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ABSTRACT 
A competitive protein binding assay was developed for the 

measurement of serum total thyroxine (T4) concentrations in 

horses. This method corrected for the presence of ethanol 

extractable substances,present in sera,shown to spuriously 

interfere in such assays, Total T4 and total triiodothyronine 

(T3) concentrations in 13 cycling and early pregnant mares 

(determined every two to three days for four weeks during 

spring) were 2.97 ~ 0.7 rg/IOO ml, and 73.3 ~ 12.7 ng/IOO ml 

respectively. Total and free T4 concentrations Were measured 

in horses in various physiological states, with the concentrations 

in untrained mares in spring being 3.19 ~ 1.3 ~g/IOO ml and 

5.68 ~ 2.4 ng/IOO ml respectively. Results suggested that in 

horses in training, total T4 decreases with intensity of training 

and there is a concomitant alteration in the T4 binding proteins 

so that free T4 remains at a comparable level to that in the untrained 

horse. Total and free T4 concentrations are significantly higher 

in untrained horses during the autumn/winter period, than in the 

spring. 

Total and free T4, and total and free T3 concentrations were 

measured in foals from birth to three months of age. Both t.ot.al and 

free T4 concentrations were high at birth (12.1 and 3.1 times the 

adult concentration), and decreased to be at adult levels by approx-

imately 15 and 10 days of age respectively. Total T3 and free T3 

concentrations in cord blood were 6.8 times and 2.3 times the adult. 

level, and began increasing immediately to reach peak concentrations 

of 15 and 8.7 times the adult level at 2 to 3 days, thereafter 

declining, but still 2.7 and 2.6 times the adult concentration 

in 32 day old foals. These very high levels in the newborn foal 
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are related to the maturity of its neuromuscular system and therm-

ogenic capacity. 

A radioimmunoassay (RIA) method for the measurement of 

serum FSH in horses was developed. The assay met the requirements 

for a valid RIA, and is the first reported for the measurement 

of this hormone. RIA methods for measurement of serum LH in 

horses were also developed, and modifications of methods for 

measurement of serum progesterone and oestradiol-17B described. 

Serum concentrations of FSH, LH, progesterone and oestradiol-17B 

were measured in cycling mares, Two surges of FSH occur at approximately 

10 day intervals during the oestrous cycle, one in the late oestrous! 

early dioestrous period, and another during mid-dioestrus, Such 

surges are thought to prepare and prime follicles to respond to the 

increased LH concentrations during oestrus which result in final 

maturation processes, ovulation and corpus luteum establishment. 

In pregnant mares, continued surges of FSH appear responsible 

for the follicular proliferation which occurs, with PMSG having an 

"LH-like" action on these FSH prepared and primed follicles and 

inducing the peri-ovulatory changes and secondary corpus luteum 

establishment, FSH surges occur during the two to three weeks prior 

to par'turition, with a marked surge within four days of foaling, 

and a further surge one to five days after foaling. These FSH 

surges probably prepare and prime follicles for the ovulation 

9 to 15 days post-partum, 

Mares in various depths of acyclicity were treated during a 

22 day period with exogenous gonadotrophin releasing hormone (GnRH) 

and progesterone on a regime to reproduce the gonadotrophin 

surges, and luteal phase progesterone concentrations occurring 

in the normal ovulatory cycle. Typical pre-ovulatory follicles 
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were induced by this treatment, but ovulation resulted in 

corpus 1 uteum maintenance only in mares in shallow acyclici ty 

in which a peri-ovulatory LH surge typical of the normal 

cycle was also induced. The results suggested that additional 

FSH surges might be necessary to adeq1,lately prepare and prime 

follicles before the final follicu~ar maturation processes. 

including steroidogenesis, can occur. 
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CHAPTER I 
t 

THE MEASUREMENT OF SERUM 

THYROID HORMONE CONCENTRATIONS 

IN HORSES 
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INTRODUCTi-ON 

The incidence of thyroid disease in the horse is very high, being 

42% in Canada (Abbott and Prendergast, 1934), 66% in U.S ,A. (Schlott-

hauer, 1931), 52% in the Balkans (Pankic and Jovanovic, 1952) and 39% 

in South Africa (Jackson, 1936). However, the extent to which thyroid 

disease causes a change in the bleod concentrations of the thyroid hormones, 

and thus in tissue metabolism, is unknown because adequate assay methoqs 

have only recently been developed. Nonetheless, thyroid dysfunction 

has been alluded to as the cause of suboptimum performances in the two 

main functions of the horse:- muscular activity (Irvine, 1966) and 

reproductive performance (Lieux, 1972). Thyroid hormones influence 

neuromuscular function by regulating energy metabolism and the growth 

and differentiation of cells, and by potentiating the responses to 

adrenaline and nor-adrenaline (GuttIer et aZ, 1975). Thyroidectomy 

in the young horse causes lethargy and delayed neuromuscular develop-

ment (Lowe et aZ, 1974); also, naturally occurring hypothyroidism 

in the new born foal, which normally has the highest thyroid hormone 

level of any animal in any physiological state (see Chapter II), causes 

loss of neuromuscular co-ordination and the sucking reflex (see Chapter 

II) 0 

However, the relationship between thyroid function and reproductive 

ability is equivocal. Thyroidectomy in colts causes reduced libido, 

but semen characteristics and fertility are not affected (Lowe et aZ, 

1974). In one of the few naturally occurring cases of severe hypothy-

roidism in the horse, total infertility of the mare occurred, but there 

was evidence that this was part of the general syndrome of pan-

hypopituitarism (Evans, 1971). Despite the physiological importance 

of thyroid hormones in the horse, there are relatively few reports of 

the normal hormonal values in the euthyroid animal in various 



3 

physiological states, nor the degree of deviation from the normal which 

manifests itself as hypo and hyperthyroidism. Serum concentrations of 

Protein-Bound Iodine (PBI) as an indicator of total thyroxine (total 

T4) levels have been measured in a number of laboratories (Irvine, 

1967a; Kaneko, 1964; Lowe and Kallfelz, 1970; and Trum and Wasserman, 

1956), and the effect of age (Irvine, 1967a, Lowe and Kallfelz, 1970), 

pregnancy (Irvine, 1967a), and training (Irvine, 1967a) investigated. 

Serum total T4 has been measured by a column chromotography/ 

colorimetry method and the effect of pregnancy, age and season of the 

year determined (Evans, 1971). Total T4 levels in normal horses have 

also been measured using competitive protein binding (CPB) methods 

(Hightower et at, 1971; Kelley et at, 1974; Refetoff et at, 1970); 

however, the reported levels are lower than total T4 as estimated 

from PBI measurements. Following the finding by Irvine (1974b) of 

an ethanol extractable binding substance (EEBS) in human serum, it 

was evident that a similar substance probably existed in horse serum 

causing interference in the CPB assay systems by binding T4 and 

resulting in falsely low values of total T4, at least when ethanol 

extraction of T4 is used. Therefore, as part of the'present study 

reported herein, a CPB method was developed for the measurement of 

total T4 in serum, which corrected for the presence of interfering 

substances such as EEBS, to determine the normal range and variability 

of total T4 in cycling and early pregnant mares. 

However, as Irvine reported (1966) , measurements of total T4 and 

PBI are not always appropriate indicators of thyroid status in the horse. 

This is because over 99.9% of total plasma T4 is bound to proteins and 

cannot diffuse across cells and is therefore metabolically inert. 

Only the small fraction of T4 which remains free (free T4) is physiol-

ogically active, and therefore the relevant indicator of thyroid status. 
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Since the prate ins that bind T4 vary greatly with changes in the 

physialagical state af the animal, tatal T4 or PBI levels may also alter, 

but providing the concentration of free T4 remains unchanged, the 

animal will be euthyroid. Therefare, it is physiologically more 

meaningful ta measure the cencentration of free T4, as calculated from 

the free T4% and the tatal T4 concentration. Evans, (1971) measured 

total and free T4 c~ncentrations in mares and reparted the preliminary 

results of the effects of pregnancy, age, season of the year and 

training. In anather study, free and total T4 in foals from birth to 

3 manths of age were determined (Evans and Irvine, 1974; Irvine and 

Evans, 1975). 

Therefore, one further aim of the present study was ta examine 

more critically the levels of both total and free T4 and the free T4% 

in normal adult horses to ascertain the levels found in the euthyroid 

animal. Since these levels are significantly affected by season 

(Evans, 1971) and training (Irvine, 1967a), the influence of these 

factors and of pregnancy were studied. 

Finally, total triiodothyronine (T3) concentrations were deter-

mined at frequent intervals in cycling and early pregnant mares over 

a 5 week period to establish the normal range af values and substantiate 

the findings of a preliminary study (Irvine and Evans, 1975). 

The fundamental aim af this study was therefore to establish the 

normal range of concentrations of total T4, free T4 and tatal T3 in 

adult euthyroid horses, and to assess the effects imposed by different 

physiological states and environmental conditions. Without establishing 

these parameters, the usefulness of determining the concentrations of 

these hormones to clinically diagnose thyroid dysfunction is minimal, 

and could lead to fallacious interpretation of results. It is hoped 
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that these findings will allow definitive diagnosis not only of 

clinical, but also the frequently suspected cases of subclinical 

thyroid dysfunction in the horse. 
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EXPERIMENTAL· ·DES IGN 

Thyroid function, as assessed by the measurement of serum concent-

rations of total T4, free T4, the free T4%, and total T3, was studied 

in horses in a number of physiological states over a two year period. 

The study was divided into three parts: 

PART I: Methods for the Measurement of Total T4, Free T4 and Total T3. 

A competitive protein binding method, preliminarily 

described by Evans and Irvine, (1974), was developed for the 

measurement of total T4 in serum which corrected for nonspecific 

interfering substances extracted from serum, while free T4 and 

total T3 were measured using modifications of previously 

described methods (Irvine, 1974a; and Evans and Irvine, 1974 

respectively). 

PART II: Total T4 and Total T3 in Cycling and Early Pregnant Mares. 

This involved the daily, or every second day measurement 

of total T4 and total T3 in a group of 16 normally cycling and 

early pregnant mares over a 5 week period in spring 1973. 

PART III: Total and Free T4 in Horses in Various Physiological States. 

In this study, the measurements of total and free T4, and 

the free T4% were made in male and female horses at intervals 

during 1972 and 1973 to assess the effects of season of the 

year, training, pregnancy and parturi tion on the.se parameters 

of thyroid function. 
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PART I: METHODS FOR THE MEASUREMENT OF TOTAL T4, FREE T4 

AND TOTAL T3 

A. MEASUREMENT OF TOTAL T4: 

MATERIALS AND METHODS 

Serum concentrations of total T4 were assessed by a competitive 

protein binding technique based on the principle described by Murphy 

(1964). The assay depends on the ability of radioactively-labelled 

T4 (r125_T4) . h 1 b 11 d d T4 f to compete W1t un ae e enogenous or exogenous or 

binding to thyroxine binding proteins (TBP), principally thyroxine 

binding globulin (TBG). rf the amount of TBP is limited, the more 

unlabelled T4 is added to the system, the lower will be the amount of 

r 12S _T4 bound to TBP. Unbound r12S _T4 can be separated by absorption 

to a solid phase (e.g. resin or Sephadex) and the amount of I125 _T4 

bound to TBP in the aqueous phase counted and plotted against the. 

amount of unlabelled T4 added to give the standard curve. If a serum 

sample containing an unknown level of endogenous T4 and from which the 

TBP has been removed is added to this system, then according to the 

resultant fall in the amount of r125 _T4 bound to TBP, the T4 concent-

ration in the test sample can be determined from the graph. 

For the assay, and during its development, 4 ml of a mixture of 

serum (source of TBP) , buffer (either 0.075 M barbital, pH 8.6 or 0.04 

M Tris-O.lS M NaCl, pH 7.4 - see materials) and isotope (I 125_T4) was 

added to tubes containing either extracts of test sera or known amounts 

of unlabelled T4 (standard curve), and cooled to 40 C prior to the 

addition of 500 mg Sephadex G25 Coarse. After an interval of incubation 

at 40 C with stirring, the Sephadex was allowed to settle, and an aliquot 

of the supernatant removed and counted, 
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MATERIALS 

(i) Buffer: 0.075 M barbital, pH 8.6, prepared by combining 2.76 g 

(ii) 

barbituric acid and 15.4 g sodium barbitone and dissolving in 

distilled water to a volume of 1 litre after adjustment of the pH. 

During the development of the assay, 0.04 M Tris (hydroxyrnethyl-

aminomethane) in 0.15 M NaCl, corrected to pH 7.4 by addition 

of HCl, was also used. 
125 Isotope: I -T4 in propylene glycol was purchased from the 

Radiochemical Centre, Arnersham, England. This was added to 

the buffer containing TBP to give total counts in each tube 

of the assay of approximately 8000 cpm. 

(iii) TBP: A variety of sera were tested during the development of the 

assay as a source of TBP, and third trimester pregnancy serum from 

women was found to be the most suitable in terms of the steepness 

of the standard curve in the area in which test sera were to be 

read. A number of such sera were therefore pooled, aliquoted, 

and stored frozen until immediately prior to use. As a result, 

the TBP was of one pool unless otherwise stated in the results. 

The TBP was normally added to the buffer to give a final dilution 

of 1:200 

(iv) Sephadex: G.25 Sephadex Coarse beads (Pharmacia, Uppsala, Sweden) 

were used at all times in the assay. 

Cv) T4 Standards: A stock solution of unlabelled T4was prepared 

every 3-4 weeks by dissolving a known weight of L-Thyroxine 

free acid (Sigma Chemical Co., St Louis, Missouri, U.S.A.) in 

propylene glycol solution (50:50:5 proportions by volume of 

distilled water: propylene glycol (propane-I, 2-diol): 1 M 

sodium hydroxide) to a concentration of 50 l-lgT'4jml. ,This stock 

solution was held at _16oC until it was further diluted to 1 l-lg 

T4/ml in propylene glycol solution immediately prior to use. 

Variable quantities of this solution were added in duplicate 
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to glass test tubes previously prepared fer standards (see 

standard curve below) to give a standard curve of 0, 1, 2, 5 

and 10 rig T4. 

METHODS 

I. Develepment of the Procedure: 

(i) Extraction ef T4 frem Serum Samples 

T4 was extracted from test sera by the drepwise addition of 

1 ml of serum to 2 ml of ethanol on a vortex mixer. After standing 

for 5 minutes, the sample was again vortexed, and the extract 

recovered by centrifugation at 1000xg for 10 min. Either 0.6 

or 0.3 ml of the extract (supernatant) was added to glass test 

tubes in duplicate and dried down in a vacuum drying oven. 

The efficiency of the extraction was determined by the addition 

of a known amount of r125_T4 to test sera prior to extraction, 

followed by quantitation of the amount of r125 _T4 in the final 

dried extract. After correction for dilution and volume changes, 

the percent recovery of T4 was calculated. 

(ii) The Standard Curve 

Comparison of the degree of r125 _T4 displacement by T4 

extracted from test sera against T4 added as standards, assumes 

that ethanol extraction of T4 from sera does not remove from the 

sera any compeunds or substances that will interfere with the 

subsequent binding of T4 to TBP in the assay system, or in 

themselves bind T4. Therefore, early in the development of the 

method, an investigation was made into the possibility that such 

substances were present, since early results of total T4 

concentrations in horse sera were lower than those calculated 
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from PBI measurements, and Irvine (pers commJ was concurrently 

establishing the existence of an ethanol extractable T4 binding 

substance (EEBS) in human serum which spuriously increased the 

binding of I 125 _T4 in the supernatant of the tubes containing serum 

extracts (Irvine, 1974b). 

(aJ The Effect of Centrifugation of the Supernatant: 

The concurrent study by Irvine (subsequently published 

by Irvine, 1974b) indicated that in the measurement of total 

T4 in human serum by a similar CPB technique, correction for 

the presence of EEBS in test serum extracts could be made by 

centrifugation of the aqueous supernatant removed from the 

Sephadex bed at the completion of the incubation, and then 

correcting for the I 125 _ T4 spun down with the EE,BS. The 

corrected I 125 _T4 in the aqueous phase in tubes containing 

serum extracts could then be read off the standard curve, 

which was not itself altered by the centrifugation. Therefore. 

a similar approach was made in the development of the CPB 

method for the measurement of total T4 in horses. At the end 

of the incubation with Sephadex in the total T4 assay, 

approximately 2 ml (measured by weight) of the supernatant 

was accurately removed and counted, and then the 2 supernatants 

from the duplicates of each test serum extract and standard 

curve point were combined, and centrifuged at 9000xg for 0.5 h. 

A weighed aliquot was counted and the correction for substances 

similar to EEBS in the tubes containing test serum extracts 

made according to the formula of Irvine (1974b): 
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r125~T4 = T4 after cent x Total 
corr "'CTo- t"""a-,I=-----,C-=T .... 4 .......... h-e..,..fo-, r-e-c-e-n .... t-~-'f.""4.,.-.a-f""t-e-r-

cent) x vol aq 
where: 

rI25-T4corr= corrected r I25 .. T4/ml in aq~~;phase 

Total = total r125 _T4 in the system 

T4 before cent = rI25~T4/ml before centrifugation 

T4aft~r cent = r I25 _T4/ml after centrifugation 

vol aq = volume of aqueous phase of system (2.93 ml excluded 
from Sephadex beads) 

Since the standard curve tubes did not contain any EEBS-like 

compounds, the corrected rI25~T4/ml aqueous phase in tubes 

containing serum extracts could be read off the standard 

curve to give the concentration of T4 in the test sera, 

Although such an approach makes the measurement of total T4 

concentrations by CPB more valid, this technique does not 

correct for any substances present in ethanol extracts of serum 

that bind T4, but which remain in the supernatant throughout 

the centrifugation, Furthermo:te, it does not correct for 

any substances which may alter the distribution of r 125 _T4 

between the aqueous phase and Sephadex, for example by 

inhibiting the binding of T4 to serum proteins, but which also 

remain in the supernatant upon centrifugation, 

For these reasons, a series of experiments was designed 

in order to investigate whether or not there were substances 

present in the ethanol extract of horse serum,· other than 

EEBS-like substances, which interfered with the distribution 
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125 of I -T4 between the aqueous phase and Sephadex, and 

therefore, spuriously altered the measured concentration 

of T4 in serum. 

(b) The Effect of GhZopide Ions: 

Initially it was anticipated that chloride ions (Cl·) 

present in serum at 0.103 M and extracted together with T4 

by ethanol might be the major cause of a discrepancy between 

the measured concentration of total T4 in sera, and the actual 

level of T4 present. This followed the finding of Spaulding 

and Gregerman (1972) of a marked increase in the percent free 

T4 (as determined by equilibrium dialysis) with increasing 

Cl concentration, indicating tha.tCa- cTnhibi fed the binding 

of T4 to TBP. Therefore, experimental standard curves were 

set up to compare the degree of displacement of protein-bound 
125 ' I -T4 by added unlabelled T4 in the presence and absence 

of Cl-. To 99,5 ml barbital pH 8.6 buffer was added 0.5 ml 

of serum (source of TBP) previously labelled with I 12S _T4. 

After mixing, exactly 50 ml was removed, and to it added 100 ~l 
-3 -1.6115 M NaCl, to give 0.0103 x 10 moles Cl /4 ml serum: 

buffer: isotope solution. This is equivalent to the concent-

ration of Cl in a 0.3 ml aliquot of an ethanol extract of 0,1 ml 

of serum. To the other 50 ml of serum: buffer: isotope, was 

added 100 ~l distilled water. Standard curves, one for each 

serum: buffer: isotope solution, were assayed simultaneously 

under the same experimental conditions. 

(c) The Effect of T4 - Fpee SePUm Extpacts: 

Subsequent to the experiments with Cl~, it became 

apparent that non-centrifugable substances other than Cl-

which are extracted with T4 by ethanol could be influencing 

the total T4 assay, The task of identifying and then adding 
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these compounds to standard curve tubes so that all assay tubes 

contained the same concentration of interfering substances 

could not be achieved by the same approach as with Cl-. 

Therefore, as an alternative approach, ethanol extracts of 

serum from which the T4 had been removed, were added to all 

standard curve tubes in a volume equal to that used for the 

test sera. The method for the removal of T4 from serum was 

based on that of Mitsuma et al (1972). To 50 ml horse serum, 

previously labelled with a known amount of r125 _T4, was added 

10 g normal activated charcoal and incubated with stirring 
o for 24 h at 4 C. Following this, the serum was centrifuged 

three times (recovering the supernatant each time) at 

20,000 x g for 30 min. The efficiency of removal of the T4 

was calculated from the amount of r125 _T4 remaining in the 

serum after the final centrifugation. The serum was then 

extracted with ethanol by the normal method. 

To examine the effect of interfering substances other than 

Cl present in an ethanol extract of serum, 0.3 ml of the 

extract was dried down in glass test tubes, and these tubes 

were then used in a T4 standard curve. Simultaneously, a 

standard curve was assayed in tubes containing no extract, 

and using the same serum: buffer: isotope solution, but with 

Cl added to a concentration equal to that in 0.1 ml serum, 

as occurs in the standard curve containing T4 - free serum 

extracts. Therefore, any differences in the r125~T4 in the 

aqueous phase between the two standard curves must have been 

due to factors other than Cl-. A correction for EEBS - like 

compounds was made by centrifugation of the supernatants in 
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the standard curve containing the T4 R free serum extracts at 

the completion of the assay. 

rdJ Attempts to Confirm the Presence of AdditionaZ Interfering 

Substancesi 

Following the preceding experiments. it became evident 

that in horse serum, there exists one or several compounds 

other than Cl or those similar to EEBS, which are extracted 

by ethanol and interfere with the distribution of T4 between 

the aqueous phase and Sephadex. This was based on the observ-

ation that the r125 _T4 in the aqueous phase of a standard curve 

containing T4 - free serum extracts is consistently lower than 

that in curves in the absence of such extracts. Since the 

presence of EEBS - like compounds elevates the r125 _T4 in the 

aqueous phase of these curves containing T4 " free serum 

extracts, other ethanol extractable compounds must cause this 

depression. 

To investigate whether such compounds were dialysable, 1.3 

ml gelding serum (Coming Up, 22-3-73) was dialysed against 22 ml 

I distilled water overnight with occasional manual shaking. The 

22 ml dialysate was dried down in a rotary flash evaporator. For 

the total T4 assay, 0.27 ml serum labelled with r125 _T4 was 

added to 54 ml barbital buffer, pH 8.6, and 26 ml of this solution 

added to the dried dialysate. After re-suspension of the dialysate, 

a standard curve was assayed using 4 ml aliquots of this solution. 

Each tube contained the dialysable material from the equivalent 

of 0.2 ml serum, and therefore contained 0.01944 x 10- 3 moles 

Cl-. To the other 26 ml of serum: buffer: isotope solution was 

added 100 ~l 1.2636 M NaCl solution (to give 0.01944 x 10- 3 

moles Cl-/4 ml) and a standard curve using this solution ,~as 

assayed simultaneously with the dialysate containing curve. 

The dialysed serum (dialysand) was extracted with 2 ml 



15 

ethan0l, and because the serum proteins did not precipitate 

adequately, 2 ml of the supernatant was re-extracted with 

5 ml ethanol and 0.9 ml supernatant was dried down in glass 

test tubes. A non-dialysed aliquot of the same serum as 

used for dialysis was similarly extracted and dried down in 

glass test tubes. The I 125 _T4 displacement in a T4 

standard curve containing ethanol extracts of the dialysed 

serum was compared with that in the curve containing ethanol 

of the non-dialysed serum. For the assay 0.32 ml serum labelled 

with I 125_T4 was added to 64 ml barbital buffer, pH 8.6, and 

after mixing, 33.428 ml was removed ready for addition to the 

tubes containing ethanol extracts of the non-dialysed serum. 

To the remaining solution, 50 III of 1.2876 M NaCl was added 

so that the Cl concentration in the two curves was the same. 

The two curves were run simultaneously under the same 

experimental conditions. 

In a further experiment, a comparison was made of T4 

standard curves assayed in the presence of the serum 

dialysate, and in the presence of an ethanol extract of the 

same serum. The serum used (Lorretta W., 8-4-73) was treated 

with charcoal to remove T4. Dialysis was performed with 1 ml 

of the T4 - free serum against 9 ml distilled water overnight 

at room temperature in an end over end shaker. One ml aliquots 

of the dialysate were then dried down in glass test tubes, so 

that each tube contained the dialysable material from 0.1 ml 

serum. These tubes were then used in the dialysate-containing 

standard curve. For the other standard curve, 1 ml of the T4 

.. free serum was extracted with ethanol, and 0.3 ml aliquots· 

dried down in glass test tubes, so that each tube contained 

0,1 ml serum. Since the Cl- present in the tubes of both 

curves was the same, no correction was necessary. 
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The results of this experiment indicated either that the 

substances present in an ethanol extract of serum which cause 

a decrease in the r125 .T4 in the aqueous phase were no~ 

dialysable, or that they were slowly dialysed. Therefore, 

this same experiment was repeated using T4 - free serum 

(Lorretta W 0, 8 - 4 - 73), and dialysing one ml against 9 ml 

distilted water, but with dialysis in an end over end shaker 

at room temperature for 43 h. The dialysate was dried down 

in 1 ml aliquots and these tubes used in the standard curve. 

The second standard curve contained the ethanol extract of the 

nonftdialysed T4 - free serum. At the completion of the assay, 

correction for EEBS - like compounds was made by centrifugation. 

(e) The Site of Aa~ion of Interfering Substances: 

Although these experiments indicated that ethanol 

extractable substances present in horse serum altered the 

distribution of r 125 _T4 between the aqueous phase and 

Sephadex in the total T4 assay, it was not evident whether such 

an effect was due to an interference in the binding of T4 to 

TBP, a T4 binding effect of the substances themselves, or an 

effect of the substances on the binding by Sephadex. To 

investigate this, a total T4 assay was performed using 4 ml 

barbital buffer, pH 8.6, labelled with r I25 _T4, (but no TBP) 

and added in one instance to 2 tubes, each containing 1 ml 

dialysate (prepared as immediately above by dialysing 1 ml T4 

- free serum of Lorretta W., 8 - 4 - 73, against 9 ml distilled 

water in an end over end shaker for 43 h) and also to 2 empty 

control tubes. At the completion of the assay, a correction 

was made by centrifugation of EEBS - like compounds. A further 

total T4 assay was run using baIbital buffer, pH 8.6 labellei 

with r I25 .T4, and added to two tubes containing an ethanol 
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extract of T4 - free serum, and to two control tubes to which 

nothing had been added. A correction for EEBS - like compounds 

was made by centrifuging the supernatants at the completion of 

the assay. 

(f) Interfering Substances in Serum of Different Horses: 

The preceding experiments showed not only that 

substances which interfere with the distribution of T4 between 

the aqueous phase and Sephadex in the total T4 assay are 

present in ethanol extracts of horse serum, but that correction 

for these substances by centrifugation or dialysis was unsatis-

factory. Therefore, it was anticipated that if all the standard 

curve tubes contained an ethanol extract of T4 - free serum, no 

further correction would have to be made since all the inter-

fering substances would be present in both the serum sample 

tubes and the standard curve tubes. However, this approach was 

dependent on two assumptions: C:) that all horse serum samples 

contained the same effective quantity and type of interfering 

susbtances, and ~i) that treatment of serum with charcoal did 

not affect any of the factors present in serum which are 

involved in the total T4 assay, except the endogenous T4. 

To establish whether these two assumptions were correct, 

two experiments were designed. Firstly, to determine whether 

ethanol extracts of different horse sera contain the same 

effective amount of interfering substances, the serum of three 

geldings and two mares (Bleddyn, 3 - 6 - 73; Coming Up, 4 - 6 - 73; 

Ho, 2-6-73; Lorretta W., 8-4-73; and Maginness, 4-6-73; 

- see Appendix 1) was treated with charcoal to remove the 

endogenous T4, and 0.3 ml of the ethanol extract (0.1 ml 

serum) dried down in glass test tubes. A total T4 assay was 
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125 then run, so that the I -T4 uptake in the aqueous phase at 

zero and 20 ng added unlabelled T4 was determined in the presence 

in each of the 5 T4 - free serum extracts. 

For the second experiment, to examine the effect of charcoal 

on the properties of the interfering substances, the distrib-

ution of r125"T4 in the absence of any unlabelled T4 was 

determined in the presence of an ethanol extract of T4 - free 

serurn (control T4 " free serum), the presence of an ethanol 

extract of serurn from a hypothyr0id horse (New Boots, 11 - 3 - 7-2,; 

see Appendix 1) and in the presence of an ethan0l extract 

of the same serurn rendered T4 - free. This serurn was used because 

total T4 assay consistenly indicated a zero level of T4 when 

no correction for EEBS-like compounds was made and therefore, 

the serum contained the same interfering substances as normal 

test sera, but no T4, so that a comparison of the behaviour 0f 

this extract with that of the same serum treated with charcoal, 

would indicate whether charcoal pep se affected the interfering 

substances. 

(g) The Effect of Length of Incubation Time: 

During the development of the total T4 method, there 

appeared marked variability when the same serum sample was 

assayed on different days, even th0ugh the duplication within 

one assay was acceptable. One of the few variables between 

assays was the length 0f the incubation after addition of the 

Sephadex and removal of the supernatant. To examine this effect 

of the length 0f the incubation, 4 ml 0f serurn: buffer (barbital, 

pH 8.6): isot0pe soluti0n was added to 24 tubes containing 

ethan0l extracts 0f T4 - free pooled sera. After re-suspensi0n 
o 0 0f the extract at 37 C, all tubes were brought to 4 C, and 
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500 mg Sephadex added to each tube and the time of addition 

recorded. Beginning at 20 min after the start of the incubation 

with Sephadex, the supernatants were withdrawn in duplicate at 

exact time intervals (20, 30, 35, 40, 45, 50, 55, 60, 65, 70, 

80 and 90 min after the start of incubation). The percent 

r125_T4 uptake in the aqueous phase of all tubes was calculated. 

2. Method 

The experiments performed during the development of the proced-

ure for the measurement of total T4 by CPB resulted in the following 

modifications of the method (see earlier) being adopted :-

T4 - free serum was prepared using the sera from a number of horses 

in the same physiological state as the horses under test, extracted 

with ethanol, and 0.3 ml (0.1 ml serum) dried down in each of the 

standard curve tubes. Test serum samples were extracted with 

ethanol and dried down in 0.3 m1 aliquots (0.1 m1 serum). All 

standard curve points and test sera were assayed in duplicate. 

For the assay, 4 m1 of the serum: buffer (barbital, pH 8.6): isotope 

solution (see Materials) was added to all tubes, and these placed in 

a water bath at 370 C for 10 min. to facilitate resuspension of the 

dried extract. o The tubes were then placed in a cold room (4 C), 

and after 20 min, 500 mg Sephadex added at 30 second intervals to 

all t~pes. During the 40 min. incubation, the tubes were stirred 

with po1ythene rods in a uniform manner. While still in the cold 

room, 1 ml aliquots of the supernatant were then removed at 30 

second intervals so that each tube incubated for precisely the 

same length of time, and the aliquots were then counted. A 
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standard curve of counts of I 125 _T4 in the aqueous phase (2.93 ml) 

against ng added unlabelled T4 was plotted by hand, and then the 

uncorrected level of T4 in the test sera read off the graph. This 

level of T4', was then corrected for extraction efficiency of the T4, 

and for the volume of serum assayed (0.1 ml) to give the T4 

concentration/IOO ml serum. 

As an estimate of the inter-assay variability, serum samples 

were repeatedly included in the assays as a replicate serum. 

RESULTS 

1 • Development of the Procedure 

(i) Extraction of T4 from Serum Samples 

The sera of five horses were tested for extraction 

efficiency of T4 by ethanol, and the mean value was 84.5 

+ 80 
'rW 1. 1)0 This is in agreement with the finding of Kallfelz 

and Lowe (1970) of an 84% extraction efficiency. All results 

obtained by reading off the standard curve were therefore 

corrected for extraction loss by multiplying by 1.1183. 

(ii) The Standard Curve 

(a) The Effect of Centrifugation of the Supernatant: 

Centrifugation of the supernatants recovered at 

the completion of the incubation with Sephadex in the 
125 total T4 assay did not alter the I -T4 present in the 

aqueous phase of the standard curve tubes. However, on 

all occasions there was a decrease in the amount of I 125_T4 

in the supernatants of serum extract tubes. The T4 

concentrations in the test sera prior to and following 

the correction for these interfering substances are shown 

in Table 1. This correction for substances present iI: 



TABLE 1: 

Horse 

N.B. 
Q. 

I 

M.S. 
F .1. 
Ch. 
C.D. 
N.B. 

, 

Horse 

N.B. 
C.Up. 
F. I. 

N.B. 
M.S. 
F .1. 

C.D. 

N.B. 
C.D. 
Gad. 
E. 
L. 

21 

The Effect of Centrifugation of the Supernatant in the Presence 
of Ethanol Extracts of Serum 

Date Vol. E.E. Buffer T4 lJg/lOO m1 T4 j..Ig/100 m1 Diff. 
(m1) Before Corr. After Corr. Due to 

Corr. (%) 

11- 3-72 0.6 TRIS 2.01 2.66 32.2 
·18- 9-72 0.6 TRIS 1.01 1.16 15.2 
16~10-72 0.6 TRIS 2.44 3.11 27.7 
10- 8-72 0.6 TRIS 1.36 1.65 21.1 
20- 6-72 0.6 TRIS 2.17 2.74 26.2 
20- 6~72 0.6 TRIS 2.89 3.11 7.1 
11- 3-72 0.6 TRIS 2.21 3.05 27.5 

Mean Difference due to Correction (Tris Buffe~) + 22.42 - 8.7% 
Date Vol. E.E. Buffer T4 j..Ig/100 m1 T4 j..Ig/100 m1 Diff. 

em1) Before Corr. After Corr. Due to 
Corr .(%) 

11- 3-72 0.6 BARB. 2.51 2.58 2.7 
16-10-7i 0.6 BARB. 2.36 2.47 4.5' 
10- 8-72 0.6 BARB. 1.54 1.67 7.8 
11- 3-72 0.6 BARB. 3.02 3.29 8.2 
16-10-72 0.6 BARB. 2.37 2.47 4.0 
10- 8-72 0.6 BARB. 2.56 2.66 3.8 
9-11-72 0.6 BARB. 7.84 7.88 0.5 

Mean Difference: 4.5 ..:. 2.7 

11- 3-72 0.3 BARB. 3.71 3.97 16.5 
9-11-72 0.3 BARB. 5.91 5.96 0.8 

12-10-72 0.3 BARB. 4.99 5.16 
I 
3.3 

6- 8-72 0.3 BARB. 7.94 8.21 ,3.3 
30-10-72 0.3 BARB. 5.38 5.77 6.8 

Mean Difference: 4.14 ..:. 2.5 

Mean Difference due to Correction + (Barb. Buffer) 4.35 - 2.5% 

Footnote: see next page 
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Details of horses in Appendix 1. 

Vol E.E. = volume of ethanol extract of serurn 

included in the assay 

Buffer: TRIS (see text) 

BARB = barbital (see text) 

T4 ~g/IOO ml BEFORE CORR = T4 as measured before 

correction for centrifugable interfering substances 

T4 ~g/IOO ml AFTER CORR = T4 as measured after 

centrifugation to correct for centrifugable interfering 

substances 

DIFF. DUE TO CORR = difference (%) in total T4 

concentration after correction for centrifugable 

interfering substances 
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ethanol extracts of horse serum, and which bind T4 in 

the presence of TBP, resulted in an increase in the 

measured concentration of T4 in test sera of 22.42 ~ 

8.7% in the Tris - NaCl pH 7.4 buffer. In the barbital 
. + pH 8.6 buffer, the difference was 4.5 - 2.7% when the 

+ volume of the ethanol extract was 0.6 ml, and 4.14 -

2.5% when the extract was 0.3 ml, The difference between 

the two groups was not significant and the mean difference 

due to the correction in barbital buffer, pH 8.6 was 

therefore 4.35 ~ 2.5%. 

(b) The Effect of ChZoride: 

Fig. 1 shows the standard curves assayed without Cl~ 

and with Cl- added to give a concentration equivalent to 

that in 0.1 ml of serum:; Up to 5 ng added unlabelled T4, 

the addition of Cl had no effect, but from 10 ng through 

50 ng added T4, the addition of CI decreased the I 125 .T4 

present in the supernatant. Fig. 2 shows the findings of 

an identical experiment with a paradoxical result. In 
\ 

this instance, the addition of Cl- increased the binding 

of I125~T4 in the supernatant, at least at 25 and 50 ng of 

added unlabelled T4. This result was obtained three of 

five times the experiment performed. 

(c) The Effect of T4-Free Serum Extracts: 

Charcoal treatment of serum resulted in the removal of 

97.8% of the endogenous T4, since only 2.16 ~ 0.84% (n = 4) 

of the I 125 .T4 added to the serum prior to the addition 

of charcoal was present at the end of treatment, Since 

the I 125 .T4 added contained 3.7% iodide (1-), the 

actual efficiency of removal of T4 was greater than 97.8%. 
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FIGURE 1: TOTAL T4 STANDARD CURVES 

LEGEND: 

'. 

e-e No added Cl-

0--.0. Cl- added 

% Aq/Total = counts r125 _T4 in 
aqueous phase/total 
counts r 125 _T4 in the 
tube 

• 
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ng added unlabelled T4 
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FIGURE 2: TOTAL T4 STANDARD CURVES 

LEGEND: 
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The comparison of a T4 standard curve assayed in the presence 

of an ethanol extract of T4 - free serum with a standard 

curve in the absence of such extracts but with an equiv-

alent level of C1- is shown in Fig. 3. Inclusion of an 

ethanol extract of T4 - free serum resulted in a decrease 
125 in the I -T4 present in the aqueous phase, and this 

displacement was increased when these tubes were corrected 

for EEBS-1ike compounds by centrifugation. 

(d) Attempts to Confirm P1>esence of Additional Interfering 

Substances: 

Fig. 4 shows the result obtained when a standard curve 

is assayed in the presence of a dialysate of seru~ (each 

tube containing the dia1ysab1e material from 0.2 m1 serum), 

and compared with a standard curve in the absence of the 

dialysate, but with both curves containing the equivalent 

level of C1-. The inclusion of the dialysate resulted 
125 in marked depression of the I -T4 in the aqueous phase 

which cpu1d not have been due to the very small amount 

of T4 present in the dialysate. This effect was increased 

by centrifugation of the aqueous phase at the completion 

of the assay. Fig. 5 shows the comparison of a standard 

curve assayed in the presence of an ethanol extract of 

dia1ysed serum with a standard curve containing an ethanol 

extract of the same serum sample not dia1ysed. Each curve 

contained 0.0857 m1 extracted serum/tube and the same 

concentration of C1-. The inclusion of an ethanol extract 

of serum not dia1ysed caused a reduction in the I 125 _T4 

present in the aqueous phase when compared with that 

present in the curve containing ethanol extracts of the 
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FIGURE 3: TOTAL T4 STANDARD CURVES 

LEGEND: 
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. ...... T4-free serum extract 
included 
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FIGURE.4: TOTAl T4 STANDARD CURVES 

LEGEND: 

.... Cl~ added 

..... serum dialysate included 
0'''0 . serum dialysate included; effect 

of ~entrifugation 
% Aq/Total = c.ounts 1 125 ~ T4 in aqueous phas e/ 

total 1125 _ T4 counts in tube 

5 10 15 20 25 
ng added unlabelled T4 
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FIGURE 5: TOTAL T4 STANDARD CURVES 

r 

LEGEND: 

0--0 Dialys~d serum extract 
included 

___ Non-dialysed serum extract 
included 

% Aq/Total ~ counts r 12S _T4 in 

aqueous phase/total 
r 12S _T4 counts in tube 

-
40.-__ ~ __ -. __ ~ __ ~ __ ~~ 

5 10 15 20 25 
ng added unlabelled T 4 
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dialysed serum. 

Using T4 - free serum, a comparison was made between a 

standard curve containing serum dialysate (each tube containing 

the dialysable material from 0.1 ml serum), and a curve 

containing the ethanol extracts of the same serum (0.1 ml 

serum/tube), and the results are shown in Fig. 6. The I 125 _T4 

in the supernatant was lower in the curve containing the 

ethanol extracts 'if T4 -- free 'serum. 

The above experiment was repeated, except that the 

dialysate was obtained by a more-prolonged dialySi$ of the 

serum. As a consequence, the dialysate appeared cloudy. 

The results, shown in Fig. 7, indicate that there was no apprec-

iable difference between the two curves at the 0 and 10 ng added 

unlabelled T4 points, but at 25 ng added unlabelled T4, contrary 

to the finding in the preceding experiment, there was less 

I 125 _T4 present in the aqueous phase of the dialysate-containing 

tubes. Centrifugation to correct for EEBS-like substances 

did not alter any of the points as graphed in Fig. 7 more 

than 0.6% 

(e) The Site of Action of Intepfeping Substances: 

In the system used for the total T4 assay but with omission 

of TBP, the distribution of I 125 _T4 between the aqueous phase 

and Sephadex was not altered by the inclusion of a dialysate of 

T4 - free serum, as shown in Table 2. No correction for 

differences in Cl concentration was made. 

However, Table 3 shows the effect of the inclusion of an 

ethanol extract of T4 - free serum on the distribution of 

1125 -T4 between the aqueous phase and Sephadex in the absence 

of TBP. The I125~T4 present in the aqueous phase is increasej by 

the inclusion of an ethanol extract of T4 - free serum when 
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FI GURE 6: TOTAL T4 STANDARD CURVES 

LEGEND: 
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FIGURE 7: TOTAL T4 STANDARD CURVES 

LEGEND: 

e-e T4-free serum eli <l1ys<ltc i ncllldcd 

••••• Non-dia1ysed T4-free serum cxtr8ct 
included 

/ 
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TABLE 3: 

% 
Tube 

E1 

E2 

C1 
C2 
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Tube % r125 _T4 in Aqueous Phase 

°1 4.72 

°2 4.32 

C1 4.00 

C2 4.15 

Footnote: 01 and 02 = duplicate dialysate-containing 

tubes 

C1 and C2 = duplicate control tubes 

r125 _T4 in Aqueous Phase % r125 _T4 in Aqueous Phase 
Before Centrifugation After Centrifugation 

(mean of duplicates) 

7.38 
5.24 

7,96 

4.07 
4.10 

4,54 

Footnote: E1 and E2 = duplicate tubes containing ethanol extracts 
of T4 - free serum 

C1 and C2 = duplicate control tubes 
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compared with control tubes (not correct for the difference 

in Cl" concentration). However, following centrifugation 

of the supernatant, this difference was removed. 

A summary of the various ethanol extractable substances 

found in horse serum during the development of the CPS 

method for the measurement of total T4, and the effect they 

have on the assay is shown in Table 4. 

(f) Interfering Substances in the Serum of Different Horses: 

The results of the experiment to determine whether the 

serum of different horses contained differing levels of 

ethanol extractable substances which interfered in the total 

T4 assay are shown in Table 5. Inclusion of T4 - free 

serum extracts prepared from five different horse sera in the 

total T4 assay, showed that at both the zero and 20 ng 

added unlabelled T4 standard curve points, there was no 

significant difference between the effect of the different 

extracts. At the zero ng added unlabelled T4 point, 

the mean percent uptake of I 125 _T4 in the aqueous phase was 
+ 0 81.5 - 0.6~, and at the 20 ng added unlabelled T4 point 

61.9 ~ 1.0%. These standard deviations are within the 

normal intra-assay variability range. 

Table 6 shows the results of the experiment to examine 

whether treatment of serum with charcoal (in the process 

of rendering it T4 - free) in any way affected the properties 

of the interfering substances present in horse sera. 
125 On total T4 assay, the I -T4 uptake in the aqueous phase 

) 
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TABLE 4: 
Substances Affecting the Distribution of I 125 .T4 

Between Aqueous Phase and Sephadex 

Effect on the I 125 _T4 
Substance in Aqueous Phase Comment 

Cl - Increase or decrease Acts only in presence 
of TBP 

EEBS-like Increase Centrifugable. Act in 
substances presence or absence 

of TBP 
Dialysable Decrease Act only in presence 
substances of TBP 

(Substances increasing I 125 _T4 in aqueous phase spuriously 
decrease T4 as measured) 

TABLE 5: 
Interfering Substances in Ethanol Extracts of 

Serum from Different Horses 

o I 125 T4 . "6. - ln Aqueous Phase 
Horse o hg Added Unlabelled 20 ng Added Unlabelled 

T4 T4 

Bleddyn (3- 6-73) 81.8 62.6 
Coming 
Up (4- 6-73) 82.2 62.3 
Ho (2- 6-73) 80.6 62.0 
Lorretta 
W. (8- 4-73) 81.5 60.1 
Magin-
ness (4- 6-73) 81.2 62.5 

Mean 81.5 61.9 
SD 0.6 1.0 
n 5 5 

Footnote: The % I 125 .T4 in the aqueous phase in the presence of 
T4-free serum extracts from horses in different 
physiological states, viz: Bleddyn - aged gelding, not 
in training; Coming Up - 3 year-old gelding, in moderate 
training; Ho - 4 year-old gelding, in very light training; 
Lorretta W. - 8 year-old 4 month pregnant mare, not in 
training; Maginness . 2 year-old filly, not in training. 
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was compared in tubes containing ethanol extracts of serUm 

from a hypothyroid mare with negligible serum total T4 

concentrations (New Boots, 11-3-72), the same serum 

rendered T4 - free with charcoal, and a control T4 - free 

serum. The results show that the three extracts did not 
125 differ in their effect on the I -T4 present in the 

aqueous phase. 

(g) The Effect of Length of Incubation: 

The effect on the distribution of 1125 _T4 of removing the 

supernatant at varying known times after the start of the 

incubation is shown in Fig. 8. Up until 80 min of incubation 

time, the 1125 _T4 present in the aqueous phase increased 

with prolongation of the length of incubation, after which time 

the system appeared to be at equilibrium. 

2. Method 

The inter-assay variability as assessed by the inclusion of 

replicate serum in each assay was 14.0%, as shown in Table 7. 

TABLE 6: 
Effect of Charcoal Treatment on Interferi~g Substances in Serum 

Ethanol Extract (Vol. Serum) %I 125 _T4 in Aqueous Phase 

New Boots, 11-3-72 (0.1 m1) 83.5 

New Boots, 11-3-72, T4-free (0.1 m1) 83.9 

Control Serum, T4-free (0.1 m1) 83.6 

Mean 83.7 

S.D. 1.8 
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FIGURE 8: EFFECT OF LE~GTH OF INCUBATION 
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TABLE 7: Total T4 Assay: Interassay Variability 

Serum 
Date Collected Date Assayed Total T4, llg/100 m1 

Coming Up, 22-3-73 11- 7-73 3.75 
Coming Up, 22-3-73 17- 7-73 2.05 
Coming Up, 22-3-73 18- 7-73 2.34 
Coming Up, 22-3-73 13- 8-73 2.85 
Coming Up, 22-3-73 14- 8-73 3.49 
Coming Up, 22-3-73 15- 8-73 3.17 
Coming Up, 22-3-73 16- 8-73 2.63 
Coming Up, 22-3-73 22- 8-73 2.66 
Coming Up, 22-3-73 3- 9-73 2.85 
Coming Up, 22-3-73 4- 9-73 3.30 
Coming Up, 22-3-73 20- 9-73 3.91 
Coming Up, 22-3-73 25- 9-73 2.63 
Coming Up, 22-3-73 1-10-73 3.36 
Coming Up, 22-3-73 4-10-73 3.11 
Coming Up, 22-3-73 7-10-73 2.63 
Coming Up, 22-3-73 13-10-73 2.47 
Coming Up, 22-3-73 9- 1-74 3.85 
Coming Up, 22-3-73 14- 1-74 3.12 
Coming Up, 22-3-73 15- 1-74 2.95 
Coming Up, 22-3-73 25- 1-74 3.23 
Coming Up, 22-3-73 29- 1-74 3.15 
Coming Up, 22-3-73 8- 2-74 2.81 

Mean 3.01 
S.D. 0.49 
n 22 

% variation 16.1% 
Pooled Serum, 

29- 1-74 8- 2-74 3.89 
Pooled Serum, 

29- 1-74 19- 2-74 3.87 
Pooled Serum, 

29- 1-74 26- 2-74 3.82 
Pooled Serum, 

29- 1-74 8- 3~':74 3.22 
Mean 3.70 
S.D. 0.32 
n 4 

!?: . 0 variation 8.65% 
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TABLE 7 ctd: 

Serum Date Assayed Total T4, ~g/100 m1 Date Collected 

Pooled Serum, 
2- 4 .. 74 4- 4-74 2.83 

Pooled Serum, 
2- 4-74 5- 4-74 3.83 

Pooled Serum, 
2- 4-74 16- 4-74 2.76 

Pooled Serum, 
2- 4-74 24- 4-74 2.87 

Pooled Serum, 
2- 4-74 2- 5-74 2.48 

Mean 2.95 
S.D. 0.51 
n 5 

% variation 17.3% 

Mean Percent Variation Between Assays = 14.0% 
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DISCUSSION 

It is a fundamental principle of competitive protein binding 

assays that the amounts of binding substances, or of substances which 

influence binding, should be the same in tubes containing standards and 

unknowns, with the only variable being the amount of the substance 

being assayed. The experiments described were designed to investigate 

whether this criterion was met in the CPB method developed for 

measuring total T4 in horses. 

Following the finding by Irvine (1974b) of an ethanol extractable 

binding substance in human serum, it was anticipated that EEBS-like 

compounds might exist in horse serum and similarly spuriously increase 
125 the I -T4 present in the aqueous phase of the assay system, and lower 

the measured total T4 concentration in the test sera. This assumption 

was foundtobe correct, and in the barbital, pH 8.6 buffer and Sephadex 
+ assay system, such compounds accounted for a decrease of 4.35 - 2.5% 

in the measured concentration of serum total T4. This decrease is 

less than that found in 20 normal human sera, where a correction for 

EEBS resulted in an increase of 12.1 ~ 2.8% in T4 measured in a resin-

barbital pH 8.6 system (Irvine, 1974b). However, such a difference is 

probably related to the different solid phases used in the two studies, 

since in a Sephadex-Tris pH 7.4 system, correction for EEBS-like compounds 
+ in horse sera caused an increase in the total T4 of 22.4 - 8.7%, which 

is similar to the 25.1 ~ 5.8% reported by Irvine (1974b) in human serum 

assayed in the same system. It was, therefore, apparent that in CPB 

assays for total T4 in horses, falsely low values of serum total T4 are 

measured unless a correction for EEBS-like compounds is made. The 

degree of this error varies markedly according to the buffer and solid 

phase used in the assay system. 

The investigation into the effect of chloride on the distribution 

of I 125_T4 in the total T4 assay produced paradoxical results. Since the 
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same source of TBP was used in all the experiments, and at the same 

dilution, such results cannot be explained by the differential effects 

of CIon the binding of T4 to TBG, thyroxine-binding pre-albumin (TBPA), 

and albumin in the assay system. Some other factors apart from the 

source and quantity of TBP must have accounted for the difference in the 

Cl effect between assays. The results merely serve to indicate that 

Cl does have an effect on the distribution of T4 between the aqueous 

and Sephadex phases in the total T4 assay system described, and 

therefore, equal concentrations of Cl must occur in the standard curve 

and assay tubes before such an assay system in valid. 

At this stage in the development of the assay, it was evident 

that many substances extracted by ethanol from horse serum other than 

Cl and EEBS-like substances could be interfering in the total T4 assay. 

Comparison of standard curves containing an ethanol extract of horse 

serum rendered T4~free, with standard curves in the absence of such 

extracts but containing an equivalent amount of Cl verified this 

assumption. These substances lowered the I 125_T4 in the aqueous phase 

even prior to correction for E~BS-like compounds, and this correction 

resulted in a further decrease in the I 125 _T4 in the aqueous phase. 

Therefore, these additional interfering substances manifested themselves 

in the opposite manner to EEBS"like compounds, and as measured by the 

I 125_T4 present in the aqueous phase, exerted a greater effect in the 

assay system. Spaulding and Gregerman (1972) found that a number of 

compounds, primarily phenols and indoles, inhibit T4-binding to serum 

proteins during equilibrium dialysis of human serum. At least one of 

the phenols, benzoic acid, could interfere in the total T4 assay, since 

it is very soluble in ethanol, and is present in high concentrations in 

horse serum. Although individual identification of the interfering 

substances was outside the objective of this study, some characteristics 
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of the substances were studied in an endeavour to establish feasible 

methods of correcting for their presence. 

Inclusion of a serum dialysate in a total T4 standard curve showed 

that there was present in horse serum dialysable substances which 

decreased the r125 _T4 in the aqueous phase of the system. That at 

least some of these substances were also extracted by ethanol was shown 

by the decrease in the I 125 _T4 present in the aqueous phase of a standard 

curve containing an ethanol extract of a serum compared with a curve cont-

aining an ethanol extract of the same serum following dialysis. However, 

since it was not known whether the interfering substances were completely 

dialysed, no quantatitive estimation of the degree to which these 

substances are extractable with ethanol was possible. A more direct 

approach involved the comparison of a standard curve assayed in the 

presence of the dialysable material from 0.2 ml of T4 - free serum, with 

a standard curve containing an ethanol extract (0.2 ml serum) of the 

same T4 - free serum. Unlike the earlier experiments, it was necessary 

that the serum did not contain any T4, because if present, the T4 

pep se would exert an effect. The results, after correction for EEBS-

like compounds, indicated that more interfering substances were extracted 

by ethanol than were dialysed out of the serum. Prolongation of the 

dialysis, however, reduced this difference, and at the lower levels of 

added T4, after correction for EEBS-like compounds, the curves were 

virtually superimposed. These results suggest that the interfering 

substances are small dialysable compounds, but gave no insight into the 

way in which these compounds exerted their effect in the total T4 assay. 

The results of a preliminary experiment indicated that the compounds 

interfered with the binding of T4 to TBP, since in the absence of TBP, the 

compounds did not alter the ratio of r125 .T4 in the aqueous phase: r 125 _T4 

in Sephadex. 

Unlike the EEBS-like compounds, these interfering substances in 

horse serum could not be corrected for by any simple experimental 
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procedure. Since the fundamental objective of the study was to ensure 

that the behaviour of T4 was the same in both the test serum extract or 

in the standard curve, the technique of including ethanol extracts of 

T4 - free serum in the standard curve tubes, so that all the assay 

tubes contained the same concentration of all types of interfering and 

binding substances, was developed. The finding that the amount of 

interfering substances in the sera of horses in different physiological 

states was comparable, and that charcoal did not measurably affect the 

relevant properties of serum, resulted in the acceptance of this means 

of correction for the effect of ethanol extractable substances as routine 

procedure in the total T4 assay. This CPB method developed therefore 

offers an increase in the accuracy with which serum concentrations of 

total T4 can be determined in the horse. In addition, it gives 

reproducible results (interassay variation = 14.0%') when incubation is 

performed at 40 C for an exact length of time, and is a relatively simple 

and rapid assay. Incorporation of these modifications into CPB assays 

for the measurement of total T4 in other species could increase the 

accuracy and precision of the measurements. More especially, the 

technique for correcting for the interference of the serum pe~ se in 

the assay could have application, providing that the interfering 

substances in the T4 - free serum exert the same effect as those in 

the test serum. 
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B. MEASUREMENT OF FREE T4: 

MATERIALS AND METHODS 

The serum free T4 concentrations were obtained by multiplying 

the total T4 by the free T4 fraction determined by a Sephadex binding 

method using dilute serum as developed by Irvine (1974a). Its 

application to the measurement of free T4 in horse serum was described 

in detail previously (Evans, 1971). 

RESULTS 

Although the method for the measurement of free T4 has been fully 

described and validated, it was found that when used over the 2 year 

period of the study, considerable variation in the free T4: Sephadex 

bound I 125 _T4 ratio (determined in the absence of any TBP) occurred. 

This was found to be due to the different batches of Sephadex G25 Coarse 

used, and resulted in the ratio varying from 0.124 to 0.146. However, 

this change was corrected for by the routine checking of the free T4: 

Sephadex bound r12S _T4 ratio by omitting TBP from the system used. 

DISCUSSION 

The method used for the measurement of free T4 in serum was selected 

because it gave accurate and reproducible results by overcoming many of 

the problems associated with the measurement of free T4 by equilibrium 

dialysis. In the assay~ the inorganic ion composition, pH and temper-

ature are maintained in the same state as in undiluted serum, and because 

of the short incubation time, no changes associated with microbial 

growth occur, so that the system is as close to physiological as possible. 

Therefore, the results obtained, when combined with the total T4 

concentration in the test serum, give an accurate indication of the 

absolute free T4 concentration. 
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C. MEASUREMENT OF TOTAL T3: 

MATERIALS AND METHODS 

Serum total T3 in horses was measured by radioimmunoassay based on 

the method of Mitsuma et aZ (1972) but with the following modifications 

(i) 
o . 

Incubation was at 4 C for 48 hours since this greatly 

increased the assay sensitivity. 

(ii) The T3 - free serum used in the standard curve was prepared 

by mixing charcoal with serum which was taken from horses whose 

binding proteins were in a similar category to the unknown sera 

being measured in that particular assay. Horses in the following 

categories had sufficiently different binding proteins to 

necessitate use of a specific T3 - free serum for each category. 

(a) Foals 1 to 6 days old 

(b) Foals above 6 days old 

(c) Adult horses not in training 

(iii) All unknowns were run in quadruplicate, 2 tubes containing 

all the components of the assay system (assay tubes) and 2 in which 

antibody was omitted (blank tubes). Two additional blank tubes 

incorporating the T3 - free serum used in the standard curve 

were also included. Blanks were included because bind~ng of T3 to 

TBP caused errors in the assay in spite of the inclusion of :-

(a)8-anilino-l-napthalene sulphonic acid and barbital 

which greatly decreased the binding of T3 toTBP. 

(b) Incorporation of"T3 - free serum in the standard curve. 

In the blanks 84-96% was charcoal bound (C.Bd), the remainder 

being free (F) and protein bound (P.Bd). This distribution was 

not changed by the addition of amounts of T3 equivalent to 

500 ng/IOO ml serum. Therefore, the ratio (F + P.Bd)/C.Bd 
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will remain unchanged if another binding substance e.g. antibody, 

has been added to the system provided other conditions are 

identical. Since (F + P.Bd) varies between samples, the follow-

ing correction had to be made before the amount of antibody 

bound could be determined:- From blanks of each unknown and T3 -

free serum used in the standard curve, the ratio (F + P.Bd)/C.Bd 

is calculated from (total co.unts ~ charcoal bound counts)/char-

coal bound counts. If this ratio is R, then 

total counts - C.Bd counts - (C.Bd counts X R) 
% antibody bound = #. j 

total couhts - (C.Bd X R) 

The amount of T3 antibody bound was also calculated from the 

assay tubes by the conventional method (Mitsuma et aZ, 1972) as: 

B/F = counts in supernatant/counts in charcoal. 

The antiserum (gift from Mr W. A. Sadler, Nuclear Medicine 

Department, Christchurch Public Hospital) has been characterised by 

Sadler and Brownlie (1975), and was usually used at a final dilution 

of 1:12000. The only significant cross reaction with serum constituents 

was with T4 (0.07%). 

The inter-assay repeatability was determined by the inclusion 

of a pooled serum sample in each of the assays. 

RESULTS 

When the results obtained in day old foals were calculated from 

a standard curve incorporating T3 - free serum either from adult horses, 

or 10 day old foals, rather from day old foals, totalT3 levels were under-

estimated by approximately 16% and 8% respectively. Also, total T3 in 

10 day old foals was under-estimated by 8% when T3 - free serum for the 

standard curve was prepared fromadul t horses rather than from foals in 

the appropriate age group. However, if 73 - free serum from 1 day old foals 

was used in the standard curve of assays of foals 1 to 6 days old, and 
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T3 - free serum from 10 day old foals was incorporated into the stand-

ard curve of assays of foals over 6 days old, no appreciable error 

occurred as the result of changes in binding proteins with age in 

foals. 

In the blank tubes (containing all assay constituents except 

antibody) 3 to 7% of the I 125_T3 remained in the supernatant when 

serum from horses over 1 day old was assayed, while with serum from 

foals less than 1 day old, blank values were 7 to 12%; these 

differences presumably reflect differences in binding proteins. 

Consequently the conventional method for calculated T3 concentration, 

which disregards these differences gave results which varied from 14% 

too low to 2% too high (mean error 6%) in horses more than 10 days 

old, and from 10-43% too low in newborn foals. 

A calculation based on the T3 and T4 results obtained by the methods 

described here showed that cross-reaction by T4 would cause an over-

estimation in T3 of 4% in umbilical cord blood, and of 2% in blood of 

horses over 1 hour old. 

The inclusion of a replicate pooled serum sample in each of the 

assays resulted in a mean total T3 concentration of 57.9 ~ 4.7 ng/IOO ml 

(n = 16), so that the inter-assay variability was 8.12%. 

DISCUSSION 

This appears to be the first description of a method for measuring 

total T3 in horse serum. 

Results obtained incorporating T3 - free sera from horses of 

different ages in the standard curve showed that it was necessary. to 

include in each assay standard curve T3 - free serum from horses with 

similar binding proteins as the unknowns which were being assay~d. 

From these experiments it was not possible to categorise the relevant 

differences in binding protein patterns. However, since these differences 
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cause comparable differences in the free T4 and free T3 fractions, 

which are described in Chapter II of this thesis, it appears that 

minimal errors will occur if foals are grouped into I to 6 days old 

and over 6 days. Although not investigated in this study, it is poss-

ible that the measurement of total T3 in adult horses in training would 

necessitate the use of T3 - free serum prepared from horses also in 

training, since training has been shown to alter thyroid hormone 

binding proteins (see Part III, Results, and Discusion in this Chapter). 

In the development of this assay, and in obtaining the results 

reported herein, blanks were run for each unknown since the effect of 

differences in binding proteins was unpredictable. However, the results 

suggest that, except in foal sera, reasonably accurate results may be 

obtained without the use of blanks. An attempt was made by a co-worker 

to eliminate the effects of binding proteins by using dried ethanol 

extracts of sera; however these gave blank values which were higher 

than with whole serum (M. Go Soper, unpublished results). 

This method provides a simple, precise, sensitive and highly 

reproducible radioimmunoassay for T3. 
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PART II: TOTAL T4 AND TOTAL T3 IN CYCLING AND EARLY PREGNANT 

MARES 

MATERIALS AND METHODS 

1. Experimental Animals: 

The animals studied were 16 standard bred mares, 

400-600 kg held at a commercial stud (Nevele R, Prebbleton, 

Canterbury) and grazed on a mixed sward pasture with lucerne 

hay supplementation. The mares were not rugged either in the 

months prior to the study or during it, but some natural shelter 

was available in the paddocks. One exception was the mare 

Eblouir who had been in hard training and therefore rugged up 

until one month prior to the study, but after this time was 

grazing with the other mares and not rugged. All the mares were 

dry except Sister Stella and Twinkle Hall who ha.d f-oals at £:oot. 

The mares had no enforced exercise apart from being driven to the 

yards (100 - 1000 metres) three times a week. When the mares 

were in oestrus, they were held in a paddock close to the yards 

and brought in twice each day. 

All the mares were at the stud to get in foal, and therefore 

were teased, palpated and mated as described in Methods, Chapter IV. 

A record was kept of the observations on oestrous and dioestrous 

behaviour, ovarian palpation data, mating dates and exogenous 

hormone administration for all mares. Additional information 

on the reproductive state of the mares was obtained from a 

concomitant study on the hormonal control of the oestrous cycle 

(see Chapter IV). Further details of the individual mares used 

in the study (see Results below) are recorded in Appendix 1. 
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2. Collection of Samples: 

The mares were bled by jugular venepuncture as they passed 

through the teasing crush three times weekly. Additional blood 

samples were collected in the morning and in the evening on the 

days on which the mares were in oestrus. Serum was recovered by 

centrifugation within 12 h after collection, and these samples 

were stored at -160C until required for assay, except where 

unavoidable because of the large number of samples. 

3. Weather Conditions: 

The study was conducted during Spring, 1973, between 

19 October and 25 November. The mean temperature in October was 

l2.50C, with the mean maximum l8.60C, and the mean minimum 6.40C. 

This month was warmer, drier and sunnier than average. During 

November, the mean temperature was l4.90C , the mean maximum being 

20.loC, and the mean minimum 9.70C. The weather during this 

month was near average, but the temperature was well above 

average both day and night (readings supplied by the Meteorological 

Office, Christchurch and by the Engineering Department, Lincoln 

College). 

4. Measurement of Total T4 and Total T3: 
I The methods for measuring total T4 and total T3 in the serum 

samples are described above (Materials and Methods, Part I). 

RESULTS 

Total T4 and total T3 were measured everyone to two days in 12 

mares over a five week period in Spring 1973 .. Total T4 alone was also 

measured in one further mare, and total T3 alone in an additional thTee 

mares. The mares were held at a commercial stud and 9 of the 16 mares 
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studied conceived at some stage during the period (see Appendix 2). 

The results obtained were analysed to assess :- : ~-

(ll" the variability-in, niean total T4 and mean total 1'3 between 

mares" 

(2) the daily changes in mean total T4 and mean total T3 

during the sampling period 

(3) theinean changes in mean total T4 and mean total 1'3 

throughout the cycle and early pregnancy 
The total T4 and total T3 concentrations in each mare determined 

throughout the period of study are shown in Appendices 2 and 3. 

1. The Variability in Mean Total T4 and Mean Total T3Between Mares: 

(a) Mean Total T4 

Each of the 13 mares in the study \'7as sampled at least 12 
.i,'I- . 

times during the period of study, and the mean level of total T4 

and total T3 in each mare is shown in Table 8, and the values 

making up these means in Appendix 3. 

The highest mean total T4 in any mare + was 3.96 -:.1.7 flg/100 m1 

(Sister Stella), and the lOwest mean total + T4 was 2.04 - 0.5 flg/ 

100 ml (Campesino), with the mean of all mares being 2.97 ~ O.1"flg/100 ml. 

However, it can be seen £romtfte standar~deviatiuno£ the mean total 

T4 in each mare, that considerable variability existed within some 

animals during the period of study (Appendix 3). 

(b) Mean Total T3 

The mean total T3 in the 15 mares was 73.3 ~ 12.7 ng/lOO ml, 

with the highest concentration in an individual mare being 93.3 ~ 

18.2 ri~/lOO ml (Aunt Ada), and the lowest 51.4 ~ 16.3 ng/lOO ml 

(Donora). As with total T4, the standard deviation of the mean 

total T3 in each mare indicated that the concentration varied consid-

erably between. different days of the study (Appendix 3). 
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TABLE 8: 
Mean Total T4 and T3 in Cycling and Early Pregnant Mares 

TT4 .:. SD TT3 !. SD 
Horse n ].lg/10Q m1 n ng/100 m1 

Aunt Ada 16 + 3.00 - 1.2 16 + 93.3-18.2 

Ba1enciaga 15 + 2.75 -1.1 14 + 78.7 - 23.5 

Byebyebill Filly 17 80.3 1 26.7 

Campesino 14 + 2.04 - 0.5 14 + 73.3 - 15.4 

Court Ted10 18 + 2.32 - 0.8 

Donora 16 + 51.4 - 16.3 

E1bouir 15 + 3.92 - 0.6 15 + 61.4 - 18.5 

Fury River 14 + 2.78 - 0.8 14 + 91.8-24.9 

Lord Filly 20 + 2.93 - 0.9 20 + 62.5 - 17.3 

Maginness 16 + ' 73.3 - 17.5 

Mignon D'or 14 + 3.64 - 0.3 16 + 75.6 - 13.0 

Mini Budget 15 + 2.38 - 0.4 15 78.4 ~ 15.8 

Sister Stella 12 + 3.96 - 1. 7 12 
' + 

80.5 - 2002 

Trix 16 + 2.16 - 0.7 16 + 50.5 - 5.0 

Twinkle Hall 13 + 3.19 - 2.0 13 + 80.7 - 27.1 

Y. Express Filly 18 + 3.47 - 0.5 18 + 67.5 - 22.6 

Mean 2.97 73.3 

SD 0.7 12.7 

Number of mares 13 15 

Footnote: n = number of sample estimates contributing to mean in each mare 

TT4 = total T4 

TT3 = total T3 

SD = standard deviation of the mean 

The overall means (2.97 ].lg/100 m1 and 73.3 ng/100 m1 for TT4 and TT3 respect~ 

ive1y) and their SD are obtained from the mean value of each mare. 
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2. Daily Changes in Mean Total T4 and Mean Total T3 

All the total T4 and total T3 determinations for each of 

the mares were grouped according to the day of sampling (Appendix 

4), and the daily mean total T4 and mean T3 shown in Table 90 

Since not all mares were bled daily, weighting occurs on some 

days due to the small~umberof mares contributing to the mean. 

To minimize this, Table 10 shows the mean total T4 and mean 

total T3 on those days when the number of mares sampled was 

greater than 8 (n > 8) and greater than 11 (n > 11) respectively. 

Correlation analysis indicated that :-

(a) There was a significant (p < 0.05) correlation between mean 

total T4 and the day of sampling on those days when n > 8 

(Table 10)~ i.e. mean total T4 concentrations decreased during 

the sampling period. This significant correlation was not 

evident when the mean values from all sampling days (i.e. when 

the number of mares contributing to the mean was between I and 

15) were analysed due to weighting of means by individual 

animals when the number of mares sampled was low. 

(b) There was a significant correlation between mean total 

T3 and the day of sampling, with the mean total T3 falling 

throughout the sampling period. This correlation was 

significant at p < 0.05 when all mean total T3 values were 

analysed, and at p < 0.01 when only the mean total T3 on 

those days when n > 11 were analysed. 

(c) There was no significant correlation between total T4 

and mean total T3 either when all mean values were compared (Table 

9)~ or when the means were based on n > 8 and n > 11 for mean 

total T4 and mean total T3 respectively (Table 10). 

) 



TABLE 9: 

Date 

19-10-73 
25-10-73 
26-10-73 
27-10-73 
28-10-73 
29-10-73 
30-10-73 
31-10-73 
1-11-73 
2-11-73 
3-11-73 
4-11-73 
5-11-73 
6-11-73 
7-11-73 
8-11-73 
9-11-73 

10-11-73 
11-11-73 
12-11-73 
13-11-73 
14.11-73 
15-11-73 
16-11-73 
17-11-73 
18-11-73 
19-11-73 
20-11-73 
21-11-73 
22-11-73 
23-11-73 
24-11-73 
25-11-73 

Footnote: 
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Daily Changes in Mean"T0tal- T4 ana T3 in Cycling and Early 
Pregnant Mares (Spring 1973) 

+ Mean Total T4 - SD + Mean Total T3 - SD 
n llg/100 m1 n ng/100 m1 

1 3.62 - 1 50,0 -
1 2.59 - 1 47.0 -

12 3.46 0.6 14 84.0 20.8 
1 2.51 - 1 48.0 -
1 1.85 - 1 43.5 -
1 1.63 - 1 54.0 -

13 3.03 0.7 15 77 .3 20.6 
5 2.92 0.7 4 56.3 12.7 

13 3.17 0.9 15 92.6 22.8 
5 3.17 0.9 6 66.8 18.1 

10 3.00 1.0 12 76.6 22.5 
4 3.11 0.4 5 82.7 22.2 
6 3.20 1.1 7 80.1 33.5 

10 2.38 0.8 12 81.6 14.2 
6 4.42 2.5 6 70.0 13.3 

12 2.91 1.0 14 83.1 21.0 
4 2.87 1.2 5 64.2 15.2 
9 3.08 0.8 11 72.3 25.8 
1 3.74 - 2 73.4 6.5 
3 4.53 2.8 4 72.7 12.0 

10 2.18 0.9 13 74.9 23.1 
4 1.95 0.5 4 79.9 16.3 

10 2.61 0.8 12 78.8 23.4 
5 2.56 0.8 5 71.0 16.4 

10 2.84 0.9 12 54.7 19.6 
2 3.47 3.3 2 84.0 43.1 
3 4.18 2.4 3 74.2 5.6 

10 2.66 1.0 12 57.1 26.2 
3 3.27 1.6 3 61.4 15.1 

10 2.71 1.1 12 59.2 14.1 
3 2.00 0.2 3 55.4 18.2 

11 2.88 1.0 13 59.9 18.4 
1 2.78 - 1 89.0 -

When a mare was sampled twice on the same day, the two results 

were averaged and this one value only incorporated in the mean. 
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TABLE 10: 

+ Mean Total T4 - SD + Mean Total T3 - SD 
Date n llg/100 m1 n ng/100 m1 

26-10-73 12 3.46 0.6 14 84.0 20.8 

30-10-73 13 3.03 0.7 15 77.3 20.6 

1-11-73 13 3.17 0.9 15 92.6 22.8 

3-11-73 10 3.00 1.0 12 76.6 22.5 

6-11-73 10 2°. 38 0.8 12 81.6 14.2 

8-11-73 12 2.91 1.0 14 83.1 21.0 

10-11-73 9 3.08 0.8 11 72.3 25.8 

13-11-73 10 2.18 0.9 13 74.9 23.1 

15-11-73 10 2.61 0.8 12 78.8 23.4 

17-11-73 10 2.84 0.9 12 54.7 19.6 

20-11-73 10 2.66 1.0 12 57.1 26.2 

22-11-73 10 2.71 1.1 12 59.2 14.1 

24-11-73 1L 2.88 1.0 13 59.9 18.4 

Footnote: When a mare was samp1edtw'ice on the same day, the two 

results were averaged, and this one value incorporated 

into the mean. 

Cd) There was no significant correlation between either mean 

total T4 or mean total T3 °and the maximum or minimum temperature 

or the hours of sunshine on each day throughout the sampling 

period regardless of whether all values were anaiysed as in 

Table 9, or only those days ° on which the mean total T4 and mean 

total T3 wereas'o defined in Table 10. 
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3. The Changes in Mean Total T4 and Mean Total T3 Throughcmt the Cyc'le 

and Early Pregnancy: 

All the total T4 and total T3 determinations in each mare 

were grouped according to the day of the cycle or day of early 

pregnancy on which the sample was collected, with day 0 being 

the day of ovulation (see Appendix 5), and the mean values 1 for 

each day are shown in Table 11. There were no significant 

variations in either mean total T4 or mean total T3 throughout the 

oestrous cycle or early pregnancy (F test). However, as shown 

in Figure 9a, as there was a slight tendency for mean total T4 to 

be increased around the time of ovulation, but no such increase 

was observed in the mean total T3 (see Figure 9b). It should be 

noted that any effect of the day of the cycle or early pregnancy 

will be influenced by both the number of mares contributing to 

anyone mean, and the time of the period of study at which the 

sample was collected, as demonstrated in the preceding section 

(2, (a) and (b)). 

DISCUSSION 

~he objective of this study was to accurately determine the 

concentrations of serum total T4 and total T3 in normal adult mares, 

and so define the range of values occurring as the result of natural 

population variation in the eu;thyroid animal. The mean total T4 

concentration of 2.97 ~g/lOO ml in the 13 mares studied and the 

range of values among the mares were similar to those as calculated 

from PBI determinations, since Irvine (1967a) found the mean total 

T4 in 38 untrained horses sampled in late spring/early summer and 

autumn, to be 2.84 ~ 0.45 ~g/lOO ml, with the maximum and minimum 

levels 3.82 and 1.98 respectively, and Kaneko, (1964) found the mean 



TABLE 11: 

Day of 
Cycle or 
Pregnancy 

1 
2 
3 

4 
5 
6 

.. 15} 
-14 
-13 
-12 
-11 
-10 
- 9 
- 8 
- 7 

- 6 
- 5 
- 4 
-~3 

- 2 

- 1 
0 

P 1 
p 2 
p 3 
p 4 
p 5 
p 6 
p 7 
p 8 
p 9 
P10 
P11 
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Mean Total T4 and T3 Throughout the Cycle and Early 
Pregnancy 

+ Mean Total T4 - SD + Mean Total T3 - SD 
n l..Ig/100 m1 n ng/HlO m1 

9 2.58 0.7 9 61.6 10.6 
5 2.63 1.1 6 67.9 17.1 
7 2.69 0.7 7 74.1 23.1 
3 3,08 0.5 3 71.4 4.5 
3 1.92 0.8 3 97.2 39.5 
6 2.70 0.9 6 68.0 25.9 

2 3.28 2.0 2 91.5 26.2 

5 2.55 0.3 5 100.8 18.5 
3 2.42 1.2 5 72.1 27.9 
2 1.80 0.0 2 102.0 21.9 
3 2.76 0.9 4 90.7 31.0 
7 2.82 0.9 7 80.8 22.0 
7 3.15 1.0 9 73.9 22.5 
4 2.85 1.9 4 82.4 23.3 
6 2.69 0.8 7 68.9 18.0 
9 2.93 0.9 11 75.7 20.1 
8 2.76 0.6 8 82.7 28.4 
9 3.17 0.8 11 83.1 24.5 

13 3.63 1.3 15 72.8 18.8 
12 3.12 0.7 15 75.8 14.7 
13 3.50 1.6 14 77 .3 22.5 
6 3.33 0.9 8 63.4 16.4 
5 2.62 0.8 5 71.8 19.9 
2 2.83 1.7 3 53.7 1().9 
3 2.63 0.8 4 7.6.6 14.7 
2 4.55 4.4 2 88.4 6.51 
3 2.93 0.7 5 58.4 16.0 
2 2.15 0,3 2 83.8 33.6 
1 3.76 - 2 46.5 \~.5 

3 1.71 0.8 4 71.5 28.4 
- - 1 32.0 
2 2.84 1.4 3 80.2 39.1 
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TABLE 11 ctd: 

Day of 
~ SO + Cycle or Mean Total T4 Mean Total T3 --,SO 

Pregnancy n ].lg/IOO ml n ng/IOO ml 

P12 2 1. 83 0.4 2 74.3 3.2 
P13 2 3.08 1.5 4 55.1 25.7 
P14 2 2.62 1.0 2 63.4 18.2 
PIS 1 3.80 - 2 40.0 7.1 
P16 2 1.94 0.6 2 36,3 2.5 
P17 1 47.5 -
P18 2 2.21 1.1 2 37.0 5.7 
P20 2 3.13 2.7 2 52.5 0.7 
P22 1 4.02 - 1 50.0 -

total T4 concentration of normal horses to be 3.37 ~ 0.92 ].lg/IOO ml, 

with the range being 2.30 to 5.36 ].lg/IOO ml Also, Trum and Wasserman 

(1956) found the mean total T4 to be 3.06 ].lg/IOO ml with a range of 

2.45 to 4.13 ].lg/IOO ml in 2 pastured and 8 stabled horses. However, 

the levels in the present study-were higher than those reported by 

workers using CPB methods of measurement. In a study on 9 normal 

cycling mares, Kelley et aZ (1974) measured the serum total T4 

concentrations by CPB on 5 to 28 occasions in each horse and found the 
+ mean total T4 to be 1.47 - 0.07 ].lg/IOO ml, with levels in individual 

+ - + mares from 0.51 - 0.12 ].lg/IOO ml to 2.13 - 0.17 ].lg/IOO mI. Studies by 

other workers using CPB techniques show the mean total T4 concentration 

to be 2.46 ~ 0.83 ].lg/IOO ml in a group comprising 9 mares and 1 stallion, 
+ and 1.68 - 0.72 ].lg/IOO ml in a group of 15 mares, with both groups 

held on pasture (Hightower et aZ, 1971) and 2.56 ].lg/IOO ml in 21 

yearlings (Kallfelz and Lowe, 1970; Lowe and Kallfelz, 1970). This 

discrepancy between total T4 was measured by the CPB method as described 

in the present study, and by these other CPB methods, could be due to 
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LEGEND FOR FIGURES 9a and 9b: 

Be~~se of the variability in oestrous cycle length between 

mares, the time scale was broken between Day 6 after the 

first ovulation, and 14 days prior to the next ovulation. 

Mean total T4 or mean total T3 concentrations are graphed 

together with the standard deviation of the mean, and the 

number of estimates contributing to that mean. 

Day 0 = day of ovulation, and is indicated by a vertical arrow 
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FIGURE 9a : MEAN TOTAL T4 CONCENTRATIONS THROUGHOUT THE OESTROUS CYCLE 
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FIGURE 9b: MEAN TOTAL T3 CONCENTRATIONS THROUGHOUT THE OESTROUS 

CYCLE AND EARLY PREGNANCY 
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the interfering substances present in horse sera. Such substances 

were corrected for by methodological modifications in this study, but 

not in the methods used by other workers. In this study, correction 

for interfering substances lowered the measured total T4 concentration; 

however, failure of other workers to correct for interfering substances 

also lowered total T4. 

This apparent paradox is due to the different buffers and solid 

phases used in these CPB methods of other workers and that used in this 

study. There appear to be two main groups of interfering substances 

in the measurement of total T4 by CPB in the horse, one causing an 

under-estimation of the level of total T4 (EEBS-like substances), and 

the other group which interfere with the binding of T4 to proteins and 

so cause an over-estimation of the total T4 concentration (see Part I). 

Therefore, although in the CPB method used in this study failure to 

correct for the interfering substances causes an over-estimation of 

the total T4 levels, in the barbital, pH 8.6: resin system used by 

Refetoff et aZ (1970), and in the Tetrasorb-125 Kit (Abbott Laboratories, 

North Chicago, Illinois) used by Hightower et at (1971) and Kelley et al 

(1974), the most effective interfering substances could well be the 

EEBS-like compounds, which since no corrections were made would account 

for the low serum levels of T4 found by these workers, compared to 

those found in the present study, and by PBI methods. It, therefore, 

appears that before any uniformity between different laboratories 

can be achieved in the measurement of total T4 in horses, the assay 

methods used must be adequately validated. The measurement of serum 

levels of total T3 in this study and the determination of the normal 

range of values occurring in euthyroid mares appears to be first 

reported for this species. 
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The repeated sampling of the mares during the 5 weeks of this 

study demonstrated that the variation in total T4 within one animal 

is often as great as that between different mares (see Appendix 3 

and Table 7). This observation introduces the possibility that 

sampling an animal on one_ occasion to assist in the 

diagnosis of thyroid dysfunction, can result irr the finding of a total 

T4 concentration quite dissimilar to the mean T4 concentration in 

this horse over a period of time. Therefore, although the total T4 

method used may be accurate, the variability of the animal itself 

detracts from the value of measuring the total T4 concentration, on 

a single occasion, and the results of this study would suggest that 

the collection of more than one blood sample would give a more accurate 

indication of the true thyroid status of the animal. 

The serum levels of total T3 also showed even more marked 

variability within each mare during the period of study. The sporadic 

occurrence of these fluctuations in total T4 and total T3 did not 

give any indication as to their cause, or to their physiological 

significance. Although Irvine (1967b) showed that acute exposure 

of unadapted horses to cold temperatures causes a significant increase 

in serum PBI levels in 3 days, the mares used in the present study 

were all well adapted to cold. One factor responsible for causing 

a change in the levels of total T4 and total T3, if not their 

fluctuations, was induced by the progress of time, as indicated 

by the correlation between sampling date and the levels of the 

hormones. As the study progressed both total T4 and total T3 

decreased. This decrease may have been induced by the increasing day 

length, since no correlation with any other measurable meteorological 

parameter was apparent. The serum concentration of total T4 in horses 

during the winter period is significantly higher than in the spring, 
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(see Part II). As this study was made during the spring, the transition 

between seasons in the level of total T4 was observed. Changes in 

serum concentrations of total T3 associated with season of the year 

have not been reported as occurring in the horse. However, the 

results reported here for total T3, and for total T4, clearly show 

that the time of the year at which the horse is sampled will have a 

marked influence on the measured level of the hormones, and without 

appreciation of this, incorrect interpretations of the results may 

occur. 

One further factor which could have contributed to the variability 

within mares in the total T4 and total T3 concentrations throughout 

the period of study, is the stage of the reproductive cycle or 

early pregnancy. However, analysis of the data indicated that no 

significant trends occurred, but this observation was masked by the 

effect of the time during the sampling period at which the samples were 

taken, and also by weighting of the means by the differing numbers of 

mares on different days. The absence of an effect on the stage of the 

cycle on total T4 levels is in agreement with the finding of Kelley 

et at (1974) who studied 9 mares through the oestrous cycle. 

Similarly, the absence of any correlation between total T3 levels 

and the stage of the cycle agrees with the results of a study in 

women (Weeke and Hansen, 1975) who found serum total T3 levels to 

be stable throughout the menstrual cycle. 

This study has served to define the normal range of serum total 

T4 and total T3 in euthyroid mares. Since the methods used for 

measuring total T4 and total T3 give accurate results, these levels 

can be. used by other laboratories as a basis for comparing the 

results from animals under test for thyroid disease. However, it 
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should be noted that the animals used were mares not in work, and 

given no shelter apart from that available in the paddocks, and 

that under these circumstances, there is a seasonal effect on both 

total T4 and total T3. Therefore, before comparing the results of 

thyroid hormone tests on horses suspected of thyroid dysfunction 

with the normal levels of T4 and T3 reported herein, consideration 

must be given to the accuracy of the method of measurement, the 

physiological state of the animal, and the time of the year. 
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PART III: TOTAL AND FREE T4 IN HORSES IN VARIOUS 

PHYSIOLOGICAL STATES 

MATERIALS AND METHODS 

1. Exper'imental Animals: 

The animals used in this study were standardbreds or 

thoroughbreds throughout the South Island of New Zealand. Since 

the objective of the study was to closely examine the changes in 

total and free T4 in horses in varying physiological states, 

several categories of horses were sampled. 

Group 1: Nonpregnant Mares - this group comprised mares 

over 2 years of age not in training or rugged, and grazihg 

on pasture. 

Group 2: Early Pregnant Mares - with the exception of being 

up to 3 weeks pregnant, the mares in this group were 

identical to those in Group 1. 

Group 3: Mares Within 12 Hours After Parturition - these 

mares were also the same as those in Group 1, but had 

foaled within the previous 12 hours without any complications. 

Group 4: Pregnant Mares - the mares in this group were 

considered to be pregnant (5-10 months) on the basis of rectal 

palpat~on of the uterus, and confirmed a postepiopi by the 

birth of a foal. In other aspects, these mares were the same 

as those in Group 1. 

Group 5: Horses in Training - this group comprised mares, 

stallions and geldings aged from 2-6 years, and in training 

for racing. The stages of training were defined as light, 

moderate and hard, and refer to' the length of time for 
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which the horse had been in work. Horses in light training 

had been in light work (daily) less than 6 weeks, those in 

m0derate training had l!>een doing moderate work for an adclit-

ional 6 weeks, while horses in hard training had l!>een doing 

harcl work for an additional but variable period. These 

horses were kept rugged, often with additional shelter such / 

as a 100se box, and given supplementary grain-based feed. 

2. Collection of Blood Samples: 

Samples were collected by venepuncture, and the serum 

harvested by centrifugation within 18 h. Free T4 estimations 

were performed on fresh sera within 48 h of collection, the rest 
o of the sample being stored at -16 C until required for total T4 

assay. 

3. Weather Conditions: 

The study was carried out between 24 March, 1972 and 

29 November, 1973, so that samples were, therefore, collected 

at different seasons of the year. Since an earlier study 

(Evans, 1971), had shown that season of the year affects free 

T4 concentrations, all horses were additionally categorised 

into groups according to the season of the year in which they 

were sampled. The categories were :-

(a) Autumn, 1972: This comprised the months of March, 

April and May. March of 1972 was much warmer than normal 

(second highest in 100 years), sunshine hours were also 

high, and the rainfall was well below average. These high 

temperatures continued into April, and rainfall was also 

lower during this month, with the hours of sunshine near 

normal. Similar conditions existed for the first half of 

May, but in the second half, heavy falls of rain were 
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recorded, with frequent cold showery outbreaks producing 

the lowest minimum temperatures for this time of the year 

since 1913. However, contrasting this, the hours of 

sunshine were higher than normal, as were the day time temp-

eratureso 

On the whole, the autumn period was warmer, drier and 

sunnier than normal until half way through May when high 

rainfalls and cold temperatures occurred 0 

(b) Winter, 1972: June, July and August are-the winter 

months. In 1972, the month of June was the coldest for 21 

years, with the 19 June being especially cold with snow and 

hail over the South Island. The rainfall was below 

average, and the hours of sunshine above average 0 July was 

milder, wetter and slightly sunnier than average. In 

contrast to June, the temperature both day and night were 

above normal. However, August was particularly cold, ending 

the coldest winter for 21 years. Rainfall was below 

average, and the hours of sunshine above average. 

(c) Spring, 1972: The months of spring are September, 

October and November. September in 1972 was mild, dry and 

sunny and the second warmest on record. A record maximum 
o temperature was recorded on the 6 September (25 C). October 

was also warmer than normal, and also wetter and slightly 

sunnier. November was mild, sunny and dry, so that overall, 

spring1972 was warmer and sunnier than average. 

Cd) Spring, 1973: September 1973 was milder and drier 

than normal, with both the day and night temperatures being 

well above average. The warm weather continued into October, 

which was warmer, drier and sunnier than average. Novemb~r 
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was near normal, with the exception of temperature which 

was well above normal both night and day. All weather 

records supplied by the Meterological Office, Christchurch, 

New Zealand. Since Irvine (1967b) showed that acute 

adaptation to cold causes an increase in thyroid secretion 

rate (TSR), particular attention was paid to recording 

any unseasonal weather conditions at the time of 

sampling, and is detailed for the horses in the study 

(see Results) in Appendix 1. 

4. Measurement of Total and Free T4: 

Total and free T4 concentrations were determined by the 

methods described in Part I. 

RESULTS AND DISCUSSION 

Total and free T4 concentrations were determined in horses in 

a variety of states as described in Methods. Since it has been shown 

that in the adult horse neither total nor free T4 levels are affected 

by age (Evans, 1971; Irvine, 1967a), no categorisation of animals 

into groups according to age was made. However, since season of the 

year affects free T4 concentrations (Evans, 1971; and section D follow-

ing) and adaption to cold alters TSR (Irvine, 1967b), all group 

comparisons were made to exclude the effect of season. 

1. Comparison of Nonpregnant Mares, Early Pregnant Mares and Mares 

Within 12 Hours of Parturition (Spring, 1973): 

(a) Nonpregnant Mares 
, 

The total and free T4 concentrations determined in 9 

mares in Spring, 1973 (30 October through 21 November) are 

shown in Table 12. + Mean total T4 was 3.45 - 1.4 ~g/lOO ml. 

This is slightly higher than the mean total T4 of 



Total and Free T4~ and Free T4% in Nonpregnant Mares (Spring, 1973) 

Horse Date TT4 FT4 
Sampled l1g/100 m1 ng/100 ml 

TT4 FT4 
l1g/100 m1 ng/100 ml F/T% 

Eb10uir 30-10-73 4.35 8.57 0.197 
Eb10uir 31-10-73 3.32 6.34 0.191 

Eb1(mir (Mean) 3.84 7.45 
Trix 29-10-73 1.63 3.79 0.233 
Trix 30-10-73 2.98 7.41 0.249 
Trix 9-11-73 1.31 3.02 0.231 

Trix (Mean) 1.97 4.74 
Twinkle Hall 1-11-73 1. 76 3.05 0.173 
Twinkle Hall 7-11-73 8.08 14.36 0.178 
Twinkle Hall 19-11-73 6.82 11 .53 0.169 
Twinkle Hall 21-11-73 1.68 2.65 0.158 

Twinkle Hall 
(Mean) 4.59 7.90 

Sister Stella 1-11-73 3.25 4.46 0.137 
Sister Stella 5-11-73 5.68 6.67 0.117 
Sister Stella 

I 
7-11-73 6.79 6.92 0.134 

Sister Stella 
(Mean) I 5.02 6.03 

Lordship Filly 8-11-73 2.69 4.46 0.166 
Lordship Filly I 10-11-73 2.41 3.79 0.157 
Lordship Filly ! 13-11-73 2.41 3.70 0.154 
Lordship Filly I 15-11-73 3.18 5.12 0.161 
Lordship Filly ! 20-11-73 , 5.50 8 0 91 0.162 
Lordship Filly ! 21-11-73 am 2.99 4.34 0.145 
Lordship Filly 21-11-73 pm 6.68 11.15 0.167 
Lordship Filly 22-11-73 3.16 5.35 0.169 

Tordship Filly 
(Mean) 3.63 5.85 
RS 14-11-73 3.84 7.80 
RH 

I 14-11-73 I 1.51 2.66 
SS 14-11-73 

I 
5.02 11.42 

eM I 14-11-73 1.67 3.19 
I ! 

F/T% 

0.194 

0.237 

0.169 

0.132 

0.160 
0.203 
0 .. 176 
0.227 . 
0.191 

-, 

-....J 
o 



TABLE Ll ctd: 

TT4 FT4 
llg/lOO ml ng/100 ml 

Mean 3.45 6.34 
SD 1.4 2.7 
n 9 9 

Footnote: When horses were sampled more than once during the period of study, the results 
were averaged and this value included in the calculation of the mean ~ SD 

TT4 = total T4 
FT4 = free T4 
F/T% = free T4% 

F/T% 

0.188 
0.03 
9 

-...J 
I--' 
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2.91 ~g/lOO ml in 18 nonpregnant untrained mares and fillies 

measured in spring, early summer and autumn as determined 

from the PBI estimations reported by Irvine (1967a), and 

also higher than the 2.97 ~g/lOO ml found in a more extensive 

concomitant study (see Results, Part II). However, these 

differences probably reflect the small number of animals 

used in the present study. Also using CPB techniques, 

other workers report values which are lower than in the 

present study, since Hightower et at (1971) found the 
+ mean total T4 in 15 mares to be 1.68 - 0.72 ~g/lOO ml and 

2.46 ~ 0.8 ~g/lOO ml in a group comprising 9 mares and 1 

stallion, while Kelley et at (1974) found the mean total 

T4 of 9 cycling mares each sampled 5 to 28 times to be 

1.47 ~ 0.07 ~g/lOO mI. This marked discrepancy between 

the results of the present study and those reported by 

other workers when CPB techniques are used, cannot be 

justifiably explained by animal variation as the result of 

the small number of mares sampled. The finding of ethanol 

extractable substances in horse serum which interfere in 

the total T4 assay by CPB (see Part I) suggests that the 

failure of 0ther workers to correct for such substances could 

be the cause of such a discrepancy in the results. The levels 

found in the present study are also higher than the total T4 

in pregnant and nonpregnant mares as measured by a column 

chromatography/colorimetry method in an earlier study 

(Evans, 1971), where total T4 concentration as determined 

in the autumn was 1.43 ~g/lOO ml, and in the winter was 

1.77 ~g/lOO mI. Such a finding can only be accounted for 

by unexplained methodological error. 
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+ Mean free T4 concentration was 6.34 - 2.7 ng/IOO ml, 

which is higher than the levels of 1.70 ng/IOO ml and 

2.97 ng/lOO ml in mares in autumn and winter respectively 

as measured in an earlier study (Evans, 1971). However, the 

free T4% in the present study was 0.188 and in the earlier 

study. 0.108 in the autumn and 0.180 in the winter. 

Therefore, the low level of free T4 found in the earlier 

report is due to the low level of total T4 measured, rather 

than any difference in the binding of T4 to serum proteins. 

Since the total T4 values presented here agree with the 

findings of other workers using assay systems not 

affected by interfering substances in serum, the mean free 

T4 level of 6.34 ng/IOO ml is a more correct indication of 

the free T4 concentration in nonpregnant, untrained mares 

in spring. 

(b) Mares Within 12 Hours of Parturition 

Table 13 shows the total T4, free T4 and free T4% in 

11 mares within 12 hours following parturition. Total T4 
+ + was 3.15 - 1.2 ~/IOO ml, free T4 5.71 - 2.0 ng/100 ml, 

and the free T4% 0.182 ~ 0.04. These values do not differ 

significantly from the values obtained in non-pregnant 

mares, indicating that no changes in these parameters of 

of thyroid function occur as a consequence of parturition. 

(c) Early Pregnant Mares 

The total and free T4 concentrations in 4 early 

pregnant mares (1 to 17 days following conception) during 

spring 1973 are indicated in Table 14. Mean total T4 was 
+ 2.70 - 1.6 ~g/IOO ml, free T4 concentration was 
+ + 4.09 - 2.4 ng/IOO ml, and the free T4% was 0.154 - 0.01. 
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TABLE 13: 

Total and Free T4 and Free T4% in Mares Within 12 

Hours of Parturition (Spring, 1973) 

Date TT4 FT4 
Horse Sampled flg/IOO ml ng/IOO ml F!T% 

Roseland Beauty 28- 9-73 2.52 5.51 0.129 

Vivace 3-10-73 1.42 3.27 0.231 

Twinkle Hall 4-10-73 2.88 5.59 0.194 

Flying Twinkle 5-10-73 2.27 3.95 0.174 

Haughty Star 8-10-73 4.65 8.45 0.183 

Wild Mist 10-10-73 4.69 4.65 0.099 

Miss Kumai 12-10-73 3.69 7.16 0.194 

Russian Duchess 14-10-73 4.65 9.36 0.201 

Cannes 17-10-73 1. 74 3.69 0,212 

Allemande 16-10-73 3,98 6,71 0,169 

Lumbar 20-10-73 2,13 4,51 0,212 

Mean 3.15 5,71 0,182 

SD 1.2 2,0 0,04 

n 11 11 11 

These levels did not differ significantly from those in 

nonpregnant mares sampled at the same time of the year, 

although there was a slight tendency for the early pregnant 

mares to have a lower free T4% (p <0.10), and total T4 and 

free T4 were also lower. This is most likely due to the 

small number of mares studied not being representative of 

the pool. This is supported ~y the finding that in 3 mares 

sampled on several occasions prior to and following 



TABLE 14: 

Total and Free T4 and Free T4% in Early Pregnant Mares 

Date TT4 
Horse Sampled ].lg/100 ml 

TT4 FT4 
llg/100 ml ng/l00 ml F/T% 

Courtesy 
Tedl0 8-11-73 1.92 3.05 0.159 
Courtesy 
Tedl0 10-11-73 2.24 3.02 0.135 
Courtesy 
Tedl0 13-11-73 1.39 2.45 0.176 
Courtesy 
Tedl0 15-11-i3 1.85 2.85 0.154 
Courtesy 
Tedl0 22-11-73 1.46 2.77 0.190 

COU1'-t-esy Tedl0 
(Mean) 1. 74 

Balenciaga 10-11-73 2.84 3.95 0.139 
Balenciaga 13-11-73 1.42 1.87 0.131 
Balenciaga 15-11-73 1.95 2.92 0.150 
Balenciaga 22-11-73 1.95 3.32 0.170 

Balenciaga (Mean) 2.04 
Sister Stella 12-11-73 5.14 
Twinkl e Hall 23-11-73 1.88 

Mean 2.70 
SD 1.6 
n 4 

--- - - - - - - --- - -- - -~- -- ---

FT4 
ng/l00 ml 

2.77 

3.01 
7.62 
2.97 

4009 
2.4 
4 

F/T% 

0.164 

0.148 
0.148 
0.158 

0.154 
0.01 
4 

, 

!' 
I , 

,I 
I 

, 

1 
I 
, 

I 

I 

~ 
l11 
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conception where between individual animal variation is 

minimized, there was no tendancy for total T4 to be 

lowered in the early pregnant mares (see Table 15). These 

results indicate that there was no significant effect of 

early pregnancy on total T4 levels. 

ConcZusions: 

Since it was found that total and free T4, and the free T4% 

were not altered in mares in early pregnancy or within 12 hours 

of parturition when compared with nonpregnant mares, the results from 

the above mares all sampled in Spring 1973 could be treated as 

one group. Accordingly, the mean total T4 concentration in all 
+ untrained mares sampled in Spring 1973 was 3.19 - 1.3 ~g/100 m1, the 

+ ' mean free T4 was 5.68 - 2.4, ng/ 1 00 ml, and the free T4% was 
+ 0.179 - 0.03 (see Table 16). 

TABLE 16: 

Total and Free T4 and Free T4% in Untrained Mares 

in Spring 1973 

TT4 FT4 
Mare Group n ~g/100 m1 ng/100 ml P/T% 

Nonpregnant mares 8 3.45 6.34 0.188 

12 Hours post parturi-
tion 11 3.15 5.72 0.190 

Early pregnant 4 2.70 4.10 0.154 

Mean 3.19 5.68 0.179 

SD 1.3 2.4 0.03 

n 24 24 24 



TABLE 15: 
Total T4 Concentration in Mares Prior to and Following Conception 

NONPREGNANT PREGNANT 

Horse Date TT4 
].1g/100 ml Horse Date 

(Mean) 
TT4 

].1g/100 m1 

Aunt Acl.a 26-10-73 3.71 Aunt Acl.a 17-11-73 
Aunt Ada 30-10-73 2.31 Aunt Ada 18-11-73 
Aunt Ada 1-11-73 2.80 Aunt Ada 18-11-73 
Aunt Ada 3-11-73 1.03 Aunt Ada 19-11-73 
Aunt Ada 6-11-73 2.15 Aunt Ada 20-11-73 
Aunt Ada 8-11-73 2.51 Aunt Ada 22-11-73 
Aunt Ada 10-11-73 4.58 Aunt Ada 24-11-73 
Aunt Ada 13-11-73 1.11 
Aunt Ada 15-11-73 1.60 
Aunt Ada 15-11-73 3.17 
Aunt Ada 16-11-73 3.32 
Aunt Ada 16':'11-73 3.03 

Aunt Ada (Mean) 2.61 Aunt Ada (Mean) 
Eb10uir 26-10-73 4.59 Eb10uir 1-11-73 
Ebl<mir 30-10-73 4.15 Eblouir 2-11-73 
Eb10uir 30-10-73 4.35 Eblouir 3-11-73 
Eb10uir 31-10-73 4.03 Eblouir 6-11-73 
Eblouir 31-10-73 3,32 Eblouir 8-11-73 

----- ---- - -- -

TT4 
].1g/100 m1 

3.16 
4.49 
7.10 
3.58 
3.66 
2.41 
3.55 

4.03 
4.60 
3.61 
3.55 
3.00 

TT4 
].1g/100 m1 

(Mean) 

3.99 

-

I 

..,J 

..,J 
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NONPREGNANT 

Horse Date TT4 
]lg/IOO ml 

(Mean) 

TT4 
]lg/100 m1 

Eb10uir (Mean) 4.09 
Lordship -Filly 26-10-73 3.29 
Lordship 
Filly 30-10-73 209 
Lordship 
Filly 30-10-73 4.74 
Lordship 
Filly 31-10-73 2.65 
Lordship 
Filly 31-10-73 2083 
Lordship 
Filly 1-11-73 2081 
Lordship 
Filly 2-11-73 2073 

PREGNANT 

Horse Date 

Eblouir 10-11-73 
Eb10uir 13-11-73 

I 
Eb10uir 15-11-73 
Eb10uir 17-11-73 
Eb10uir 20-11-73 
Eb10uir 22-11-73 
Eb10uir 24-11-73 

Eb10uir (Mean) 
Lordship 
Filly 22-11-73 
Lordship 
Filly 22-11-73 
Lordship 
Filly 23-11-73 
Lordship 
Filly 24-11-73 

TT4 
]lg/100 ml 

3.76 
3.83 
4.14 
3.80 
2.95 
5.02 
4.02 

3.16 

3075 

1.87 

1. 78 

I 

TT4 
]lg/lOOml 

(Mean) 

3.86 

--..J 
00 



TABLE 15 ctd: 

NONPREGNANT 

Horse Date 

Lord-ship 
Filly 2-11-73 
Lordship 
Filly 3-11-73 
Lord-ship 
Filly 3-11-73 
Lordship 
Filly 4-11-73 
Lordship 
Filly 4-11-73 
Lordship 
Filly 5-11-73 
Lordship 
Filly 5-11-73 
Lordship 
Filly 6-11-73 
Lord-ship 
Filly 6-11-73 
Lordship 
Filly 7-11-73 
Lordship 
Filly 7-11-73 
Lordship 
Filly 8-11-73 

, 
- ----

TT4 
~g/100 ml 

(Mean) 

TT4 
~g/l00 m1 

2.71 

3.50 

3.64 

2.90 

2.88 

2.00 

2.87 

1.41 

1.19 

3.18 

2080 

2069 

PREGNANT 

Horse Date 

TT4 
~g/100 m1 

TT4 
~g/100 m1 

(Mean) 

I 

......:J 
~ 



N0NPREGNANT 

Horse I Date 

TT4 
llg/100 m1 

Lordship I 10-11-73 Filly 2041 
Lordship I 
Filly 13-11-73 2.02 
Lordship 
Filly 15-11-73 3.18 
Lordship 

! 17-11-73 Filly 3.83 
Lordship 
Filly 20-11-73 2045 
Lordship 
Filly 20-11-73 5.50 
Lordship 
Filly 21-11-73 2.99 
Lordship 
Filly 21-11-73 6.68 

Lordship Filly 
(Mean) 

Mean 
SD 
n 

PREGNANT 

TT4 Horse Date llg/IOO ml 
(Mean) 

3007 Lordship Filly 
. (Mean) 

3026 
008 
3 

TT4 
llg/100 m1 

Mean 
SD 
n 

TT4 
llg/100 m1 

(Mean) 

2.64 

3050 
007 
3 

I 

I 

I 

co 
o 
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2. The Effect of Pregnancy: 

Mares in mid (Winter 1972) and late (Spring 1972) pregnancy 

were sampled, and the total and free T4 concentrations, and the 

free T4% compared with those in nonpregnant mares (untrained) 

during the same two periods. 

(a) Winter 1972 
+ .. 

The mean total T4 in pregnant mares was 3.52 - 0.9 ~g/IOO 

ml, which is similar to the 3.34 ~ 0.8 ~g/IOO ml in nonpreg-

nant mares (see Table 17). The free T4 concentration was 
+ higher in the pregnant mares (4.77 - 1.3 ng/IOO ml compared 

with 3.61 ~ 0.5 ng/IOO ml), but this difference was not 

significant. A non-significant elevation in the free T4% 

was also seen in the pregnant mares when compared with the 

nonpregnant mares (0.136 ~ 0.01 and 0.114 ~ 0,04 respectively). 

(b) Spring 1972 

The mean total T4 concentration in the pregnant mares 
+ was 2,06 - 0.8 ~g/IOO ml, mean free T4 concentration was 

+ + 2.87 - 1.5 ng/IOO ml, and the free T4% was 0.135 _ 0.03 (see 

Table 18). These values did not differ significantly from 

those in nonpregnant mares (see Table 18), which had a higher 
+ mean total and free T4 concentration (2.59 - 0.4 ~g/IOO ml 

+ and 4.08 - 1.2 ng/IOO ml respectively) but a lower free T4% 
+ (0.161 - 0.06), 

The total T4 concentrations in pregnant mares are 

higher than those reported in a previous study (Evans, 1971), 

but similar to the 2.88 ~g/IOO ml calculated from the PBI 

estimations on mares 6 to 9 months pregnant and at atmospheric 

temperatures comparable to those occurring in Spring (Irvine, 

1967a). A failure to observe any differences in total T4 

concentrations between mares in an advanced stage of pregnancy 
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Table 17: 

Total and Free T4 and Free T4% in Pregnant and 

N0npregnant mares, Winter 1972 

Pregnant Mares (5-9 months of gestation) 

Date TT4 FT4 
Horse Sampled ].lg/100 m1 ng/100 m1 

Coronita 20- 6-72 3.73 4.13 

Coming Down 20- 6-72 3.43 5.19 

Tara 11- 7-72 3.85 5.36 

Lumbar 11- 7-72 4,53 6.33 

Queensway 11- 7-72 2.08 2.85 

Mean 3.52 4.77 

SD 0.9 1.3 

n 5 5 

Nonpregnant Mares 

Horse Date TT4 FT4 
Sampled ].lg/100 m1 ng/l00 

Caitlin 20- 6-72 2.54 3.64 

Ev Pride* 5- 6-72 3.37 4.22 

Ev Pride*· 11- 7-72 3.28 4.04 

Cassatina 11- 7-72 4.15 3.05 

Mean 3.34 3.61 

SD 0.8 0.5 

n 3 3 

* Average of these two estimates included in 
calculation of the mean 

m1 

F/T% 

0.111 

0.151 

0.139 

0.140 

0.137 

0.136 

0.01 

5 

F/T% 

0.144 

0.125 

0.123 

0.073 

0.114 

0.04 

3 
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TABLE 18: 

Total and Free T4 and Free T4% in Pregnant and 

Nonpregnant Mares, Spring 1972 

Pregnant Mares (8-10 months of gestation) 

Bate TT4 FT4 
Horse Sampled j..lg/100 m1 ng/IOO ml F/T% 

Lumbar 17- 9-72 1.59 2.57 0.162 

Queensway 18- 9-72 2.15 2.89 0.135 

Coming Down 21- 9-72 3.20 4.77 0.149 

Coronita 21- 9-72 1.30 1.23 0.095 

Mean 2,06 2.87 0.135 

SD 0.8 1.5 0.03 

n 4 4 4 

Nonpregnant Mares 

Date TT4 FT4 
Horse Sampled j..lg/100 m1 ng/IOO ml F/T% 

Tara 17- 9-72 2,71 2.75 0.102 

Lumbar 20-10-72 2.13 4.51 0.212 

Coming Down 9-11-72 2.92 4.98 0.171 

Mean 2.59 4.08 0 0 161 

SD 0.4 1.2 0.06 

n 3 3 3 
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(5 to 10 months of gestation) and nonpregnant mares sampled 

during the same season, agrees with the finding of 

Irvine (1967a). However, there was a tendancy for free T4 

concentrations to be higher in pregnant than in nonpregnant 

mares during the winter, as was observed in an earlier 

study (Evans, 1971). This tendency was not observed in 

the mares sampled in the Spring. It should be noticed that 

the differences in total and free T4 concentrations as 

measured in pregnant mares in Winter and in Spring is 

due to an effect of season of the year (see below) rather 

than stage uf pregnancy, since a comparable change occurs 

in the nonpregnant animals. 

ConcZusions: 

The total and free concentrations and the free T4% did not appear 

to be significantly altered in mares during mid to late pregnancy, 

when compared with untrained nonpregnant mares at comparable times 

of the yearo 

3. The Effect of Training: 

Horses in training for racing (mares, stallions and geldings) 

were compared with untrained horses (pregnant, nonpregnant and 

mares on the day of foaling, and stallions) during Autumn 1972 

and Spring 1972. 

(a) Autumn 1972 

The total and free T4 concentrations and the free 

T4% in trained and untrained horses are shown in Table 19. 

Total T4 was lower in trained compared with untrained horses 

(2.91 ~ 1.2 ~g/lOO ml compared with 3.70 ~ 1.3 ~g/lOO ml) 

but this difference was not significant. Free T4 was very 
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TABLE 19: 

Total and Free T4 and Free T4% in Trained and 

Untrained Horses, Autumn 1972 

Trained Horses 

Horse Stage of Date TT4 FT4 
Training Sampled ~g/lOO ml ng/lOO ml P/T% 

Caitlin Moderate 24- 3-72 4014 5022 00126 

Charlie* Hard 24- 3-72 3023 6.49 00201 
" 

Charlie* Hard 11- 4-72 3081 6022 00163 

Power Hard 11- 4-72 1028 2.58 00202 

False Jewel Hard 10- 5-72 2071 5034 00197 

Mean 2.91 4 088 0.177 

SO 102 106 0.04 

n 4 4 4 

Untrained Horses 

Horse Stage of Date TT4 FT4 
Training Sampled ~g/lOO m1 ng/lOO ml P/T% 

Coming Down Nil 24- 3-72 5.11 6.57 00129 

Coronita Nil 24- 3-72 3.46 3.55 0.103 

Goodyear Nil 10- 5-72 2.52 3084 0.152 
'" 

Mean 3.70 4.65 0.128" 

SD 103 L1· 0.03 

n 3 3 3 

* Average of these 2 estimates included in calculation of mean 
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+ similar in both groups being 4.87 - 1.6 ng/IOO ml in trained 
+ horses and 4.65 - 1.7 ng/IOO ml in untrained horses. However, 

the free T4% in trained animals was higher than that in 

untrained horses (0.177% compared with 0.128%) and this 

elevation approaches significance (P < 0.10). 

(b) Spring 1972 

Table 20 shows the results in trained and untrained 

animals tested in Spring 1972. As was found in the horses 

suring the Autumn, there was no significant difference' 

between the two groups neither in total T4, which was 

2.13'::" 0.7 llg/100 ml in trained horses, and 2.23'::" 0.7 

llg/100 ml in untrained horses, nor in free T4 which was 
+ + 3.07 ~ 1.0 ng/IOO ml and 2.84 - ng/IOO ml in each 

group respectively. 

The free T4% was higher in the trained horses (0.147 

~ 0.02) than in the untrained horses (0.125 ~ 0.03) but 

this difference was not significant. 

The levels of total T4 in trained horses are similar 

to that reported by Sutherland (1971) using a column 

chromatography/colorimetry method, in which the mean total 

T4 concentration in 5 fully trained thoroughbreds was 
+ 2.7 - 0.4 llg/IOO mI. However, in the same study (Sutherland, 

1971) the mean total T4 concentration in 5 trained horses 

as measured by a CPB method was lower (1.7 ~ 0.6 llg/IOO ml). 

Irvine, (1967a) found the total T4 concentration (as 
+ calculated from PBr measurements) to be 2.34 - 0.52 llg/IOO ml 

in partly untrained horses, and 1.68 ~ 0.32 llg/IOO ml in 

fully trained horses, determined at atmospheric temperatures 

of approximately 11oC. 
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TABLE 20: 
Total and Free T4 and Free T4% in Trained and 

Untrained Horses, Spring 1972 

Trained Horses 

Herse Stage of Date TT4 FT4 
Training iSamp1ed llg/100 m1 ng/100 m1 

Charlie Hard 21- 9-72 1.03 1.68 
Cai tlin Moderate 21- 9-72 3.13 4.17 
Coming Up* Hare 21- 9-72 2.57 2.84 
Coming Up* Hard 5-10-72 2.57 3.12 
Coming Up* Hard 16-10-72 2.55 2.66 
Coming Up* Hard 24-10-72 1.64 1.58 
Coming Up* Hard 1-11-72 2.36 2.24 
Anita Jane Moderate 12-10-72 2.36 4.13 
Hi Blue Light 12-10-72 2.12 3.29 
Marlin 
Spike Hard 16-10-72 1.77 2.64 

Mean 2.13 3.07 
SD 0.7 1.0 
n 6 6 

Untrained Horses 

Stage of Date TT4 FT4 
Horse Training Sampled llg/100 m1 ng/100 m1 

Lumbar* Nil 17- 9-72 1.59 2.57 
Lumbar* Nil 30-10-72 2.24 2.37 
Tara Nil 17- 9-72 2.71 2.75 
Queensway Nil 17- 9-72 2.15 2.89 
Coming Dewn* Nil 21- 9-72 3.20 4.77 
Coming Dewn* Nil 9-11-72 2.92 4.98 
Coronita Nil 21- 9-72 1.30 1.23 

Mean 2.23 2.84 
SD 0.7 1.3 
n 5 5 

* Average of estimates from one horse included in mean 

. 

F/T% 

0.163 
0.133 
0.111 
0.121 
0.104 
0.097 
0.095 
0.175 
0.155 

0.149 

0.147 
0.02 
6 

F/T% 

0.162 
0.106 
0.102 
0.135 
0.149 
0.171 
0.095 

0.125 
0.03 
5 
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In this study, a non-significant decrease in total T4 

concentrations was associated with training in horses, 

whereas Irvine (1967a) found a significant (p < 0.001) 

decrease in PBI levels in trained horses compared with 

untrained horses. 

The failure to observe a significant fall in total 

T4 in horses in training in this present study probably 

reflects the small sample size, and the fact that not all 

trained animals were in hard training. This is especially 

true of the group studied in Spring 1972, in which th~~~ were only 

two horses in hard training, the other four being in 

light to moderate training. Total T4 concentrations in 

this group of trained horses was only marginally lower 

than in untrained horses. 

The free T4 concentration did not alter significantly 

with training, which appeared to be the result of 

compensatory changes in the free T4%, i.e. the free T4% 

increased as training progressed, while there was a decrease 

in the total T4. 

ConcZusions: 

Although these are very preliminary data, they suggest that as 

training progresses the level of total T4 decreases, and there is a 

concomitant alteration in the thyroxine binding proteins in serum, 

so that the free T4% is increased, thus maintaining the physiologically 

important absolute free T4 concentration at a level comparable to 

that in the untrained horse. 
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40 The Effect of The Season: 

(a) Comparison of the Autumn/Winter period with Spring, 1972 

Initially, untrained horses (pregnant and nonpregnant 

mares and a stallion) were sampled during the autumn 

between 24- 3-72 and 10- 5-72 and compared with similar 

untrained horses sampled in the winter fuetween 5- 6-72 

and 11- 7-72. Since there was no significant difference 

fuetween these two groups (see Table 21) all samples 

collected between 24- 3-72 and 11- 7-72 were designated 

Group I and compared with similar untrained horses sampled 

during the Spring between 15- 9-72 and 9-11-72 (Group 2)0 

The total and free concentrations, and the free T4% are 

shown in Table 220 + The mean total T4 was 3,60 - 0 08 ~g/lOO ml 

in Group 1 horses, which was significantly higher (p < 0001) 
+ than that in Group 2 horses (2012 - 007 ~g/lOO ml)o The 

mean free T4 concentration in Group 1 horses was 4024 ~ 

100 ng/IOO ml which was significantly elevated (p < 0005) 

above the level in the Group 2 horses (2066 ~ 1 03 ng/IOO ml). 

There was no significant d~fference in the mean free T4% 

which was 00134 in Group 1 and 0.123 in Group 20 

An earlier study has also shown that free T4 concentra-

tions are significantly elevated when atmospheric 

temperatures are lower (Evans, 1971). However, total T4 

and PBI are reported to increase during the coldest part 

of the year, but that this increase is not significant 

(Evans, 1971 and Irvine, 1967a)0 However, this present study 

indicates that total T4 is significantly increased during 

the Autumn/Winter period when compared with the Spring. 

One factor contributing to this increase may have been that 
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TABLE 21: 

Total and Free T4 and Free T4% in Untrained Horses in 
Autumn and Winter, 1972 

Autumn 

Date TT4 FT4 
Horse Sampled ]..Ig/lOO ml ng/lOO m1 F/T% 

Coming D0wn 24- 3-72 5.11 6.57 0.129 
Corenita 24- 3-72 3046 3.55 0.103 
Goodyear 10- 5-72 2.52 3.84 0.152 

Mean 3.70 4.65 0.128 
SD 1,3 1,7 0.03 
n 3 3 3 

Winter 

Date TT4 FT4 
Horse Sampled ]..Ig/lOO ml ng/l00 ml F/T% 

Caitlin 20- 6-72 2.54 3.64 0.144 
Coronita 20- 6-72 3.73 4.13 0.111 
Coming Down 20- 6-72 3043 5.19 0.151 
Ev Pride* 5- 6-72 3.37 4.22 0.125 
Ev Pride* 11- 7-72 3.28 4.04 0.123 
Tara 11- 7-72 3.85 5.36 0.139 
Lumbar 11- 7-72 4.53 6.33 0.140 
Queensway 11- 7-72 2008 2.85 0.137 
Cassatina 11- 7-72 4.15 3.05 0.073 

Mean 3.46 4.34 00127 
SD 0.8 1.2 0.03 
n 8 8 8 

* Average of these two estimates included in calculation of mean 

, 
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TABLE 22: 

Total and Free T4 and Free T4% in Untrained Horses in 
Autumn/Winter (Group 1) and Spring (Group 2) 1972 

Autumn/Winter period - Group 1 

Date TT4 FT4 
Horse Sampled )Jg/lOO m1 ng/100 m1 P/T% 

Coming Down * 24- 3-72 5.11 6.57 0 .. 129 
Coming Down * 20- 6-72 3.43 5.19 0 .. 151 
Coronita * 24- 3-72 3.46 3.55 0.103 
Coronita * 20- 6-72 3.73 4.13 00111 
Goodyear 10- 5-72 2.52 3.84 0.152 
Caitlin 20- 6-72 2.54 3.64 0.144 
Ev Pride* 5- 6-72 3.37 4.22 0.125 
Ev Pride* 11- 7-72 3,28 4.04 On123 
Tara 11- 7-72 3.85 5,36 0.139 
Lumbar 11- 7-72 4.53 2.85 0.140 
Cassatina 11- 7-72 4.15 4.34 0.127 

Mean 3.60 4.24 0.134 
SD 0.8 1.0 On01 
n 8 8 8 

Spring - Group 2 

Date TT4 FT4 
Horse Sampled )Jg/100 m1 ng/100 m1 F!T% 

* Lumbar 17- 9-72 1.59 2,57 0.162 
* Lumbar 30-10-72 2.24 2.37 0.106 

Tara 17- 9-72 2.71 2.75 0.102 
Queensway 18- 9-72 2.15 2.89 0.135 

* Coming Down 21- 9-72 3.20 4.77 0.149 
* i Comi ng Down·· 9-11-72 2.92 4.98 0.171 

Coronita 21- 9-72 1.30 1.23 0.095 
Goodyear 15- 9-72 1.56 1.72 0.111 

Mean 2.12 2.66 0.123 
SD 0.7 1.3 0.03 
n 6 6 6 

* Average of estimates from one horse included in mean 
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during the Autumn/Winter period, some horses were sampled 

following an abrupt decrease in atmospheric temperature 

and were therefore undergoing acute adaptation to cold. 

Such adaptation has been shown by Irvine (1967a) to 

result in a highly significant increase in PBI. In 

addition, the winter of 1972 was the coldest recorded 

for 21 years, whereas the Spring was warmer than normal, and 

both of these factors may have further contributed to the 

significant elevation in total T4 during the Autumn/Winter 

period compared with the Spring. 

(b) Comparison of Autumn and Spring 1972 - Trained Horses 

Horses which were in training (mares, geldings and 

stallions) were sampled in the autumn between 24- 3-72 and 

10- 5-72 (Group 1) and in Spring between 21- 9-72 and 

16-10-72 (Group 2) - (See Table 23). Mean total T4 
+ concentrations in Group 1 were 2.91 - 1,2 ~g/-100 ml and in 

+ Group 2 were 2,13 - 0.7 ~g/lOO mI. This slightly elevated 

mean total T4 concentration observed in Group 1 (Autumn)~ 

together with an increased free T4% in Group 1 compared with 

Group 2 (0.177 compared with 0.147 respectively) resulted 

in an increased free T4 concentration in Group 1 which 

approached significance (p < 0006). These differences are 

less marked than those seen when comparing untrained horses 

in the Autumn/Winter period with untrained horses in the 

Spring, (see above). This could be due to the complicating 

effects of training, which decreases total T4 and increases 

the free T4%, with the free T4 concentration remaining 

unchanged, and also to the fact the horses in training were 

all rugged and some partly stabled thereby decreasing the 

effect of the seasonal changes in the weather conditions. 
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TABLE 23: 
Total and Free T4 anQ Free T4% in Trained Horses in 

Autumn (Group 1) and Spring (Group 2) 1972 

Autumn - Group 1 

Date TT4 FT4 
Horse Sampled llg/100 ml ng/l00 ml F/T% 

Caitlin 24- 3-72 4.14 5.22 0.126 
Charlie* 24- 3-72 3.23 6.49 0.201 
Charlie* 11- 4-72 3.81 6.22 0.163 
Power 11- 4-72 1.28 2.58 0.202 
False Jewel 10- 5-72 2.71 5.34 0.197 

Mean 2.91 4.87 0.177 
SD 1.2 1.6 0.04 
n 4 4 4 

Spring - Group 2 

Horse Date TT4 FT4 
Sampled llg/100 ml ng/l00 m1 F/T% 

Charlie 21- 9-72 1.03 1.68 00163 
Caitlin 21- 9-72 3.13 4.17 00133 
Coming Up* 21- 9-72 2.57 2.84 0.111 
Coming Up* 5-10-72 2.57 3.12 0.121 
Coming Up* 16-10-72 2.55 2.66 0.104 
Coming Up* 24-10-72 1.64 1.58 0.097 
Coming Up* 1-11-72 2.36 2.24 0.095 
Anita Jane 12-10-72 2.36 4.13 0.175 
Hi Blue 12-10-72 2.12 3.29 0.155 
Marlin 
Spike 16-10~' 1.77 2.64 0.149 

Mean 2.13 3.07 00147 
SD 0.7 1.0 0002 
n 6 6 6 

* Results from horses sampled more than once were averaged, and 
this value included in calculation of mean 
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(c) The Effect of the Sampling Date Within Spring 1973 

To examine whether a progressive change in total and 

free T4 could be seen within one season, which would account 

for the differences seen between seasons, mares (nonpregnant, 

early pregnant and mares immediately following parturition) 

were sampled through the Spring of 1973 and divided into 

two groups according to the stage of this season at which 

the samples were collected. Group 1 comprised mares bled on 

28- 8-73 through 31-10-73, and Group 2, mares bled on 

1-11-73 through 30-11-73. As shown in Table 24, Group 1 mares 
+ had a mean total T4 of 3.16 - l.~, ).lg/IOO ml, a mean free T4 

+ + of 6,00 - 1.8 ng/IOO ml, and a free T4% of 0.196 - 0.03. 

These parameters were all lower in Group 2 mares 
+ + (3,01 - 1.5 ).lg/IOO ml, 5.36 - 2,9 ng/IOO ml and 0,180% 

respectively) but the differences were not significant, 

ConcZusions: 

Since season of the year appears to have an effect on thyroid 

function in the horse, comparisons made of the total and free T4 

concentrations in horses in different physiological states should 

be made within a given season to be valid, Even within one season, 

there is a gradual alteration in these parameters, though this was 

non-significant because of the small number of animals studied, 

In addition, the effect of an acute fall in atmospheric temperature 

may so increase total T4 that alterations in total and free T4 

induced by other factors are masked. 
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TABLE 24: 

Total and Free T4 and Free T4% in Horses Sampled Between 
28-3-73 and 31-10-73 (Group 1) and Between 1-11-73 

and 30-11-73 (Group 2) 

Group 1 (28-8-73 through 31-10-73) 

Date TT4 FT4 
Horse Sampled 11g/100 m1 ng/100 m1 F/T% 

Roseland Beauty 28- 9-73 2.52 5.51 0.219 
Vivace 3-10-73 1.42 3.27 0.231 
Twinkle Hall 4-10-73 2.88 5.59 0.194 
Flying Twinkle 5-10-73 2.27 3.95 0.174 
Haughty Star 8-10-73 4.65 8.50 0.183 
Wild Mist* 8-10-73 4.69 4.65 0.099 
Wild Mist* 10-10-73 3.76 7.21 0.192 
Miss Kumai 12-10-73 3.69 7.16 0.194 
Pa1amette 1~-10-73 3.94 6.84 0.174 
Russian Duchess 14-10-73 4.65 9.36 0.201 
Cannes 17-10-73 1. 74 3.69 0.212 
Allemande 16-10-73 3.98 6.71 0.169 
Lumbar 20-10-73 2.13 4.51 0.212 
Trix* 29-10-73 1.63 3.79 0.233 
Trix* 30-10-73 2.98 7.41 0.249 
Eb1ouir* 30-10-73 4.35 8.57 0.197 
Eb1ouir* 31-10-73 3.32 6.33 0.191 

Mean 3.16 6.00 0.196 
SD 1.1 1.8 0.03 
n 14 14 14 

Group 2 (1-11-73 through 30-11-73) 

Date TT4 FT4 
Horse Sampled 11g/100 m1 ng/100 m1 F/T% 

RS 14-11-73 3.84 7.80 0.203 
RH 14-11-73 1.51 2.66 0.176 
SS 14-11-73 5.02 11.42 0.227 
CM 14-11-73 1.67 3.19 0.191 
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TABLE 24 ctd: 

Date TT4 FT4 
Horse Sampled l-lg/100 m1 ng/100 m1 F/T% 

Trix 9-11-73 1.31 3.02 0.231 
Blossom Song 8-11-73 1.72 2.70 0.157 
Courtesy Ted10 * 8-11-73 1.92 3.05 0.159 
Courtesy Ted1o* 10-11-73 2.24 3.02 0.135 
Courtesy Ted1o* 13-11-73 1.39 2.45 0.176 
Courtesy Ted1o* 15-11-73 1.85 2.85 0.154 
Courtesy Ted1o* 22-11-73 1.46 2.77 0.190 
Ba1enciaga* 10-11-73 2.84 3.95 0.139 
Ba1enciaga* 13-11-73 1.42 1.87 0.131 
Ba1enciaga* 15-11-73 1.95 2.92 0.150 
Ba1enciaga* 22-11-73 1.95 3.32 0.170 
Lordship Fi11y* 8-11-73 2.69 4.46 0.166 
Lordship Fi11y* 10-11-73 2.41 3.79 0.157 
Lordship Fi11y* 13-11-73 2.41 3.70 0.154 
Lordship Fi11y* 15-11-73 3.18 5.12 0.161 
Lordship Fi11y* 20-11-73 5.50 8.91 0.162 
Lordship Fi11y* 21-11-73 2.99 4.34 0.145 
Lordship Fi11y* 21-11-73 6.68 11.15 0.167 
Lordship Fi11y* 22-11-73 3.16 5.35 0.169 
Twinkle Hall * 1-11-73 1. 76 3.05 0.173 
Twinkle Ha11* 7-11-73 8.08 14.36 0.178 
Twinkle Ha11* 19-11-73 6.82 11.53 0.169 
Twinkle Hall * 21-11-73 1.68 2.65 0.158 
Twinkle Hall * 23-11- 73 1.88 2.97 0.158 
Sister Ste11a* 1-11-73 3.25 4.46 0.137 
Sister Ste11a* 5-11-73 5.68 6.67 0.117 
Sister Ste11a* 7-11-73 6.79 6.92 0.134 
Sister Ste11a* 12-11-73 7.67 11.40 0.149 
Eb1ouir* 2-11-73 4.60 8.79 0.191 
Eb1ouir* 8-11-73 3.00 5.30 0.177 
Eb1ouir* 10-11-73 3.76 7.57 0.201 
Eb1ouir* 17-11-73 3.80 8.49 0.223 

Mean 3.01 5.36 0.180 
SD 1.5 2.9 0.03 
n 12 12 12 

*Va1ues from mares sampled more than once within a group are averaged, 
and this included in overall computation of group mean 
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CHAPTER Ii' 

THE SERUM CONCENTRATIONS 

AND PHYSIOLOGICAL SIGNIFICANCE OF THYROID 

HORMONES IN FOALS 
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INTRODUCTION 

Thyroid hormones are known to have an important role in 

many processes which affect foetal and neonatal development and 

survival. In the neonate, as in the adult animal, thyroid hormones 

regulate energy metabolism in almost all tissues except the brain 

and the testes, but in addition, these hormones have further 

specific roles in pre- and post-natal life, These actions of the 

thyroid hormones are of three types :-

Ci) The potentiation of the action of adrenaline or noradrenaline 

in causing specific thermogenesis in brown fat, a reaction 

which is of considerable importance in neonatal survivability 

under cooler conditions in many species including the foal, 

Brown fat contains exceedingly high levels of monoamine 

oxidase (Stock and Westerman, 1963) which causes rapid 

degradation of the catecho1amines and therefore decreases the 

thermogenesis from brown fat, However, thyroxine has an 

inhibitory effect on monoamine oxidase, thereby permitting 

higher levels of catecho1amines to be attained and increasing 

thermogenesis, In hypothyroid animals, noradrenaline is 

ineffective in increasing heat production from brown fat 

(Ikemoto, et aZ 1967), Conversely, pretreatment of normal 

neonates with thyroxine potentiates the thermogenic effect 

of adrenaline (Kacuiba-Usci1ko, 1971), 

Cii) The regulation of pre- and post"nata1 growth, especially 

in the muscu1o-ske1eta1 system, While the basis of this 

action is not known, it does not depend on "increased energy 
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turnover in these tissues. Thyroxine is synergistic with 

somatomedin, a polypeptide which is released from the liver 

in response to pituitary growth hormone, and is responsible 

for skeletal growth. Lack of thyroxine causes a specific 

epiphyseal dysgenesis in the human (Brasel and Blizzard, 

1968). In goitrous foals diagnosed as hypothyroid, poor 

muscular development and permanently contracted tendons occur 

(Baker and Lindsey, 1968; Gribble, 1972), as well as a 

failure of epiphyseal cartilage growth and ossification 

resulting in persistence of cartilage (Rooney, 1972). Leg 

fractures due to delayed ossification occur as sequelae to 

goitre in young horses (Rooney, 1972). 

(iii) The quantitative regulation of neuromuscular maturation. 

The induction of such diverse processes as myelin formation, 

brain ketone metabolism, and behaviour patterns, depend on 

the levels of thyroid hormones (Grave, et aZ 1973). It is 

not surprising that where hypothyroidism conunences early in 

foetal development causing inadequate maturation of basal 

neural centres, the neonate fails to establish normal 

respiration at birth, whereas a later onset which affects the 

more sophisticated neural pathways, causes lethargy and 

inability to stand and suck (Thorburn and Hopkins, 1972). 

Administration of thyroxine to young animals induces early 

development of adult reflex behaviour, increased neuromuscular 

agility, and more co-ordinated and aggressive feeding 

behaviour (Grave, et aZ 1973) and a more efficient neuroendocrine 

response to stress (Barnett, 1973). 
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Despite the importance of the thyroid hormones in the neonate, 

little is known about the levels of these hormones in the foal. 

Lowe and Kallfelz, (1970) found serum total T4 in foals to be as 

high as 20 ~g/lOO ml during the first week of life, with mean levels 
+ of 4,49 - 1.11 ~g/lOO ml (n ~ 5) during the first month of life, 

compared with 2.60 ~ O,94 ~g/lOO ml (n = 16) in foals from 1 to 6 

months of age. Baker and Lindsey, (1968) measured total iodothyron-

ines (T4 plus T3) and the free T4% on 11 occasions in foals up to 

3 months of age. They found total iodothyronines to be 18,0 and 

18.3 ~g/lOO ml in two normal one-day-old foals, with levels declining 
+ to 2.43 - 0.42 ~g/lOO ml (n = 4) in goitrous foals between 13 days 

and 7 weeks of age. The free T4% showed considerable variability 

in this group but increased with age, However, the significance 

of these results in terms of assessing the thyroid status of the 

foals is unknown because the levels of thyroid hormones in normal 

foals have not be adequately reported. Since thyroid disease occurs 

commonly in the horse (Irvine and Evans, 1975), and since signs of 

thyroid deficiency are more striking when the deficiency coincides 

with periods of rapid growth as occurs in foetuses and foals, 

(Gribble, 1972) it seemed relevant to establish the values of 

thyroid hormones in normal healthy foals. Moreover, newborn foals 

exhibiting symptoms which could be caused by hypothyroidism (goitre, 

inability to suck and stand) have been observed (Irvine, C.H.G., 

pers. comm.) and death of such foals in 3 to 4 days has been attrib-

uted to a variety of causes. Therefore, because of this need, the 

present study was initiated to determine serum concentrations of 

total T4, free T4, the free T4%, total T3, free T3, and the free T3% 

in normal healthy foals from birth through to 84 days of age. 
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MATERIALS""AND""METHODS 

A. EXPERIMENTAL ANIMALS: 
E.U 

The foals used in the experiment were standardbreds or 

thoroughbreds born in the paddocks in late spring when the 

temperatures range from 2 to l50 C. Details of individual foals 

are shown in Appendix 1. 

B; COLLECTION OF SAMPLES: 

Blood was collected from the umbilical vein at birth 

(cord blood) or from the jugular vein of foals at varying times 

(from 1 h through 84 days) as stated in Results. The blood was 

allowed to clot at 4°C, and serum collected by centrifugation 

within 24 h. Estimations of the free hormones were made on 

fresh serum within 48 h of collection, the serum then being stored 

at _16°C until required for total hormone estimations. 

" 'c 0 "". "MEASUREMENT OF HORMONES: 

Serum concentrations of total T4 were determined by the 

competitive protei~ binding technique described in Chapter r. 
Preliminary experiments indicated that the level of interfering 

substances present in the ethanol extract of foal serum varied 

greatly with age in foals. To correct for this, serum samples from 

foals of the same age group were assayed together, and the standard 

curve contained T4-free serum prepared from foals of the same age 

group. For this study foals were divided into the following age 

groups: 0-0.5 day, 2-3 days, 4-5 days, 6-10 days, 11-15 days, and 

above 15 days. Extraction efficiency of T4 by ethanol was determined 

by adding a known amount of I 125 _T4 to serum prior to extraction, 

and measuring the amount remaining after extraction. 
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Free T4 and total T3 concentrations were determined as 

described in Chapter 1. 

Free T3 was determined by the method of Irvine (1974c), which 

is similar to that for free T4, but a 1:10 dilution of serum was 

required because of the weaker binding of T3 to binding pl0teins. 

Varying quantities of unlabelled T4 were added to each assay tube 

(approximately 1 ng T4/tube) to prevent extra T3 binding sites being 

made available because of removal of T4 by Sephadex. 

For comparative purposes, total and free T4 and T3 levels 

were also measured in adult mares over the same period. 

D,. ADMINISTRATION OF I 125 _T4 TO FOAL§.: 

The disappearance from serum of a predia1ysed dose of r125 _T4 

(Irvine, 1974d) given i.v. to two 6 h old foals was followed by 

blood sampling on alternate days over the period 2 to 8 days (an i.v. 

dose of y125_T4 has equilibrated in the T4-space by 48 h). Since 

no non-extractable organic 1125 was found (Surks and Oppenheimer, 1969). 

1125 T4 d b 0 h 1 0 0 d 0 0 0 - was measure y trIc oracetlc aCI preCIpItatIon, 

Eo CLINICAL STUDY - HYPOTHYROID FOALS: 

Two foals suspected of being hypothyroid were investigatedo 

One was found unable to stand 8 h after birth. The foal was of normal 

size for the breed, and though not weak, it was completely 

unco-ordinated. Attempts to help it stand evoked thrashing 

movements, which were strong, but were not effective in enabling it 

to stand. Usually, such efforts ended with the foal prostrate, with 

one foreleg over the top of its head (see Fig. 10) in a foetal-like 

position. No sucking reflex was present. A blood sample was 

collected 14.5 h after birth, and the foal immediately given 300 ~g 

T3 orally (stomach tube). T3 was given every 24 h on a :[U:c"th81. ULL ;e 

occasions. 
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FIGURE 10: HYPOTHYROID FOAL (1 DAY OLD) 
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The second foal aged 6 weeks, had an enlarged thyroid gland, 

and appeared small, weak, and unable to cope with infection. The 

thyroid hormone levels in this foal and its dam were determined. The 

mare was obese (despite the fact that she was a top class race mare), 

and failed to exhibit normal oestrous behaviour as she tended to 

show masculine aggressiveness. The mare had had two other foals 

which exhibited goitre. After thyroid hormone measurements were 

made, exogenous T4 (Eltroxin, Glaxo Laboratories) was given orally 

to the foal at a dose rate of 10 mg/day for 24 days, followed by 

5 mg/day. The dam was given 10 mg T4/day by oral administration. 
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RESULTS 

The extraction efficiency of T4 by ethanol in foals of varying 

ages is shown in Table 25. 

TABLE 25: 

Efficiency of Extraction of T4 from Foal Sergm 

Age of Foal T4 Extraction Efficiency (%) 
(days) 

Mean SD n 

0 95.73 3.0 4 

4-7 85.10 2.1 5 

10-13 86.92 4.7 3 

The serum concentrations of total and free T4, and the free T4% 

for each of the foals is shown in Table 26, and the mean concentrations 

in foals at different ages in Table 27. Total T4 was 12.1 times the 

adult concentration in cord blood, and within 12 h, had begun falling 

to be 3.4 times the adult levels at 4 to 5 days. The levels continued 

to fall and were at adult levels in foals above 11 to 15 days of age. 

Free T4 levels were 3.1 times the adult concentration in both 

cord blood and in foals less than 0.5 day old~ The levels then began 

to fall, and in 6 to 10 day old foals were similar to those in adult 

mares. This fall in the free T4 concentrations continued, and in foals 

~bove 11 days were lower than those in the adult mares. 

The free T4% in cord blood was lower (0.26 times) than in adult 

mares, and increased gradually until foals were over 10 days of age, 

when the free T4% approached the level found in adult mares. 
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TABLE 26: 

Total T4, Free T4, and P/T% in Foal Serum 

Foal Age TT4 FT4 F/T% 
]Jg/100 m1 ng/100 m1 

Allemande's Cord 50.04 19.31 0.0386 
I 

Cannes' Cord 40.57 18.87 0.0465 
Miss Kumai's' - Cord 33.51 20.21 0.0603 
Pa1amette's Cord 57.20 25.87 0.0452 
Rae's Pride's Cord (dead) 30.61 12.67 0.0414 

-

Russian Duchess' Cord 37.63 14.75 0.0392 
Tw~nk1e Hall's Cord 23.90 11.37 0.0~76 

Vivace's I Cord 34.08 17.77 0.0521 

Blossom Song's < 12 h 18.22 24.31 0.1334 
Flying Tw~nk1e's 5 h 17.92 14.14 0.0789 

-. 
Haughty Star's ~h 34.87 17.71 0.0508 
Hindu Star's 11 h 22.05 17.64 0.0800 
Indian Sabre's 8 h 25.46 6.36 0.0250 
Indifferent's 1 h 16.59 - -
Lumbar's (1973) < 12 h 25.66 19.51 0.0760 
Princess Ayesha's 8 h 19.79 12.01 0.0607 
Queensway's 3 h 57.14 26.92 0.0471 
Roseland Beauty's 4 h 37.61 19.03 0.0506 
Twinkle Hall's 3 h 25.96 11.28 0.0434 
Vivace's 8 h 29.19 14.32 0.049 
Wild Mist's 1 h 60.72 30.75 0.0506 

Allemande's 3 days 20.33 12.11 0.0596 
Cannes ' 2 days 40.12 24.84 0.0619 
Hindu Star's 2 days 15.15 11.44 0.0755 
Indifferent's 3 days 8.53 1.97 0.0231 
Petulus' 2 days 18.18 6.83 0.0375 
Tiffany Star's 2 days 31.22 12.59 0.0403 
Wild Mist's 2 days 43.15 28.92 0.0670 

Coronita's 4 days 11.94 4.63 0.0388 
Coming Down's 4 days 16.55 9.21 0.0557 

! 
Flying Twinkle's 4 days 5.37 3.63 0.0676 
Haughty Star's 4 days 19.22 13.84 0.0720 
Hindu Star's 5 days 6.95 5.42 0.0779 

Indian Sabre's 4 days 10.78 3.23 0.0300 
Lumbar's (1972) 4 days 7.39 3.74 0.0507 

L 



Table 26 ctd. 

Foal Age 

Lumbar's (1973) 5 
Miss Kumai's 4 

Petu1us' 5 

Princess Ayesha's 4 

Roseland Beauty's 4 

Russian Duchess' 5 

Tiffany Star's 5 

Twinkle Hall's 5 

Vivace's 5 

Blossom Song's 7 
Flying Twinkle's 7 
Haughty Star's 8 

Indian Sabre's 7 

Petu1us' 8 

Princess Ayesha's 7 

Queensway's 7 

Tiffany Star's 8 

Twinkle Hall's 8 

Wild Mist's 6 

Allemande's 10 
Cannes' 9 

Miss Kumai's 9 

Indian Sabre'S 15 

Pa1amette's 13 
Princess Ayesha's 13 
Roseland Beauty's 11 
Russian Duchess' 12 

Flying Twinkle's 31 

Indian Sabre's 32 

Princess Ayesha's 32 

Ro~e1and Beauty's 28 
Twinkle Hall's 28 
Vivace's 28 
Wild Mist's 22 

Haughty Star's 84 

Footnote: TT4 = total T4 
F/T% = free T4% 

days 
days 
days 
days 
days 
days 
days 
days 
days 

days 
days 
days 
days 
days 
days 
days 
days 
days 
days 

days 
days 
days 

days 
days 
days 
days 
days 

days 
days 
days 
days 
days 
days 
days 

days 

112 

TT4 FT4 F/T% 
~g/100 m1 rig/100 m1 

4.73 4.42 0.0934 
15.07 10.15 0.0674 

6.43 3.50 0.0544 
10.51 6.19 0.0589 
16.00 9.93 0.0620 
11.19 6.80 0.0608 

19.83 15.02 0.0758 
4.47 2.89 0.0646 
6.19 3.84 0.0621 

6.35 3.93 0.0619 
2.79 2.11 0.0756 

11.64 11.01 0.0946 

5.65 2.18 0.0385 
4.54 2.25 0.0495 
4.48 2.48 0.0553 
7.82 5.97 0.0764 
8.38 4.12 0.0491 
4.62 4.08 0.0882 

20.23 13.91 0.0688 

11.64 11.34 0.0975 
16.05 11.08 0.0690 
5.88 5.87 0.0998 

1.16 1.95 0.1678 
3.55 5.30 0.1493 
3.14 3.30 0.1050 
4.89 5.85 0.1197 
3.02 3.25 0.1076 

0.59 0.57 0.0966 
2.36 2.62 0.1111 

3.28 2.40 0.0732 
2.12 3.98 0.1879 
0.60 0.99 0.1647 
3.03 3.39 0.lli8 
3.78 4.72 0.1248 

6.37 4.29 0.0673 

FT4 = free T4 
h hour 



TABLE 27-: 

Age of 
-Foal 

{days) n 

OCcord) 8 

0.05-0.5 13 

2-3 7 

4-5 16 

6-10 13 

11-15 5 

22-32 7 

84 1 

.. ., . . 

Adult 24 

Mean Post-Natal Changes in Total and Free T4 and T3 in Foal Serum 

I 
I 

F/T% CT4) TT4 FT4 TT3 ~ FT3 
I 

\1g/l00 mJ. SO n ng/l00 m1 SO n Mean SO n ng/l00 m1 SO I n ng/100 m1 SO n 

38.44 10.7 8 17.60 4.6 8 0.0464 o . OD 7 5 479 140 ! 4 1.29 0.49 4 a a a a a 
30.09 14.3 12 17."83 6.9 12 0.0621ab 0.02E 5 955ab 510 2 2.98b 0.25 2 a a 
25.24 13.1 7 14.10a 9.6 7 0.0521 ab 0.019 3 1049b 419 2 4.97 0.36 2 a c 
10.79b 5.2 16 6.6\c 3.9 16 0.0620b 0.015 5 848bc 311 2 2.78bcde 0.72 2 

8.47b 5.1 13 6.18bc 4.2 13 0.0711b 0.020 6 556 126 3 2.28bde 0.24 3 ac 
3.15 1.3 5 3.9\cd 1.6 5 0.1299 0.028 5 284d 56 5 1.66 0.39 5 c c a 
2.25 1.3 7 2.67d 1.5 7 0.1243 0.040 5 187 51 4 1.46 D.68 4 -c c e ae 
6.37 - 1 4.29 - 1 0.0673 -

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

3.19 1.3 24 5.6E 2.4 24 0.179 0.03 5 70 15 5 0.57 0.07 5 
--- - ----- ----- ---- --- ----- --------

Footnote: TT3 total T3 
FT3 free T3 

Means which showed no significant difference Ct-test) have a common subscript, significance being 
p < 0.05 or p < 0.01. Adult results were not included in statistical analysis. 

Fjt% CT3) 

Mean SO 

0.239 0.D6 a 

0.329 ab 0.11 

0.41\c 0.-09 

0.315 ab . 0.10 

o .422b 0.04 

0.584cd 0.09 

0.726bd 0.21 

. . . . . . 
0.829 0.08 

~ 
~ 
w 
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The serum concentrations of total and free T3, and the free T3% for 

each of the foals are shown in Table 28, and the mean levels in foals 

at different ages in Table 27. Total T3 concentrations in cord 

blood were 6.8 times those of adult mares and showed an abrupt 

increase to be 13.6 times the adult level in foals less than 0.5 

day old. This increase in total T3 continued, and the levels in 

foals 2 to 3 days old were 15.0 times the adult level. Following 

this, the concentrations began to decline gradually, but in 22 to 

32 day old foals remained 2.7 times the adult concentration. This 

fall in total T3 was significantly correlated with age of the foals 

(p < 0.01). 

Free T3 concentrations showed similar changes, with levels in 

cord blood being 2.3 times the adult concentration, then increasing 

to be 5,2 times the adult level in foals less than 0,5 day old. The 

highest concentrations occurred in 2 to 3 day old foals (8.7 times 

the adult concentration), following which the levels declined, but 

were still 2.6 times higher than in the adult in 22 to 32 day old 

foals. 

The free T3% in cord blood was lower (0.29 times) than the 

adult level, but had increased in foals less than 0.5 day old to 

be 0.4 times the adult level. This increase continued with age 

in the foals, although by 22 to 32 days, was still lower (0.88 times) 

than the adult level. lhere was a significant correlation between 

the free T3% and age in foals (p < 0.01). The free T3% was also 

significantly correlated with the free T4% (p < 0.01). 

Table 29 shows the thyroid hormone concentrations in foals 

according to their breed; standardbreds or thoroughbreds. 



115 

TABLE 28: 

Total T3, Free T3, and F/T% in Foal Serum 

Foal Age TT3 FT3 F/T% 
ng/100 m1 ng/100 m1 

All emande ' s Cord 574 1.84 0.320 
Miss Kumai's Cord 600 1.52 0.254 
Pa1amette's Cord 555 1.07 0.192 
Russian Duchess' Cord 394 0.74 0.189 
Vivace's Cord 274 - -

Flying Twinkle's 1-10 h 533 - -
Indian Sabre's 1-10 h 1239 3.15 0.254 
Princess Ayesha's 1.-10 h 692 2.80 0.404 
Vivace's 1-10 h 594 - I -
Wild Mist's 1-10 h 1718 - -

-~ 

Allemande's 3 days 977 4.71 0.482 
Tiffany Star's 2 days 671 - -
Wild Mist's 2 days 1500 5.22 0.348 

Indian Sabre's 4 days 1352 3.29 0.243 
Princess Ayesha's 4 days 589 2.27 0.386 
Tiffany Star's 5 days 836 - -
Twinkle Hall's 5 days 594 - -
Vivace's 5 days 871 - -

Wild Mist's 6 days 560 - -
All emande ' s ~ 10 days 488 2.23 0.456 
Indian Sabre's 7 days 671 2.54 0.378 
Princess Ayesha's 7 days 480 2.07 0.431 
Tiffany Star's 8 days 403 - -

-

Twinkle Hall's 8 days 736 - -
Indian Sabre's 15 days 297 1.83 0.617 
Pa1amette's 13 days 266 1.86 0.698 
Princess Ayesha's 13 days 373 2.09 0.561 
Russian Duchess' 12 days 261 1.16 0.446 
Tiffany Star's 12 days 224 L34 0.597 

Indian Sabre's 32 days 160 1.00 0.626 
Princess Ayesha's 32 days 174 0.84 0.483 
Twinkle Hall's 28 days 148 - -
Wild Mist's 22 days 177 1.69 0.954 
Vivace's 28 days 275 2.32 0.842 

Footnote: TT3 = total T3 
FT3 free T3 
F/T% free T3% 
h hour 



TABLE 29: 

Comparison of Thyroid Hormone Levels in-Standardbred and Thoroughbred Foals 

i 

Standardbreds 
Age of Total T4 Free T4 F/T% Total T4 

Foal ].lg/lDD m1 ng/1DD m1 ].lg/lDD m1 
(days) Mean SO n Mean SO n Mean SO n Mean SO 

0. (Cord) 29.53 5.2 3 13.94 3.4 3 0. .0.470. 0..0.1 3 43.79 9.7 

2-3 23.25 13.9 5 12.35 10..2 5 0..0.487 0..0.2 3 30..23 14.0. 

4-5 10..45 5.4 14 6.39 4.0. 14 0..0.617 0..0.2 14 13.13 2.7 

11-15 3.0.6 1.9 3 3.70. 2.0. 3 0..130.8 0..0.3 3 3.29 0..4 

Age of Total T3 . Free T3 F/T% Total T3 
Foal ng/1DD m1 ng/1DD m1 ng/1Do. m1 

(days) Mean SO n Mean SO n Mean SO n Mean so 

0. (Cord) 274 - 1 - - - - - - 531 93 

2-3 10.86 586 2 5.22 - 1 0..348 - 1 977 -
12-15 298 75 3 1. 75 0..4 3 0..592 0..0.3 3 264 3.5 

Thoroughbreds 
Free T4 

ng/1DD m1 
n Mean SO n 

5 19.80. 4.0. 5 

2 18.48 9.0. 2 

2 8.48 2.4 2 

2 4.28 1.4 2 

Free T3 
ng/1DD m1 

n Mean SO n 

4 1.29 0..5 4 

1 4.71 - 1 

2 1.51 0..5 2 
- -- - - --- - --

F/T% 

Mean SO 

0..0.460. 0..0.1 

0..0.60.8 0..0.0. 

0..0.641 0..0.0. 

0..1285 0..0.3 

F/T% 

Mean SO 

0..239 0..0.6 

0..482 -

0..572 0..18 

n 

5 

2 

2 

2 

n 

4 

1 

2 

, 
, 

, 

I-' 
I-' 
CJ\ 
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Although the total and free T4 concentrations tended to be higher 

in the thoroughbred foals than in the standardbred foals~ these 

differences were not significant. 

In the two foals injected with I I25 _T4, the decline in the 

specific activity (SA) of r125 _T4 was exponential over the period 

2 to 8 days following i.v. administration, and had a half life 

of 3.12 days and therefore a fractional turnover of 0.221 per 

day. Because the fall in stable T4 concentrations over the first 

4 days showed that steady state conditions did not exist, it is 

possible that the conventional technique of extrapolatio~ to zero 

time to calculate pool size may be erroneous, so it was not 

calculated. 

The newborn foal suspected of being hypothyroid had a total 

T3 concentration of 360 ng/IOO ml at 14.5 h after birth which is 

below the normal concentration of 955 ng/IOO ml in foals 0 to 0.5 

day old. The foal responded to the T3 given orally and was able 

to stand within 22 h of the first dose and was able to suckle off 

its dam unaided by 2 days of age. At 10 days of age the total T3 

concentration was 242 ng/IOO mI. The foal subsequently developed 

normally, and as a yearling has begun training for racing. 

The 6 week old foal with goitre had a total T4 level of 0.74 

~g/IOO ml, a free T4 level of 0.87 ng/IOO ml, a free T4% of 0.118 

and a total T3 concentration of 117 ng/IOO mI. After two days of T4 

administration, the size of the goitre had decreased markedly, and 

after 13 days of administration of 10 mg daily, the total T4 level 

was 4.80 ~g/IOO ml, free T4 was 8.94 ng/IOO ml, the free T4% was 

0.186~ and total T3 was 448 ng/IOO mI. After 24 days of treatment, 

total T4 was 5.00 ~g/IOO ml, free T4 was 12.70 ng/IOO ml, the free 
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T4% was 0.254 and total T3 was 275 ng/IOO mI. During this period, 

the foal became brighter and more active, was able to withstand cold 

temperatures without developing pneumonia as occurred prior to treat-

ment, and began to grow more rapidly. After 24 days treatment with 

10 mg T4 daily~ the dose was reduced to 5 mg T4 daily, and at the 

time of writing, the daily dose of 5 mg was being continued. The 

foal's dam had a total T4 concentration of 0.53 ~g/lOO mI, a free 

T4 concentration of 0.83 ng/IOO ml, a free T4% of 0.157 and a total 

T3 concentration of 89 ng/IOO ml prior to treatment. Following 

24 days of treatment with T4~ the levels had increased to 1.20 
-

~g/100 ml for total T4 and 1.83 ng/IOO ml for free T4. The free 

T4% was 0.146 and the total T3 concentration was 58 ng/IOO mI. The 

mare concurrently became more active and less obese, but no further 

observations are available at the present time. 
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DiSCUSSION 

Serum total T4 concentrations in cord blood of foals were 1201 

times the adult mare level, with concentrations the same as the adult 

by 11 to 15 days of ageo In the newborn lamb and calf, total T4 

concentrations have been found to be 4 and 3 times the adult level 

respectively (Nathanielsz, 1970; and Hernandez et aZ, 1972, 

Nathanielsz, 1969)0 In these two species, total T4 begins to fall 

imme~iately after birth, and the levels are similar to those of the 

adult by approximately 10 days in lambs and 5 days in calves 0 Total 

T4 concentration~~ in the newborn piglet (Slebodzinski, 1965) are 

approximately 207 times the adult concentration (Sutherland, 1971), 

then increasing slightly to be 302 times the adult level 4 days after 

birtho Although the comparisons are made with data from different 

studies, it appears that total T4 levels in piglets do not reach 

the adult level until sometime after 11 dayso Total T4 just prior to 

birth in the guinea pig is approximately 105 times the adult level, 

rising to over 5 times adult concentrations in 2 h and then beginning 

to fallo The levels are similar to adult concentrations when the 

young are between 21 and 42 days of age (Pals et aZ, 1973)0 In the 

human infant, total T4 concentration at birth is marginally lower than 

the maternal but higher than in the non-pregnant adult (Abuid et aZ, 

1973, De Nayer et aZ, 1966, Robin et aZ, 1969) then rises to a peak 

level at 24 to 48 h of approximately twice the birth concentration 

(Abuid et aZ, 1973)0 For the kitten, the earliest values available 

are at 5 days after birth when the concentration is four times that of 

the adult, rising to 6 times the adult level at 21 days (Joseph and 

Knigge, 1972)0 There appear to be no data on hormone concentrations 
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in the rat, but the hepatic glycerophosphate dehydrogenase levels, 

which have been demonstrated to be an excellent indicator of the 

availability of T4 to peripheral tissues, rise steeply from the last 

3 days before birth until 3 days after birth, and then rise steadily 

until Day 15 (Florsheim et at, 1966)0 In the rabbit, total T4 levels 

begin increasing after birth and by 21 days, are 303 times the level 

on the first day of life (Slebodzinski and Sredbro, 1968)0 

Free T4 concentrations in foals less than 005 day old were 301 

times the adult concentration, after which they began to fall and 

were similar to those of adult mares by 6 to 10 dayso There is very 

Ii ttle information on the free T4 concentration of the neonate of 

other specieso In the newborn piglet, an index of the free T4 

concentration indicates that the levels are highest on the first 

day of life, and then fall to reach a relatively constant level 

between 3 and 6 days later (Slebodzinski, 1965)0 In the human infant, 

free T4 concentrations are the same as the adult (Abuid et at, 1973; 

De Nayer et at. 1966)0 

The increase in the free T4% with increasing age as found in this 

study is similar to the increase with age found in goitrous foals by 

Baker and Lindsay (1968)0 However, their measurements were made at an 

inconsistent pH and temperature unrelated to physiological conditions 0 

So although their results may reflect the direction of change in free 

T4% such results are not accurate (Irvine, 1974a)0 

The total T3 concentration in cord blood was 479 ng/IOO ml 

(608 times the adult level), rising in the first few h after birth 

to 955 ng/IOO ml and remaining at this peak level, 15 times the 

adult concentration, until 3 dayso Following this, the concentration 

fell to be 187 ng/IOO ml in 22 to 32 day old foals. Total T3 in the 

calf is 500 ng/IOO ml at 24 h after birth, and falls rapidly to 
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150 ng/lOO ml by 6 to 7 days (Nathanielsz and Thomas, 1973). In four 

lambs,S to 7 h prior to birth, total T3 was less than 70 ng/lOO ml, 

but within 3 h after birth it had risen to 180 ng/IOO ml and by the first 
./'.',,,. 

day was 330 Hg/lOO ml (Nathanielsz et at,' 1973) which is four times the 

adult concentration (Dussault et at, 1972). In the human, total T3 is 

51 ng/IOO ml in cord blood, but rises after birth to 262 ng/IOO ml at 24 h 

which is approximately twice the adult concentration (Abuid et at, 1973). 

The free T3 concentration in cord blood of foals was 1.29 ng/IOO ml 

(approximately twice the adult concentration), increased to 2.98 

ng/IOO ml by a,s day, and peaked at 4,97 ng/IOO ml on Days 2 to 3. 

The free T3 concentration in human cord blood is less than half that in 

maternal blood, being 0,15 ng/IOO ml, 

Although the total T4 and T3 concentrations in the adult horse 

are as low as, or lower than, that in any species studied, both the 

total and free T4 and T3 concentrations in the neonate are much higher 

than those of any other species in any phsyiological state. In decreas-

ing order of maturity at birth and ability to maintain body temperature 

in a cold environment, the species studied fall into the following 

order ;- foal, lamb, calf, piglet, guinea pig, human infant, kitten. 

rat and rabbit, Total T4 concentrations at birth in each species decline 

in exactly the same order. Also, the time at which the T4 concen-

trations peak is in the same order, ranging from at or before birth 

in the foal to IS days after birth in the rat and rabbit, It would thus 

appear that the T4 concentrati'~11 in the neonate might bear a direct 

relationship to maturity and thermostatic ability. Such a proposition 

is supported by the finding of immaturity and thermostatic insufficiency 

as the major defects in hypothyroid neonates. 

It has been suggested that the high post-natal levels of T4 

in the calf block the release of TSH from the pituitary and T4 from 
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the thyroid (Hernandez et aZ~ 1972). If the secretion of T4 from the 

thyroid was blocked, the SA of the plasma after equilibration of 

an injection of I 12S _T4 would not change with time, since there would 

be no dilution of isotope with unlabelled T4 from the gland. In the 

foals in this study, the SA of T4 declined quite markedly from the earl-

iest measurements made at 48 h until the experiment was concluded 

at Day 8 after birth. 

Therefore,the high but declining serum concentration of T4 from 

days 2 to 8 is not due to degradation of an initially large pool 

produced during a prior surge of thyroidal activity with ~ubsequent 

blockage of T4 secretion. 125 The fractional loss of I -T4 from plasma 

after equilibration is slightly less than in the adult (0.221/day 

compared with 0.30/day (Irvine, 1967b)), but since the serum 

concentration of T4 is approximately 4 times that of the adult, the 

rate of dilution of the plasma pool with newly formed T4 is about 

3 times greater than in the adult. This shows that these high 

levels of serum T4 in foals do not block TSH and T4 secretion. 

Although change in the SA of labelled T4 in other species is not 

reported as such in any available papers, it is possible to calculate 

from the data of Nathanie1sz (1970) that in lambs over the period 

3 to 5 days, stable T4 fell with a half life of approximately 8 days, 

while labelled T4 fell with a half life of 27.9 h. Thus SA falls with 

a half life of 1.36 days indicating very active thyroid secretion. 

Data from the same author show that in the calf also, thyroidal 

secretion is active over the period 1 to 4 day~ after birth 

(Nathanie1sz 1968, Nathanielsz 1969). It is apparent that in these 

three species the "setting" of the hypotha1amo-hypophyseal-thyroid 

axis of the newborn is much higher than in the adult, not only at 

birth but for several days after birth. 
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While the association constant and capacity of each binding protein 

cannot be caI:cu1 ated from the data reported in this study, it seems 

very likely that the concentration of the major T4 binding protein of 

the newborn foal declines very rapidly soon after birth. It is possible 

that this protein is related to the protein "fetuin" isolated from 

the serum of calves less than 2 weeks old (Pedersen, 1944). 

The results of this study suggest that by developing an unusually 

high level of T4 binding in serum, on which has been superimposed a 

very high setting of the hypothalamo-hypophyseal-thyroid axis, the 

foal has ensure~ a very high level of supply of thyroid hormones to 

its tissues perinatally. The successful treatment of the newborn 

hypothyroid foal with T3 clearly indicates the necessity for these 

high levels of thyroid hormones in the newborn foal. Veterinarians 

and studmasters frequently report foals exhibiting similar behaviour 

to the foal described herein, and that even if such foals are fed by 

stomach tube for several days, death inevitably results. The 

spectacular recovery of the hypothyroid foal treated with T3 with 

complete re-establishment of thyroid hormone dependent processes, 

suggests that hypothyroidism in foals is readily corrected. The 

dependence of foals on exogenous thyroid hormones after the immediate 

post-natal period will depend on the underlying cause of the 

hypothyroidism; however, in this case, no treatment was required 

after the foal was 3 days of age. 

The 6 week old foal with goitre similarly showed a successful 

response to administered T4. At the time of writing, the foal is 

3 months old, and therefore, the long term response and the dependence 

on exogenous T4 is unknown. Again, this will depend on the cause of 

the hypothyroidism. Since the thyroid gland of this foal was enlarged, 
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it can be assumed it was under intense TSH stimulation, which in turn 

indicates the hypothyroidism was not due to inadequate thyrotrophin 

releasing hormone production. Although it cannot be established, 

it is possible that the cause of the hypothyroidism could be thyroid 

antibodies produced by the dam, and passed to the foal in the 

colostrum. Some support for this comes from the knowledge that the 

foal at birth must have had adequate thyroid hormone levels to 

survive the neonatal period, and that the foal developed goitre 

and other symptoms after this time. In addition, two previous foals 

from the same dam exhibited goitre, and the dam herself was hypothyroid. 

A similar condition has been demonstrated in the human, where thyroid 

antibodies are transmitted from the mother to the neonate via the 

umbilical cord and are believed to cause congenital goitre (Andreani et al, 

1965) . Al ternatively, the mare may have been consuming a goitl,,)gen 

which didn't cross the placenta, but which was secreted in the milk. 

Comparison of the newborn of many species has shown a close 

relationship between thyroid hormone status and maturity and 

thermogenic capacity at birth. Such findings are further evidence 

for the important roles of the thyroid hormones in increasing 

thermogenesis of brown fat, regulating pre- and post-natal growth, 

and neuromuscular maturation - processes which are essential for 

the survival of the neonate. 

Note: The majority of the findings described in this Chapter have been 

published (Evans and Irvine, 1974 and Irvine and Evans, 1975). 
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CHAPTER" I I I 

.. 

METHODS FOR THE MEASUREMENT OF SERUM CONCENTRATIONS 

OF GONADOTROPHIC AND STEROID HORMONES IN MARES 



131 

INTRODUCTION 

Although the fertility of the horse is lower than that in any 

other domestic animal (Cas1ick, 1937), the development of techniques 

to determine the serum concentrations of the reproductive- hormones 

which control fertility in the horse has proceeded less rapidly than 

for other species. Serum concentrations of follicle stimulating 

hormone (FSH) have been measured in cattle (Akbar et at, 1974), sheep 

(Sa1amonsen et at, 1973), and pigs (Rayford et at, 1974). However, 

no method for t~e measurement of serum FSH concentrations_in the 

horse has previously been reported. Therefore, the primary 

objective of this study was to develop an accurate assay method for 

the measurement of serum equine FSH (eFSH). Since it was intended 

that the eFSH assay method be used to determine the role of serum 

FSH in normal cycling and pregnant mares and in mares treated with 

exogenous hormones (See Chapters IV to VI), methods for the measurement 

of serum concentrations of equine LH (eLH), progesterone and oestradiol 

-178 in mares were concurrently developed to provide a more c_omp1ete 

basis for interpretation. 



132 

MATERIALS··AND· ·METHODS 
E!£i 4 

PART I: EQUINE FSH ASSAY 

A. PRELIMINARY EXPERIMENTS: 

Prior to commencing experiments to develop this assay, it was 

decided that a heterologous radioimmunoassay (RIA) technique should be 

investigated rather than an homologous RIA technique. This decision 

depended on knowledge of problems involved in obtaining purified FSH 

from equine pituLtaries, both in collection of pituitary glands and 

in extracting the FSH, as well as the difficulty in producing suitab.1e 

specific antibodies against this eFSH. Additionally it was anticipated 

that a heterologous assay might provide a more specific system for the 

measurement of eFSH. This assumption was based on the theory that 

the immunologically cross reactive portion of the antibody may bind to 

that part of the eFSH hormone which contains the biologically active 

sequence, since it is likely for a particular pituitary hormone that the 

biologically active portion of the hormone is common between species 

(Midgley, 1969). Therefore, preliminary experiments were run using 

antisera against human FSH* (anti"hFSH) and also against rat FSHt 

(anti-rFSH) in combination with both labelled human FSH* (I 125 _hFSH) 
t 125 0 and labelled rat FSH (I -rFSH). To test for the cross reactlon of 

eFSH in these systc.ns, serial dilutions of a pooled serum sample from 

mares was incorporated in the assay. These experiments are described 

below. 

* Gifts from the National Pituitary Agency, National Institute of 
Arthritis, Metabolism and Digestive Diseases, Bethesda, Maryland, U,S.A. 

t Gifts from the National Instiute of Arthritis, Metabolism and Digestive 
Diseases, Rat Pituitary Hormone Distribution Program, Bethesda, Maryland, U,S.A 
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EXPERIMENT I: 
. 125 

ANTI-pFSH: eFSH: I ... pFSH SYSTEM 

This experiment was designed to determine the cross reaction of serum 

eFSH with anti-rFSH, and its displacement with I12S .rFSH in a double 

antibody RIA.· 

(i) Antibody Diluent 

Following reconstitution of lyc:>philised antiserum 

(see below) this diluent was used in all subsequent dilutions. 

The diluent comprised 0.01 M P04 - 0.15 M NaCl buffer 

at pH 7.6 with 0.1% sodium azide (NaN3), 0.05 M di sodium 

ethylenediaminetetracetate (EDTA) and 1.5% non immune rabbit 

serum (NRS). 

(ii) Antibody 

The antinrFSH prepared in rabbits (NIAMD-A-rat FSHS-6) 

was reconstituted at 40 C with 0.4 ml distilled water then 

diluted with 3.6 ml antibody diluent and immediately snap 

frozen in dry ice and ethanol in aliquots of 100 ~l (1:10 

dilution). For the experiment, three concentrations of 

antibody were tested so that 100 ~l aliquots of 1:10 anti-

rFSH were diluted to 1:1000, 1:2000 and 1:6000 in antibody 

diluent. 

(iii) Assay Diluent 

The diluent was a 0.01 M P04 " 0.15 M NaCl, pH 7.6 

buffer containing 0.01% NaN3 and 1.0% flake egg albumen. 

(i v) Labelled Hormone. 

The rat FSH (rFSH) for iodination (NIAMD-Rat FSH 1-3) 

was reconstituted at 40 C in 0.01 M P04 - 0.15 M NaCl buffer 

at pH 7.6 containing 0.1% NaN3, aliquoted in aliquots of 

of 25 ~l (2.5 ~g rFSH/2S ~l) and snap frozen. The hormone was 
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radioionated to a specific activity (sp act) of approximately 100 

~Ci/~g by a modification of the method of Landon et at (1967) 

using 0.5 ~Ci 1125 (Radiochemical Centre, Arnersham, England), 

10 ~l 0.5 M P04, pH 7.4 buffer, 20.4 ~g Chloramine T in 10 ~l 

0.1 M P04, pH 7.6 buffer and 2,5 ~g rFSH. After 30-45 sec 

agitation the reaction was stopped by the addition of 120 ~g 

sodium metabisulphi te and the c(mtents of the reaction vial 

transferred in 100 ~l of carrier solution of 2.5% bovine serum 

albumin (BSA), in 0.5 M PO 4' pH 7.4 buffer onto a 0.5 cm 

Whatman pure cellulose column, and washed with 6 ml of carrier 

solution. The pure labelled hormone was eluted with 2 ml 

acetone/acetic acid (25% acetone, 1% glacial acetic acid). 

The purity and sp act was determined by electrophoresis which 
o was performed at 4 C on paper in 0.05 M P04 buffer, pH 7.6 

for 1 h at 500 Volts. Both the reaction mixture and the 

labelled hormone after the initial purification were subjected 

to electrophoresis (25 ~l of each solution applied to the paper), 

The labelled rFSH was aliquoted and frozen until immediately 

prior to use in the assay when the I l25 _rFSH was diluted in 

assay diluent, and 100 ~l (containing approximately 25000 cpm) 

added to each assay tube. 

(v) Dose/Response Curves 

Serum samples collected from 6 mare.s at various stages of the 

oestrous cycle were pooled, and these were diluted in assay 

diluent to give the following concentrations of serum 

200 ~l serum in 0.5 ml 

150 ~l serum in 0.5 ml 

100 ~l serum in 0.5 ml 



135 

50 ~l serum in 0.5 ml 

25 ~l serum in 0.5 ml 

o ~l serum in 0.5 ml 

(vi) Precipitating Antibody 

An anti rabbit gamma globulin (ARGG) was prepared in sheep 

by immunization with rabbit gamma globulin. Prior to injection, 

100 to 200 mg rabbit gamma globulin (Pentex, 82-455, Miles 

Laboratories Inc, Kankakee, Illinois, U.S,A.) was mixed with 2.5 ml 

0.15 NaCl and emulsified with 2.5 ml Freunds adjuvant. This was 

injected into the sheep into multiple intradermal sites and 
-

repeated every two weeks for two months. The sheep were sampled 

two weeks after the last injection and the ARGG titre tested and 

compared with that of a commercial ARGG preparation (Wellcome 

Reagents Ltd). Booster injections of rabbit gamma globulin were 

periodically given. When the titre was adequate, the sheep was 

bled (200 to 400 ml), and the serum recovered and frozen until used in 

the assay. The volume of serum used in the assay was determined 

by titres performed routinely with each new batch of assay 

diluent. 

(vii) Method 

The method used was a double antibody RIA. For the assay 
o (all steps performed at 4 C), 0,5 ml assay diluent containing the 

varying amounts of the pooled serum (dose/response curve) was added 

in triplicate to Wasserman tubes, and 0.6 ml diluent alone was 

added to three additional tubes (designated blank tubes). The 

antibody (100 ~l of 1:1000 dilution) was added to each tube 

except the blank tubes, and all tubes vortexed. The identical 

procedure was followed using the two other dilutions of antibody 
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(1:2000 and 1:6000). After three days pre~incubation, the 

I125~rFSH was added to each tube and vortexed, and following a 

further three days incubation, ARGG was added to separate the 

antibody-bound from the free FSH. Separation was achieved 

24 h later by the addition of 2 ml 0.01 M P04-0.l5 M NaCl buffer, 

pH 7.4 (PBS) followed by centrifugation for 30 min at 1000 g. 

After aspiration of the supernatant, the radioactivity in the 

precipitate was counted in an autogamma counter. The number of 

counts in the blank tubes (the result of non-specific binding 

of I 125 _rFSH in the absence of any antiserum) was calculated, 

and this number automatically subtracted from the counts in the 

remainder of the assay tubes. 

EXPERIMENT 2: Z25 ANTI -Y'FSH: eFSH: I -hFSH SYSTEM 

This experiment was to investigate the binding of eFSH with anti-

rFSH, using I 125 _hFSH as the labelled hormone. The human FSH (hFSH) 

for radioiodination (LER-l575-C, 1 mg contains 3600 IU FSH Bioassay: 

2nd IRP-HMG) was reconstituted at 40 C in 1.0 ml of 0.01 M P04 - 0.14 

M NaCl, pH 7.0 buffer, and snap frozen in aliquots of 25 ~l (2.5 ~g 

hFSH/25 ~l). The hFSH was iodinated to a sp act of approximately 

140-150 ~Ci/~g by the same method as for rFSH. The procedure for 

Experiment 2 was identical to that for Experiment 1, except that 
125 . 125 I -hFSH was used lnstead of I -rFSH. 

EXPERIMENT J: ANTI -hFSH: eFSH: I Z25 -hFSH SYSTEM 

For this experiment, the binding of eFSH to anti-hFSH was investig-

ated using I 125_hFSH, prepared as described above, as the labelled 

hormone. Anti-hFSH (prepared in rabbits against hFSH and pre-absorbed 

with human chorionic gonadotropin) was reconstituted at 40 C with 1.0 ml 
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distilled water (1:2 dilution), and 4 ml of antibody diluent added (1:10 

dilution). This was snap frozen in aliquots of 100 ~l until prior to 

the experiment when it was diluted in antibody diluent to each of the 

three following concentrations: 1:1000, 1:2000, and 1:6000, The 

experiment was performed as described in Experiment 1. 

EXPERIMENT 4: Z25 
ANTI-hFSH: eFSH: I -1'FSH SYSTEM 

As in Experiment 3, the binding of eFSH to anti"hFSH was investigated, 

but in this experiment I 125 .rFSH (prepared as described for Experiment 1) 

was used as the labelled hormone, The remainder of the experiment was 

performed as in E~periment 1. 

B. VALIDATION OF THE EQUINE FSH ASSAY: 

The results from Experiments 1 to 4 indicated that anti-hFSH 

(initial dilution 1:6000)'in combination with I 125 _hFSH provided the 

most promising method for measuring equine FSH. The next step in the 

development of the eFSH assay was to determine whether purified eFSH 

of pituitary origin cross-reacted in the assay, 

* 

(i) The Standard Curve 

* Equine FSH prepared as described by Stockell Hartree et aZ 

(1968), (designated Hartree eFSH) was reconstituted at 40 C by adding 

20 ~l distilled water to 20 ~g of hormone then diluted to 1280 

ng/ml in 0.01 M P04 ~ 0.14 M NaCl, pH 7,0 buffer and snap frozen 

in 1.0 ml al~1uots. For the experiment, a 1,0 ml aliquot of 

1280 ng eFSH/ml was diluted at 40 C with 19 ml assay diluent 

(32 ng eFSH/O.5 ml), and then 10 ml serially diluted 1:1 with 

assay diluent to give the following concentrations of Hartree eFSH 

Gift from Dr A.Stockell Hartree, University of Cambridge, Cambridge, 

England. Potency of 215 IU/mg 2nd IRP-HMG. 
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for use in the standard curve: 32 ng/O.5 ml, 16 ng/O.5 ml, 

8 ng/0.5 ml, 4 ng/0.5 ml, 2 ng/0.5 ml, 1 ng/0.5 ml, 0.5 ng/O.5 ml, 

as well as 0 ng/O. 5 ml. These solutions were snap frozen in 

1.6 ml aliquots, and thawed immediately prior to use in the 

assay. For the experiment (all steps performed at 4oC) 0.5 ml 

assay diluent containing varying amounts of eFSH (as above) was 

added in triplicate to Wasserman tubes and 100 ~l of 1:6000 

dilution of anti-hFSH (prepared as described above in Experiment 

3) added to all tubes except blank tubes, and vortexed. After 

three days pre-incubation at 4°C, 100 ~l of re-purified 

I125_hFS~was added and the tubes vortexed. Re~pur1fication 

of the isotope was performed (all steps at 4oC) by column 

chromatography (Jeffcoate, 1971). An aliquot was applied to a 

10 cm column of Whatman cellulose powder (standard grade) which 

was equilibrated in 0.01 M P04 , pH 7.4 buffer at 4°C, and the 

damaged hormone eluted by 60 to 70 ml of this buffer. The pure 

I 125 _hFSH was recovered by elution with 20 to 40 ml of 3% BSA 

in 0.01 M P04 - 0.15 M NaCl, pH 7.4 buffer. The remainder of 

the experiment was performed as described for Experiment 1. 

A further equine pituitary FSH fractiont prepared by Dr L. Nuti 

as described by Braselton and McShan (1970), was available for 

testing in the eFSH assay system. This fraction, Nuti eFSH, was 

reconstituted in assay diluent to a concentration of 400 ~g/mI, 

and snap frozen in aliquots 5.0 ~l. As required, an aliquot was 

diluted with 10 ml assay diluent and snap frozen in 1 ml aliquots 

(200 ng/ml), except for 1 ml which was further diluted with 19 ml 

assay diluent to give a Nuti eFSH standard curve of 5 ng/0.5 ml, 

tGift from Dr L. Nuti, University of Wisconsin, Madison, 

Wisconsin, U.S.A. Potency of 90 IU/mg NIHmFSH-Sl. 
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2,5 ng/0.5ml, 1,25 ng/0.5 ml, 0.625 ng/0.5 ml, 0.313 ng/0.5 ml, 

0.157 ng/0.5 ml as well as 0 ng/0.5 mI. All dilutions were 
o performed at 4 C. These solutions were snap frozen in 1.6 m1 

aliquots until immediately prior to use in the assay. This 

preparation was tested in the assay as for Hartree eFSH. 

(ii) Parallelism of Standard and Dose/Response Curves 

To investigate whether eFSH of pituitary origin (both 

Hartree and Nuti eFSH) behaves in the same way as eFSH present 

in serum, serial dilutions of serum (dose/response curves prepared 

as described in Experiment 1) from horses in different physiological 

states were simultaneously assayed with each standard curve. 

(iii) Recovery of Pituitary eFSH 

Varying amounts of Hartree eFSH (0.38 to 24 ng) were added 

to 100 ~l of serum of known endogenous FSH content and assayed 

together with a standard curve as described above. The experiment 

was repeated using Nuti eFSH added in varying amounts (0.157 to 

5.0 ng) to 50 ~l serum of known endogenous FSH content. 

Additional experiments to validate the assay included determining 

the cross-reaction of equine LH, pregnant mare serum gonadotrophin 

(PMSG), and human chorionic gonadotrophin (HCG) , and the precision 

and repeatability of the assay. 

(iv) Assay Procedure 

At the completion of the above experiments, the following 

assay procedure was adopted for the routine assay of serum samples. 

Unless otherwise stated, all materials were prepared as described 

for the validation experiments. For the assay (all steps performed 

at 4°C), varying amounts of Hartree or Nuti eFSH standard or 

50 ~l of unknown serum sample in 550 ~l diluent, and 100 ~l anti-

hFSH (diluted 1:4500) were added to each tube (each point assayed 
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in triplicate) and vortexed. After 72 h pre"incubation, 50 ~l 

re-purified r125 _hFSH (10000 cpm) was added and incubation continued 

for 60 h. The antibody"bound hormone was separated from the free 

hormone by a 24 h immunoprecipitation step using ARGG prepared in 

sheep. To facilitate maximum precipitation (BuTret al, 1969)9 50 ~l 

of normal horse serum was added to the standard curve tubes at this 

time. Following the addition of 2 ml PBS, separation was completed 

by centrifugation for 30 min at 1000 x g and aspiration of the 

supernatant. The radioactivity in the precipitate was counted, 

with the counts due to non-specific binding automatically 

subtracted. The FSH results were calculated by a computer program 

(Burger et al, 1972) for a least squares fit of the standard curve 

to the expression, Y =A/(C + XE), where A, C and E are constants 

for anyone standard curve, X is the concentration of hormone and 

Y is the radioactive counts bound. This method overcomes the 

invalid assumptions of Rodbard and Lewald (1970) and Midgley et al 

(1969) that; (a) Bo (counts bound in the absence of any added 

unlabelled hormone) is determined with absolute accuracy (Ekins, 

1974) and (b) the logit/log dose plot is completely linear over 

the working range. Standard error estimates were determined for 

all unknown serum samples. Results were expressed as ng/ml 

Hartree eFSH and ng/ml Nuti eFSH. 
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PART II: EQUINE LH ASSAY 

A. PRELIMINARY EXPERIMENTS: 

As with the development of the eFSH assay, it was decided that a 

heterologous technique for measuring equine LH should be investigated 

rather than an homologous technique. Therefore, preliminary experiments 

were run using antiserum against human LH (anti-hLH and also against 

two different ovine LH sera (anti-oLH) in combination with labelled 

human LH (I125 _hLH) and labelled ovine LH (I 125 _oLH) respectively. 

EXPERIMENT I: SOLID PHASE ANTI-oLH: ~LH: I l25_oLH SYSTEM rWallaaeville 
~~e~s~mJ 

This experiment was designed to determine whether eLH cross-reacted 

with the anti-oLH and therefore competed with I125 .oLH for binding, 

and that eLH of pituitary and serum origin behaved in a comparable 

manner in the assay system. Since the source of the antibody used 

was Wallaceville Animal Research Centre, New Zealand, this system 

was designated the Wallaaeville ~ine System to differentiate it from 

a double antibody RIA using another anti-oLH preparation described 

later. A solid phase RIA method was used based on the principle 

described by Catt et al, (1971) for measurement of human LH, 

(i) Antibody 

* The anti-oLH (125 ~l of undiluted serum) was added to a 

solution con~aining 500 ml 0.01 M P04 buffer,S ml of 0.1 M 

NH40H, and 500 ~l thiomersal solution (lg thiomersal/5 ml 

water), at pH 9.5, prepared in a flask previously coated with 

a solution of egg albumen (1 mg/IOO ml distilled water), then 

* Anti-oLH serum prepared in rabbits, gift from Dr W. Jonas, 

Wallaceville Animal Research Centre, New Zealand. 
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washed three times with distilled water. Precisely 0.5 ml of 

this 1:4000 antibody solution was added to Wasserman tubes, and 
o incubated overnight at 4 C, or room temperature for 3 h, after 

which the antibody solution was carefully aspirated. The tubes 

were then washed twice with 1 ml @.14 M NaCl, and once with a 

buffer comprising 0.01 M P04 - 0.15 M NaCl, 0.01% NaN3, 0.1% BSA, 

at pH 7.4 and aspirating the solution after each wash. 

(ii) Assay Diluent 

The diluent specific for the solid phase system (SP 

assay diluent) was 0.01 M P04 - 0.15 M NaCl, pH 7.4 buffer 

containing 0.1% NaN3, 1% BSA, 2% NRS and 0.02 M EDTA. 

(iii) Labelled Hormone 

The ovine LH (oLH) for iodinationt (NIH-LH-S18) was 

reconstituted in 0.01 M P04 - 0.14 M NaCl buffer, pH 7.0, 

containing 0.1% NaN 3 and snap frozen in aliquots of 25 ~l 

(5 ~g oLH/25 ~l). The oLH was radioionated as described for 

the eFSH assay (see Part I, Preliminary Experiments). At 

the completion of the iodination, the contents of the reaction 

vial were transfered in 100 ~l of carrier solution to a tube 

containing 2 ml of carrier solution. The labelled hormone 

was then purified by adding 120 mg of silicic acid, mixing on a 

vortex, centrifuging, and discarding the supernatant. The 

silicic acid was then washed twice in 2 ml distilled water with 

mixing, centrifugation and removal of the supernatant. The 
125 pure I -oLH was recovered by the addition of 2 ml acetone! 

acetic acid, mixing and recwery of the supernatant. This was 

immediately aliquoted into approximately 6 vi~ls and frozen until 

t Gift from the National Pituitary Agency, National Institute of 

Arthritis, Metabolism and Digestive Diseases, Bethesda, Maryland, U.S.A. 
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required in the experiment, when an aliquot of the I 12S.oLH was 

re-purified by column chromatography (Jeffcoate, 1971) as 

described for the eFSH assay (see Part I: Validation of the Assay; 

The Standard Curve). 

(iv) Dose/Response Curve 

This was prepared using a pooled serum sample as described in 

Part I, Preliminary Experiments, but using the above SP assay diluent. 

(v) The Standard Curve 

* A pituitary eLH fraction, Hartree eLH (Stockel 1 Hartree 

et aZ, 1968) was reconstituted at 40 C in distilled water to a 

concentration of 1280 ng/ml and snap frozen in 1 m~~aliquots, and 

as required, an aliquot was thawed and diluted with 19 ml SP assay 

diluent to 64 ng/ml, and by removing 10 ml of solution, serially 

diluted 1:1 in SP assay diluent to give the following concentrations 

of Hartree eLH for use in the standard curve: 32ng/0.S ml, 16 ng/ 

0.5 ml, 8 ng/D.S ml, 4 ng/O.s ml, 2 ng/O.s ml, 1 ng/O.s ml, 

0.5/0.5 ml as well as a 0 ng/O.S mI. All dilutions were performed 
o at 4 C. These solutions were snap frozen in 1.6 ml aliquots and 

thawed immediately prior to use in the assay. 

(vi) Method (WaZZaceviZZe Ovine System) 

For the experiment (all steps performed at 4oC) 0.5 ml SP 

assay diluent containing varying amounts of serum (dose/response 

curve) or pituitary eLH (standard curve) was added in triplicate 

to the anti'Uody-coated tubes. In addition 0.5 ml SP assay 

diluent was added to three tubes not coated with antibody 

(blank tubes). o All tubes were pre-incubated at 4 C for three days, 

* Gift from Dr A. Stockell Hartree, University of Cambridge, 

Cambridge, England. Potency estimate by the Ovarian Ascorbic Assay 

Depletion assay of between 3.02 and 4.96 mg NIH-LH.Sl/mg (Dr I. I. 

Geschwind, University of California, Davis, California, U.S.A., peps comm 
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then 100 ~l re-purified I 125 _oLH was added to each tube and 

vortexed. After three days further incubation, the contents of 

the tubes were aspirated, and the tubes washed twice with 1 ml 

distilled water, and aspirated immediately. The tubes were then 

counted in an autogamma spectrometer, set to subtract counts due 

to non-specific binding, as determined from the counts in the 

blank tubes. 

EXPERIMENT 2: 125 DOUBLE ANTIBODY ANTI-hLH: eLH: I -hLH SYSTEM (Human System) 

This experiment was designed to investigate whether eLH cross-

reacted with anti-hLH thereby competing with I 125 _hLH for-blnding, 

and if eLH of both pituitary and serum origin showed similar charact-

eristics in the assay system. For the purpose of differentiation, this 

method was called the Human System. 

(i) Antibody 

* Anti-hLH prepared in rabbits was reconstituted in 1 ml 

distilled water (giving a 1:2 dilution of antiserum in 0.05 M P04 
- 0.15 M NaCl, pH 7.5 buffer), and this was diluted to 50 ml 

in antibody diluent prepared as described for FSH (Part I, 

Preliminary Experiments), and snap frozen in 1 ml aliquots 

(1:100 dilution). As required, the antibody was further diluted 

in antibody diluent to 1:80, 000, and 100 ~l added to each assay 

tube, except the blank tubes. 

(ii) Assay Diluent 

This was prepared as described for the eFSH assay (Part I, 

Preliminary Experiments) . 

* Gifts from the National Pituitary Agency, National Institutes of 

Arthritis, Metabolismand Digestive Diseases, Bethesda, Maryland, U.S.A. 
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(iii) Labelled Hormone 

* Human LH for iodination (LER-960) was reconstituted in 0.5 

ml 0.01 M P04 - 0.14 M NaCl, pH 7.6 buffer and snap frozen in 25 ~l 

aliquots (5 ~g hLH/25 ~l). Iodination and purification of the 

hormone, and re~purification immediately prior to use in the assay 

was performed as for oLH (Part II, Experiment I). 

(iv) Dose/Response Curve 

This was prepared using the sera from mares at different 

stages of the oestrous cycle, diluted in assay diluent as 

described for the eFSH assay (Part I, Preliminary Experiments), 

(v) Precfpitating Antibody 

This was prepared and added as described for the eFSH 

assay (Part I, Preliminary Experiments). 

(vi) Method (Human System) 

The method used was a double antibody RIA at 4oC. For the 

assay 0.5 ml of assay diluent containing varying amounts of pooled 

sera (dose/response curve) was added in triplicate to the tubes, 

and 100 ~l antibody diluted 1:14000 added to all tubes except 

blank tubes (containing 0.6 ml diluent only) and vortexed. After 

three days pre-incubation, 50 ~l of I125~hLH (approximately 10000 

cpm) was added to all tubes and vortexed, and following a further 

two days incubation, ARGG was added to separate the bound from 

the free hormone as described for the eFSH assay. The tubes 

were counted with subtraction for the non-specific binding of 

I 125 _hLH in the blank tubes. 

B. VALIDATION OF THE ASSAY (Human System): 

The results from the preliminary experiment in the anti-hLH: eLH: 

* Gifts from the National Pituitary Agency, National Institutes of 

Arthritis, Metabolism and Digestive Diseases, Bethesda, Maryland, U.S.A. 
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r125_hLH system indicated that there was an increase in the displacement 

of the labelled hormone with increasing concentration of serum, 

Therefore, to determine whether this displacement was caused specif-

ically by eLH, a pituitary eLH preparation was included in the assay, 

(i) The Standard Curve 

A 1 ml aliquot of Hartree eLH (1280 ng/l ml) distilled 

water prepared as in Experiment 1 above) was diluted to a concent-

ration of 12 ng/ml in assay diluent, and then serially diluted 

1:1 in assay diluent to give a standard curve of 6 ng/0.5 ml, 

3 ng/0.5 ml, 1.5 ng/0.5 ml, 0.75 ng/O,5 ml, 0.375 ng/O,5 ml, 

as well as 0 ng/0.5 mI. For the assay, 0.5 ml diluent 

containing the varying amounts of Hartree eLH was added in 

triplicate to the tubes, and 100 lJ 1 anti -hLH (prepared as described 

above) diluted 1:80,000 added to all tubes except blank tubes 

(containing 0.6 ml diluent only). The remainder of the 

experiment was performed as described in Experiment 2, Method -

above, 

(ii) Parallelism of Standard and Dose/Response Curves 

To determine whether eLH of pituitary origin behaves in the 

same way as serum LH, dose/response curves from a number of 

horses in different physiological states were prepared as 

described for the eFSH assay (Part r, Preliminary Experiments),and 

assayed together with a standard curve following the procedure 

described immediately above (The Standard Curve). 

(iii) Recovery of Pituitary eLH 

Varying quantities of Hartree eLH (0,75 to 6 ng in 0,5 ml 

assay diluent) were added to 50 lJl of serum of known endogenous 

LH content and assayed, together with a standard curve as 
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described above (The Standard Curve). 

The assay system was further validated by determiriirig:j:J1e 

interference of both Hartree eFSH, and indirectly, equine TSH in 

the assay system, the crossreaction of both HCG and PMSG, and the 

precision and repeatability of the assay. 

(iv) Assay Procedure (Human System) 

Following the completion of the above experiments, the 

assay procedure adopted for routine determination of eLH in serum 

was the same as that described for the eFSH assay, except that 

the antibody (100 ~l) was added at a concentration of 1:80,000. 

Unless otherwise stated, all materials were prepared-as described 

in the above eLH experiments using the Human System. The results 

were expressed as ng/ml Hartree eLH. 

C. VALIDATION OF THE EQUINE LH ASSAY (Niswender OVine System) : 

An additional method for the measurement of serum eLH described 

by Noden et aZ (1974), was also established. This double antibody RIA 

uses anti-oLH antiserumt (GDN # 15) in combination with r125 _oLH. 

For the assay (all steps performed at 4oC) , varying quantities of 

Hartree eLH (0, 0.375, 0.75, 1.5, 3 and 6 ng/0.5 ml) or 20 ~l unknown 

serum sample in 520 ~l of LH assay diluent (0.011 M P04, 0.1% EDTA, 

0.28% flake egg albumen, 0.14% NRS, and 0.08% NaN3, pH 7.0) were 

added in triplicate to assay tubes, The antibody (prepared by 

reconstituting lyophylized serum with 10 ml distilled water at 40 C 

to give a concentration of 1:400 in 0.05 M EDTA-PBS, then freezing in 

2 ml aliquots until required for the assay when the antibody was 

further diluted to 1:16400 in LH diluent) was added at a concentration 

t Supplied by Dr G. D. Niswender, Colorado State University, Fort 

Collins, Colorado, U.S.A. 
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of 1:16400 in 50 ].11 to all tubes except the blank tubes (containing 

0.6 ml LH assay diluent) and vortexed. After pre~incubation at 4°C for 

72 h, 50 ].11 of re-purified I 125 _oLH (NIH-LH-S18, prepared as described 

above in Part II, Experiment I) was added to all tubes and vortexed. 

After a further 48 h incubation, separation of the free and bound 

hormone was achieved by a 24 h incubation step with ARGG (prepared and 

added as described in Part I for the eFSH assay, except that normal horse 

serum was not added to the standard curve tubes, since in this assay 

diluent it did not facilitate precipitation), followed by the 

addition of 2 ml "spinning down buffer" (prepared as for the LH 

diluent but excluding NRS) to each tube and centrifugation at 1000 g 

for 0.5 h. The tubes were counted and results estimated as for the 

eFSH assay. 

The assay was validated by establishing parallelism between the 

standard curve of pituitary eLH and a dose/response curve of pooled 

sera, determining the recovery of exogenous pituitary eLH added to 20 ].11 

of serum of known endogenous LH content, and calculating the repeat-

ability and precision of the assay. 
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PART III: PROGESTERONE ASSAY 

A competitive protein binding method for the measurement of serum 

progesterone was established, based on that described by Murphy (1967) 

as modified by Johansson (1969). 

(i) Extraction of SerUm Progesterone 

For the" extraction, 6 ml of hexane was added to 0.5 ml 

of serum in duplicate and after ~haking, 5 ml of the upper phase 

removed and dried down in glass test tubes. Subsequently, 0.2 ml 

ethanol was added" to each tube to resuspend any progesterone 

adhering to the" walls, then dried again. 
-

(ii) The Standard Curve 

Progesterone powder (~4 _ Pregnen-3, 20-dione, Sigma Chemical 

Co., St Louis, Missouri, U.S.A.) was diluted in ethanol to 1.6 

mg/ml to serve as the stock solution. Prior to the assay, 0,1 m1 

of this stock solution was added to 9,9 ml ethanol, and after 

mixing, 0.1 ml of this added to a further 9,9 ml ethanol giving 

0.16 ~g progesterone/mI. This solution was then serially diluted 

1:1 to give the following progesterone standard curve points: 

20ng/O,25 ml, 10 ng/O.25 ml, 5 ng/O,25 ml, 2,5 ng/O,25 ml, 1,25 ng/ 

O,25ml, 0,625 ng/O,25 ml and 0.313 ng/O,25 mL For the assay 

(each point assayed in duplicate) 0.25 ml of each solution, as 

well as 0.25 ml ethanol alone, was dried down in glass test 

tubes (as for the serum sample extracts). 

(iii) Serum: Buffer: Tracer Solution 
"" 3 

Prior to the assay, 4 ~Ci of H -corticosterone in ethanol 

(1, 2, 6, 7 (N) H3.Corticosterone, Radiochemical Centre, Amersham, 

England, sp act approximately 110 Ci/mmol), was added to 100 ~1 

of human third trimester pregnancy serum (previously pooled and 

frozen in aliquots of 100 ~l) as the source of corticosteroid 
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binding globulin (CBG) and 100 ml distilled water, and this 

solution (serum: buffer:. tracer solution) incubated for 1 h at 

room temperature. 

(vi) Method 

At room temperature, 1 ml of the serum: buffer: tracer 

solution was added to each tube, then all tubes incubated at 
o 37 C for 10 to 20 min. Incubation was then continued for another 

40 min at 4oC, following which, the free and bound hormone were 

separated by the addition of 40 mg of Florisil (about 100-200 

U.S. Mesh, BDH Chemicals, England) vortexing for 30 sec, and 

removing 0.5 ml supernatant (allowing 1 min for the Florisil 

to settle) for each tube. The degree of mixing of the Florisil, 

and the timing of the addition and removal of the Florisil were 

strictly controlled. The 0.5 ml of supernatant was added to 

9.5 ml scintillator fluid (4 g PPO and 0.2 g dimethyl POPOP in 

1000 ml toluene) in vials, capped and vortexed 15-20 sec. The 

radioactivity was determined by counting in standard liquid 

scintillation counting equipment and the unknowns read off the 

standard curve, with correction for the volume of serum used 

and the 90% extraction efficiency of progesterone from serum 

(Demetriou and Austin, 1971). 

To calculate the inter-assay repeatability, replicate serum 

samples were included in each assay and the mean and SD of the 

estimates determined. 
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PART IV: OESTRADIOL-178 ASSAY 

An assay for the measurement of serum oestradiol~178 concentrations 

in cycling and early pregnant mares was developed using the method of 

Wu and Lundy (1971). 

(i) Extraction of Serum Oestradiol-178 

To 1 ml serum was added 0.16 ml of 0.05 M carbonate pH 9.5 

buffer, then extraction performed with 3 ml ether (Fluka, 31690) 

by vortexing for 30 secs, centrifugation at 1200 x g for 10 min, 

and recovery of the supernatant. This ether extraction was 

then rep~ated, and the combined supernatants dried~own under 

nitrogen (N2) at 46°C in glass test tubes. Each serum sample 

was extracted in triplicate. 

(ii) Colurm Purification of Serum Extracts 

Each column was prepared by equilibrating 0.4 gm Sephadex 

LH 20 (Pharmacia Fine Chemicals, Uppsala, Sweden) in a solution 

of 85:15 benzene:methanol (Analar grade) overnight at room 

temperature, and the columns made in 2 ml syringe barrels 

containing a circle of filter paper over the outlet. The 

columns were washed with 5 ml of 50:50 benzene:methanol solution, 

allowing the columns to run dry between each wash. The columns 

were then stoppered and the dried down serum extracts quantitatively 

washed onto the columns with two 0.1 ml washes of 85:15 benzene: 

methanol solution. The stoppers were then removed and the top 

of each column washed with 0.2 ml of 85:15 benzene methanol to 

remove any extract adhering to the sides. The columns were 

then washed with 1.5 ml of 85:15 benzene:methanol solution and 

the eluate discarded. The assay tubes (centrifugable glass 

test tubes) were placed under the columns and the fraction 
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eluted with 1 ml of 85·: 15 benzene :methailol collected. 

Preliminary experiments in which labelled oestradiol~17S 

was added to serum prior to extraction indicated that 

oestradiol.17S was eluted in this fraction (M. G, Soper, 

unpublished observations). The eluates were dried down at 
o -

46 C under N2, following which the sides of the tubes were 

washed down with 0.1 ml methanol prior to drying down in a 
o vacuum oven at 46 C. Note: The columns were re-used by 

repeating the washing processes prior to the addition of the 

serum extracts. 

(iii) The Standard Curve 

To each standard curve tube (centrifugable glass test 

tubes as for the purified serum extracts) was added 6 ml ether 
o (Fluka, as above) and this dried down under N2 at 46 C. To 

each tube was added 1 ml of a column eluate comparable to that 

collected for each serum sample, but from a column to which no 

serum extract had been added. The tubes were then dried down 

under N2 at 460 C following which 0.1 ml methanol containing 

varying amounts of oestradiol-17S was added, to give a 

standard curve of 0, 10, 20, 40 and 80 pg/tube (each point 

assayed in triplicate). The tubes were then dried down in a 

vacuum drying oven at 46oC. 

(iv) Antibody: Buffer: Tracer Solution 

* Immediately prior to the assay the antibody was diluted 

to 1:90,000 in 0.1 M P04 " 0.15 M NaCl, pH 6.9 buffer containing 
t 0.1% NaN3, 0.1% gelatin and 0.01 M EDTA. The tracer (1, 2, 6, 

7-H3-oestradiol-178, sp act approximately 80 Ci/mmol) was 

repurified every four weeks on LH 20 columns and eluted as for 

* Antibody generously supplied by Mr R. J. Fairclough, Ruakura 

Animal Research Station, Hamilton, New Zealand. 

t The Radiochemical Centre, Amersham, England. 
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serum extracts, dr'ied down, and resuspended in methano 1, and 

added to the antibody solution to give approximately 30,000 cpm 

(55% counting efficiency) to form the antibody: buffer: tracer 

solution. 

(v) Method 

To all tubes (standards and purified serum extracts) was 

added 0.2 ml of 0.1 M P04 - 0.15 M NaCl, pH 6.9 buffer containing 

0.1% NaN3, and the tubes vortexed vigorously. The tubes were then 

incubated at 37°C for 10-15 mins, then again vigorously 

vortexed to resuspend the standards and extracts. The tubes 

were then cooled to 40 C and while at this temperature, 0.2 ml 

of antibody: buffer: tracer solution added, then the tubes 

vortexed and incubated overnight at 4oC. To separate the free 

from antibody~bound hormone, 0.2 ml of dextran coated charcoal 

(prepared at 40 C by mixing 25 mg dextran T-70 (Pharmacia Fine 

Chemicals, Uppsala, Sweden) in SO ml of 0.1 M P04 - 0.15 

M NaCl pH 6.9 buffer containing 0.1% NaN3, with 250 mg of 

powdered activated charcoal (BDH Chemicals Ltd, Poole, England) 

in SO ml of the same buffer within 0.5 h of use in the assay) was 

added to all tubes at 30 sec intervals. Following incubation for 

15 min, the tubes were centrifuged at 40 C for 10 min at 1000 x g 

and 0.5 ml of the supernatant aspirated and placed in 9.0 ml 

toluene scintillator fluid (prepared as for the progesterone 

assay). The vials were counted in standard scintillation 

counting equipment and levels of oestradiol-17S in the serum 

samples calculated from the standard curve, allowing for losses 

in extraction and on the column (pre-determined by calculating 

the recovery of H3-oestradiol-17S added to serum samples prior 
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to extraction). Note: It was essential that all glassware 

be cleaned in chromic acid in addition to normal washing 

procedures. 
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RESULTS"AND DISCUSSION 

PART I: EQUINE FSH ASSAY 

A. PRELIMINARY EXPERIMENTS: 

The results of electrophoresis of the hormones after radioiodination 

are shown in Fig. 11. The reaction mixture contains pure (strips 1 to 

6) and damaged (strips 6 to 12) hormone, as well as iodide (strips 12 

to 20), and an estimate of the sp act of the labelled hormone was 

obtained from the calculation: 

Fraction Pure = 

Then sp act = 

Where P = 
D = 

I = 
Maximum sp act = 

P 

P + D + I-

Fraction Pure X maximum sp act 
125 Counts of pure I -FSH 

125 Counts of damaged I -FSH 

Counts of iodide 

Number of ~Ci/number of ~g hormone added to the 

reaction vial 

Electrophoresis of the reaction mixture was performed routinely 

following all iodinations to ensure that the sp act of the labelled 

hormone remained at least above 100 ~Ci/~g hormone. 

The results of experiments 1 to 4, in which the binding of eFSH 

to anti.rFSH and anti-hFSH, and its displacement by either I 125 _hFSH or 

I 125 _rFSH was investigated, are shown in Figs 12 to 15, All four 

systems showed a displacement of labelled hormone from the antibody with 

increasing quantities of serum, with the steepness of the curves 

increasing as the antibody concentration decreased, In selecting one of 
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LEGEND FOR FIGURES 12 tQ 15: 

% Control = counts of 1125aFSH in tube x 100/Bo 

Bo = counts of I125~FSH bound in the absence of 

Total 

Curve A 

Curve B 

Curve C 

any added unlabelled hormone 
125 = total counts of I ~FSH added to each tube 

= 1:1000 initial dilution of antibody 

= 1:2000 initial dilution of antibody 

- 1:6000 initial dilution of antibody 
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DOSE/RESPONSE CIJRVES IN THE 
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FIGURE 13: DOSE/RESPONSE CURVES IN THE 

ANTI-pFSH: eFSH: I 125_hFSH 
SYSTEM 
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FIGURE 14: DOSE/RESPONSE CURVES IN THE 

ANTI-hFSH: eFSH: I Z25 _hFSH 
SYSTEM 
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FIGURE 15: DOSE/RESPONSE CURVES IN THE 

ANTI-hFSH: eFSH: ~25_pFSH 
SYSTEM 
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these four systems for further development, both the steepness of the 

curve, and the %Bo/Total (counts of I 125 _FSH in the absence of any added 

unlabelled FSH x 100/total counts of I 125 _FSH in the tube) were considered, 

The results indicated that anti-hFSH used at an initial dilution of 

1:6000 in combination with I 125 _rFSH (Fig, l5~ Curve C) gave the 

steepest dose/response curve, However~ the %Bo/Total in this system was 

6,89%, which is lower than is normally acceptable for RIA. A more 

satisfactory level of binding (15,4%) was obtained in the system using 

anti-hFSH (1:6000 initial dilution) in combination with I 125 _hFSH (Fig, 

14, Curve C) and this system was selected for further development. 

B, VALIDATION OF THE EQUINE FSH ASSAY: 

The serum dose/response curve in the anti-hFSH and I 125 _hFSH 

system showed that a serum constituent did bind to anti-hFSH and 

compete with the labelled hormone; however, it did not indicate whether 

the serum constituent was eFSH, or in fact another protein which bound 

non-specifically, Therefore, it was essential to determine whether pure 

eFSH of pituitary origin also bound to anti-hFSH and if this FSH 

displayed the same characteristics in the assay as the serum constituent, 

The results of the inclusion of a standard curve of Hartree eFSH, together 

with dose/response curves from different horses, are shown in Fig, 16, 

These curves show acceptable parallelism with one another, indicating 

that eFSH present :':1 the pituitary extract behaves similarly in this RIA 

to eFSH present in serum, in terms of binding to the anti-hFSH and in the 

quantitative competition with I 125 _hFSHfor this binding, 

Fig. 17 shows the parallelism between a standard curve of Nuti eFSH 

and dose/response curves from a number of horses in different physiological 

states, Since it is unlikely that any serum interfering substances (binding 
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DOSE/~ESPONSE AND STANDARD CURVES 
(ANTI-hFSH: eFSH: I 125_hFSH SYSTEM) 
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non-specifically) would be present in these different sera at the same 

concentration, such parallelism similarly indicates that eFSH is the 

hormone being measured in this RIA system, 

When varying amounts of Hartree eFSH were added to 100 ~l serum of 

known endogenous FSH content and assayed, regression analysis, after 

correction for endogenous FSH, indicated that recovery was almost 

quantitative (r ~ 0.991, slope = 1,246, intercept = -0,95), Regression 

analysis on the recovery of known amounts of Nuti eFSH added to 50 ~l 

serum after correction for endogenous FSH content, showed that exogenous 

Nuti eFSH was quantitatively recovered in this system (~~ 0.989, slope 

= 1.050, intercept ~ -0,334), 

Crossreaction of eLH in the eFSH assay was determined by the 

addition of varying known amounts of Hartree eLH (source indicated in 

Part II) up to 6 ng Hartree eLH/tube, a level up to the oestrous peak 

serum LH concentration (see Chapter IV), The results indicated that 

eLH at physiological concentrations does not crossreact in the eFSH 

system. 

Serum samples collected 12 to 96 h after administration of 5000 I,U, 

of HCG indicated no significant crossreaction of this hormone (see 

Chapter IV), Crossreaction of PMSG was negligible, since serum samples 

from mares 40 to 60 days pregnant containing high levels of PMSG showed 

no interference in the eFSH assay (see Chapter V), 

The standa~i deviation (SD) of each serum sample estimate was 

determined by computer analysis (Burger et aZ, 1972) and incorporated 

the error in the radioactive counts of the sample triplicates, and the 

slope of the standard curve in the area, As an indication of the 

precision of the assay 25 similar serum FSH estimates were selected 

from several assays and their mean, and the mean of their SD calculated, 
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In the low range, the mean FSH concentration was 5.385 ng/ml, and the 

mean of the SD was 0.879 ng/m1. In the middle range, the mean of the 

estimates was 11.991 ng/m1, and the mean of the SD of these estimates 

was 1.289 ng/m1. In the upper range, mean FSH was 19.287 ng/ml, and the 

mean of the SD was 1.908 ng/ml. 

To determine the repeatability of the FSH method, repl.icate serum 

samples were included in a number of different assays. The mean and 
+ SD of the FSH- measurements were: 135.0 - 21.28 ng/m1 Hartree eFSH 

+ + (n = 6); 58.45 - 3.26 ng/m1 Hartree eFSH (n = 6); 12.19 - 1.70 ng/ml 

Nuti eFSH (n = 7); 8.40 ~ 1.40 ng/ml Nuti eFSH (n = 7). Therefore, 

the mean interassay variability was 13.0%. 

In routine assays the anti-hFSH serum at a final dilution of 

1:31,500 specifically bound 16-22% of the I125 _hFSH, while non-specific 

binding in blank tubes (containing no antibody) was 1.67 ~ 0.21% 

(n = 16) 

This eFSH assay method thus appears to meet the criteria for a 

specific, precise and reproducible RIA~ suitable for the measurement of 

serum FSH levels in cycling and pregnant mares. Note: This assay method 

was outlined in a preliminary report (Evans and Irvine, 1975), and was 

subsequently published in detail (Evans and Irvine, 1976). 
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PART II: EQUINE LH ASSAY 

A, PRELIMINARY EXPERIMENTS: 

The results of electrophoresis of the reaction mixture of oLH and 

hLH after radioiodination are shown in Fig, 18, This iodination 

method generally produced a labelled hormone with a sp act above 

90 ~Ci/~g, Failure to purify the labelled LH prior to addition to 

the assay induced marked loss of assay sensitivity, 

The results of the preliminary experiments using the solid phase 

system with Wallaceville anti-oLH serum and I l25 _oLH indicated that 

the standard curve and the dose/response curve of pooled serum were 

not parallel (see Fig, 19) and therefore that some component of serum 

was non"specifically binding to the antibody, Also~ inclusion of serurn 

samples from mares (100 ~l) in the assay gave results much higher than 

those found in cycling mares by Dr W, R, Allen, Animal Research Station, 

Cambridge, England, rers aomm 9 using the same reference pituitary 

standard u For these reasons. further development of this assay system 

was discontinued, 

The results from the experiments to investigate whether equine 

serum could displace labelled hLH from the anti-hLH indicated that 

increasing quantities of serum caused increasing displacement of the 

I 125 _hLH, 

S, VALIDATION OF THE EQUINE LH ASSAY (Human System): 
125 To determine whether displacement of I -hLH from antiwhLH by equine 

serum was due specifically to eLH in serum, or some non-specific serum 

constitutent, a standard curve of pituitary Hartree eLH was tested in 

the assay system and compared with dose/response curves from horses 

in different physiological states, These dose/response curves were all 
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FIGURE 18: ELECTROPHORESIS FOLLOW~NG RADIOIODINATION 
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parallel to one another and to the standard curve (see Fig. 20) 

indicating that the assay system is specific for measurement 0f 

equine LH. 

Regression analysis on the recovery of known am0unts of Hartree 

eLH added to serum after correction for endogenous eLH indicated that 

exogenous eLH was quantitatively recovered in this assay system 

(r ~ 0.997~ slope ~ 1,082, intercept ~ -0.229). 

Addition of varying quantities of Hartree eFSH (3-24 ng/tube) 

to the eLH assay resulted in a mean displacement equivalent to 9.3 

~ 2.7% (n ~ 4) by weight of Hartree eLH by Hartree eFSH. This marked 

degree of interference by eFSH is thought to be due to LH contamination 

of the FSH standard, since a several fold increase in serum FSH occurs 

in mares during the oestrous cycle, without any concomitant elevation 

in measured LH c0ncentrations (see Chapter IV) . 

Both HCG and PMSG showed marked crossreactivity in the eLH assay 

so that the differential quantitation of eLH and PMSG in pregnant mares 

is not possible by this method. 

TSH is known to crossreact in other LH RIA systems but a purified 

preparation of equine TSH was not available to determine if this 

occurred in the eLH assay. However. 1.5 mg thyrotrophin releasing 

hormone (TRH, gift from Hoechst~ Frankfurt eM), Germany) was injected 

i.v, into a 3 year old colt and a 4 year old gelding and blood samples 

were collected 20, 30, 40 and 340 min later. Total T3 was measured in 

these samples (see Chapter I) and increased steadily to 73% and 352% 

above baseline in the colt and gelding respectively by 340 min after 

TRH. In the normal human, injection of a comparable dose of TRH 

(200 ~g) resulted in a maximum increase of 53% in plasma T3 at approx-

mately 3 h and a maximum increase in TSH of 262% at 30 min (Lawton, 1972). 

It would be expected, therefore, that in the gelding, who showed a 
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FIGURE 20: DOSE/RESPONSE AND STANDARD CURVES (ANTI-hLH: eLH: I 125 -hLH SYSTEM) 
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352% increase in T3, the 20, 30 and 40 min post-injection samples would 

have extremely elevated TSH levels o However, all samples gave LH 

values identical to baseline in both the colt and gelding, providing 

strong evidence that equine TSH did.not crossreact in this eLH assay. 

The assay was used routinely for the measurement of serum LH 

concentrations and in the absence of any added unlabelled eLH the 

1:560,000 final dilution of anti-hLH serum specifically bound 
125 between 13-18% of the I -hLHo Non-specific binding in the blank 

+ tubes (containing no antibody) was 1056 - 002% (n = 8)0 

The precision of the eLH assay was estimated in the same 

way as for the eFSH assayo The mean of25LH sample estimates in 

the low range was 130654 ng/ml and the mean of their SO was 2.267 ng/ml. 

In the middle range, mean LH was 24.737 ng/ml, and the mean of the SD 

was 2.620 ng/ml. In the upper range, the mean of the estimates was 

38,976 ng/ml and the mean of the SO was 3.272 ng/ml. 

The interassay repeatability was determined by the inclusion of 

replicate sera in a number of assays with calculation of the mean and 

SO of the LH concentrations 0 The results for such determinations were 
+ + 31 036 - 202 ng/ml Hartree eLH (n = 5); 18 043 - 4.25 ng/ml Hartree eLH 

+ (n = 10); 31,75 - 7,50 ng/ml Hartree eLH (n ~ 6) 0 The mean interassay 

variation was therefore 1709%. 

Therefore, this method (Human System) d~y~lbped for the measurement 

of eLH, appears to meet the criteria of specificity, precision and 

reproducibility for RIA, and can be used for estimation of serum LH 

concentrations in cycling mares and in pregnant mares when PMSG is not 

present. Note: This method was described in a preliminary report (Evans 

and Irvine, 1975) and subsequently reported in detail (Evans and Irvine, 1976). 
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C. VALIDATION OF THE EQUINE LH ASSAY (Niswender Ovine System): 
• *-* 

This eLH assay established utilized the same antibody as described 

by Noden et aZ (1974) but a different preparati(m of oLH for 

iodination and different eLH as reference standards. Therefore, addit~ 

ional validation was considered necessary before this assay could be 

used for assessing serum LH concentrations. As shown in Fig. 21, 

there was acceptable parallelism between the standard curve of Hartree 

eLH and a dose/response curve of pooled serum indicating that this 

assay is specific for eLH. Regression analysis on the recovery of 

known amounts of Hartree eLH (0.375 to 12 ng/tube) to 20 ~1 serum 

showed, after correction for the endogenous LH content of the serum, 

that recovery of LH in this assay system was quantitative (r = 0.9996, 

slope = 10085, intercept = .0,043) 0 

FSH crossreactivity was not determined, since pituitary eFSH 

sufficiently free of LH was not available. However, Noden et aZ, 

(1974) using the same anti~oLH and a similar eFSH found crossreaction 

to be 9% by weight; from relative potencies of the pituitary preparations 

used, the eFSH crossreaction would have a negligible effect on 

the eLH results. Both PMSG and HCG showed marked interference in the 

assay system. 

In routine assays the anti-oLH at a final dilution of 1:213,200 
125 specifically bound between 15 and 35% of the I "oLH, with non-specific 

) + 0 binding in the blank tubes (no antibody being 3.18 - 1.63~ en = 17). 

The precision of this eLH assay was determined as described for 

the FSH assayo The mean of 25 LH sample estimates in the low range was 

18.74 ng/ml Hartree eLH and the mean of their SD was 2.89, In the 

middle range, mean LH was 45 046 ng/ml and the mean of the SD was 3.31 ng/ml. 

In the upper range, the mean of the estimates was 107.35 ng/ml and 
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the mean of the SD 5,34 ng/ml, 

The interassay repeatabi Ii ty was determined by the inclusion of 

replicate sera in a number of assays, and calculation of the mean and 

SD of each estimate, The results, expressed in Hartree LH, were 
+ + + 130.25 - 10.79 ng/ml en = 19); 98,30 - 10,09 ng/ml (n = 6); 21,36 

+ 3.41 ng/ml en ~ 9) and 72,07 - 6.83 ng/ml en ~ II), The inter-assay 

variability was therefore 11%, Thus this Niswender Ovine System 

which was developed as a modification of the method described by Noden 

et aZ (1974) fulfilled the requirements for a valid RIA for the 

measurement of serum LH in cycling mares and in pregnant mares in the 

absence of PMSG, 



176 

PART III: PROGESTERONE ASSAY 

The assay was considered adequately specific for the measurement 

of serum progesterone concentrations in mares, since 90% of the progest~ 

erone is extracted with hexane CPepe and Rothchild, 1972), and the 75% 

of 20a~hydroxyprogesterone extracted would have very little effect 

because of its low binding affinity to CBG (Demetriou and Austen, 1971). 

In this assay system with the CBG serum used at a final dilution of 

1: 2000, between 50 and 66% of the H3 ~corticosterone was specifically 

bound. The standard curve was highly reproducible between assays and 

was sufficiently sensitive for determining the serum progesterone 

concentration in cycling and early pregnant mares, as shown in Fig. 22. 

When replicate sera were included in a number of assays to 
+ determine the interassay variability, the results (mean -.. SD) were: 

+ + + 14.66 - 2.44 ng/m1 Cn = 8); 10.39 - 1.44 ng/ml en = 15); 8,69 ~ 1,76 
+ + ng/ml (n = 10); 5.91 ~ 1,16 ng/ml (n = 31); 0,61 - 0.39 ng/ml (n = 24) 

+ and 0.66 - 0.50 ng/ml (n = SO). The interassay variability was 17,60% 

when the progesterone concentration was above 2 ng/ml; however, the 

variability was much higher in samples containing less than 1 ng/ml. 

Note: The progesterone assay was established by Mr B. M, Lawson, 

Veterinary Science Department, Lincoln College. 
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FIGURE 22: PROGESTERONE ASSAY STANDARD CURVE 
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PART IV: OESTRADIOL-17B ASSAY 

For the extraction of oestradiol-17B from serum samples it was 

found that Fluka ether (see Materials and Methods) was essential to 

avoid interference in the assay system, and the final extraction 

efficiency following procedural losses and column purification was 

77.3%, The column chromatography step was also found to be necessary 

since this removed additional interfering substances, as well as 

differentially eluting oestrone. 

The oestradiol~17B antibody was specific for this hormone, 

crossreacting 100% with oestradiol.17B,3.2% with oestrone 9 1% with 

oestradiol-17~, and less than 0.1% with other oestrogens. When used 

at a final dilution of 1:180,000, the antibody specifically bound 

15~18% of the H3.oestradiol-17 S, and Fig. 23 illustrates a standard 

curve obtained. 

When known amounts of standard oestradiol-17S were added to serum 

prior to extraction, regression analysis (after correction for 

endogenous oestradiol-17S) indicated that the exogenous oestradiol~17S 

was quantitatively recovered in this assay (r = 0.996, slope = 1.040, 

intercept ~ 0.005). When known amounts of standard oest~adiol-17S 

were added to serum after extraction, regression analysis showed 

r = 0.994, slope = 0.989 and intercept = 0,003, after correction for 

endogenous oestradiol. 

Fig. 24 illustrates the parallelism between the standard curve 

and a dose/response curve of a pooled serum from mares. When such 

varying quantities of a serum of known oestradiol-17S concentration 

were assayed and the values obtained compared with the expected 

values, regression analysis showed r = 0.996, slope = 0.959 and intercept 
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FIGURE 23: OESTRADIOL~17a ASSAY STANDARD CURVE 
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= 1.17. Thus the assay was specific for oestradiol~17S in serum samples 

from cycling and early pregnant mares. 

The interassay variability as assessed by the inclusion of one 

serum sample in 18 assays was 19% (9.4 ~ 1.8 pg/ml). Note: This assay 

was developed by Mr M. G. Soper, Veterinary Science Department, Lincoln 

College. 
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CHAPTER··IV 

THE SERUM CONCENTRATIONS OF GONADOTROPHIC 

AND STEROID HORMONES DURING THE OESTROUS CYCLE AND 

EARLY PREGNANCY IN THE MARE 
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INTRODUCTION 

Fifty years ago Aitken (1927) described the ovarian changes which 

occur throughout the oestrous cycle and early pregnancy in the mare 

as determined by palpation per rectum and substantiated by necropsy. 

He noted that an ovary may show a 2 to 7 fold increase in size during 

a cycle, reaching a maximum size at ovulation. This great size attained 

before ovulation was attributed :- (i) chiefly to the mature follicle 

(or follicles) from 4 to 7 cm diameter, (ii) partly to 1 to 5 smaller 

follicles of 1 to 3 cm diameter, and (iii) to congestion and infiltration 

of the stroma of the ovary. The study also showed that as many as 

15 new follicles may appear during one cycle, the average being 8 to 9, 

and that these follicles appeared at any time during the cycle, but 

their development seemed stimulated during the last 4 to 5 days before 

and the first few days of oestrus. Aitken (1927) also noted another 

condition peculiar to the mare in which many large follicles develop 

during the first few months of gestation. 

More recent studies have confirmed and elaborated on these early 

findings, i.e. that a predominant feature of the oestrous cycle and 

early pregnancy in the mare is the follicular proliferation which occurs, 

When this present study was initiated, serum levels of progesterone 

(Hughes et aZ, 1972b; Holtan et aZ, 1973), LH (Whitmore et aZ, 1973) 

and oestrogens (Pattison et aZ, 1972, Nett et aZ, 1973) had been 

determined in mares. However, there was no information available on 

the serum levels of FSH in the mare, despite FSH being the hormone 

assumed to cause follicular development which so predominates the 

mare's oestrous cycle and early pregnancy. 
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Therefore, the objective of this study was to determine the 

serum levels of FSH in the mare throughout the oestrous cycle, at the 

same time measuring serum levels of LH, oestradiol~17B and progesterone, 

and monitoring associated behavioural and ovarian changes. It was 

hoped that such a study would clarify the role of FSH in the events 

culminating in ovulation in the mare by defining the relationship 

between changes in serum concentration of FSH and follicular development. 

An interpretation of the hormonal control of the oestrous cycle of the 

mare could then be made by integrating these findings with the serum 

levels of LH, progesterone and oestradiol-17B as measured, together 

with additional extensive information available in the literature. 

Furthermore, since the follicular growth pattern is so well defined 

in the mare and readily and accurately assessed, this study might 

provide information on the role of FSH in folliculogenesis which 

could be applicable to other species. 

The serum concentrations of FSH during pregnancy in the mare, and 

their relationship to the follicular development that occurs, are 

reported in Chapter V. 



190 

MATERIALS" "AND" "METHODS 
418 

The study involved the measurement of serum concentrations of 

FSH, LH and progesterone throughout the oestrous cycle and early 

pregnancy on serum samples collected from cycling mares three times 

weekly during dioestrus and twice daily during oestrus over a period 

of a month in 1973. In addition a more detailed daily study was 

made on a further four mares in 1974, in which the relationship between 

serum levels of FSH and oestradiol"17B, and the ovarian changes were 

investigated. 

A. 1973 STUDY: 

EXPERIMENTAL ANIMALS 

The 28 mares used in this study were 400N600 kg standardbreds 

held on a commercial stud farm (Nevele R, Prebbleton, Canterbury). 

Details of the individual mares (see Results) are shown in Appendix 1, 

All mares were non-pregnant at the outset of the study except one 

(Portenia), and all except two were non-lactating. The mares were 

part of a group of 80 grazing on mixed sward pasture with some 

natural shelter available. The mares were at the stud to be bred, 

and therefore were teased three times weekly throughout the stud 

season (usually between 1 September and 31 January). This was 

performed by running the mares one at a time into a teasing crush, 

the teaser stalli~n being allowed to approach from the side, and 

observations recorded on the mare's responses to sight, sound and 

touch (nuzzling, nipping and biting) of the stallion. Mares deemed 

to be in oestrus according to typical criteria (Ginther et aZ, 1972) 

were held in a separate paddock close to the yards and were usually 

examined by the stud veterinarian every second day and their ovaries 

palpated per rectum. The mares were mated by natural service and 
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pregnancy diagnosis performed by palpation at 40 days. Several of 

the mares wer~ injected during oestrus with HCG to advance ovulation 

in accordance with the veterinarian's advice. These observations 

over the period prior to, during and following the period of the 

study were recorded for each of the mares. 

Collection of blood samples commenced on 26 October, at a 

time when most of the mares at the stud had resumed cyclic ovarian 

activity after the winter although sampling in one cycling mare began on 

19 October. The samples were collected by jugular venepuncture three 

times weekly during dioestrus (at the time of teasing) an_d twice daily 

during oestrus, over a four week period. Serum was recovered by 

centrifugation within 18 h, and each sample was divided into three 

aliquots prior to storing at _160 C, so that protein hormone assays 

could be performed on serum not previously thawed. 

M~SUREMENTOFHORMONES 

Serum concentrations of FSH, LH and progesterone were determined 

within eight months of collection of the samples by the methods 

described in Chapter III, using the Human System for LH. It was 

fundamental to the validity of the study that the hormonal concent-

rations in any blood sample collected on anyone day, were representative 

of the mean serum concentration of each hormone for that day. Episodic 

release of gonadotrophins, particularly LH,and also oestradiol-17B 

have been report~J as occurring in the normal cycle of women with the 

periodicity changing from 1 to 2 hourly episodes in the early follicular, 

early luteal and mid-cycle periods, to 2 to 6 hourly during the mid-

and late luteal phases (Burger, 1976). Therefore, an experiment was 

designed whereby mares were bled hourly for 24 h. The six mares included 

in the study were maintained at Nevele R Stud under the same conditions 

as those in the 1973 study, and for the 24 h of the experiment held 
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in individual small yards, fed hay and grain and did not appear 

stressed by the experiment. Two of the mares were in shallow acyclicity 

(as defined in Chapter VI), two in dioestrus and two in oestrus. 

Of the 28 mares in the study of the hormonal and ovarian events 

of the oestrous cycle, seven were deleted from this report since they 

failed to exhibit normal cyclicity, and were variously in prolonged 

oestrus, in prolonged dioestrus (retained corpus luteum) or sh0wing 

abnormally short cycles during the period of study. 

B • "'1974' STUDY: 
*4 L,i Ie 

EXPERIMENTAL MARES 

Three of the four mares in this study were 400 .. 500 kg standard-

breds maintained at the Research Farm, Lincoln College. These 

nulliparous mares were grazed on a mixed sward pasture within sight 

and sound 0f a teaser stallion. They were teased over a gate once 

daily and oestrous behaviour was determined as described by 

Gallagher (1975). Detailed ovarian palpations were performed daily 

or every second day around the time of oestrus, and at intervals 

* of 1 to 5 days during dioestrus . The fourth mare, also a 

nulliparous mare, was held at Nevele R Stud under the same conditions 

as the mares used in the 1973 study, but ovarian palpations were 

perf0rmed by the same operators as the other mares in the 1974 study. 

Blood samples were collected daily and treated as ,described for 

the 1973 study. 

To investigate the relationship between serum FSH concentrations 

and follicular development, three of these mares were similarly bled, 

* Palpations were performed by the author and Professor C.H.G. Irvine, 

Veterinary Science Department, Lincoln College, 
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palpated and teased in an additional experiment. One mare was studied 

for 42 days following an ovulat~on which resulted in a retained corpus 

luteum, and the other two mares for 35~37 days after an ovulation 

with progesterone being administered (150 mg/day) from Day 13 to 

Day 37 following this ,ovulation. This progesterone administration 

over the period of the'next expected oestrus when endogenous 

progesterone production would be negligible, maintained serum progest-

erone concentrations at a level comparable to those during diestrus 

(see Chapter VI). 

MEASUREMENT OF HORMONES 

Serum concentrations of FSH, LH, progesterone and oestradiol-17B 

were determined as described in Chapter III, with LH measured by the 

Niswender Ovine System. 
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RESULTS 

The results of the measurement of FSH, LH and progesterone 

concentrations in samples collected hourly for 24 h in six mares 

are shown in Tables 30 to 35, SerUm FSH concentrations (ng/ml 

Nuti equine FSH) in the two acyclic mares (Hull, Table 30 and 

Not Funny, Table 31) showed minor fluctuations throughout the sampling 

period, with the mean FSH concentrations being 23.37 ! 3.45 and 

20.33 ~ 4.06 ng/ml respectively. In one of the mares in dioestrus 

(Direct Jan, Table 33) the· FSH concentrations similarly showed 

minor fluctuations throughout the sampling period, the mean being 

22.21 : 4.2 ng/ml but in the other dioestrous mare, Camlin (Table 32) 

the mean FSH concentration was 6.80 ~ 2.09 ng/ml and at this relatively 

low level of FSH, the standard deviation was a much higher percentage 

of the mean concentration. In one of the oestrous mares (Lisa Twinkle, 

Table 34), FSH concentrations showed little variation throughout the 

sampling period, the mean being 17.45 : 2.77 ng/ml. However, in the 

other oestrous mare, Zadios (Table 35), the FSH concentrations were 

quite variable with a mean of 24.50 ~ 9.6 ng/ml. 

Serum levels of LH (ng/ml equine Hartree LH) remained steady 

throughout the sampling period in the two acyclic mares (see Tables 

30 and 31) with the mean concentrations being 16.93 + 2.56 and 2.04 + 

0.72 ng/ml respectively. In the two mares in oestrus (Tables 34 and 35) 

LH concentrations also showed little variability, the mean being 

27.9 ~ 4.79 ng/ml in Lisa Twinkle and 51,31 ~ 8.25 ng/ml in Zadios. 

The variability in serum levels of progesterone throughout the 24 h 

was also determined in the two dioestrous mares, and little fluctuation 

in the levels occurred. The mean concentration in Camlin (Table 32) 

was 1.35 + 0.32 ng/ml and in Direct Jan (Table 33) was 5.47 ~ 0.83 ng/ml. 



195 

TABLE 30: 

HULL (ACYCLIC MARE) 

Hourly Blood Sampling Experiment 

Date Time FSH LH 
ng/m1 ng/m1 

14 .. 10 .. 75 1604 17.1 14.6 
14 .. 10-75 1706 20.B 15.1 
14 .. 10 .. 75 1B25 20.4 
14"10-75 1952 16.9 

-14 .. 10-75 2109 2B.B 20.6 
14-10-75 2213 31. 7 1B.4 
14-10-75 2311 21. 3 17.7 
15-10-75 0009 22.1 17.2 
15 .. 10-75 0113 22.2 12.3 
15-10-75 0220 23.9 16.7 
15-10-75 0317 19.2 15.0 
15-10-75 0423 27.B 21.0 
15 .. 10-75 0517 22.6 19.1 
15-10-75 0615 23.4 21. 2 
15 .. 10-75 070B 25.6 1B.0 
15-10-75 OBOB 17.B 15.0 
15-10-75 0907 25.1 14.0 
15-10-75 1011 23.9 13.5 
15-10-75 1107 24.5 15.5 
15-10-75 1205 23.7 15.2 
15-H}-75 1307 20.6 15.7 
15-10-75 1407 25.0 16.6 
15-10-75 1509 25.0 20.1 

Mean 23.37 16.93 
SD 3.45 2,56 
n 21 23 

* Footnote, see next page 
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Footnote Tables 30 and 31: 

Serum concentrations of FSH expressed as ng/ml Nuti equine 
FSH (see Chapter III) 
Serum concentrations of LH expressed as ng/ml Hartree equine 
LH (see Chapter III) 
Time = time in hours at which blood samples were collected 
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TABLE 31: 

NOT FUNNY (ACYCLIC MARE) 

Hourly Blood Sampling Experiment 

Date Time FSH LH 
ng/m1 ng/m1 

14-10-75 1607 16.3 3.0 
14 .. 10-75 1706 21.1 1.5 
14-10-75 1827 15.1 2.3 
14-10-75 1953 29.0 3.1 -
14.10-75 2109 26.1 2.3 
14-10-75 2213 28.8 3.0 
14.10-75 2311 16.0 1.9 
15.10-75 0009 16.9 3.0 
15-10-75 0113 20.0 2.0 
15-~0-75 0220 21.9 2.1 
15.10.75 0317 19.4 2.0 
15-10-75 0423 21.4 2.0 
15 ... 10-75 0517 24.1 1.2 
15-10-75 0616 24.4 0.5 
15-10.75 0709 17.6 1.1 
15.10.75 0812 19.8 1.2 
15-10-75 0911 23.0 1.1 
15.10-75 1013 20.6 1.9 
15-10-75 1111 16.4 2.0 
15.10·75 1209 20.2 3.2 
15.10-75 1310 16.5 2.5 
15·10 .. 75 1410 16.0 2.0 
15.10-75 1511 17.3 2.0 

Mean 20.33 2.04 
SD 4.06 0.72 
n 23 23 

"-

* Foot note, see Table 30 
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TABLE 32: , 

CAMLIN (DIOESTROUS MARE) 

Hourly Blood Sampling Experiment 

Date Time FSH Progesterone 
ng/m1 ng/m1 

14.10~75 1606 4.58 1.92 
14-10-75 1708 4.69 2.03 
14~10~73 1828 3.39 1. 73 
14.10-75 1954 5.45 1.57 
14 .. 10-75 2113 5.05 1. 36 -

14 .. 10~75 2215 8.39 1. 76 
14~10-75 2313 4.97 1.71 
15-10~75 0011 4.33 1. 39 
15 .. 10.75 0114 4.61 1.20 
15-10-75 0224 8.77 1. 33 
15-10.75 0320 7.43 1.47 
15-10-75 0425 8.67 1.25 
15-10-75 0520 10.0 1. 31 
15-10-75 0618 8.63 1. 25 
15-10-75 0711 7.34 1.44 
15-10-75 0813 10.2 1.09 
15-10-75 0912 9.43 1.01 
15.10~ 75 1017 6,21 1.00 
15-10-75 1115 1.17 
15-10-75 1212 7.17 1.15 
15-10-75 1312 5.29 0.99 
15-10-75 1415 0,93 
15-10-75 1512 8.28 0.94 

Mean 6.80 1. 35 
SD 2.09 0.32 
n 21 23 

* Footnote, see next page 
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Fd0trt0te~ ·Table 32: 

Serum concentrations of FSH expressed as ng/ml Nuti equine 
FSH (see Chapter III) 
Time = time in hours at which blood samples were collected 

This mare was in oestrus two days after the experiment 
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TABLE 33: 

DIRECT JAN (DIOESTROUS MARE) 

Hourly Blood Sampling Experiment 

Date Time FSH Progesterone 
ng/m1 ng/m1 

14-10-75 1609 18.2 5.92 

14 .. 10-75 1704 24.2 4.80 

14 .. 10~75 1824 24.6 5.73 

14-10-75 1955 21.4 6.35 -

14-10-75 2108 21.0 5.12 

14 .. 10-75 2211 18.2 7.73 

14-10-75 2309 16.2 6.0 

15-10_75 0005 19.2 5.33 

15-10-75 0110 21. 2 6.05 

15-10-75 0212 21. 3 6.93 

15-10-75 0312 18.4 5.89 

15-10-75 0417 17.5 4.53 

15-10-75 0512 16.4 4.96 

15-10-75 0612 18.0 4.00 

15-10-75 0705 20.1 4.93 

15-10-75 0805 21.5 4.61 

15-10-75 0903 26.7 5.28 

15-10-75 1007 28.0 4.75 

15-10-75 1103 29.6 5.20 

15-10-75 1201 27.7 4.91 

15-10-75 1335 27.1 5.63 

15-10-75 1515 28.0 5.87 

Mean 22.21 5.47 

SD 4.2 0.83 

n 23 23 

* Footnote: 

Serum concentrations of FSH expressed as ng/m1 Nuti equine 
FSH (see Chapter III) 
Time = time in hours at which blood samples were collected 



TABLE 34: 

Date 

14-10"75 
14"10" 75 
14"10~75 

14"10-75 
14"10-75 
14"10-75 
14-10.75 
15.10"75 
15"10-75 
15"10-75 
15"10"75 
15-10-75 
15.10.75 
15"10-75 
15"10"75 
15-10-75 
15-10-75 
15"10-75 
15-10"75 
15"10-75 
15"10-75 
15-10"75 
15"10"75 

Mean 
SD 
n 

* 
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LISA TWINKLE (OESTROUS MARE) 
Hourly Blood Sampling Experiment 

Time FSH LH 
ng/m1 ng/m1 

1603 13.3 27.6 
1701 17.5 22.8 
1822 19.6 25.5 
1950 18.4 33.4 
2106 19.1 22.7 
2209 18.0 36.1 
2307 16.9 27.7 
0006 14.5 33.0 
0110 16.9 25.3 
0218 16.9 33.5 
0315 15.9 28.5 
0419 21. 8 30.0 
0515 15.6 25.2 
0614 12.4 31.4 
0706 20.8 26.5 
0807 18.7 28.4 
0906 22.0 19.8 
1008 18.6 23.1 
1105 16.4 21.6 
1204 21. 8 29.8 
1304 18.3 21. 8 
1405 15.6 37.1 
1506 12.5 30.4 

17.45 27.9 
2.77 4.79 

23 23 

Footnote, see next page 

-



202 

FOOTNOTE FOR TABLE 34: 

Serum concentrations of FSH expressed as ng/ml Nuti equine 
FSH (see Chapter III) 
Serum concentrations of LH expressed as ng/ml Hartree equine 
LH (see Chapter III) 
Time = time in hours at which blood samples were collected 



TABLE' 33: 

Date 

14-10-75 
14-10-75 
14.10-75 
14-10.75 
14-10-75 
14-10-75 
14-10-75 
15-10-75 
15-10.75 
15-10-75 
15-10-75 
15-10-75 
15-10-75 
15-10-75 
15-10-75 
15-10-75 
15-10-75 
15.10-75 
15-10·75 
15-10-75 
15-10-75 
15-10-75 
15-10.75 

Mean 
SD 
n 
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ZADIOS (OESTROUS MARE) 
Hourly Blood Sampling Experiment 

-
Time FSH 

ng/m1 

1612 30.1 
1701 24.4 
1821 17.3 
1948 15.7 
2104 9,36 
2208 21. 3 
2306 9.60 
0003 14.31 
0107 12,2 
0212 13.6 
0310 
0416 21.7 
0512 26.9 
0612 30.3 
0705 38.5 
0802 36.9 
0902 30.2 
1005 33.4 
1100 43.7 
1200 31. 7 
1300 25.0 
1402 28.3 
1504 24.5 

24.50 
9.6 

22 

LH 
ng/m1 , 

61.6 
39.4 
35.5 
39.0 
40.8 -

51.9 
37.4 
45.0 
53.0 
58.3 
53.5 
48.3 
57.6 
54.7 
54.2 
48.1 
50.4 
60.1 
60,5 
52.8 
61. 3 
56.7 
60.1 

51.31 
8.25 

23 
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FOOTNOTE FOR TABLE 35: 

Serum concentrations of FSH expressed as ng/ml Nuti equine 
FSH (see Chapter III) 
Serum concentrations of LH expressed as ng/ml Hartree equine 
LH (see Chapter III) 
Time = time in hours at which blood samples were collected 

This mare was mated at 1800 h on 14 October 1975, and 
conceived to this natural service 
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It is noteworthy that a steady decline in progesterone concentrations 

occurred during the sampling period in Camlin, and that this mare 

was in oestrus two days after the" c0mpletion of the experiment, 

A.1973 ; STUDY: -
The serum concentrations 0f FSH eng/ml Hartree eFSH) LH eng/ml 

Hartree eLH) and progesterone in each of the 21 mares are shown in 

Appendix 3 while the results are graphically illustrated together 

with the ovarian and behavioural data in Appendix 2. Because of the 

differences in cycle length between mares, it is misleading to average 

the daily hormonal concentrations of these 21 mares with_reference to 

one fixed time point e.g. the day of the first ovulation, since this 

masks the real hormonal changes occurring at the second ovulation 

or later. Therefore, to show the mean changes in serum FSH, LH 

and progesterone, the cycle was considered as comprising the first six 

days after ovulation (Days 0 to 6) followed by the 14 days prior to 

the next ovulation (Day -14 through to Day 0), and then the first 14 

days of pregnancy (PI to P14). The data included in the calculation 

of the mean hormonal changes for the first part of the cycle (Day 0 

to 6) was from mares considered to have had a normal ovulation (as 

determined by ovarian palpation and progesterone measurements), but 

which did not result in conception. The data contributing to the mean 

changes during the second part of the cycle (Day -14 to Day 0) was 

from mares in which this subsequent ovulation resulted in conception, 

The results from any mares prior to a non-fertile ovulation were~ 

therefore, excluded from the mean calculation. The administration of 

HCG to mares during oestrus caused marked crossreaction in the LH 

assay, so that differential measurement of the endogenous LH level 

was not possible. Therefore, all the LH results for any mare receiving 

HCG during the period of study were also excluded from the mean calcul-

ation, although the results are shown in Appendix 3. 
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The results of theinean hormonal changes throughout the oestrous 

cycle and early pregnancy thus calculated, together with the mean 

duration of oestrus are shown in Fig. 25. It should be noted that 

different numbers of mares·, as well as different mares, some of which 

maintained higher FSH concentrations both during and between surges 

than other mares, contribute to the mean for each day, and therefore 

considerable weighting on some days occurs. 

Mean serum concentrations of FSH were elevated in the late oestrous/ 

early dioestrous period (Day 0 to 3 of the cycle), and again during 

mid-dioestrus between Day -14 and -9, peaking at 11.1 + 1.9 days prior 

to the subsequent fertile ovulation, after which the levels declined 

to reach the lowest levels of the cycle between Days -6 and -2 just prior 

to and during the first part of oestrus (mean duration of oestrus was 

from Day ~4 to Day P2). The FSH concentrations were then increased 

during the oestrous/early pregnancy period with a further surge 

occurring between Days 8 and 10 of pregnancy. The mean peak concent-

rations in each of these surges (late oestrus/early dioestrus, mid-

dioestrus, late oestrus/early pregnancy, and Days 8 and 9 of pregnancy) 

were 4.4, 3.5, 2.4 and 2.5 times the lowest mean FSH concentration at 

anyone time in the cycle (day -4,pm) respectively. 

Mean serum LH concentrations (as \ assayed in the Human System) 

declined gradually over the first part of the cycle (Day 0 to 6), 

reaching the lowest level between Days 6 through -4, then increasing 

gradually during the later part of oestrus to reach a peak on Day 1 of 

pregnancy of 3.3 times the lowest level of the cycle. The concentration 

then gradually declined and remained at a low level between Days 7 and 

14 of pregnancy. 

Mean serum progesterone concentrations were low «1 ng/ml) in the 

morning of Day 1 after which they increased to a mean level of 4.34 
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ng/ml between Days 1 (pm) and .. 8 of the cycle. The levels began to fall 

on Day -7 and were less than 1 ng/ml during oestrus, increasing again 

to above 1 ng/ml on the afternoon of Day 1 and morning of Day 2 of 

pregnancy and remaining above 3,5 ng/ml until the end of the study 

of Day 14 of pregnancy. 

In an attempt to remove the" weighting effect on the mean daily 

concentration of FSH and LH due to the different mares included on 

anyone day, the same data as shown in Fig. 25 were recalculated by 

expressing each gonadotrophic hormone value for each mare as a 

fraction of the peak serum concentration of that hormone for that mare. 

The results are illustrated in Fig. 26, and show that the fractional 

levels of FSH were elevated during the late oestrous/early dioestrous 

period (Days 1 through 5) and then decline until a surge occurred 

between Days -13 and -9 in mid-dioestrus. The fractional levels 

declined to low levels prior to and during early oestrus and were 

at their lowest levels on Days -5 and -4 (am). The levels then 

gradually increased during late oestrus to reach peak values on Days 2 

and 3 of pregnancy. The levels were then generally low until a surge 

occurred on Days 10 and 12 of pregnancy, The fractional levels of 

LH were increased between Days 1 and 3 of the cycle, the highest 

occurring in the afternoon of Day 1. Following this the concentrations 

declined and welelow until the third day of oestrus when a gradual 

increase began, with a peak on the afternoon of the first day of 

pregnancy. Following this the fractional levels declined and were 

back at baseline from Day 6 of pregnancy onwards. 

From the results illustrated in Figs. 25 and 26, it was apparent 

that two;:FSH surges occur during the oestrous cycle - one around the 

time of ovulation in the late oestrus/early dioestrus, or late oestrus/ 

early pregnancy period, and another near mid-dioestrus. Examination 
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of the data from the individual mares (see Appendices 2 and 3) showed 

that without exception an FSH surge occurs which peaks between 

14 and 8 (mean ILl! 1.9) Days prior to a fertile ovulation. The 

variability between mares in the" timing of this mid~doestrus peak (: 1.9 days) 

could have resulted in an under-estimation of the size of this 

surge when the" data from all the mares were averaged for anyone 

day when the next ovulation is used as a reference time, Therefore, 

in an attempt to give some indication of the mean FSH increase 

occurring during the midRdioestroussurge, the FSH results contributing 

to Figs. 25 and 26 were recalculated around a third reference point, 

so that the peak FSH concentration of the mid-dioestrousFSH surge for 

each of the mares was graphed as occurring on the same day, which has 

been plotted as Day -11 since this was the mean day of the occurrence 

of the peak of the mid-dioestrousFSH surge in all mares. Therefore, 

the time scale was broken at Day 6 (as in Figs. 25 and 26) and also 

at Day -6, and the results shown in Fig. 27. 

It is evident that the peak level of the synchronized mid-

dioestrous FSH surge is 81.5 ng/ml which is twice the mean FSH level 

occurring over Days -9 to -2 of the cycle, and 2.9 times the lowest 

level at anyone time in the cycle (Day -4,pm). 

B. 1974 STUDY: 

The serum concentrations ofFSH (ng/ml Nuti eFSH), LH (ng/ml 

Hartee eLH) ,progesterone and oestradiol-17B in each 0f the mares 

studied are shown in Appendix 6, together with the behavioural 

and ovarian changes. The mean hormonal concentrations and behavioural 

changes throughout the oestrous cycle and early pregnancy are shown 

in Fig. 28. Because of the variability in the oestrous cycle length, 

the cycle was divided into the first five days following ovulation (Days 

o to 5) and the 14 days prior to the next ovulation (Days -14 to Day 0)9 
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followed by the first 14 days of pregnanc} (Days PI to P14). Since 

only two of the mares were mated, the ovulations occurring in the other 

two mares could not be designated non~fertile. These non-mated 

mares were known to cycle regularly and subsequent studies indicated 

a poste~io~i that they had normal cyclic hormonal changes. 

Therefore, the results preceding such ovulations were included in the 

calculation of the mean levels between Day -14 and Day O. 

Mean FSH levels' (note that the reference standard is different 

to that used for the measurement in the 1973 study) showed a slight 

elevation during the late oestrous/early dioestrous period, 

but a more marked surge occurred during mid-dioestrus , between 

Days -14 and -10. Concentrations then decreased and were at the 

lowest level of the cycle on Days -6 through -2, A small surge 

occurred around the time of the second ovulation with peak 

levels on Days -1 and P2 with a further more pronounced surge 

occurring on Days P8 through P12. The mean peak levels of these FSH 

surges were 2.0 and 2.1 times the mean lowest level on anyone 

day of the cycle (Day -3) for the two late oestrous/early dioestrous 

surges and 2.7 times the lowest level of the cycle, at the peak of 

the mid-dioestrous FSH surge. 

Serum LH levels (it should be noted that all LH determinations in 

the 1974 study were made using the Niswender Ovine System) were 

elevated during the first part of the cycle (Day 0 to 5) with a mean 

concentration of 227.0 ng/ml, then declined to a mean level of 56,9 ng/ml 

during Days -14 to -11, reaching the lowest level of the cycle 

between Days -10 and -6 (37.2 ng/ml). The mean LH concentration then 

began to increase during oestrus to be 131.6 ng/ml on the day of 

ovulation, reaching a peak level on Day 1 of pregnancy of 321.4 ng/ml. 

The levels then gradually decreased, but were still above 100 ng/ml 

on Day 5 of pregnancy when measurements ceased. The peak LH concentration 
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occurring just after each ovulation (1 to 3 days after) was 11.8 times 

the lowest mean LH concentration on anyone day of t~e cycle (Day -8), 

Mean serum progesterone concentrations increased to above 1 ng/ml 

on Day 2 of the cycle, and remained elevated until Day -5, when the 

levels began to decrease to be less than 1 ng/ml on Days -4 through 

to Day Pl. On Days P2 through P5 the progesterone concentrations were 

again elevated, after which observations ceased. 

Mean serum oestradiol .. 17B concentrations were elevated on Days 0 

and 2 of the cycle, following which the concentrations were low until 

a small surge occurred between Days 13 and 9 (Days -13 and .9) 

prior to the next ovulation, with a peak on Day -11, with a further 

more pronounced surge occurring on Days ,,4 through Day 0 with the 

peak concentration on Day -2. The levels were again low until Day 7 

through 10 of pregnancy, when a further surge occurred, concurrent 

with an FSH surge (FSH and serum oestradiol .. 17B results from the same 

mare - see False, Appendix 6). 

The FSH, LH and oestradiol-17B data illustrated in Fig. 28 were 

recalculated as fractional levels as described in the results of 

the 1973 study and these values are shown in Fig. 29. Since the 

mares showed less variability between animals than those in the 

1973 study, and because daily blood samples were taken, these 

fractional levels showed almost the same hormonal patterns as in 

Fig. 28. 

These results shown in Figs. 28 and 29 indicated that in the 

1974 study, a mid-dioestrous FSH surge occurred as in the 1973 study, 

Therefore, the FSH results throughout the cycle were recalculated 

to three reference times: .. the day of the first ovulation, the 

peak day of the mid"dioestrous FSH surge, and the day of the second 

ovulation, with the time scale accordingly broken at Day 5 and also 
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at Day -6. The results shown in Fig.30 indicate that this 

synchronized mid-dioestrous FSH surge occurred between days -15 and 

.. 11, and that the mean peak concentration (occurring on Day -12.5 + 

1.3) was 20.9 ng/ml which was 2.0 times the mean FSH concentration 

during Days ~10 to ~2 of the" cycle, and 3.1 times the lowest mean 

concentration on any day of the" cycle (Day -3). 

In the additional study to investigate the relationship 

between the FSH surges occurring during the normal oestrous cycle, 

and ovarian follicular development, the results in the mare showing 

spontaneous prolongation of the corpus luteum are shown in Fig. 31 

(serum FSH, LH and progesterone concentrations) and Table 36 

(ovarian palpation and behavioural data). This mare had an apparently 

normal oestrus and ovulation (Day 0) with corpus luteum establishment 

(see Fig. 31). An FSH surge occurred during Days 7 and 10 following 

ovulation, which is comparable to the mid-dioestrus FSH surge occurring 

in normally cycling mares. However, serum progesterone levels did 

not decline after Day 17 as occur in the normal cycle, but remained 

elevated until the end of the period of study (42 days after ovulation) 

indicative of the presence of an active retained corpus luteum. 

Nonetheless, by Day 19, a 2 Unit softish follicle was present, 

and this increased in size, and decreased in tension as occurs during 

normal follicular maturation, and ovulated on Day 2]. In this mare, 

the suppression of oestrous behaviour which occurred was probably 

caused by the high progesterone levels (Hughes et aZ, 1972a). Serum 

FSH levels surged around the time of this ovulation, following which 

serum progesterone concentrations increased two to three fold, suggest-

ing that an active corpus luteum resulted from this ovulation. Serum 

LH concentrations, which had been low over Days 11 through 19 

following the first ovulation (mean of 13.1 ng/ml), showed a peak 
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TABLE 36: 
FALSE 

Day of Ovaries * Behaviour eyelet 

~l L: Foll-3, s In oestrus 
R: 2xl, Foll-l<l, fh 

0 L: Fell-2.5, sh In oestrrus 
R: Fell-I, fh 

1 L: Area-2, s In oestrus 
R: S + H 

2 L: Area-2, vs In oestrus 
R: Area-I, vs -

3 L: Fell-coIl In oestrus 
R: Area-l.5, vs 

4 L: S + H Not on 
R: Foll .. l, s 

5 L: Foll.coll Not on 
R: FoIl-I, s 

7 L: S + H Not on 
R: FoIl-coIl 

9 L: S + H Not on 
R: Area-l.3, s 

10 L: S + H Not on 
R: Area-O.B, vs 

12 L: 2xl, H Not on 
R: Area-l.3, s 

14 L: FoIl-I. 5, fh Not on 
R: Foll-<l, sh 

17 L: FoIl-I, sh Not on 
R: S + H 

19 L: Foll-2, sh Not on 
R: S + H 

20 L: Foll-3.5, s Not on 
R: S + H 

21 L: Foll-4, vs Not on 
R: S + H 

22 L: FoIl-coIl Not on 
R: Area-<l, s 

23 Not on 
24 L: Area-I, s Not on 

R: Area-<l, s 
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TABLE 36 ctd: 

Day of Ovaries * Behaviour eyelet 

25 Not on 
27 L: Area~<l, sh Not on 

R: S + H 
28 Not on 
30 L: S + H Not on 

R: Foll-<l, fh 
32 L: Area-<l, vs Not on 

R: 2xFoll-l, fh; <1, fh 
-34 L: S + H Not on 

R: Foll-l.3, sh 
36 L: Area-D.5, s Not on 

R: Foll-I. 5, s 
38 Not on 
39 L: S + H Not on 

R: Foll-I.5, vs 
41 Not on 
42 L: Area-<l, s Not on 

R: Foll-l, s 

t Day 0 = day of ovulation 

Footnote for Table 36: 

* Key to ovarian palpations: L= left ovary 
R= right ovary 

Descriptions include:- stating the size and tension of 
the ovary, e.g. L: tri-lobed, H = left ovary tri-lobed 
and hard; e.g, L: 2xl = left ovary measures 2xl Units, 
where 1 Unit = 2.5 cm; e.g. L: S + H = left ovary is small 
and hard. 
Stating structures in the ovary, these being either FoIl 
= follicle or; Area = any soft structure not a follicle, 
often a corpus luteurn. 
Stating particulars of these structures in terms of 
diameter (0.5 to 6 Units) and tension as an indication 
of maturity, where fh = firmish, f = firm, sh = softish, 
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Footnote for Table 36 ctd: 

s = soft, vs = very soft, colI = collapsed (as in ovulation), 
rubbery = rubbery in tension, e.g. L: FoIl -2, sh = left 
ovary contains a softish follicle 2 Units in diameter; 
e.g. L: 2xl, H; 2xFoll-l, fh; 3.5, vs = left ovary is 
2xl Units and hard, contains two follicles, one being I Unit 
in diameter and firmish in tension, the other being 3.5 
Units in diameter and very soft. 
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2.6 fold increase three days after" the ovulation occurring in the 

presence of a retained corpus luteum. This increase in LH was much 

lower than that occurring in the preceding ovulation, when the 

peak levels of 286.8 ng/ml occurring three days after ovulation were 

21.8 times the subsequent baseline concentration of 13.1 ng/ml. 

However, it should be noted that the peak increase in LH associated 

wi th normal ovulation was only 11. 8 times the preceding dioestrous 

baseline (see earlier results of the 1973 study); also, in this mare, 

LH concentrations prior to the first ovulation were higher than 

13.1 ng/ml. Therefore, this method of calculation may over~estimate 

the relative increase in LH at the normal ovulation. 

In the two additional mares in which the relationship between 

serum levels of FSH and follicular development were investigated, 

exogenous progesterone was administered daily, beginning on Day 13 

after ovulation, and continued for 37 days. The serum levels of 

FSH and oestradiol~17B throughout the experiment for one mare, 

Prentice, are shown in Fig. 32 and the ovarian and behavioural 

changes in Table 37. An FSH surge occurred around the time of 

ovulation (during Days -1 and 2), with a further more marked 

surge occurring between Days 6 and 15. By Day 13, a palpable 

follicle was present, and this continued to develop reaching a 

maximum size and maturity (as assessed by the tension of the follicle) 

on Day 22. During the later part of this follicular development serum 

FSH levels were low, as was found during early oestrus in the 

cycling mare. Serum oestradiol-17B concentrations were low through 

the early part of the experiment (Days .. 1 through 15) except for a 

slight increase on Days 8 through 10 but then increased markedly on 

Days 17 through 19, the time at which the follicle was nearing its 

maximum size. These events are similar to those preceding ovulation 
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TABLE 37: 

PRENTICE 

Day of Ovaries * Behaviour Cyelet 

-1 L: Fol1-1.5, vs In oestrus 
R: S + H 

0 L: Fol1-eol1 In oestrus 
R: S + H 

1 L: Area-I, s In oestrus 
R: S + H 

2 Not on 
3 L: Area-l.5, s Not on -

R: S + H 

4 L: Area-l.S, sh Not on 
R: S + H . 

6 L: Area-:<l, vs Not on 
R: S + H 

8 L: Area-I, s Not on 
R: S + H 

10 L: Area-I, s Not on 
R: S + H 

12 Not on 
13 L: Fol1-l.3, sh Not on 

R: S + H 
15 L: Fol1-l.5, s 

R: S + H 
17 L: Fol1-2. 5, s Not on 

R: S + H 

18 L: F011-2.5, s Not on 
R: S + H 

19 L: Fol1-2.5, s Not on 
R: S + H 

20 L: Fol1-2.5, s Not on 
R: S + H 

21 L: Fol1-2.5, s Not on 
R: S + H 

22 L: Fol1-3, vs Not on 
R: S + H 

23 L: Fol1-2. 5, vs Not on 
R: S + H 
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TABLE 37 ctd: 

Day of Ovaries* Behaviour eyclet 

24 L: Fol1~l. 7, s Not on 
R: S + H 

25 L: Fol1-2.5, vs Not on 
R: S + H 

26 L: Fol1-2, vs; Area-I, N0t on 
sh 

1--- .. R: S + H 

27 Not on 
28 L: Fol1-2, vs, Area-<l, Not on 

s -

R: S + H 
29 L: 2xFol1-1. 5, s' , <1, s Not on 

R: S + H 

30 L: Fol1-1.5, sh Not on 
R: S + H 

31 L: Area-I, s Not on 
R: S + H 

32 L: Fol1-1.5, sh Not on 
R: S + H 

33 L: 2xFol1-1.5, sh; 1, f Not on 
R: S + H 

34 L: 2xFol1.l, s; 1, s Not on 
R: S + H 

35 L: 2xFol1-l, sh; 1, fh Not on 
R: S + H 

36 Not on 
37 L: 2xFol1-1. 5, sh; 1, Not on 

vs 
R: S + H 

t Day 0 ~ day of ovulation 

* Ovarian palpations described as indicated in Table 36 



226 

in the normal cycle, which, if exogenous progesterone had not been 

administered, would be expected to have occurred on Day 21 or 22. 

After Day 22, the follicle gradually decreased in size, and possibly 

underwent regression; however, a corpus luteum may have formed, 

but this could not be confirmed because the continued exogenous prog-

esterone did not allow for the measurement of endogenous progesterone 

production. Subsequently, serum FSH concentrations increased 

slightly during Days 29 to 32, the time at which the mid-dioestrous 

FSH surge would have occurred had ovulation preceded it on Day 21 

or Day 22. 

The serum concentrations ofFSH and LH in the second mare to 

which endogenous progesterone was administered (Dreamy Melody) are 

shown in Fig. 33, and the ovarian and behavioural changes in Table 

38. In this mare, there was no evidence of a late oestrous/early 

dioestrous FSH surge, but FSH concentrations were elevated between 

Days 7 to 9. As in the other mare, a palpable follicle was present 

by Day 14, and this developed to be a 2 Unit very soft follicle on 

Day 19, thereafter appearing to collapse or ovulate, since by Day 22, 

a collapsing follicle was present. A small surge of FSH occurred 

around the time of this possible ovulation, with a further surge 

occurring on Days 29 and 30, as was observed in the other mare, 

Prentice. Serum LH concentrations showed a peak increase on Day 18 

to be 3,8 times the baseline concentration (occurring on Days 12 

through 15), then slowly declined to be back to the baseline 

level by Day 26. This peak LH increase is much smaller than that 

occurring at the preceding ovulation, which was 32 times the 

subsequent baseline concentration. However, as with the mare with 

a retained corpus luteum (False) this method of calculating the 

relative increase in LH occurring at the preceding normal ovulation 

may over-estimate the increase, since the LH baseline 

prior to this normal ovulation was much higher than the baseline 
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TABLE 38: 
DREAMY MELODY 

-

Day of Ovaries * Behaviour eyclet 

-1 L: Area-I, s In oestrus 
R: Foll-3.5, s 

0 L: S + H In oestrus 
R: Foll-5.5, s 

1 L: S + H In oestrus 
R: Foll-2, call 

2 L: 2xl, H Not on 
R: Fall-I. 5, call 

3 L: S + H Not on? 
R: Fall-I, call -

4 L: S + H Not on? 
R: Area-I, s 

5 Not on 
6 L: S + H Not on 

R: Area-I, s 
7 Not on 
8 L: S + H Not on 

R: Area-I, rubbery 
9 Not on 

10 L: S + H Not on 
R: Area-I, s 

11 

12 L: S + H Not on 
R: Area-l.s, rubbery 

13 Not on 
14 L: S + H 

R: Fall .. I. 5, s, Area, 1 ,s 
15 Not on 
16 L: S + H 

R: Fall-I, s 
17 Not on 
18 L: S + H 

R: Fall-I. 5, s 
19 L: S + H Not on 

R: Foll-2, vs 
20 L: S + H 

R: Foll-I. 5, vs 
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TABLE 38 ctd: 

Day of Ovaries * Behaviour eyelet 

21 L: S + H Not on 
R: Fol1-1.5, vs 

22 L: Foll-<l, s 
R: Fol1-<I, s Area-I, 

colI 
23 L: 2xl, H Not on 

R: Fol1-l, s 
24 L: S + H 

R: 2 xF 011- 1 • 5 , s ; l,s 
25 L: S + H Not on 

R: Foll .. l, sh, -

Area-0.5, vs 
26 
27 L: 2xl, H Not on 

R: 2xFoll-I.5, sh; 1. 5, 
s 

28 
29 L: S + H Not on 

R: Foll-1.5, s, 
Area-I, s 

30 
31 Not on 
32 L: S + H 

R: 2x2, Foll-I.3, s 
33 Not on 
34 L: Foll-0.5, s 

R: Foll-2. 5, sh, 
Area-I.5 

35 L: Fol1-l, sh Not on 
R: Foll-3. 5, sh 

t Day 0 = day of ovulation 

* Ovarian palpations described a~ indicated in Table 36 
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concentration subsequent to it. Furthermore, in normal 

cycling mares, the mean peak increase in serum LH concentrations 

near ovulation as measured in the same assay system, was only 

11.8 times the dioestrous baseline (see earlier results 

of 1973 study). 
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IHSCUSSION 
... Ai 

It is apparent from· the results of the experiment in which 

serum concentrations of·FSH, LH and progesterone were measured 

hourly for 24 h in mares which were acyclic or in oestrus or dioestrus, 

that there is little evidence dfepisodic release of these hormones, 

While it could be posutlatedthat hourly sampling would not be 

sufficiently frequent to detect episodic hormone secretion, one would 

expect, nonetheless, that such a sampling regime would result in 

occasional coincidence of an episodic surge and blood sample collect-

ion, Therefore, at least some hormonal fluctuations would have been 

detected by this experimental approach if indeed episodic secretion 

did occur in the mare. In addition, these results did not suggest 

the presence of a circadian rhythm in the mare. It was, therefore, 

concluded that a single blood sample collected on anyone day is 

representative, in terms of FSH, LH and progesterone concentrations, 

of the mean level of these hormones throughout that day, From 

the results of the 1973 and 1974 studies on the serum hormonal 

concentrations during the normal oestrus cycle of the mare, it is 

evident that a surge of FSH occurs during the late oestrous/early 

dioestrous period, with a further surge mid-dioestrus, The interval 

between the peak of the mid-dioestrous surge and the next ovulation 

was 11.1 + 1.9 Jays in the 1973 study and 12,5 + 1,3 days in the 
P't -

1974 study, The peak values were up to four times the lowest mean 

FSH concentration at anyone time of the cycle, If FSH stimulates 

follicular growth in the mare, these two surges of FSH which occur 

during the cycle should result in some degree of coincident 

follicular development or initiation thereof, Follicular growth, 

determinable by rectal palpation, has been reported as occurring during 



232 

the first three to·f0ur days after ovulation (van Rensburg and van 

Niekerk, 1968). This finding was confirmed by necr0psy studies 

since Pineda and Ginther (1972) and Pineda et at (1973) found that 

the number of small follicles (2 to 10 mm diameter) increased from 

an average of6 at the· end of oestrus to as many as 21 on Day 5 after 

the end of0estrus. This follicular proliferation was inhibited by 

administration of an antiserum prepared against an equine pituitary 

fraction (anti equine FSH/LH serum) to mares on Days 1 to 4 of 

dioestrus. It seems unlikely that the inhibitory effect of the 

antiserum was due to its anti-LH properties, since LH is believed 

to have little or no effect on the development of immature fol1ic1eso 

Follicular development has been shown to occur during mid- to late 

dioestrus (Aitken, 1927; Stabenfeldt et at, 1972) and during early 

pregnancy prior to the appearance of PMSG (Cole et aZ, 1931) (see 

Chapter V); periods during which LH concentrations are low (N0den 

et aZ, 1974 and in Results above). Therefore, it is likely that the 

follicular growth which occurs early in dioestrus is caused by the 

late oestrous/early dioestrous FSH surge, However, a synergistic 

role of LH in this proliferation cannot be discounted. 

The mid-dioestrous FSH surge occurring 11 to 12 days prior to 

the next ovulation is probably responsible for the increase in 

follicular development observed by Pineda et aZ (1973) at this time 

and for the surge in serum oestradiol-178 concentrations peaking 

11 days prior to the next ovulation observed in this study, as well 

as the high concentrations of oestradiol-178 in follicles on Days 12 

through 16 after ovulation (van Rensburg and van Niekerk, 1968)0 

In their study, Pineda et at (1973) found that administration of 

the anti equine FSH/LH serum to mares on Days 7 to 10 of dioestrus 
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(approximately) 13 to 10 days prior to the next ovulation assuming a 

21 day cycle) suppressed the marked follicular growth observed in the 

control mares over this period~ When the anti equine FSH/LH serum 

was given on Days 4 to 7 of dioestrus, the period during which 

control mares showed reduced follicular activity and this study 

shows lower serum concentrations of FSH, no significant suppression 

of follicular growth occurred. Therefore, it is apparent that two 

waves of follicular growth occur at the same time as serum FSH 

concentrations are elevated, and such follicular growth can be 

blocked by administration of an antiserum containing a~ti-equine FSH 

activity. 

Without exception, a surge of FSH preceded a fertile ovulation 

by between 8 and 14 days. Since further follicular maturation 

occurs during early oestrus when FSH concentrations are at their 

lowest, this mid-dioestrous FSH surge could exert a "priming" or 

inductive effect so that follicles may undergo changes necessary for 

subsequent final production of fertile ova under the influence 

of the peri-ovulatory LH and FSH surges. Support for such a theory 

is obtained from the experiments in the three mares showing ovarian cycl-

icity who maintained elevated serum concentrations of progesterone 

(by spontaneous retention of the corpus luteum or by exogenous 

progesterone administration) over the time of the next expected 

oestrus and oVl11 ation (1. e. 17 through 22 days after the previous 

ovulation). The three mares all exhibited an FSH surge 12 to 14 

days prior to the next expected ovulation, developed follicles 

typical of early oestrus by Day 13 to 14 after the previous 

ovulation, and serum oestradiol.17B concentTations measured in one 

mare showed a surge betw~en Days 17 and 19 after the previous 

ovulation. Through Days 19 to 22, each mare had a typical 
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pre~ovulatory follicle. Such changes are identical to those 

occurring in a normal cycling mare ovulating every 21 days. Since 

progesterone concentrations remained elevated throughout this 

period such early follicular development (Days 13 to 14 after the 

previous ovulation) could not have been caused by events initiated 

by progesterone withdrawal. As this early follicular development 

occurred when FSH concentrations were at their lowest and before LH 

concentrations are elevated in the normal cycle, or before LH was 

increased in the two mares in which it was measured in this experiment, 

then the preceding FSH surge, equivalent to that occurring at mid-

dioestrus, appears to have primed the follicle(s) which reach the 

pre-ovulatory state on Days 19-22. 

Younglai (1971) observed that follicles may undergo a transform-

ation involving the invasion of the theca interna by blood capillaries 

with further growth and development of the theca and granulosa before 

a change in follicular steroids occurs, and that the most vascular 

follicles present during oestrus contain the highest steroid concent. 

rations. Since the largest follicles have been shown to contain 

the highest level of oestradiol-17B (Short, 1961; van Rensburg 

and van Niekerk, 1968) it is possible that the mid-dioestrous 

FSH surge may cause follicles to vascularise during late dioestrus and 

at the onset of oestrus, such follicles contain high levels of 

oestradiol-17B. Since vascularisation is not a rapid process, 

this may be the reason for the interval between the mid-dioestrus 

FSH surge and the onset of oestrus. This mid-dioestrous FSH surge 

may also have a role in the induction of LH receptors, since porcine 

granulosa cells do not bind HCG unless derived from large follicles or 

have been previously exposed to FSH (Channing and Kammerman, 1973), 

while rat follicles do not bind ovine LH unless similarly exposed 
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to FHS (Lindner et aZ, 1974). 

The role of the late oestrous/ early dioestrous FSH surge in 

the final maturation of the preNovulatory follicle appears 

equivocal, since its actions cannot be differentiated from those 

of the LH surge occurring during the same period. It is apparent 

from the study of the" three mares in whom progesterone concentrations 

remained elevated over the time of the next expected ovulation, 

that all the palpable changes associated with follicular maturation 

leading to a normal ovulation occurred when LH concentrations, 

although showing some increase (2.6 times and 3.8 tim~s the baseline 

concentration in False and Dreamy Melody respectively), did not 

show the marked surge associated with a normal ovulation (21.8 fold 

and 32 fold at the preceding ovulation for False and Dreamy Melody 

respectively). The typical pre-ovulatory oestradiol-17S surge 

observed in Prentice in this study and the establishment of a corpus 

luteum in False, suggests that the FSH surge alone can cause many of 

final maturation events in an ovulatory follicle in the presence of 

minimal elevations in serum LH concentrations, although the compet-

ence of such follicles to produce normal ova could not be 

as~ertained. Furthermore, it could not be established whether the 

apparent ovulations in Prentice and Dreamy Melody resulted in corpus 

luteum establishment. From the data obtained from such a small 

study it would be unjustifiable to make conclusive interpretations on 

the relative roles of FSH and LH in final follicular maturation and 

ovulation in the mare. 

As reported in Chapter VI, all stages of follicular growth and 

development culminating in ovulation can be induced in acyclic mares, 

by treatment with exogenous gonadotrophin releasing hormone (GnRH) which 

reproduced surges of FSH similar to those occurring in the normal 
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cycling mare, but corpus luteum establishment occurred only when an 

LH surge similar to that of the normal cycle was also induced. 

Therefore, it appears that, in this instance, FSH alone cannot 

induce the final stages of follicular maturation and associated 

steroidogenesis, but requires synergistic action with LH to cause 

these events. Schwartz ,(1974) in a review of the role of FSH and 

LH on follicular growth and maturation concluded that either LH or 

FSH, when presented in a "surge" wave form can induce ovulation, 

although only LH induces acute progesterone secretion. 

Undoubtedly, as indicated earlier, this late oestrous/early 

dioestrous FSH surge coincides with follicular proliferation. 

While it is quite feasible that the mid-dioestrous FSH surge 

stimulates development and priming of a group of follicles, one 

of which is destined to ovulate at the next oestrus, it is more 

difficult to conceive of a "preparative" role of the preceding 

late oestrous/early dioestrous FSH surge on this same follicle. 

If the function of the late oestrous/early dioestrous FSH surge is solely 

related to the peri-ovulatory follicle of that oestrus then the 

coincident proliferation of smaller follicles which occurs is 

telelogically wasteful, if all of these follicles are destined to 

regress. Alternatively, these follicles may require both this late 

oestrous/early dioestrous FSH surge ("preparative") as well as 

the mid-dioestrous FSH surge ("priming") before one of them 

becomes competent to mature during the next oestrus. 

Schwartz et at (1973) have found that antiserum to FSH 

injected into cyclic rats will not elicit a deficit within the 

cycle of administration. They concluded that such FSH removal may 

instead have a deleterious effect on follicles destined to ovulate 

in later cycles, implying that FSH acts very early in the development 
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of follicles to render them capable of maturation and ultimately of 

secretory function. Similarly Mougda1 et at (1974) concluded from 

experiments using specific antibodies to the gonadotrophins in rats, 

hamsters and monkeys that the' FSH surge occurring at the same time 

as the ovulatory LH surge is involved in triggering a fresh wave 

of fo11icu1ogenesis and has no direct association with the immediate 

ovulatory process. That this peri~ovu1atory FSH surge is considered 

to be unnecessary for oestrogen secretion and ovulation was also 

concluded by Schwartz et at (1973). In a review of the roles of 

FSH and LH in the ovulatory processes Schwartz (1974) stated that 

"a first rise" in FSH above low "tonic" levels may enhance the 

probability of moving follicles into the proliferating pool; a 

second "rise" may be responsible for starting the terminal growth 

spurt for the cycle in which the cohort of most mature follicles 

will ovulate. 

While such findings cannot be directly extrapolated to the 21-

day cycle of the mare, they suggest that the late oestrous/early 

dioestrous FSH surge is minimally involved in,the contemporaneous 

ovulation, and that both this preparative FSH surge, and the priming 

by the mid-dioestrous surge are necessary for the continual development 

of follicles so that by the next oestrus, a follicle competent 

to undergo the final maturation and ovulatory processes is present. 

It is quite pos~ib1e that preparative FSH surges during the cycle 

occurring even earlier than those immediately 

preceding an ovulation may be involved in the early development 

of that follicle. Experiments described in Chapter VI provide some 

information on this poss ibili ty . In Chapter VI, it is reported 

that two surges of FSH induced by exogenous GnRH administration to 

mares in shallow acyclicity (designated according to the time of 
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the year) will result in the development of a pre-ovulatory follicle 

which matures during a third course of GnRH (which is predominantly 

LH-releasing) to ovulate, conceive and establish a corpus luteum. 

This induced ovulation occurred 23-25 days after the first FSH surge. 

These results indicate that a follicle requires only two surges 

of FSH prior to its final development during oestrus. However, 

when the same experiment was repeated in mares in "deep acyclicity" 

(mid-winter) two surges of FSH did induce typical pre-ovulatory 

follicles as assessed by rectal palpation p and behavioural oestrus 

in the mares, but the ovulations which occurred follow!ng the third 

course of GnRH were not preceded by the typical pre-ovulatory 

oestradiol-17S surge, nor the peri-ovulatory LH surge,which occur 

in the cycling mare, and corpora lutea were not established. In 

this instance, it appears that more than two surges of FSH were 

necessary in the development of follicles competent to undergo the 

final maturation processes, including steroidogenesis, during oestrus, 

and to respond to the resultantper~ovulatory LH surge, Indeed one 

deeply acyclic mare given a fourth course of GnRH to induce a 

further gonadotrophin surge did ovulate during this course and 

establish a corpus luteum of normal life span before returning to 

acyclicity until the breeding season commenced, These differences 

in responses to exogenous GnRH between mares at different depths 

of acyclicity and the competence of the follicles induced to develop, 

may well reflect the different degree of maturity of the follicles 

present at the outset of the experiment, at the different times of 

the year, 

It, therefore, appears that in cycling mares, FSH surges at 

approximately 10 day intervals provide a pool of follicles at 

various stages of development. The smaller follicles will have 
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been stimulated by one or more preparative FSH surges, the larger 

follicles will have been primed by a further FSH surge, so that in 

late oestrus, one or occasionally two, follicles can undergo the 

peri~ovulatory changes as a result of a further gonadotrophin surge. 

It can be postulated then that a follicle present 9RlD days after 

the late oestrous/early dioestrous FSH surge could be as 

competent as a pre-ovulatory follicle 9 to 10 days after the mid-

dioestrous FSH surge. Therefore, if the cycle was interrupted 

by premature destruction of the corpus luteum, then there would be 

available a primed follicle competent to undergo final maturation at 

the oestrus induced by the progesterone decline. In this way, the 

inter-ovulatory interval would be shortened. It has been shown that 

administration of exogenous prostaglandin (PG) which is luteolytic 

in the mare on any day from Day 4 through 12 of the oestrous cycle 

and induces oestrous behaviour within 3-4 days and subsequent ovula-

tion (Allen and Rowson, 1973; Douglas and Ginther, 1972). These 

findings together with the FSH results reported herein, support the 

concept that repeated FSH surges provide a pool of primed follicles, 

one of which is competent to begin undergoing final maturation result-

ing in ovulation, if progesterone is withdrawn between Days 4 and 12 

of the cycle. If this is so, why then is the time interval between 

the mid-dioestrous FSH surge and the subsequent ovulation in the 

normal cycle so constant? Examination of a study by Douglas and 

Ginther (1975) in which prostaglandin was administered to ponies at 

different known stages of dioestrus shows that although the interval 

from prostaglandin treatment to the onset of oestrus is relatively 

constant at 3 to 4 days, there is considerable variability in the 

interval to the associated ovulation. When the prostaglandin 

was given on Day 6 of dioestrus, the inter-ovulatory interval was short-
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ened by a mean of 10.6 days (Douglas and Ginther, 1972); however, 

when given on Days 10 and 13 post .. ovulation, no significant decrease 

in the interval occurred (Douglas and Ginther, 1975). It is possible 

to speculate from these results that if progesterone is withdrawn 

before mid - dioestrus, then one 6f the follicles primed by the 

late oestrous/early dioestrous FSH surge undergoes the same changes as 

occur in the pre~ovulatory follicle in the normal 21 day cycle when 

progesterone levels decline spontaneously after the mid"dioestrous 

FSH surge. On the other hand, if progesterone withdrawal is induced 

during or after the mid-dioestrous FSH surge, then the inter-ovulatory 

interval is not shortened, since the follicular maturation initiated 

by the mid"dioestrous FSH surge requires the same length of time as 

in the normal cycle, It, therefore, appears that the time relation-

ship between a priming FSH surge and the subsequent ovulatio~or at 

least the LH dependent processes involved in ovulation, could indeed 

be constant, and while withdrawal of progesterone may "allow" 

events associated with the final maturation and ovulation of the 

FSH-primed follicle to occur, these events cannot "over-ride" the 

10 day rhythm of FSH surges. In this way, the priming function of 

FSH and the processes it initiates in the follicles cannot be 

advanced or hastened by such manipulation. The processes initiated 

by this final FSH surge within this follicle (such as vascularisation 

and the potential for steroidogenesis, and the induction of LH 

receptors) may well be irreversible once initiated. However, the 

follicles remain competent for a finite period, and unless progesterone 

withdrawal and the associated events occur before the next FSH surge 

occurs, these follicles would become incompetent and presumably 

regress, and be lost from the proliferating pool. If such regression 

of follicles given their "final" FSH priming but not "allowed" to 
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mature and ovulate because the events initiated by progesterone 

withdrawal did not occur, then two phenomena could result. Firstly, 

the mare would possibly be a multi-ovulatory animal, since the one 

follicle primed by the late oestrous/early dioestrous FSH surge would 

remain competent and ovulate together with the one follicle given 

its "final" priming by the mid .. dioestrous FSH surge. This effect 

would be multiplied in mares in which follicular activity is not 

suppressed but in which ovulations occur less frequently than cycling 

mares (Hughes et aZ, 1972a) with retained corpora lutea, since 

follicles primed to Qvulate would have "accumulated" over a much 

longer period. Secondly, one would not observe the varlability 

between the onset of a prostaglandin induced oestrus and the 

subsequent ovulation if such an ovulation was not dependent on the 

timing of the preceding FSH surge, but could result from the final 

maturation of a follicle given its "final" priming at any earlier 

FSH surge. While it could be postulated that the variability 

between the administration of prostaglandin and subsequent ovulation 

is due to the variability in the LH increase following prostaglandin, 

the available data show that LH concentrations begin to increase as soon as 

progesterone levels begin to decline, even when the LH levels are 

not back to baseline following the surge associated with the preceding 

ovulation (Noden et aZ, 1974). Schwartz and Hoffmann (1972) stated 

that the mechanism by which different species regulate the final 

species specific number of ova within a cycle depends upon the number 

of follicles in a given stage which remain capable of the ovulatory 

response to the surge of gonadotrophins when it occurs at the end of 

the cycle. 

While the role of FSH in pregnancy in the mare will be discussed 

in Chapter V, it is noteworthy that the 10 day surges of FSH occurring 
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in the cycling mare did not cease when conception occurred, since 

an FSH surge occurred between Days 7 to 12 after a fertile ovulation 

(see Fig. 28) at a time comparable to the midNdioes~rous surge, had 

conception not occurred. The serum concentrations of LH throughout 

the oestrous cycle determined in this study using the Human System 

are similar to those reported by Whitmore et aZ (1973) but the post-

ovulatory peak is lower (expressed as a fraction of the baseline 

concentration) than that reported by Geschwind et aZ (1975), Noden 

et aZ (1975) and Pattison et aZ (1974). However, using the 

Niswender Ovine System , a much greater fractional increase was 

obtained, similar to that described by Noden et aZ (1975) using the 

same antibody. These differences in the size of the ovulatory LH 

surge as determined by the two methods of measurement cannot be 

explained by methodological error, since, as shown in Chapter III, 

both systems show acceptable parallelism for inhibition curves of 

unknowns and standards, good recovery of exogenous LH standards added 

to serum samples, and no significant crossreactivity of FSH or TSH. 

However, it is possible that the Niswender Ovine System measures 

also substances such as LH subunits, since the antibody crossreacts 

with LH from a wide range of species suggesting a strong reaction 

with S-LH subunits. It has been suggested (Evans and Irvine. 1976) 

that the H~System for the measurement of LH may measure LH' 

derivatives (for 3xamp1e an LH-1ike substance found in human 

urine. and apparently filtered from plasma reacts with anti-human LH 

(Burger, 1972) or other LH-like substances). while the Niswender Ovine 

System is more sensitive to rapidly excreted and degraded LH-1ike 

substances. Such differences between the sensitivity of different 

antibodies in binding to compounds related to equine LH while still 
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quantitatively binding equine LH could explain many inconsistencies 

in the various equine LH assays reported here, and by other workers. 

Nonetheless, the serum LH concentrations as measured in this 

study, by either method;showed an increase during late oestrus 

to reach peak levels the day after ovulation, with a gradual decline 

over the first part of dioestrus to be at the lowest levels of the 

cycle during the second half of dioestrus. These results suggest that 

the role of LH may be in the pre-ovulatory maturation processes, as 

well as in ovulation and corpus luteum establishment. 

Some evidence for the role of LH in the final maturation of the 

pre-ovulatory follicle comes from the study of Pineda and Ginther (1972) 

in which administration of anti-equine FSH/LH serum in increasing 

quantities on Days 2 through 6 terminated oestrus, blocked ovulation 

and resulted in degenerative changes in the largest follicle. If, as 

indicated earlier in this discussion, the peri-ovulatory FSH surge 

is minimally involved in the ovulatory processes, such an effect of 

the antiserum could be attributed to its anti-LH activity. Berger 

et al (1972) found that in annovulatory women LH is required to produce 

complete follicular maturation and function, since FSH administration 

alone was incapable of eliciting such responses. 

However, Pineda and Ginther (1972) also showed that smaller doses 

of anti-equine FSH/LH serum to cyclic mares on Days 2 through 

6 of oestrus did not affect the diameter of the largest follicle, 

size increment, or the day of oestrus at which maximum diameter of 

the follicle was reached, even though the treatment did block 

ovulation. This finding suggests that LH may have a more important 

role in the ovulatory process than in the final maturation of the 

follicle. However, this suggestion cannot be validated since other 

parameters of follicular maturity other than size and ovulatory 



244 

ability, such as steroidogenesis and fertility of the ova, were not 

evaluated. 

In this present study no conclusive evidence was obtained on 

the role of LH in the peri~ovulatory period. While it appeared that 

in the presence of high levels of progesterone palpable changes 

indicative of ovulation occurred when serum LH increased to a peak of 

only 0,25 times that occurring at a normal ovulation, no further 

indication that these ovulations were fertile could be obtained, 

except that one mare showed a typical pre-ovulatory oestradiol-17S 

surge, and another mare established a second corpus luteum. 

Even if the role of LH in the final maturation of the follicle 

remains equivocal, there is much evidence indicating that LH is 

luteotrophic in the mare, Pineda et al (1972) have shown that 

treatment of mares with antiserum against equine FSH/LH caused a 

decrease in luteal weight compared with control mares, with the 

corpora 1utea in the treated mares being small, hard and yellow, 

with a general macroscopic appearance of a regressing corpus luteum. 

Nillius et al (1975) in treating women with secondary amenorrhea 

with GnRH, induced follicular steroid changes consistent with 

ovulation, but in 50% of the patients, there was an insufficiency of 

the corpus luteum, When in a subsequent study (Nillius and Wide, 

1975), the GnRH was combined with HCG around the time of ovulation, 

normal luteal function resulted. 

Similarly in acyclic mares, Chapter VI shows that ovulation can 

be induced with exogenous GnRH, but that corpus luteum establishment 

did not occur if there was an inadequate peri-ovulatory LH surge. 

However, in this instance, the absence of normal peri-ovulatory LH 

surge may have been due to incompetence of the follicles in terms of 

steroidogenic ability, and corpus luteum failure might have been 
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a direct consequence of this incompetence. 

The increase in serum oestradiol-17B concentrations beginning 

five days prior to ovulation and peaking two days before ovulation 

is similar to the pattern observed by Pattison et al (1974) although 

the absolute concentrations were much lower in the present study. 

It has been suggested that this increase in serum oestradiol-17B 

concentrations is responsible for the peak levels of LH occurring near 

ovulation (Pattison et at, 1974), a suggestion supported by the 

finding of Garcia and Ginther (1975) of an increase above that 

observed in control mares in serum LH levels 24 h after-administration 

of 0.5 mg oestradiol-17B on Day 2 of oestrus. However, this positive 

feedback between serum oestradiol and LH may well be blocked by 

elevated serum progesterone concentrations, since in this study of 

three mares in which serum progesterone concentrations were elevated 

over the time of the next expected ovulation, the one mare in which 

it was measured showed a typical pre-ovulatory oestradiol-17B 

elevation, but· in the other two mares in which LH was measured, the 

peak concentrations were only 0.25 times those occurring at a normal 

ovulation in these mares, 

The concentration of progestagens in the serum of mares during 

the oestrous cycle is well established (Hughes et at, 1972b;Sharp and 

Black, 1973; Holtan et at, 1973) and the measurements made in the 

study were used <is supplementary data to determine the day of 
I 

ovulation and luteal activity. This study has shown that the surges 

of FSH occurring at approximately 10 day intervals in the cycling 

mare coincide with and probably are responsible for follicular 

development, 

Support for the hypothesis that a pre-ovulatory follicle must 

be prepared and primed by at least two, but possible more FSH 
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surges, was also obtained. While the relative roles of FSH and LH 

in the processes of final maturation, ovulation and corpus luteum 

establishment, remain unanswered, there is evidence that LH is 

necessary for some of the ovulatory events and essential for corpus 

establishment and maintenance. These findings may be applicable 

to the understanding of the hormonal control of the reproductive 

cycle in other species. 
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