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PREFACE



PREFACE

Several years ago, I was interested in the interrelationship
between thyroid hormones and female sex hormones. Whilst
reviewing the Titerature on this subject, I noticed a paper

by Dr George Hennen, entitled 'Detection and study of a
human-chorionic-thyroid-stimulating factor'. In a later paper
he called this substance human chorionic thyrotrophin (hCT).

The work of Hennen was followed up by two other
authorities, Professor Jerome Hershman in Los Angeles and
Professor Shimpei Tojo in Japan.

Hershman reported the partial purification of hCT and
postulated in his earlier work that human chorionic thyrotrophin
may be responsible for alteration of the maternal thyroid gland
during pregnancy. waever, in his later work, in which he
measured the serum content of human chorionic thyrotrophin
during pregnancy, he found that there was no increase as
pregnancy advanced.

Tojo reported the isolation of a highly purified thyroid
stimulating substance from placental tissues and was able to
set up a radioimmunoassay for this. Contrary to Hershman, he
claimed that there was a progressive rise in human chorionic
thyrotrophin with pregnancy.

I decided to investigate these conflicting findings, and
the scope of this study was to attempt to measure human chorionic
thyrotrophin during pregnancy and assess its value as a placental

function test.



Initially I had hoped to be able to obtain purified
material from previous workers. As Hennen and Hershman both
had no purified hormone, I asked for some from Tojo, but he was
unable to send me the purified material and he emphasised the
length of time involved in producing this specimen.

In view of this, it was decided to purify human chorionic
thyrotrophin from term placentae. Partially purified substance
showed very little activity on both bovine thyroid stimulating
radioimmunoassay and mice bioassay.

In view of this disappointing finding, I visited Professor
Hershman in Los Angeles. Surprisingly, he agreed with my
observations. He felt that his previous work on placental
thyrotrophin needed reassessing and he was pleased that, as
an independent group, we may find an answer to this conflicting

subject.
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SUMMARY

The purpose of this study was to investigate the role of
the putative hormone, human chorionic thyrotrophin (hCT),
in the regulation of thé maternal thyroid gland during
pregnancy and to»assess its value as a placental function
test alongside other established tests.

In an attempt to set up a sensitive and specific radio-
immunoassay for human chorionic thyrotrophin, a total of 130
human term placentae (45 kg) were homogenized in acetone,
extracted with 0.3 M KCL and fractionated by Sephadex G100
and DEAE Sepharose chromotography. The activity of this
pooled extract was found to be poor on both a bovine thyrotrophin
radioimmunoassay and a mouse bjoassay. Similar findings were
made when 15 placental extracts were individually checked for
their activity.

A heterologous radioimmunoassay for human chorionic thyro-
trophin, based on a bovine thyrotrophin radioimmunoassay, was
then set up. Sera collected from 20 women between 8 weeks of
gestation and 6 weeks post-partum and also immediately before and
after delivery were assayed for human chorionic thyrotrophin.
These sera were also measured for concentrations of human
pituitary thyrotrophin by a sensitive pituitary thyrotrophin
radioimmunoassay. Thyrotrophic activity of human chorionic
gonadotrophin was checked by a mouse bioassay. As a result of
this study, the following conclusions were made:

a) This work failed to prove the presence of human chorionic

thyrotrophin in the human term-placenta.



d)

The serum concentrations of human chorionic thyrotrophin
were mostly undetectable, thus not lending support to

the concept of a progressive increase in human chorionic
thyrotrophin concentrations during the course of pregnancy.
Crude human chorionic gonadotrophin has been shown to

have bioassayable thyrotrophic activity and thus the
thyrotrophic activity of placental extracts is most
probably due to human chorionic gonadotrophin.

The sensitive human pituitary thyrotrophin radioimmunoassay
detected a fall in the concentration of thyrotrophin in
early pregnancy suggesting an inverse relationship between
human chorionic gonadotrophin and human pituitary thyrotrophin
and possible role for human chorionic gonadotrophin in

regulating thyroid function in early pregnancy.
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INTRODUCTION

Historical Background

Transient thyroid enlargement can be seen frequently
during puberty, pregnancy and lactation. An association
between the enlargement of the thyroid gland and pregnancy
has been recognised since ancient times when the enlargement
of the thyroid gland and changes in neck measurement were |
used as a simp]e pregnancy test. A bas-relief of the
Queen of Assyria circa 5,000 B.C. showing a reed round her
neck has been quoted in literature (Mason 1977).,

Natalis Guillot (1860) was probably the first author
to describe the association between pregnancy and the
enlargement of the thyroid gland. Lawson Tait presented
several cases on the enlargement of the thyroid gland in
pregnancy (Obstetrical Society of Edinburgh 10th March 1875).
Later, in 1881, E.W. Jenks described the association between
thyroid enlargement during pregnancy and the menstrual cycle.
Marine and Kimball in 1921, and Hinton in 1927, emphaéised
this phenomenon and, in 1926, Davis described thyroid
hypertrophy in pregnancy with data on basal metabolism and
the ca]ciuh content of the blood.

In 1931 Anselmino and Hoffman suggested a hyperactivity
of the thyroid during pregnancy, but the work by Neuweler in
1933 failed to support this and suggested that the changes
were physiological and that there were no increases in

absolute thyroid hormones during pregnancy. He further
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suggested that the histological changes involved in the thyroid

gland during pregnancy did not indicate the presence of pathological
hyperfunction. At a later date Hytten and Leitch (1964) suggested
that the rise in basal metabolic rate in pregnancy could be due to

a number of extra-thyroidal factors, rather than simple hyperactivity
of the thyroid during pregnancy.

A deficiency in the iodine content of the thyroid gland in
pregnancy was described by Marine in 1935, who suggested that
colloidal or simple hypertrophies of the gland may be due to a
deficiency in iodine. Cassano, Baschieri and Andreani in 1945
suggested that the deficiency of iodine during pregnancy caused
hypertrophy of the gland as a result of an increased rena} clearance
of iodine and that would be exacerbated when the dietary content of
iodine was inadequate. Aboul-khair, Crooks, Turnbull and Hytten
in 1964 in a comprehensive study, suggested that the renal clearance
of iodine increased early in pregnancy, due to an increase in the
~glomerular filtration rates, producing a fall in the plasma inorganic
jodine concentration. These authors also studied the incidence of
goitre with particular reference to different geographical environments
and concluded from their studies that the goitre in pregnancy is most
manifest in those patients who have low dietary iodine intakes and
that the enlargement of the thyroid gland in pregnancy resembles
the goitre due to dietary iodine deficiency.

Wayne, Koutras and Alexander (1964) paid particular attention
to the puerperium. They suggested that 20% of mothers' daily
intake of jodine may be lost in her milk supply and this could
explain the rapid development of goitre in lactating women with a

Tow iodine intake.
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Hershman and Starnes in 1976 suggested that the thyroid
gland in pregnancy is potentially stimulated by pTSH, hCG
and hCT. Recently, Nisula, Morgan and Canfield (1974)
postulated that hCG may have intrinsic thyrotrophic activity,
and thus Braustern and Hershman (1976) suggested the probable
role of intrinsic thyrotrophic activity of hCG in the control

of thyroid function in early pregnancy.

‘Thyroid hormones in Pregnancy

Thyroxine binding globulin has an increased binding
capacity in pregnancy, and this is due to the effect of
oestrogen, (Dowling et al., 1956; Mestman et al., 1969).
Thyroxine binding globulin concentration is doubled by the
eighteenth week of gestation, (Man et .al., 1969) and thus
elevated values for PBI, butanol-extractable iodine and
total T4 are found in pregnancy, (Mestman et al., 1969;
Malkasian and Mayberry, 1970). Thyroxine binding globulin
is the principal binding site for thyroid hormone during
pregnancy and neither the albumin nor pre-albumin binding
sites show any increaée during pregnancy, (Malkasian and
Mayberry, 1970).

The concentration of FT4, a metabolically active
thyroid hormone, (Recant and Riggs, 1952; Sterling and
Hegedus, 1962 and Mestman et al., 1969) has been studied
during pregnancy by several investigators. The methods
used were mainly those of equilibrium dialysis and its

modification (Christensen, 1959; Sterling and Hegedus, 1962)
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as well as the gel Sephadex filtration technique, (Lee et al.,
1964). A higher value for FT4 when compared with controls

has been found in pregnancy by Oppenheimer et al., 1963; and
Schatz et al., 1968 , but other investigators found either

no change (Malkasian and Mayberry, 1970; Souma et al., 1973)

or lower values (Robbins and Nelson,1958; Sterling and Hegedus,
1962; Ingbar et al., 1965; Sterling and Bremmer, 1966). On the
other hand (Boss, Djahanbakhch and Kingston, 1978) had reported
a significant fall in FT4 concentration in the 2nd and 3rd
trimester of pregnancy when compared to first trimester and non-
pregnant control groups.

The concentration of pTSH during prégnancy has been investi-
~gated by several workers and their reports are conflicting. 0dell,
Wilber and Paul, (1965), and Tojo and Kanazawa, (1973), reported
normal values of pTSH while Malkasion and Mayberry, (197C), and
Ueda and Mochizuk (1964), found elevated values. Braunstein and
Hershman reported a fall in concentration in pTSH in the early
months of pregnancy followed by a rise to non-pregnant levels

during the remainder of gestation.

Assessment of Thyroid Function in Pregnancy

Technically the determination of FT4 is difficult, but an
indirect method has been suggested, (Halmolsky et al., 1957 and
Mitchell et al., 1960). These tests measure the number of un-
occupied binding sites on the thyroxine binding globulin. From
measurement of PBI, T4 or Tri-iodothyronine resin uptake the

free thyroxine index can be calculted, (Clark, 1963; Howarth
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and Maclagen, 1969). A commercially available kit method
(Thyopac-3: Radio Chemical Centre, Amersham) is widely used
for the T3-uptake test. Clarke emphasised the value of
Thyopac-3 as an in vitro test. A good correlation between
free thyroxine index and FT4 concentration has been reported
by Wellby and 0'Hallcran, (1966). However the accuracy of
the free thyroxine index estimation using the thyopac-3 kit
has been questioned when there are raised concentrations of
TBG, (Burrpgg;gl., 1977) and in patients on oral contracep-

tives, (Djahanbakhch, et al., 1977).

THE CONCEPT OF THE DETECTION OF HUMAN CHORIONIC THYROTROPHIN

The hypothesis relating to the alteration of thyroid
hormones and their regulatory role in pregnancy becomes more
confused when the concept of the presence of a placental
thyrotrophin was postulated in the past decade.

Lyon, in 1953, reported the detection of thyrotrophic
activity in urine from pregnant women. Subsequently, a thyroid
stimulating protein was extracted from placental tissue by
Hennen in 1965 and Hershman and Starnes in 1969. In his later
work, Hennen, (1967), named this substance human chorionic
thyrotrophin (hCT). Since then further work on the character-
jzation of this protein has been reported by Hennen in 1969
and Hershman and Starnes in 1971. Much of the more recent
work on chorionic thyrotrophin has been done by Hershman and
his co-workers and a review by Hershman in 1972 suggested that

the placenta contains at Teast two proteins with thyrotrophic



12

activity. The smaller protein with a molecular weight of about
30,000, the one first extracted by Hennen and Hershman. The
compound with the larger molecular weight (about 70,000) was
detected in a patient with a hydatidiform mole.

A recent group of workers in this field (Tojo, 1973) claimed
the isolation of purified thyrotrophin from placental tissues, which
was subsequently used in the setting up of a homogenous RIA for

human chorionic thyrotrophin.

~ PROPERTIES AND BIOLOGICAL EFFECTS OF HUMAN CHORIONIC THYROTROPHIN

Human chorionic thyrotrophin appeared to be more closely
related structurally to bovine thyrotrophin than to human thyro-
trophin. Both Hennen (1969) and Hershman and Starnes, (1971),
reported 1ittle cross-reaction between hCT and anti-serum to
human thyrotrophin, but considerable cross-reaction with anti-
serum to bTSH. Human chorionic thyrotrophih and bTSH were
reported to be clearly separated by disc electrophoresis,

(Hershman, 1971), human chorionic thyrotrophin being more anodic,
comparable to human pituitary thyrotrophin. Human chorionic
thyrotrophin is believed to be a glyco-protein.

Pituitary thyrotrophin and hCT appear to have similar molecular
weights of about 28,000 (Hershman, 1972). Thyrotrophin, follicle
stimulating hormone, luteinizing hormone and hCG have a common alpha
sub-unit and a specific beta sub-unit. After neutralisation of
immunological activity by various antisera (Nisula, 1973) reported

that hCT does not contain this common alpha sub—uﬁgt.
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In the mouse bioassay for thyrotrophic actiyity, hCT showed
thyrotrophic properties similar to bovine thyrotrophin and with a

similar time course.

'secretion‘Of'hCT'in'Pregnancgjand'Placenta1'content

Both Hennen, (1969), and Hershman and Starmes, (1969), agreed
that the mean hCT content of term placental tissue is about 100 mU/100g
wet weight. However, there is a wide variation, and Hershman and
Starnes (1971), report a range of 0.5-450 mU/100g in a study of 15
individual placentae.

Hershman (1975), states that his workers have not been able to
demonstrate hCT convincingly in pregnancy serum using their bovine
TSH RIA method. However, this conflicts with the report of Hennen,
(1969), who, using the McKenzie mouse bioassay, found elevated levels
of thyrotrophic activity in extracts of pregnancy serum, particularly
during the first trimester, levels falling over the subsequent months.
There is also conflict with the work of Tojo, (1973), who, using a
homologous RIA found serum levels of hCT that increased steadily

throughout pregnancy with a range of 12.5-50 yg/ml at term.

Trophoblastic Disease

While hyperthyroidism cannot be detected in normal pregnancy it
can be a complicating factor in both hydatidiform mole and chorio-
carcinoma, a number of cases have been reviewed by Hershman, (1972).
In most cases identification of the thyroid stimulating factor has

not been achieved, and the use of the McKenzie mouse bioassay has
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excluded the possibility that LATS is involved (on the basis of
the time course of the biological effect of serum and tumour
extracts). Furthermore, in some pétients the chick bioassay

has been used and this has given positive responses (it does
not detect LATS). In only one case (Hershman, 1970) was there
sufficient material available for further study. On gel filtra-
tion a substance with a molecular weight of 60,000 - 70,000 was
isolated. This material gave a slightly longer response in the
McKenzie assay than the bTSH, the ratio of the 8h/2h responses
for the molar protein being 0.93 compared with 0.76 for bovine
TSH and hCT and greater than 2 for LATS. However, Tojo, (1973),
has found serum hCT levels somewhat greater in molar, than at

a similar stage in normal pregnancy.

Extraction Methods

Extraction and purification of hCT is based on methods
used for pituitary thyrotrphin.

Due to the small amount of the hormone present in the pituitary
gland and the difficulties involved in bioassay methods, the isolation
and purification of TSH proceeded slowly.

In early stages partial purification was attempted by protein
precipitation (White and Ciereszko 1941; Ciereszko 1945). In this
method the hormone was extracted by saline and followed by
precipitation in acetone. The specific activity was increased by
precipitation of the interphase formed between n-butanol and 0.075
M-P-Toluene sulphuric acid (Pierce and Carsten, 1963).

Bates (1959), reported an alternative method of extraction based
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on percolation of powdered pituitary powder with mixtures of ethanol
and sodium chloride with decreasing concentrations of ethanol.

Further purification is obtained by ion exchange chromotography.
Heidmen in 1953 showed that TSH can be absorbed on andeluted from
the weak cation exchanger resin, Amberlite IRC-50. Condlife and Bates
(1956), used a weak cation exchange carboxymethyl cellulose (CMC) column.
These authors also discovered that TSH could be retained on Diethyl amino
ethyl cellulose (DEAE-cellulose) but only at high pH and low ionic
strength (pH 9.5, 005 M sodium glycinate).

Purification by cation exchange chromotography provided slight
reduction in LH contamination but fractions from a weak exchange
(DEAE-cellulose) had a greater reduction in this contamination. 1In
this column the luteinizing hormone emerges first and TSH and similar
proteins are retained.

The methods used so far for the extraction of placental hCT
have been based on the methods used for pituitary hormones, developed
by Reisfeld (1962). The procedure involves homogenisation of the
placental tissue in cold acetone. The dried acetone precipitate is
then extracted with 0.3 M KC1. After centrifugation, ethanol is added
to the supernatant, the resultant precipitate is removed and the
supernatant dialysed against distilled water and freeze dried. At
this stage Hennen, (1969), used precipitation at the interphase formed
between n-butanol and 0.075 M 4-toluene but other workers have omitted
this step.

Extensive purification by column chromotography is then performed
using a Sephadex G 50, Carboxy methyl cellulose, Sephadex G 100, and
DEAE Sephadex A 50. Using this methodology Tojo, (1973), quotes a

yield of purified protein of 15mg from 55kg of term placental tissue.
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Assay Methods

The original McKenzie, (1958), mouse bioassay, or one with
a number of minor modifications, has been widely used as a method
for detecting thyrotrophic activity. Mice are fed on a low iodide

131 intravenously. Thyroxine

diet for a few weeks, and then given I
is given to the mice to suppress endogenous TSH, and test extract
or standard is given by either intravenous or intraperitoneal routes.

I]31 concentration is measured 2 hours and

The increase in blood
8 hours later.

Human chorionic thyrotrophin does not cross-react in the homo-
Togous human TSH RIA, but does in the heterologous bovine TSH RIA,
and this has been used as a convenient and apparently sensitive
assay by Hershman and Starnes, (1969).

Tojo, (1973), reported a homologous RIA method for hCT using
antiserum prepared against purified hCT. He found that with conven-

tional absorption techniques, cross-reactivity with hCG was removed,

and did not find any cross-reaction with either HPL, TSH or FSH.
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One hundred and thirty fresh human term placentae were
collected from normal euthyroid pregnant women. Those patients
with pregnancy complicated by pre-eclampsia, hypertension, ante-
partum haemorrhage, and small for date foetuses were excluded for
the study.

Placentae were collected immediately after expulsion and
washed with ice cold saline to remove all traces of blood. The
membranes, cord and large vessels were dissected out and the placentae
divided into small pieces. This process was completed within 4 minutes
of expulsion of the placenta. Placental tissue was either stored at
-20°Cc or homogenised iﬁ acetone immediately.

Placental tissue weighing 100-200g was homogenised in 600m1 cold
(-20°C) acetone using a Kenwood Liquidiser for 5 minutes. The homogenate
was filtered through a Buchner funnel, and the cake re-homogenised with
cold acetone. This procedure was performed at -4%c. After filtering,

the cake was allowed to air dry and the powder stored at -20°c.

Extraction of Placental Powder

The following reagents were used:
0.3M KC1, pH 5.5 at 4°C
4 N NaOH
Ethanol
Concentrated HC1
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One litre of 0.3M KC1 was added to 50g of placental powder, this
was extracted for 2 hours using a magnetic stirrer at 4°C. The
suspension was contrifuged for 45 minutes at 49¢, The supernatant
was saved and the residue was re-extracted for one hour using 500ml
of 0.3M KC1. The suspension was centrifuged for 45 minutes. The
supernatants were combined and the residue discarded.

The combined supernatants were adjusted to PH 8.5 using 4 N NaOH
and chilled to 0°C. Ethanol (640m1 -15°C) was added slowly with
stirring and maintaining the temperature at 0°c. The suspension
was centrifuged and the supernatant was adjusted to PH 5.0 using

concentrated HC1 and centrifuged again.

‘Dialysis of Placental Extract

| The supernatant was dialysed against distilled water to remove
the KC1 using a Technicon dialyser. Dialysis was carried out at
-4%c. The dialysed supernatant was then freeze dried.

The following procedures were carried out to try to ensure the
most efficient dialysis possible. Counter-current dialysis was used,
the supernatant flow being augmented with bubbles, water passed through
the dialyser 3 times and the speed of the pump was keﬁt to a minimum.
This latter point was difficult as it is found that the time to dialyse
at low speed with maximum efficiency was great. The freeze-drying also
presented a problem.

In this extraction method 2,100m1 of supernatant was freeze-dried.

The problem with dialysis and freeze-drying have led us to re-

consider the extraction method. The new method is described as follows:
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The hollow fibre cartridge can be thought of as a large filter,
consisting of many hollow fibres giving a large surface area.

Depend{ng on cut-off point of the filter certain substances will pass
through and certain substances will be retained allowing the separation
of substances of different sizes.

We developed our own system using a Quick-fit pump and negative
pressure provided by a water pump. It was suggested that hCT has a
molecular weight of about 30,000 and therefore a hollow fibre cartridge
with an exclusion of 50,000 1imit will pass through hCT but hold and
eliminate large molecules then a hollow fibre cartridge of cut-off
10,000 will hold back and keep the hCT and eliminate smaller molecular
weight than 10,000. This will include most of the water and KC1,
thus eliminating the need to dialyse and giving a small volume to
freeze-dry. Fig. (1-2).

100g of the placental powder was mixed with 1L of 0.3 KC1 and
stirred for two hours. The mixture was then sieved and the tissue
re-extracted with 500m1 of 0.3 M KC1 for one hour. The combined
supernatants were centrifuged and passed through a Whatman no. 42 paper
filter under vacuum. The solution was then ultra filtered through a
membrane with 50,000 Dalton exlcusion 1imit (Amiocon Hollow fibre
cartridge).

The excluded solution was discarded and the filtrate concentrated
to a final volume of about 40 - 50m1 and then passed through second
Hollow fibre cartridge with a cut-off of 10,000 Daltons.

This stage provided a rough fractionation stage and concentrated
the extract to a reasonable volume. The concentrate was then freeze

dried.
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Column Chromatography

one ml of 12% 1abelled human TSH was added to 20ml of the
concentrated extract and this was then fractionated on a 2.5 cm diameter
x 90 cm Tong column of Sephadex G100. Two major protein peaks were
obtained. The first Was associated with immunoreactive TSH radio activity.
The fractions contributing to this peak were pooled and retained. This
procedure was then repeated until a total of 45 kg of placental tissue
had been processed giving a yield of 4,600g dry powder and a total of
3.9g of protein from the pool fractions from peak I. Protein concen-
trations were determined by the (Lowry 1951) method.

The pooled fractions from peak I after the G100 separation were
concentrated to 2.09 1. and subjected to Ion exchange chromatography
using a 2.5 cm diameter x 32 cm long column of DEAE Sepharose with the
linear gradient of 0.05M Tris HC1 x 0.1M Nacl PH 8.3 starting buffer to
0.05M Tris HC1 0.4 M Nacl final buffer. Again 1]25 labelled TSH was
used as a tracer and fractions associated with immunoreactive TSH
pooled for further purification.

The yield from the main peak of interest was 1.76g in a total
volume of 4.14 1. and this was concentrated to 0.47 1.

A further problem was finding a method for the assay of thyrotrophic
activity in the isolated fractions. An aliquot of test solution was
freeze dried and initié]1y sent to Professor Hershman in California
for his assessment. Reagents for a bovine TSH radioimmunoassay were

Tater obtained from Dr. Hennen in Belgium.
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Development of Bovine Tyrotrophin Radioimmunoassay -

Hershman, Hennen and Tojo founa\that hCT cross-reacted very
well with anti-sera to bovine TSH. Thus a homologous bovine TSH
radioimmunoassay, using high]y purified bovine TSH and anti-sera,
could be used as reagents in the development of a sensitive radio-
immunoassay for hCT.

As the test substances (tissue extracts or serum) may contain
both pituitary TSH and hCG it was importaﬁt to establish how much
cross reactivity these substances showed in the bovine TSH radio-

immunoassay.
Reagents

Bovine TSH standards were obtained from the National Institute
for Biological Standards and Control (London).

Rabbit antibody to bovine TSH and purified bovine TSH for labelling
was obtained from U.C.B.S.A. Bio Products, Brussels. DASP, anti rabbit
globulin, coupled to cellulose, was obtained from Organon.

Day-old human male sera were obtained from a routine assay
laboratory and pooled to give hCT-free serum. Bovine serum albumin
(BSA) was obtained from Armour Pharmacutical Co. Limited, Eastbourne.

125

Nal was obtained from Amersham, England. Other materials were

obtained from normal commercial sources.

Details of Assay

125

Bovine TSH was labelled with I usina the method of Greenwood, Hunter

and Glover (1963). The anti-sera to bTSH and DASP were diluted (1 : 1000)
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with assay buffer PBS (Phosphate buffered saline) 0.02M EDTA
(Ethylenediaminetetra acetic acid) and 0.5% BSA, pH 7.6.
The bTSH standards were doubly diluted with hCT -free-serum
giving bTSH concentrations of 74, 36, 18, 9.3, 4.7 and 2.3 mU/1. A1l
test samples were assayed in duplicate.

The details of the.assay are shown in the following flow chart:

Standard 'Sample
Standard bTSH 200 pl Anti-bTSH serum 100 yI
Serum pool 200 pl Assay buffer 600 pi
Anti-bTSH serum 100 pl Serum sample 200 pil

Assay buffer 400 pl
Incubated at 4°C for 3 days
1'25 bTSH 100 pl
Incubated at 4°C for 3 days
1 ml DASP
Mixed by rotation for 2 hours
Centrifuged, 2500 pm, for 30 mins
Aspirate supernatants

Count radio activity in precipitate

In the assay of hCT in placental extracts, 200 u1 placental extract,
200 u1 hCT free serum, 100 pl anti-serum to bTSH and 400 ul assay buffer
were mixed and incubated at 4°%C for three days. The assay procedure was
identical to that for hCT in serum.

The bovine TSH assay for hCT was tested for cross reactivity with hCG.
1,500 IU/m1 read as 11 mU/1 bTSH, indicating negligible interference in

the assay. However, pTSH showed a considerable cross reaction, as shown

on the following page:-
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pTSH bTSH

mU/1 cross reaction
mu/1

1 2.5

10 10

100 16

" Fig. 3 shows a typical standard curve obtained for the bovine TSH

radioimmunoassay.



% BOUND (B/Bo)

1001

40-

20+

>3 47 93 185 37 74
bTSH (mU/l)

Fig. 3

A typical standard curve for bovine TSH radioimmunoassay'
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Development of a Sensitiye Pituitary Thyrotrophin Radioimmunoassay

In order to determine the minimal changes in pTSH concentration

throughout pregnancy a sensitive pTSH RIA was developed.

Materials

Buffer 1.55g NazH P04. 2H20
0.179g Na H,PO

8.75g  NaCl

5.0g Bovine Serum Albumin
7.5  EDTA (disodium salt)

Dissolved in 1L distilled water,
adjusted to pH 7.6

Standard TSH was obtained from the Medical Research Council

and prepared in double dilutions of 25, 12.5, 6.3, 3.2, 1.6,
0.8, 0.4 and 0.2 mU/ml in sheep serum,

Anti-serum: A high affinity anti-serum was obtained from UCB
Bio-product Peptide Departﬁent, Brussels.

1'25 1abelled TSH was diluted with buffer to 1 pg/ml immediately
before use. Protein immunosorbent was obtained from CIS. Tween
20 was used to reconstitute the immunosorbent. A1l samples were

assayed in duplicate.

Details of Assay

100 pl1 of the standard or unknown serum plus 300 ul of buffer and

100 ul anti-serum were mixed and incubated at 4°C for 2 days. 100 H1 of

1125

TSH was added to all tubes, mixed, and incubated at 4% for a further

three days. 500 ul of immunosorbent suspension was added to all tubes

(except to the "total counts" tubes) and mixed. A typical standard

curve is shown in fig. 4.



(B/B,)

% Bound

100,

80

60.

L0
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T T 4 1

02 0L 08 16 32 64 125 25
pTSH (mU/L)

Fig. 4

A typical standard curve for a sensitive TSH radioimmunoassay '
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The method of McKenzie (1958) was used with some modifications.
Three-week old mice, weighing 12 - 18 mg, were obtained from the
Department of Pharmacology, University of Sheffield. The mice were
fed on a low jodine diet for seven days. On day eight they received

"an intraperitoneal injection of 10 uCi 1125

which was followed by an
injection of 10 ug. L - thyroxine (subcutaneously). In addition to
these treatments, thyroid powder was added to drinking water. Three to
four days were allowed for the clearance of blood radioiodide. Thyro-
trophin was then injected intravenously and the thyrotrophic activity
was measured as a % increase (relative to initial) in the blood 1125.
Blood was obtained from the tail at time 0, before the test substances
were given. Blood samples were obtained at 2 - 4 - 8 and 24 hour
intervals after the injection of TSH.

In order to determine the specifity of the assay, injections of
saline (0.5 ml) and hydrocortisone in doses of 0.1 mg, 125 ug and 250 ug
were given. Adrenaline, in doses of 0.05 ug and 1 ug, was administered
in order to assess the effect of stress on animals.

To assess the thyrotrophic activity of human Chorionic Gonadotrophin,
1,250 IU, 2,500 IU and 5,000 IU of hCG was given and the response was

compared to that obtained after thyrotrophin or saline injections.
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Ante-natal Blood Sampling

Initially fifty pregnant women from the time of diagnosis of
pregnancy (8 - 10) weeks gestation were included in this study. In
general, patients were referred to hospital in their mid trimester
therefore it was decided to visit General Practitioners and ask for
their co-operation. The women were seen on their first visit and their
consent and co-operation was obtained.

A11 patients were primigravida aged between 18 and 28 years old and
belonging to social classes 1 to 3. A1l patients were in good health
and had not suffered from any endocrine disorder. None of these patients
had had any radiological examination or any radio opaque substances. They
did not take any medication except in later pregnancy when they were given
iron and folic acid supplements. They had no history of threatened
abortion during pregnancy. The duration of pregnancy was confirmed by
pelvic examination and their last menstrual period. All patients had
hospital confinements. Venous blood samples (10 - 15 ml) were taken at
four weekly intervals from 8 weeks gestation onwards. The delivery of
the patient was supervised and a blood sample was obtained when labour
was established and another at 2 hours post delivery. Blood samples were
also taken at 4 days and 6 weeks post-natally. The neonate Apgar Score,
birth weight with placental weight were recorded.

Although fifty patients were initially included in the study, thirty
patients either developed one or more complications of pregnancy or blood

samples were incomplete. The study was thus completed in twenty patients.

Hydatidiform Mole

The placental tissue was collected from two patients with molar

pregnancy. The presence of a Hydatidiform Mole was diagnosed at 16 and
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18 weeks of amenorrhea by ultrasound and 1mmuno}ogica1 tests. A

syntoconon infusion was given and placental tissue was expelled followed
by surgical evacuation.

The placental tissue was extracted as previously described. Their
hCT activities were checked by bovine TSH radioimmunoassay. Blood samples

were taken before and after explusion of placenta and at 4 days.
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Thyrotrophic Activity of Placental Extracts

The'yield from the main peak following DEAE Sepharose column
chromatography was 1.76 mg in a total volume of 4.14 1. which was
reduced to 0.48 1. by freeze drying. 20 mg/ml of this substance was
dialysed and its hCT content estimated by the bovine TSH radioimmunoassay
system.

The undialysed fraction (20 mg/ml) had an activity of 0.05 uU/mg
while the dialysed fraction (10 mg/ml) had an activity of 0.09 pU/mg.
In the TSH bioassay, only 1 of 5 mice had a response which was greater

than the control (3 pU/mg).
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Thyrotrophic Activity of 15 Indiyidual Placéntae

As the activity of the placental extract was found to be poor it
was decided to extract 15 placenta separately and to check the thyrotrophic
activity in order to pursue Further purifications of those placenta which

showed high activities. The result of this study is shown in table I.:

TABLE I

Thyrotrophic Activity of 15 Individual Human Placentae on R.I.A. of

Bovine 15H
Placenta Volume extracted hCT hCT/Placenta
] 100 (m1) 1.5(mu/1) 0.45(mu)
2 100 1.5 0.45
3 180 6.5 3.51
4 165 2 0.99
5 100 1.5 -
6 130 2.5 0.98
7 210 3.0 1.89
8 200 1.5 -
9 180 2.5 1.35
10 100 2.5 - 0.75
1 240 1.5 -
12 100 1.5 0.45
13 100 2 0.99
14 100 2.5 0.75
15 180 5 2.7
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‘Thyrotrophi¢ Activity of Hydatidiform Mole as Measured by the RIA
for Bovine 1SH

Mole tissue was extracted from 2 patients in whom the diagnosis
of Hydatidiform Mole was diagnosed by both immunological and histological
examination. Thyrotropﬁin activity of mole tissue, as assessed by bTSH
radioimmunoassay is shown in Table II. The biological activity of 4

placental extracts is shown in Fig. 7.

TABLE II
" Fraction
whole extract 50,000 MW 50,000 MW 10,000 MW
Hydatidiform Mole 1 1.5 mu/1 1.5 mu/1 1.5 mu/1 1.5 mu/1

Hydatidiform Mole 2 1.5 mu/1 1.5 mu/1 2 mu/l 1.5 mu/1
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Placental Thyrotrophin Concentration throughout Pregnancy

Fig. 5 shows the hCT concentration throughout pregnancy in 20
patienté. Most values were undetectable with the median value of
1.5 mu/1 in early pregnancy and less than 1.5 mu/1 in later gestation
(Table IV). Using Wilcoxon's (non-parametric) paired test‘no
significant changes were found between values obtained in early
pfegnancy and late pregnancy; indeed, more undetectable values were
found in later pregnancy than at earlier stages. Concentration of

hCT in individuals are shown in Table III and Figs. 12a - 16a.
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\ Duration of Pregnancy Delivery L 6/52
8-12  14-18 20-2L 26-30 32-36 38-40| pre post| Cord| Days | Days
1] <1.5 |<1.5 | 2.3 | <1.5 | 2.5 |<1.5 |<1.5|<1.5] L.sl<15 |<1.5
2 3 |<1.5 <.1.5 6 2 1.5 1.51 1.5] L.5|<1.5 |<1.5
31< 1.5 |[€1.5 [< 1.5 |< 1.5 1.5 |< 1.5 |<1.5]|<1.5] 1.5|<1.5 |<1.5
i 5 [<1.5 1.5 |< 1.5 |« 1.5 | <1.5 |<1.5[<1.5]<1.5]<1.5 |<1.5
51 10 6 |<1.5 2 |<1.5 |<1.5 [<1.5|<1.5]<1.5]<1.5 |<1.5
6 N 6 3.5 L.5 L 5 6 | 5.5] 1.51 1.5 |<1.5
71< 1.5 2 1.5 < 1.5 < 1.5 [<1.5 |<1.5]<1.5|<1.5]<1.5 |<1.5
8]1< 1.5 |<1.5 |< 1.5 |< 1.5 | 1.5 [€1.5 [€1.5] 1.5 2 1<1.5 |<1.5
91< 1.5 |<1.5 |< 1.5 |< 1.5 |< 1.5 [< 1.5 |<1.5]< .5}<1.5]<1.5 |<1.5
10 5 l<1.5 5.5 N 3 3 |<1.5|<1.5| 1.5|<1.5 {<1.5
11 10 3 6.5 7.5 3.5 2.5 1.5 <1.5 1<1.5 5 |<1.5
21< 1.5 3 |< 1.5 2.5 |< 1.5 [< 1.5 [<1.5]<1.5]<1.5]<1.5 [<1.5
13|< 1.5 |<1.5 | 2.5 | 3.5 |< 1.5 |<1.5 |<1.5|<1.5|<1.5|<1.5 |<1.5
| L5 | 3.5 |< 1.5 | 5.5 |< 1.5 |< 1.5 |< 1.5|<1.5 |<1.5|<1.5 |<1.5
15 |< 1.5 [<1.5 3.5 2.5 |< 1.5 [K 1.5 |<1.5[<1.5 k1.5]<1.5 {<1.5
16 |< 1.5 | 3.5 3 L.5 3.5 3.5 3 3 | 7.5|<1.5 [<1.5
17 |< 1.5 [<1.5 |< 1.5 |< 1.5 1.0 | 1.5 |<1.5 k1.5 k1.5{<1.5 |<1.5
18 |< 1.5 |<1.5 2,0 |< 1.5 |« 1.5 [<1.5 |<1.5]<1.51.5]<1.5 1.5
19 i< 1.5 k1.5 |< 1.5 1.5 | 1.5 | 1.5 | 1.5 ]<1.5 [K1.5|k1.5 |<1.5
20| 3.5 |<1.5 |< 1.5 | 1.5 |[<1.5 |[<1.5 |<1.5[<1.5] 1.5]1.5 [<1.5
TABLE III

Concentration of hCT throughout Pregnancy and post delivery in 20 patients
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TABLE IV

Median va.iues for plasma hCT, HPL, Oestriol throughout pregnancy, umbilical

cord and post delivery.

DURATION OF PREGNANCY ‘ ,
(Weeks) : DELIVERY L 652

8-12  14-18 20-24 26-30 32-36 38-40 FRE POST CORD DAYS DAYS

HCT <1.5 1.5 1.5 1.7 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5

m/1

HPL 0.32 1.2 2.5 Lol 5.5 7.2 7.2 1.2 0.7 <0.1 <0.1
pa/= | ‘

OESTRIOLS 62 115 190 285 465 613 L69 5125 10 10

nmol/1
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Mouse Bioassay

Figure 6 shows the response in blood I.l25

following injection
of saline (control n = 4) and 1 mU thyrotrophin (n = 4)., The maximum
response was obtained at 4 hours.

Injection of adrenalin and hydrocortisone resulted in responses
similar to that shown by the control (saline) injection Fig. 6.
However injection of 2,500 IU hCG injection produced an‘inérease in blood
1125 similar to thyrotrophin (Fig. 6). When placental extract was given

to the mice a maximum increase was noted at 4 hours. Fig. 7.
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Fig. 8 shows the concentration of pTSH throughout pregnancy using
a routine assay. Median plasma values ranged from <1 to 1.5 mU/1 but the
median value for umbilical cord samples was 5;2 mU/1.

By using a sensitive RIA (witﬁ a lower limit of detection: 0.4 mU/1)
a fall in pTSH concentration in.early pregnancy became evident; this was
particularly noticeable between 8 ~ 12 weeks of gestation Fig. 9. The
mean value of pTSH at 8 - 12 weeks gestation was 0.96 + 0.15 (SEM) rising
significantly to a mean value of 1.64 + 0.14 at term (P<0.01). Similarly
when the mean value at 8 - 12 weeks gestation was compared to non-pregnant
values the fall was significant (P<0.01).

Fig. 10 depicts the data from 8 individual patients throughout
pregnancy. Five out of eight patients showed a lower concentration of

TSH at 8 - 12 weeks when compared to 14 - 18 weeks gestation.
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Fig. 8

Concentration of pTSH throughout Pregnancy and
post delivery using a routine assay,
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The mean concentration of serum pTSH in pregnant
and non-pregnant subjects using a sensitive RIA
for human pTSH.
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Fig. 10

Concentrations of pTSH during pregnancy in 8 individual
patients using a sensitive RIA for pTSH.
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“the Post-delivery Period

In order to assess the value of hCT as a placental function test
hCT concentrations througﬁout pregnancy were compared with other
established placental function tests, HPL and plasma oestriols. Fig. 11
show Mean values for HPL tﬁroughout pregnancy as measured by the Amersham
RIA Kit. Individual values are shown in Table V. Individual values
for HPL and hCT are shown in Figs.12 - 16. Table VI shows the Mean
(+ SE range) and median values for HPL throughout pregnancy and in the
post-delivery period. Table VII shows the correlation between HPL value
in late pregnancy and maternal weight gain, birth weight, placental weight
and Apgar score. A progressive rise in the concentration of HPL is evident
from early pregnancy until pre-delivery with a rapid fall within 2 hours
of delivery. HPL values in late pregnancy correlated well with fetal

and placental weight (r = 0.59, P< 0.05) and birth weight (r = 0.53, P£0.05)
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The mean concentrations of HPL during pregnancy
and post delivery.
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Duration of Pregnancy Delivery L 6-52

8-12 t4-18 20-2, 26~30 32-36 38-L0 - pre  post| Cord Days ’ Days

il ow | s 1.5 | s | 57 | 7 6.3 2.1] o.5]<0.1 |<0.1
2]< 0.1 1.85 | 2.6 3.9 6.6 6.2 8.4| 5.6 0.17]<0.1 |< 0.1
3| o.25 | 1.3 - bt | 6.6 | 8| 9 | 07| .2{<0.1 |<o0.1
W 0.3 | 0351 1.5 | 3.3 | 5.6 | 8.1 8.8 |<0.1]<0.1}<0.1 |<0.1
5] o.1L | 0.53] 1.6 4.6 6.2 6.8 59| 5 0.6] 0.18 |< 0.1
6] 0.25 1.8 2.5 3.8 5.5 7 6.3] 2.51<0.1}<0.1 |<0.1
71 0.2t | o8| 1.6 | 3.3 | 6.3 | 9.3 9 | 1.3] 1.5|<0.1 |<0.1
8| 0.1 0.6 | 1.1 3.3 | 5.1 7.5 | 7.2} 0.75] 0.72]<0.1 |<0.1
9| o0.32| 2 3.6 | 5.1 6.3 | 7.2 9.1]1.15}<0.1]<0.1 |<0.1
100 0,19 1.2 | 2.6 | 3.9 | 5.6 | 7.2 8.4] 5.8{0.17]<0.1 |<0.1
1] oy | 2 2.9 | 43 | s} 7.3 sa) 1) 1.1]<0.1 |<o0.1
12} o.2h | 1.4 | 3.3 | L5 | 6.8 ) 6.7 8.1]0.63}0.15{<0.1 |<0.1
13 039 2 2.9 | L.8 6 5.5 1 7.2}0.42] 0.1]<0.1 |<o0.1
| o021 | 1.2 | 1.5 | 2.5 | w6 | 5.7 5.3] 1.2} 0.1|<0.1 {<0.1
151 0.36 2.1 Lot 5.2 5.4 6.1 6.1] 1.3}<0.1]|<0.1 |<0.1
16] 0.51 ] 2.2 | 2.1 3 5.1 5.5 | 8.2] Lh.5l<o0.1]<0.1 |<0.1
170 o2 | 147 | 2.5 I 5.2 | 6.7 6.3] 2.2f0.17]<0.1 [<0.1
18f 0.27 | 1.4 2.5 L7 6.4 8.1 9 2.3] 1.1]<0.1 |<0.1
19| 0.63 | 2 2.3 | 3.3 | 5.1 6.9 | 7.2] 1.8] 1.7]<0.1 |<0.1
oo oy | 1.32| 2.5 | n7 | 64 | 8 6.3 0.5] 1.6|<0.1 [<o0.1

TABLE V

Concentration of HPL during pregnancy and post
delivery.
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TABLE VI
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DURATION OF PREGNANCY

(Weeks)

8-12 118 20-21, 26-30 32-36 38-40
0.28%0.0L | 1.42%0.13] 2.32%0.14 | 4 F0.17 | 5.8%0.17 | 7.1%0.28
001-0063 0035"‘2.2 1.1"'3.6 205"’5.L|. L|,06—8 50)—].—903
0-32 1.2 2.5 Ll.o1 505 7.2
DELIVERY L
pre post Cord Days

7.3%0.29 | 1.8%0.29 | 0.59%0.02
5.1=9.1 | 0.1-5.8 | 0.1-1.7 Undetectable
7.2 1.2 | 0.7

Mean (+ SE range) and median values for HPL throughout Pregnancy
and in the post delivery period
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Duration of Pregnancy Total
(Weeks) Weight Birth Flacental
3223 B-L0 Delivery Ke. Grams  Gesss  Seore
1 5.7 7 6.3 10.9 3875 700 9
2 66 82 8+4 13.7 3080 760 7
3 6.6 8.4 9.0 9.9 3620 620 9
L 5.6 8.1 8.8 11.0 3750 620 10
5 6.2 6.8 5.9 1y 3730 500 9
6 5.5 7.0 6.3 12.4 3440 550 8
7 6.3 9.3 9 14.3 L4250 750 9
8 5.1 7.5 742 141 3290 460 9
9 6.3 742 941 12.5 3880 720 9
10 5.6 7.2 8.1 18.0 3520 600 8
11 5.4 743 5.1 10.1 3750 520 8
12 6.8 6.7 8.1 10.9 3460 730 6
13 6.0 5.5 7.2 8.0 2730 Lo 8
Jh 4.6 5.7 5.3 11.0 3020 - 560 9
15 5.2 6.1 6.1 11.5 3160 520 9
16 5.1 5.5 8.2 16.0 3180 580 9
17 5.2 6.7 6.3 11.8 28L,0 450 9
18 6.4 8.1 9.0 19.0 3400 680 10
19 5.1 6.9 7.2 11.5 3260 520 10
20 6.4 8.0 6.3 10.0 4700 810 10
TABLE VII

Correlation between HPL values in late Pregnancy and maternal weight gain,
birth weight, placental weight and Apgar score
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Fig. 12a

Concentrations of hCT during pregnancy and post
delivery in L patients.
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Concentration of HPL during pregnancy and post
delivery in the same patients.
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Concentration of HPL during pregnancy and post
delivery in the same patients.
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The Amersham RIA Kit was used to determine the plasma oestriols
value in 20 patients in whom pregnancy was free of all complications
and from which healthy infants with Apgar score (range 7 - 10) at 5
minutes were born. Fig. 17 shows the mean + SE of plasma oestriols
throughout pregnéncy. in the umbilical cord and the post-delivery period.
Individual values are shown in Table VIII.

Table IX shows the mean (+ SE and range) of oestriols, with particular
emphasis on range. Individual values for plasma oestriols and hCT are
shown in Figs. 18 - 22,

Table X shows the correlation between plasma oestriols values obtained
in late pregnancy with maternal weight gain, fetal weight,‘placenta] weight
and Apgar score.

A progressive rise in plasma oestriols concentration is noted from
14 - 18 weeks gestation until a pre-delivery peak is reached. The post-
delivery fall of oestriols is less dramatic than that of HPL. Pre-delivery
value of plasma ocestriols correlated poorly with infant weight (r = 0.27,
significant only at 10% level). Perhaps the reason for this poor
correlation is that the group under study were normal pregnant women and
those with complicated pregnancy were excluded from study. Correlation

between pre-delivery value and placental weight was (r = 0.56, P<0.05).
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Concentrations of Plasma oestriols throughout Pregnancy and post delivery

Duration of Pregnancy Delivery L 6-52
8-12 1418 20-2, 26~30 32-36 38-40| pre post| Cord | Days| Days
<o) 85| 30| 150 | 222 | wso| ser| 282 sugo | 125t 3
2l <10 | <10 120 | 295 350 51, | 611 ] 566 38L5 31]<10
31 <10 70 165 L20 Lo9 606 868 2,31 L6T0 871<10
Ll <10 60 125 | 271 500 916 | 960 | 396 7640 | 118] 20
5] <10 | < 10 80| 285 485 798 | 1204 | 972 | 8670 40]<10
6] <10 65 195 185 285 L55 735 514} 3850 | <10}<10
71 <10 10 6 | 174 285 350 | 740 | 395] 2980 | 1sh4| 20
8] <10 | <10 62 9 163 378 | 364 | 156 5420 | 111}<10
9] <10 65 180 | 260 277 852 | 1197 | 522 L122 | <10]<10
10| <10 62 121 146 24,6 507 | 1048 | 1024 | 8817 | 232|<10
11] <10 72 110 | 265 190 700 | 350 | 65| L150 | <10]<10
12] <10 30 60| 120 271 230 | 285 | 278 3170 38) 29
13| <10 50 85| =210 265 286 | 517 | 534 L322 [<10|<10
14} <10 62 191 | 350 1,09 389 | L51 | L37T] 5890 | <10}<10
18] < 10 15 go|l 155 | 201 | wes | s17| we2| se00 | <10l<10
16| < 10 30 751 170 390 465 | 615 | 1013 L830 | <10]<10
17] 20 75 135 170 343 435 | 527 | 472 5700 | <10}<10
18 < 10 60 108 | 212 289 | 841 | 923 | 659 5891 | <10{<10
19| <10 L5 75| 130 165 3,0 | 452 | 305 3200 | <10]<10
20| < 10 20 80| 194 389 725 | 1162 | 982 6L16 L5 |<10
TABLE VIII
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Duration of Pregnancy

(Weeks) Delivery b | 652
8-12 14-18 20-2, 26-30 32-36| 38-40 [ pre post | Cord | Days | Days
>10=19 | > 10 60 9l 163 | Blank 1| 285 | 156 | 2980 P> 10=11
210 | >10 62 120 165 230 | 350 | 243 | 3170
>10 | >10 5 130 190). 286 | 364 | 278 | 3200 | >10=16
> 10 15 75 146 201 340 451 | 282 | 3845
> 20 20 80 150 222| 350 | U452 | 305 | 3850
> 10 30 80 155 ol6| 378 | 517 | 395 | k122
> 10 30 80 170 265| 389 | 517 | 396 | L1s0
>10 Lo 85 170 271 423 | s27 | L37 | L322 |
> 10 L5 108 174 277 1450 527 L62 | L670
210 50 110 185 285 L55 611 Lé5 | L4830
> 10 60 120 194 2851 L65 615 | L72 | 5420
> 10 60 121 210 289| 507 | 735 | 514 | 5L50 31
> 10 62 125 212 33 514 | 790 | 522 | 5600 38
> 10 62 130 260 350| 606 | 868 | 534 | 5700 L5
> 10 65 135 265 389] 700 923 566 | 5890 87
> 10 65 146 271 390 725 | 960 | 659 |5891 | 111
> 10 70 165 285 4o9| 798 | 1048 | 972 |6uw6| 118 20
>10 72 180 295 L09 8u1 | 1162 | 982 | 7640 125 20
> 10 75 191 350 485 852 | 1197 | 1013 | 8670 154 29
> 10 85 195 1420 500 916 | 1204 | 1024 | 8817 | 232 | 31
Mean | L7.4 | 116.15} 212.8 | 306.7} 538.15]705.15| 533.8 5| 5230 52
S.D. | 23.4 L2 82 99| 208 | 295 | 266 | 1685 63
S.B. 5 9 18 22 L7 66 59 | 377 10
TABLE IX

Concentration of plasma oestriols during pregnancy
and post delivery with particular emphasis of the
range of concentrations. )
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Durati?ﬁe:£s§regnancy wgzzii Birth Placental
Pre— Gain Weight Weight Apgar
32 -3 38 =40  Delivery Kg. Grams Grams Score
1 222 450 527 10.9 3875 700 9
2 . 350 514 611 13.7 3080 760 7
3 409 606 868 9.9 3620 620 9
L 500 916 960 11.0 3750 620 10
5 L85 798 1204 bl 3730 500 9
6 285 L55 735 12.4 3L40 550 8
7 285 350 790 4.3 4,250 750 9
8 163 - 378 36l 14.1 3290 L60 9
9 277 852 1197 12,5 3880 720 9
10 2L6 507 1048 18.0 3520 600 8
1 190 700 350 10.1 3750 520 8
12 271 230 285 10.9 3L60 730 6
13 - 265 286 517 8.0 2730 LL0 8
10 1409 389 151 11.0 3020 560 9
15 201 423 517 11.5 3160 520 9
16 390 ﬁ@;’ { 615 16.0 3180 580 9
17 3L3 L35 527 11.8 2840 450 9
18 289 841 923 19.0 3400 680 10
19 165 340 1452 11.5 3260 520 10
20 389 725 1162 10.0 4790 810 10
TABLE X

Correlation between concentration of plasma ocestriols in late

pregnancy and maternal weight gain, fetal, placental weight and

the Apgar score at birth.
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Concentrations of hCT during pregnancy and post
delivery in |} patients.
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Concentration of plasma oestriols during pregnancy
and post delivery in the same patients.
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‘Concentrations of hCT during pregnancy and post
delivery in 4 patients.
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Concentration of plasma oestriols during pregnancy
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Concentrations of hCT during pregnancy and post
delivery in L patients.
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Concentration of plasma ocestriols during pregnancy
and post delivery in the same patients.
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delivery in L patients.



OESTRIOL nmol/l

12007
1100+
1000+
S00-
800-
700
600
S00-
£00-
300-
200-

100-

76

/ :
/4

==

892 14418 20224 2630 32336 33-40 Pre Post
Delivery

DURATION OF PREGNANCY (WEEKS)

Fig. 22b

Concentration of plasma oestriols during pregnincy
and post delivery in the same patients.
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DISCUSSION

Failure to detect thyrotrophic activity in pooled placentae
extracts was initially thought to be due to the large number
of placenta which were extracted and therefore it was decided
to extract 15 placentae individually and pursue further
extractions on those placentae with greatest activity. However,
in contrast with other workers, the thyrotrophic activities of
the individual placenta were found to be low (range 0.45-3.51 mu
per placenta). In the earlier published study, the thyrotrophic
activity of human placenta was either assessed by a mouse bioassay
system or by RIA of bTSH. In the mouse bioassay, both hCG and
TSH show similar response in blood radioactivity (Fig.6 ) and
thus the use of the mouse bioassay system as a receptor assay
for the detection of placental thyrotrophine is inappropriate.
Hershman (1978) failed to detect hCT in human tem placenta and
questioned all his previous work. He now believes that the cross
reactivity between hCT and bTSH was probably due to contamination
in the laboratory (Hershman, personal communication). It seems
probable that the thyrotrophic activity of placental hCG accounted
for the thyrotrophic activity detected in placenta and led to
the belief in the existence of hCT.

Hennen (1969) had reported high serum levels of bioassayable
TSH during pregnancy, while Tojo et al (1973) observed a
progressive rise in hCT concentration as pregnancy advanced. In
contrast to both these observations, Hershman (1971) found no

changes in concentration of hCT during pregnancy and indeed most
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values qbtafned were undetectable. This work had confirmed
Hershman's observation and similarly a large number of
~undetectable values for hCT were obtained thus median values
were calculated.

~ In early pregnancy (14-24 weeks) median values for hCT
concentrations were 1.5 mu/1, while in later gestation (32-40 weeks)
were less than 1.5 mu/1. VUsing w111cox6n's (non parametric) paired test,
the differences in hCT levels in early and late pregnancy were
insignificant. The lower Timit of the sensitivity of this assay
was 1.5 mu/1 and it may be argued that, by improving the
sensitivity of the assay, a large number of undetectable values
would be obtained and thus the hCT changes would become more
manifest. Firstly, the median value for hCT concentration in
early pregnancy was greater than in later pregnancy; secondly,
the number of undetectable values in early pregnancy was greater
than those at later stages of gestation; and lastly, by improving
the sensitivity of the assay with a lower 1limit of detection
(0.25 mu/1), Hershman (personal communication) found no rise in
hCT concentrations in late gestation. These findings suggest
that the reported rise in hCT throughout pregnancy is unlikely
and the rise that had been found in early gestation was most
probably due to high circulating levels of hCG, as demonstrated
in the mouse bioassay. From these observations, it is evident
that the whole concept that hCT existed was based on methodological
errors.

Th1§ work has shown that crude hCG has thyrotrophic

activity in the mouse bioassay. In order to investigate thyrotrophic
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activity of hCG, it is appropriate to study thyrotrophic
activity of hCG during the process of purification, but this
would have been outside the scope of this work,

If hCG has thyrotrophic activity, one may wonder what the
effects of high circulating hCG wbuld be in physiological
conditions such as’ pregnancy and in patients with hydatidiform
mole or choriocarcinoma. In early pregnancy, when hCG concentration
is at its highest, pTSH concentration falls (Fig.9) although
free thyroxine levels remain unchanged (Djahanbakhch et al 1982),
thus suggesting that thyrotrophic activity of hCG may partially
be responsible for controlling thyroid function in early pregnancy.
In hydatidiform mole and choriocarcinoma thyrotoxicosis may
develop as a result of the presence of ectopic tissues producing
TSH-Tike activity or high circulating levels of hCG. Using a
sensitive RIA for pTSH, small changes in pTSH concentration
become evident with a significant fall in early pregnancy.
Individual values in 8 patients are illustrated in Fig.10. 1In
5 of these patients, there was a fall in early pregnancy followed
by a rise in later gestation. It is most probable that hCG has
an inhibitory effect on the Hypothalo-Pituitary axis and, as a
result of high circulating hCG, the concentration of TSH fé]]s.
However. in early pregnancy, in spite of a fall in pTSH concentration,
fre= thyroxine levels remain ur-nanged (Djahanbakhch et al 1982),

Coosting v - G may contve” treroid function in early pregnancy
n ﬂ ..+ +ome’ 1o induce ovulation, a

i : : oo g detected by a sensitiwve
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The level of cord TSH was found to be higher than the
maternal plasma concentration and this is probably due to the
Tow levels of T3 found in the fetal circulation. Fisher et al
(1973) reported lower T3 concentration in the human fetus and it
has been suggested that the peripheral conversion of T4 to T3
is reduced in the fetus. As a result of high levels of cord TSH,
the increase in T4 concentration is immediately seen after birth.

The fall in FT4 concentration in'the 3rd trimester of
pregnancy, as reported by Boss, Djahanbakhch and Kingston (1979),
may have some physiological significance as at this stage of
gestation the Tevel of circulating oestrogens are at their peak.
It may also focus attention on the inter-relationship between the
thyroid hormone and the female sex hormones. The inter-relationship
between thyroid hormones and menstruation had been noted by
E. Jenk in 1881 and Goldsmith et al (1952), and suggested that
an excess of thyroid hormone probably depresses the ovarian
response to gonadotrophins. Large doses of oestrogen have been
reported to cause marked depression of hyperthyroidism symptoms
(Doisy and Hardy 1957). It has been suggested that the effect is
a peripheral one, as.these changes also occur in adrenalectomized
and thyroidectomized rat.

The effect of oestrogens upon the peripheral metabolism of
thyroxine was studied by Dowling et al (1960) and Gross et al
(1971). A reduction in the symptoms of hyperthyroidism following
oestrogen administration was noted by these authors and it is

suggested that the oestrogens may act to decrease thyroid hormone
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secretibn as well as increase TBG affinity. The possibility
of an action at tissue level was also postulated. In later
pregnancy TSH levels return to non-pregnant levels (Fig.10),
and it may thus be argued that the fall in FT4 concentration
presumably stimulates pituitary TSH and thus the activities of
the thyroid gland in late gestation.

Initially, placental lactogen and plasma oestriols together
with hCT were measured throughout pregnancy in order to assess
the value of hCT measurement as a placental function test. However,
in later stages of this study it became evidént that most hCT
values were undetectable and its existence as a placental hormone
was also questioned. Thus it was concluded that hCT concentrations
cannot be used as a placental function test.

When comparing the concentrations of HPL and plasma ocestriols
to fetal and placental weight, it was concluded that HPL values
are well correlated with fetal and placental weight in normal conditions;
the individual variation in HPL Tevels is less marked than plasma
cestriol levels. Wide variation in individual values of plasma
oestriol limits the value of this test in predicting the outcome
of the fetus. The sharp rise in pre-delivery concentration of
plasma oestriols may emphasize important hormonal changes
immediately prior to delivery.

From this study, it is concluded that the thyrotrophic
activity found by previous workers in either placental or maternal
serum is most 1ikely due to hCG rather than to the presence of
hCT. The fall in TSH concentrations in early pregnancy may suggest

that an inverse relationship between hCG and TSH exists.
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The control of thyroid function in pregnancy is governed
by a complex hormonal interaction rather than a simple alteration
ih renal clearance of jodine. In early pregnancy, when hCG
concentration is at its highest, TSH concentrations fall and
hCG appears to contro] thyroid functions, keeping FI4 concentrations
unchanged. In later pregnancy, when oestrogen levels are at their
peak, FT4 concentrations fall and this in turn stimulates TSH
secretion to‘non-pregnant levels, thus activating the thyroid

gland.
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