 

on the potency of sera from mares 1) in early oestrus; 2) immediately 

post-ovulation (day +1 or +2); 3) 10 days post-ovulation or 4) given 

10 mg oestradiol benzoate and 150 mg progesterone in oil intra-muscularly 

daily for 6 days (t = -1.53, df = 10, n.s.). 

Addition of large amounts of progesterone to serum did not alter 

pot,ency estimates (one-way analysis of variance) . 

3. Recovery 

As another test of the effect of serum components on the bioassay, 

known amounts of standard LH were added to 1, 2, 4, and 8 ~l of anoestrous 

mare serum (generally samples from one of 4 mares, Coming In, Lady 

Sherelle, Jenny and Oriental Scott, whose mid-winter LH levels were almost 

immeasurably low by bioassay), assayed, and recovery determined against a 

"serum-less" standard curve after correction for LH content of the serum. 

When 1, 2 and 4 ~l of serum were used, recovery of added LH was 

lAt least 5 times maximum dioestrous levels (Ginther, 1979) 

'"_~_'_'-'-:<'.~ . 
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Table 2: Potency estimates of various sera before and after 

charcoal treatment. 

--
?oi.:ency eng/ml) ; X + S .E.) 

Serum Pool 
Charcoal Treated 

A = gelding 31. 7 + 1.9 30.8 + 3.3 -- -
B -. gelding 12.1 + 0.2 13.2 + 0.7 - -
C = early oestrus 50.7 + 4.2 54.2 + 4.4 - -
D = early oestrus 23.8 + 0.5 26.2 + 1.3 - -
E = early oestrus ll.:_ + 0.5 11.1 + 0.3 - -

F = post-ovulation 82.S + 5.9 82.5 + 2.5 - -

G == post-ovulation 21.2 -I- 0.5 20.7 + 1.1 -- -

H = P4 + E2 treated 15.7 + 1.7 16.8 + 1.4 - -

I = P4 + E2 13.1 + 1.7 11.4 + 0.73 - -

J = P
4 + E2 32.7 + 1.0 35.1 + 3.0 - -

K = P
4 + E2 35.3 + 4.3 36.4 + 1.0 - -

-



quantitative, being 98.5 2:. 3.3% (X + SEM) in 30 experiment.s (expected 

vs observed,least squares linear regression; slope = 1.00, intercept 

0.33, r = 0.97). However, when 8 ~l of serum was used, recovery 

declined to 68.4 + 3.8% (10 experiments). Figure 5 illustrates the 

effect of adding increasing amounts of anoestrous mare serum to the 

position of the LH standard curve. Analysis of variance of this experi-

ment showed that the standard curve was affected only by the greatest 

amount of serum added - i.e., 8 ~l (P < 0.05). However, no serum-LH 

interaction was observed (F.1.2. = 1. 335, n. s.) indicating that the slope 
40 . 

of the standard curve was not al ter,:!d by serum. These results are 

somewhat contradictory to those pre,3ented earlier, which showed parallel-

ism between t.he "serum-less" standaj"d curve and serum in amounts includ-

ing 8 ~l. It is possible that the particular anoestrous mare serum 

used in the recovery experiments, which by necessity contained extremely 

low LH concentrations, may also have contained substances which, when in 

high concentration in the assay inhibited testosterone production. Be-

cause of the extreme sensitivity of the assay, recovery experiments 

using 8 ~l of other sera, e.g. from dioestrous mares, were difficult, due 

to the higher LH content of these sera. Therefore, as a precautionary 

measure, assay of more than 4 VI of serum was avoided whenever possible. 

When not possible (almost always with anoestrous mares), serial 1:1 

dilutions of the samples were.included in the assay to check parallelism 

to the serum-less standard curve, and frequently a standard curve contain-

ing the same amount of serum as the unknm.,rns was also included. It should 

be emphasised once again that rarely was' lack of parallelism to the serum-

less standard curve observed, even at the highest serum concentrations 

used. 
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increasing amounts of horse serum. 
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4. Repeatability and Precision 

These statistics were not calculated for all assays; however, in 

a representative sample of 44 assays (all successful mouse assays between 

#49 and #133, i.e. - 50% of all successful assays done) interassay coeffic-

ient of variation (SD/X x 100) was 15.2% as determined from repeated assay 

of a serum pool diluted to fall in the mid-range of the standard curve; 

and 18.3% as determined from repeated assay of a serum pool diluted to 

fall in the upper range of the standard curve. within-assay variation 

over the LH range in which approximately 90% of serum samples were 

diluted to fall was 4.9% as determined in 14 assays from duplicate dilut-

ions of 113 serum samples randomly ~)laced within the assay (method of 

calculation from Rodbard, 1974). 

The index of precision 
c..'D/ (A = ~ slope) was calculated for the 25 

assays in Experiments 1 and 2, mean A being 0.043. This compares well 

with the value of 0.042 quoted by van Damme, Robertson and Diczfalusy, 

1974b). 

II. RADIOIMMUNOASSAY 

The LH radioimmunoassay system used was first described and 

validated for measuring LH in horse serum by Noden et ale (1974) and 

later modified and validated by Evans (1977). The present system con-

sisted of 125I-labelled ovine LH (NIH-LH-SI8)*, an antibody against ovine 

LH (GDN 15)* and equine standards eCI l-37). ~ecause of recent modificat-

ions to the assay, notably use of CI 1-37 as standard and alteration in 

incubation schedule, a brief description of assay methodology and validat-

ion of the altered system will be given. 

* Gift from National Pituitary Agency, Nat.ional Institute of Arthritis, 
Metabolism and Digestive Diseases, Bethesda, Maryland, U.S.A. and 
gift from Dr G. D. Niswender, Colorado' State University, Fort Collins 
Co., U. S .A. 
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,1,The Assay 

All reagents were added to the assay in assay diluent, which 

consisted of 0.,01 M P04 buffer (i.e., 0.295 gil NaH
2
Po

4
, 1-.15 gil 

Na2HP0
4
), 0.15 M NaCl, 0.1% EDTA, 0.28% egg albumen (crude powder, Grade 

II, Sigma Chemical Co.) and 0.08% NaN
3

, pH 7.35 - 7.45. 

Lyophilised anti-ovine LH was reconstituted as to instructions 

on the bottle, and stored at _20
0 

in 2 ml aliquots of a 1 in 40 dilution, 

until ,needed for the assay when a further dilution to 1 in 64,000 (in 

assay diluent) was made. 

ovine LH was iodinated to an approximate specific activity of 

60 - 100 ~Ci/pg by a modification of the method of Landon et al. (1967) 

. . 125 (. . uS1ng 1 mC1 Na I Rad10chem1cal Centre, Amersham, England), 20 yl 

0.5 M P04 buffer, pH 7.4, 20).lg Chloramine T in 10 yl 0.1 M P04 buffer, 

pH 7.4 and 5 Pg NIH LH S18 in 25 yl 0.01 M P0
4
-0.14 M NaCl buffer, pH 7.0. 

The reaction was stopped after 35 sec by addition of 120 Pg sodium 

metabisulfite in 50 yl 0.1 M P04 buffer, pH 7.4 followed by 100 yl of 

"carrier solution", consisting of 0.05 M P0
4 

buffer, pH 7.4 and 0.5% 

bovine serum albumin. Labelled hormone was separated from unreacted 

iodide by gel filtration, using a 1 x 22 cm Sephadex G-IOO (Pharmacia 

Fine Chemicals, Uppsala, Sweden) column and collecting approximate I? 

0.5 ml fractions. The column buffer consisted of 0.05 M P04 buffer, pH 

7.3 - 7.4, 0.1% bovine serum albumin, and 0.02% NaN
3

• A typical separat-

ion profile is shown in Figure 6. Fractions in the peak of protein

bound radioactivity were pooled and stored in small a1iquots at _20
0

• 

The labelled hormone was generally repurified before use in the assay 

by gel filtration as described above, except that the column buffer con-

sisted of 0.01 M P0
4 

buffer, pH 6.8 - 7.0, 0.15 M NaC1, 0.02% NaN3 and 

1.5% bovine serum albumin. Hormone was iodinated at 2 - 3 week intervals 

and labelled hormone older than 3 weeks was not used. 
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Figure 6: Typical elution pattern of freshly iodinated ovine LH from 
a 1 x 20 em Sephadex G-100 Column. 
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. . ~ 125 
~ssay d~luent, serum, antI-oVIne LH and I-labelled LH were added 

to assay tubes by a highly precise and repeatable automatic diluting 

pipette (Micromedic Systems, Inc., Model 2500, Philadelphia, Penn., 

1 
U.S .1\. ). 

Incubation schedule was modified to that recommended by Hunter and 

Bennie (1979) as gi:ving greatest specific:Hy to human gonadotrophin radio-

i.mmunoa.ssays and was as follows: 

1) Day 1: Unknowns/standards' and' anti-oLH . serum combined' and 

incubated 16 ~ 20 h at room temperature. 

Standards were 0, 0~156, 0.312, 0.625, 1.25, 2.5, and 5.0 ng CI 

1-37/as.s3.Y tube and were added to the assay in 200 III of assay diluent. 

Generally .. 20 - 50 III of serum was needed for assay, and was added to 200 

]11 of assay diluent. An equivalent amount of low LH mare serum (generally, 

a pool of anoestrous mare and late pregnant (> 300 d) mare sera) was added 

to all standard tubes . Finally, 200 III of anti-oLH serum (1 in 64,000 

. dilution) was added to all tubes, except "blank" tubes (to which 200 III 

assay diluent was added to 200 III diluent plus the appropriate amount of 

serum; these tubes were used to calculate non-antibody-bound counts in the 

final precipitate), and "total counts" (empty at this point) . The ass'ay 

was incubated in the dark, in a small windowless room in which temperature 

was reasonably constant throughout the year. 

2} Day 2: 
o 125 

Assay brought to 4 and 18,000 - 25,000 cpm I-oLH 

added to all tubes in 2001l1assaydiluent~ Assay inCUbated 

at 40 for 24 ~ 48 h. 

125 
Added with the I-oLH was 0.7 Ill/tube of non-immune rabbit serum. 

lTlte machine was loaned to the Veterinary Department by the 
Endocrinology Unit, the Princess Margaret Hospital, Christchurch. 
Use of the machine was deeply appreciated by the author. 
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3). Day 3 or 4: 0.41 units goat anti-rabbit gamma globulin 

(Calbiochem, San Diego, Calif., U.S.A.) added to all tubes 

except total counts and assay incubated 16 - 24 h at 4°. 

4) Day 4 or 5: Antibody-bound hormone separated from free hormone. 

This was achieved by centrifuging assay tubes at 1500 x g for 

o 20 min at 4 , after which the supernatant was removed from the pellet 

by decanting. Befo:r:;e centrifuging, 2 ml of "spinning down buffer"con-

sisting of 0.011 M P04 , 0.1% EDTA, 0.28% egg albumen, and 0.08% NaN
3

, 

pH 7.4 (Evans, 1977) was added to all tubes (except total counts) to 

dilute the amount of radioactivity in any supernatant remaining with the 

antibody pellet. The pellets were then counted in a standard ganma 

counter. 

Assay Design 

The most common design used was one-point assays of unknowns 

in duplicate. Occasionally, unknowns were also assayed at a 1:1 dilution 

when the possibility of non-parallelism between unknown and standard curve 

existed (e.g., if the sample had been collected immediately after GnRH 

. administration). Standards were assayed in quadruplicate. Immediately 

after addition of serum to the assay, the tubes were completed randomised 

according to a table of random numbers. This step was precautionary to 

prevent bias in results due to position of samples in the assay. As an 

additional quality control measure, duplicate "zero" tubes (diluent, 

anti-oLH, l25I-oLH and anti-rabbit ganmla globulin) were placed at 50-tube 

intervals to check "drift" in antibody binding throughout the randomised 

assay. Tubes were restored to numerical order just before counting. 
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Assay Analysis 

Results were calculated by a computer program (Burger et al., 

1972) for a least squares fit of the standard curve to the equation 

y = A 
(c + XE) , where Y = counts antibody bound, X = LH concentrati.on, 

and A, C and E = constants determined by the computer program. Burger's 

program was modified to correct for the presence of non-antibody-bound 

counts in the pellet in a way similar to that described for the comparable 

calculation in the testosterone assay. Briefly, it was assumed that the 

ratio non-antibody-bound counts:free counts was a constant that could be 

determined from counts present in "blank" tubes (1.. e., tubes containing all 

reagents BUT antibody). 

The computer program also calculated the precision of measurement 

along the standard curve and the standard error of the sample potency 

estimate. 

Validation of Modified Assay procedure 

Quantitative recovery of LH added to serum and specificity have 

already been demonstrated in this assay system by Evans (1977), as well 

as parallelism between dilutions of serum and equine pituitary LH. 

However, since a different preparation of equine pituitary LH was used in 

these experiments, it was necessary to show parallelism between serum 

dilutions and the new standard. This problem was approached, as with the 

pioassay, in two ways: 1) in assays specifically designed to test 

parallelism in which 3-point dilutions of serum from horses in various 

physiological states were compared with the standard curve, and 2) in 

routine assays in which 2-point dilutions of unknowns were compared with 

the standard curve. Statistical analysis of the 2 approaches differed. 
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Approach 1): Because the computer program used to analyse the immund-

assay did not linearise the dose-response curve, traditional methods 

for evaluating parallelism could not be used. Table 3 shows potency 

estimates + standard error of 3 serial dilutions of various sera. 

LH concentration in ng/ml was calculated from each dilution for each 

sample and these data submitted to two way analysis of variance in which 

treatment was dilution and serum sample's were replications. Analysis 

showed that dilution did not affect potency estimates (F~6 = 0.32, n.s.), 

and therefore parallelism between serum samples and standards was assumed. 

Approach 2): As with the bioassay, parallelism between 2-point dilutions 

of serum and standards was evaluated by paired t-test. Potency 

estimates derived from 2-point serum dilutions and classified on the basis 

of the physiological state of the horse from which the serum was collected 

are shown in Appendix lb. In each classification, paired t-test showed no 

reason to reject the hypothe~is that dilutions were parallel to the stand-

ard curve. 

Repeatability was not calculated for all assays; however, in a 

representative sample of 50 assays Call successful assays between #14 and 

#73 containing replicate standards, i.e. - 60% of all successful assays 

done), interassay coefficient of variation CSD/x x 100) was 12.1%, as 

determined from repeated assay of a low LH serum pool - and 12.4%, as 

determined from repeated assay of a high LH serum pool. within-assay 

variation over the LH range in which approximately 85% of serum samples 

fell was 3.4% as determined in 7 assays from duplicate measurements of 

68 serum samples randomised through the assay (method of calculation from 

Rodbard, 1974). 
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Table 3: Immunoactive LH concentration (+ standard error) in 3 serial 

1:1 dilutions of various sera. 

State of 
. Serum Added (111) 

Horse 25 50· 100 

dioestrus 2.1 + 0.1 5.3 + 0.2 11.0 + 0.5 - - -
/ 

dioestrus 2.9 + 0.1 5.8 + 0.2 12.2 + 0.5 - - -

dioestrus 6.8 + 0.4 16.6 + 0.7 30.7 + 1.3 - - -

post GnRH 1.1 + 0.1 2.6 + 0.1 6.3 + 0.2 - - -

post GnRH 14.1 + 0.6 29.3 + 1.3 56.1 + 3.2 - - -

oestrus 17.8 + 0.7 35.1 + 1.6 67.0 + 4.3 - - -

gelding 6.7 + 0.2 12.1 + 0.5 25.4 + 2.2 
- - -

gelding 3.8 + 0.1 6.7 + 0.2 14.3 + 0.9 - - -
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III. EQUINE LEYDIG CELL ASSAY 

LH receptors are pr~bably not identical on horse and mouse 

gonadal cells. Thus, the mouse Leydig cells used in the in vitro bio-

assay might not bind or respond to various forms of LH in the same way 

horse cells would, thereby providing inaccurate estimates of samples' 

biological activity in the horse. For this reason, attempts were made 

to develop an in vitro bioassay for LH using equine Leydig cells. These 

attempts were largely unsuccessful, with only 5 assays (all performed 

between October and December, 1979) offerin~ encouraging results. 

Protocol for and results from these "successful" assays will be presented 

below, as well as results of investigations into reasons for' failure of 

subsequent assays. 

MATERIALS AND METHODS 

Testes were from horses .::.. 2 years of age of various breeds (pony, 

thoroughbred, standardbred) and were collected by local veterinarians. 

"Successful" assays used testes from yeax-lings or younger; small 

(approximately 2 x 1 em) immature testes yielding best results. Inuned-

iately on removal, testes were placed in ice cold isotonic saline, sliced 

in several places to allow quick cooling and rushed on ice to the 

laborat.ory. Here, interstitial cells were dispersed and the testosterone 

production assay performed using the method described by Davies et al. 

(1979) for human testis. Briefly, testes were decapsulated, cut into 

approximately 1 g chunks, and incubated in tissue culture medium 199, 

pH 7.3 - 7.35, containing 1 mg/ml BSA and 1 mg/ml collagenase (Worthing

ton Type 1, Sigma Chemical Co.) for 10 min in a shaking water bath at 35
0 

(ratio M199:testis = 1 ml:1g). The M199 was bicarbonate buffered and 

this incubation was performed under 5% CO2 in °2 " After incubation, the 

testis chunks were diluted with 5 volumes isotonic saline, shaken several 

i-;· 
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times and freed cells separated from chunks by filtration through 

several layers of gauze bandage. Only partial dissociation of chunks 

into seminiferous tubules and interstitial cells was achieved by this 

procedure; mean yield of interstitial cells in successful assays being 

1.9 x 10
6 

cells/g testis (range = 1.2 - 3.4 x 106/g ). As with the 

mouse in vitro bioassay, vigorous attempts to identify cell types were 

not made; however, histologically most cells appeared to be Leydig cells 

(Dellman and Brown, 1976); many, especially in younger testes, having 

yellow' pigmented foamy cytoplasm. When tested by trypan blue exclusion, 

40 - 50% of these cells appeared to be viable. Red blood cells and 

spermatozoa were always present in CE.ll preparations; spermatozoal con-

tamina~ion increasing with testis size (and presumably maturity) • After 

separation from chunks, dispersed cel18 were sedimented by centrifuging 

1000 f 10 ' 40 d' 19 0 1 (1 11 at x g or mln at , resuspen ed ln M 9 - . % BSA m, g 

testis collagenase digested) and incubated under 5% CO
2 

in O
2 

for 1 h at 

:70 in a shaking water bath. Cells were then sedimented as described above 

and placed in M199 - 0.1% BSA, containing 100 D/ml heparin (Grade I, Sigma 

Chemical Co.) and 0.125 roM isobutyl-methyl xanthine (MIX, Sigma Chemical 

Co.) . The ratio M199:weight testis collagenase digested was 3 ml:lg; 

giving a mean cell concentration of 630,000/ml (range = 400,000 - 1,100,000 

cells/ml) . One ml of this cell preparation was added to 10 ml glass vials 

containing 1.1 ml standard LH o~ unknown in M199 - 0.1% BSA. The amount 

of LH per vial ranged from 0 to 5.6 ng cr 1-37. The selection of 5.6 ng 

as top standard was based on results of the first "successful" equine assay 

in which 1.68, 16.8 or 168.0 ng cr 1-37 or 0.15, 1.5 or 15 ru human chorionic 

gonadotrophin ChCG, "Chorulon", Intervet, Boxmeer, Holland} had been added to 

cells. Maximal stimulated secretion occurred at 1.68 ng cr 1-37 or 0.15 IU 

hCG. The serum samples in the "successful" assays were 4 pools, collected 

from mares in early or late oestrus, day 10 of dioestrus, or after GnRH 

administration. These were times at which the ratio of mouse biological: 
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immunological LH act,ivity in serum differed markedly (see l'ater). The' 

amount of serum assayed ranged from 20 - 100 ~l/vial. 'The assay was 

incubated under 5% CO2 in O2 for 3 h at 370 in a shaking water bath. 

After incubation, vials were placed in an ice bath, the contents trans-

ferred to Wasserman tubes and cells pelleted by centrifuging at 1000 x g 

for 10 min at 40
• 

o The supernatant was removed, heated to 80 /1 h and a 

portion assayed for testosterone, as described for the mouse bioassay. 

Occasionally, the supernatant was also assayed for androstene-dione and/or 

total oestrogens. The procedure for the androstene-dione assay was 

patterned after that for testosterone; 
, 1 

the antibody used cross-reacting 

5% with dehydro-iso~aridrostene-dione, 3.3% with DHAS, 2.4% with testoster-

one anQ < 1% with oestrone. 

The total oestrogen assay used a modification of the method of 

Palmer and Terqui (1971) in which oestrogen sulfates and glucuronides 

were hydrolysed by incubation with a crude preparation of limpet (Patella 

vulgata) digestive enzymes (prepared in the laboratory by the method of 

Levvy, Hay and Marsh, 1957). Free (i.e., unconjugated) oestrogen~ were 

then extracted with ethyl acetate and radioimmuno-assayed, using 3H-

3 
pestrone tracer (2,4,6,7 H-oestrone, Amersham, Batch 12), oestrone stand-

ards and an antiserum
2 

made in guinea pigs against a mixture of oestrone, 

oestradiol and oestriol. The antiserum was not completely characterised; 

however, under assay conditions at a final dilution oflin6000it specific-

ally bound 4.9 + 0.7 pg 3H-oestrone out of 29.3 ~ 1.9 pg added (X ~ SD, 

n = 4 assays) and 8.9 + 2.0 pg 3H-oestradiol out of 33.0 ~ 8.5 pg added 

(n = 3 assays). Surprisingly, cross reaction with androstene-dione was 

100%. The assay was successfully applied in the laboratory for mid-late 

pregnancy diagnosis in mares. 

IGift from Ruakura Agricultural Experimentation Station. 

2Gift from Dr J. Evans, Christchurch Women's Hospital. 

:.< , 
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Results 

Figure 7 shows the standard curve from the best equine Leydig cell 

assay. In this assay, the top LH standard, 5.6 ng/vial CI 1-37, stimulated 

secretion of 5B.0 ng testosterone compared with basal secretion (no LH 

added to vial) of 10.1 ng testosterone. In the other 4 successful assays, 

secretion stimulated by 5.6 ng LH ranged from 1.3 - 4.5 times basal rate. 

By comparison, maximal stimulated testosterone secretion in mouse Leydig 

cell assays was at least 10 times and commonly 30 - 40 times basal secret

ion. Basal and stimulated androstene-dione and/or oestrogen secretion, 

were measured in 3 "successful" equine assays. Results are shown in 

Table 4. 

Table 4: Steroid secretion by equine Leydig cells. 

! steroid secreted eng} 

Assay 
Testosterone Androstene-dione Oestrogen 

basal +5.6 ng LH basal +5.6 ng LH basal +5.6 ng LH 

1 10.1 5B.0 3.1 25.1 34.5 40.7 

2 4.7 21.0* - - 24.B 71.4* 

'3 1.0 4.4 0.2 0.7 5.7 IB.7 

* Secretion stimulated by 15 IU hCG 

In assay 1, the major steroid product of LH stimulation was 

testosterone, whereas in assays- 2 and 3 the major product was probably an 

oestrogen (note the low level of androstene-dione secretion in assay 3. 

The testes used in the 3 assays were from yearlings;' however, colt 1 was 

a pony and colts 2 and 3 horses. ~bus, the differences in steroids 

secreted in response to LH may reflect breed differences. 
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Table 5 compares mean potency estimates for 4 horse serum pools in 

equine and mouse in vitro bioassays. The 2 methods of assay ranked the 

potency of the pools identically and the ratio between activity in horse 

and mOUSE~ assays was very similar in all but the dioestrous pool, the LH 

levels in which were at the limit of detection of the horse assay. 

Further Experiments 

with these encouraging results, the equine Leydig cell assay was 

not at.tempted again until May, 1980. In this and subsequent assays, 

added LH increased cell steroid secretion very little or not all from 

basal Jevels. Sometimes, basal testosterone secretion was moderate to 

high (10 - 20 ng) and at other times immeasurably low; cells always appear-

ing equa~ly viable. Searching for reasons for assay failure, it was 

observed that in May 1980, bicarbonate buffered M199 had been replaced by 

HEPES-buffered Eagle's minimum essential medium, the 5% CO" in 02 cylinder , 

having been returned to the factory, and that a new type of collagenase 

was being used (Type II, Sigma Chemical Co.). Furthermore, winter was 

non-breeding season for horses, and it was possible that Leydig cell 

responsiveness to LH stimulation was reduced compared to summer levels. 

(Harris, 1980). When assay failure e~tended into the breeding season, this 

latter explanation was rejected. The assay was not improved by changing 

the collagenase type used (to Type III, Worthington Biochemical Corp., 

Freehold, N.J., u.s.A.l, supplementing collagenase with trypsin (62.5 mg/ 

10 g testis, GIBCOl or hyaluronidase (1500 U/I0 g testis, Hyalase QD 

Fisons Ltd, Loughborough, Leics, Englandl or omitting collagenase altogether 

(cells washed from finely shaved testis slices were almost always dead). 

6 
Increasing cell nlmllerS (up to 6 x 10 /vial) increased basal steroid pro-

duction but did not result in a response to added LH. Increasing the 

-maximum amount of LH added (to 168 ng) or substituting 15 IU hCG for 

cr 1-37 did not stimulate cell steroid secretion. Returning to tissue 
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Table 5: Potency estimates eng/ml, X + S.E.:l.) for 4 horse serum pools in horse 

and mouse in vitro bioassays. 

Oestrus Dioestrus Post-"GnRH 

Early Late Day 10 

Horse assay 17.7 + 5.1(3) 31.9 + 0.6(3) 9.9(1) 30.8(1) 

Mouse assay 23.6 + 0.9(2} 48.8 + 1.8(2) 8~0 + 0.3(3) 44.1 + 0.9(2) -

Horse ·assay 
0.75 0.65 1.24 0.70 

Mouse assay 

~---.--- - - - - -
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culture medium 199 (HEPES buffered) or changing the buffer back to 

sodium bicarbonate and incubating the assay under 5% CO
2 

in air did 

not alter results, nor did bubbling O2 through bicarbonate or HEPES 

buffered cells. Reasoning that assay failure could be explained by 

interference with LH binding to receptors, a radioreceptor assay using 

homogenates of horse testis was developed to test this possibility and 

to look for ways to improve receptor binding that could be applied to 

the in vitro bioassay. The method followed was adapted from that of Dr 

D.N. Ward (M.D. Anderson Tumor Institute, University of Texas, pers. 

COIlUll. ) • Briefly, decapsulated horse testes were homogenised in 0.025 M 

TRIS:2-amino-2(hydroxymethy1)propane-l:3-dio11-HCl buffer, pH 7.2, 

contaJning 6 roM MgC12 .6 H20 (buffer described by Cheng, 19751, using a 

Sorval1 Omni-mixer at top setting for 3 ~ 10 sec bursts. The ratio 

buffer:testis was 10 ml:l g. Homogen.ised testis was £i1. tered through 4 

1 f b d d t 'f d t 1500 x g for 15 m~n at 40
• ayers 0 gauze an age an cen rl uge a ~ 

This pellet was discarded and the supernatant poured into weighed 

centrifuge tubes and spun at 15,000 x g for 15 min. The pellet was 

retained and resuspended in TRIS buffer to a concentration of 25 mg 

pe11et/200 ~l buffer. 200 ~l of this preparation was incubated in 

Wasserman tubes with various amounts of equine LH (4.2 16.8 ng/tube 

CI 1-37) or excess hCG to determine non-specific binding (10 - 20 IU 

Choru1on) in 300 ~l TRIS buffer for 1.75 h at 370 in a shaking water bath. 

Labelled hCGl (1251 =: 1abe11 was added to all tubes for the last 20 min 

of incubation (50 .. 000 cpm in 50 }l1. TRIS buffer was added). To precipit-

ate the testis homogenate after incubation, 1 ml of 15% po1.yethy1.ene 

glycol 6000 CBDH Chemicals ;Ltd) in TRIS buffer was added and tubes 

I This highly purified hCG was a gift from Dr R.E. Canfie,ld (Columbia 
University) .to Mr C.M. Lengoc. The hormone used in these studies 
was iodinated to a specific activity of approximately 24 ~Ci/~g by 
Mr Lengoc, using 0.25 mCi Na12S I (see Lengoc and Irvine, 1980, for 
method) . 

.. ".--~<-:-; 
t~:-:·;·::-=·.:,:·;·:-:;.:;<-: 
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centrifuged at 1500 x g for 20 min at 4 • The supernatant was removed· by 

aspiration, the pellet washed once with 1 ml ice cold TRIS buffer, and 

then counted in a standard gamma counter. 

In 5 assays, the per cent 125I _hCG specifically bound to the pellet 

in the absence of added hormone 

(total counts pellet bound~counts bound in presence of excess hCG x 100) 
total counts added 

ranged from 8.7 - 29.4%; the ratio of counts nonspecifically:specifically 

bound ranging from 0.25 to 1.4. No relationship between testis age or 

size and quality of assay results could be detected (see Table 6). 

, d' 1 125. , h 
F~gure 8 compares the ~sp acement of . I-hCG by equ~ne LH from omogen-

ates of 3 different testes. Again, results were similar and inde;)endent 

of testis age or size. When the radioreceptor assay was run in t:'.ssue 

culture medium (HEPES buffered M199) specific binding was reduced tc 

approximately half that, in TRIS (14.3% vs 8.6%, TRIS vs TCM, mean of 2 

th 
' .. counts nonspecifica11ybound 

assays), without affecting e rat~o counts " , counts spec~f~cally bound 

(0.9 vs 1.0, TRIS vs TCM} . These results suggested that an alternative to 

TCM in the equine bioassay should be found. since the TRIS buffer used in 

the receptor assay was not isotonic to Leydig cells, a TRIS buffered balanced 

salt solution was selected (TBSS, 90 roM NaCl, 3.5 roM KC1, ImM CaCl2 , 10 mM 

MgS0
4

.7H
2
0, 0.23 roM Na2HP0 4 .2H20, 0.29 roM KH2P0

4
, 16 mM TRIS, 5roM citric 

acid.1H
2

0, 10 roM glucose, pH 7.3; Paul (1970». TBSS could be substituted 

for tissue culture mediuml in the mouse Leydig cell assay with little effect 

on basal or maximum stimulated testosterone secretion (TCM, no LH = 102 ~ 

78 pg testosterone, 100 pg LH = 1008 ~ 342 pg; TRIS, no LH = 83 ~ 11 pg, 

100 pg LH = 924 ~ 355 pg, X ~ SD, mean of 2 assays). However, when tested 

first in the horse radioreceptor assay, TBSS, like TCM, reduced specific 

binding to receptors (assay 1: 11.9% vs 6.3%, TRIS vs TBSS; assay 2: 

29.4% vs 24.1%). In assay 2, an equine LH standard curve was included and 

its slope was markedly flattened by TBSS (logit-log dose slope: + TBSS = 

-0.4, - TBSS = -2.6), Reflecting these results, little improvement in the 
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b 125'. . ( ) . Ta le 6: Per cent I-hCG speclflcally bound SB and ratlo of counts 

nonspecifically:specifically bound (NSB:SB) in radioreceptor 

assays using homogenates of 5 different horse testes. 

Testis Code Description of Donor % SB _ NSB:SB 

* 

B* 

0* 

E* 

F 

G 

12 month old pony testes 4 x 7 cm, 
weight = 100 g/testis, homogenate 
stored frozen and thawed for 
assay. 

Yearling horse, testes 1.8 x 2.4 cm, 
weight = 30 g/testis; homogenate 
used fresh in assay. 

2 year old horse, testis weight = 
163.7 g; homogena':e used fresh 
in assay. 

11 month old horse, testes 1.8 x 2.4 
em, weight - 30 g/te:;tis, 
homogenate used fresh in assay. 

Pool of 5 pairs of horse yearling 
testes, weight range = 30 - 60 g/ 
testis, homogenate used fresh in 
assay. 

Assays run together using same reagents. 

8.7 0.25 

11.8 1.4 

16.8 0.33 

29.4 0.31 

11.9 0.34 
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equine in vitro bioassay was observed when TESS was substituted for TCM. 

As another approach to the problem, radioreceptor assays using equine cells 

dispersed by gentle agitation of small chunks of testis were attempted in 

TRIS, TBSS and TCM with or without HEPES buffer. Sucrose· (O. 3 M) \vas 

added to the TRIS buffer in an attempt: to make the buffer isotonic
l 

for Ley-

dig cells. In the 5 experiments done, the number of cells added ranged 

6 
from 3.2 to 13.8 x 10 /tube. 

125 
Very little specific binding of I-hCG by 

cells was observed in any experimen"c; however, slightly more binding/l0
6 

cells occurred in TRIS-sucrose than other buffers: % . counts specifically bound 
106 cells 

6 
= TRIS-sucrose, 0.61%; TCM + HEPES, experiment 1, 0% (6.8 - 13.6 x 10 cells 

add~d), experiment 2, 0.5%; 
6 

TBSS, Ot (6.5 x 10 cells added). Although 

6 x 10
6 

Leydig cells represent 1.5% cf total Leydig cells in a 30 g colt 

testis (calculations based on values given by Johnson and Neaves, 1981), it 

is possible that the number of LH receptors present in the assay was con-

slderably less than when 25 mg of a homogenate consisting largely of cell 

nembranes was added. 

Having concluded that TBSS and TCM reduced but did not prevent LH 

receptor binding in horse testis homogenates and possibly in dispersed 

Leydig cells, it was decided to change the line of attack to one suggested 

by Labruzzo et ale (1980) who reported that testosterone secretion by 

small chunks of horse testis (- 600 mg) could be stimulated by incubation 

with 100 IU hCG. Following Labruzzo's method, but using only 160 mg of 

tissue in TBSS and 10 U hCG or 16.8 ng eLH, it was observed that chunk 

testosterone secretion was stimulated 2.0-fold over basal secretion by 

hCG and 2.6-fold by eLH. However, replication of results was very poor, 

even though chunks were weighed to allow correction for differences in size 

and the assay was not sensitive enough to measure serum LH levels. Never-

theless, results suggested that cell dispersal was also a factor in assay 

failure. Partially homogenising testes into a slurry of pipettable cell 

1 1 ,. , Actual y calculatlons went Sllghtly astray and thlS TRIS-sucrose 
buffer was hypertonic (approximately 400 mOsm cf 280 for "physiological 
saline"). 

-.' -.", .. ". ',' '-'~", -," .'. 

',-.'.-
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cell clumps (50 - 60% alive by trypan blue exclusion) did not improve 

the assay, nor did the addition of prostaglandin synthetase inhibitor 

(2.5 mg/50 ml TBSS, flunixin meglumine, FINADYNE~ Vetco Products Ltd, 

Auckland) to collagenase dispersed cells. Fuchs and Chantharaksri 

(1981) showed that LH stimulated but not basal testosterone production 

by rat testis in vitro was inhibited by prostaglandin F
2a 

and enhanced 

by addition of a prostaglandin synthetase inhibitor Cdiclofenac sodium). 

It was possible then that disruption of horse testis caused prostaglandin 

synthesis and/or release, which contributed to assay failure. However, 

if this were the case, flunixin at the concentration used did not remedy 

the problem . 

. In March 1982, attempts to dE.velop an equine Leydig cell.in vitro 

bioassay were reluctantly halted. After 3 years of experiments, reasons 

for the assay's initial success seemed less understandable than those for 

subsequent failures. Results suggested cell dispersal to be a delicate 

step in the procedure, and it is possible that type and/or batch of 

collagenase used were critical for assay success. Reports of the effect-

iveness of collagenase in successfully dispersing various tissuE'S have been 

contradictory (Paul, 19701, probably because of difficulty in producing 

a standard collagenase prepa'ration and controlling the activity levels of 

contaminating enzymes (Sigma Chemical Co. Catalogue, 1982). A.1ternat-

ively, it is possible that a potentially successful remedy was applied to 

testes that would have been unresponsive under ideal conditions. 
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C HAP T E R ~I. 

BIOACTIVE AND IMMUNOACTIVE LH LEVELS IN SERUM OF 

CYCLIC AND SEASONALLY ACYCLIC MARES 
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The purpose of these experiments was to measure serum LH levels 

th:r;ough the mare's oestrous cycle by in vitro bioassay and then to compare 

biological LH activity with immunological. 

A. EXPERIMENTAL ANIMALS 

The 14 mares used in these Experiments 1 and 2 were 400 - 600 kg 

Standarabreds, 3 - 14 years of age (see Appendix 2 for individual descript-

ion of these mares) • The mares were kept in groups in paddocks at one of 

three locations within a 20 km radius of Lincoln College: 1) Lincoln 

College Research Farm, 2) a commercial standardbred breeding farm (Nevele R 

Stud, Prebbleton), or 3) the author's l5 acre property (see Appendix 2). 

During the experiments, all mares were maintained solely on mixed sward 

pastures. All except two mares were non-Jactating. Mares were "teased" 

to determine sexual receptivity (oestrus) daily at locations 1 and 3, and 

every other day at location 2 until oeEtrus was detected, after which mares 

were teased daily for the rest of the experiment. Teasing techniques were 

similar at the 3 locations. The stallion approached the mares across a 

gate (locations 1 and 31 or teasing crush (location 2) and was allowed to 

smell, nip, and nuzzle the mares, but not to mount. Mares were considered 

to be in oestrus if they displayed several of the behavioural responses to 

the stallion described by Ginther (1979}, e.g. clitoral winking, urinating, 

posturing, absence of hostil"ity (see Gallagher, 1975, for further details). 

When the response of a mare to teasing was ambiguous, her ovaries were 

palpated per rectum and/or serum progesterone levels assayed. 



B. EXPERIMENTAL PROTOCOL 

Experiment 1 

Seven mares were bled once daily through an oestrous cycle (mean 

cycle length + SD = 23 + 2 days). Ninety per cent of the daily blood 

samples were collected between 0800and 1200 h. The oestrous cycles studied 

occurred between December and June. At approximately this latitude, the 

peak of the breeding season as indicated by greatest frequency of ovulation 

I 
is in January - February. All of the 4 cycles occurring during April or 

later began and ended with spontaneous periods of behavioural oestrus and 

2 of these were followed by at least 2 more apparently normal cycles 

(Mindanao and Orient Star). Of the 2 mares remaining (Descent and True 

Return), Descent was not teased regularly after the studied cycle and True 

Return began another experiment during which a moderate dose of GnRH was 

given daily for 30 days. One mare, Mindanao, was studied both in January 

and June to examine the effect of season on individual LH patterns. Thus, 

experiment I consisted of 8 cycles from 7 mares. Serum LH levels were 

measured by radioimmunoassay and in vitro bioassay. 

Experiment 2 

Eight mares were bled 3 times daily at approximately 6 h intervals 

from the first day of oestrus through the first day of dioestrus (mean 

length of oestrus ~ SD = 4 ~ l day). The cycles studied occurred between 

December and February. Serum LH was measured by radioimmunoassay and in 

vitro bioassay. 

lunpublished observations from studs in the area, and consistent with the 
report of Osborne (1966). 

- - --.".' 
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Experiment 3: Aim:to Compare Bio- and Immuno-active LH Levels in 

Seasonally Acyclic Mares 

Bio- and immuno-active LH levels were measured in 18 serum samples 

collected from 8 seasonally acyclic horse mares (see Appendix 2) in the 

course of several experiments. Mares were deemed to be seasonally 

acyclic on the basis of criteria similar to those described by Evans and 

Irvine (1977), i.e. the presence of small, hard, inactive ovaries as 

determined by rectal palpation, serum progesterone levels < 1 ng/m1 and, 

in some instances, induction of oestrous behaviour approximately 16 h 

after intramuscular injection of 1.5 mg oestradiol benzoate. Samples 

were selected for inclusion in this Eurvey because LH assays had been 

done in the same batch as those on experiment 1 samples and thus potency 

estimates should be directly comparable. 

In the'se and all subsequent experiments (except where noted), 

hlood was collected by jugular venepuncture and kept at 40 overnight, 

after which serum was recovered by centrifugation. Each sample was stored 

at _20
0 

in two separate a1iquots so that both bio- and immuno-assays could 

be done on once-thawed serum. 

STATISTICAL ANALYSIS 

Cycles were normalised.to the first day of dioestrus (= Day 1). 

It was felt that termination of sexual receptivity would provide as good 

if not better indication of physiologically significant changes in steroid 

environment than time of OVUlation. In "experiment 1, daily mean bio- and 

immuno-active LH levels were compared by paired t-test (using statistical 

programmes, lIP 41CV handheld calculator.). For both experiments, the ratio 

of bio10gical:immuno10gica1 (B:Il activity in each serum sample was calcu-

lated. Changes in the ratio during the studied period were analysed, 

after logarithmic transformation Ca log-normal distribution of the ratio 
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was assumed (Gaddum, 1945; see also Romani et al., 1977) by two-way 

analysis of variance with day of cycle as treatment and individual mares 

as replications. For the purpose of analysis of exper.iment 2, the 

3-daily samples were considered to give 3 estimates of a single daily mean 

B:I ratio. In both experiments, daily means were compared with Duncan's 

new multiple range test (Steel and Torrie, 1980) after analysis of variance 

indicated a significant F for treatment. To study the effect of season 

on cycle B:I ratio, experiment 1 cycles were arbitrarily classified as 

"mid-season" (completed earlier than 31/3, n = 4) or "late-season" (com

pleted after 31/3, n = 4). Analysi~'3 of variance was performed on the 

logarithms of the B: I ratios. Trea-:ments were considered to be season 

(mid or late) and day of cycle; the interaction between season and day of 

cycle was also analysed. 

For acyclic mares sampled more than once, mean bio- and immuno-

active LH levels were calculated. Mean LH levels were also calculated 

for each experiment 1 mare for the period between days 7 and 14 of 

dioestrus. This period was selected because, by both methods of assay, 

LH levels were stable and low (see Figure 9). Acyclic and dioestrous LH 

levels were compared by Student's t-test (41CV hand-held calculator). 

Bio~ and immuno-assay data was analysed separately. 

For acyclic mares sampled more than once, geometric mean B:I 

ratio was calculated. Geometric mean B:I ratio was also calculated for 

each experiment 1 mare for the dioestrous period defined above. 

Dioestrous and acyclic B:I ratios were compared, after logarithmic trans

formation, by Student's t-test. 

The analyses of variance were performed by the Lincoln College 

computer, using the general statistical program (GENSTAT V) 

at the Rothamsted Experimental Station. 

developed 
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RESULTS 

Levels of bio- and immuno-active LH during each of the 8 cycles 

in experiment 1 and the 8 oestruses in experiment 2 are tabulated in 

Appendix 3. Mean bio- and immuno-act.i ve LH levels (+ S. E .M.) during the 

8 experiment 1 cycles are shown in Figure 9. The patterns of LH 

measured by the two methods were similar throughout the cycle, except 

that bioactive LH ros~ earlier in the periovulatory surge and was sig-

nificantly higher on Days -6, -4, -2 and -1 than immuno-acti ve LH 

(P < 0.05). The geometric mean B:1 ratio during the grouped cycles 

was 1.15 (0.98:1.32, 99% confidence limits). However, this ratio varied 

significantly with day of cycle (p < 0.001) being high as. LH levels. 

increased during oestrus, but dropping sharply on the last day of oestrus 

to remain stable and low during dioest~us. A similar and significant 

(p < 0.001) change in B:I ratio was seen in experiment 2 (see Figure 10). 

Furthermore, 6-hourly blood samples showed that the late oestrus-early 

dioestrus decline in B:I ratio occurred smoothly in individual mares (see 

Figure 11 and Appendix 31. Analysis of variance indicated that there 

was- significant (P < O.OOl) variation between mares in B:I ratio in both 

experiments; cycle means in experiment 1 ranged from 0.63 to 1.98. 

Mares also appeared to differ in the extent and duration of change in B:I 

ratIo during the cycle. Part of this variability could be attributed to 

the significant effect of season on cycle B:I ratio (p < O.OOS). Mean 

B:1 ratio during mid-season cycles was l.Ol while during late season 

cycles it was 1.32 (least significant difference = 0.0731. No interaction 

22 
between season and day of cycle could be demonstrated (F l2S = 0.42, n. s. ) , 

implying that the pattern of change in ratio was similar in mid- and late 

season. However, comparison of graphs of daily mean B:I ratio during 

the grouped cycles from each of the two periods suggested that the extent 

of the late oestrous/early dioestrous decline in ratio was greater in mid-
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Figure 9: Mean LH levels measured by radioilnmunoassay and in vitro 

bioassay throughout the oestrous cycle in 8 mares. Day 1 = 

first day of dioestrus. Bars represent the standard error 

of the mean. Starred bioassay values are significantly dif

ferent to corresponding immunoassay values at the 0.05 level. 

Alsu shown is the daily geometric mean ratio of biological: 

immunological (B:I) LH activity in serum of the same 8 

mares throughout the oestrous cycle. Values without a common 

subscript are significantly different at the 0.01 level. 
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Figure 10. Daily geometric mean ratio of biological : immunological LH 

activity in serum of 7 mares bled 3 times daily from the first 

day of oestrus through the first day of dioestrus (Experiment 

2). Values without a common subscript are significantly differ

ent at the 0.01 level. 
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~igpre 11. Ratio of biological immunological LH activity in serum of 
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than late season (see Figure 12). This observation is supported by com-

parison of the pattern of B:1 ratio during January and June cycles of 

the same mare, Mindanao (see Figure 12). One experiment 2 mare, Tact Del, 

who had 13-day cycles, failed to show any change in B:1 ratio. Pro-

gesterone assay showed a transient increase in serum levels during the 

first few days of dioestrus with a sudden fallon the tenth day of 

dioestrus as the mare returned to oestrus. Despite repeated matings, 

this mare failed to conceive. Because of Tact Del's abnormality, her 

data were omitted from analysis. Mean LH levels in acyclic mares were 

significantly lower than dioestrous levels, regardless of method of assay 

ex.:!:.. SEM Bioassay:Acyclic = 3.6 .:!:.. O.~: ng!ml,dioestrous = 9.8 .:!:.. 2.8 ng!ml, 

t = 2.15, P < 0.05; R1A:Acyclic = 5.1 .:!:.. 0.7 ng!ml, dioestrus = 8.4 + 

1.2 ng!ml, t = 2.35, P <0.05). On th9 other hand, geometric mean B:'1 

ratio in acyclic mare serum was slightly but not significantly lower than 

mean ratio in dioestrous serum (acyclic = 0.62, dioestrus = 0.98, t = 1.22, 

11.S.) • 
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C HAP T E RIll. 

INVESTIGATION OF FACTORS AFFECTING THE RATIO OF BIOLOGICAL 

TO IMMUNOLOGICAL LH ACTIVITY IN MARE SERUM 
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Figure 12: Daily geometric mean B:1 ratio in mid-season 
and late-season cycles. 
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The purpose of these experiments was to study the effect of 

GnRH and ovarian steroids on biological and immunological LH activity 

in serum; the possibility of interaction between releasing hormone and 

ovarian steroids in regulating both nature and levels of serum LH was 

also investigated. This section deals primarily with effect of treatment 

on the nature of serum LH. 

in Sections 2 and 3. 

MATERIALS AND METHODS 

Experimental Anirnals 

Regulation of LH levels is considered further 

Eleven of the 12 mares used in these experiments were Standard

bred and one, Lilalee, was Thoroughbred (see Appendix 2 for individual 

description of these mares). As in Experiments 1 and 2, the'se mares 

were kept in paddocks either on Lincoln College Research Farm or the 

author's property, and maintained on pasture supplemented during the 

winter with meadow hay. For the following experiments, seasonally acyclic 

mares were chosen on the basis of criteria described earlier under Experi

ment 3; however, the test dose of oestradiol benzoate was given only to 

mares in Experiments 4 and 8. 

Hormone Preparations 

GnRH: A synthetic preparation of the hypothalamic decapeptide 

GnRH (LH-RH/FSH-RH) ("Lutal") was a gift from Hoechst AG, Frankfurt, West 

Germany. It was provided in injectable form at a concentration of 0.2 or 

1. 0 mg /ml. 
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Oestradiol: Oestradiol benzoate in oil (Intervet Laboratories· 

Ltd, Bar Hill, Carobs) at a concentration of 5 mg/ml was used. 

Progesterone: 7.5 g progesterone (4-pregnene-3,20 dione, Sigma 

Chemical Co.) was dissolved in 10 ml ethanol and added to 90 ml of 

o 
previously heated (> 100 ) peanut oil. 

E~perimental Protocol 

Experiment 4: AIM: To study the effect of oestradiol treatment 

on bio- and immunoactive LH levels in serum of acyclic mares. 

Three seasonally acyclic mares (Lady Sherelle, Orient Star, and 

Lilalee) were bled once daily for 5 days, and then received the fol19win9 

course of oestradiol treatment: 

Day of Experiment 

(bay 1 = 1st day of sampling} 

6 

7 

8 

9 

Treatment 

Inject 1.5 mg oestradiol 
benzoate (E2B) i.m. 

Bleed at a and +4 h. 

Inject 1.5 mg E2B i.m. at 
o and +8 h. 

Bleed at 0, +4 and +8 h. 

Inject 2.0 mg E2B i.m. at 
o and +8 h. 

Bleed at 0, +4 and +8 h. 

Bleed. 

This course of oestradiol benzoate administration was the same as that 

used by Vivrette and Irvine (1979) and reportedly results in serum 

oestradiol levels approximately 1.5 times those of the normal periovulat-

ory surge. Mares were teased on experiment days 5 - 8, and all showed 

oestrous behaviour only after administration of E2B. 
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Experiment 5: AIM: To study the effect of progesterone 

treatment on bio- and immunoacti ve LH levels in serum 0 of acyclic mares. 

'I'his experiment began 8 days after completion of Expe:riment 3, 

and used the same 3 mares. At the time of this experiment, Lady 

Sherelle and Lilalee had some follicular activity and 8 days after the 

end of this experiment, both were spontaneously in oestrus with pre-

o'vulatory sized follicles in their ovaries. Orient Star's ovaries 

remained inactive during this time. The three mares were bled once 

daily for two days and then were given 75 m9 progesterone in oil i.m. 

twice daily at approximately 12 h intervals for two days. Daily mean 

serum progesterone levels induced by this treatment were 4.7 o :!:.. 1.1 ng/ml 

(J.E. Turner, pers. comm.), which are comparable to normal dioestrous 

levels found using this progesterone assay (Evans and Irvine, 1975) . 
. 

Blood samples were taken before each progesterone injection. 

Experiment 6: AIM: To study the effect of GnRH on bioactive LH 

in serum from cyclic mares in oestrus and dioestrus, and from seasonally 

acyclic mares, and to compare relative changes in bio- and immuno-active 

LH levels after GnRH in the three groups. 

a) November 1977 - January 1978: Three mares (Prentice, True Return 

and Mrs Oram) were given 0.5 mg GnRH i.v. once during oestrus and once 

during dioestrus (see Table 7 for the exact day of the cycle on which 

experiments were done). Prentice and True Return were treated first in 

oestrus, while Mrs Oram was treated first in dioestrus. Blood samples 

collected at -0.5, 0, 0.5, 1, 2, and 3 h from GnRH injection were assayed 

" , 1 for LH by ~n v~tro bloassay 

°lThis experiment was part of a larger study by Foster, Evans and 
Irvine I the protocol and results of which have been published in ,J. 
Reprod. Pert. 56:567-572 (1979). Dr Foster performed the LH radio
immunoassays on these blood samples using the ovine-ovine system as 
described by Evans and Irvine (1975). 
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b} , May - June 1980: Four mares (Descent, Tussle, Zany, and Safe, 

Dream) were given 0.5 mg GnRH i.m. once during oestrus· and once during 

dioestrus (see Table 7). Descent, Tussle and Zany were treated first 

in oestrus, while Safe Dream was treated first in dioestrus. Blood 

samples were collected from all mares at -0.75, -0.5, 0, +0.5, 1, 2 

and 3 h from GnRH injection. Zany and Safe Dream were also bled at 

+0.25, 0.75 and 1.5 h from injection. 

In both Experiments 6a and b, GnRH injections were separated by at 

least 8 days (see Appendix 2.) 

c} September 1980: Three seasonally acyclic mares (Lady She!':'elle, 

Orient. Star, and Lilalee) were given 0.4 mg GnRH intramuscularly ,rnd'bled 

at -0.3, 0, +0.5, 1, 2, and 3 h from GnRH injection. This experiment 

was done immediately before Experiment 4. 

Experiment 7: AIM: To study the effect of hourly pulses of GnRH 

on bio- and immunoacti ve LH levels in acyclic mares. 

Four seasonally acyclic mares (Kai Tere, Lady Sherelle, Orient 

Star and Prentice) were given a pulse injection of 0.25 mg GnRH intra

venously hourly for'6 h and were bled at 20 min intervals from l h before 

the first GnRH injection through 2 h after the last injection. Because 

of the large number of blood samples to be taken, cannulae (Portex .poly

thene tubing, PP 204, i.d. 1 rom, o.d. l.5 mm, Porte x Ltd, Hythe, Kent, 

England) were inserted under local anaesthetic (2 ml lignocaine hydro

chloride, "Xylocaine" 2%, Astra Chemical pty Ltd, N. Ryde, NSW, Australia) 

through a 14 gauge stainless steel needle into a jugular vein of each 

mare. The cannulae were stitched to the mare's skin and sealed between 

samplings by pinching over the exposed end and inserting the folded 

cannula into a short length of wider polythene tubing. Blood was pre-

vented from clotting in the cannulae by filling them with 5% EDTA in 
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Table 7: Day of cycle on which Experiments 6a and b mares were 

given 0.5 mg GnRH. 

Mare Experiment Day Qf Cycle 

Prentice 6a 1) Last day of oestrus. 

2) 11th day of dioestrus~\ 

Mrs Oram 6a 1) 10th day of dioestrus. 

2) 2nd day of oestrus (oestrus 
length = 7 days) . 

True Return 6a 1) 2nd day of oestrus (oestrus 
length = 3 days) . 

2) 5th day of dioestrus. 

Descent 6b 1) 3rd day of oestrus (oestrus 
length = 7 days) . 

2) 7th day of dioestrus. 

Tussle 6b 1) 2nd day of oestrus (oestrus 
length = 3 days) . 

. 2) 7th day of dioestrus. 

Safe Dream . 6b 1) 7th day of dioestrus .. 

2) 2nd day of oestrus (oestrus 
length = 4 days) . 

Zany 6b 1) 2nd day of oestrus (oestrus 
length = £1 days) . 

2) 7th day of dioestrus. 

1 
Day 1 first day of dioestrus. 
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normal saline between samplings. When withdrawing blood samples, the 

first 2 ml diluted with the EDTA solution was discarded. 

Experiment 8: AIM: To study the effect of pretreatment with 

oestradiol on bio- and immunoactive LH responses to hourly GnRH pulses 

in acyclic mares. 

Four seasonally acyclic mares (True Return, Lilalee, Bright Sea 

and Mrs Oram) were given 1.5 mg oestradiol benzoate intramuscularly daily 

for 8 days. On the last day of oestradiol treatment, the mares were 

given a pulse injection of 0.25 mg GnRH intravenously hourly for 3 h. 

Mares Nere bled at 2, 1, 0.5 and 0 h before the first injection and at 

20 min. intervals through 1.5 h after the last injection. 

not used in this experiment. 

Assays 

Cannulae were 

Bio- and immunoassays on sampl~s from Experiments 5, 7, and 8 

(and immunoassays on Experiment 4 and 6c samples) were made considerably 

later than those for Experiments 1, 2, 3 and 6a and b (1982 vs 1980-81). 

In the time between the two batches of assays, the LH standard appeared 

to have gained immunopotency (as sho~1 by decreased potency estimates in 

the RIA of the replicate serum standards) resulting in elevated B:I 

ratios in the later experiments. Thus, to facilitate comparison of the 

effect of- these experiments on B:1 ratio, all data have been presented 

as per cent pretreatment B:I ratio. 

Statistical Analyses 

NB: Analysis of the effect of GnRH treatment on LH levels (i.e. Experi

ments 6, 7 and 8) will be presented in Sections 2 and 3. 
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·Experiment 4: ~he effect of oestradiol on LH levels was 

assessed by analysis· of variance,· in which mean pretreatment LH levels 

were compared with mean levels during oestradiol treatment. 'l'he. 

multiple blood, samples within each period were considered to give 

replicate estimates of each mean. Individual mares were considered to 

be treatment replications. Bio- and immunoassay data were analysed 

separately. The effect of oestradiol on B:I ratio of serum LH was 

evaluated by analysis of variance as described above after transformat-

ion of data to log (B:I ratio}. 

·~xperiment 5: This experiment could not be analysed because LH 

levels if; two of the mares frequentlY' fell below the limit of detection 

of both bio- and immunoassays. 

Experiment 6: Data from cyclic mares were pooled for analysis 

of variance (see Figure 16 for justification for pooling) . The model 

used was a split plot in time, in which mares were replicates, stage of 

cycle (oestrus or dioestrus) was the main factor, and sequential blood 

samples after GnRH, subfactors (see Steel and Torrie· (1980). Ch. 16.5 for 

discussion of the split plot in time model, and Garcia et ai .. (1979) for 

its application to analysis of treatment effects on hormone levels in 

sequential blood samples) . In a separate analysis, data from acyclic 

mares were combined with those from cyclic mares for one-way analysis of 

variance to compare the effect of physiological state (oestrus, dioestrus, 

acyclic) on relative change in B:I ratio after GnRH. Treatment means 

(i.e., physiological statesl were compared when necessary with Duncan's 

new multiple range test}. 

Experiments 7 and 8: Mean B:I ratios for periods before and 

between GnffiI pulses were calculated for each mare from the multiple blood 

samples taken. These data were then expressed as log (B:I ratio) and sub-
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mitted to analyses of variance in which treatment was number of GnRH 

pulses received (i.e., no pulse, 1 pulse, 2 pulses, etc.) and mares, 

treatment replications. For Experiment 8, treatment means were compared 

with Tukey's W test (Steel and Torrie, 1980, pg 185). 

RESULTS 

Experiment 4: Mean levels (+ S.E.M.) of bioactive LH in serum 

of three acyclic mares before, during and after oestradiol treatment 

are shown in Figure 13a. Mean immunoactive LH levels (+ S.E.M.) are 

shown in Figure l3b. 

Both bio- and immunoactive LH levels were slightly but not sig-

nificantly lower during oestradiol treatment than before. (BIO: no 

E2 3.17 ng/m1. E2 :::: 2.38 ng/ml, 
1 

F
20 

:::: 2.98,NS. RIA : no E2 :::: 1.92 ng!ml, 
--' 

E2 1. ,45 ng/ml, 
1 3.71, NS) . Oestradiol did not significantly = F .:::: 
20 

alter the ratio of bio:immunoactive LH in serum (mean pos~~treatAent 

ratio 
1 

:::: 100% pretreatment, F35 0.002, NS). 

Experiment 5: Mean levels C~ S.E.M. where possible) of bio-

active and immunoactive LH in serum of three acyclic mares before and 

during progesterone treatment are sho~~ in Figure 14. As noted under 

Statistical Analyses, this experiment could not be analysed because LH 

levels in Lady Sherelle and Orient Star frequently fell below the limit 

of detection of both immuno- and bioassays. The results have been 

presented here, to demonstrate the unexpected surge in bio- and immuno-

active LH in all three mares on the morning of the second day of progester-

one treatment. 

Experiment 6: Mean levels (+ S.E.M.) of bioactive LH before 

and after GnRH given in oestrus and dioestrus are shown for Experiment 6a 

and b mares in Figures l5a and l5b respectively. Mean immunoactive LH 
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Figure 13: LH leVels in acyclic mares before, during and 
after treatment with oestradiol (Experiment 4). 

a) Bioassay 
E2 Treatment 

b) Radioimmunoassay 

1 2 3 4 5 6 7 8 

Day of the Experiment 

Bars indicate the standard error of the mean. 

: .-;-';'-. -~:;,~" .. ~ -.-. 

- .. --.- ..... - ... --

i •• ," •• ':_,':_>:'.". '.~: 

9 



riqure 14: Mean LH levels in acyclic mares before and during 
treatment with progesterone (Experiment 5) . 
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1 

levels for 6b mares are shown in Figure 15c. Figure 16 compares for 

each of the seven mares post-GnRH B:1 ratio (expressed as per cent base-

line ratio) in oestrus and dioestrus experiments. Mean change in B: l' 

ratio over the three hours afte,r GnRH injection is shown 'for the two 

cycle stages in Figure 17. 

After GnRH, the change in B:1 ratio was significantly greater 

1 
(P < 0,001, F6 = 98.91 in dioestrus than in oestrus, B:1 ratio dropping 

:in relat:ion to baseline 'in dioestrus, but not in oestrus (oestrus mean = 

104.1% baseline, dioestrus mean. = 56,5% baseline, los'.d. (p < 0.01) = 17.7). 

When oestrous and dioestrous experiments were grouped, there was a signifi-

3 
cant effect of time of sampling after GnRH on B:1 ratio (P < 0.05, F36 = 

2.73), wLth the half hour sample having a lower B:1 ratio than the remain-

ing sampl~s. However, when the two cycle stages were considered independ-

ently; no significant effect of sampling time on B:1 ratio could be demon-

strated at either dioestrus' or oestrus using Duncan's new multiple range test. 

Mean levels (+ S.E.M.) of bio- and immunoactive LH i~ three acyclic 

mares before and after GnRH injection are, shown in Figures 18a and 18b. 

Mean change in B:1 ratio over the three hours after GnRH injection is shown 

in Figure 18c, When per cent change in B:I ratio induced by GnRH in these 

acyclic mares was compared with data from cyclic mares, a highlY significant 

(p < 0.005) effect of the physiological state of the mare was observed, with 

the change in ratio after GnRH being significantly greater in dioestrous 

mares than either acyclic or oestrous mares. Per cent change in acyclic 

mares (103.2% baseline) and oestrous mares (104.1% baseline) were not sig-

nificantly different. 

'Experiments 7 and 8: Mean levels'(+ S.E.M.} of bioactive LH in 

three acyclic (Experiment 7) and four acyclic-estradiol-treated (Experiment 

,Ell ,mares before,during andq.fter hourly pulse injections of GnRH 

1 
To avoid confusion, results of Dr Foster's immunoassay (i.e. Experiment 
6a mares) have not been shown here, since his use of a different equine LH 
standard to C1 1-37 yielded radically different potency estimates to those 
presented elsewhere in this thesis. 
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Figure lSa: Mean LH levels (and S.E.M.) in 3 mares before and after injection of 0.5 mg 
GnRH in oestrus and dioestrus. 
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Figure ISb: Mean LH levels (and S.E.M.) in 4 mares before and after injection of 
0.5 mg GnRH in oestrus and dioestrus. 
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Figure lSc: Mean immunoactive LH levels (and S.E.M.) in 4 mares before and after 
injection of 0.5 mg GnRH (at arrow) .in' dioestil.''lls. and Qest.r1J.s ... , 
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Figure 16: Change in .B:I ratio (expressed as % pre-injection value) 

after 0.5mg GnRH given in oestrus and dioestrus to 7 mares. 
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Figure 17. Mean B:I ratio (expressed as % baseline value) afterC.TI:I~.H 
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Figure 18: Mean L~ levels (and S.E.M.) in 3 acyclic mares 
before and after injection of 0.4 mg GnRH. 
Ratio of bio-:immunoactive LH in each serum 
sample is also shown. 
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are shown in Figures 19a and 20a respectively. Corresponding immuno-

assay data appear in Figures 19b and 20b. Data from one Experiment 7 

mare (Lady Sherelle) have been omitted from analysis, since pre-GnRH 

levels fell below the sensitivity of the immunoassay. In Experiment 7, 

analysis of variance detected no significant effect of repeated GnRH 

6 
injections on B:I ratio (see Figure 19c, F14 = 0.438). By contrast, 

analysis of Experiment 8 revealed a highly significant effect (P < 0.001) .'. _. -. < •. ". -.->--." 

of GnRH pulses on B:I ratio, the ratio increasing markedly (p < 0.01) after 

the first injection and rising slightly but not significantly after the 

second and third injections (see Fiqure 20c). 

NB: Fpr all the above experiments, data from individual mares appear in 

Appendix 3. 

DISCUSSION 

The pattern of immunoactive LH levels in serum during the oestrous 

cycle described here agrees with that reported by others (Whitmore, Went-

worth and Ginther, 1973; Geschwind et ai., 1975; Evans and Irvine, 1975). 

Although the pattern of bioactive LH levels was qualitatively similar to 

this, it was not identical so that the ratio of bio10gica1;immuno10gica1 

LH changed significantly during the cycle; being high as LH levels rose 

during oestrus but falling sharply on the last day of oestrus to remain 

stable and low through dioestrus. Changes during the ovulatory cycle in 

relative j:n vitro biological and immunological potency of serum LH have 

been reported in other species having sia1y1ated polymorphic luteinising 

hormones. In an extensive study of daily blood samples from 40 cycles 

from 8 women, Robertson et ai, (1979), using the mouse testosterone pro-

duction assay (mT~A). and a homologous inununoassay, observed a small but 

significant depression in B:I ratio at the ovulatory LH surge. By con-
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Figure 20: Mean LH levels (and S.E.M.) in 4 acyclic oestradiol-treated 
mares before and after hourly injections of 0.25 mg GnRH (at 
arrows) . Me'an ratio of bio: immunoacti ve LH in serum before 
and after each injection is also shown. 
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trast, Dufau et ale (1976a), using the rat testosterone production assay 

(rTPA) and anti-hCG in a homologous immuno-assay found no consistent 

change in B:I ratio in three human cycles. These conflicting results may 

be due to differences in assays used; however, they more probably stem 

from the inadequacy of sample size in the Dufau work. Unlike women in 

1 
either report, rhesus monkey females were observed to have a 3'- 4-fold 

increase in B:I ratio at the ovulatory LH surge (Dufau," Hodgen, Goodman 

and Catt, 1977; Neill, Dailey, Tsou and Reichert, 1977: rTPA/ovine-ovine 

RIA) • Interestingly, recent work in which monkeys were bled intensively 

around the time of ovulation has shown that "the bioactive LH surge begins 

approximately 5 h before the immunoactive surge (Marut et al., 1931; 

mTPA/oyine-ovine RIA). On the other hand, with radioreceptor as"3ay 

(hCG-porcine granulosa cells) and the ovine-ovine RIA, a significant 

decrease in B:I ratio .at the LH surge was found in rhesus females (Sakai 

and Channing, 1979). Explanations offered by all groups for the changing 

B:J ratio in serum LH involve speculated alterations in the nature of the 

circulating hormone. For the human, Robertson et ale (1979) have sug-

gested that the lowered mid-cycle B:I ratio is due in part, to the 

incrE:ased secretion of gonadotrophin subunits, which has been reported to 

occur at this tim~ (Hagen, McNatty and McNeilly, 1976)2 or after maximal 

Gn~H stimulation (Hagen and McNeilly, 1975). Subunits may cross react in 

the radioimmunoassay depending on the quality of reagents, but arebio-

logically inert (Suginami, ~obertson and Diczfalusy, 1978). For the 

rhesus, it has been su~gested by all workers that the altered mid-cycle 

1Rhesus LH is presumed to be sialylated (see Peckham and Knobil, 1976a) 
but this has not been verified by chemical analysis. 

2 Robertson et ale appear to have misinterpreted Hagen, McNatty, McNeilly's 
paper. Although subunit secretion DID increase during the LH surge, per 
cent change in serum subunit levels appears to have been LESS than per 
cent change in intact LH. If the ratio of intact LH to subunit in 
serum did not decline during the LH surge, the drop in B:I ratio observed 
cannot be attributed to an increase in degree of subunit interference in 
the RIA. 
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B:I ratio results from a structural modification of the LH molecule, 

probably a change in carbohydrate composition. In this case, the con-

tradictory results may be explained by different type of assay used by 

Channing and Sakai (1979) to measure "biologically active" LH, since 

modification of the carbohydrate portion of the LH molecule may affect 

binding and steroidogenic potencies in opposite ways (see later, Moyle 

Bahl and Marz, 1975). For the horse, alterations in the carbohydrate 

composition of the hormone would seem the more plausible explanation of 

the two offered for changes in B:I ratio of serum LH, since (I) in the 

horse, like the monkey, ratio of steroidogeriically potent to inununo

reacti ve LH rises with LH levels, and (2) a decreased ratio pers:bts 

through dioestrus when LH secretion rate and presumably pituitary stimu

lation (and subunit secretion) are minimal. 

Much evidence ~xjsts to suggest that the potency of gonado

trophins in·various biological assays and radioinununoassay is affected 

differentially by carbohydrate, particularly sialic acid, content. 

Because sialic acid increases the survival time of glycoproteins in 

plasma, possibly by reducing binding to hepatocyte membranes and con

seque~t degradation in the liver (Morrell, Gregoriadis and Scheinberg, 

1971; Pricer and Ashwell, 1971), it is not surprising that human and 

horse gonadotrophins lose considerable in vivo biological potency when 

sialic acid is enzymatically removed (Braunstein et ai., 1971; Dufau, 

Catt and Tsuruhara, 1971; Tsuruhara, Dufau, Hickman and Catt, 1972; 

Schams and Papkoff, 1972; Yang and Papkoff, 1973). The desialylated 

hormone would have a shorter plasma half-life and duration of action than 

intact hormone, and therefore reduced potency in standard in vivo bio-

assays. Desialylation of human LH and hCG also seems to affect in vitro 

biological activitYlincreasing potency in radioreceptor assay (rat ovary, 

hCG, Tsuruhara et ai., 1972; rat Leydig cell, hCG, Moyle, Bahl and Marz, 

1975) but decreasing steroidogenic potency (rat Leydig cells, hCG and hLH 
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Dufau et al., 1971; rat Leydig cell, hCG, Moyle et al., 1975; monkey 

granulosa cell, hCG, Channing and Bah1, 1978). Conversely, desialylat-

ion of equine gonadotrophins has been reported to enhance steroidogenic 

potency (rat TPA, eLH, PMSG, Aggarwal and Papkoff, 1981; rTPA, cAMP 

accumulation assay, PMSG, Moyle et al., 1978). Interesting parallels 

can be drawn here with the insulin receptor, desia1y1ation of which has 

been reported to uncouple insulin binding and cell response (Jacobs and 

Cuatrecasas,1976). 

Finally, sialic acid appears to affect the ,antigenicity of 

glycoproteins, desia1ylated forms making better antigens than fully 

sialylated forms (Athineos, Thornton and Winzler, 1962). Thus, some 

antisera may recognise desialylated molecules more strongly than 

sialylated. Increases in radioinununoassay potency following sial~.c 

acid removal have been observed with hFSH (Vaitukaitis and Ross, 1971), 

equine FSH (Aggarwal and Papkoff, 1981) and hLH (Braunstein et al., 

1971), while no change in iWhunopotency was seen with desialylated hCG 

(Bahl, Marz and Moyle, 1974; van Hall et al., 1971) PMSG or equine LH 

(Aggarwal and Papkoff, 1981). 

Summarising the above observations: removal of sialic acid from 

gonadotrophins decreases in vivo biological potency, has variable effects 

on in vitro biological potency depending on hormone and method of assay) 

and increases or doesn't change immunopotency. These experiments have 

compared extremes, i.e. fully sialylated vs enzymatically desialylated 

molecules. The extent to which physiologi~al variation in sialic acid 

content of polymorphic gonadotrophins affects biological and immunolog-

ical activities has received little attention. When equine pituitary 

LH is fractionated by isoelectric focussing, the ratio of in vitro bio

logical*:immunological activity increases with decreasing isoelectric 

point and increasing sialic acid content (Irvine, 1979; see later, 

*mTPA 
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Section 1, Chapter 4). Similar observations have been made on focussed 

hCG (Merz, Hilgenfeldt, Dorner and Brossmer, 1974). 

Although neither study established that sialic acid content was 

the ONLY difference between molecular forms, results demonstrated that 

horse pituitary and human chorion, produce gonadotrophin molecules of varying 

biological and immunological properties, which could be related to sialic 

acid content. 

Recent work with a number of glycoproteins has suggested that 

the composition of carbohydrate sidechains can be varied in response to 

changing physiological conditions (see, for example, reviews by Atkinson 

and Hakimi, 1980; Shur and Roth, 1975; Vaughan, 1982). 

Interestingly, oestradiol has been shown to increase galactosyl 

and sia).yl transferase activities in rat endometrium; this stimulatory 

effect being inhibited by high levels of progesterone (Nelson et al., 

1975) . In chick oviduct, diethylstilboestrol stimulates increased 

levels of dolichol phosphate, a necessary substrate of glycosyl trans-

ferases (Lucas and Levin, 1977; Burton 'et al., 1981). There is evidence 

that in several species, the steroid environment can alter certain charact-

eristics of pituitary and serum gO!1adotrophins, including circulatory 

half-life, apparent molecular size, electrophoretic mobility and iso-' 

electric focussing profile. A summary of relevant experiments is pres-

ented in Table 8, and it can be seen from this that the nature of the 

steroid effect varies with species and sex. The chemical basis for 

these steroid-induced alterations to gonadotro~~ns rarely has been 

investigated; one exception being a very careful study by Peckham and 

Knobil (1976a and b) on rhesus monkey gonadotrophins. These workers 

found that in both sexes gonadectomy induced a shift in gel chromatography 

elution profile of LH and FSH which in females (the experiment with males 

was not triedl could be reversed by treatment of the monkeys with oestrad-

iol or desialylation of the castrate form of the hormone. 
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In vitro experiments with rat pituitaries have suggested that 

steroids may interact "with GnRH to alter the form of secreted LH. 

Thus, GnRH stimulated pituitaries from intact (rat radioreceptor assay, 

Sharpe et al., 1975) and oestradiol-treated gonadectomised rats (but not 

gonadectomised rats) were found to secrete LH with a greater B:I ratio 

than that stored in the gland (rat radioreceptor assay, mTPA, Mukhopadhyay 

e.t al., 1979). Stored LH and LH-re1eased without GnRH" stimulation from 

the three types of glands had similar B:I ratios. In rat pituitary, 

GnRH has been reported to stimulate the incorporation of glucosamine into 

immunoprecipitab1e LH (Liu and Jackson, 1978) and it has been suggested 

(Todd et al., 1973; Menon et al., 1977; Liu and Jackson, 1~78; 

Mukhopadhyay et al., 1979) that it is this GnRH stimulated attachnent of 

carbohydrate to the previously synthesised protein core that is responsible 

for the altered B:I ratio of secreted LH. Furthermore, Liu and Jackson 

(1975) have "observed that oestradiol acts synergistica11"y with GnRH in 

enhancing glucosamine incorporation into LH. In vivo, GnRH stimUlation 

has been shown to increase the B:Iratio of serum LH in cyclic women in 

the ]utea1 and late but not early follicular phase. Stimulation did not 

" alter the already elevated B: I ratios in male or post-menopausal sera 

(rTPA, Dufau, Beitins, MacArthur and Catt, 1976). From these results, 

Dufau et al. hypothesised that gonadal status and/or LH secretion rate 

(high in post-menopausal women and men) influenced the nature of serum LH. 

The present work has shown that in the acyclic mare, neither 

oestradiol nor GnRH alone could alter the B:I ratio of serum LH. How-

ever, when oestradiol-pretreated acyclic mares were given hourly GnRH 

pulses, B:I ratio increased significantly after the first GnRH injection, 

and continued to rise slightly but not significantly after subsequent inject-

ions. In the cyclic mare, the B:I ratio of serum LH was found to be 

elevated during oestrus. Thus, it is possible that the rising serum 

oestradiol preceding ovulation and increased GnRH levels which may occur 
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at-this time (Irvine, 1981; see section 2) could cause the secretion bf 

fonns of LH with greater biological potency. GnRH given to oestrous mares 

failed to alter B:I ratio, but this might be expected if oestradiol and 

endogenous GnRH were already exerting maximal effect on the biological 

potency of serum LH. (Note that in E2-treated acyclic mares, B:I ratio did 

not increase significantly after the second and third GnRH injections.) 

When GnRH was given to dioestrous mares, a marked drop in B:I ratio relat

ive to baseline values was observed, suggesting that progesterone and GnRH 

may interact to cause secretion of LH forms with lower biopotency. 

<-tI0wever-, the lowered B: I ratio during dioestrus in the normal 

cycle may not be attributable solely to a depressant effect of progester

one, s~nce B:I ratios in sera from acyclic and dioestrous mares WEre not 

significantly different. These observations suggest that the effe~t of 

progesterone on the quality of serum LH deserves further investigation. 

Great individual variation in mean B:I ratio through the cycle 

was seen in Experiment 1. similar observations have been made in human 

females (Dufau, Pock, Neubauer and Catt, 1976; Robertson et al., 1979). 

However, in the mare, unlike the woman (Robertson et al., 1979), cycle 

mean H.I ratio was significantly affected by season, being higher in 

late breeding season cycles than mid-season cycles. The pattern of change 

in B:I ratio appeared similar in mid- and late season cycles; however, the 

extent of change seemed to be greater mid-season than late. Endocrine· 

events associated with the transition from ovulatory to anovulatory seasons 

have not been elucidated in the mare. Cycles in early and late breeding 

season have been reported to differ in the pattern of FSH levels (two 

surges/cycle in early season, one surge/cycle in late season; Turner, 

Garcia and Ginther, 1979). However, the relationships, if any, between 

this observation, ovarian steroid secretion, and the nature of serum LH 

remain to be established. 
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Finally, the physiological significance to the ma,;re of qualitative 

alterations in serum LH needs clarification. The fact that the mare 

ovulates when relative biopotency of LH is maximal as assessed by mouse 

Leydig cells, suggests both that these presumed molecular changes do have 

physiologic:al importance and that the response of equine target cells can 

be predicted adequately by the mouse. This latter observation is also 

supported by preliminary results from an equine Leydig cell testosterone 

production assay. rt is noteworthy that the continuing rise in plasma 

LH which occurs after ovulation and is unique to the mare, seems to con-

sist of LH of relatively low biological potency. In most species, LH 

measured by immuno- or bioassay is beginning to decline by the time of 

ovulation. in accordance with the conce.')t that the major role of LH is induct

ion of ovulation. In the mare, it is the profile of relative biopotency of 

serum LH that corresponds closely to this pattern. That this late oestrus-

early dioestrus change in biopotency may in itself have physiological import

ance is suggested by the intriguing example of the mare who had no change in 

rat:i:o and who failed to maintain a corpus luteum. 

The practical significance of these findings is that in the normal 

cycle, the radioimmunoassay system used here can provide useful measure-

ments' of LH. However, in the abnormal cycle, after GnRH or when the 

steroid environment is artificially altered, RIA alone may not give adequate 

information on the level of LH s.timulation at target tissues. In these 

circumstances, bioassay-RIA comparisons may be necessary to detect changes 

in the type of circulating LH. 
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Table 8: Effect of steroid environment on various characteristics of . 

pituitary and serum gonadotrophins. 

Rei'erence Animal 

Weick, R.F. (1977) Rat 

Robertson, Foulds Rat 
.and Ellis (1982) 

Robertson, Foulds Rat 
and Ellis (1982) 

Solano, Garcia-Vela, Rat 
Catt and Dufau (1980) 

Bogdanove, E.M., Nolin, Rat 
J.M. and Campbell, 
G.T. (review, 1975). 

Strollo et al. (1981) Human 

Obs~:t;'vations 

The disappearance rate of serum 
LH after hypophysectomy is 
faster in intact female rats than 
ovariectomised. 

The distribution of bioactive 
(mTPA) pituitary LH·after iso
electric focussing (lEF) is sig
nificantly altered by sex (more 
activity between pH 7 and 9.5 in 
males than females) and 
gonadectomy (hormone relatively 
more alkaline in castrates of 
both sexes). 

The distribution of bioactive 
pituitary FSH(calf testes RRA) 
after IEF is significantly 
affected by sex (hormone 
relatively more alkaline in 
fema~es) but not by gonadectomy; 

B:l ratio (rTPA) of serum and 
pituitary LH in male rats 
declines transiently after 
castration, with return to pre
castration value by 60 d post
operation. 

Pituitary and serum FSH in intact 
males have a greater B:l ratio 
(Steelman-Pohley assay), larger 

. apparent molecular size on gel 
filtration and a longer plasma 
half-life than FSH from castrates. 
The effect of castration on FSH 
is reversed by testosterone treat
ment. Pituitary and serum FSH in 
intact females have a lower B:I 
ratio,· and smaller appare~t 
molecular size than FSH from 
castrated males. 

The distribution of bioactive 
(mTPA) serum LH after lEF is sig
nificantly different in post
menopausal women than cyclic women 
at the ovulatory LH surge (hormone 
relatively more alkaline in cyclic 
women) . 

':"-' ".-:.,-.' 

'-:-. 



Table 8: cont'd 

Reference 

Robertson, van Damme 
and Diczfalusy (1977) 

Peckham, Yamaji, 
Dierschke and Knobil 
(1973) 

Peckham,and Knobil 
(1976a' and bI 
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Anitrial 

Human 

Rhesus 
monkey 

Rhesus 
monkey 

Observafions 

The distribution of bioactive 
(mTPA) pituitary LH after IEF is 
significantly different in post
menopausal women than cyclic women 
at the LH surge (hormone relatively 
more alkaline in cyclic women). 

Serum and pituitary.FSH from 
intact female rhesus monkeys have 
l) a lower B:I ratio (Steelman 
Pohleyassay); 2) smaller 
apparent molecular size on gel 
filtration; and 3) shorter 
plasma half-life than serum ar)d 
pituitary FSH from ovariectomised 
females. 

Pituitary LH from intact males 
and females has a smaller 
apparent molecular size on gel 
filtration and a shorter plasma 
half-life than LH from 
gonadectomised animals. In 
females, effect of ovariectomy 
on LH is reversed by oestradiol 
treatment, or removal of sialic 
acid from castrate form of the 
hormone. 
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C HAP T E R IV. 

ISOELECTRIC FOCUSSING OF HORSE PITUITARIES AND SERA 
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The preceding experiments provided strong evidence for the occur-

rence of qualitative changes in serum LH during the equine oestrous cycle. 

The following experiments sought to define more precisely the nature and 

source of these changes, firstly, by studying the effect of physiological 

state of the pituitary donor on LH distribution after-'isoelectric focussing 

and secor.dly, by comparing the isoelectric focussing profile of serum LH 

(of high and low B:I ratio) with that of pituitary LH. An important 

feature of these experiments was the fractionation of individual pituitar-

ies and sera. 
1 

In all other studies using isoelectric focussing to examine 

the polymorphism of gonadotrophins, pools of pituitaries or sera have been 

used • Thus, it is not outside the realm of possibility that the molecular 

. "heterogeneity" observed was the sum of variations (possibly genetically 

directed) between individuals in the type of molecule produced. 

Isoelectric Focussing: A Definition 

"Perhaps the most ingenious and effective electrophoretic method 

for separating proteins is isoelectric focussing or electro

focussing, invented by H. Svensson in Sweden in which the 

mixture of proteins is subjected to an electric field in a gel 

support in which a pH gradient has first been generated. Each 

protein then migrates toward, and is "focused" at, that portion 

of the pH gradient where the pH is equal to its isoelectric pH 

and forms a sharp stationary band there." (Lehninger, 1975) 

lWith the exception of Robertson et al. (1977), who did include data for a 
single post-menopausal pituitary. However, the isoelectric focussing 
procedure used· to fractionate this pituitary was considered to be sub
optimal, .resulting in damage to the focussed LH. 
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MATERIALS AND METHODS 

Description and Preparation of Samples for Isoe1ectric Focussing 

1. Pituitaries: Five individual pituitary homogenates were fractionated 

by isoe1ectric focussing. Information about the horses from which the 

pituitaries were taken is given in Table 9. All pituitaries were collected 

within 15 min of the horse's death, and placed immediately on ice. 

Table 9: Description of horses from which pituitaries were collected 

for isoe1ectric focussing. 

Pituitclry 
Code 

A 

B 

C 

D 

E 

Horse 

Horse mare, 6 years 
old 

"Wild Mist", horse 
mare, 16 years old 

"Michigan", horse 
mare, 26 years old 

Pony mare, aged 

Horse gelding, 3 
years old 

li.e., anovulatory due to age. 

Date of 
Collection 

2/7/80 

1/10/80 

1/10/80 

2/7/80 

3/7/80 

Comments 

Large preovulatory 
follicle found in 
ovary on autopsy. 

In oestrus when 
killed. Large 
preovu1Cl.tory 
follicle found in 
ovary on autopsy. 

"post-menopausa1"~, 
given 2.5 mg 
oestradiol 
benzoate i.m. 
daily for 5 days 
before death. 

Probably "post
menopausal" , 
inactive ovaries. 

.'.-.;_.-.:-

.. ....... -.. , ... , .. -.-
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1 . In the laboratory, the pituitaries were weighed and prepared for' 

isoelectric focussing as described by Robertson et ai . . (1977). Pituitar-

ies A and B were bisected after weighing and half of each pituitary was 

also extracted using the method of Braselton and McShan (1970). For the 

Robertson method, each gland was homogenised at 40 in 2 - 5 volumes of 0.25 

M sucrose - 0.14 M NaCI in distilled water, using a ground glass homogeniser. 

The homogenate was centrifuged at 103,000 x g for 90 min at 40
• The 

supernatant was removed and dialysed (Visking, 36/32, Kempthorne Prosser, 

Christchurch) overnight at 4
0 

against distilled water, and then for a 

further 16 h against 50% sucrose in water. This second dialysis s,=rved to 

concentrate the sample, which was then stored at _200 until isoelect::-ic 

focussing. For the Braselton and McShan method, each half pituita:7Y was 

homogenised in 3 volumes of 0.025 M P0
4 

buffer, pH 7.3 and then extrocted 

twice with 40% ethanol ~l g pituitary/3 ml ethanol). The precipitate 

resulting from this step was removed by centrifugation at ·770 x g for 10 min 

o at 4 , and the supernatants from the two ethanol extractions pooled, and 

cooled to _150
. Five volumes of ice cold acetone were then added. The 

resulting precipitate was removed by centrifugation as described above, 

washed with 2.5 volumes of acetone, dried and taken up in 0.05 M NaCl. This 

preparation was dialysed overnight at 4
0 

against 0.025% NaCI and the precipi-

tate which formed during dialysis removed by centrifugation. The super-

natant was concentrated by dialysis overnight against 50% sucrose and then 

lyophilised. Finally, the dried supernatant was reconstituted in 0.025 M 

p0
4 

buffer, pH 7.3, to an approximate concentration of 2 g dialysate/IOO ml 

buffer, placed in an ice bath and constantly stirred while the pH was 

lowered to 4.2 with 0.035 M phosphoric acid. The resulting precipitate was 

removed by centrifugation and the pH of the supernatant adjusted to 7.0 -

7.2 with 10 N NaOH. This supernatant was concentrated by dialysis over-

night against 50% sucrose, and then stored at _20
0 

until isoelectric focussing. 

lExcept pituitary E which was st.ored frozen whole from 2/7/80 to 1/10/80. 
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2. Sera: Four serum samples were fractionated by isoelectric focussing. 

Two mares (Shorett and Fourth Hall, see Appendix 2) were bled once daily 

through a normal oestrous cycle. Serum LH levels were measured by bio-

and immuno-assay in those samples collected several, days before the onset 

of oestrus through the first few days of dioestrus;and these data and the 

ratio of bio- to immunoactive LH in each sample are shown in Figure 21. 

For ~achmare, the'serum sample with the highest B:I ratio was selected (in 

'both mares, this sample was collected on the last day of oestrus) as well 

as samples with considerably lower B:I ratios collected during early 

dioestrus (see Figure 21; mean B: I ratio in the two "high ratio" samples 

chosen f.)r isoelectric focussing = 1.35; in the three "low ratio" samples 

= 0.77).. To concentrate the sera for isoelectric focussing, 2 ml ", were 

lyophilis6d in glass scintillation vials, and reconstituted in 0.5 ml 

distilled water. 

Isoelectric Focussing Procedure 

Isoelectric focussing (IEF) was performed in a flat-bed of granulated 

gel following LKB Application Note 198 with a few modifications and using 

the LKB-Multiphor system and accessories for isoelectric focussing (LKB 

Produkter AB, Bromma, Sweden). Ampholyte solution (5.5 ml, 'Ampholine', 

pH range 3.5 - 10, LKB Produkter AB) was mixed with 104.5mldistilled water. 

Five g Sephadex G-75 superfine (for IEF, Pharmacia, Uppsala, Sweden) was 

added to 100 ml ampholyte solution to form a slurry which was degassed under 

vacuum. Eight electrode strips were cut (1 x 7 em, Whatman paper #17), six 

of which were soaked in the remaining 10 ml of diluted ampholyte. Three 

strips were placed at each narrow end of an 11 x 24 em glass plate which was 

then weighed. The gel slurry was poured onto the plate, which was weighed 

again, and the weight of added gel calculated. Water was ~vaporated from 

the gel under: a) a stream of N2 (pituitaries), or b) warm air (sera),to 
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Figure 21: Bio- and immunoactive LH levels and the ratio between 
the 2 activities in serum samples collected around the 
time of oestrus from the mare, Fourth Hall. Samples 
selected for isoelectric focussing are indicated by arrows. 
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Figure 21: cont'd Mare= Shorett 
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approximately 3/4 of the gel crack point (see Application Note 198 for 

calculation) • This took approximately 3 h after which the plate was 

placed on the cooling unit of the isoelectric focussing system. The 

efficiency of cooling was increased by: 1) coating the top of the unit 

with a thin layer of detergent or kerosene to aid conduction; and 2) 

slowly pumping the tap water supply to the unit through a large bath of 

ice. One of the remaining two electrode strips was soaked in 1 M phos-

·phoric acid, the other in 1 M NaOH, and these were placed on the ampholyte 

strips at either end of the plate. The gel was then pre focus sed at 8 W 

(350 V x 24 rnA) for 30 min to remove possible contaminants in gel or 

ampholytEs (Vaughan, 1982). Samples (150 - 250 ~l ) were applied 

to 1.5 x ~.O cm filter paper strips (Whatman #17) which were gently placed 

on the gel approximately 0.75 em from the cathodal end, and at least 0.5 em 

\ 
from the side of the plate. Four samples were run on each gel plate, and 

thus three isoelectric focussing runs were made; the first containing 

pitui taries A and E extracted using "Robertson" or "Brasel ton and f-1cShan" 

methods, the second, pituitaries B, C and D, and the third, sena. To 

encourage elution of the samples fro~ the strips, the system was run at 2 W 

(200 V x 10 rnA) for 2 h, after which the strips were removed and the power 

was increased to 4 W (400 V x 10 rnA) and the system run overnight. In the 

morning (~ ~4 h later), current had usually declined to 5 rnA and because the 

power supply was set to deliver a constant voltage (i.e., 400 V), power out-

put to the plate was 2 W. This was increased to 8 W (1000 V x 8 rnA) for 2 h 

to sharpen the definiTion of focussed bands. Total focussing time was 

between 18 and 20 h. The gel was then divided perpendicularly to the long 

axis of the plate into 30 x 0.5 cmsections using a stainless steel fractionat-

ing grid)and into 4 columns parallel to the long axis of the plate, following 

the line of sample application. These gel sections were scooped from the 

plate (which was·left on the cooling unit), placed in either: a) 2 ml syringe 

barrels the outlets of which were covered with approximately 0.25 em of wet, 

i 
I 
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packed glass wool (pituitary experiments), or b) polypropylene elution 

columns, the outlets of which were covered with 10 ~m mesh nylon net 

(LKB 2117-502, LKB Produkter, Sweden) (serum experiments), and eluted with 

2 ml distilled water into 10 ml glass test tubes. Care was taken to keep 

the eluted fractions cold by packing the test tubes in ice and by frequent 

transfer to a refrigerator. When all gel sections had been eluted, the pH 

gradient was measured in one vertical column of fractions . (pH meter = 

Corning EEL digital l12)~ The uniformity of the gradient across the plate 

was confirmed by measuring the pH of selected fractions from other vertical 

columns. Fractions were then dialysed (Viskirig 36/32) overnight at 40 

against running tap water to remove ampholytes, poured into Wassermcn tubes, 

capped and stored at _200 until assay. 

The results of the isoelectric focussing procedure were reproducible 

as indicated by the simi~arity in pI values of haemoglobin (identified as 

several sharp red bands in the gel) in the two pituitary focussing runs; 

being 7.10 in Run 1 and 7.02 in Run 2 (haemoglobin wasn't present in the 

serum run) . Furthermore, the pI's of LH peaks were extremely consistent 

between focussing runs (see later). 

1. Recovery of LH after IEF: 

a) Pituitaries: Mean recovery of focussed pituitary LH was 54.0 + 

7.7% (X ~ S.E.M., recovery being calculated for each sample by sumrninq 

the amount of LH measured in each fraction after focussing and dividing 

this total by the amount of LH in the sample loaded onto the plate). 

Recovery appeared to v?ry with IEF run, being better in the second run 

(pituitaries B, C and D, mean recovery + S.E.M. = 77.8 + 7.3%) than the first 

run (pituitaries A, A "Braselton and McShan" and E; mean recovery ~S.E.M. 

= 38.5 + 5.7%) (see Table ·10) . Bio- and immunoassay recoveries were 

similar in the four pituitaries for which the comparison was available 

(BTO = 45.8 + 9.0%, RIA = 48.8 + 13.5%). However, results may have been 

f·· . 



Table 10: Recovery of LH after isoe1ectric focussing of pituitaries. 

Extracted From 
Focussed ().lg) Recovered (Ag) 

Pituitary Wet Weight Pituitary (llg) 
Code Tissue (g) 

BIO RIA BIO RIA BIO RIA 

A 0.9 659.0 417.3 98.8 62.6 19.7 16.5 

B 2.2 - 621.1 - 93.2 - 85.9 

C 2.4 548.0 960.1 82.2 144.0 49.} 125.8. 

D 1.7 - 9.2 - 12.8 - 9.2 

E 1.0 64.0 66.5 9.6 10.0 5.4 4.8 

A* 1.1 75.3 156.8 11.3 23.5 5.3 7.9 

* Extracted using the Braselton and McShan method. 

% Recovery 

BIO RIA 

20 26 

- 92 

60 87 

- 72 

56 48 

47 34 

! 

\..0 
+=" 
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affected by inter-assay variation; the majority of bio- and immunoassays 

of fractions being done between July 1980 (bio- and immunoassays of 

pituitary A) and March, 1982 (radioimmunoassays pituitaries B, C and D), 

while assays of un fractionated pituitaries and serum concentrates were made 

in September 1982. 

b} Sera: Mean recovery of focussed serum LH was 85.0 + 15.2% 

(X + S.E.M.); however, results varied with method of assay and serum 

sample (see Table II). Recovery of immunoactive LH exceeded bioactive 

(110.3 + 20.7 vs 59.8 + 15.0%); recovery of bioactive LH being especially 

poor from the two high B:I ratio samples (high B:I ~ 39.5% vs low B:I. =I 

80 .Q%.) This will be discussed in detl.il later . 

Assays 

LH content of all fractions was determined by radioimmunoassay as 

described earlier, except that serum was not added to standards or blanks. 

The immunoassay design used for all pituitary fractions was 2-point dilut-

ions (ratio dilution 1: dilution 2 = 2) of fractions in duplicate ..• LH con-

tent of fractions from isoelectric focussing of sera and of pituitaries A, 

. dId b ' . b' 1 B an D was a so measure y ~n v~tro . loassay The assay design used 

was either 2-point dilutions (ratio dilution l:dilution 2 = 2) of fractions 

in triplicate (radioimmunoassays and bioassays of serum fractions) or 

3-point dilutions (ratio of dilutions 1:2:3 = 3) of fractions in triplicate 

(bioassays of pituitary fractions) . 

Figures 22 and 23 compare in a representative radioimmunoassay and 

bioassay, dilutions of fractions after isoelectric focussing of pituitary A 

with CI 1-37 standard curves. In both assays, the majority of fraction 

dilutions were visually parallel to the standard curvej paired t-test 

1 
In a most unfortunate accident., fractions from pituitaries C and E were 
left out of the freezer at least overnight, before bioactive LH content 
had been determined, It was decided not to bioassay these fractions 
because loss of bioactive LH caused by the,accident would have made 
results difficult to interpret. 

i" 
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Table 11: Recovery of LH after isoelectric focussing of serum. 

Sample 
Focussed (ng) Recovered (ng) 

BIO RIA BIO RIA 

Fourth Hall 

high B:I ratio 23.8 16.0 9.9 11.8 

low B:I ratio 15.1 19.5 15.6 23.3 

Shorett 

high B: I ratio 33.7 28.7 12.6 23.7 

low B:I ratio 20.2 26.2 11.6 43.1 

---- - -- - ---- -- -- -

% Recovery 

BIO RIA 

! 
I 

I 

42 74 

103 119 

37 83 

57 165 

-



Figure 22: 
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Comparison of dilutions of the equine LH standard 
rCI 1-37) and fractions after isoelectric focussing of 
Pituitary A:in vitro bioassay. 
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indicating no reason to assume non-parallelism (RIA; t 0.94, df 23, . 

NS, BID; t = -0.22, df = 19, NS). 

Peak Definition 

Peaks were subjectively defined by inspection of graphed data, and 

are marked on appropriate figures. Only fractions at the top of each peak 

or shoulder were used to calculate pI values and B:I ratios. When bio-

and immunoassay disagreed on the shape of a peak, calculations were based 

on bioassay values for. pituitary fractions and immunoassay values for 

serum fractions (due to problems with the bioassay in such fractions; see 

later) . 

RESULTS 

Pituitaries 

Figures 24 - 28 show, for each pituitary, immunoactive and, where 

possible, bioactive LH profiles after isoelectricfocussing. In all 

pituitaLies, the bulk of LH activity was found in the pH region 4.5 - 7.5, 

in which 3 - 4 peaks of activity were apparent. In the three pituitaries 

in which bioactive LH was measured, bio- and immunoactive LH peaks con-

curred. Mean pI values (+ S.D.) for peaks were: 7.19 + .29 (n = 4), 

6.06 + 0.04 (n = 4), 5.18 ~ 0.01 (n = 5) and 4.53 + 0.11 (n = 5). Table 12 

shows, for each pituitary, the percentage of LH activity occurring in the 

various pH ranges. The gelding pituitary was unique in that 80.9% of bio-

active LH and 71.9% of immunoactive LH were found between pH 5.0 and 5.9/ 

while only 11.5% of bioactive LH and 17.0% of immunoactive LH occurred below 

pH 5.0. In the four mare pituitaries, the distribution of activity between 

these t\oro regions was approximately equal. The proportion of bio- or 

immunoactivity found above pH 6.0 was small in all pituitaries (maximum = 



c:: 
o 

100 

Figure 24:· LH levels in fractions after isoelectric focussing 
of oestrous mare pituitary A. 
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Legend for Figures 24 - 28, 30 - 31 and 33 - 34. 

Bio- and/or immunoactive LH levels in fracti.ons after isoelectric 

focussing of horse pituitaries or serum. The pH of each fraction 

is also shown. Horizontal bars indicate peaks of LH activity 

(See text), vertical bars indicate fractions containing haemoglobin (Hb). 



101 

Figure 25: LH levels in fractions after ieoelectric focussing of 
oestrous mare pituitary B. 
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gure 26. LH levels in fractions after isoelectric focussing of oestradiol 

treated aged mare pituitary C. 
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Figure 27: LH levels in fractions after isoeletric focussing of 
aged mare pituitary D. 
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Figure 28: LH levels in fractions after isoelectric focussing of 
gelding pituitary E. 

~ 
0 

• ..-i 
.j..J 
u 
n:l 
~ 

~ ........ 
:g 
0;-
;::1. 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

Hb 

E 

6.---6. RIA 

• ... BIO 

• • 

1 3 

pH 

7. 5 
t=~~=1 

5 7 9 11 13 

Fraction Number 

I , , 

15 

Bioassay limit of detection fractions 1-9 

5.25 ::of 

I I 
I , 

I 
I , , , , 
I , 

I , , , 
\ , 

17 • 19 21 

0.02 ~q/fraction. 

pH 
8.4 

7.6 

6.8 

6.0 

5.2 

4.4 

3.6 

; -:- -~-



105 

22%, pituitary A) and in several instances, distinct peaks of activity 

were difficult to define in the region. For example, the peak with a pI 

value of 7.19 clearly existed only in oestrous mare pituitary A and aged 

mare pituitary Di while the pI 6.06 peak occurred as just a small shoulder 

of the major peak at pI 5.18 in the gelding and aged mare pituitaries. 

Figure 29 shows the ratio of biological:immunological LH activity in 

fra~tions after isoelectric focussing of pituitaries A, C and E. The 

mean B:I ratio in peak fractions is shown in Table 13. 

B:I ratios of isoelectric focussing fractions ranged from: 0.62-

1.59 in the oestrous mare pituitary, 0 (immunological activity but nG 

detectable bioactivity; bioassay limits of detection are indicated , ... here 

relevant on Figures 26 and 28)to 2.95 in the gelding pituitary and 0 - 0.75 

i? the E
2
-treated aged mare pituitary. For the three sets of fractions, 

geometric ~ean B:I ratio was greatest at the LH peak with a pI value of 

5.18 and lowest at the pI 7.19 peak (see Table 13). It should be noted 

that peak fractions from the E2-treated pituitary C did not show this pat

tern of B:I ratio; the ratio being greatest at the pI 7.19 peak and declin

ing with pH. 

Eio- and immunoactive LH profiles after isoelectric focussing of 

"Braselton and McShan" extracts of pituitaries A and E are shown in Figures 

30 and 31. As with "Robertson" extracts, the bulk of LH activity was found 

in 3 - 4 peaks in the pH region 4.5 - 7.5 with similar distribution of bio-

and immunoactive LH. Mean pI values for peaks agreed well with those after 

"Robertson" extraction and were: 7 . 58, 6.0, 5.29 and 4.59. However, the 

percentage of LH activity found in the various pH regions differed markedly 

between extraction methods, with a mean of 22.5% of bio-active and 20.8% of 

immunoactive LH occurring ,above pH 7.0 in "Braselton and McShan" extracts 

(see Table 14). In "Robertson" extracts, only 2.1% of bioactive and 3.4% 

of immunoactive LH were found in this region. 
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Table 12: The distribution of bio- and immunoactive LH after isoelectric 

focussing of 5 pituitaries, expressed in terms of percentage 

LH activity recovered within various pH ranges. 

pH . Rartge 
Pituitary 

4.0-4.9 .5.0-5.9 6.0-6.9 > 7.0 -

BID 27.2 52.4 16.6 3.7 
A Oestrous mare 

RIA 28.5 49.4 16.9 5.1 

B Oestrous mare RIA 50.7 43.4 4.4 1.5 

BID 37.4 54.6 5.9 2.1 
C E

2
-treated mare 

RIA 46.0 47.4 5.0 1.6 

D Aged mare RIA 41.3 50.3 5.2 3.2 

. BID ll.5 80.9 7.0 0.5 
E Gelding 

RIA 17 .0 71,9 9.5 1.6 

Table 13: Ratio of biological:immunological LH activity in peak 

fractions after isoelectro-focussing of three pituitaries. 

pI Value of Peak 
Pituitary 

7.19 6.06 5.18 4.53 

A 0.91 1.15 1. 37 1.22 

C 0.57 0.48 0.46 0.36 

E 0* 1.17 1.65 0.93 

Geometric 
0.37 0.86 1.01 0.74 

mean 

* Arbitrarily assigned a value of 0.1 to calculate 
geometric·mean. 

--
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Figure 29: Ratio of biological:immunological activity in fractions 
after isoelectric focussing of 3 individual pituitaries. 
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Figure 30: LH levels in fractions after isoelectric focussing of 
gelding pituitary E extracted using the method of 
Braselton and McShan. 

1.6 

1.4 

1.2 

1.0 

0.8 

b-- --6. RIA 

0.6 A A BIO 

., • pH 

0.4 

0.2 

3 

Hb 

7.58 

5 7 9 11 13 15 

5.32 
~ 

~ 
I 
I 
I 
I 

17 

4.68 
~ , 

19 21 23 

pH 
8.4 

7.6 

6.8 

6.0 

4.4 

3.6 

Fraction Number 

Bioassay limit of detection fractirnls 11-24 0.05 Uq fraction. 

-.. ,.~ .'-<'> 



109 

Figure 31: LH levels in fractions after isoelectric focussing 
of pituitary A extracted using the method of 
Braselton and McShan. 
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Table 14: The distribution of bio-· and immunoactive LH after isoelectric 

focussing of two pituitaries extracted using the Braselton and 

McShan method; expressed in terms of percentage LH activity 

recovered within various pH ranges. 

Pituitary pH Range 

4.0-4.9 5.0-5.9 6.0-6.~ ~7.0 

BIO 8.5 62.1 13.2 16.1 
1\ Oestrous mare 

··RIA 11.4 59.6 12.9 16.2 

BIO 38.1 28.1 4.9 28.8 
E Gelding 

RIA 12.3 47.1 14,9 .25.4 

Figure 32 shows the B:I ratio in fractions after isoelectric 

focussing of "Braselton and McShan" extracts, and Table 15 shows the mean 

B:I ratio in peak fractions. B:I ratios of fractions ranged from: 0-

0.95 in the oestrous mare pituitary, and 0 - 5.71 in the gelding pituitary. 

For the two sets of fractions, geometric mean B:I ratio was lowest at the 

LH peak with a pI value of 5.29 in marked contrast to fractions from 

"Robertson" extracted pituitaries in which B:I ratio was greatest at this 

peak. In Braselton and HcShan extracted pituitaries, mean B:I ratio was 

greatest at the pI 4.59 peak. This was due solely to a relative increase 

in the gelding pituitary in B:I ratio in fractions below pH 5.0 when compared 

to more alkaline fractions (see Figure 32). In the Braselton and McShan 

extracted pituitary, the B:I ratio of LH in each of the four peaks was 

similar, differing too from the Robertson extraction in which a distinct 

peak in B:I ratio occurred at pI 5.18. 

,'," -~.:-- -; -: -;. ,. - - - . 



Fig"ure 32: Ratio of biological: iITUllunological acti vi ty in fractions 
after isoelectric focussing of 2 pituitaries extracted using 
the method of Braselton and McShan. 
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Table 15: Ratio of biological immunological LH activity in peak 

fractions after isoelectric focussing of two pituitaries 

extracted using the method of Braselton and McShan. 

pI Value of Peak 
Pituitary 7.58 6.0 5.29 4,59 

A Oestrous mare 0.78 0.78 0.70 0.77 

E Gelding 1.35 1.04 0.70 2.33 
, 

Geometric mean 1.03 0.90 0.70 ·1.34 

Sera 

Figures 33 and 34 show, for each of the four serum samples, 

inununoactive and bioactive LH profiles after isoelectric focussing. In 

all sera, the bulk of LH activity was found in the pH region 4.0 - 7.5, in 

. which 2 - 4 peaks of activity were apparent. Unlike pituitaries after lEF, 

bio- and inununoactive peaks did not always concur, especially at either 

extreme of the pH range. Mean pI values (+ S.D.) for concurrent bio-

and immunoactive peaks were 5.74 ~ 0.14 (n = 4), 5.10 + 0.08, (n = 4), 

4.57 + 0.08 (n = 4) and 4.05 (n =1). These values are similar to those 

observed in focussed pituitaries (Le., 6.06, 5.12 and 4.53). Immunoactive 

only peaks occurred at pI values of 4.15 + 0.08 (n= 2), 6.43 (n = 2) .and 7.32 

(n = 3). Table 16 shows for each serum sample the percentage of LH 

activity occurring in the various pH ranges. 

Unlike focussed pituitaries, no bioactivity was found above pH 6.0, 

whereas the percentage of immunoactive LH in this region was similar in 

pituitaries and sera. No consistent difference between high and low B:I 

ratio sera in distribution of LH activity could be observed. In Fourth 

Hall, the per cent i~~unoactive LH occurring above pH 6.0 in the low B:I 
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Figure 33: LH levels in fractions after isoelectric focussing of 
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Figure 34: LH levels in fractions after isoelectric ·focussing 
of 2 serum samples from the mare, Shorett, one sample 
having a high B:I ratio, one having a low B:I ratio. 
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ratio serum was more than twice that in t:he high ratio sample (15% vs 

7%), while distribution of both bio- and immunoactive LH below pH 6.0 was 

similar in high and low ratio sera. On the other hand,"in Shorett, the 

percentage of bio- and immunoactive LH found below pH 5.0 was increased 

in the low B:I ratio sample (BIO:25% vs 13%, RIA:32% vs 19%) with a 

concomitant decline in per cent activity in the pH range of the major 

peak (Le., pH 5.0 - 5.9>.. 

Table 16: The distribution of bio- and immunoactive LH after isoe1ectric 

focussing of four serum sarlp1es i expressed in terms of per

centage LH acti vi ty recove::ed wi thin various pH ranges. 

"PH "Range 
Serum Sample 4.0-4.9 5.0-5.9 6 . .0-6.9 > 7.0 -

Fourth Hall 

BIO 45 55 0 0 

High B:I RIA 34 60 7 0 

BIO 48 52 0 0 
Low B:I 

RIA 40 45 6 9 

Shorett 
BIO 13 87 0 0 

High B:I 
RIA 19 74 4 3 

BIO 25 75 0 0 
Low B:I 

RIA 32 65 2 1 

,,~ ~ . .: -.. -: - . : - -: . -

--_. .. - ....... - ... . 

>.'. 
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Table 17 shows the mean B:I ratio in peak fractions from each focussed· 

serum sample. 

the four sera. 

Figure 35 shows the B:I ratio in fractions after IEF of 

The range of B:I ratios was similar in all focussed sera 

and extended from 0 (immunoactivity but no detectable bioactivity) to 

1.13 (excepting 3 fractions of Fourth Hall's high B:I ratio sample which 

contained bioactivity with no detectable innnunoactivity and for which a B:I 

ratio could not be calculated). For the four sets of fractions,arithmetic 

mean B:I ratio was greatest at the LH peak with a pI value of 5.12, declin

ing on either side of this peak to low values at acidic and alkaline 

extremes. This pattern of B:I ratio ·is similar to that observed in 

focussed pituitaries (see Table 13). 

Table 17: Ratio of biological:innnunological LH activity in peak fractions 

after isoelettric focussing of four serum samples. 

pI Value of Peak 
Serum Sample 

4.12 4.57 5.10 5.74 . 7,32 

Fourth Hall 

High B:I - 0.57 0.72 0.72 -

Low B:I 0.68 0.83 0.91 0.44 0 

Shorett 

High B:I 0 0,15 0.82 0.21 0 

Low B:I 0 0.25 0.58 0.07 0 

Mean* 0.23 0.45 0.76 0.36 0 

* Arithmetic - due to frequency of occurrence of 0 values. 



Figure 35: Ratio of biological:immunological activity in fractions 

after isoelectric focussing of 4 serum samples from two horses. 
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Although results of serum IEF appeared to agree well with those .of 

pit~itary IEF, interpretation of the serum experiment was complicated by 

the discovery of a substance that interfered in the bioassay in several 

fractions of three of the focussed sera. This substance was first 

detected in fractions in the pH range 4.7 - 5.3 from both of Shorett's 

serum' samples. In the bioassay I but not the immuno:.- ·assay, dilutions 

of these fractions were not parallel to the standard curve, in fact the 

1 
smaller the amount assayed, the greater appeared the LH content. In 

several fractions, the greatest amount added (8.3 ~l) reduced cell 

testosterone production below basal level (no' added LH). Only one fraction 

(pH 5.12) from Fourth Hall's high B: I ratio sample and no fractiom· in he~ 

low B:I ratio sample showed similar'interference in the bioassay. Bi'o-

assay interference was not observed in fractions from focussed pituitaries. 
\ 

Several experiments
2 we~e then done to identify the distribution and mode 

of action of the interfering substance in Shorett's fractions and,. if 

possible, to reduce its effect. 

Ipotency estimates given previously were derived from least amount of 
added fraction. 

2 1) Selected fractions from Shorett's high and low B:I ratio sera were 
assayed with 100, 200 or 400 pg standard LH. 10 ~l of each fraction 
was used, which was slightly greater than the maximum amount 
previously assayed (8.3 ~l). Shorett's high B:I ratio serum was 
reconstituted by pooling fractions, and the pool assayed at several 
dilutions to test recovery of focussed LH and parallelism to the 
standard curve. The unfocussed serum was also assayed at two 
dilutions. 

2) ,Ten ~l of the pH 4.95 fraction from Shorett' s high B: I ratio sample 
(fraction #G17 - which was in the middle of the region of maximum 
interference as judged from Experiment 1) was assayed with: 

a) 10 ~l low LH serum and 0 or 400 pg standard LH, 
b) 2 ~l oestrous mare serum. 
c) 1 ~l Shorett high B:I ratio serum 
d) 20 ng* progesterone and 0 or 100 pg LH 

3) Fraction #G17 was heated to 700 /30 min and 10 ~l assayed with 0 or 
100 pg LH. 

4) Ten ~l of fraction #G17 was added to cells at 34
0 

30 min after 0 or 
100 pg LH. 

5) Cells (approximately 106 in 200 ~l TCM) were incubated for 2 h at 34
0 

with or without 20 ~l of the pH 4.95 fraction from Shorett's low B:I 
ratio sample. Cell viability after incubation was assessed by trypan 
blue exclusion. 

*Equivalent to 2.5 ~g/m1 serum at maximum amount of serlli~ added to the bioassay. 

" ,"_.-.-:-:--, " 



. Parallelism to the standard curve was impossible to test because 

of inadequate LH concentrations i however, a ~Ireverse" dose-response 

relationship seen earlier in pH 4.7 - 5.3 fractions was not observed with 

the pool. The unfocussed serum was acceptably parallel to the standard 

curve (i.e., the difference between potency estimates derived from the 

two dilutions < 20%). Addition of various sera with fraction G#17 did 

not reduce its suppressive effect,. nor did addition of excess progesterone 

(see Table 19). 

Table 19: Percent suppression of testosterone production by fracti::m 

#G17 in presence of various sera or excess progesterone. 

.% Suppression 

G17 alone· 64 

+ 10 111 low LH serum 55 

+ 10 111 low LH serum + 400 
pg LH 57 

+ 2 111 oestrous mare serum 72 

+ 1 111 Shorett high B:I ratio 
serum 76 

+ 20 ng progesterone 67 

+ 20 ng progesterone + 100 pgLH 62 

At this high level of added progesterone, cell testosterone production 

was similar to 0 and 100 pg standard LH and exceeded maximum LH stimulated 

production in the absence of progesterone (412 pg testosterone at 100 pg 

LH vs 1216 pg at 100 pg LH + 20 ng progesterone·) . Nevertheless, fraction 

G#17 could reduce this "progesterone-stimulated" testosterone production 

by over 60%. Heating fraction G#17 to 70°/30 min virtually eliminated 

its bioassay interference (% suppression of testosterone production: 

heated G#17 alone = 0%, heated (;#17 + 100 pg LH = 19%). This experiment 

- - -- : . ~ ~ - . : : ;-;. ,,::-:.: 

. . ~'. .' :. - ~ -: .' .' .-



also ruled out the possibility that the substance affected binding of 

testosterone to testosterone antibody since in all bioassays,assay 

. tubes are heated to 72 - 75
0

/30 min before testosterone. radioimmunoassay. 

As a further test, 10 III of unheated G#17 was added to ~'zero added 

testosterone" tubes in the testosterone RIA. Per cent counts bound was 

similar in the presence and absence of the fraction (62% bound with G#17 

vs 59% bound without G#17). 
o Adding G#17 to cells, at 34 , 30 min after 

a or 100 pg LH, did not reduce appreciably bioassay interference (% 

suppression - G#17 alone = 43%, G#17 + 100 pg LH = 59%). After 30 min 

at 34°, LH binding to Leydig cell receptors has approached maximum (Chen 

et al., 1979) and testosterone secretion stimulated by a maximal LH dose 

has sign,ificantly exceeded basal secretion (Garfink et al. ,1976) • Cell 

viability assessed by trypan blue excl\lsion was similar after 2 h illcubat-

ion with and without the pH 4.95 fraction from Shorett's low B:I ratio 

sample. 

From these experiments, it could be concluded that the interfering 

substance in Shorett's high B:I ratio sample: 

1) Was distributed in a broad band between pH 4.15 and 5.5 

2} Could not be detected in unfocussed serum or focussed serum 

reconstituted by pooling fractions. 

3) Was not created by IEF per se since no interference was 

observed in fractions from Fourth Hall's low ratio serum. 

4) Was heat labile, and therefore possibly a protein. 

5) Could not be counteracted by addition with serum. 

6) Appeared to act either along the synthetic pathway between 

progesterone and testosterone or on the secretion of 

testosterone into incubation medium (cells are not lysed 

by heating to 72
0

, followed by freezing/thawing). 
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Results of these experiments indicated that per cent suppression 

of LH stimulated testosterone production by various fractions from 

Shorett's focussed serum was greatest between pH 4.77 and 5.50 and lowest 

« 15%) at either pH extreme (see Table 18). When pH 4.95 fractions from 

Shorett's high and low ratio sera were compared in the same assay, 

testosterone production was suppressed slightly more by the high ratio 

fraction (56% vs 49%) • Recovery of focussed LH from pooled fractions 

55!!" C18.5ngrecbveted). 
was 0 33.7 ng focussed ' however, the LH concentration in the pool 

was at the limit of assay detection, and difficult to measure accurately. 

Table 18: . 1 f h' . Per cent suppresslon 0 t e LH stlmulated testosterone 

production by fractions after IEF of serum 
2 

Serum pH of Fraction LH Added (pg) % Suppression 

Shorett, 8.00 100 .11 

high B:I 7.32 100 4 
ratio 6.43 100 21 

5.50 100 70 

5.12 200 62 

4.96 4'00 56 

4.77 100 78 

4.15 100 63 

3.75 100 12 

Shorett 

low B:I 4.96 400 49 
ratio 

1 % suppression 

2 

(1 _ testosterone produced in presence of fraction) x 100 
testosterone produced in abse~ce of fraction 

Data have been collected from three separate assays. 

'.;.,-".---.-,-".", .,.: 
--.-.... _ .. --

;.-=--:~':;-:<::-. :~.>--:.: .... ~.-
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The interfering substance seemed to be more effective in high B:I ratio 

sera than low ratio sera. This was certainly the case with Fourth Hall, 

and may have been true too for Shorett, jUdging from recovery of focussed 

bioactive LH from the two sera (high ratio, 37% recovery vs low ratio, 

57% recovery). Thus, if the substance were active in unfocussed serum, 

the difference between high and low B:I ratio sera would be underestimated. 

In focussed serum, failure to inactivate the substance makes interpretat-

ion of results, particuL:lrly Shorett' s, difficult. However, because of 

the similarity between patterns of focussed LH activity in Shorett's 

samples (high interference), Fourth Hall's samples (little - no interfer-

ence) al".d pituitaries (no interference) it has been assumed that in Shorett 

the maj(lr effect of the interfering substance was to reduce the amount of 

bioactivt LH measured between pH 4.15 and 5.5 but not its pattern of 

distribution. 

DISCUSSION 

Polymorphism of highly purified equine pituitary LH has been 

reported after isoelectric focussing in several studies with peaks of 

activity occurring at pH 7.3, 6.6, 5.9 and 4.8 - 4.5 (Braselton and McShan, 

1970) or 9.0, 7.3, 6.2, with a broad peak between 5.1 and 4.1 (inspection 

of data, Reichert, 1971). Irvine (1979), focussing a crude ethanol 

extract of horse pituitaries (the "Braselton and McShan extraction method" 

used in the present work) and assaying fractions in the pH range 4.0 -

7.0, observed a broad mUltiphasic peak of LH activity between pH 5.1 and 

1 
4.3 . In the present work, isoelectric focussinq (IEF) of crude 

aqueous extracts of horse pituitary resulted in LH peaks at pH 7.2, 6.1, 

5.2 and 4.5; values reasonably comparable to those obtained in the other 

ITo enable comp·arison between Irvine's study and the present one, these 
pH values have been adjusted to correct for difference between studies 
in the observed isoelectric point of the internal marker, haemoglobin 
(7.06, this study vs 6.8, Irvine, pers. corom.). 
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studies, although the existen.ce in purified preparations of a distinct 

LH peak at pH 5.1 - 5.2 may be questionable. However, this could be 

explained by selective loss (or discard) of these molecules during 

rigorous purification. For example, the preparation focussed by Brasel-

ton and McShan contained only 10% of the LH activity in the initial crude 

pituitary extract. Furthermore, compared with earlier work, LH peaks 

in .the present study were more sharply defined, which could be 

attributed to the use of flat bed rather than column IEF. In flat bed 

lEF, diffusion of focussed bands can be prevented during fraction col

lection by imbedding a stainless steel grid in the gel (LKB Application 

Note, I~J8) i no such control can be used during column elution. 

Similarities between this and earlier studies in pI values of LH peaks, 

were not :l.ecessarily expected, since in the present work, single pituitar-

ies were focussed rather t.han pools. Therefore, these results demon-

strate that within individual pituitaries, several different forms of the 

LH molecule exist. Furthermore, it appears that individual pituitaries 

differ very little in the forms of LH they are capable of producing (thus 

the similarities in all studies in pI values of LH peaks) . 

Assuming equal extraction efficiency, pituitary immunoactive LH 

content was vastly greater in oestrous and oestradiol-treated mares than 

in the "post-menopausal" mare (382.3 vs 5.4 )1g/g gland extractediby RIA); 

however, distribution of LH activity after isoe1ectric focussing was similar 

in the four pituitaries. By contrast, focussed hormone from gelding 

pituitary seemed to be relatively more alkaline than that from mare 

pituitaries. Whether this observation reflects real differences between 

gelding and mare pituitary LH requires further study. The patterns of 

biological and immunological LH activity after IEF in each of the 3 

pituitaries assayed by both methods were similar, but not identical so that 

the B:I ratio of LH peaks differed, mean ratio being greatest (1.01) in the 

pI 5.2 peak and least (0.37) in the 7.2 peak. These observations are 
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consistent with earlier work (Irvine, 1979) in which pI-dependent variat

ions in B:I ratio of focussed eLH were also observed, the ratio increas-

ing steadily between pH 6.5 (0.87) and 4,2 (4.64). Irvine focussed a 

pool of pituitaries collected mostly from geldings, and extracted by the 

Braselton and McShan method (1970}. In the present study, less efficient 

extraction of pituitary LH (see Table 10) and, after IEF, an altered 

distribution of bio- and immunoactivity were observed with the Braselton and 

and McShan method compared with milder aqueous extraction. Interestingly, 

results with Braselton and McShan extracted gelding pituitary (see Figures 

28 and 32) were more similar to those reported by Irvine (1979). 

After IEF of human pituitary LH, no consistent variation in B:I 

ratio W.1S noticed in the pH range 7.0 - 9.0; however, B:I ratio signifi

cantly dE:creased below pH 7.0, suggesting to the authors the presence in 

this acidic region of subunits, immunologically cross-reacting gonado

trophins or biologically inactive LH populations (Robertson and Diczfalusy, 

1977:.) . In the rat, the B:I ratio of focussed pituitary~H was found to 

vary with pH)being significantly lower in castrates and proestrous females 

between pH 7.0 and 9.5 than e IsewhE:re . Conversely, B:I ratio did not 

vary with pH in focussed pituitaries from intact males and dioestrous 

females (Robertson et ai., 1982). In this study, bio- (mTPA), and 

immunoactive rat LH were observed in all animals to be distributed in two 

broad peaks of activity between pH 3 and ll}contrasting markedly with the 

tidy peak of bioactive LH between pH 8.6 and 9.3 reported for the rat by 

Reichert (1971). Possibly, methods of assay or extraction have contri-

buted to the disagreement between workers; however, until an explanation 

for the discrepancies is offered, results of Robertson's study should be 

accepted with caution. 

Because the pituitary undoubtedly contains LH molecules at var

ious stages of· synthesis, the physiological importance of finding forms in 

the pituitary with different B:I ratios could be challenged. However, 
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when horse serum was focussed, marked s,imilarities between serum and 

pituitary LH were observed, with peaks of LH activity occurring at like 
.--:-:-:-:."-. 

pI values, and B:I ratio changing similarly with the pI of peaks. Serum 

LH was different to pituitary LH in that immunoactivity without bioactivity 

was found at either pH extreme. Comparison of isoelectric focussing 

profiles of high and low B:I ratio sera (paired samples from two mares) 

rev~aled no consistent shift in LH distribution with decreased ratio; 

. however, in both low ratio sera per cent LH activity increased in areas of 

low B:I ratio (i.e., acid and alkaline extremes) with a concomitant drop 

in activity in the highest ratio peak. In the human, the IEF profiles of 

post-mer'opausal sera and pituitaries were similar, with bioactive peaks 

(RI~ not .done) occurring at like pI values (Robertson et al., 1977). 

However, significant differences after IEF were observed between sera from 

post-menopausal and cyclic (at LH surge) women, LH being relatively more 

alkaline in cyclic women. It was suggested that the endocrine dif-

ferences between the two groups of women had resulted in structural dif-

'ferences in the LH molecule (Strollo et al., 1981). 

While interpretation of the results of the present work is 

complicated by several factors, i.e. the small number of pituitaries and 

sera focussed, and the presence in serum from one mare of a substance 

that interfered in the bioassay, several observations may be cautiously 

made: 1) serum and pituitary horse LH are polymorphic on isoelectric 

focussing; 2) the different forms of the hormone appear to behave dif-

ferently in bio- and immunoassaYi and 3) changes in B:I ratio in whole 

serum seem to be mirrored by subtle changes in LH distribution after IEF. 

Taken together, these observations imply that the changes during the normal 

cycle in the B:I ratio of serum LH may indeed arise from structural changes 

in the cirCUlating molecule and not from assay artefact. Whether the 
f 

polymorphism of' serum LH originates entirely from the pituitary or at least 
, , 

partially from post-secretory modification of the molecule (Campbell et al., 
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1978} cannot be answereQ from these experiments. The close correspondence 

between the pI values at which the greatest part of pituitary and serum LH 

occurred attest to the pituitary being the major source of the polymorphism 

of serum LH. However, the presence in serum, but not pituitary, of LH 

with lit·tle or no bioactivity (and the increased distribution of LH in 

these forms in low ratio sera), suggest that some post-secretory modificat

ions may occur. 
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S ~ C T ION 2. 

INVESTIGATIONS OF MECHANISMS REGULATING LH 

LEVELS IN CYCLIC MARES 
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C HAP T E R I. 

"PITUITARY RESPONSIVENESS": LH RESPONSES TO 

EXOGENOUS GnRH AT VARIOUS STAGES 

OF THE EQUINE OESTROUS CYCLE. 
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INTRODUCTION 

Because of potential use in fertility control,mechanisms 

regulating serum LH levels during the ovulatory cycle have been 

subject to intensive research in many species. it seems evident 

from this body of work that the cyclic pattern of serum LH levels 

results from complex interplay between hypothalamic gonadotrophin 

releasing hormone and gonadal steroids, with the relative 

importance of steroidally mediated changes in pituitary lespon-

siveness' to GnRH stimulation and patterns of GnRH secretion in 

producing the LH surge remaining cqntroversial. Because of the 

long duration of her ovulatory surg~, the mare could be extremely 

useful for investigating factors controlling the LH surge. Thus, 

the following experiments were designed to determine the contri-

bution to the mar~s LH surge of changing pituitary responsiveness 

to GnRH. To this end, small pulse injections of GnRH were ~iven to 

m~res at various times during the ovulatory cycle, and pituitary 

responsiveness (measured as induced LH release/unit GnRH given; 

Yen et al,1975) compared with pre-injection LH levels. It was 

reasoned that these two parameters would be highly correlated when 

pituitary responsiveness was the pri~ary determinant of serum LH 

levels (see for example Yen et al,1975;Lincoln, 1978;Santen and 

Ruby,1979) . 



MAT E R I °A L SAND MET HOD S 
= 

A. EXPERIMENTAL ANIMALS 

23 of the 24 mares used in these experiments were 

Standardbred, and 1,Lilalee, was Thoro~ghbred (See Appendix 2). 

Maintenance of these mares has been described under Materials and 

Methods,Section 1. Methods used to determine oestrus or, for 

experiment 12, seasonal acyclicity were also discussed in Section 1. 

B. HORMONE PREPARATIONS 

~:A'synthetic preparation of the hypothalamic decapeptide GnRH 

(LH-RH/FSH-RH) was a gift from Hoechst AG,West Germany. It was 

provided in injectionable form at a concentration of 0.2 or 1.0 

mg/ml. 

Oestradiol: 0.33g of oestradiol l7~ (Sigma Chemical Co.) was 

dissolved in 10ml ethanol and added to 90ml previously heated 

«lDOo) peanut oil. Alternatively, oestradiol benzoate (Intervet 

Laboratories Ltd, Cambs) 5mg/ml in oil, was used. 

Prostaqlandin: Synthetic prostaglandin analoque (cloprostenol, 

Estrumate~, ICI New Zealand Ltd, Wellington) was used at a 

concentration of 2501J~/ml citrate buffer. 

C. CHOICE OF GnRH DOSE 

The GnRH doses used in these experiments (ie. 0.32 or 

0.5mg/400-500kg horse) were chosen on the basis of earlier 

experiments in which different GnRH doses had been given to acyclic 

mares (Evan's thesis, 1977). In these experiments,a dose of 0.5mg 



was found to induce measur1~1e but not maximal LH release (See 

also Results, Experiment 11). 

EXPERIME.NTAL PROTOCOL 

Experiment .2 

Aim; To compare GnRH induced LH release in oestrus and 

dioestrus. Details of this experiment are given under Materials 

and Methods, section.l, Experiment 6. Briefly, 7 mares were given 

0.5mg GnRH once during oestrus and once during mid-dioestrus, 

blood collected at frequent intervals before and after injection 

and sexum LH measured by in vitro bioassay and radio~immuno-assay. 

Aim; To study the responses to GnRH given once daily 

throughout oestrus and to compare these responses with that 

induced by a single GnRH injection in mid-dioestrus. 

Two mares (Coming In and Lady Sherelle) Here given 0.32mg 

GnRH i.m. once daily through oestrus and again on the sixth day of 

dioestrus. Blood was collected at -0.67, -0.33, 0, 0.5, 1.0, 1.5 

and 3.0h from GnRH injection, and LH levels measured by radio-

immuno-assay. 

Experiment 11 

Aim; to study the responses to GnRH given once daily 

throughout an oestrous cycle. 

Six mares were given 0.5mg GnRH i.m. once daily through 

an oestrouS cycle beginning either on the first day of oestrus 

(Prentice, Mrs Oram and Oriental Scott) or the first day of 

dioestrus (Stoat, Zany, and Orient Star). Two mares (Mrs Oram 

and Oriental Scott) failed to return to oestrus during the treated 
• 

cycle and in these mares GnRH administration was terminated after 

44 and 32 days, respectively. Blood was collected from all mares 
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at 0, 1 and 2h from GnRH injection and LH levels measured by 

in vitro bioassay in all (stoat, Zany and Prentice) or selected 

(Orient Star, Oriental Scott and Mrs Oram) samples. This 
:-> 

experiment was part of a larger study performed by Dr. Margaret 

Evans, Prof. C.H.G. Irvine and Miss Julie Turner (1980). 

CALCULATION OF LH RESPONSE TO GnRH INJECTION 

Experiments 9 and 10 

The LH response to GnRH was expressed as area units and 

was calculated using the following formula: 

RESPONSE = (area under graph of serum LH levels after GnRH 

injection) (area under graph (,f serum LH levels before GnRH 

injection) . 

This calculation assumed that GnRH administr~tion would 

not affect directly or indirectly endogenous GnRH secretion which 

would continue to maintain pre-injection LH levels during the 

exogenously induced LH response. Although there is no proof of the 

validity of this assumption in the horse, the small amount of 

evidence available from other species would suggest it may be 

re'asonable. For example, episodic LH if not suppressed in women 

by GnRH infusions which generate marked LH increases (Wang, Lasley, 

Lein and Yen, 1976) or in ovariectomised sheep (Coppings and Malven, 

1975) or in monkeys (Knobil, 1974) by LH or hCG infusion. The area 

under the graph of LH levels was estimated as shown in Figure 36. 

Response was measured as area in preference to peak change inLH 

levels (See for example Yen et al, 1975) since area estimates did 

not depend on accurate assay of a single sample (~~ the "peak") 

and could take into account varying LH response shapes. 

Experiment 11 

Because of t~le . f 
1 1n requenty of blood sampling in this 

experiment, the area of the LH response could not be confidently 
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Figure 36. Calculation of area under the LH response curve 

40 

30 

10 

mean I 
'1= 

height 

a 

-1 

1 

a + b 
2 

b 

2 

b + c 
2 

I 
I 
I 
I ... 3 4 5 

o 1 
HOURS FROM GnRH INJECTION 

c + d 
2 

d + e 
2 

e + f 
2 

width = constant k = 1 sampling interval 

area = height x width 

6 

f + g 
2 

2 

pre-injection area over 1 h = post-injection area over 2 h = 
l(c + 2d + 2e + 2f + g) 

2 

Pre- and post- injection periods must be expressed in the same units 

to be compared. For these studies, this unit has been defined as LH 

secretion necessary to maintain a serum LH level of 1 ng/ml for 1 

sampling interval.* THUS, in this example: 

Pre-injection area = (a + ~b + c) x! i.e. 2 sampling intervals were summed 
to get total area 

Post-injection area = (c + 2d + 2e + 2f + g) x ! 
2 

i.e. 4 sampling intervals 
were summed to get total 
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*whenls~linq intervals were unequal, units were expressed per shortest 
samp ~ng ~nterval L' 

~1: 
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calculated. Therefore, response was expressed as peak change in 

LH levels ~fter GnRH injectiofi. 

STATISTICAL ANALYSES 

~xperiment 9 

For all mares, oestrous and dioestrous pre-injection LH 

levels measured by bioassay were compared by analysis of variance, 

in which stage of cycle was treatment and individual mares, 

replicates. Similar analysis was made of oestrous and dioestrous 

GnRH induced bio-active LH responses. For experiment 9b mares 

(=6b mares, See Section 1), bio- and immuno- active LH responses 

were also compared using analysis of variance. The data from these 

mares were selected for this analysis because both bio- and 

immuno- assays were performed by the author, usi~g the same LH 

standard, and therefore results would be more comparable than 

those from the bioassay and Dr. Foster's assays (te.Experiment 

9a=6a, see Section 1). For all mares the ratio between LH response 

and pre-injection LH levels (1e. fractional change in LH levels 

induced by GnRH) was calculated for oestrous and dioestrous 

exreriments, and values for this ratio at the two cycle stages 

compared by analysis of variance as described above. For Experiment 

9b mares, time to peak bio- and immuno- active LH levels after GnRH 

was also determined and the effect of cycle stage and method of 

assay on peak time tested by analysis of variance. Because 

Experiment 9a mares were given GnRH by a different route of 

administration~the effect of cycle stage on time to bioactive LH 

peak was analysed separately in this group. 

Experiment 10 

This experiment was not analysed because of the small 

number of mares sampled (n=2). 
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Experiment ~.l 

Comparisons between mean 1) oestrous and dioestrous 

pre-injection baselines, 2) oestrous and dioestrous peak change 

in LH levels and 3) oestrous and dioestrous fractional change in 

LH levels,were made for all mares by paired t-t~st. In the 3 mares 

for which all samples had been bio-assayed, pre-injection LH levels 

and LH response (~e.peak change in LH levels in this experiment) 

were also expressed as percent respective maximum value in each 

mare {ego .LH response day 11, mare 1 

Maximum LH response, mare 1 
x 100 

These 3 cycles were then normalised to the first day of dioestrus 

and the first day of oestrus, and mean pre-injection LH levels and 

LH resp~nsecalculated for each day of the cycle. The correlation 

between 'these two parameters during the o·estrous cycle was 

deter.minr~d by regre s s ion analys i s and cal cuI a tion 0 f the 

correlation coefficient,r (Statistical Program Pack, HP41CV hand-

held calculator). 

RESULTS 

Mean serum levels (!.3.E.M.) of bio- and immuno-active 

LH before and after 0.5mg GnRH given in oestrus and dioestrus are 

shown for Experiment 9b mares in Figures .1Sh and c. 

Bio-active LH levels in Experiment 9amares are shown in Figure lSa. 

Table 20 shows pre-injection bio-assayable LH levels, area of the 

GnRH-induced response and fra6tional change in LH levels for ali 

mares at both cycle stages. Table 21 shows comparable immuno-

assayable LH levels for Experiment 9b mares. As expected, pre-

injection LH levels were significantly higher in oestrus than mid-

dioestrus -+ + 
(X- S.E.M., oestrus: 67.0- 18.2 ng/ml; dioestrus: 

+ 24.0- 8.1ng/ml; F~ =6.95, p<'0.05). 



TABLE £Q: Pre-injection bio-active LH Leve~s, area of LH response and 

fractional change in LH levels induced by 0.5mg GnRH given to 7 mares 

during oestrus and once during dioestrus. 

once 

MARE Pre-inj ection (LH) (Uni ts) Response (Units) [I Fractional Change 

Descent 

Tussle 

Safe Dream 

Zany 

Prentice 

Mrs Oram 

True Return 

MEAN 

SEM 

Oestrus 

28.6 

27.3 

65.5 

23.7 

155.:' 

66.5 

102.0 

67.0 

18.2 

" 

" 

Dioestrus 

3.9 

10.9 

53.8 

7.7 

21. 2 

15.6 

55.0 

24.0 

8.1 

Oestrus Dioestrus Oestrus Dioestrus 

9.0 40.2 0.32 10.3 

21.4 45.3 0.78 4.2 

31. 5 113.1 0.48 2.1 

16.1 47.7 0.68 6.2 

201.4 91.8 1.3 4.3 

67.7 16.6 1.0 1.1 

43.0 44.3 0.42 0.81 

55.7 57.0 0.71 4.14 

25.4 12.6 0.13 1.26 

-.; 

,:.;: 

..... 
~ 
\0 



TABLE 21: Pre-injection immuno-active LH levels, area of LH response and 

fractional change in LH levels induced by 0.5mg GnRH given to 4 mares once 

during oestrus and once during dioestrus. 

MARE Pre-inj ection [LH] (Units) Response (Units) Fractional Change 

Oestrus Dioestrus Oestrus Dioestrus Oestrus Dioestru us 

Descent 20.6 1.7 9.2 41.5 0.44 24.4 

Tussle 19.6 8.1 10.3 40.1 0.52 4.9 

~afe Dream 30.1 20.4 16.1 75.7 0.53 3.7 

Zany 33.8 9.3 8.6 83.4 0.26 9.0 

MEAN 26.0 9.9 11.0 60.2 0.44 10.5 

SEM 3.5 3.9 1.7 11.3 0.06 4.8 
--------

I-' 
V1 
o 
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For the group, stage of cycle did not affect the area of 

the bio-active response induced by 0.5mg GnRH -+ (X- S.E.M. oestrus= 

55.7:!: 25.4 units, dioestrus=57.0:!: 12.6 units, F ~ =0.003,NS). 

However for Experiment 9b mares, a significantly greater response 

was induced by GnRH in dioestrus than oestrus, regardless of the 

. (-+ b . + method of assay used X- S.E.M., oestrus: ~o-assay=19.5-4.7 units, 

+ . b' + RIA=11.0-1.7 units, dioestrus: ~o-assay=61.6- 17.3 units, 

RIA=60.2:!:11.3 units, effect of cycle stage, Fj =20.3, p<0.025, 

E;!ffect of assay, Ft ~0.41, NS). Two of the 3 experiment 9a mares 

were treated later in dioestrus than the rest of the group (day 10,11 

versus day 5,7) and this may explain the lower dioestrus response 

observation in Experiment 9a. (See also results Experiment 11). 

For all mares the fractional change in bio-active LH levels 

after GnPH was greater in dioestrus than oestrus -+ 
(X- S.E.M., oestrus: 

O.7~:!:d.13, dioestrus:4.1:!:1.3,FL =6.97,p<0.05). This was also true 

when Experiment 9b mares were considered separately, and method of 

assay'did not affect results (Ft =2.22,NS). In Experiment 9b mares 

~ime to the LH peak was longer in oestrus than dioestrus, again 

-+ regardless of method of assay used (X- S.E.M., oestrus: bio-assay= 

,+, 4+ 0 ' d' t b' 60 ' +21 ' 116mln-28mln,RIA=9 -3 mln, 109S rus: ~o-assay= mln- mln, 

RIA=56:!: 18min, effect of cycle stage, F~ =18.9, p(0.025, effect of 

assay,F~ =0.37, NS). No significant difference in time to 

bio-active LH peak qould be detected between mares given GnRH 

intravenously (See Experiment 9a) or intramuscularly (See Experiment 

9b) -+ (X- S.E.M., oestrus: I.V.=100:!:40min, dioestrus: + I.V.=50- 10min) 

and when the groups were pooled the effect of cycle stage on 

bio-active peak time remained significant + (group mean-S.E.M. oestrus= 

109:!:21min, dioestrus=56:!:12min,Fl~ =4.75, p(0.05). 

Experiment 10 and 11 

Table 22 shows pre-injecti~n immuno-assayable LH levels, 

area of the induced LH response, and fractional change in LH levels 

-:.' 



TABLE 22: Pre-injection immuno-active LH level~, area of LH response and 

fractional change in LH levels induced by 0.32mg GnRH given to 2 mares once 

daily through oestrus and on the sixth day of dioestrus. 

Pre-inj ection LH I '(Uni ts) Response. (Units) 
I 

Fractional Change 

-

Date and Sexual 

Receptivity* 
MARE - Coming In 

21/12+ 32.3 4.6 0.14 

22/12 + 39.0 1.9 0.09 

23/12 0 54.6 . 40.5 0.74 

28/12 - 8.4 20.2 2.40 

MARE - Lady Shere11e 

24/12 + 11.7 I 3.2 0.27 

26/12 + 33.8 11. 9 0.35 

27/12 + 59.4 25.8 0.43 

28/12 + 72.5 30.5 0.42 . 

29/12 0 54.1 38.4 0.71 

30/12 - 34.5 10,9 0.32 

6/1 - 3.4 21. 9 6.44 

* +=receptive, o=passive-indifferent, -=antagonistic 

::, 

I-' 
VI 
N 
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in 2 mares given 0.32mg GnRH once daily through oestrus and on 

the sixth day of dioestrus. In both mares)the fractional change 

in LH levels after GnRH was always less than one during oestrus 

(Corning In, X=0.31, Lady Sherelle,X=0.42) but had increased to 6.44 

(Corning In) and 2.40 (Lady Sherelle) on the sixth day of dioestrus. 

Table 23 shows pre-injection bio-assayable LH levels and 

peak and fractional changes in LH levels in 6 mares given O.Smg 

GnRH'once daily through an oestrous cycle. Dioestrous and oestrous 

+ means (-S.E.M.)for each parameter in each mare are also given in 

Table 23. 

Preinjection LH levels were greater in oestrus than 

dioestru3 (p<0.02), however peak change in LH levels induced by 

GnRH was greater in dioestrus than oestrus (p<O.OS) resulting in 

the fractional change in LH levels after GnRH being much greater 

in dioestrus than oestrus (p<O.OOS). Daily mean pre-injection LH 

level~ arid response to GnRH (data expressed as percentage of 

maximum value) in the 3 mares for which all samples were bio-assayed 

are shown in Figure 37. In all mares, pre-injection LH levels' 

formed a pattern identical to tnat of a normal oestrous cycle. 

In each mare, peak GnRH induced change in LH levels was greatest 

during the first S days of dioestrus, falling gradually to a stable 

low baseline (Group mean ±S.E.M.: 9.2±0.6% of maximum response) 

which was maintained until late oestrus when response again increased. 

For the group, pre-injection LH levels were positively correlated 

with response to GnRH (r=0.68), however the correlation was much 

higher during early and mid-dioestrus (dioestrus - days 1-16,r=0.932) 

than during late dioestrus - early oestrus (last 3 days of dioestrus, 

first 3 days of oestrus, r=-0.06) when pre-injection LH levels 

began to rise in the ovulatory surge unaccompanied by an increase in 
• 

LH response to exogenous GnRH. (See Figure 37) 

The results of Experiments 9-11 will be discussed with 

those of the following experiments at the end of this Section. 
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Table 23. Pre-injection bioactive LH levels, and peak and fractional changes in LH 
levels induced by 0.5 mg GnRH given once daily to 6 mares through an oestrous cycle 

ma:r..e STOAT ZANY ORIENT STAR PRENTICE O.SCOTT MRS ORAM 

Day Sexual 
of Recep- Pre Peak Frac Sex Pre Peak Frac Sex Pre Peak Frac Sex Pre Peak Frac Sex Pre Peak Frac Sex Pre Peak Frac 
Exp: tivity 

1 - 33.3 14.2 0.43 - 14.1 26.0 1.8 + 25.4 32.1 1.2 + 25.8 9.5 0.37 + 26.9 4.4 0.16 
2 - 32.0 47.0 1.5 - 13.9 22.0 1.6 + 31.1 21.7 0.7 + 22.6 11.9 0.53 + 28.5 19.2 0.67 
3 - 17.2 32.8 1.9 - 9.2 21.9 2.4 + 44.8 15.1 0.34 + 22.2 2.9 0.13 + 40.1 13.8 0.34 
4 - ~ - - - - 7.6 16.3 2.1 + 48.0 . 15.3 0.32 + 16.6 3.5 0.21 -
5 - 5.8 14.9 2.6 ' - 5.0 9.6 1.9 + 37.3 20.1 0.54 + 21.1 0 0 
6 - 3.7 3.1 0.84 - 3.2 6.0 1.9 - 17.5 33.5 1.9 + 64.1 9.4 0.15 .+ 18.6- 10.0 0.54 
7 - 1.8 5.3 2.9 - 6.4 3.5 0.50 - 10.2 30.7 3.0 + 52.7 45.3 0.88 + 25.1 0 0 
8 - 3.3 2.3 0.70 - 2.0 4.5 2.2 - 8.5 10.6 1.3 - 55.1 111.7 2.0 -
9 - 2.1 5.2 2.5 - 2.7 1.9 0.70 - 5.8 15.7 2.7 - 34.8 82.4 2.4 - 4.1 14.2 3.5 

10 - 1.2 3.8 3.2 - 1.6 2.5 1.6 - 4.5 8.7 1.9 - 31.9 53.7 1.7 - 8.7 11.0 1.3 
11 - 2.2 3.1 1.4 - 2.0 1.8 0.90 - 4.4 7.7 1.8 - 22.0 47.0 2.1 - 5.4 11.9 2.2 
12 - 1.3 2.9 2.2 - 1.3 2.7 2.1 - 16.5 5,0.3 3.1 - 3.8 7.6 2.0 
13 - 1.5 1.3 0.87 - 1.0 1.8 - 1.8 - 10.3 33.5 3.3 - 5.1 17.1 3.4 - 4.3 14.3 3.3 
14 - 0.6 3.1 5.2 - 0.9 1.5 1.6 - 11. 7 22.4 1.9 - 4.6 12.2 2.7 - 3.7 6.9 1.9 
15 - 0.7 1.3 1.8 - 1.7 0.8 0.50 - 8.3 20.8 2.5 - 5.1 11.0 2.2 
16 - 0.8 1.8 2.3 - 2.2 1.1 0.50 - 6.7 7.6 1.1 - 5.0 8.5 1.7 
17 - 0.6 1.0 1.6 - 3.0 1.0 0.33 - 4.3 28.9 6.7 - 2.1 9.0 4.3 
18 - 2.0 1.4 0.70 - 3.7 0.7 0.19 - 5.8 6.3 1.1 - 1.6 8.3 5.2 
19 - 4.1 2.5 0.60 + 5.1 1.1 0.22 + 14.8 0.8 0.05 - 2.5 9.8 3.8 
20 + 5.8 2.3 0.40 + 6 • .4 2.0 0.31 + 40.0 0 0 - 3.4 15.9 4.7 
21 + 5.6 2.6 0.46 + 11.0 0.7 0.06 + 21.1 1.1 0.05 - 8.3 6.2 0.75 
22 + 5.8 3.9 0.67 + 15.5 6.7 0.43 + 24.4 19.7 0.81 - 12.4 15.5 1.3 
23 + 9.3 5.3 0.57 + 16.3 9.6 0.59 + 42.0 12.0 0.29 - 34.9 21.1 0.60 
24 + 11.9 0 0 - + 40.2 0 0 - 21.7 20.8 0.96 
25 + 10.0 13.0 1.3 - - 18.3 21.3 1.2 
26 + 18.5 6.5 0.35 + MARE DIDN'T RETURN MARE DIDN'T RETURN 

TO OESTRUS TO OESTRUS 

DX 6.3 8.5 1.9 D 4.5 7.0 1.4 D 8.5 17.8 2.1 D 17.2 32.0 2.3 D 3.9 11.0 3.3 D 5.0 11.0 2.4 
SE 2.4 3.0 0.28 0.98 2.0 0.17 2.0 4.7 0.26 3.3 6.6 0.37 0.66 1.4 0.54 0.78 1.3 0.35 

OX 8.1 4.8 0.54 0 10.9 4.0 0.32 0 30.4 5.6 0.20 0 43.2 22.7 0.59 0 21.7 5.4 0.25 0 31.8 12.5 0.39 
SE 1.0 1.6 0.15 2.3 1.8 0.09 4.8 3.4 0.31 5.0 4.6 0.14 1.3 1.9 0.09 4.2 4.3 0.15 

- - - - -

<': 

...... 
\J1 
~ 
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Figure 37. Mean pre-injection LH levels and LH response to 

GnRH (both expressed as % respective maximum value) 

in 3 m~res given 0.5 mg GnRH once daily throughout 

an?-~·es trous cycle . 
... j 
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mare (Z=Zany, S=Stoat, P=Prentice). Vertical bars denote the stan
dard error of each mean (not shown unless the mean comprised data 
from all 3 mares). Also shown is the correlation coefficient,r, 
between those values for LH response and pre-injection LH levels 
indicated between ~he thin vertical lines. 
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C HAP T E R II. 

CAN "PITUITARY RESPONSIVENESS" BE MEASURED IN 

CYCLIC MARES? INVESTIGATION OF GnRH DOSE- LH 

RESPONSE RELATIONSHIPS IN CYCLIC AND SEASONALLY 

ACYCLIC MARES. 
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I N T R 0 J) U C T ION TO E X PER I MEN T S: 12 - 14 

In Experiments 9 and 10 it was observed that the 

responsiveness of the mare's pituitary to CnRR was lower in early 

Jestrus than in early dioestrus (days 5-7), whereas pre-injection 

~R levels were higher in oestrus than dioestrus. Experiment 11 

:onfirmed these results and demonstrated that the ovulatory LR 

surge be~:an wi thout a corresponding change in pi tui tary responS1 ve-

~ess. If ~he onset of the surge could not be attributed to increased 

pituitary responS1veness to CnRR, then it seemed most likely to be 

:aused by increased CnRR stimulation of the pituitary. Following 

this reasoning, Pro£ eRC I rvine propos ed (1980) tha t da ta from these 

=xperiments could be used to quantitate changes in endogenous CnRR 

~ctivity. Basically~Irvine theorised'that if the size of the LH 

response induced by CnRR injection depended on the CnRR dose g1ven 

~nd the responsiveness of the pituitary to stimulation then, 

similarly, LH response to ENDOCENOUS CnRH (ie. pre-injection tR 

levels) would depend on CnRH input to the pituitary and pituitary 

responsiveness to CnRR. Thus, assuming pituitary responsiveness 

~as the same to endogenous and exogenous CnRH, endogenous CnRH 

~ctivity could be deduced by comparing pre-injection LR levels with 

the LH response induced by a small dose of exogenous CnRR. This 

somewhat difficult concept is illustrated diagrammatically 1n 

~igure 38. Fundamental to Irvine,rs theory'was the assumption that 

the CnRH dose - LR response relationship was one of direct 
• 

proportionality in the region of endogenous and small exogenous 

~nRH doses, so that in this region LR release/unit CnRH (pituitary 

responsiveness) would be constant. Preliminary dose - response 
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~igure 38. Calculation of Irvine's GnRH Index 
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experiments with acyclic mares and survey of reports of similar 

experiments in other species suggested that the GnRH dose - LH 

response relationship could be described by a rectangular hyperbola, 

which in the lower range of doses was indistinguishable from a 

linear dose - linear response L"ela tionship (See 1a ter for further 

discussion of this), The following experiments were designed to 

investigate GnRH dose - LH response relationships in acyclic mares 

and in"cyc1ic mares during oestrus and dioestrus, P~rforming dose

response experiments in cyclic mares posed problems, since both pre

injection LH levels and LH release ~induced by a constant GnRH dose 

had been observed to vary with day of cycle (See for example 

Experiment 11). To compensate for day to day variations in pre

injection LH levels in each mare, response to GnRH was expressed 

not only as area units released b1!,t as fractional change from 

pre-injection levels (ie. LH response ) , 

Pre-injection levels 

Plotting this expreSS10n against GnRH dose given would accurately 

iescribe the GnRH dose-LH response relationship when variations 1n 

pre-injection levels had been caused by changing pituitary 

responsiveness (See Figure 38), a situation that would most likely 

lrise in dioestrus when pre-injection LH levels and pituitary 

responS1veness were observed to be highly correlated (See Experi-

nent 11), 

'. _ ~ , _, __ : _ : • L. _ .:. : ,-
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MAT E R I A L SAND ME T'R 0 D S 

EXPERIMENTAL PROTOCOL 

A. Experiment 12 

Aim; To Study the GnRH Dose-LH Response Relationship iIi 

Seasonally Acyclic Mares 

Each of 4 mares (Baruch, Oriental Scott, Mrs Oram 

and True Return) was g1ven 0.5, and 1.0 mg GnRH i.v. and bled at -0.5, 

0, 0.5, I. 0, 1 .. 5 and 3 h from inj ec tion. The doses were sepa La ted 

by a 3 day intervil. Order of dOses was not randomised; 1.0 mg 

being given first to all mares. Serum LH levels were measured by 

1n vitro bio-assay. 

Aim· To Study in Dioe3trous Mares: --, 
1) The GnRH Dose-LH Response Relationship and 

2} The Effect of 2 Successive GnRH Injections on 

LH Response. 

a) Each of 4 Mares (Zany, Lilalee, Safe Dream and Milford 

Nurse) was given 0.125, 0.25, 0~5, and 1.0 mg GnRH i.v. on days 6, 

7, 8, and 9 of dioestrus. On each day,a 3econd injection of the 

same GnRH dose was given 2 h after the first injection. Order of 

the 4 doses was randomised with the provision. that on each day of 

the experiment, each mare received a different GnRH dose. Jugular 

vein cannulation was performed as described for Exp~riment 7, 

Section 1, and blood samples were cbllected at 15minute intervals 

for 2 h before and after the first GnRH injection, and for 2 h after 
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the second injection. Serum LH levels were measured by 1D vitl~ 

bioassay. 

b) Each of 3 mares (Coming In, Fourth Hall and True Return) 

was given 0.05, 0.1, 0.2 and 0.4 mg GHRH i.v. on days 2 and 3 

(Fourth Hall; True Return) or 4 and 5 (Coming In) of dioestrus. Two 

doses were given each day at 5-7 h intervals, order of doses was 

randomised in one mare (Coming In), but not in the other two mares 

to which doses were given in order of increasing s~ze in an attempt 
O. 0 ° '\ '1 

tom1n1m1S~ any~arry-over effect of a large dose given early in the 

experiment. Blood samples were collected at ~1.0, -0.5, 0, 0.5, 1.0, 

1.5 and 2.0 h from each injection. Serum" LH levels were measured 

by radio-im~noassay. 

c. Experiment 14 

Aim; To Study the GnRH Dose-LH Response Relationship 

1n Oestrous Mares 

a) Six cyclic mares (Baylight, Holy Name, Scottish Chat, 

"Comeaway, Annin and Oriental Scott) were given 250~g prostaglandin 

and 10 mg oestradiol l7~ or oestradiol benzoate in oil i.m once 

da~ly for 7-8 days beginning on the day of ovulation. Once daily 

injections of oestradiol only were continued for a further 6-7 days. 

Ovarian activity was assessed by palpation p'er"rectum at frequent 

intervals during the experiment. 

This treatment was devised by Dr. R.G. LOy! (University 

of Kentucky, Lexington, Kentucky) and was intended to induce 1n 

these mares, stable, high LH levels,~and to suppress ovarian activity. 

Thus, the GnRH dose-LH response relationship could be tested under 

conditions of high LH secretion rate ( as during Oestrus) un-com

plicated by changing levels of ovarian steroids which may alter 

both pituitary responsiveness to GnRH stimulation and patterns of 

1. Who also did the field work for this experiment. 
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GnRH secretion. 

Each of the mares was glven 0.25, 0.5, 1.0 and 2.0 mg 

GnRH i.v. on the last 4 days of oestradiol treatment. Jugular ve1n 

cannulation was performed as described in Section 1, and blood 

samples were collected at 15 minute intervals for 2 hours before 

and after GnRH injections. Serum LH levels were measured by radio-

1mmunoassay. 

b) Each of 4 dioestrous mares (Safe Dream, Lady Sherelle, 

Annin and Fourth Hall) was given 250pg of prostaglandin 1.m. 

(Annin was at day 5 of dioestrus, while the other mares were at day 

15 of dioestrus). FoJr days later, mares were teased to determine 

sexual receptivity and follicular activity assessed by ovarian 

palpation ~ rectum. Mares were then given 0.3 mg GnRH i.v. The 

following day each mare received 0.1 and 0.9 mg GnRH at 5 hour 

intervals; dose order was randomised. Jugular vein cannulation 

was performed as described in Section 1 and blood samples collected 

at -1.0, -0.5, 0, 0.5, 1.0, 1.5 and 2 hours from each GnRH injection. 

Serum LH levels were measured by rad~o-·immunoassay. 

c) Each of 4 oestrous mares (Corning In, Stoat, Fourth 

Hall and True Return) was given 0.05 and 0.1 mg GnRH i.v. on the 

second to fourth day of oestrus. Both doses were glven on the same 

day at 5-7 hour intervals~ 0.05mg being given first to all mares 

except Corning In, who received 0.1 mg first. The experiment was 

repeated 2 days later 1n all mares except Corning In. All mares 

were still in oestrus at the second experiment. Ovarian activity 

was assessed by palpation ~r rectum on the day of the first 

(Corning In) or second experiment. Blood samples were collected at 

-1.0, -0.5, 0, 0.5, 1.0, 1.5 and 2.0 hours from each GnRH injection. 

Serum LH levels were measured by radioimmunoassay and by in vitro bio

assay. 
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ASSAYS 

Because results of Experiment 9 indicated that 

comparisons Jf pituitary responsiveness to GnRH stimulation at 

different cycle stages were not affected by method of assay, bio

and 'immuno-assay were used interchangeably to measure serum LH 

in these experiments. However, as a precautionary measure, 

neither assay method was exclusively used to assess the GnRH 

dose-LH response relationship in dioestrous or ,oestrous mares 

(See Protocol). 

CALtULATION, OF LH RESPONSE TO GnRH I~JECTION 

The area of the LH response to single or first GnRH 

injecti~ns was calculated as described earlier in this section. 

When two inj ec tions were given on the same day, response 'LO the 

second injection was calculated using the following formula: 

RESPONSE 2 = (area under graph of serum LH levels after the 2nd 

GnRH injection) - (area under the graph of the 

extrapolated disappearance curve of the LH response 

to the first GnRH injection) 

This modified formula was used to compensate for the decreasing 

presence during the second induced response of LH releasedin the 

first induced response, and sought to avoid underestimation of 

the size of the second response. The plasma half-lif,e of 

equine LH was estimated to be 5 hours, based on results of an 

earlier experiment. (Irvine, 1979). Occasionally, during oestrus, 

the response to the first injection plateaued and did not decay 

as expected before the second injection. In these cases, it was 

assumed that the first response plateau would be maintained 

during the second response. 
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STATISTICAL ANALYSES 

Analysis of all experiments was similar. Basically the 

effect of GnRH dose on LH response was assessed by analysis of 

variance, 1n which individual mares were considered to be treatment 

replicates. Experiment l3a was analysed as a 4x4 Latin Square, in 

which effects of dose and order of dose were tested.. The effect 

of dose order on LH response was also analysed in Experiment l3b, 

however, here the Latin Square model was not used since numbers of 

mares, doses and orders were not equal. When necessary, treatment 

means were compared by Duncan's new multiple range test. 

To compensate for day-to-day variation in pre-injection LH 

levels in each mare, response to GnRH was also ~exptessej ~s 

fraction'al change from pre-injection levels. When two injections 

·were glven on the same day, the fractional change to the second 

injection was calculated using initial pre-injection levels. 

Ihese data were then submitted to analysis of variance as described 

above. For each experiment fractional change in LH levels was 

plotted against GnRH doses on a linear-linear scale. Fit of the 

data to a straight line was then determined by regression 

~na1yses and calculation of the correlation coefficient, r. 
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RESULTS 

EXPERIMENT 12 ACYCLIC MARES 

Mean bioactive LH levels (i.S.E.M.) in g acyclic mares 
. . 

before and at frequent intervals after injection of 0.5 and 1.0 

mg GnRH are shown in Figure 39. Pre-injection LH levels, 

response to GnRH and fractional change in LH levels in each mare 

are displayed in Table 24. 

TABLE 24: Pre-injection bioactive LH levels, LH response and 
fractional change in LH levels after 0.5 and 1.Omg 
GnRH ad~inistration in 4 acyclic mares 

Or 

Ba 

Tr 

Me 
+ 

Mare 

iental 
Scott 

s. 
Dram 

ruch 

ue 
Return 

an 

S.E.M. 

GnRH dose 

0.5 
1.0 

0.5 
.1. a 

0.5 
1.0 

0.5 
1.0 

0.5 
1.0 

(mg) Pre-injection 
LH(Uni ts) 

0.49 
0.49 

1.2 
1.9 

3.8 
4.5 

5.5 
11.1 

+ 2.7-1.2 
+ 4.5-2.3 

Response Fractiona 

(Units) Change 

2:0 4.1 
.~ 3--; 5 7.1 

10.8 9.0 

25.8 13.6 

10.4 2.7 

15.3 3.4 

4.3 0.8 

32.8 3.0 

+ 6.9-2.2 + 4.1-1.7 
+ 19.3-6.4 + 6.8-2.4 

1 

Mean response (± S.E. M.) induced by 0.5 and 1.0 mg 

GnRH were 6.9±2.2 units and 19.3±6.4 units respectively, however 

these could not be shown to be significantly different using 

analysis of variance (F ~ =4.24,NS). Expressing response as 



165 

Figure 39. Mean bioactive LH levels in 4 seasonally a~yclic 

mares before and after injections (at arrow) of 

32 
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24 

20 

~ 12 

8 

4 

0.5 and 1.0 mg GnRH. Vertical bars denote the 

standard error of the mean. 
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fractional change from pre-injection LH levels result~d 1n 

treatment means (t.S.E.M.) of 4.1±1.7 (induced by 0.5mg GnRH~ 

and 6.S±2.4 (1.0mg GnRH) which were significantly different (FA= 

10.43, p<0.05). When plotted as LH response versus GnRH dose 

on a linear scale, these data fitted well to a straight line 

passing through the origin (ie.GnRH dose=O, fractional change 

in LH levels=O, regress10n equation: i = 6.8x + 0.2l, r.= 0.993 

(see Figure 55». 

EXPERIMENT 13 DIOESTROUS MARES 

A. Serum bioactive LH levels.before and after the first 

injection of 0.125, 0.25, 0.5 and 1.0mg GnRH are shown for each 

dioestrous mare in Figures 40, 41, 42, and 43. Table 25 d~splays, 

for each mare, pre-injection LH levels, LH response and fractional 

·change induced by the 4 GnRH doses~ In each mare, pre-injection 

LH levels varied during the course of the experiment; group means 

being; day 1 of the experiment = 17.4 units, day2=28.1 units, 

day3=12.0 units and day 4=8.1 units. Analysis of variance showed 

that the effect of day of experiment on pre-injection LH levels 

was significant (p<0.05), with levels on day 2 being higher than 

those on days 3 and 4. 
+ + . 

Mean response (-SEM) to 0.125 mg GnRH was 17.2-S.1 units; 

+ . 5 + . d 10 to 0.25mg=34.7-15.1 un1ts; to O. mg=19.0-3.2 un1ts an to . mg= 

+ 52.2-27.4 units. Analysis of variance failed to show a significant 

effect of GnRH dose on LH response (F~=2.77,NS). However, response 

was affected by the order that the doses were given (F~=7.10, 

p<0.05), with the first injection inducing the greatest response 

(dose 1)66.9 units; dose 2,24.5 units; dose 3,1301 units~ dose 4, 

12.6 units; p(0.05,Duncan's Multiple Range Test). Mean fract

ional change in LH levels (± SEM) induced by 0.125mg GnRB was 

+ + + 0.95-0.17, by 0.25mg=1.8-0.95 by 0.5mg=2.3-0.77 and by 1.0mg= 

+ 5.1-3.2. Neither GnRH nor order given could be shown to affect 



Figure 40. Bioactive LH levels in a dioestrous mare before and after 
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Figure 41. Bioactive LH levels in a dioestrous mare before and after 

injections of 0.125,- 0.25, 0.5 and 1.0 mg GnRH. Doses were 
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Figure 42. Bioactive LH levels in a dioestrous mare before and after 
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Figure 43. Bioactive LH levels in a dioestrous mare before and after 
injections of 0.125, 0.25, 0.5 and 1.0 mg GnRH. 
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TABLE 25: Pre-injection b~o-active LH levels, LH response and 

fractional change ln LH levels induced by 0.125, 

0.25, 0.5 and t.O mg GnRH in 4 dioestrous mares 

Mare GnRH Order Pre-injection Response Fractional 
Dose Given LH (Units) (Units) Change 

Li1alee 0.125 2 13.1 8.7 0.66 
0.25 4 9.5 6.6 0.70 
0.5 1 8.6 27.5 3.2 
1.0 3 8.1 11.0 1.4 

Zany 0.125 4 12.7 8.1 0.64 
0.25 2 25.8 31.0 1.2 
0.5 3 11.8 20.1 1.7 
1.0 1 9.1 131.9 14.5 

Safe 0.125 3 8.0 10.4 1.3 
Dream 0.25 1 15.7 66.6 4.2 

0.5 2 34.7 15.3 0.44 
1.0 4 7.1 22.6 3.2 

~1i 1 ford 0.125 1 36.2 41.6 1.2 
Nurse 0.25 3 - - -

0.5 4 3.3 12.9 3.9 . 

1.0 2 38.6 43.1 1.1 

response expressed as fractional change \F~; dose=1.4l,NS; order= 
2.20, NS). However it should be noted that when mean fractional 

change was plotted against GnRH dose on a linear scale a straight 
line passing through the origin resulted (regression equation: 
y=4.8x+0.22,r=0.989~ See Figure 55): 

Data to compare the effect of 2 successive GnRH injections 

on LH response were available from each mare only for GnRH doses 
of 0.125 and 0.5mg. lTable 26 shows the first and second responses 

to these two GnRH doses in each mare. 

• 
1. Q..25mg: LI1ALEE- 2nd injection intramuscular, SAFE DREAM- endo-

genously driven LH pulse in last sampling of first response, 
MILFORD NURSE- not done;l.Omg~ SAFE DREAM- 2nd injection intra-

muscular. 

• ~ __ ' __ •••• ,_c_ 

I':'.::::,", ".:':"-:':-:"-:-:': 
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TABLE 2§: LH response (in area units) 6£ four dioestrous mares 

to two successive injections of 0.125 or 0.5 mg GnRH . glven two hours apart 

Mare Response GnRH Dose 

o .125mg 0.5mg 

Li1alee 1 8.7 27.5 

2 10.5 15.8 

Milford 1 41.6 12.9 

Nurse 2 10.7 4.7 

Zany 1 H.1 20.1 

2 4.2 7.7 

Safe 1 10.4 15.3 

Drea:n 2 9.7 21.2 

Mean ,responses (:!: SEM) to the succeSSlve injections were: 

o . 125mg : + uni ts , + units I'. 17.2-,H p 1 2. 8.S-1.5 

0.5 + uni ts ) 2. + units mg! 1. 18.9-18.9 12.3-3.8 

Because of the similarity between doses in mean first and second 

induced LH responses, data were pooled and responses compared by 

paired t-test. Although the second response was apparently 

smaller than the first, this difference was not significant 

(t=1.86, df=7). 

~ Figure 44 shows serum immunoactive LH in 3 dioestrous 

mares before and after injection of 0.05, 0.1, 0.2 and 0.4mg GnRH. 

Pre-injection LH levels, LH responses and fractional change in LH 

levels induced by the 4 GnRH doses are shown for each mare in 

Table 27. 
+' + Mean response (- SEM) to 0.05mg GnRH was 15.5-2.6 units, 

to 0.1 mg=22.1~11.3 units, to 0.2mg=12.6±3.5 units and 0.4=9.2± 
• 

2.3 units. As with the pre~ious group of dioestrous mares, response 

was not affected by GnRH dose (Fl=7.35,NS) but was affected by the 

order that doses were given (F~=13.05, p<0.05). Using Duncan's new 
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Figure 44. Immunoactive LH levels in 3 dioestrous mares before 

and after injections of 0.05, 0.1, 0.2 and 0.4 mg 

GnRH. 
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Table 27: Pre-injection immuno-active LH levels, LH response and 

fractional change in LH levels induced by 0.05, 0.1, 

0.2 and 0.4mg CnRH in 3 dioestrous mares 

Mare CnRH Order Pre-injection Response Fractional 
Dose Civen LH (Units) (Units) Change 

True 0.05 1 5.4 20.7 3.B 
Return 0.1 2 5.4 12.9 2.4 

0.2 3 6.0 12.3 2.1 
0.4 4 6.0 7.0 1.2 

Coming 0.05 3 10.2 13.2 1.3 
In 0.1 1 6.7 44.6 6.6 

0.2 2 6.7 1B.7 2.B 
.. 

0.4 4 10.2 13.B 1.3 

Fourth 0.05 1 4.5 12.5 2.B 
Hall 0.1 2 4.5 B.7 1.9 

0.2 3 6.7 6.7 1.0 
0.4 4 6.7 6.B 1.0 

.mu1tiple range test, mean first re~ponse was found to be signifi

cantly greater than the others (mean response: dose 1= 27.2 ~nits, 

dose 2=6.6, dose 3=10.6 and dose 4=14.6). Mean fractional change 
+ . +. . 

in LH levels (- SEM) induced by 0.05mg CuRH was 2.6-0.73; by O.lmg= 
+ . +. . + . 

3.6-1.5; by 0.2mg=2.0-0.52 and by 0.4mg=1.2-0.09. Both CnRH 

aose and order given significantly affected this parameter - (F~, 

dose=12.22, p<0.05; order=17.25, p<0.025), which was greatest: 

a) to O.lmg CnRH, decreasing with increasing dose (see Figure 55), 

b) to the first injection (dose 1=4.5, dose 2=1~3, dose 3=1.3 and 

dose 4=2.4, p<'0.05, Duncan's multiple range test.) 

.. _" .... ,. ,--',-:.-.'-' 

- ~ . .-' .' 
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EXPERIMENT 14 OESTROUS MARES 

A. Prostaglandin - Oestradiol Treated Mares 

All mares showed behavioural oestrus throughout the 

~xperiment and little or no ovarian activity (Holy Name had a small 

~ollicle~15mm1in her right ovary throughout the experiment, no 

significant structures were palpable in theother mares ovar~es at 

any. time during oestradioll or oestradiol and GnRH treatment). 

Immunoactive LH levels before and after injection of 0.25, 

0.5, 1.0 and 2.0mg GnRH are shown for each mare, in Figures 45 

through 50. Table 28 summarises for each mare, pre-injection LH 

levels, LH response and fractional change induced by the 4 GnRH 
. . 

doses .. Pre-injection levels were comparable to maximum oestrous 
'+ . + . 

values in this assay system (group mean - SEM= 70.2-11.8ng/ml). 

Although not tested statistically, pre-injection levels appeared to 

be stable during the experiment; no consistent variation with 
+ ' 

day of experiment being observed. Mean response (-SEM) to 0.25mg 
+ ." . +. + ·GnRH was 28.9-7.9 un~ts; to 0.5mg=22.7-4.1 un~ts; to 1.0mg= 24.5-

. + . 
6.9 units and to 2.0mg=24.9-6.3 un~ts. Mean fractional change in 

LH levels '(~SEM) induced by 0.25mg GnRH was 0.38±0.65; by 0.5mg= 
+ - '+. . +' , 

0.35-0.06; by 1.Omg=0.34-0.07 and by 2.0mg=0.35-0.05. Analysis 

of variance failed to show a significant effect of GnRH dose on LH 

response whether expresse~ as area units or fractional change. 

~ Early Oestrous Mares 

Two (Fourth Hall and Safe Dream) of the 4 mares showed 

behavioural oestrus and marked ovarian activity on the day on 

which the first GnRH dose was given (ieo day one of the experiment). 

Annin came into oestrus on the second day of the experiment, but 

Lady Sherelle remained unreceptive, with small ipactive ovaries, 

and therefore would seem to have become seasonally acyclic. (See 

Table 29 for details of ovarlan palpations). 
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Figure 45. Immunoactive LH levels in a prostaglandin-oestradiol 

treated mare before and after injections of 0.25, O'~T 

1.0 and 2.0 mg GnRH. (at arrow). 
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Figure 46. Immunoactive LH levels in a prostaglandin-oestradiol 

treated mare before and after injections of 0.25, 0.5, 

90 

70 

1.0 and 2.0 mg GnRH (at arrow). 
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Figure 47. Immunoactive LH levels in a prostaglandin~oestradiol 

treated mare before and after injections of 0.25, 0.5, 

100 
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20 

1.0 and 2.0 mg GnRH (at arrow). 
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Figure 48. Immunoactive LH levels 1n a prostaglandin-oestradiol 

treated mare before and after injections of 0.25, 0.5, 

1.0 and 2.0 mg CnRH. 
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Figure 49. Immunoactive LH levels in a prostaglandin-oestradiol 

treated mare before and after injections of 0.25, 0.5, 

1.0 and 2.0 mg GnRH (at arrow). 

BAYLIGHT 

-2 '-I o 

HOURS FROM GnRB INJECTION 

GnRH dose (mg) 

• .. 0.25 
• • 0.5 
0-----0 1.0 
[)._. ---0 2.0 

1 

3 

, 4: 'o---() ., 
2 

2 



181 

Figure 50. Immunoactive LH levels in a prostaglandin-oestradiol 

treated mare before and after injections of 0~25, 0.5, 
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1.0 and 2.0 mg GnRH (at arrow). 
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Table 28: Pre-injection immuno-active LH levels, LH response and 
fractional change in LH levels induced by 0.25, 0.5, 1.0 
and 2.0 mg GnRH in 6 Prostaglandin - .oestradio1 treated 

mares -
Mare GnRH Order Pre-injection Response Fractional 

Dose Given LH (Units) (Units) Change 

Oriental 0.25 2 50.5 13.9 0.27 

Scott 0.5 3 55.5 18.7 0.34 

1.0 1 50.5 16.1 0.32 

2.0 4 60.5 21.7 0.36 

Comeaway 0.25 1 116.7 64.9 0.56 

0.5 2 138.8 . 26.3 0.19 

1.0 4 112.1 50.2 0.45 

2.0 3 116.8 51.6 0.44 

Annin 0.25 1 95.0 35.3 0.37 

0.5 2 81.2 39.7 0.49 

1.0 4 85.2 29.1 0.34 

2.0 3 91.9 29.5 0.32 

Holy 0.25 2 50.3 19.6 0.39 

Name 0.5 4 44.6 9.3 0.21 

1.0 3 48.7 12.4 0.25 

2.0 1 50.5 27.0 0.54 

Bay1ight 0.25 3 60.6 13.6 0.22 

0.5 4 38.0 19.6 0.52 

1.0 2 50.6 4.2 0.08 

2.0 1 55.4 8.1 0.15 

Scottish 0.25 2 54.9 26.4 0.48 

Chat 0.5 3 62.4 22.5 0.36 

1.0 1 57 .. 3 35.0 0.61 

2.0 4 57.8 11.6 0.29 
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Table 29: Ovarian activity in Experiment 14b mares on Day 1 

of the experiment 

Fourth Hall 

Safe Dream 

Annin 

Lady Sherelle 

4.0 cm follicle 
no follicles distinguishable but ovar~es 

large and active 

2.5 cm follicle 

ovaries small and inactive 

Immunoactive LH levels before and after injections of 

0.1, 0.3 and 0.9mg CnRH are shown, for eaeh mare in Figures 51 and 

52. Table 30 summarises, for each mar~, pre-injection LH levels 

LH response and fractional change induced by the 3 CnRH doses . 

. Mean response (±SEM) to O.lmg CnRH was 4.3~1.9 units; 

to 0.3mg=6.4!1.9 units and to 0.9mg=4.6!1.9 units. Mean 
. -

fractional changes (±SEM) induced by the 3 doses were 0.2ltO.05, 

0.36tO.ll and 0.23!0.05, respectively. Analysis of var~ance 

failed to show a significant effect of CnRH dose on LH response, 

whether expressed as area units or fractional change. Because 

of the variability of these mares in amount of ovarian activity, 

responses of individual mares to the 3 CnRH doses were examined. 

In Fourth Hall and Annin, (mares with palpable follicles in their 

ovaries), increasing CnRH dose did not cause increasing LR- response 

and fractional change in LH levels was a constant. In Safe Dream 

(mare with large ovaries but no distinguishable follicles)~0.3mg 

CnRH caused twice the LH response that O.lmg did (fractional 

change: 0.lmg=0.2l, 0.3mg=0.4l); however, response to 0.9mg, the 

second injection of the second day, was smallest of the three 

responses. Lady Sherelle had inactive ovaries and in her, 0.3mg 

CnRH induced 4 times the LH release that O.lmg did ( fractional 

change: 0.1=0.17, 0.3=0.61), however, response to 0.9mg the first 

dose of the second day, was again poor. 
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Figure 51. Immunoactive LH levels in 2 oestrous mares before and after injections 
of 0.1, 0.3 and 0.9 mg G~RH. 
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Figure 52. Immunoactive LH levels in 2 o~strous mares before and after injections 
of 0.1, 0.3 and 0.9 mg GnRH. 
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Table 30: Pre-injection immuno-active LH levels, LH response and 

fractional change in LH levels induced by 0.1, 0.3, 

and 0.9 mg GnRH in 4 "oestrous" mare-s 

Mare GnRH Order Pre-injection Response Fractional 

Dose Given [LH1 (Uni ts) (Units) Change 

Fourth 0.1 2 26.4 9.3 0.35 
· . 

Hall 0;3 1 20.0 6.6 0.33 

0.9 3 - 9 .. 8 0.37 

Safe 0.1 2 23.0 4.9 0.21 
· . 

Dream 0.3 1 23.2 9.4 0.41 

0.9 3 - 4.7 0.20 

Annin 0.1 3 - 0.9 0.09 
· . 

0.3 1 11.0 0.9 0.08 
· . 

0.9 2 10.1 1.1 0~11 

Lady 0.1 3 - 2.1 0.17 

'Shere lIe 0.3 1 14.3 8.7 0.61 . 
0.9 2 12.4 2.8 0.23 

MID TO LATE OESTROUS MARES 

Results of ovarian palpations are shown ln Table 31 

Table 31: Ovarian activity in Experiment 14c mares on the first 

(Coming In) or second day of the experiment. 

FOURTH HALL: Left ovary - 5.0 cm soft follicle 

Right ovary- 2.0 cm firm follicle 

TRUE RETURN: Ovulated 

STOAT: 5.0 cm soft follicle 

COMING IN: 4.5 cm softish follicle 

Bio- and immuno-active LH levels before and after injection 

of 0.05 and 0.1 mg GnRH are shown for each mare in Figures 53 

and 54. Table 32 compares, in each mare, bio- and immunoassay 

measurements of pre-injection LH levels, LH response and 

fractional change induced by the 2 GnRH doses. 

.; :,- . ~ .'-' .', .'.~' , . ~.'-
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Table 32: Bio- and immunoassay measurements of pre-injection LJ 

Mare 

-
True 

Return 

True 

Return 

Fourth 

Hall 

Fourth 

Hall 

·Coming 

In 

Stoat 

Stoat 

levels, LH response and fractional change in LH levels 

induced by 0.05 and 0.1 mg GnRH in 4 oestrous mares. 

Dayb of GnRH Pre-injection Response Fractional 

oestrus dose LH (units) LH (unit) change 

Bio RIA Bio RIA Bio RIA 

I 
4/7 0.05 25.3 13.3 3.9 7.5 0.15 0.56 

0.1 7.5 4.7 0.30 0.35 

6/7 0.05 28.2 15.4 1.7 5.1 0.06 0.33 

0.1 0 2.2 0 0.14 

4/7 0.05 2.8 3.4 7.6 5.2 2.7 1.5 

0.1 4.9 2.2 1.7 0.64 

6/7 0.05 6.8 5.0 3.7 4.2 0.54 0.83 

0.1 2.4 3.5 0.35 0.70 

2/5 0.05 20.5 12.3 6.5 8.9 0.32 Q.72 

0.1 10.4 16.6 0.51 1.4 

4/8 0.05 3.7 0.73 0.20 

0.1 1.5 0.40 

6/8 0.05 9.2 4.7 0.8 1.4 0.09 0.30 

0.1 1.4 2.0 0.15 0.43 

~Expressed as frac~ion of totRl number of days .in oestrus 

Mean immunoactive responses (.!. SEM) to 0.05 and 0.1 mg GnRH were 
,-

4.67 ! 1.12 and 4.67 ! 2.03 units respectively. Mean bioactive 

responses to the 2 doses were 4.03 ~ 1.08 and 4.43 ~ 1.61 units. 

Mean fractional changes induced by the 2 doses were: 0.05 mg = 

0.63 + 0.17 (RIA), 0.65 ! 0.42 (Bio); 0.1 mg = 0.58 ~ 0.15 (RIA), 

0.50 + 0.25 (Bio). Analysis of variance could not detect an 
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Figure '53. Bio- and immuno-activeLH l~~~ls in 2 

40 

20, 

4-() 

20 

mares given 0.05 (a) and 0.1 ,(b) mg' 

GnRH once or twice during oestrus. 

• • RIA 
\ ,,---A BIO 

TRUE RETURN 

4/7 l
,,~-........ ~ 

1', I 
I '.l 

~I~ 
_ ........ -----~ b , I 

t 

--~- ---- --- --

40 

20 

I 

COMING IN 

-1 o 1 2 3 4 5 6 7 B ,9 

HOURS FROM FIRSr GnRH INJECTION 

Arrows indicate times of GnRH injection 
Day of oestrus is shown as a fraction of the 
total number of days in oestrus. 

'I : 

.1 

. - - - : - ~'-". 



189 

Figure 54. Bio- and/or immuno-active LH'levels in 2 mares 
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effect of GnRH dose or, method of assay on LH response, expressed 

as area unit~ (effect of dose on response: F~ = 0.08, N.S., effect 
1 of assay on response: FlO = 0.65, N.S.). Since pre-injection 

levels were the sa~e fo~ both GnRH doses, results of analysis 

of response expressed as fractional change were identical to 

those discussed above. The relationship between GnRH dose ~nd 

LH response varied ~ith mare. In 3 measurements, in each method 

of assay (see Table 32) doubling GnRH dose approximately 

doubled response, while in the remaining 3 (Bio) or 4 (RIA) 

measurements, dose and response were inversely related. 

However, in most instances the fractional change from pre-inject-

ion LH levels induced by GnRH was extremely small and difficult 

to measure accurately, and presumably accounted for some of the 

variability in results. Furthermore, it should be noted that 

although all mares appeared to ovulate normally, pre-injection 

LH levels were abnormally low by both assay methods in both 

Stoat and Fourth Hall possibly indicating that these mares 

were entering seasonal acyclicity (see Ginther, 1979; this 

experiment was done in May). 
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DISCUSSION 

The results of these dose-response experiments were 

unexpected and have proved difficult to interpret, posing a 

formidable tangle of methodological and physiological problems. 

In acyclic mares, a GnRH dose- LH response relationship was 

demonstrated in which response was directly proportional to 

dose, thereby confirming earlier observations (Irvine, 1981). 

By contrast, in dioestrous mares it was not possible to show 

statistically a GnRH ,dose- LH response relationship of any 

kind due to the significant effect of order of doses on 

response. However in Experiment 13a in which dose order was 

completely randomized (thus compensating for the effect of dose 

order on response), a linear relationship appeared to exist 

between GnRH dose and MEAN fraccional change in pre-injection 

LH levels. This suggests that Eailure to demonstrate statist

ically a GnRH dose- LH response relationship during dioestrus 

may have been caused by day-to-day variations in response of 

the cyclic animal, possibly attribtitable:tosteroid secretion 

stimulated by the gonadotrophin surges induced by exogenous GnRH~ 
Alternatively, differences in regimen between anoestrous and 

d~~-\~'{~\S~r'?Y~r. \~IW/~,fiments may have l contributed, at least in part.,-\o 
This will be considered in greater detail later. Like dioestrous 

mares, oestrous mares failed to respond to GnRH in a dose 

related manner. However, unlike dioestrous mares, the fractional 

(and absolute) response in LH levels during oestrus was very 

low . (mean fractional response in the 3 experiments = 0.40) with 

GnRH doses ranging from 0.05 mg to 2.0 mg eliciting similar 

responses. The dismal results of these experiments with 

oestrous mares may have been due to inherent difficulties ln 

performing dose-response experiments in a rapidly changing system. 

For example, alt~rations in endogenous GnRH secretion between 

experiments could not be compensated for by expressing 

response as frac tiona 1 change (see 'Figure 38). By the same token, 

it may not be possible to give oestrous (or dioestrous, see 

experiment 13) mares 2 GnRH doses/day without significant inter

action between doses. Furthermore, the mares used may not have 

been representative of normal oestrous mares since one group 

was in "artificial" oestrus induced by prostaglandin and 

unphysiologically high levels of oestradiol and the other two 

groups, although in "na tura 1" oes t r.us, were trea ted very la te 

in the breeding season. Neverthleless, these mares did respond 
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to GnRH with the same lowered responslveness observed in oestrous 

mares ln the breeding· season (cf. Experiments 9-11). Thus, 

although the results of this experiment do not prove that a 

GnRH dose- LH response relationship does NOT exist in oestrous 

mares, neither do they provide any indication that oestrous 

mares can distinguish, in terms of LH response, between GnRH 

doses ranglng from 0.05 to 2.0 mg. 

The GnRH dose-LH response relationship has been extensively 

___ ~_~.u~~~.<i_in other s~~_cJes ... ~~sy} ts h~V_~_~~~fl_ summarized in Table 
33. In general workers have described the GnRH dose- LH response 

relationship as being log-linear (i.e. response directly 
-

pr6portional to the log of the dose given; see, for example, 
- . -

Wol1esen et a1., 1976a & b ; Romm1er et a1., 1979; Gay, 

Niswender & Midgley, 1970; Coorer, Fawcett & McCann, 1974). 

However, recalculation of data indicates that in most cases at 

low GnR" doses (i.e. those indu~ing <250% increase in LH 

levels) response is directly pro?ortional to dose (see Table 33). 

Experiments with cyclic females have had varying success; a 

GnRH dose- LH response relationship being evident on each day of 

the rat oestrous cycle (Cooper, Fawcett & McCann, 1974), 

during the luteal phase in cows (Zolman et a1., 1973; Foster, 

1978), sheep (Ripple, Moyer, Johnson & Mauer, 1974), and 

women (Wollesen et aI, 1976b), but not during the human 

follicular phase1 (Wollesen et al., 1976b) and at no time 

during the menstrual cycle of the rhesus monkey (Ferin et al., 

1974). These results demonstrate once again the problems of 

working with the dynamic system of the cyclic female. In the 
experiments with cyclic female rats and sheep, individuals 

received only one GnRH dose~ each point on the dose-response 

.1Rommler et al., (1979) havi reported a log-llnear GnRH dose
LH response curve in follicular phase women using GnRH doses of 
6, 25, 100 and 400jWg. Data were analysed by linear regression 
of response means. However, inspection of results reveals 
marked similarity to those of Wol1esen et ale (1976a) with 
responses to 6 and 25~g virtually·superimposab1e (notice 
overlap of standard errors of the mean). Had Rommler et ale 
analysed the experiment using ANOVA as did Wo1lesen et al., 
it appears very likely that dose would not be shown signific
antly to affect response. 

2This experimental design, although eliminating error due to 
interaction between GnRH doses, introduces error due to individ
ual variation in "pituitary responsiveness". To minimise this 
new error a reasonable number of animals would be required at 
each dose level, making this approach impractical in the present 
st~dy due to limited numbers of horses available at the same 
stage of the oestrous cycle at any given time. 



· 193 

~urve bei~g the m2an response. of different animals. By 
contrast, when each of 3 luteal phase ewes was given doses of 

partially purified GnRH l ranging from 1 fi-g to 27,4g, between 

days 5 and 13 of the oestrous cycle (Day 1 = oestrus), no 

GnRH dose- LH response relationship could be shown (Reeves, 

Arimura & Scha1ly, 1970). This observation suggests that in the 

ewe, as in the mare, LH response may be influenced by repeated 

GnRH injection. Further support for this idea is provided by 

the work of Rippel et al. (1974a) in which anoestrous ewes 

were injected with 100)Ug of GnRH at 24, 48, 72, and 96 h 

intervals. Injections at 96 h intervals caused similar amounts 

of LH release, however injections at shorter intervals resulted 

In a progressive decline In induced release. This reduction in 

response did not seem to be due to depletion of pituitary LH 

content. On the other hand daily GnRH (lOO~g) administration 

to ovariectomized ewes for 4 days caused only a modest decrease 

from the. initial response (RippE:·l, 1974a), while administration 

of small GnRH doses (100 ng) 2, ~ or 7 times daily to rams did 

not alter LH responses (Lincoln, 1979). The ovaries of anoest

rous (and luteal phase) e~ves are far from quiescent, natural and 

administered LH pulses causing sizeable oestradiol release 

(Baird et aI., 1976; McNeilly, O'Connell & Baird, 1982; Scaramuzzi 

& Baird, 1977). Thus in intact ewes the ovaries may contribute 

to the decrease in LH response .to frequent GnRH injection. 

Similarly, the marked follicular activity which occurs in luteal 

phase mares (Ginther, 1979) may have been responsible for the 

significant effect of order of GnRH dose on LH response observed 

in ~xperiment 13, especially since the 2 corisecutive GnRH 

injections given per day caused a steady rise in LH levels 

which continued to the end of the sampling period. It should 

be noted that in women in the follicular or luteal phases of the 

menstrual cycle, LH response was found to be similar to each of 
, 

2 GnRH i~jections of 25 ~g given on consecutive days (Rommler 

et al., 1979), possibly explaining .the success of Wo11esen 

et al.(1976b) in showing a GnRH dose- LH response relationship 

in individuals during the luteal phase but making more puzzling 

the results of experiments with follicular phase women. 

1preparation estimated to be 10% pure, thus amount of GnRH 
actually administered probably ranged from O.l.M-g to 2.7.)Mg, 
well within the linear range of the dose-response curve in 
rams (Hopkinson et a1., 1974) 

·1 
I 
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. Because of the inability to demonstrate dose-response 

curves ~n oestrous mares in the range of dose ,given in 

Experiments 9-11, the"GnRH index" as proposed by Irvine (1980) 

cannot be used to analyse results. Furthermore, because GnRH 

doses from 0.05 to 2.0 mg induced similar LH responses, 

estimates of pituitary responsiveness (i.e. LH release/unit GnRH 

dose) must be interpreted cautiously in oestrous mares. It 

appears likely that estimates will vaty' with dose given. This 

obsew¥ation may bring into question other studies in which 

pituitary responsiveness to exogenous GnRH stimulation has 

been used to deduce pituitary responsiveness to endogenous GnRH, 

without establishment of dose-response rel~tionships at each 

physiological state studied. Prominent amongst such work is 

the extensive body of research on the human menstrual cycle 

done by Yen's group at the University of California 'at San 

Diego. 

In examining the operational characteristics of h6man 

.gonadotrophs, this group has diffetentiated between pituitary 

sensitivity, which {s the ability of the gland to immediately 

release LH in response to an arbitrarily chosen dose of GnRH; 

and pituitary reserve, which is the ability to respond to 

prolonged stimulation (Yen et al., 1975). From these somewhat 

artificial measures (see Rommler, 1978, for criticism of the 

physiological relevance of Yen's 2-rool model), Yen has made 

deductions on the control of LH secretion du~ing the human's 

iycle. It is crucial for the validity of these deductions that 

the response of the pituitary to exogenous GnRH faithfully 

predicts the response to endogenous GnRH. However, in follicular 

phase women no GnRH dose- LH response was found using GnRH 

doses of 30, 100 or 300~g (Wollesen et al., 1976b). Furthermore, 

Yen himself has observed that the ab~lity of the pituitary to 

distinguish between 10.Ag and 150,..,ug of GnRH (both used by Yen 

to assess pituitary sensitivity during the cycle; 10~g: Wang 

et aI., 1976a; 150,.Ag: Yen et al., 1972) varies with stage of 

cycle, the 2 doses eliciting similar responses in the early 

follicular phase and widely differring responses in the late 

follicular and luteal phases (Wang et al., 1976b l These 

lMeasured usually as peak change in LH levels induced by a GnRH 
pulse or as area under the first hour of the LH response curve 
when GnRH is given as an infusion."Pituitary responsiveness" measu
red in the present work as LH response in area units to a small 
pllise injection of GnRH would probably correspond most closely 

,to Yen's "pituitary sensitivity" (Yen et aI., 1975) 
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observations suggest that Yen's comparative measures of 

pituitary sensitivity throughout the menstrual 'cycle may be 

dose-dependent and may not reflect the response of the g].and 

to endogenous GnRH. Even if dose-response relationships could 

established for each stage of the cycle, comparisons BETWEEN stages 

could still be misleading unless the exogenous test dose were 

carefully chosen to induce LH responses ~n the linear portion 

of each dose-response curve (see Figure 56 for worst possible 

case). This problem .can be illustrated by the study of Legan 

et al. (1980) on the effect of oestradiol treatment on the 

GnRH dose- LH response relationship in anoestrous ovariect-

omized ewes. Because dose-response curves in treated and 

untrea ted animals had different shapes, these workers observed .oj 

that the apparent action of oestradiol on pituitary.resI,onse to 

GnRH in anoestrus was dependent on the dose of exogenous GriRH 

glven. These comments may also explain the limited success 

.reported by some workers (Vanderkerckove, Dhont & Van Eyck, 

1975; Bohm et aI" 1978; Mortimer e~ a1. 1976; Jewelevlicz et 

al., 1974) ·in applying the GnRH stimulation test to diagnose 

causes of ovarian dysfunccion in women. 

The ability of oestradiol to blunt, at least initially, LH 

response to exogenous GnRH has been well documented in several 

species (see, for example:- monkeys, Knobil, 1974; human, 

Keye & Jaffe, 1974; rat, Libertun, Orias & M9Cann, 1974: 
Negro-Vilar, Orias & McCann, 1973; sheep, Goodman & Karsch, 

1980). However, in rat pituitary cell culture oestradiol has 

been reported to have only a stimulatory effect on LH response 

to GnRH (Labrie et al., 1978; Mukhopadhyay et al., 1979). 
Most provocatively, a recent report by McNeilly et al. (1982) has 

shown that when pulses of ovine LH are given intravenously 

to anoestrous ewes, the area of the resulting plasma pulses 

declines to be almost undetectable as oestradiol levels rise. 

This observation could suggest a major and possibly steroid-

ally mediated modification of the peripheral metabolism of LH 

b d b " d" "1251 " that has een undetecte y prev~ous stu ~es us~ng -ov~ne 

LH (Akbar, Nett & Niswender, 1974). If the report of McNeilly 

is verified the serum LH response to exogenous GnRH may not be 

related to pituitary LH release. One further consideration to 

be made when measuring LH response to exogenous GnRH is that in 
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spec~es ~n which the nature of serum LH has been observed to 

vary with cycle (e.g. rhesus monkey, human and horse) it might 

be prudent to verify immunological assessments of pituitary 

responsiveness with bioassay (see, for example, Experiment 9). 

Despite the many pitfalls of experiments in which exogenous 

GnRH has been used to assess pituitary responsiveness, recent 

work in the rhesus monkey has suggested that the conclusIDons 

reached about the changing pattern of responsiveness during the 

cycle could be essentially correct. It has been reported 

(Knobil, 1980) that in female monkeys deprived of endogenous 

GnRH by arcuate nucleus lesion (Plant et aI, 1978) ovulatory 

menstrual cycles could be restored by administering ,an unvarying 

pattern of exogenous GnRH pulses (lpg/min for 6min once hourly). 

Serum LH and FSH levels were observed to approximate the pattern 

of the normal cycle. Since GnRH input was constant to these 

animals, it seems most likely that changes in pituitary 

responsiveness to stimulation - similar to those predicted by, 

earlier work (Knobil, 1974)-were regulating gonadotrophin levels 

(although results may also have been produced by secretion around 

the time of ovulation of LH molecules with a longer half-life, or 

a 1 tera t ions in per i phera 1 me ta bo 1 ism). 'On the 0 ther hand, 

preliminary reports in h~mans have indicated mixed iesults 'in 

treating hypothalamic amenorrheawirha constant pulsatile GnRH input; 

'wi 1:h increased doses or hCG injection frequently required to 

induce 'ovulat~ and/or normal corpus luteum function (Zarate 

et aI, 1973; Nillius, Fries & ~.Jide, 1975; Nillius and Wide,1975; 

Leyendecker, wildt and Hansmann, 1980; Crowley and McArthur, 

1980; Keogh et ~l, 1981). 

In conclusion, then, extreme caution should be used in 

interpreting experiments in which the LH response to exogenous 

GnRH has been used to predict that to endogenous GnRH. With 

regard to the present work in the horse, a GnRH dose-LH response 

relationship must be demonstrated in oestrous mares if the 

relative importance of cha.nges in pituitary responsiveness and 

endogenous GnRH secretion in producing the ovulatory LH surge ~s 

tob~ssessed. By contrast, in dioestrous mares, a linear-linear 

GnRH dose-LH response relationship appears to exist. If this 

relationship can be verified in further experiments, it maybe 

possible to use Irvine's GnRH index at this stage of the cycle, 

to evaluate the role of changing GnRH secretion in gener~ting 

the mare's mid-cycle FSH surge (Evans and Irvine, 1975). 

.', - -. - ~~.-,- •• r • 
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~igure 55. Summary of Experiments 12-14: GnRH dose-LH response 

relationship in cyclic and seasonally acyclic mares. 
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Figure 56. A situation in which pituitary response to exogenous GnRH 

would not predict response to endogenous GnRH 

20 

16. 

4 

. 'Gn'RH 

GnRH dose - LH response 

relationship at: 

~ ____________ Dioestrus (luteal phase) 

8 10 
{units} 

~--~"~+EXOGENOUS GnRH test dose 

ENDOGENOUS GnRH input 

Comparing oestrous and dioestrous resp?nses to exogenous GnRH, it would be 

concluded that the pituitary is more'~esponsive to' stimulation durin~ dioestrus 
.~ 

than oestrus (Le. LH release/unit GnRH .at dioestrus'> LH rele·ase/unit GnRH 

at oestrus). In fact, pituitary responsiveness to ENDOGENOUS GnRH is greater 

at oestrus than dioestrus. 

\ 

" ; 

! 

( 



:.: !,' ,', 

;:: 
::: '" 

:j;: 
" j:: ;:: 

:i:i 
::i 

Table 33: Relationship between GnRH dose and LH~esponse in ,several species. 

Species 
Response GnRH dose d LH Response Metameter 

Sheep (ram) Average LH 0 0 
increase during 

0.125 llg 5.9 1st 0.5 h post 
GnRH 0.25 13.6 

0.50 24.0 

- . . - - - . 1.25 51.0 

Sheep (luteal Area under LH 0 0 
phase ewe) response curve 

0.2 llg 1.0 

1.0 5.3 

5 aLL 
- - ... - ~ .... .. 13.6. 

Sheep Peak LH 0 0 
(anoestrous increase Hypothalamic 
ewe) extract 

0.125** 1.25 

0.5 5.28 

.......... 2.0LL 9.48, 

Sheep Area under LH 0 0 
Covariectomised response 

0.11 llg 30 ewe) curve 
0.33 80 

1.0. 380 

r* 

0.996 

0.999 

0.999 

0.992 

Reference 

Hopkinson, Pant 
and Fi 1zEiatrick 
(1974) 

Rippel, Moyer, 
Johnson and Mauer 
(1974 ) 

Gay, Niswender 
and Midgley (1970) 

Legan, Goodman, 
Ryan, Foster and 
Karsch (1980) 

....:. 
'.0 
'.0 
OJ 



Table 33 cont'd •..• 

Species 
Response 

GnRH dose 
d 

r* Reference Metameter LH Response 

Rat (intact Peak LH increase Proestrus Dioestrus Oestrus Cooper, Fawcett 
female) am pm I II and McCann (1974) 

hypothalamic 
extract am 0.996 

a 0 0 0 0 0 P pm 0.999 

50 111 4.1 7.2 3.4 3.1 6.1 I 1.000 
D II 0.999 

100 )11 7.1 14.1 6.8 5.9 9.3 0 0.985 
...: 

Cattle (bull) Peak LH increase 0 0 GoIter, Reeves, 

0.0311g/kg 2.0 0.999 O'Mary, Schally 
and Arimura (1973) 

-.( 
-.( 
o 

0.3 14.1 

3.0
LL 

45.5 

Cattle (early Peak LH increase 0 0 Zolman, Convey, 
luteal phase 

5 ].lg 1.4,1, 0.918 Britt and Hafs 
cow) (1973) 

20 6.8 ~ 

80 10.6 
--

Cattle (luteal Area under LH 0 0 0.993 Foster (1978) . 
phase cow) response curve 

100 ].lg 2,400 

200 3,988 

--~- --- --- - --- --- -----

:;;: 



Species 
Response GnRH dose Metameter 

d L H Response r* Reference 

Miniature pig Area under LH dt If 0 0 Pomeran1z , Ellen-(intact and response curve dorff, Elsaesser, castrate male) 0.05 l1g 1.0 2.0 c:J'I 0.997 
Konig and Smidt 

o 5 7.2 4.4 l'(' 0.976 (1974) 
2.0' 21.9 10.0 ' 

Human (man) Area under LH 0 0 Rebar et al. 
response curve 1 l1g 0.34** 0.999 (1973) 

10 1.05 
50 5.06 

150LL 5.37 

Human (man) Area under LH 0 0 Wollesen, 
response curve 10 l1g 1.7 0.982 Swerdloff and 

30 3.4 Odell (1976a) 
LL 100· .. 5.1 . 

Human (luteal Area under LH 0 0 Wollesen, 
phase woman) response curve 30 l1g 4.0 0.870*** Swerdloff and 

100 5.1 Odell (1976b) 

.300 7.6 

* 
** 

eorrelation coefficient when data were fitted to linear dose-linear response plot. 
Authors do not consider response to be significantly different to O. 

*** 

LL 

d 
B 

Poor fit to linear linear plot due to large size of GnRH dose given (cf results with men). 'Results have 
been included here for completeness. 

Larger dose to which induced response wouid not be expected to be directly proportional. Point has not 
been included in th.e linear regression. 

All doses were of synthetic GnRH except where indicated,.i .. 
The point 0.0 has been included in the linear regression because it was assumed that had no GnRH dose been 

given, there would have been no LH response. 
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