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ABSTRACT. LIBRARY

This study describes the development o
electrophoretic techniques for the assay of Thyroxigg Bind-
ing Globulin (TBG). The technlques were designed with the
aims of providing (i) a direct and straightforward method .
for the estimation of TBG concentrations in patients and
(ii) a method which could simultaneously estimate TBG con-
centrafion and the distribution of thyroxine amongst the
various serum proteins capable of binding thyroxiné.

The methods devised for this study included several
novel features. Multispecific antisera were used so that
the entire analysis could be performed simultaneously.
Thyroxine incorporating a radioactivevisotope (125I T4) was
used to trace both protein position and hormone binding.

The electrophoretic medium was modified to incorporate a
physiological buffer so that closer approximation to the

in vivo milieu could be attained. The modified methods
were designed to be straightforward in performance, and
simple in measurement of the final result. They were thor-
oughly evaluated and found to be sensitive and highly re-
producible.

Thyroxine Binding Globulin concentrations weré measured
in patients of either sex with hyper- and hypothyroidism, in
women with high circulating levels of oestrogen (during preg-
nancy or administration of oral contraceptive), in foetal
serum, in amniotic fluid, in a family with congenital de-
ficiency of TBG, and in patients With liver disease and
following surgery. Where rapid changes in TBG concenfration-
were ant1c1pated sequential observations were made (durlng
oestrogen admlnlstratlon and surgery).

The relationship between total thyroxine concentration



and percentage binding of thyroxine by TBG was investi—
gated and the quantitative recovery and distribution of
 thyroxine was examined using physiological and non- .
physiological buffers.

The techniquesAwhich have beén developed are consid-
ered to be widely applicable in the fields of Biochemistry,
Physiology and Pharmacology.
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1.1, - HISTORICAL TNTRODUCTION

Seaweed was possibly used empiricaliy in the treatment
of goitre as early as the 15th Century B.C. by the Chinese,
and certainly by Hippocrates in the 4th and 5th Centuries B.C.
The firet major step in elucidating the relevant factors oc-
curred in 1812 when a new element was discovered in seaweed
by the Freneh chemist Befnard Cou;tois, and was subsequently
named Todine, by a fellow chemist Gay-Lussac, due to ifs |
deep violet colour on vaporization. -

| The significance of this new element in relieving goitre
was Quickly appreciated and was clinically applied by Proht
in 1816 and later by Coindet in 1821. Evidence which sﬁbstanj
tiated Prout's and Coindet's treatment followed in 1850; when
Chatin eonducted Geographical surveys on the iodine confent
of air, water and soil and found an inverse relationship be-
tween the environmental iodine content and the incidence of
goitre, and on the basis of his lengthy research, Chatin ad-
vocated iodine supplementation tc the diets of communities
deficient in iodinelas an effective preventative measure
agaiﬁst goitre. | Z

Glycerine extracts of sheep thyroid glands'wefe first
used for the treatment of myxoedeme in 1891 by an Englieh
physician George Murray and soon after in 1896, Bauman post—
ulated the direct association between iodine and the thyroid
after demonetrating the gland's high iodine content. Bauman
believed iodine was in organic combination within the gland
and named the compound, iodothyrin. Three years later in
1899, Bauman's postulate was substantiated by the work of
- Oswald who, using hydrolysates and enzyme digestions of the

gland revealed a relationship between iodine and a globulin,



1y named Thyroglobulin.

- The concept of an internal secretion by the thyroid 
gland had been pbstﬁlated as early as 1836 by T.W. King and
evidence supporting this occurred in 19QO when Gley and
Bourcet demonstrated the presence of plasma protein bound
iodine .in hﬁman serum. The nature of this iodine complex'»
was partly resolved in 1914 by E.C. Kendall using alkaline
hydrolysates of the gland to isolate a mdlecule coﬁtaining
four iodine atoms which he named Thyrokine. The chemidal
analysis of the structure of thyroxine followed in 1926 by
Harington and 1927 by Harington and Barger enabling the sub-
sequent synthesis of thyroxine. In 1939, Trevorrow demon=-
stréted that circulating iodine was not dialysable from |
serﬁm and that its coprecipitation with the plasma proteins
ihdigated a strong bonding between the iodine and plasma
proteins. Subsequent investigations have shown that iodine »
can be diésociated from the plasma prdteins when treatéd
with organic solvents, such as butanol, which suggestsva non-
covalent bond bétWeen.the iodine compiex and its bindihg plasma
proteins. - |

Once- the nature of the thyroid hormone had épparentiy ,
been established, work was stimulated in the field of hormone
transport ahd in 1947 and 1948 Taurog and Chaikoff demon-
strated that the iodine containing molecules transported in
serun were identical with Thyroxine..

During the twenty yeafs from 1930 to 1950,,Thyrokine was
assumed to be the thyroid hormone, but due to accumuléting
chemical evidence there was increasingvspeculation suggesting

. that a second hormone might be secreted from the gland. This

speculation culminated in 1952 with the discovery by J. Gross



and Rosalind Pitt-Rivers of a molecule in human plasma Whicn
oontained,three iodine atoms. This molecule was shown to be
physiologically active and}to be largely bound}to the plasma
proteins, as is thyroxine, and it.was named triiodothyronine;
Molecule for molecule, Triiodothyronine has been shown to be
more physiologically potent than thyroxine in terms of speed
of<action and degree of eiicited response though the effects
are of shorter duration. These properties have led to the .
- postulate of a prohormone-hormone relationship between thyrox—
ine and trllodothyronlne though this remalns, to date, a
speculative area. | |

The current fields.of'interest are many though one cen-
tral phenomenon remains crucial to the further understanding
of thyroid physioiogy,'the transport mechanism of the hormone
in serum. |

The serum hormones are currently accepted to be in two
forms' |

1) bound to certain plasma proteins and

2) free or unbound hormone dissolved in the plasma fluid.
._The free or unbound hormone is the favoured 'actlve‘ form, but
the factors affectlng the concentration of free hormone are
not solely those connected with total plasma hormone level
The concentration of binding protein, the relative affinity of
protein for hormone, and the clearance of hormone from serum,
all affect the concentration of free hormone, and the study of
these binding proteins has become an important area for the

understanding of thyroid hormone metabolism.




1.2. . THYROID HORMONES

1.2.1. CHARACTERTSATION OF THYROID HORMONES

The'thyrqid hormones have two’fundamenfally inter-re-
lated properties, i) a chemical éomposition and ii) a
physical étructure.

- The chemical composition has been knowg since the second
quarter of this century and is well established, but the
physical.Structure is a mdre open field of research and has
been oniy partly resolved..

i) Chemical Composition

The hormones are_composed of two iodinated and cdndenéed
tyrosine moieties and differ only in the number of iodine-atoms
contaihed. The common elemental components are a diaryl ether
with an alanine side chain in the 1-position, a phenol in the
L' position and iodine atoms at 3, 5 and 3'. Thyroxine poss-—
esses a further iodine at the 5' position, Figs.'1A & B.

The elemental composition of the naturally occurring
hormone is not essential for some degree of biological activ-
ity and Jorgensen (Jorgenéen 1970) has summarized the hormonal
features necessafy for a significant level of aétivitf'in
mammals:~ | | -

"1. a diaryl ether, Sulphide or methane structuré,‘

2. an aliphatic side chain containing a carboxyl group or

its metabolic precursor in the 1 position, the L-alanine
group giving maximal activity. :

5. a phenblic group, amino group Or a group éapable of being
metabolically transformed into a phenolic group in the 4!
position.

4. Halogen atoms or methyl groups in the 3, 5 positions, the -
order of activity being I >Br >CI -:-\CH3. ’ ’

5. for maximal activity a variety of groups may be aftached
in the 3' or 3' and 5' positions with contributions to
activity being in the order:- '

isopropyl >I >ethyl>Br >methyl >tert—butyl >phenyl >CI> -

H>F >Hydroxyl for 3' monosubstitution. It is found in = .
.general that 3' monosubstitution is more favourable than o
3', 5' disubstitution." o ’ T



Fig. 1a Thyroxine
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Fig. 1b Triiodothyroni ne
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ii) Physical Structure

The chemical components of the thyroid honmones are ar- 2 1_:
ranged in specific positions with a stable three dimensional ;: iji
configuration. This spatial arfangemenf.is essential for the B
hormone's action, as the bioclogical receptor rejects a mole-
cule of different structure. |

The phy31cal conformation of the hormone places the two’ |
benzene rings at right angles to one another through the long -
axis, and inclined at 110 through the ether oxygen 11nk at
right angles to the 1ong axis. The ether link is a ¢ c1a551c |
site for free rotatlon, and in the thyronlne molecules, al—j‘
though rotatlon was thought to be 1nh1b1ted by .the angle of
the ether 1link, and by the atomic size of the 1od1ne atoms
(Lehmanl1972), it has subsequently been shown that the rot-

ation, though restrlcted, does occur (Emmett & Pepper, 1975).




1.2.2. BIOSYNTHESIS AND SECRETION
OF THYROID HORMONES

Biosynthesis of thyroxine occurs entirely within the
thyroid gland via four stages which form a continuous pro-
cess. Thyroglobulin is synthesised to form the colloid
proteln and, since no transfer~-RNA for 1odotyr051ne or o
thyronlne has been characterlzed 1od1nat10n at spec1f1c
sites presumably follows thyroglobulin synthesis. Various
1od1nated products are formed but only thyroxine and trl—

1odothyron1ne have any 51gn1f1cant hormonal act1v1ty These

hormones remaln within the thyroglobulin structure untll the -

protein is plnocytosed from the colloid by the aplcles of
the follicle cells. These cells engulf the colloid (Delss
&rPeake, 1968; Seljelid & Nakken, 1968) forming phagooYtic
vacuoles which migrate from the apex toward the base of the
cell (Wetzel, Spicer&Wollman, 1965). After fusing with a
lysosome thesevoompound "lysosome~colloid droPletéphagosome"
'partlcles contlnue through the cell whilst the 001101d 1s
belng hydrolysed, llberatlng the 1odothyron1nes and 1odo— -
tyr051nes (Greer & Grimm, 1968; Green, 1968). It seems:flf
‘that the 1odothyron1nes and companlon substances are then
released dlrectly into the blood since - 1odothyron1nes are,
at least partially, deiodinated on exposure to follicle
cell protoplasm (Haibach, 1971), a biologically unfavour-
able event. Support is also given to the direct release
hypothesis by the finding that thyroglobulin and its iodin-
ated protein components may be isolated from blood and lymph
leaving the gland (Roitt & Torrigiani, 1967; Daniel, Pratt,
Roitt & Torrigiani, 1967). o
Once liberated from the gland the hormones are‘hound
by the carrying proteins in serum and are tran3ported;to:the )

peripheral target organs.




1.3. THYROID HORMONE BINDING PROTEINS

The Thyroid hormones are virtually insoluble in
aqueous solutions and‘the majority (>99%) are carried
in the piasma bound to prbteins. o

The circulating thyroid hormones thus occur in two
forms:— i

i) in free solution

S ii) bound to carrier molecules.

Free Hormone

The. protein carrier molecules, which transport the
majority of hormone, interact with it to form a reversible
relationship: |

fT4 + fTBP = T, .TBP

which conforms with the Law of Mass Action and may be writ-

ten:

(T, .TBP)
K = &
(£T,).(£TBP)
where . K = Equilibrium constant for the reaction and

is unique for each binding protein (Table
1.
(T4) = Concentration of free Ty |
. {(TBP) .= Total number of unoccupied sites on the
binding proteins.
(Th.TBP) = Total number of occupied sites on the
binding prdteins.

Using this type of theoretical approach, free hormone
has been described in terms of total hormohe concentration,
the concentrétion of the binding proteins and their aésoc—
iation consfants (Robbins & Rall, 1960;-Distefano & Chang,
1971; Princé & Ramsden, 1977).v In practice, the total
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concentration of hormones has been extensively studied
and the normal ranges are now accepted as 60—150 nmol/l
~ for thyrox1ne and 1 2 - 2. 8 nmol/l for trllodothyronlne
(Hoffenberg, 1973) The usually accepted concentration
of free T, is approximately 0.03% of total T, concentra-
tion;fand free T3 is approximately 0.3% of total. These
figuresVWere obtained by equilibrium dialysis or related
| techniones (Sterling,l1971' Uchimura, Nagataki,lTahuchi;
Mizuno & Ingbar, 1976; Pedersen, 1974) However, one ree
oently descrlbed dlrect assay reports somewhat dlfferent
levels (Yeo, LerS & Evered, 1977) | | ._
| The free hormone is currently acoepted as -the metabol~
1ca11y aotlve form, whilst the bound form represents a
1arge olroulatlng reservoir of potentlally actlve hormone.
From theoretloal conslderatlons free hormone concentratlon :
can be.seen to be dependent on bothAtotal blndlng‘proteln
conoentrations and total hormone ooncentrations. Individ-
_uals w1th oongenltal absence of TBG are usually euthyr01d |
with very low total T4 concentrations, but free hormone is
w1th1n the normal range (Burr, Ramsden, Evans, Hogan & | L
Hoffenberg, 1977). Also subjects with hlgh plasma TBG con~ - N
centratlon (elther oongenltal or due to endogenous or ex—
ogenous oestrogens) have above normal total Th conoentratlon,}
but again free hormone concentration is thought to be within
the normal'range end these subjects are clinically euthyroid.
The "free" thyroxine is the accepted metabolically
active foronf the hormone, and its concentration is oepend—
ent in part on the binding protein concentration. The further
study of the transport protein pictnre,“and the relationship

between free and bound hormone, is therefore important in




the understanding of thyroid physiology.

Bound Hormone

Five main serum proteins have been identified as hav-
ing the capacity to transport thyronines and in decreasing
order of thyroxine binding they are:- |

Thyroxine Binding Globulin (TBG)

‘Thyrox1ne Binding Prealbumin (TBPA)

~Albumin »
§1—Lipoprotein.(q1—LP)
:ﬁ ~Lipoprotein (B —LP)
| ‘Each of these dlstlnct protelns has its own character—-

istlcs. Their importance in thyrold hormone transport de— B
vpends upon these characterlstlcs and upon thelr relatlve
concentratlons in plasma. The prlmary T4 blndlng proteln
was identified by threo groups of workers (Gordon, Gross,
O'Connor & Pitt-Rivers; 1952; Larson, Deiss & Albright,
1952; Robbins & Rall, 1952) who established that it was an
inter-a—-globulin and Robbins & Rali (1952) named it
Thyroxine Binding Globulin (TBG), A second protein,
Albumin, was also found to bind thyroxine, and subsequently
a third‘plasma protein,'Thyroxine Binding Prealbumin (TBPA),
was identified (Ingbar, 1958; Tanaka & Starr, 1959). Using-
conventlonal immunoelectrophoresis in physiological buffer_~
at pH 7.4, Miyai, Itoh, Abe & Kumahara (1968) identified
the thyroxine binding proteins in human‘serun as TBG, TBPA,
Albumin, a1—Lipoprotein and p-Lipoprotein in descending
order of binding importance.

Protein binding of triiodothyronine has received far
less attention due probably to the difficulty of carrying
out studies at the very low physiological.concentrafion of

the hormone. However, Woeber, Hecker & Ingbar (1970) have

shown u51ng fllter paper. electrophore51s and glyc1ne—acetatel”"




buffer at pH 8.6 that triiodothyronine is bound to.TBG aﬁd
Albumin, and other studies have also suggested that TBPA
does not bind triiodothyronine (Braverman & Ingbar, 1965;
Ingbar, 1963), but more recently contrary evidence has

been obtained (Davis, Handwerger & Greéefman, 1972).

Tho quantitative importance of theﬁindividual protéins‘
in binding thyroid hormones has received much attention.
The normal distribution of thyroxine in plasma is TBG 60%,
TBPA 30% and Albumin 10% (Opperheimer, Squef, Surks &
Hauer,‘1963; Ingbar & Freinkel, 1960) when determined by
electroPhorétic methods. More recentiy specific immuno-
precipitation techniques have shown that the percentégé
bound by TBPA may be somewhat less (Woeber & Iogbar, 1968).
Triiodothyronine is somewhét differenfly diétributedQ Again
the majof binding protein has been shown to be TBG 65-70%,
‘whilst albumin was thought to carry the remainder (Woeber
et al., 1970). However, Davis and his colleagues (1972)
~ have shown that 7-9% of total T3 in normal serum is bound .
to TBPA and this proportion rises to 30% in serum with a
low TBG concentration. |

It can be seen from the foregoing brief account that
the binding proteins play a major_role in the transport of
thyroid ﬁormones in serum. Therefore, a more detailed des-
cription of the binding proteins follows.

a) Thyroxine Binding Globulin (TBG)

Thyroxine Binding Globulin is the major thyroid hormone
binding protein. Each molecule of TBG has been shown to
possess one binding site thaf may accept either a Th or T3
molecule (Seal & Doe, 1965; Sterling, Hamada, Takemura,
Brenner, Newman & Inada, 1974) resulting in compétifive

binding (Thorson, McIntosh & Willms, 1969).



The serum concentration of TBG has been variously re-—
ported between 0.6 and 5 mg./100 ml. serum, using a wide
range of techniques (Levy, Marshall & Velayo, 1971; Chopra,
ASolomon & Ho, 1972; Bradwell, Burnett, Ramsden, Burr &
Hoffenbérg, 1976) (Table 2). Thyroxine Binding Globulin is
formed in the liver (Glinoer, Gershéngorn & Robbins,v1976)
and has a circulating half-life in humans of aboutl5 days +
1.2 days (Cavalieri, McMéhon & Castle, 1975). '7

Thyroxine Binding Globulin is an acid glycoprotein
with a molecular weight of between 36,500 and 63,000
(Cavalieri et al., 1975; Refétoff, Fang & Marshall,_ﬁ975;
Sterling et al., 1974; Giorgio & Tabachnick, 1968) aﬁd the
high sialic acid content of 9 moles/mole of protein (Seal‘
& Doe, 1965). When TBG is desialylated the binding af-
finity isvunaffected, but the electrdphoretic mobility is

decreased (Woeber & Ingbaf,‘1974). Although desialYlated

TBG is not found in normal serum, significant amounts have

been detected in patients with obesity and severe 1iver'

disease and-it has been postulated that the desialylation

is the first step in the catabolism of TBG (Refetoff et al,,

1975). The plasma concentration of TBG is increased by

administration of oestrogens and decreased by andfogens.

b) Thyroxine Binding Prealbumin (TBPA)

'fhyroxine Binding Prealbumin is the second major
thyronine Binding protein and has been variously reported
to carry 15% -~ 30% of tracer thyroxine (Oppenheimer et al.,
1963; Woeber & Ingbar, 1968; Davis & Gregerman, 19705
Lutz & Gregerman, 1969), and perhaps a small quantity of

triiodothyronine (Woeber et al., 1970; Davis et al., 1972).

The TBPA molecule contains two identical, but independent

binding sites for thyroxine and these sites ex-

|




hibit negative co-operativity (Ferguson, Edelhoch, Saroff -
& Robbins, 1975). | |

The serum concentration of TBPA has been shown to be
between 20 and 30 mg./100 ml. serum (Oppenheimer, Maftinex
& Bernstein, 1966; Ingbar, 1963). TBPA is probably syn-
thesised in the liver as four equivalent sub-units each
being formed by a single polypeptide chain, and rich in’
the amino acid tryptophan. These sub-units form a strong
association to result in a protein of molecular weight of
about 50,000 (Raz & Goodman, 1969; Blake, Geisow,. Swan,
Rerat & Rerat, 1974). Its plasma half life is about 2 days
which shows it to be one of the most rapidl&lmetabqliséd
proteins in man (Woeber & Ingbar, 1974). About one fhird
torone'half of TBPA in normal circulation is associlated |
with retinol binding protein (RBP) which transports the
alcoholié form df:Vitamin»A. The RBP has a molecular weight
of about 21,000 and a serum concentration of 4—5 mg./100 ml.
serum (Smith, Raz & Goodman, 1970). This RBP/TBPA assbc—
iation gives a combined molecular weight of about 71,000
(Oppenheimer, Surks, Smi"l:h»&Squef , 1965; Séal & Doe, 1965).
The binding of RBP to TBPA does not affect Th bindingrind—
icatingrdiffereﬁt sites of attachment (Raz & Goodmén, 1969).

In contrast to TBG, the serum concentration of TBPA is
increased by administration of androgens (Braverman,
Socolow, Woeber & Ingbar, 1968).
c) Albumin

The third major thyronine binding protein is albuﬁin and
it transports about 10% of serum T, and 20-30% of serum Ty
(Woeber -, et.al., 1970). 1In éontrast to.the two other major
binding proteins, TBG and TBPA, albumin has multiple thyronine

binding sites and no survey has successfully managed tq



saturate the protein with Ty The serum concentration in

contrast to TBG and TBPA is extremely high and in normal

serum is between 3.5 and 4.5 gm./100 ml. serum. Albumin
is synfhesised in the 1iver, and its biological half-life
is about 15 days. Albumin has a molecular weight of about
69,000 and the cigar shaped molecule has multiple roles in
serum which contrasts both TBG and TBPA. ‘

d) The Lipoproteins

The lipoproteins (a4 and B lipoprotein) are included
as the first major secondary binding proteins. Their role
in hormone binding has been largely overlooked, but their
normally high 1ipid content makes‘them ideal carriers of
the lipophilic hormones (Miyai et.al., 1968). These higher
molecular weight proteins may be shown to be significant
carriers of T3 particularly at levels of hormone above
physiological concentration (Miyai et,ai., 1968, Ramsden,

Drysdale & Hoffenberg, io‘Hoffenberg, 1973).




1.4. MEASUREMENT OF THYROID HORMONE

BINDING PROTEINS

Tohad. ‘ HISTORICAL ASPECTS

" The methods used for binding protein estimation date
from the earliest protein separation technique of salting.
out. ThlS relatively crude method was superceded by an
electrophoretlc method developed by Tlsellus (1939-40) and
modlfled by Longsworth.(1939) Lew1s ‘and MCCullagh (1944) o
bused thls electrophoretlc method to study the plasma proteln ftfﬁi
plcture of hyper— and hypothyr01d patlents, and thelr sur-
,vey 1nd1cated maaor changes in the a1-globu11n and albumln
reglons 1nferr1ng a connection between these electrophoretlc
proteln reglons and thyroid status. » |

Although the zone electrophoresls technlque was adequate S

for the qualltatlve determination of the thyrox1ne blndlng
protelns, the method could not be used quantltatlvely to deter—
mlne ‘either the amount of binding proteln or the percentage
blndlng of hormone by the 1nd1v1dua1 protelns. In 1956
Robblns modified the zone electrophore51s technlque to greatv
advantage by opposlng the phenomena of electrophoretlc motlonAdkﬂ
and flow of buffer medlum The system was named the Reverse-f,hfh
flow electrophore51s method and allowed sufflclent resolution
between the major binding proteins to enable effective quant—
itation of hd;mone carriage. The reverse-flow method has been
used to indirectly estimate binding protein concentration
using the Maximum Binding Capacity method (M.B.C.) (Perry,
Hodgman & Starr, 1965; De Nayer, Malvaux, Van Den Schrieck,
Beckers & De Visscher 1965; Harvey 1971; Wellby, Pharoah &
Hetzel, 1974). i

| Other indirect methods of quantifying TBG are the Red _
CellvUptake and Resin Uptake Tests."These metheds are based’f?"




on the principlé of estimating the unoccupied binding‘sités"
in the serum pobulation of TBG molecules by making use of
1251 T3 and its lower affinity for thyroxine binding sites.
This estimate, together with the serum éndogenous Th estim-
ation, which indicates the size of the TBG population invol-
ved in T, binding, allows an indirect estimate of TBG concen-
tration (Hamolsky, Stein & Freedberg, 1957; Hamolsky, 1971;
Mitchell, 1958). _

The method of crossed immunoelectrophoresis.devéiéﬁed by
Ressler (1960), modified,bvaaurell (1965) and fu?thef mod-
ified by Minchin-Clarke & Freeman‘(ﬁ968)-has more recently
- been used for the direct quantitation of the binding protelns
(Freeman & Pearson, 1969). Using thls method the antlgen
proteins are precipitated by an antlserum, in the form of
Gaussién or nearfGaussian.peaks whbse area 1s directly pro— .
portional to the antigen concentrafion. The bindiﬁg‘proteins
are identified by autoradiography. |

A second method developed by Laurell (1966), known as
the Laurell 'rocket' Technique has also been used_to_dlrectlyi
quantitate the binding proteins (Nielsen, Buus & Weeke, 1972;
Kranz, Trautwein & Sieber, 1974). The technique involves mi—
gratlon of the antlgen proteins dlrectly 1nto a gel 1mpregnated
with an antlserum and narrow peaks or 'rockets' are formed.

~ Polyacrylamide gel electrophoresis has also been used to
study the binding proteins and percentége binding by individ- |
ual proteins (Davis & Gregerman, 1970 & 1971; Davis,
Handwerger & Gregerman, 1972). Binding proteins are estimated
using the maximum binding capacity téchnique. A modification
of the Polyacrjlamide gel system is the‘"DISC" form,rénd
Hagen & Elliott (1973) have used this method to study B-inding

proteins in serum. and cerebrospinal fluid. The "Dlgpﬁ:(or




discontinuous gel electrophoresis) uses a double buffer
system and small rods of polyacrylamide gel, and estimation
of pfotein guantity is by maximum binding capacity.

Recently a number of methods have been published which
do not employ electrophoresis and are direct measures of
serum binding broteins. Levy, Marshall & Velayo (1971) have
developed a‘Radioimmunoassay for TBG, a method that requires
absolutely pure TBG as an antigen so that a monospecific anti-
serum may be'raised, and an equally pure labelled TBG prep-
aration (12°I TBG) made. | -

Chopra, Solomon &'Hb (1972) developed a competitive
ligand binding assay for TBG which utilizes the phenomenon of
vtriiodothyronine partitioning befween TBG_and T3-— binding
antiserum. 'The assay réquires skill ahd needs two antisera.

A process of diézotization, involving a solid phase assay
using thyroxine bound to glass beads, has been developed by
Castro & Ugarte (1974) to quantitate TBG. Thé assayAinvblves
covalently«binding thyroxinevto glass beads énd extracting_TBG'
by éffinity chromatography, but again the process is arduous.

These methods répresent the progression of thyroid hor-
mone binding protein measurement from their inceptioﬁ in the
first third of this Century to the current positibn‘(1974).
The most widely used method is some variant of the Reéin Up-
take Test though it hés, in common with each of the other
methods, certain disadvantages which make the search for more
direct; simple and efficient methods an important aim in

thyroid research.



1.4.2. CRITICAL ANALYSIS OF CURRENT METHODS

As outlined in the previous section the current methods
available for the measurement of TBG in serum include a
range of methods which vary widely in their techniqué aﬁd_
often in their results. Each‘is critically considered pelow:—

ELECTROPHORETIC TECHNIQUES

The eiéctrophoretic methods used to study the binding
proteins are:— ’ ' o
i)_ Filter Péper Electfophoreéis
ii) Polyacrylamide Gel Elethophoresis
iii) Laurell Two Dimenéional‘Immuﬁoelectrophoresié :

iv) Laurell Rocket ImmunoelectrOphore51s

i) Filter Paper Electrophoresis

This process has been used to measure the cérriér protein‘
and estimate the amount of hormone bound by the individual pro—v
teins.”

This method of Quantifying the carrier proteins, by Max-
imum Binding Capacity, has two major dlsadvantages, one, 1t is-
an indirect estimate of protein concentration, and two, 1t
uses relatlvelyvlarge amounts of labelled hormone which is ex—fk‘”j
pensive and risks contamination. The actual concéntrétion of
the protein is not measured, but is estimated by'détermining
the maximum amount of radio-labelled thyroxine that can be
bound by the protein. Protein concentration is then expressed
as the amount of hofmone bound per unit volume of serum.

Electrophoresis is generally performed, at pH 8.6 since
at this pH electrophoretic mlgratlon is max1mlzed and electro~
endosmosis minimized. The buffer ions used are elther g1y01ne—
acetate, Tris-maleate or barbitone buffer (Perry et.al. 1965;
De Nayer et al. 1965; Harvey 1971; Wellby et .al. 1974), but

the maximum binding capacities of TBG and TBPA havéAbeen‘found o




to decrease in the order glycine-acetate, Tris maleate, and |
barbiténe. Because these differences occur even when all
tests are performed at pH 8.6 using the saﬁe technique (Robbins
1,9;56; Ingbar & Frienkel 1960), the inference is that the choice
6f Eﬁffer ion affects binding of TA’ Support is given to this
conclusion by Blumberg, Fafer, Rallé&RobbinS (1961) who found |
TBPA binding of thyroxine to be almosf completely inhibited in.
‘barbitone buffer. None of the buffer ions used ih thése
studies are comparable to biologibal sysfems,‘and ﬁay all iﬁ-
precisely reproduce the physiological situation. -

The pH used in these studies iS also_faf'from phjéiolqg—
ical and Davis & Gregerman (1970)'have shown TBG to bind 509%
more thjroxine at physiological pH while TBPA bound more _
thyroxine at pH 9.0. These results seem to ihdicaté that the
most logical conditions under which to study hormone Binding
are those most closely feSembling the physiological.

 ii) Polyacrylamide Gel Electrophoresis

Two variations of the polyacrylamide gel electréphoresis
methods have been used; The first, by ﬁavis &’Gregerman'(1971),
used gel bldcks,'and the second uséd rods of gel and the "DISCY
form‘Of electrophoresis (Hagen & Elliott, 1973). This gel has
the disadvantage of a relatively small pore size'and thus in-
hibits migration of the'essential, large lipoproteih molecules,
which.have been shown to bind thyroxine (Miyai, Itoh, Abe,

& Kumahara; 1968). Both studies depend upon the indirect
maximum binding capacity method to estimate protein concentra~
tion. |

iii) Laurell Two Dimensional Immunoelectrgphoresis

Direct estimation of the thyroxine binding proteins
has been performed using the Laurell crossed immunoelectro-

phoresis system. Freeman & Pearsonv(1969) measured the area



under the carrier protein peaks on the autoradiographé which
is'diféctly'proportionalmto”the”protein’ooncéhffation. The
electrophore31s was performed in a barbitone buffer at pH
8.6 and the labelled T, ('2°I T,) was bound to the serum
sample. after electrophore51s necessitating a large equlllbra—‘
tion volume. This method is technicélly cumbersome, fimé con-
'sumlng, extravagant in 1ts use of materials, and technical
skill is required throughout the process. Méasurement of TBG
from the autoradlograph 1s dlfflcult and often 1naccurate,
particularly when the proteln peak 'feet' on the autoradlo—
graph are not well dé?éioped. o

iv) Laurell Rocket Technigue

The Rocket method (Laurell 1966) differs from’tﬁé:orossed~_/
technique;in‘thdt only a one dimension separation ocoufs.-
Superimposed protein'peaks‘are formed, the heights of’whioh
are virtually directly proportional to antigen concénfration.‘
Thé,method is more conservative of antiserum. than the‘cross—
ed teohuique since many samples may bé run on one plote and
tracer hormone is equilibrated with serum before eleotfophorf
esis. -« . | j“‘z}- |

Two studles (Nlelsen et al. 1972 and Kranz et al. 1974)
have used‘thls method to estlmate serum TBG both u51ng non-
physiological electrophoresis systems of barbltone buffer at
pH 8.6. The Kranz et.al. (1974) study used a specific anti~
TBG antisefum whilst the Nielsen et .al. (1972) group-used é
semispecific autiserum.- These antisera have the double dis-~
advantage of being both expensive to prepare and allowing
only one, or a small number of proteins to be measured sim-
ultaneously. The Nielsen et al. (1972) method included a

radiolabelled thyroxine trace which necessitates the addition—_

aiAdisadvantage of requiring expensive developing équipment;”




(R.P.X-Onat developer from Kodak). The Nielsen et al. (1972)
paper draws attention to an implied binding anomaly when us—
ing a polyvalent antiserum; but the actual results using anti-
whole human antiserum are not mentioned, and, perhaps signif-
icantly, no relevant discussion follows.

T Uptake Method

The T3 Uptake method for TBG estlmatlon is 1nd1rect but
is the most commonly used method in routine departments

(Hamolsky, et al., 1957; Mitchell, 1958; Hamolsky, 1971). To
interpret the T3 Uptake result, a second parallel éstimation
of total thyroxine content must be performed dn an aliqﬁot of
the same serum sample and a TBG value is computed from the two
results. The method involves not only the additional expense |
of another test for its interpretation, but also requires the

accurate working of the totally unassociated method, therefore

compounding any errors.

- Recent Direct Methods for TBG Estimation
Three new methdds have been published for the specific
quanfitation of TBG and are:-— | |
i) a Radioimmunoasséy
ii) a Competitive Ligand Binding Assay
& 1iii) a Solid Phase Radioassay.
i) The Radioimmunoassay developed by Levy et al. (1971)
has been reported as a sensitive and specific method, giving
a normal range of 2.0 - 4.8 mg./100 ml. and a mean 3.4 mg./
100 ml. + 0.1 SE with 51 subjects. The method depends on the
absolute purification of a TBG preparation and the use of this
as a) a standard, b) an assay reagent after radiolabelling, and
c) an antigen to raise antibodies. The isoiation and puri-
fication of TBG is technically difficult and' the subsequent
raising of antibodies to the TBG, and its iodination requirés
skill which renders application to routine work difficult._

The actual assay precedure is complex.



ii) Competitive Ligand Binding Assay

This assay, developed by Chopra et‘ai. (1972), gives the -
TBG normal range of 1.6 — 4.2 mg/100 ml. with a mean of 2.85
mg/100 ml. i'0.0BSEM. and is comparable with'the‘normal.range
of Levy et.al. (1971). The competitive ligand binding assay
involves a large number of steps, demands technical skill and
requifes exﬁensive specific antisera. |

1ii) Solid Phase Radioassay -

This radioassay, (Castro & Ugarte 1974) requifes string~
ently pure TBG which is obtained by passing whole serum down
aﬁ affinity column, Just once, with apparently no. verification
of its purity. The presence of other proteins could interfere
with the assay and affect the results. | |

The radioassay procedure, is performed in non—phyeiolog-
ical barbitone buffer at pH 8.6, end the iodination for the
: radio—labelling of assay TBG requires four different buffers

and a change of pH from 11 to 8.6.

The major thyroid hormone binding proteins are TBG, TBPA
and Albumin, and though well established techniques efe‘avail—
able for quantitation of TBPA and Albumin, thie is not ee for
TBG. This, the most important thyroid hormone binding protein,‘:
is in such low serum concentration that normal proteinvstain;
ing techniques and isolation procedures fail to produce quant-'
itative results for TBG estimation. The current search, there—
fore, is'for a technique of direct, relatively simple, accur-
ate and reproducible estimation of TBG.

The requirements of any new method should aim at'the
following:- : | : _ ' -

1. Inexpensive, bﬁt effective materials. |

2. Widely available apparatus.




3. Technical simplicity in both a) Performance of Tecﬁni@uéy
b) Measurement of Results;ii
4. Approximation to physiological milieu using both:-
a) Physiological buffer ions and
~ b) Pnysiological pH.
| 5. The Method should be specific, sensitive, reproducible
and accurate. _ |

To the above fundamental requirements, it would be adVant;
~ageous to have all thyroxine binding proteins in the same anal-
ysis, and incorporating directly related standards. If these
requiremeﬁts‘éould be ﬁet;.the technique wbuld be of signif-

icant advanfage in the field of thyroid physiology.




2. ATMS

From the preceding discussion in the Introduction it
may bé seen that the current méthods for determining serum
TBG concentration snffer from one or more of the'following
disadvantages:—
a) belng indirect measurements
b) being performed in non-physiological mllleu
¢) being unable to simultaneously gquantitate binding
of hormone and concentrntion of protein. o
d) requiring pure or semi-pure TBG and specifié anti-
TBG antiserum.
e) high cost
Two methods were developed to eliminate the above‘disadjut
vantages-and each method was used to perform three main taské:—
i) +to reappraise known results of TBG concentrétion and
hormone binding.
ii) to examine controversial results from other‘studies
involving TBG concentration and hormone binding.
iii) to investigate the effect_bf different conditions on
TBG concentration and hormone blndlng. o _ |
The two methods were differentially used to conform with -
their design purpose so that the first method, the Modified
Rocket Technique, was used to directly esfimate TBG concentra-
tion in different sera whilst the second method, the Modified
Line Technique, was used for the direct and simultaneous est-
imation of the percentage binding of hormone to the carrying
proteins, the characterization bf these proteins and their

serum Qoncentration.




3. MATERTALS & STANDARD METHODS

3.1, LIST OF MATERIALS & REAGENTS
Reagents Suppliers
1. A1l Chemicals Duncan Flockhart & Co. Ltd.,
Birkbeck St., E2 6LA.
and

Hopkin & William,
. Freshwater Rd., Chadwell Heath
v Essex.

2. Agarose Type A37 L!'industrie Biologique
' : Francaise S.A.,"
35-49 Quanadu Moulin de Cage,
Gennevilliers (Seine), France.
Distributed in the U. K. by:-
' ‘ - Micro-Bio Laboratories Ltd.,
P : 46 Pembridge Rd., W111. :

3, Amido Black 10B Hopkin & William, .
" Freshwater Rd., Chadwell Heath

e Essex. :
4, Aminex Resin . Bio Rad Laboratorles Ltd.,

* - 27 Homesdale Rd., Bromley, Kent.
5. Antiserum (Anti Whole Burroughs Wellcome, “&ohaiiln,
- Human) Beckenham, Kent. .

- : and - '

Paines & Byrne, B
.- - Perivale, Middx.
( ' and .
IR Dakopatts from:- -
Mercia!Brocades Ltd.,
Brocades Hse., Pyrford Rd.,
W. Byfleet, Surrey, KI14 6RA.

6. Antiserum (Specific) Paines & Byrne (as above)
R : L , - and » o
Dakopatts (as above)
and
Behringwerke,

Hoechst Pharmaceuticals
Hoechst U.K. Ltd., :
'Hoechst Hse., Salisbury Rd.,
Hounslow, Middx.

7. Buffer Pump (Model Charles Austin Pumps Ltd.,
C15/50) 100 Royston Rd., Byfleet, Sy.
8. Constant Temperature Grant Instruments (Cambridge)
Ltd.

Barrington, Cambridge.

9. Cooler (Churchill Chiller Churchill Instruments Co. Ltd.,
Thermocirculator) Walmgate Rd., Perivale,. Middx.

10. Electrophoresis Tanks M.B.I. (Model M.B.I. No. 260)
: (C-3740Z, Immunoelectrophoresis
Tank), Scientific Suppliers &
Bioengineering, Northwick Pk.
Hospital, Harrow, Middx. _
(M.B.I. now: Chem-Lab Inst. Ltd.,

Hornminster Hse., 129 Upmlnster s
‘ Road Hornchurch, Essex, RM11 XJ. )



Reagents

1.

12.

13.

14,
15.

16.

17.

18.

19.

20,

21.

22.
25.
24,
25.

26,

27.

28.

Filter Paper Circles

Freeze Drier

Gamma~-Counter
(LKB - Wallac 80000)

Glass Plates
Hamilton Syringes

Heéter/stirrers

’Ieemahtle

LH20 Resin

: Suggliers

Whatman: local agents e.g.
A, Gallenkamp & Co. Ltd.,

" P.0. Box 290, Technico Hse.,

Chrlstopher St., EC2P 2ER.

Edwards High Vacuum, :
Maner Royal, Crawley, Sussex.

LKB Instruments Ltd., '
LKB Hse., 232 Addington Rd.,
Sth. Croydon, Sy., CR2 8YD.

Chance Propper Ltd.,
Spon Lane, Smethwick, Warley.

V.A. Howe & Co. Ltd., -
88 Peterborough Rd., SW6 3EP.

P.0. Box 290, Technico Hse.,-
Christopher St., ECZP ZER.

Electrothermal
London, E.7.

Pharmacia (G.B.) Ltd.,_‘

- Paramount Hse., 75 Uxbrldge Rd.,

PowervPacks .
(Output 0-500 V; 500mA)

I8

Razor Blades
(Valet No. 7003)

Safety Lamp .
(Safellght Filter No. 6B)

Scalpel Blades & Handles

'Thyr01d Hormones

(Radiolabelled)

TEAE -

X-Ray Developer
"Polycon'

X-Ray Film Kodirex

X-Ray Fixer "Perfix"

X-Ray Hardener "C" Type

W5 1BR.

M.B.I. Scientific Supplles,
(MBI No. 264; Catalogue No.
3745Z) Chem-Lab. Inst. Ltd.,

129 Upminster Rd., Hornchurch,

Gillette Surgical, Essex.
Great West Rd., Isleworth Mx.

Kodak Ltd.,
Imperial Hse., Rayners Lane,

- N. Harrow, Middx.

Swan Morton Ltd.,
Sheffield.

Radiochemical Centre,‘*£ 
Amersham, Bucks. '

Bio Rad Laboratorles Ltd.,
27 Homesdale Rd., Bromley, Kent.

May & Baker Ltd.,
Dagenham, Essex.

Kodak Ltd., '
Imperial Hse., Rayners Lane,
N. Harrow, Middx.

May & Baker Ltd.,
Dagenham, Essex.

May & Baker Ltd.
(as above)




3.2. WORKING SOLUTIONS

1. _Amido Black 10B Staining Solution

Reagent - - - Ratio Volume -
Methanol (G.P.R.) | 5 500 ml.
Distilled Water 5 . 500 ml..
Glacial Acetic Acid 1 100 ml.

| | ,1;160 mil_

To make O 1A staln solution, dlssolve 1.1 gm. of Amldo )
Black 1OB powder 1n the, mixed, 1, 100 ml. of solutlon.,
! Tl
Thoroughly stlr and dlssolve before u31ng.

To make the "wash" for destalnlng, use the same 5 5 1

. solutlon w1thout,add1ng the Amldo Black 10B powder.ai o

2. Acetate Buffer for LH 20 Column.

Reagent = = . o BEEEQ | Yolume -
Ethyl Acetate (Analar) | 4 4-' | ,‘800 mi.e
Methanol (Analar) 1 200m.
oM Ammonia 0.4 - - 8om.
e o S 1,080 ml.

Preparatlon of LH 20 packlng for column - | o
Allow LH 20 sephadex to swell for 3 hours in the buffer.
Wash three times using Methanol — 2M Ammonia (9:1), stir,
1eave fo settle and tip off supernatent each time. Then
waeh twice with ether and filter through a Buchner funnel.
Finally, wash twice with the acetate : methanol : 2M ammonia
buffer above. Fof each washluse twice the volume of buffer
to that of sephadex. _ .
The'LH 20 sephadex with acetate buffer was used to pur-
ify the radiolabelled Th and T3 (Wllllams, Freeman & Florshelm‘
1969) | R i




- 3. Phosphate Buffer

Reagent

Sodium Dihydrogen Orthophosphate

. 0.05M
Distilled Water 2 1:,) Soln-

Sodium Hydroxide Soln. 5M

Use for making gel as 0.05M solution.

Use for tank buffer as 0.025M solﬁtion.

Dissolve ‘sodium salt in 1.5-1of distilled water théﬁ f;
titrate,to‘pH 7.4 using the 5M sodium hydroxide. Wﬁén sol-
ution reaches pH 7.4 add remaining distilled water until

total volume is 2 1.

4, Veronal Bﬁffer

Reagent = ' - Qﬁantitx |
Sodium Barbitone . _  185.56 gnm.
Calcium Lactate v : | 11.52 gm. 351§¥
Sodium Azide 1.5 gm.

Concentrated Hydrochloric Acid | 21 - ml
| Make up to 15 1.7\ with distilled water. o
Use for makingméél as 0.06M solution.

Use forrmaking“tank buffer as 0.03M solution.

5. Iri-Sodium Citrate Buffer

Reagent ‘ : ~ Quantity

Tri-Sodium Citrate dihydrate 14,71 gm.
Distilled Water . ‘ 900 ml.
Sodium Hydroxide Soln. 2M 25 ml.

Concentrated Hydrochloric Acid

Dissolve the citrate in the distilled water, then add the 5




sodium hydroxide whilst stirring. Boil this solution
for ']O minutes then allow to cool to room temperature.
Titrate the solution to pH 2.875 using the concentrated
hydrochloric acids |

Make up volume to 1 lusing distilled water.




3.3. STANDARD PROCEDURES

3.3.1. HORMONE STRIPPING PROCEDURE

A 2 cm. long column of Aminex ion exchangerresin in
PH 2.875 Trisodium Citrate buffer was prepared. A 1 ml.
aliquot of a serum sample (I.D.) was equilibrated with 1 pl
of a purified preparation of radiolabelled thyrox1ne'.
(1311 Th) for 2 hours at room temperature. Tracer hormone
is believed to be uniformly distributed with the endogenous

hormone after 30 minutes, but the increased time was allowe :

ed to ensure complete equilibration. The movement of the

radiolabelled hormone was assumed to mirror that of the end— e

ogenous hormone (Taurog & Chaikoff, 1948; Freinkel, Dowling
& Ingbar, 1955). |

" An aliquot (0.35 ml.) of the labelled serum was passed
down the Aminex column twice and eluted with the citrate
buffer. The volume of eaoh elution was measured and the
number of counts left on the sample estimated (Table 3).
The final. sample fromAthe column was three times_more'dilute
than the original serum and this factor of 3 was carried
forward to thebmodified'Line'platevsample preparation.-
Three aliquots were eduilibrated with the stripned serum so
that sample one aliquot contained 20 nmol/1 of radiolebelled-
thyromineA(125I Th)’ sample two contained 50 nmol/l and
- sample three contained 100 nmol/l. These samples were eqil~
ibrated for 1 hour at room temperature and then used to
produce the modified Line sample. These samples were also
run against unstripped serum to determine that no TBG. was

lost during stripping.




TABLE 3

STRIPPING OF THYROXINE FROM SERUM PROTEINS
| USING AMINEX RESIN

SERUM |  ELUANT - COUNTS/1O SECS DERCENTAGE -
| " SIRIPFED -

VOLUME VOLUME'_’

0.35'm1.“  e " 13,000

0.65m. 4,600

3

0.65 ml. - ‘14-  4,600
1,00 m. - 600

17.00ml. - - 600

64.6

95.4

95.#




The agarose used during this study was a 2% mixture

3,3.2, PREPARATION OF AGAROSE GEL

of agarose Type A37 powder in distilled water. The stock
agarose was made up, usually in 2 litre batches, as a 4%
solution to give the réquired 2% gel on the plate after-
diiution with buffer or antiserum/buffer mixture. |

The agarose powder (80 gm.) is welghed and mixed with
about 200 ml. of cold distilled water u51ng a mortar and
pestle so that a relatively even mix is made. Of the re- -
maining 1800 ml. of distilled water, 1300 ml. is poured”into
a large (2500 ml ) conlcal flask which is placed on a heat—
er/stirrer and a magnetlc bar stirrer is placed in the flask.
The heater thermostat is set at about 65°C and the stlrrer
started. The agarose mixture is then poured into thé flask
and the mortar contents washed into the flask with the re-
maining 500 ml. of distiliad water. The mixture is kept stir-4
ring until the agarose has melted and formed an homogénous
clear mixture. | |

The 4% agarose mixture is poured through course muslin
into 200 ml.<medical flat bottles for storage at room tamp—
erature, until used. Before use, the bottles of agarose
are placed in a boiling water bath until the agarose has
melted when it may be pipetted in the required volumes.into

test~tubes.




3.4, STANDARD METHODS

3.4.1. LAURELL CROSSED IMMUNOELECTROPHORESIS -

TECHNIQUE _

A 20 ml. aliquot of 0.06M, pH 8.6 Barbitone buffer is
pipetted into a sterile glass bottle while 20 ml. of molten
4% agarose is pipetted into a similar bottle. The two sol-
utions are éllowed to equilibrate to 48°C in-a Water bath
and the contents are then thoroughly intermixed. The mix—
“ture is then carefully poured on té a cleaned 17 cm. x 12 cm.
glass plate placed on a levelled surface. ‘(The volumes used |
are calculatéd to give a 0.2 cm. thick gel on the glass plate.
Equéi volumes of buffer and gel are alwajs used and may be
adjusted for plate size.) The gel is allowed to sét and is’
‘then_"matured".for 1-2 hours in a damp box.l Once matufed, the
plate is transferred to a pattern with gel sections and hole
. positions marked (Fig. 2). Nine holes 2 mm. in diameter, 2 cm.
apart and 1.5 cﬁ. from, and parallel to one long edge of the
plaﬁe; are punched'in the gel. The punch used is a 2 mm. out—'
side diameter stainless steel tube sharpened to ﬁhe outside
rim and with a rubber teat attached for sucking out the gel
plug. | | | '

A marker sample is made up of acetylated albumin in 1%

' Evan's Blue Dye and 2 ul of this is pipetted into each of the
exfreme holes in the gel. Acetylated albumin is used as it
migrates faster than serum albumin,. and by monitoring its pro-
gress one may ensure that fast travelling‘proteins, e.g.
albumin and pre-albumin, remain on the plate. The remaining
five holes in the gel are filled with 2-5 pl aliquots of test
seraAusing a 5 pl Hamilton Syringe.- Between each pipetting
the syringe is thoroughly washed with distilied water. Care

isttaken to note the hole numben sample and volume.



FIGURE 2

LAURELL PLATE FIRST DIMENSION GEL PATTERN.
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The loaded plate'is placed on a cooled level plate across
two unconnected 61 buffer tanks each containing 4 1of 0.03 M,
pH 8.6 barbitone buffer. The cooled plate is méintaihed between
3°C and 4°C by an antifreeze solution circulated by a Churchill
chiller. Two lint wicks are cut and folded double so that the
folded edge is exactly the same width as the long edge of the
plate. 'The wicks are soaked in the buffer and laid gently. along
each edge of the plate so that one'wick hangs into each of the |
buffer tanks and overlaps the gel by 0.5 — 1 cm; Theitwo buffer n
tanks are thén.connected via the two wicks and‘thevagarose gel}

Each buffer tank contains two connected compartmeﬁfé‘one'
~of which receives the wick while the other contains a pla?inum
wire submerged in‘the.buffef and running the whole 1engfh of the
tank. Oné end of the wire is attached to a poie of a constant
voltage D.C. supply and is so arranged that the cathode is at~
tached to the tank prox1ma1 to the sample holes. The whole
tank system is contained in a large sealed perspex box to main- !
.tain a constant high humidity around thé agarose plate.

A voltage of 10v/cm. is passed across the plate,,ﬁéving
the proteins from the céthode to the anode until the acetylated
albumin marker just reaches into the anode wick (&_- 1%vhours)
when the current is turned off and the plate removed and repos-
itioned on the pattern. The gel is then cut so that both mark-
er gel sections and a 0.5 cm. strip from top ahd bottom of the
plate may be'discarded. The remaining gel is cut into sections
11 cm. x 2 cm. with the sample hole nearest to one edge. A
long (15 cm.) razor blade is wetted in distilled water and push-
ed geﬁtly undef the first gel section which is then lifted on to
the blade and transferred to a second gléss plate 1ﬁ,cm.~x 11 cm.

so that the gel lies along one edge with the hole at the right- -




hand side nearer to the centre of the plate (Fig. 3).‘.The -
plate is numbered to indicate sample number for later ident-

ification.

The antibodi, or second dimension, gel is theﬁ~mede up
using a known standard volume of antiserum, found by trial
. and error (in this study 2.5 ml. of Burroughs Wellcome (B.W.)_J
antiwhole human antiserum are used) and determined by the peak
heights on the final plate. The volume of antiserum‘is made
up to 9 ml. using O. 06M, pH 8.6 barbitone and placed in a o
48°C bath with a second test tube contalnlng 9 ml. of molten f o
IQA agarose. After equilibration the contents of the two tUbeS'7ﬂf
ere thoroughly mixed and carefully poured on to the plate conf‘ai

talnlng the gel from the first d1mens1on (Fig. l;) ‘This is -

repeated for each of the flrst'dimen81on gels. The gels are ‘*':”

allowed to set and are then placed on a second electrophor-
esis system employing larger buffer tanks and a buffer cir-
culating system with reservoir. Lint wicks are‘cut, soaked

in 0.03M, pH 8. 6 barbitone buffer and laid over persbex bridges -

which cross the gap between anodal and cathodal buffer tanks.}_<;f

The plate is 1nverted on to the w1cks, and between two 81de R
pieces on the brldge,fso that the plate traps a small sat~ _
urated air volume on thelgel side of the plate. iAii\the gels o
are treated in the same mannervand when all are in position
a 1lid is placed on the tank and a current passed across the
plate, usiﬁg 2-3% v/cm., so that the antigen molecules at the
cathode migrate into the antibody containing gel, i.e. the
antigens now run at right angles to their first separation.
The run continues for 22 hours.

' On completion of the run, the plates are removed and
placed, gel surface uppermost, in perspex holders in a

0. 9% sodlum chlorlde solutlon for 12 hours to remove excess‘b*Vﬂg:




FIGURE

LAURELL FIRST DIMENSION GEL ON SECOND

DIMENSION PLATE. -




FIGURE &

LAURELL SECOND DIMENSION PLATE READY

FOR IMMUNOELECTROPHORESIS.




antibody.f The plates are then transferred to a water bath
for 1 hour to wash out the saline, which, if allowed to re—"nw -
main would tend to 1ift the gel off the glass during the dry— o
ing procedure. After washlng, a 15 cm. ring of Whatman fllter |
paper 1s lald carefully on the gel whlch is then dried in a-
warm alr stream. Once dry the fllter paper may be easily re- I
moved..;iﬁp ,A |
Staining - -

A non—spec1f1c proteln staln, Amldo Black 1OB is made

up as’ a O 1% solution in Methanol : Water : Glacial Acetlc

acid (1n ratlo of 5: 5: 1) and used to staln the plates.

The_dried plates are carefully washed in water to remove

1bres of fllter paper and then placed 1n.the 0.1%

7} After about 30 minutes the plates are removed and
placed lm‘"wash" (methanol ¢ water : glaclal acetic acld,
5:5: 1) for 30 minutes and then into methanol for 5 minutes.
The plates are then removed and allowed to air dry (Flg 5.

Autoradlography

When a gamma emlttlng isotope has been used, 1251 T4 or
1311 T4, the process of autoradlography may be employed to
determlne the distribution of radloact1V1ty. ‘

The washed dried, but unstained electrophoretogram, is
mounted in a dark room on to an X-ray sensitive film (Kodirex).

A thick piece of cellophane, with the same dimensions as the

glass plate, is placed on the film, to prevent chemical images

' forming, and the glass plate, gel side downwards, is placed

on thercellophane. Two pieces of 1 -inch Sellotape are used
to stick;the glass plate firmly to the film to prevent move-

ment. The film is marked with the plate number and returned,

with attached plate to its envelope and is kept in the dark to




35
allow exposure. The exposure time depends on {he‘concentra;' |
tion of radioactivity added, and its half-life, though norm-
ally plates are left to expose for between 2 days and 2 mon-
ths. On completion-of exposure thé films are developed»and
fixed. On the final dry autoradiograph the activity shows
up as black peaks. The autofadiograph and its suﬁsequently

stained plate may then be compared (Fig. 5).




FIGURE 5

PHOTOGRAPH OF A STAINED LAURELL PLATE

AND

THE CORRESPONDING AUTORADIOGRAPH
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3.4.2, LAURELL ROCKET TECHNIQUE

A known quantity of undilutea antiserum, to give final
peaks of desired height, is made up in a test tube to 12 ml. |
with 0.06M, pH 8.6 Barbitone buffer. Into a second test-tube
12 ml. of moiten agarose is measured and the two tubes are
placed in aV48°C water bath to equilibrate. On equilibration,
the contenté of the two tubes are thoroughly inter-mixed and “
the mixture poured on to an 11 cm. x 11 cm. cleaned glass
plate. (The volumes of antiserum buffer and molten gel are
calculated to give a final thickness of gel on fhévﬁléte of
0.2 cm.). The gel is allowed to set and is markedlfof ident-:L -
ificatidn. v

The gel is matured for 1-2 hours in a damp box'and then
‘:placed on a pattern (Fig. 6) and eight holes punched in the
gel 0.5 cm. from one edge and parallel to it, and about 1.2 cm.
apart. The centre six holes are filled with 2-5 yl of serum
sample, the two extreme holes usually béing reserved for stand-
ard serum. Once loaded, the plates are run on the same system'
and by the same method as the Laurell second diménsion, with -
2-3 v/cm. measured between the wicks, for 22 hours.

On completion of the run the plates are washed, dried and
stained as previously described. The superimposéd brotéin

rocket peaks may then be studied on the stained plate (Fig. 7).






FIGURE 7

PHOTOGRAPH OF A STAINED STANDARD

ROCKET PLATE

i
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3.0.3.  LINE TECHNIQUE

The line technique has been published for use in protein
determinations (Kroll, 1968) and has been ﬁodified,for this
study. ‘

A O.1 ml. aliqUot‘ofutest serum is pipetted into a.test
tube and mixed with 1.8 ml. of 0.06M, pH 8.6 barbitone buffer.
A secend tube receives 1.9 ml. of molten agarose and the two
tubes are allowed to equilibrate to 48°Cc. On equilibrationA
the contents of the two tubes are thoroughly intef-mixed and
the mixture poured on to a Standard microscope slide givihg
a final gel thlckness of 0.2 cm. When set, the gel is cut
into strips 7 cm. x 0.2 cm. (and 0.2 cm. thlck) u51ng a double
bladed scalpel designed for the operatlon. The out51de edges
of the gel are discarded and the first sample gel strlp is
llfted using a long razor blade and placed on an 11 cm. X 11 cm.
glass plate so that the long axis of the gel is parallel to
one edge and about 1.5 cm. from it. The plate is numbered forb
identification.' The antiserum gel, composed of a known volume
of antiserum made up to 12 ml. with 0.06M, pH 8.6 barbitone
buffer; and 12 mi. of molten agarose, equilibrated'to 4800
andjthoroughly mixed, is poured carefully round the sample'
gel (Fig. 8 ). Once set, the plate is run on the electrophor-rh
esis system in exactly the same way as the second dimension of
the Laﬁrell using 2-3 V/cm. for 22 hours. .

When the run is complete the plate is removed, washed,
dried and stained with Amido Black 10B. -

The stained plate shows precipitin lines parallel to
each other and to the sample gel, each line repfesenting a

unique protein (Fig. 9 ).




FIGURE 8

STANDARD LINE PLATE.
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FIGURE 9

PHOTOGRAPH OF A STAINED STANDARD

LINE PLATE
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4, : RESULTS & DISCUSSION

4.1, INTRODUCTION

This section is divided into two broad sub-sections =

which deal respectively with:- ,
1. the Methodological innovations developed during the
. period of study, and vuk e
2. the Quantitative results from investigations of norméttjd

al and sick individuals' sera using'the technical

' developments. L ) L
Durlng the period of study two closely related but qulte-ﬁ.
.dlstlnct methods were developed Wthh have 1nd1v1dual advant-r :
ages and appllcatlons. The second subsectlon relatlng the |
Quantltatlve results is therefore further lelded to show re;daﬁ?;,

sults uslng the two methods.

a) the Modified Rocket Technique and

b) the Modlfled Line Technlque. | | | |

The results from these sub-sections have been dlscussed -:'w
1mmed1ately follOW1ng the individual Results so’ that the Re-
sult and D1scuss1on may be easlly related and stand as sep—
arate unltsa |

A general conclu51on follows each of the maln sectlons

and a final Conclu51on completes the Thesis.




4.2, METHODOLOGICAL RESULTS |
The Results in this Section are related to the:technical

developments involved in desighing modified methods. The act—'”fﬂ;
ual results are not necessarily in chronological oruer, but |
are slotted iuto the most logical position regarding the
structure of the Sections. Thus the relationship between the
buffer comp031tlon and hormone binding was 1nvest1gated in—-
itially u51ng the Laurell cross 1mmunoeleotrophore51s system
since, at the outset of the work only thls method was avall-
able, but once the superior MOdlfled Llne Technique had been
developed it was used to quantltatlvely 1nvest1gate ‘hormone
binding in the dlfferent buffers. The two results therefore Co

appear together even though the Modlfled Line Technlque devel~
opment is not glven untll the follow1ng sectlon. '

The Methodologlcal Results section follows the develop-

mentvof the‘methods and concludes with a general synopsis of
the modified methods used for data collection during the re-

maining part of the Thesis.




4,2.1. INTRODUCTION TQ MODIFICATION

The primary reason for modifying the standard methods
was that the unidirectional techniques of Laurell Rocket and _
Line, during electrophoresis, resulted in dissociation of
radiolabelled thyroxine from the thyroxine binding proteins.
To establish a working method using these.unidirection meth-
ods, investigations were made into this_dissociation phenom—
enon. | |

Secondly, it was considered that an approx1mation to the
in VlVO environment might give a more accurate reflectlon of
thyr01d hormone dlstributlon. Therefore, a pH 7.4 physiolog- ',
ical buffer was‘osea in place offfhe usual barbitoﬁean 8.6 o
system. L | | 7 |

The buffer comp051tion was modified before the dissoola-'-
tlon phenomenon was 1nvest1gated beoause, 'a) the changes could _‘
be implimented 1mmed1ately, b) the changes were potentially
more straightforward, and, c) fhey could possibly affect bind?'

ing.




4,2.2, MODIFICATION OF BUFFER MEDIA

Before changing ' the buffer system from the establlshed
O O3M barbitone buffer at pH 8.6 to a new phosphate buffer,

the buffering characterlstlcs of the_phosphate were 1nvest-

igated. | ‘ y : v |

A sodlum dlhydrogen orthophosphate solutlon was examlned
by tltratlng 200 ml. of the 0. 025M phOSphate agalnst 2 5M
sodium hydrox1de and plottlng the results graphlcally as pH
agalnst volume of sodlum hydroxlde. A definite plateau in

the pH 7 4 reglon 1nd1cates a pronounced bufferlng capaclty

T -k'and to effect a change 1n pH from 7. 3 to 7 5 the phosphate
| requlred a volume of O 2 ml. of 2 5M sodlum hydrox1de.

The 1on1c strength of the phosphate ‘buffer was deter—

mlned by experlment and systems of 1onlc strength between )

0. 5M and O OO625M (O 5, O 25, 0. 1 o. 05, 0.025, O 0125 and

0. OO625M) phosphate were 1nvest1gated. By trial and error

the best total result was achleved us1ng a 0. 025M buffer Wthh gdh
xt"gave fastest mlgratlon and best resolutlon of the serum pro—‘ f;it

-;telns w1th mlnlmum heatlng and dlstortlon of the agarose gel.
. The reductlon of electroendosmosls that occurs 1n agarose5;£;

at pH 8 6 may also be achleved at the more a01dlc physlolog-

1cal pH~0f 7 A by removal of part of the 1on1sable sulphate
and carboxyl groups by simple purlflcatlon. An 1on_exchange
resin, Triethyl Aminoethyl Cellulose (TEAE), was miked,with
molten agarose during preparation of the gel. Before mixing

TEAE with the agarose, the exchange resin was swelled in pH

7 .4 phosphate, and to determine the optimum concentration of

the buffer for this purpose,'buffer concentrations between
0.1M and zero concentration i.e. distilled water (O.ﬂ,70.05,
0.025, 0.0125, O. OO625M) were used., When the 0.1M buffer was

used the resultlng gel was not demonstrably dlfferent from-l“A;H,




the untreatéd agarose, but conversely when distilled water
was used the resulting gel lost all'"body" and completely
failed to set on cooling. The best results were obtained
when the TEAE was swelled in 0.025M phosphate buffer. The
probable reason for the different affecié of buffer concen-
tration on TEAE efficacy is that the concentration of phos-—
phate'masks the full potency of ion exchange so thét not all
the chérged groups are removed and sufficient remain to allow
maintenance of the gel substance.

The result of the electroendosmotic affect on electro-
phofesis was demonstrated‘by running one long Line sample
through three adjacent gels of agar, agarose, and pufified
agaroSe, each with the same antiserum concentration. . The
antigen/antibody preéipitin lines were found to.run progres—
sively further from the origin in direct relation to agarose

purity (Fig. 10)."



FIGURE 10

DIAGRAM OF A LONG LINE PLATE USING AGAR,
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4,2.2.1. QUALITATIVE VALIDATION OF THE

MORE PHYSTOLOGICAL SYSTEM

The effects of pH and ionic composition on hormone bind-
ing by the serum prbteins was investigated by running the
same samples in both phosphate pH 7.4 and barbitone pH 8.6
buffers and tracing the binding pattern by autoradiography.
The Laureli crossed immunoelectréphorésis technique waé em=-
ployed because of the wide experieﬁce of its use in the lab-
oratory. | . . ‘_

Radiolabelled thyroxine was equilibrated with aliquots
of three untreated individual sera (D.P., D.B.R., R.W.) to
give nine additions of hormone between 25 and 2, 400 nmol/l
(i.e. 0.25 to 24 times the normal phy51ologlca1 concentratlon,

(normal taken as 100 nmol thyrox1ne/L,of serum).. These radio-

labelled sera were divided into two equivalent sets; one being  -

run in the phosphate pH 7.4 system and the other in barbitone -
at pH 8.6. |

Two antisera were used for the samples with exogénous
hormone levels below 300 nmol/l. Oﬁe was a‘polyvalent com—"‘
merical antiserum from Bﬁrroughs Wellcome (3 ml./plate) and
the other an antiserum raised in goats ( 2 ml./plate) by Drs.
Clarke & Freeman. The goat antiserum contained‘é higﬁér |
titre of antibodies to the serum proteins, especially a1
lipoprotein, but was used only at the lower end of the exog—
enous horméne scale due to its short.supply.

Thus, using the same serum sample, four plates were run
with exogenous hormone. concentration below 300 nmol/1 (a, b,
c & d) while only two plates were run with‘exogenbus.hormone
concentration above 300 nmol/l. (a & b). ;

a) B.W. antiserum in phosphate pH 7.4 buffér;_

b) B.W. antiserum in barbitone pH 8.6 buffer..




c) Goat (G.P.19) antiserum in phosphate pH 7.4 buffer; o
d) Goat (G.P.19) antiserum in barbitone pH 8.6 buffer.
Excepting thesé buffer and antiserum differences, the
experimental conditions were identical.  The electhphoresed
plates were autoradiographed for 2-8 weeks depending on the
level of radiolabelled hofmone added, and those plates with
equal amouﬁts of added hormone were autoradiographed for-thé
same time. The extent of .hormone binding was assessed sub-.
jectivély by the relative degree of blackenihg.of.the X&ray
film after, autoradiographic exposure (Table L).”
In the pH 7.4 phééphate system using goét antiserum and | o
exogenous hormone concentrations of 25, 50 and 751nm01/i;
five binding‘proteins were found on the exposed autofadio—b
gfaph. TBG was found to be the méjor carrier and bbﬁnd more
radioacitivity than the other binding proteins_(Tabie'lf).
Because the commercial (B.W.) antiserum contained a low titre
of anti a, lipoprotein, the §1 lipoprotéin peak was diffuse-
’1y precipitated and was thereforé not visible on the autorad— a
iograph. Otherwise, however, the results were identical to
those using the goat antiserum, which showed up ’chexq1 lipo-
protein peak. At pH 8.6 in barbitone using either the goat |
or B,W., antiserum, binding of exogenous hormone ét sub—thsiol;?'
ogical additions was so'reducéd that autoradiography failed to
result in exposure of the X-ray film.
In both buffers at exogenous hormone concentrations of
300, 600 and 1,100 nmol/1 the qualitative distribution of
thyroxine was similar, with TBG as the major binding protein.
However, the quantity of hormone bound to the proteiﬁs was
greater in the phosphate system, paftidularly to TBG as ind-
icatedvby the relative blackening of the X-ray film.

- At exogenous hormqhe concentrations of 1600, 2000}and»wf o




- TABLE 4

DISTRIBUTION OF RADIOLABELLED THYROXINE ON HUMAN SERUM PROTEINS
- ESTABLISHED USING LAURELL CROSSED iMMUNOELECTROPHORESIS

ELECTROPHORESIS AT pH 7.4 IN PHOSPHATE BUFFER  ELECTROPHORESIS AT pH 8.6 IN
USING BURROUGHS WELLCOME ANTISERUM | - BARBITONE BUFFER USING
T o - ' BURROUGHS WELLCOME ANTISERUM

0.252 0.5 0.75 3.0 5.7 10.9 15;9' 20.0 "24,0 PROTEINS 3.0 5.7 10.9 15.9 20.0 24.0
*2x] KRN KR KRR RRRE RENR RRER KRR KA T.B.G. FRF  ORHE RREK RXRR KK *

* *¥ *% *% KR KKK XKEK XAR¥  X¥¥¥  ALBUMIN * % K ORARK RRRE RRRE KXNH

* *% *% RRK T OREE KKXKX XXXX KR¥¥ P B,P,A,  *¥ ¥% ¥¥ HRE RER RXF

5 * * * **1 #* S R CXILIPO.' * * *¥ . *¥ *% K%

* # *¥ ** R R = - = % R FS LIPO.' * ¥ ORRE KRR KER RRE

1. Asterisks refer to the relative blackening, and therefore blndlng of radiolabelled Thyroxine
(1251, Tq), of proteins on the autoradlographs.-v

-~ 2. Fipgures denote the concentration of Thyroid Hormone present as multiples of phy51olog1cal '

concentration.
3. C{‘ Lipoprotein does show blndlng when the stronger G.P.19 Antiserum is used.




2400 nmol/l: the autoradiograph peaks at pH 7.4 of TBPA,
Albumin, ;;1 and B 1ipoprotein were virtually as equally | ‘
developed\as the TBG peak indicating high levels of'hormone e
binding by each protein. However, in the pH 8.6 eystem, a '
strlklng dlfference was apparent as the TBG peak apparently
dlsappeared while the other binding protelns dlsplayed devel— f'?
~oped peaks. This apparent disappearance of TBG at pH 8.6

~was presumably due to the compound effect of the postulated

reductlon in blndlng 1n the unphy51ologlcal buffer, and the

nece531ty to reduce exposure time to prevent over—exposure =

. of the Xéray fllm 1n the reglons of the other blndlng protelnsgﬂl-




'7éj>._

The Modified Line Technique was used to guantitatively

4,2,2,2. QUANTITATIVE VALIDATTION OF THE

MORE PHYSTOLOGICAL SYSTEM

investigate the effect of buffer and pH on the percentage
binding of radiolabelled hormone to TBG.

‘Serum from an hypothyroid patient which contained 24
nmol/1l;of thyroxine was used so that additions of exogenous
thyroxine (T4125I) could be equilibrated with the serum with-
out exceeding the normal hormone level found in euthyroid in-
dividuals (circa 100 nmol/1). Both sub—physiological to supra-
physiological levels of hormone dlstrlbutlon ‘were 1nvest1gated. ff

The hypothyr01d serum (24 nmol/l) ‘was d1v1ded into. three .
allquots and 1nto each was plpetted radlolabelled thyrox;ne
(T4125I) SO that the total hormone concentratlons became 75,

125 and 525 nmol/lm' Three sample gels were made up uslng
0.9% saline andlurpurlfled agarose. These gels were cut up and‘
used in both buffer systems so that as far as pos51ble the
correspondlng gels in the two buffers were 1dent1ca1.v The '
same antiserum type, batch and concentratlon were used 1n |
“both systems. After electrophore51s in the respectlve buffers e
for the same tlme and under slmllar electrophoretlc condltlons
of current and voltage, the plates were cut up and counted.

The radloact1v1ty counts were converted to percentages
of the total counts and plotted agalnst gel section numbers
for each of the three hormone concentrations and the pH 7.4
and pH 8.6 results of the same sample were superimposed for
comparison (Figs. 11, 12 & 13).

At the total hormone concentration of 75 nmol/lg.the
. total radioactivit& recovered was 100% from both buffer
‘systems, but the distribution of the exogenous hormone was

_ different in the two buffers. In the physiological buffer,




TBG bound more than 80% of the radiolabelled hormone (81% and e
81.5%), whilst at pH 8.6 in barbitone buffer, TBG carried only
50% of the tracer hormone (Table 5). Also in the phosphate
pH 7. &4 buffer the act1v1ty was located between the TBG and

the albumln preclpltln lines, but in the barbitone this se-
cond peak was anodal to albumin (Fig. 11).

At the total hormone concentration of 125 nmol/l the per—
centage recovery was 100% in both buffers, but the radlolabel—
led hormone was agaln dlfferently dlstrlbuted. TBé in thev
physlologlcal buffer bound 63% (63% and 63%) of the label |
whllst at pH 8. 6 1n barbltone, only 8% of the exogenous hor-
mone was bound by thls proteln. The remalnder of the hormone
in the phosphate buffer was located between the TBG peak and
albumln prec1p1t1n 11ne 1n contrast to the barbltone buffer,
where more than 70% of the total hormone was found 1n a reglon
anodal to albumin” and midway between the albumln prec1p1t1n o
11ne and the anodal edge of the plate where no blndlng proteln
has ever been characterised . (Fig. 12). o -

h" At the total hormone concentration of 525 nmol/l only
'the plates run 1n the phosphate pH 7.4 system dlsplayed a
percentage recovery of 100%. In contrast, the same sample in
barbltone'dlsplayed areawery;of only 86%. In the‘phosphate
buffer, TBG bound 35% of the 1abelled‘hormone which was in
marked contrast to the barbitone result where only 7% was
associated with TBG. The remaining 65% of hormone on the plate |
run in phosphate buffer was distributed among at least five
more protelns which could be either definitely dlstlngulshed
as radioactive peaks or could be deduced from the change in
slope of the activity graph (Fig. 13).' The next largest peak
after TBG lay immediately anodal to albumin in the TBPA pos-

ition. The remalnlng protelns were found between TBG and al— \[~f

bumineand a small p llpOproteln peak was 1ocated Just cathodal-.
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FIGURE 12

DISTRIBUTION OF THYROXINE AT A TOTAL‘CONCENTRATION

OF

PERCENTAGE BINDING OF RADIOLABELLED THYROXINE.

125 nmol/l IN PHOSPHATE pH 7.4 (——), AND BARBITONE

pH 8.6 (----) BUFFERS.
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FIGURE 13

DISTRIBUTION OF THYROXINE AT A TOTAL
CONCENTRATION OF 525 nmol/l' IN PHOSPHATE
pH 7.4.(——), AND BARBITONE pH 8.6.(-~-)
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o o 1.!2&&&1_2. o
COMPARISON OF RADIOLABELLED ‘THYROXINE BINDING IN PHOSPHATE DH 7. 4 AND BARBITONE

pH 8.6 BUFFERS USING THE QUANTITATIVE MODIFIED LINE TECHNIQUE.V
PHOSPHATE pH 7.4 BUFFER -~ = ,7"-{fgjff7’ BARBITONE pH 8.6 BUFFER
PERCENTAGE PERCENTAGE = = -~ TOTAL THYROXINE"’f, PERCENTAGE -~ PERCENTAGE
RECOVERY BINDING TO TBG ~  CONCENTRATION - - RECOVERY = ~ BINDING TO TBG
100% 8% | 75mmol/L . . 100% . 50%
100% 63% 125 nmol/1 - 100% 8%

100% 55% . 525 mmol/L 8% T




to the origin. In the barbitone buffer, more than 85% of the
-hormone on the plate was found considerably anodal to albumin
and prox1ma1 to the anodal edge of the plate where no blndlng. 5;j
protein is known to precipitate (Fig. 13).

In addition to the hormone distribution, it was observed
.that the preolpltln lines of the individual protelns were
further apart in the phosphate buffer even though the conoen—f';;i
tratlons of antigen and antlserum were identical on each plate.
This 1ndloated a better resolutlon of the preolpltln 11nes in hfww
~ the phosphate system, presumably due to the reductlon of el—

eotroendosm031s in the purlfled agarose.

Qualltatlve Conflrmatlon of Buffer'and pH Effeots_ B

Parallel plates to those above us1ng the same saﬁbles
were run us1ng the Laurell crossed 1mmunoe1eotrophores1s
system,e The results were similar to those found us1ng the
Modified Line Technique and confirmed a dlfferenoerln hormone:

binding between the two buffers.




4.2.2.3, DISCUSSION OF THE DESIRABILITY
~ OF USING A MORE PHYSTOLOGICAL SYSTEM

. The system designed for immunoelectrophoresis in this
study included the modifications set out in the introduction'
to render it more physiologically valid. Although'the system
is deductlvely more representatlve of the in v1vo s1tuation,_’
1t should be demonstrably dlfferent from other, non~phys1ol— -
oglcal systems 1f 1t is to be cons1dered as an advantage. |
Should no dlfference be found between systems of altered pH
'and 1on1c compos1tlon, then the valldlty ofchanglngtm the
'more physlologlcal 'mllleu' carrles llttle welght ‘ Therefore,:};i
‘the above experlments were des1gned to 1nvest1gate any dlf—
ferences of hormone blndlng between the phy31olog1ca1 and non-— fg
cphyslologlcal buffers.'_ﬁ ‘;lh _ A ;>”__ | t

| The results of the modlfled L1ne and Laurell Technlques o
uslng these buffers showed a s1gn1f1cant increase in Thyroxine l;‘
blndlng at pH 7 4 over the results at pH 8. 6

U31ng the MOdlfled Line Technlque, the percentage recov—s“”

l'ery and TBG percentage blndlng were calculated. In each case _1
'the percentage b1nd1ng of radlolabelled thyrox1ne to TBG was }jﬁf,
s1gn1f1cantly hlgher in the more physlologlcal buffer.‘ The-ff#”t‘
smallest dlfference in TBG b1nd1ng occurred us1ng a total |
thyrox1ne concentratlon of 75 nmol/1. when TBG bound 37% more‘
hormone in phosbhate than in barbitone. In the exneriments |
-~ using total thyroxine concentrations of 125 and 525 nmol/1,
TBG bound more than 80% more hormone in the phosphate buffer
than in the barbltone. Not only was the percentage binding to
TBG dlfferent in the two buffers, but the total dlstrlbutlon |
of hormone was also markedly different. In the phosphate buf-
fer the radlolabel not bound to TBG was distributed among the

other”binding proteins;vTBPA, Albuminrguland‘_ B lipoprotein‘i75“




whilst in the barbitone buffer the majority of the remaining
hormone not bound to TBG was found anodal to albumin and in
a position not associated with a binding protein (see
Section 4.2.5.1.).

The reason for the binding difference between duplicate
plates run-in phosphate and harbitohe buffers is conjectural,- _
although the barbitone ion is known to inhibit thyroxine bind—
ing to TBPA, and buffers more alkaline than pH 7.4 have been
shown to_result in decreased binding by TBG (Davis & Gregerman
1970 & 1971). | | o I

Although Davis & Gregerman (1970 & 1971) used non—physlol- 
ogical buffers, they did study thyroxine blndlng to TBG at . .
physiological and hon—phjsiological (pH 9;0) pH anditheir

- results are consistent with the pfeseht study. kThey'foﬁnd

that at pH 7.4 in PIPES buffer (Piperazine—N,N'-bis - (2~

ethane sulphonic:acid) the binding capacity of TBG wes‘30%

higher than in Tris-Borate buffer at pH 9.0, and similarly

that trace blndlng levels of hormone were 50% hlgher at the_
physiological pH : | |
Hagen & Elliott (1973) also studled binding, us1ng two
different buffers at pH 7.4. One contained the physlologl-
cal buffer‘ion, phosphate (0.1M), while the othervcontained
the non—phys1ologlca1 PIPES. Using sub-physiological ad-
ditions of radiolabelled thyroxine (5.43 yug/100 ml. serum)
these workers found that TBG bound 53%+ 1.6% of the hormone
in the phosphate, while in the PIPES TBG bound only 37%, in-
dicating a 29% decrease of binding in the non-physiological
buffer, even though both buffers were maintained at pH 7.4.
The results of thyroxine binding in the 0.1M phosphate at pH
7.4 are consistent with the results of the present study with

~ similar total hormone levels.




4,2.3. EVOLUTION OF THE "BUFFER" GEL

Radiolabelled thyroxine is almost completely dissociat—
ed from the serum binding proteins during electrophores1s,
if the standard forms of the one dimensional 1mmunoelectro— '
phoretic techniques are used. This phenomenon of hormone '
d1ssociatlon was repeatedly demonstrated under controlled
experlmental conditions. Flfty standard Line and Laurell
‘Rocket plates were runuusing new reagents for each.set of .
flve plates to minimise the poss1b111ty of an 1mpur1ty 1nter—'
ferlng with blndlng.u Dlssoc1atlon of hormone occurred on
every set of plates.‘ Hormone remains bound to its carrler
»protelns under the condltlons of the Laurell crossed immuno—
velectrophores1s method. Deductlvely,‘therefore, the hormone :
'-dlssoc1atlon results from the differences between the crossed ”
and unldlrectlonal technlques. On cons1der1ng the methods, |
‘there were two obvious differences; firstly, in the two dim-
-ensional method, an 1n1t1al separation of the antlgen protelns
}occurs in a plaln gel before meeting thelr respectlve antl— '
bodles in. the antlbody 1mpregnated gel; secondly, in the Line
lTechnlque, a gelrsample was formed by 1mpregnat1ng the radlo—
labelled serum. 1nto ‘agarose. ThlS second factor of gel im— _
pregnatlon was ellmlnated as a causative factor because the A
s1m11ar unidirectional Laurell Rocket Technique did not in-
'clude this gel, yet dissociation occurred. The initial slight
protein separation that occurs during the initial phase of
electrophoresis into a non-antibody containing gel was there—

fore considered as a possible preventive against dissociation.




4.2.3.1. QUALITATIVE EFFECT OF THE

"BUFFER" GEL

To investigate the possibility of the separationyof anti~
gens from antibodies being necessary for maintained binding, |
two Laurell Rocket plates were run, one with the samples being |
run through a plain gel before reaching the antibody.impregnat— o
ed gel; and the other'with the samples being run immediately | _
into the antlbody gel (Flgs. 6 & ). Results from ten repeat- o
ed experiments showed that binding only persisted when the
plain gel was 1nc1uded. |

To ellmlnate the chance of a factor occurrlng on’ 1nd1v1d—
ual plates, a s1ngle Laurell Rocket plate was run Wthh start—
ed half the samples in a plain gel, and half in the antlbody fmfii
gel (Flg 15) The results again showed that blndlng was only'-

malntalned when the samples ran through the plain gel (Fig. 16)
To flnd the optlmum width of ‘this plaln gel, a wedge shaped
gel was used, and a line of sample holes was punched O 5 cm.
from one edge of the plate and passed across the antlbody and
plaln gels (Flgs178d8)Aiter electrophore31s and subsequent
.autoradlography, 1t was found that the samples surrounded by
antlbody gel but w1th part ‘of the wedge gel behlnd i. e.
cathodal to, the sample hole, retalned some act1v1ty 1n pro—
portion to the amount of plain gel cathodal to the sample |
hole. Those Samples with increasing amounts of plain gel R
around the sample holes and ahead, i.e. anodal to the sample,
continued to increase retention of hormone binding up to an
optimum plain gel width of 1.1 cm. Because the expected re—
sult oflhormone dissociation did not occur when the sample
holes were surrounded by antibody gel; a second plate with a
‘wedge gel was run, but the plain gel was cut short so that it
did not reach across the whole w1dth of the plate (Flgs 198<»
20) : BRI Lo IR SR




FIGURE 14

ROCKET PLATE WITH "BUFFER" GEL ORIGIN




FIGURE 15 |
ROCKET PLATE WITH STANDARD AND "BUFFER" GEL ORIGINS.




FIGURE 16

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH WITH STANDARD AND "BUFFER" GEL ORIGINS
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FIGURE 17

ROCKET PLATE WITH FULL WIDTH WEDGE GEL. .




FIGURE 18

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH WITH A FULL WIDTH WEDGE "BUFFER" GEL

38 |



FIGURE 19

.~ ' ROCKET PLATE WITH HALF WIDTH WEDGE GEL.




FPICGURE 20

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH WITH A HALF WIDTH WEDGE "BUFFER" GEL




- On this second plate, therefore, the first two sample hblés
were surrounded by antibody gel, with no plain gel dathodal_;

to them. /The’subsequent autoradiograph showed complete‘dis-
sociation of hormone from the fwo samples without the cathodalufﬁﬁ
plain gel. The samples with some cétho@al plain gel shéwed-
conéiderable, but not coﬁplete dissociation, and the §amp1es ¥
whiéh ran fhrough the plain gel again showed.bindingwﬁ§ £d é- |
maximum at, and above, the‘oﬁtimum gel width of 1.1 cm. from
the leading edge of the sample hole to thevplain/ahﬁiquy ge1: 

boundary. o -

"~ This plaln gel was named the "buffer" gel due to 1ts
assumed functlon of buffering the 1nteractlon of the antlgens

“and antlbodles.




4.2.3.2.  QUANTITATIVE EFFECT OF THE

"BUFFER" GEL

The quantitative effect on hormone binding of the "buffer"
gel was investigated using the Line Technique. Three plates,.

with the same euthyroid serum sample equilibrated with radio-

labelled thyrox1ne to give a total concentratlon of 150 nmol/l g

were run using whole,lhalf and no "buffer" gel reSpectlvely.
The half "buffer" gel plate used this gel only cathodal to
the gel sample (Flg. 21) After electrophoresis each plate
was cut up and counted.. The counts,.as percentages of total
Vhormone recovery, were plotted against sample number (Flg. 22)

. The plate w1th the whole "buffer" gel retalned 100% of
’ the sample radloact1v1ty and showed a TBG peak whlch bound
35% of the total radlolabelled hormone, w1th a second more
dlffuse peak cathodal to and around albumln (Flg. 22a)

ﬁ U31ng the half "ouffer" gel the act1v1ty on the TBG peak
decreased to 14% and the total radlo-act1v1ty recovered fell
_to 90% of the orlglnal sample act1v1ty, but the dlffuse peak
cathodal to albumln remalned (Fig!l,22b).

;ﬂf"Wlth no "buffer" gel radloact1v1ty was completely lost

from TBG and only 40% of the orlglnal act1v1ty was recovered, “

all of ‘which was anodal to albumin where no blndlng proteln

is known to precipitate - (Fig..22c).




FIGURE 21

MODIFIED LINE PLATE WITH HALF "BUFFER" GEL.
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GRAPH OF RADIQACITIVITY DISTRIBUTION USING THE
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PERCENTAGE BINDING OF RADIOLABELLED THYROXINE.. .~ %

- FIGURE 22b

GRAPH QOF RADIOACTIVITY DISTRIBUTION USING THE

MODIFIED LINE TECHNIQUE.

".b) Distribution when Half "Buffer" Gel Used.
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FIGURE 22¢
| GRAPH OF RADIOACIVITY DISTRIBUTION USING THE
- . ' MODIFIED LINE TECHNIQUE. |
¢) Distribution when No "Buffer" Gel Used.
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4.2.3.3. SPECIFIC EFFECT OF ANTIBODY IN

BINDING DISSOCIATION

The absence of antibody around the serum sample appears
crucial to hormone binding during electrophoresis. To in-
vestigate this factor'furthef, two series of experiments were
performed, one to determine whether the type of antiserum was
critieal, the second to determine whether a specificMantibody
was reeponsible on if a group of specific antibodieétﬁere |
' necessary to dissociate hormone from binding proteins;

1. Antiserum Type

To investigate the affect of antisera on hormone binding, L
four different‘antisera (B W., and Meath from sheep, Dakopatts‘ivu
from.rabbits;'Goat'G P. 19 from goats) were used agalnst '
allquots from the same radiolabelled serum sample. Chloroform
was thought to be ‘present in one of the antisera (Meath) from
the strong smell of this compound in the serum. The thyreid
hormone is known to be soluble in organic solvents of thls
type and the antlserum was dlalysed for 24 hours. agalnst sal— a
ine at 4°C to remove it. The dialysed and untreated Meath
antlsera were both used so that five plates were run agalnst
the dlfferent antlsera under 1dent1ca1 condltlons on Llne
plates~w1thout "buffer” gel. All resulting plates falled to
ehow any measurable radiolabelled hermone binding irrespectite
of the antiserum used.

2. Specific Antibody

To investigate the possibility of whether all, some or
one of the antibodies in the polyvalent antisera discnssed
above were resbonsible for the dissociation, two 17 nole
Rocket plates were run using the identical sample against a
series of available monospecific antisera. | |

Two long (17 hole) plates were:prepared using a‘“bnffer“u‘ﬁ'i




gel and polyvalent B.W. antiserum. Fourteen monospecifief
antisera were available for the study and these were divided B
into two equal sets. Each "buffer" gel on the two longl, |
plates was d1v1ded into elght sections so that seven of the J
sectlons could be removed and replaced by a gel contalnlng
a monc:spec1f1c antlserum, but leav1ng one unreplaced "buffer" '
.gel sectlon as a control.- This control sectlon was sllghtly o
W1der than the other gel sectlons, due to the d1mens1ons of |
the plate belng unequally d1v1s1ble, allow1ng three sample
holes to be punched 1n thls gel. All the holes on each plate
_were fllled W1th 2 pl of the same serum sample equlllbrated -
w1th radlolabelled thyrox1ne (1 251 Th) Both. plates were run |
in the modlfled pH 7 4 electrophore51s system, then drled and ..
autoradlographed. - S "_ ’ _"
Where the "buffer" gel was used, well deflned TBG peaks
were found on the autoradlographs, but where this gel had been
substltuted by a gel contalnlng a mono-valent antlserum, dis-
soclatlon of blndlng occurred. Dlssoclatlon occurred to a
dlfferent extent w1th all antlsera used and the estlmated
degree of dlss001atlon ranged from 40% to 95%. The degree of“
'dlssoc1atlon was estlmated from the reductlon of X—ray fllm
blackenlng compared w1th the TBG.rockets starting in the
"huffer" gel. The monospecific antisera used and their est—~
imated degree ofrdissociation are shown in Table 6, and the

plates and corresponding autoradiographs in Figs. 23 & 24,




TABLE 6

ESTIMATED DISSOCIATION OF RADIOLABELLED

- THYROXINE FROM TBG WHEN USING A RANGE OF

SPECIFIC ANTISERA AND THE MODIFIED ROCKET

TECHNIQUE.

ANTISERUM

Anti-:a 4 Antitrypsin
Anti-a 4 Chymofrypsin
- Anti-a, Acid Glycoprotein
Anti-a 4 Lipoprotein
Anti— a o Macroglobulin
Anti-Caeruloplasmin
Anti—HaeinopeiXin
Anti-Transferrin
Anti-Igh

Anti-IgD

Anti-IgE

Anti-IgG

Anti-IgM

Anti- a 5HS

ESTIMATED DISSOCIATION
FROM TBG.
75% -
90%
80%
60%
60%
70%
75%
80%
40%
75%
99%
90%
90%
75%
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FIGURE 23

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH OF A LONG PLATE WITH SPECIFIC

ANTISERA IN THE "BUFFER" GEL




FIGURE 24

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH OF A IONG PLATE WITH SPECIFIC

ANTISERA IN THE "BUFFER" GEL
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4.2.3.4. SUMMARY OF MODIFIED'UNIDIRECTIONAL

IMMUNOELECTROPHORETIC TECHNIQUES
The standard techniques described in SectlonSB 4,2, and
3.4.3. were modified to include the changes evolved from the
experiments of Sectlons 4,2.2. to 4.2.3. Both the Modified
Line Technique and Modifled Rocket Technlque were altered toukfihm
. be used in phosphate buffer at PH 7.4 and a_"buffer“ gel of
2 cm. was 1ncluded 1nto whlch the samples were applied‘

(Flgs..25, 26, 27 & 28)

The Modlfled Llne plates after electrophore51s were.cutqu
“up into O. 25 cm. strlps for countlng uslng the plan shown in

Flg.29 .. Each gel sectlon was placed 1n a numbered tube w1th
2 ml.:of O 9% NaC1, stoppered and counted u31ng a Wallac auto-
'gamma counter.; The.counts were then related to gel sectlon .i

”number and calculated as a percentage of the total counts re- -

‘ covered.» The percentage recovery of counts were then plotted ff}

‘against the dlstance moved by the act1v1ty i €. the gel sectionﬁlﬂ

: number in O. 25 cm. units (Fig. 30a & b)




FIGURE 25

MODIFIED ROCKET PLATE.




FIGURE :26

PLAN FOR MODIFIED LINE TECHNIQUE SAMPLES.,.
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FIGURE 27

MODIFIED LINE TECHNIQUE SAMPLE WITH "BUFFER"

GEL ON PLATE.
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FIGURE 28

MODIFIED LINE TECHNIQUE PLATE READY FOR

IMMUNOELECTROPHORESIS:,




FIGURE 29

PLAN FOR CUTTING UP MODIFIED LINE TECHNIQUE PLATE
. , ' : R

FOR COUNTING.




PERCENTAGE BINDING OF RADIOLABELLED THYROXINE.: ™
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FIGUEE 30a

EXAMPLE OF A MODIFIED IINE TECHNIQUE
COUNTING GRAPH.
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FIGURE 30D

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH OF A MODIFIED LINE PLATE AFTER

CUTTING UP FOR COUNTING




4,2.3.5. DISCUSSION OF "BUFFER" GEL

. INVESTIGATION

The low serum_TBC'concentration necessitates the use of
a marker which may be attached to the protein. The most con—
venient and easily applied marker is Radiolabelled thyroxine,
(T 1125) but when the protein is so marked and estimated _
u51ng the standard forms of the Laurell Rocket (Laurell, 1966)
and Line (Kroll, .1968) technlques, this label is dlssoc1ated
from the protein and the marker 1s lost. An antlgen/antlbody:;;;d
phenomenon was deduced and subsequently proven £6 be ‘the dis—
5001at1ng factor by u51ng a serles of methods to elther ellm-tfxt
1nate the antlserum or change 1ts comp051t10n S0 that blndlng
was malntalned.A Durlng the course of the 1nvest1gat10n, u31ng‘
four polyvalent and fourteen monovalent antlsera, 1t became
clear that a non—spe01f1c factor was involved in the dlssoc1a-?"
tion and that the’ phenomenon was: -only operable whllst the serum
proteins were found as an 1ntegrated group as normally occurs
in viVo. However;vonee the individual antigen proteins were
'teased apart, by the 1n1t1a1 electrophoretic separatlon
through a p1a1n+qnon,antlbody contalnlng or “buffer" gel, the
d155001at1ng factor or factors become 1neffect1ve.'w'

The use of dlfferent shapes and thicknesses of "buffer"
gel has shown that a minimum physical separation of antigens
from their antibodies is necessary if dissociation is to be
avoided. if this minimum separation is reduced or absent
then hormone binding is quantitatively reduced until it is
totally eliminated. .

These phenonena hHave been fully confirmed by an independ-
ent laboratory (Ramsden ~ personal communication; Burr‘&
Ramsden, 1977) using both a commercial polyvalent antiserum

and a specific anti-TBG serum with the modified Rocket



techniques.

Nielsen, et al. (1972) have also implied a binding anom— o
aly when an antiwhole human antiserum is used with the Laurell
Rocket technique, but they omitted mention of the relevant
results. However, when they used semispecific antisera.norm-
al binding was apparently maintained though no quantitative'
evidence was quoted. The results from Nielsen et.al. (1972)
are therefore in complete contrast to results obtalned in thls
laboratory and from Ramsden (personal communlcatlon) where "
binding dissociation occurred in the absence of a "buffer" gel. ?;

Kranz et,al.l(1974)'also used‘the Laurell_Rockethechnique“
to study TBG and;'in conmon with Nielsen etaal.‘(1972); fail-h :
ed to appreciate dissooiation of radiolabelled hormone without‘l
a "buffer” gel and reported normal thyroxine binding;' |

Apart from_the different antisera used in these:studies
(Nielsen et.al. 1972§ Kranz et.al. 1974) and the present work,
the only difference was the buffer involved. | This study used
the developed phosphate 0.025M pH 7.4 system whllst both the -
other studies (Nielsen et.al., 1972’ Kranz et. al.} 1974) used
barbital buffer at pH 8.6. However, Ramsden (personal com-
munlcatlon) found in common with this present study that blnd—
ing dissociation also occurred when he used barbitone buffer
at pH 8.6, It is difficult to find an explanation for this‘
fundamental difference between the results as both Nielsen
et.al. (1972) and Kranz et al. (1974) used (i) a barbital
buffer atva 8.6, (ii) washed the plates after electrophoresis
(see Section 4.2.4.1.) and (iii) placed the serum sample wells
in the antibody gel. Each of these factors hasnrepeatedly' |
been shown in this study to resultfin a decreased, if not com-.
plete dissociation of radiolabelled hormone from tne binding

proteins.




How the'"buffer"dgel works

”The‘"buffer"“gel“actS”as”a physical separator of the antif‘ﬁca

gen (An) and antibody (Ab) proteins, but it does not affect the

interaction of the individual An and Ab molecules. The An/Ab'v E

interaction'has, apparently, no affect on hormone binding as
may be seen from stud1es using the Modified Llne and Rocket :
Technlques when the 1nteractlon occurs, but blndlng per31sts.- _
: Also 1t has been demonstrated that the thyroxine blndlng 51tes f:

ol
~on the TBG molecule different from the antlbody blndlng

' 51te;(Refetoff et al., 1975; Hamada, Takemura & Sterllng, 1971) _7

The Partltlon between the serum and its antlserum is Conr-2; l

31deredbnecessary to separate the test serum TBG from any anti-

serum contalned TBG whlch due to 1ts hlgher concentratlon com—:_ ‘

'jIJetes w1th the test .serum TBG and removes the bound thyrox1ne

(Drysdale; Ramsden & Hoffenberg, 1975) ' The antlserum contaln—
ed TBG then runs OIf the plate w1th the consequent loss of
Jradlolabelled hormone. - With the "buffer“ gel 1n p031tlon, howa;.u
‘ ever, the anlmal TBG in the antlserum would always be anodal
- to the test serum TBG and could not therefore compete for the
hhormone and 1nterfere with blndlng. L
Rabblt antlserum (Dakopatts), however, apparently contalns“:
no TBG but it is usually contamlnated with albumln whlch could |
81mllarly compete with the test serum TBG and d;55001ate
bound thyroxine. Although some antisera are separated to con-
centrate the immunoglobulins, the TBG and/or albumin impurities
are almost impossible to remove without extremely careful at- ,
tention and at the cost of much of the immunoglobulin compon-
ent (Ramsden - personal communication). This attention is not
usually'required in commercial antisera. T

The impurity competition postulate is the favoured




mechanism for hormone dissociation, but a second mechanism“
is also advanced since the antisera without TBG pose a slight

question on the validity of the mechanism, even though an al-

bumin impurity may be present. The second postulate is relat- -

ed to the antigen proteins and not the antibodies. When the
"buffer" gel is employed the antlgen proteins are teased a-
part by the electrophoretic field and therefore meet thelr
respectlve antibodies as 1nd1v1dual units rather than 1nte—
grated .groups of proteins. This physlcal separatlon of anti-
gens could be 1nvolved in the dlSSOClatlon phenomenon so that

if for example TBG were ass001ated w1th albumln, as has been

postulated (Inada & Sterllng, 1970), and w1th thyrox1ne, then f \

the TBG and albumin antlbodles when they'comblned w1th the pro- ?t
'teln—hormone complex could result in physlcal contortlons w1th—

in the molecule too dlsruptlve for the thyrox;ne-TBG complex,

resulting in hormOne dlss001atlon. Onoe dlss001ated, the free.

hormone would come under the 1nfluence of the electrlc fleld

and would qulckly move away from the slower mov1ng proteln

molecules’ making reassoc1atlon 1mpos81bleo' In thls regard it ;Q

‘is 1nterest1ng that the dissociation phenomenon was stlmulated l.}

by such a wide range of specific antlsera (4. 2 3 3. & Table 6).




4.2.4. WASHING EFFECT ON THYROXINE

BINDING TO TBG
To determine autoradidgraphip exposure times‘and per—
centage binding calculations, maximum recovery of radiolabel
from the test sample is essential. Therefore the washipg of
electrophoresed plates was investigated to determine whether

any hormone is lost during this process.




4.2.4.1. INVESTIGATION OF WASHING ON

THYROXINE BINDING TO SERUM PROTEINS

fhree pairs of modified Line plates were.run using a _
hypothyroid serum (24 nmol/1) equilibrated with radiolabelled
thyroxine (125i Th) to give total hormone concentrations of
75, 125 and 525 nmol/l. The six plates were run on the mod—
ified Line ‘system which contained 0.025M pH 7.4 phosphate
buffer. After electrophoresis the plates were divlded.into
two sets so that each contained one plate from the three
‘hormone addition'éroups. One set was washed first 1n O 9%
sallne for 12 hours, and then 1n dlstllled water for 1 hour,:"
then both sets were cut up for counting. The two sets of
_tubes were counted on the same day to ellmlnate dlfference in ”
'Llsotoplc decay._ The results from the two sets of plates were
compared (see Table 7 and Figs. 31a, 31b, & 31c). |

On all of the unwashed places, 100% of the radlolabelled:
hormone was recovered. However, on the washed plates a sig-
nificant difference was found with the recovery being 54%,_
56% and 42% for the increasing exogenous hormone levels.k

Percentage blndlng of radlolabelled thyrox1ne to TBG
was calculated at each of the three hormone levels, by deter— ;;
mining the total counts on the plate and then those on the
TBG precipitin llne, and computing the percentage binding
(Table 7). Although the percentage binding to TBG was sim-
ilar at the physiological level of added hormone, i.e. 66%
for the washed and 64% for the unwashed plate TBG, the actual
number of counts on the unwashed plate TBG, and therefore re—
covery, was 80% more than on the washed plate. On the plates
containing 75 nmol/1: total thyroxine concentration;pthe per—
centage binding to TBG was 70% for the unwashed and 59% for

the washed plate, but the number of counts on the unwashed




TABLE 7

EFFECT OF WASHING ON PERCENTAGE RECOVERY AND TBG;PERCENTAGE BINDING OFETHYROXINE

UNWASHED o :;"' f‘fﬁfx", T - ‘fwwmm
a b c SR s . o a b c
75 125 525  Hormone ConCentration (nm°1/l);*¢jg,f .75 125 - 525
i 1 21778 - 38707 . 204058
47504 13896 55244

9850 16496 40899 Total Counts on TBG/100 sec. - . 4h98 9174 22269

21778 38707 204058 Total Counts on Sample/100 seci?

14059 25598' 130879 Total Counts Recovered/100 sec.j_'

100 100 100 Percentage Recovery of Hormone - -‘ A ' 54 56 42

70 6L 31 Percentage Binding to TBG = e B TR 66 40

) ' . Unwashed B
219, 180 184 Relative NUmber of Counts = —WEEEEE_ X 100%

Whole gel sample = 6.2 cms.

Counted gel section = 4.0 cms.

Each recovered radioactivity count is therefore multiplied4ij§;FACTOR”ofu6'2 S 1.5
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PERCENTAGE BINDING OF RADIOLABELLED THYROXINE. . —

FIGURE 31a

GRAPH OF MODIFIED LINE TECHNIQUE PLATE GRAPHS

BEFORE. AND AFTER WASHING THE PLATES,
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GRAPHS OF MODIFIED LINE TECHNIQUE PLATE GRAPHS
BEFORE AND AFTER WASHING THE PLATES.

b) Total Hormone concentration on the Plates
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FIGURE 31c - 19 P

GRAPHS OF MODIFIED TINE TECHNIQUE PLATE GRAPHS
BEFORE AND AFTER WASHING THE PLATES.

¢) Totzl Hormone Concentration on the plates
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%3 UNWASHED
| — — —  WASHED
21 - |
I
- I
18 I 5
1| B
| 5
167 _
14 -
1105—

PERCENTAGE BINDING OF RADIOLABELLED THYROXINE. & ..

DISTANCE MOVED IN CMS.



plate TBG was 119% more than the washed plate value. On fhe'

plates containing a total hormone concentration of 525 nmol/l,

the percentage binding to TBG was higher on the washed plate, e

which bound 40% of the radioactivity, than on the unwashed
which bound 31% of the total, though the total number of counts

on the unwashed plate TBG was agaln 51gn1flcant1y hlgher at 8&%'71

more than on the washed plate.




4.,2.4,2, DISCUSSION OF WASHING

TECHNIQUE |

From the results it is apparent that while the percent%:e
age binding of radiolabelled hormone varies inconsistently
between the washed and unwashed plate TBG, the number of rad-
1oact1v1ty counts on this protein, and therefore the amount ,T
of hormone, was conslstently 50% (46% - 56%) lower on the .
washed plate TBG.. The dlfference between these results is "_
probably due to d1fferent blndlng afflnltles of the 1nd1V1dua1 o
thyrox1ne blndlng protelns. The reservoir size was 1dentlcal |
in each case,_negatlng a volume effect. :‘ ,‘v“

The greater hormone recovery on the washed plate w1th an
-1n1t1al total hormone concentratlon of 525 nmol/l was probably jl;
due to the larger amount of hormone belng attached to the low-??f

er afflnlty protelns a llpoproteln, albumln and TBPA. The

1 _
hormone would be preferentlally washed off these secondary pro—'

teins leaving the major protein, TBG, with an apparently hlgher;.'

hormone recovery. At the lower hormone concentratlons the re--
verse would tend to occur, leaving TBG w1th a lower hormone re-;fi
'covery after washlng, as is shown in the Results. S -
 The conS1stent feature at all three total concentratlons
of thyroxine is that the washed plates lost 50% of the radlo--

labelled hormone.




L.2.5. “ INTRODUCTION TO THE
...+ IDENTIFICATION OF LINE PLATE

PROTEINS

During immunoelectrophoresis using the standard forms
of the unidirectional techniques thevradiolabelled thyroxine
appears at characteristic positionsAon the electrophoreto-
gramif‘io investigate the nature of.this hormone so that'the:'
poSition of the binding proteins could be distinguished‘from
free"or‘unbound hormone, a series of experiments‘were design-
ed.rffg», | | L | B

The position of radlolabelled hormone after electrophor— :
e31s was determlned and the results were compared w1th those
from experlments run under condltlons expected to result in
malntalned hormone blndlng. Two. types of unbound hormone
were cons1dered to potentlally ex1st on the standard Llne o
plateS° LJ free hormone which had never been a85001ated w1th
the serum proteins, and II) dlss001ated hormone whlch had
1n1t1a11y been bound to the serum protelns but had become dls—‘

s001ated during electrophores1s.




4.2.5.1. CHARACTERISATION OF RADIOLABELLED

THYROXINE AFTER IMMUNOELECTROPHORESIS

The following four plate experiment was set up and run
using the Line system.'

a) Radiolabelled thyroxine (1251 T,) run through
agarose. | | _ p SR

b) Radiolabelled thyroxine equilibrated with serum and
run‘through agarose. | |

c) Radiolabelled thyroxine run through agarose oontain— .

.1ng antlserum to human serum protelns.
o d) Radlolabelled thyroxine equlllbrated w1th serum and

run through agarose oontalnlng antlserum to human serum pro- S
| ‘teJ.ns. R , | e
- On both plates w1thout antlserum, a) and b) the radlo—‘ifﬁg
| act1v1ty was completely lost by runnlng off the anodal end of :
the plate (Flgs.»32 & 33). - During a subsequent experlment
to 1nvest1gate hormone binding, dupllcate plates 51m11ar to

’b) were run and'stopped after 6 hours as opposed to 15 hours

_for a standard Llne plate. After the 6 hour separatlon two

/f,magor radloaCthltY Peaks were obv1ous after cuttlng up half fijf*

the gel on the plates, and when the remalnlng half was stalned‘ |
"for'proteln,'the maJor peak was found to be in the TBG |
‘position while the seoond peak was in the TBPA position (Fig; I
34) indicating continued association‘of binding'protein andw_;m__~
hormone.

On the plates with antiserum, c) and d), a proportion
of the rad10act1v1ty remalned on the plate, but was dlfferent—
1y dlstrlbuted. Plate c) which involved running radlolabelled
hormone alone through antiserum, approximately 61% of the

'original radiolabelled hormone was lost with the remainder

.belng dlstrlbuted from a peak at the orlgln near the cathodal

' .end of the plate and talllng off toward the anodal edgeuof the



FIGURE 32

DISTRIBUTION OF 125I TA*AFTER A 15 HOUR

ELECTROPHORETIC SEPARATION THROUGH AGAROSE.
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FIGURE 33

DISTRIBUTION OF SERUM EQUILIBRATED WITH '2°T T,

AFTER A 15 HOUR ELECTROPHORETIC SEPARATION

THROUGH AGAROSE."
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1_29
plate (Fig. 35). In contrast to this the plate d) which in-
volved equilibrating hormone with serum before running thfough
antiserum, the totai loss of hormone was approximately 68%,
but the distribution of the remainder was centred at the
anodal edge of the plate far to the anodal side of the albumin
precipitate (Fig. 36). This relative region anodal to élbumin
is in normal serum devoid of activity at the ranges of hormone
used in this study. A time course experiment using the same
procédgre as d) was subsequently performed to determine the
progressive migration oi dissociated hormone. Ten identical -

. standard Line plates were run, but were taken off atltime in—-
tervals>between 1 and 64 hours. (1, 2, 5, 12,'16, 20,'24,.26,
48 and 64 hours running time), cut-up and counted (Table 8).
Between 1 and 5 hours, two peaks became distiﬁguishablé, the
first was a small fast running peak (1.5 cm/hr.) which ran off
the plate aftervthours and which was probably formed by free -
‘iodide (1251). The second peak was much larger than the first
and was still on the plate at 64 hours, close to the anodal

- edgé. Near the normal running time of 15 hours, i.e. 12 dnd

16 hours, the major peak was found at the anodal end of the
plate, and anodal-fo the albumin precipitiﬁ line. This main
peak moved considerably slower (1 cm./4=5 hrs.) than the small
iodide peak and also displayed reduced mobility as it moved '
toward the anode so that the final 3 cms of the platé took
longer to traverse than the first 3 cms.

In comparison to these plates involving dissociation of
hormone, a plate was run incorporating the "buffer" gel to
maintain binding. This resulted in 100% recovery of activity
from the plate and more than 90% of ﬁhis radioactivity was in
the centre ofvthe plate cathodal to the albumin précipitin
line, and at the posifion_shown‘to be occupied by TBG (Section‘A
4.2.5.2.). o



DISTRIBUTION OF 1221 T

FIGURE 35 | -

', AFTER A 15 HOUR

ELECTROPHORETIC SEPARATION THROUGH ANTTISERUM.
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PERCENTAGE BINDING OF RADIOLABELLED THYROXINE.

DISTRIBUTION OF RADIOQACTIVITY ON A STANDARD LINE

FIGURE 36 .

PLATE AFTER A 15 HOUR IMMUNOELECTROPHORESIS.
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TABLE - 8

MOVEMENT OF RADIOACTIVITY (T, 1727) ON

RUNNING

"1~TIME‘(Hr,);"

2

12,5
16
20
-I
25.5
; 48 bl
6k

L.66

- ON_STANDARD LINE PLATE

DISTANCE RUN BY

RADIOACTIVITY
PEAK 'PEAK
1 (ems.) 2 (cms.)
1.5 [
3.0 - 0.75
7.0 - 1.25
OFF 3,00
i 3.5
4,0
5.0
5.5
8.75
OFF

RATE OF

' MOVEMENT
_ (em./hr.)

PEAK - PEAK

1

RN N, . 3
e e
U ;WU

OFF

2

©0.375
-.0.27
0.24
- .0.22
0.20
- 0.21
- 0.22
1 0.18-
OFF




130

L.2.5.2. IDENTIFICATION OF LINE PLATE

PROTEINS

The individual proteins on the Line plate were ident-
ified using composite Line/Laurell plates. Using the same
sample, a first dimension Laurell separation was performed
and placed on a second dimension glass plate., A line sample
was then laid anodal to the first dimension Laurell gel and
the antibody gel was poured over the remaining plate area
anodal to the first dimension Laurell gel. The plate was
then run on the modified Line system.

The autorédiograph of the electrophoresed plate showed
antigen/antibody precipitin lines (Fig. 37) with the char-
acteristic Laurell peaks sitting on their corresponding Line.l
Identification of the precipitin lines therefore followed
from the associated known Laurell peaks.

The main thyroxine binding proteins showed sufficiently
characteristic precipitation that with a little experience
each protein could be identified from the Line plate alone
without recourse to the composite Line/Laurell plate.

The Line/Laurell téchnique also confirmed protein bind-
ing of hormone during the Line method by indicating an as-

sociation between the serum proteins and radioactivity.
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FIGURE 37

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH OF A COMPOUND LINE/LAURELL PLATE




4,2.5.3. DISCUSSION OF LINE PLATE

PRECIPITIN IDENTIFICATION

The results in this Section demonstrate the mobility
and precipitation of radiolabelled thyroxine with and with-
out the “buffer" gel. The results suggest that the hormone
is "bound" by some other factor than normal serum transport—
'1ng protelns, but what the factor is remains unclear. ‘The
agarose 1tself 1s posslbly a non-spec1flc blndlng agent as
fllter paper has been shown to be, but the ev1dence does not
support thls. Reports from other studles tend to conflrm
that agarose does not bind thyrox1ne unless spe01f1cally 1n-afﬁifff

-duced to do s0 ( Pensky & Marshall 1969 ). Another and more_fiﬁ

: 1nterest1ng posslblllty 1s that an antibody is present 1n the‘frfﬁf
antlwhole human serum agalnst thyrox;ne. The presence of an
'antlbody would flt the results showing thyrox1ne to mlgrate
ever slower as 1t runs through the antibody. As more antlbodyi
attached +to the hormone 1t would slow ‘down until 1t stopped 1n Cf;

the same way as the serum proteins pre01p1tate. ‘
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4.,2.6. REPRODUCIBILITY OF THE

MODIFIED METHODS

Before using the modified methods for examination of
test sera, their reproducibility and standardisation were
examined.

Reproducibility of TBG concentration and the Standard
Cﬁrves of TBG concentration against serum volume were invest-
igated using the Modified Rocket Technique and different stand-
ard sera. Using the Modified Line Technique, reproducibility
of both TBG concentration and percentage binding of radio-

labelled hormone were examined.



4.2.6. REPRODUCIBILITY OF THE MODIFIED

| METHODS
4.,2.6.1. MODIFIED ROCKET TECHNIQUE

REPRODUCIBILITY

i) Reproducibility

Both the intra-assay and interassay reproducibility were’
studied so that the accuracy on an individual plate and be-
tween separate plates could be assessed.

Intra—assay Reproducibility -

A 17 x 11 cm. twenty Sample plate was produded with al-
ternate samples of the Standard serum (TDP) and a n0rma1 serum. -

After electrophoresis against antiwhole human antiserum (B.W.),

the plate was autoradiographed and the TBG heights were meas_“%muuq

ured from the top of the sample hole to the tip of the TBG peak.
The Standard serum TBG was expressed as the peak helgpt in centf B
imentres while theé normal serum sample TBG was calculated as at‘tji
percentage of the Standard serum TBG. The results in Table 9
show the mean, standard:deviation and standard error of the.
mean of the samples used. o | o ‘A‘1

The 1ntra—assay reproduc1b111ty was repeated on flve other uf?
plates run at different tlmes, but with only ‘the Standard serum,;::
and the results wefe consistent with those in Table ig.and are
shown in Table 10,

Interassay Reproducibility

The interassay reproducibility was determined by running
the Standard serum (TDP) and a normal serum on fifty plates.
The plates were run on the Modified System and the TBG peaks
were measured from the autoradiographs. The mean, standard
deviation and standard error of the‘mean were calculated and
are presented in Table 11.

ii) Standard Curves

A standard curve of TBG concentratlon agalnst Rocket



’ ;:£,E::TABLE 9 3ﬂ if;;

MODIFIED ROCKET TECHNIQUE : INTRA-ASSAY REPRODUCIBILITY

NUMBER OF ' ~ MEAN S.D. - - COEFFICIENT S.E.M.
OBSERVATIONS = - OF VARIATION

Standard 10 - 3.83 0.026° . 0.68 0.01
- Serum ' S (cms.) (ems,) -~

Normel 10 = 121 0.8 . 0.66  0.25
Serum | ‘ R o % o ,

[}

Units of Standard Serum _Peak height in cms,

i . Peak height of Normal L
Units of Normal Serum = = Peak helght of Standard p 4 100“3'“




TABLE 10

MODIFIED ROCKET TECHNIQUE : INTRA-ASSAY REPRODUCIBILITY

USING FIVE SMALL PLATES - -
. NUMBER OF - mggm _ ' 8.D. { C6EFFIé£ENT' . S.E.L
OBSERVATIONS (ems.)  (ecms.) =  OF VARIATION
Serum 1 1 397 0.079 1.99 0,024
Serum 2 11 3.92 0.060 1.53 0.018
Serum 3 11; | 411 0119 '.  2.89 0.036
Serum 4 1 . bo1 0.550 g 0;015

Serum 5 1 4,45 0.027 0.65 .  0.008




MODIFIED ROCKET TECHNIQUE : INTER—ASSAY REPRODUCIBILITY

NUMBER' OF . MEAY - 8.D. ~  COEFFICIENT S.E.M.
OBSERVATIONS =~ . " . .o .- OF VARIATION

1Standard 50 4,06 0.12 . 2,96 0.02
Serum ' - (cms.) (cms.) S '

Normal 50 1 193 0.3

Serum

N
=W
S~
=
s\

1 Units of Standard Serum

Peak height in cms,

. ' - _ Peak height of Normal
2 Units of Normal Serum ’~_ Peak height of Standard

x 10




}tend the TBG standard curve above the normal range._ All
v curves followed the same pattern,land became more llnear when :

the log volume'was'plotted (Flgs 40 & 41)

height was necessary to quantitate TBG in a given test’sam—
ple. However, 'du'e to the difficulty of isolating pure TBG
from serum, a pure 'TBG standard was not available. The
Standard serum (TDP) was therefore used in place of pure
TBG to construct a standard curve. Seven aliquots of the
radiolabelled standard serum between 0.6 pl  and 4. 2§plkf
were plpetted, 1n-1ncrea51ng volumes, into the sample holes o
punched in the "buffer" gel (Table 12 ). After 1mmunoelectro—f' :
phores1s and autoradlography the TBG rocket helghts were meas- _ :t
ured and plotted agalnst sample volume. The TBG standard o
curve constructed dld not form a stralght llne, but the norm-:“&l‘
al worklng reglon was acceptably llnear (Flg._38 )e Llnearlty

of the whole curve was more closely approached when the log

volume was plotted agalnst peak helghts (Fig. 39)
Standard curves of TBG rocket heights agalnst serum vol—“ilfit
ume were also constructed uslng a normal serum and serum from -

a young female (28 years) taking oestrogen (Mlnovlar) to ex~ .

- with congenltally very low TBG (Table 13) (see also Sectlon &

Proteln—Proteln 1nteractlons Related to the Standard Curves
i It has been postulated that TBG undergoes a protelnr

protein 1nteractlon with albumln, (Inada & Sterllng, 1970)

whlch could affect electrophoretlc mobility. ‘However, al- ..

though the modlfled Rocket technlque is relatlvely 1ndepend—

ent of moblllty, thls 1nteractlon was considered and invest— |

igated to ellmlnate the posslblllty-of interference w1th the

antlgen/antlbody 1nteractlon on whlch the modified Rocket

- method relies. To investigate this the standard (TDP) was

progress1vely dlluted with serum from an individual (N F.)




TABIE 12 -

TABLE OF ALIQUOTS OF A STANDARD SERUM -
‘T U B Efﬁ:* N fﬂ”‘M‘ B E R:
1 2 3 4 5 6 7
Volume of Standard I } o ; ‘ 1 e |
Serum (TDP) pl 0.6 1.2 1.8 2.4 3.0 3.6 L2
Log Volume - © 7.78 0.08 0.26 0.38  0.48  0.56  0.62

TBG Rocket : o , - : | : . f
Height (Cms.) -~ -+ .. 2.2 35 43 4.8 . 5.4 57 59




' HRIGHT OF TBG ROCKET IN CMS,

FIGURE 358
TBG STANDARD CURVE USING TDP SERUM.

VOLUME OF SERUM IN Pl

FIGURE.39

LOG TBG STANDARD CURVE USING TDP SERUM.
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HEIGHT OF TBG ROCKET IN CMS.

HEIGHT OF TBG ROCKET IN CMS.

FIGURE 40a

TBG_STANDARD CURVE USING A NORMATL, SERUM. .
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FIGURE 41

(i) TBG STANDARD CURVE USING A SERUM CONTAINING

ELEVATED TBG CONCENTRATTON.
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TABLE 13.

TABLE OF DILUTION OF STANDARD SERUM WITH AN A-TBG SERUM

T U BE NUMBE R

| ‘12,3 4 .. 5. 6 7 8
Volume of Standard e ' S ) - .
Serum (TDP) pl © 010 20 30 40 50 50 70
Volume of Dilutant ” : | T '
(N.F, serum or Saline) 35 30 - 25 20 15 .10 5 0
Total Volume 35 40 45 ' 50 55 60 65 70
Dilution Ratio - 44in 4 4 in9 3 in5 8 in 11 5 in 6 12 in 13 NEAT
Effective Volume | 3 , |
of Standard Serum 0 1.05 1.9 2.5 2,05 3.5 3.9 4,2
Log Volume . - 0.02 0.28 0.40 0.48  0.54  0.59 0.62
TBG ; | | - - . | -
Rocket) N.F. Serum 0 3.1 4,3 4.8 5.2 5.5 5.7 5.8
?g;g??; Saline S0 275 b2 47 5.2 545 5.7 ' 5.8

b




4.3.1.8.). This dilution resulted in the constant concen—
tration of all the serum proteins except TBG.

The TBG peaks on the autoradiograph increased from_un—
detectable, in the congenitally low TBG serum, to normal level
in the undiluted standard. These results were compared with
those of a similar experlment using the standard serum (TDP)
dlluted in exactly the same way w1th saline (Flgs 42 & 43)

The two resultlng graphs of TBG rocket height agalnst volume
of standard serum are exactly parallel indicating that any
proteln-proteln interactions that occurred dld not affect

this assay system. o

The 1nvest1gatlon of proteln-proteln 1nteractlon was re-zﬁﬂ
peated using the’same normal serum and serum from alyoung fom ot
‘male taking oestrogen. Each group of standard curves were

Vfound to berparéliel.
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HEIGHT OF TBG ROCKET IN CMS.

FIGURE 42

STANDARD CURVES OF TBG CONCENTRAT ION.

a) Increasing Volume of Undiluted Serum.

10

' i . 1 ! 1 - A
0 0.3 . 0.6 0.9 1.2 1[5 1[8 2(1 2.4

VOLUME OF SERUM IN ul. .
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‘ FIGURE 43
STANDARD CURVES OF TBG CONCENTRATION USING TDP

DILUTED WITH:
a) Saline.
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4.2.6.2. MODIFIED LINE TECHNIQUE

REPRODUCIBILITY

i) TBG Estimation Reproducibility _

Only interassay reproducibility is applicable using
the Line-Technique as only one sample may be applied tot
.a piate. ‘The interassayvreproducibility was investigated
us1ng ten plates of the same serum sample with a 9 step

range of added radiolabelled hormone between O, 2 and 20

times phys1olog1ca1 1eve1 (Table 14) A "buffer" gei and
constant concentratlon of antiserum were used on each
plate. After electrophore31s the gel was cut up and o
counted and the distance moved by TBG was measured from
the origins (Tables 14 &'15). The gel sections were cut

© 0.25 cm. wide’ga that if the‘peak was at 4.125 cm. the cut-
ting accuracy‘mould result in the peak being found ati
either 4, O or 4 25 cms. ConSidering this 1nherent 1ati—
tude of measurement the TBG was found to remain extremely
constant proVided the same serum sample and antibody con-
centration were used Also, the Line values for TBG were
found to closely correlate (Table 15) with the Rocket
values, and to be independent of the amount of radlolabel—
led hormone equilibrated with the serum within the range
of hormone concentrations used during these experiments.

ii) Reproducibility of the Percentage Binding of Thyroxine

by TBG

‘ The modified Line Technique was reserved for est- 7
imation of the percentage binding of thyroxine.by TBG be-
cause of its advantage over the modified Rocket Technique .
in quantitating thyroxine binding.

The percentage binding of thyroXine by TBG changes ac-

cording to the total hormone concentratlon in the serum,_




TABLE 14

MODIFIED LINE TECHNIQUE REPRODUCIBILITY

SERUM TOTAL T4 DISTANCE % BINDING ANTISERUM

. CONCENTRATION RUN BY TBG BY TBG TYPE AMOUNT
(nmol/1). . (cms.) ' (ml.)
1 , 120 4,0 60 - BW 1.5
‘ 3.75 46 ' ‘ -
3.75. 51
3.75 - 66 .
3.75 66 _
4.0 41 A T
3.5 49 _
125 3.75 46
: 3.5 53
4,0 -
150 4,75 36"
4,0 36
3.75 38
- 200 3.75 37
4,0 Lo
3.75 4o
4.0 41
4,25 L2
5.75 46
: 3.75 45
300 4,0 32
600 4.25 16
_ 4, 300 L,75 8
2 120 3.75 63 BY 1.5
150 4,0 - 57 o
- 200 4.0 58
300 4.0 48
600 4.0 36
600 4.25 30
800 4,25 21
1,100 4,25 23
1,600 4.0 20
2,100 4,25 14
3 50 4,25 81.5 "
50 ) 81 . BW 1.5
100 4.5 63
100 4.5 68
100 4.0 63
500 4.5 36.5
500 4,5 34.5
500 4.75 35.5
4 20 4,75 84 BY 1.5
100 4,75 61 .
500 4.75 46



MODIFIED LINE TECHNIQUE REPRODUCiBILITY

TABLE

15

OF TBG ESTIMATION

SERUM NUMBER MEAN S.D.

1 2

3.93 0.316
4.08 0.168
4.44 0,222

COEFFICIENT S.E.M. TBG BY

OF -
VARTATION

8.04
b2
5.00:

0.065
©0.053 -
 0.078 -

.0.00

ROCKET
6%
120%

_7‘_~1.30.% L

| 151%7f'ff
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and presumably also with changing concentrations of TBG

and other major thyroxine binding proteins. However,
under‘experimental conditions when éerum has been ex-
tracted, the protein concentrations are COnstant.. The
reproducibility of percentage binding by TBG Was examined
at several total hormone concentrations and estimafions
of bihding at these levels were performed over a period
of about six months. The results are shown in Tablei16-
and can be seen to be largely constant for a givenvtbtal

thyroxine concentration.




TABLE 16 | | -
| MODIFIED LINE TECHNIQUE REPRODUCIBILITY

OF PERCENTAGE BINDING OF THYROXINE BY' TBG -

SERUM TOTAL T mmol/1l. ™ - NUMBER  MEAN S.D.  COEFFICIENT.OF S.E.M.
CONCENTRATION ~ “VARIATION'
1 120 8 53.25 . 9.53 17.9 3.37
1 125 2 49.5 4.95 10,0 . 3.50
1. 150 3 36,7 0 1.16 2.79 0.67 .
1 200 7 41.6 1 3.10 - 7.45 1.7
1 300 1 32 - = -
1 - 600 1 6 - - 2 =
1 4,300 3 8 1.00 . 12.5 Q.35
3 50 2 81.25  0.35  0.43  0.25
3 : 100 _ 3 64,67 2.89 L.b7 1.67
3 500 3 35,50  1.00 2,81 0.58




4,2.6.3. DISCUSSION OF MODIFIED METHODS
REPRODUCIBILITY

The most crucial test of a new quantitative technidue
is its reproducibility. Extensive experiments were there¥
fore performed using the modified techniques with standard
sera to investigate this factor. ‘

Standard curves for TBG were produced using the mcdified‘Tih'

Rocket Technlque, because only this method was used for TBG

quantitation whereas the modified Line Technique was reserved :;:_

for quantitation of percentage binding of thyrox1ne.;tﬁ

i) Reproducibility and Standard curves for TBG estimation ’

' }us1ng the Modified Rocket Technique

a) Reproducibilitz :

The Modified Rocket Technique reproducibillty 1s shown 1n ii#
Tables 9 to 11. The actual values of the means are dependent onwiih
the units of measurement “that is in centimetres for the Stand—fj
ard Serum (TDP) and asa,percentage of this serum for the normalif,
_ serum (I D. ) The standard deViations of the tWO means are | ‘

0. 026 cm. and O 12 cm, for the Standard serum 1ntra— and 1nter-d

assay results and 0. 8% and 2. 19% for the normal serum results.ftii
In both 1nstances the 1ntra-assay standard dev1ation 1s s1g— T:fiy
niflcantly less than the 1nterassay standard dev1ation Wthh lifk;
is to be expected because the inherent errors are magnified ‘
when Samples are run at different times and on different
plates.

Laurell has suggested (Laurell 1966) that the optimum
. rocket height is between 2 and 5 cms. When the relative_error
is roughly constant. Using the modified techniques as des—
cribed the peaks were -usually in the range of‘3.5 to 5 cms.
except during pregnancy or oestrogen therapy when the peak

could.be as high as 7.0 cm. Examlnation of the. standard




L)j

curves of TBG shows the practice of dilution of sera With

high TBG concentration to be of little necessity as the re-
lationship between TBG concentration and rocket height is
very constant at high concentration and only falls signif-
icantly from linearity in the low concentration sera (Figs.

38, 39, 40, 41, 42 & 43)

The standard dev1ations of the interassay mean compares

very favourably with both the Nielsen et.al. (1972) and

Kranz et al. (1974) studies which report means of 95 + 3.7

,(S D.) Arbltrary Units and 96 * 4 (S.D. ) Units respectlvely, ~

for autoradiographic determinations, compared With the pre—

sent study of 113.6 + 2 19? (S.D.). The percentage s1gn in

the present study is analogous to the arbitrary units in both;

the other studies which also refer to standard sera.y‘The Kranzs::
et ,al. (1974) study reports some interesting reproduCibilities
which implies that_the more samples run using the autoradio-
graphicAmethod, the better is the reproducibility, that is i

8% in five plates on.one‘day and + A.A% on nineteenidiiferent .
days, while‘using the'staining technique the reproducibility
declines from + 3% in'fiye plates on one day to + 4.9%.on nihé_ft;
teen different days. Thus the reproducibility valuesHOf the ”
two techniques reverse over a longer period of study and auto-
radiography becomes progressively better. During.routine ex-—
amination of different sera the time period of study'becomes
extremely long and these results seem to indicate that if long
studies are performed the autoradiographic method is preferred.
This would tend to support the better reproducibility of the
present study which collected reproducibility data for more

than three months. The superior reproducibility of the cur-

rent study over the Kranz et.al. (1974) report could also be

explained by the absolute heights of the rockets which were'*‘f‘“”




almost twice as high in the present investigation compared
with the other study. No information regarding the height
of rockets was mentioned by Nielsen et.al. (1972) who also

showed inferior reproducibility to the present work.

b) Standard Curves

| No puré preparation of human TBG was aVailable during
the time of study so a pool serum was chosen as a standard.'
This standard serum was part of a thousand donor pool.(TDP),
but since it was diluted with acid: citrate : Dextrose at
collecfionf.aﬁd ﬁormal sera were related to it, the anhal_
sera in this study show'TBG values slightly greater tﬁan -
100%. All Seruﬁ samplés'iﬁ thiéﬁstﬁdy are quoted'as percent~
ages of the standard, but‘é Refererice serum.(Nat. Institﬁfe-
for Bioi. Sfandérd.Serﬁm No. 68/449) was included to enable
inter~laboratory comparison. This standard Reference serum
(68/449) had a TBé concéhfration 1.21 (121%) times greaﬁer
than the working standard (TDP).

The standard 6r calibration curves are shown in the
Results (Figs.38 to 43) and indicate that the relatioﬁship :
between rocket héight of TBG and amount of TBG is close to
linear. The.pidt of TBG rocket height against concentfation
or volume of serum is probably hof precisely linear as the
concentration of protein is proportional to the area under the
reak not to the peak height. Howéver, the errorvis éxtremely _
small once fhe peak height is more thanlabout 2.5 cms. be~-
cause the base dimension of the rocket being constant, rel-
atively decreases as the peak height increases. The curves
may be made more linear hy the matheﬁatical manipulation of
plotting rocket height against the log ﬁolume of serum used

(Figs. 39, 4Ob, 41b & 43).




A secondary result from the calibration curve invest--‘:J
Aigation indicated that during these modified techniques,any
protein-protein interaction that occurs in vivo, as suggested f;p;?
by Inada &'Sterlingv(1970), does not affect the system. This:jj'ﬁ”
would tend to be confirmed theoretically from the preceding |
discussion (Sectlon 4 2.6.1.) when it was postulated that the g
technlques only worked because any proteln-proteln 1nteractlons;y
that did occur in vivo were d1srupted during the 1n1t1al ele..lﬁf;?
-ectrophoretlc separatlon in the "buffer" gel. : o

Also resultlng from the calibration curves of the mlxed o
, normal and a-TBG serum is the flndlng that in the supposed 'titpﬁ
'fa-TBG serum there is in fact no proteln 1mmunologlcally recog—t?j:
nlsed as. TBG as opposed to a mutant form of the proteln whlch gibi:
51mply cannot blnd thyrox1ne (Sectlon 4.3.1.8. )

ii) Reprodu01b111ty of the Modified Line Technlque

a) Reproduclblllty of TBG Estimation

The 1nterassay reprodu01b111ty of TBG estlmatlon 1nvolv;
blng the modlfled Llne Technique was 1nyest1gated us1ng four L
serum samples and the results have been shown in Tables 140 & 15.?&
_:Although the study is relatlvely small compared w1th the Mod—- .ff,
‘ified Rocket analy81s, the reprodu01blllty was found to be ex- iJQA
tremely good prov1ded the serum sample and antlbody type and'
concentration werehconstant. The amount of radiolabelled
thyroxine added to the samples varied between 20 and 2000 nmol/L,
but the position.of the precipitated TBG was found to be inde-
pendent of hormone concentrations.

This method, in common with the modified Rocket Technique,
employs a unidimensional measurement for estimating the TBG |
_position, but in this case the area under the line may be
easily calculated as the sample may be made a standard width.

 The results from modified Rocket and Line Techniques arey5r 3




consistent, but the range between the'highest and lowest
concentration of TBG is far wider using the modified Rocket

technique implying greater sensitivity.

b) Reproducibility of Percentage Binding of'Thyrokine by TBG -
| The modified Line Technique was employed mainly for the
estlmatlon of thyrox1ne binding by TBG and data was collected |
from a number of sera to investigate the reproduc1b111ty. One
Serum sample was equlllbrated w1th known levels of radlolabel—:=
led hormone and using constant condltlons the percentage blnd-.?zs
ing of hormone to TBG was estlmated over a period of six mon-‘ﬁtw;
ths." Although the 51ze of the study was small the tlme perlodgiuﬁ
between estlmatlons was sufflclently large to allow valld con—:an"
clus1ons. v ‘1 B _ N ff,..

The percentage blnding of thyroiine'to_TBG.uslng?the :
serum (I.D.) is remarkably constant using 150 and 200 nmol[rf
of thyroxine givfng‘TBG 7% + 0‘5% and 42% + 4%Are5pectively.f
Using a total thyroxine concentratlon of 120 nmol/l the per-~:
centage blndlng is far less constant with a mean of 53% +
13%. When referrlng to the modlfled Line Results (Sectlon
4.3.2. 1 D 1t is found that the total ‘hormone concentratlons.;v
of 150 to 300 nmol/liresult in a relatlvely constant percent—
age binding by TBG (Figs. 65 & 66), not only whenbusing the
I.D. serum, but using P.P. serum also. In contrast to these
results, are those found for total thyroxine levels between
100 and 150 nmol/1" when the percentage-binding by TBG changes
rapidly for very small differences in hormone content., There—
fore, small pipetting errors when aliquots of radiolabelled
hormone were being equilibrated with the‘serum sample could
affect the total hormone content and therefore the amount of
thyroxine bound to TBG.  In this range‘of total hormone, i.e.

100-150 nmol/1’,the percentage binding to TBG could theoreti-




cally be found in the range 37 — 76%. The actual range w7
found during these experiments was 41 — 66%.

" Reproducibility of duplicate experiments was always very

close throughout the entire study.




4,2.7. QUANTITATIVE ESTIMATION OF HORMONE

BINDING TO TBG

The Modified Line Technique was designed to quantitate
the percentage recovery of hormone after electrophoresis and'
the percentage binding of hormone to TBG.

‘To demonstrate quantitative binding, the percentage re-
cover}iof radiolabelled hormone was investigated on sixteen
plates using five sera with sevenlexogenous concentrations
of radlolabelled thyrox1ne between 20 and 4200 nmol/l Two |
. dlfferent antisera were used, Burroughs Wellcome and Meath,
to observe any differences of percentage recovery. 'All plateS'kk
were.rnn in the phosphate pH 7. I buffer. Eight~setshof'two
plates ‘were run, w1th the same sample on each pair of plates.;ﬁ
One set was run using the modified Line Technlque 1nclud1ng
the "buffer" gel whilst the second set was run using the stand-
ard form of fhe Line Technique., Each»pair'of plates was treat;_
ed identically. The percentage recovery of hormone'wasvcal- |
culated’and individual plates from each set were comparedQ

| On each plate u51ng the modlfled Line Technlque the per~
centage recovery of radlolabelled hormone was 100% 1rrespect-- J:
ive of the amount of exogenous hormone added (Table 17) |

Onrthe plates using the standard form of the teohnlque,'
however, only one plate resulted in 100% recovery and this was
on the plate with the lowest exogenous addition of hormone,

i.e. 20 nmol/1l. On each of the remaining plates where the
standard method was used, the percentage recovery of hormone
was far below 100% and was found to'be between 85% and 12%
(Table 17). There appeared to be no relationship between
hormone concentration and percentage re00very on the_standard‘
plates.

Dlstrlbutlon of hormone was 1nvest1gated and 1s dlscussed y**

in Sectlon 4.3.2, 1.,



TABLE 17

COMPARISON OF THE PERCENTAGE RECOVERY OF

RADIOLABELLED HORMONE USING THE MODIFIED

AND STANDARD LINE TECHNIQUES AND A RANGE

' OF HORMONE LEVELS.

PERCENTAGE =

RECOVERY - -

SERUM - ANTISERUM.  EXOGENOUS
. - ' RADIOLABELLED

I.D.
‘I.D.
g

W.B.
J.M.
M.G.

o . Ron

I.D.

1671

1786
327
1333

1576

1389
571
1553

B

B.W.

—ly

25
4o

40

60

: ’701

1100

4200

20

; ﬁ §hmo1Z1Q ‘fgif;n

100

100

100
100
100

100

100

100

MODIFIED STANDARD =~

ol
!
e

12

57
R C

1 Burroughs Wellcome Antiwhole Human Antiserum.

2 Meath (Paines and Byrne) Antiwhole Human Antiserum.
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To be able to draw reliable conclusions from hormone

4,2.7.1. DISCUSSION OF HORMONE

BINDING TO TBG

binding studies, 100% of the initially added radiolabelled
hormone must be accounted for on the electrophoresis plate.
To investigate,this percentage recovery,,the standard and
modified Line Techniques were studied. |

On each of the modified method plates, 100% recovery
was achieved, but nsing the standard methpd; only ane plate _
rasulted in'complete rebbvery, whilst the remaining;sevén
plates 1ost between 15V and 88% of . the hormone. ) |

The hormone remalnlng on the standard plates was non—
unlformly dlstrlbuted and whether it was 100% or 12% re— ff“*{jv
malnlng, it was always 1ocated at the anodal end of the |
plate and not a33001ated with any known blndlng proteln
(Sectlon L, 2 5.). T

These results confirm the validify of using*the;Modified

Line method in quantitative hormone binding analyses..




4,2.8., CONCLUSION TO METHODOLOGICAL

'SECTION

New highly reproducible techniques have been developed
to perform specificbquantitative investigations. These
techniques allow direct estimafion of serum TBG concentrations
and of the percentage binding of thyroxine by this major
thyroxine carrier. | |

The two methods of ModifiedvRocket and Modi?ied_Line
have been used in the subsequent section of Quantitative
Results to.inveefigate.TBG concenfretion>in different sera
and to'determine'the relationshipvbetween total thyroxine
concentratlon and percentage blndlng of thyrox1ne by TBG
The methods used in the Quantitative Results Sectlon are
those descrlbed in ‘Section 4.2.3.4. with the modlflcatlon_
of omission of the washing procedure to maintain max;mum

radiolabelled hormone recovery.



4.3. QUANTITATIVE RESULTS

The Quantitative Results Section is divided into two
distinct parts:; | L

i) Direct estimation of TBG concentration in serum

using the Modified Rocket Technique, |

ii) Direct estimation of thyroid hormdne binding by TBG L
using the Modified Line Technique. a




4L,3.1. DIRECT ESTIMATION OF TBG IN

VARIOUS INDIVIDUALS

The results of TBG estimation in this Section were
determined using the Modified Rocket Technique described
in Section 4.2.3.4. A1l values are expressed as a per-
centage of the standard serum (TDP).

To enable expression of the TBG results in terms Qf
absolute values (i.e. mg/l) the two standard Sera used
in this study i.e. TDP and I.D. were kindly analysed by

Dr. D.B. Ramsden. The results were:-—

bt
60

TDP 6.92»mg/l + 0,33 S;D. n

[n]
i

I.D. 9.6 mg/l + 0.3 S.D.

whilst the Modified Rocket values in this study were:—

TDP 100%
I.D. 116%

By extrapdlating the graph formed by these tWo values the
normal range of TBG from this study was 7.8 - 15.6 mg/l
(105 - 149%) for males and 8.5 - 16.3 mg/1 (109 ;.153%)«
for females with means of 12.4 mg/1 (130.2%) for;maies
and 12.7 mg/1l (133.4%) for females.




L.3.1.1. NORMAL RANGE OF TBG

CONCENTRATION IN SERUM

i) Three groups of normal healthy volunteers were sel-
ected and 2-5 mls. ef blood were collected by venepunctﬁre
frem each individual. Those individuals who were pregnant
or taking oeStrogeﬁ er'other drugs were not included in these
groupe‘ef sﬁbjects. | |

The three groups were:—
| I. Volunteers from the CliﬁicalwInvestigation]Labor—
atory at Northwick Park Hespifal (N.PiH;).‘
II. Employees ef a'local facfory who were taking part.“
o in an epldemlologlcal 1nvest1gatlon (samples kindly
supplled by Dr. T.W. Meade). ' | __A,:
III;T Elderly people from the N. P H. area who were belng
| screened for occult disease (samples kindly supplied
by Dr. M.J. Denham). | |

The samples were allowed to clot and the serum was Separ—
ated and then stored at -20°¢C untll assayed. All serum sam— -
ples were treated in an identical manner and funvln the mod-
ified phosphate pHv7,4 system together with two working'stand-‘
ards and one inﬁerhal standard as control. The’TBG peaks
were measured on the final autoradiographs using'a cm. /mm.
clear plastic ruler. The results of the subject groups are
presented (Table 18) subdivided according to sex and age
(Figs. 44 & 45). ‘

The tables show that plasma TBG increased significantly
(P<0.0005) in men between the third and fourth decades, but
not significantly thereafter; A similar trend was evldent in
women (P<0.0005). On pooling the male‘and female age -group
results there was a significant difference (P€:0.0025) between

the two groups with the values in women being higher.. - .




TABLE 18

SERUM TBG CONCENTRATION OF EUTHYROID

MALES AND FEMALES AS GROUPS AND AS TEN

YEAR AGE GROUPS ’

MALE . FEMALE
AGE GROUP ~ NUMBER MEAN S.D. NUMBER MEAN S.D.

20.29 | 22 125 6.7 11 128 5.3
30-39 26 131 6.2 8 130 6.8
40-49 ”'_.1.6(“",.7'::51'32‘_ 5.3 14 34 5.7
‘l-_e50_591:g_J;ffff15f f13j. 5.9 ;fe9e'e536  &.1.i
o ;60—65 6 13 3T - - -

om0 1 e s 13 80

Unlts = Percentage TBG Concentratlon of Worklng Standard
' Serum ‘ .




FIGURE 44

DISTRIBUTION OF TBG CONCENTRATIONS IN MALES
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FIGURE 45 .25?516i>

DISTRIBUTION OF TBG CONCENTRATIONS IN FEMALES
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ii) Blood samples were collected from hospltal in-
patients with normal thyroid functions and the separated
sera were treated in an.exactly similar manner to the norm-
al samples. The results of this group of patients are shown
in Table 19 and are compared with normals of both sexes.

There was no significant difference BetWeen the,TBG
concentration iﬁ normal male subjects and male pafients4
and thé standard deviations were similar. In the grbup of
female patlents the TBG concentratlon was found to be great-‘
er than the normal female subaects, though with no 51gn1f-
_1cance, but the standard dev1at10n of the hospltallzed group  :;wf

was w1der.




SERUM TBG CONCENTRATIONS OF

TABLE 19

HOSPITALISED EUTHYROIDS

AGE GROUP

20-29
30-39

| hoohg
555bf59

£ 60-69
- POTAL

-j‘Normal')
- Total )

.zUnitS = Perééntage TBG Concentration of Working

B 66 yrs. .‘pAlU.SH

O W U

21

100

MALE

129

128
134
131
131

130

Standard Serum.

9.2

3.4

7.0
8.6
7.2

8.1

17

10

49

55

FEMALE

132
139
141

130
. 125
 128 f

134

133

NUMBER MEAN S.D. NUMBER MEAN S.D.

. 6.0
21.0

' 903

9.4
11.5
8.2
11.8

8.0 ‘
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4.%.1.1.1. DISCUSSION OF NORMAL RANGE
| OF TBG CONCENTRATION

a) In Healthy Volunteers

The normal TBG range for males and females as groups
and for 10 year age categories were calculated and are °
_shown,in.Table 18 . The male group TBG range is slightly
wider, and the’mean iower, than the femaie values which
is in accord w1th results from other laboratorles u51ng

direct methods of estlmatlon. In contrast to the present

work whlch demonstrated a s1gn1flcant dlfference between

TBG 1eve1s in men and women (P<:O 0025), ‘these studles‘

(Bradwell et.al. 1976 Levy et al. 19715 Chopra et ale, 1972) %{f
reported no s1gn1flcant dlfference. Each of these earlier ‘ S
studles included far fewer 1nd1v1dua1s in the two groups.'
- One laboratory compared 45 maies With only 6 females (Levy
et.al., 1971). Another study while using more eveniy
matched‘groups (20 males; 39 females) also foundvno‘sig-
nificant difference (Chopra et.al.;'1972), The'third‘group,‘
_while’not stating a significant difference,'provided'resultsv;fmfh
with a 10% difference between the means (Bradwell et ale.,.
1976) However, using capacity measurements, Harvey (1971)
and Braverman, Foster & Ingbar (1967), do confirm a signif-
icantly higher female TBG concentration over males (P<0.05
& P<0.01 respectively). | |

The ten year age categories show an interesting dis-
tribution of TBG values. In the male category the 20—29
year age group has 41% of the individuals in the TBG .con-
centration group 116% and 120%, Whilst the subsequent TBG
groups contained decreasing numbers ofithis age group 4

(Fig. 44). The iowest, 110% — 115%, TBG group contained




_3¢present study found the IOWest TBG concentratlon in the i

only two individuals, both in the 20-29 year age bracket.
The distribution of TBG values in the 20-29 year 'group
therefore shows a marked deflection towards the lower

end of the TBG range and is significantly (P<0.0005)
_different from the ‘spread of TBG values;in the other four
‘age groups where most 1nd1v1duals of a glven age group lie

in either the 126% - 130% or 136% - 140% groups (Fig. bty ).
ThlS biphasic TBG pattern with age has also been demonstrated
L-by Hesch, Gatz, Juppner & ‘Stubbe (1977) and by Braverman, -
;dDawber & Ingbar (1966) l Both Hesch et .al. (1977) and the

19-29 year age range, but Braverman et .al. (1966), who -
oionly studled 1nd1v1duals in the flrst fourth and seventh/
hfelghth decades,\found the lowest concentratlon 1n the 31 - 40
year group.. | -

The dlstrlbutlon of TBG values in the dlfferent age
vgroups has two 1mportant 1mpllcatlons. Flrstly, a mlxed
sample of euthyr01d 1nd1v1duals will statlstlcally show a
blas of TBG values Whlch follow the bias in age groups.

: Secondly, a 20—29 year old subjects' TEG should be
: examlned w1th1n the limits of the normal range for thls
age group (Flg. 44 ) and not 51mply W1th the normal range
and mean.

The reasons for the change of TBG levels in the dif-
ferent age groups are probably many and involved, but one
important factor is almost certainly the androgen/oestrogen
- fluctuation with age. In males the androgen content of
urine, which reflects the serum conoentrations, increases

' from less than 1 mg./24 hour in the newborn to a mean, peak

concentratlon of about 15 mg. /24 hour at about 25 years. The -

| 17—ketoster01ds are measured in the urlne as they are the dfiﬂ,




principal'metabolites of biological androgens. After

the peak at about the age of 25 years, the 17—ketosteroid
excretion falls slowly with increasing age_to become al-
most asym&otic after 80-85 years at a mean concentration
of about 3.5 mg./24 hour (Ferrazzini, 1956). These re-
sults”are-supported by Nathanson, Towne & Aub (l941),.v

who recorded total urinary oestrogens‘in children and

A adolescents. The urinary oestrogens of males were found

to 1ncrease very slightly from birth to puberty (14 - 15_

years), but to remain falrly constant thereafter. ' |
The relevance of these changes lies in the finding

that androgens decrease TBG serum concentration whilst

oestrogens cause an increase in their concentration (Ingbar

& Woeber, 1974) The relative changes in these two hormones‘ R

could therefore’influence the liver to increase or decrease-
the production and/or clearance of TBG thereby influenCing
circulating concentration. | '

. In the female the system is more complex Since_the”
much higher mean oestrogen concentrations exhibit marked
chanées during life, and the androgen concentrations;hthough
only two thirds the male level, follow a less regular pat—
tern. Superimposed on these ba51c changes 1is the menstrual :
cycle when the concentration of circulating oestrogen is
changing according to the time'throughvthe 287day cycle
(Speroff & Van de Wiele, 1971).

The urinary excretion of 17-ketosteroids follows the
same pattern as in males up to about 25 years though .the
mean maximum is only two thirds that of males, i.e. about
10 mg./éh hours. The concentration then falls to about half

the maximum by 35 years when it remains constant until 55

- years, when the fall continues and eventually becomes ﬁ},w”;%




asymtotic at about 75-80 years at one fifth of its mean
maximum concentration, i.e. about 2 mg./24 hours (FerraZZini,
1956)

The urinary oestrogen concentration‘also follows the
male trend but only until 10-11 years. when it starts to’
substantlally rise to mature levels at about 16-18 years. B
The onset of oestrogen rise corresponds with the time of
' menarche. The adult oestrogen concentration is maintained’
with728 day’period fluctuations until,menopause at_aboutif ‘
47 years when it abruptly falls (Klrk 1951) | .-.,.m”

These hormonal changes reflect in the TBG content of R

women s serum so that the concentration of this protein

follows a general age related pattern. In the youngest age o

‘group, 20 29 years, the TBG concentration is relatively
evenly distributed between 121A and 135% as would be ex—
pected from the oestrogen/androgen ratio. As age increases,
: however, the hormone balance is dlsplaced towards anif_
oestrogen bias and the TBG distributlon between 30 and 49
years‘is_in the higher‘TBG category of 126% - 135ﬁ.“:The
number of.individual sera in the 126% - 130% and 13l7‘¥f135%
TBG groups is slightly different however, and the older |
age group (40-~49 years) has its peak number of sera in the
1ower TBG group whilst the reverse is true in the younger
age group (30—39 years) and this difference, though small
may beva reflection of the hormonal changes discussed above.
In the higher age group (50~66+ years) after menopause and
the secondary fall in androgens, the TBG concentration sig-~
nificantly increases to contain the greatest number of sub~
jects in the 131% — 135% and 141% ~ 150% TBG groups (Fig.
45).‘>Again these changes perhaps reflect the hormonal




is in accord with the present study.

”f;j??~‘;\.
A‘:l?l%},h

changes and the shift of balance in the oestrogen/androgenr
relationship. _

Previous investigations of TBG concentration in serum
have usually ignored the age factor, but if the sample
size is sufficiently large and of even distribution with
respect to age, then the study mould be valid. However,
with a balanced sample the distribution of male TBG con-—
centration is not Gaussian and the curve is displaced to-

ward the higher values (Fig. 44 ). Similarly,'with TBG

" in female serum the mean is displaced toward the higher"

values because of the'high value "tail"_with'increasing |

" age (Elg. 45 ).

The more recent dlrect assays have reported varlous

results. Kranz et al. (1974) have shown a mean TBG value

related to a standard serum of 89 A U. £ 14 S D., but there

was no mentlon of age or of sex dlfferentlatlon. Nlelsen

et. al (1972) who also used the Laurell Rocket technlque

.,have glven no- values for a normal range. Bradwell et al.

(1976) obtalned a pure TBG sample and recorded 1ts concen—‘_"

_tratlon in mg/l/ but thelr results show the rather w1de

range of 6 3 - 16 1 mg/l:for males (mean = 11 mg/l + 2 8

S.D., n = 24) whllst their female range is 6. 7 - 15 0 mg/l»
(mean = 12.1 mg/l?i 2.3 S.D.; n = 20). The study makes no

reference to age distribution in the same sex, but even with

"~ this, the range'is wider than those from other studies, in-

cluding the present study (Chopra et.al., 1972; Levy et.al.,
1971; Drysdale et.al. 1975). However, assuming the age
ranges in thevmale and female groups to be similar, the fe-

male mean value is slightly higher than the male mean which




g

All the studies involving direct measurement of TBG

b) In hosgitalized Euthyroid Patients

~that have quoted normal ranges. for TBG concentratlon have
all used normal healthy volunteers (Levy et.al., 1971;
Chopra et.,al., 1972; Castro & Urgarte, 1974 Kranz et a1.,
1974 Bradwell et. al., 1976), but when 1nvest1gat1ng TBG
concentratlons, qulte frequently the ;nd1v1duals are hosp-
italized and not healthy. A second set of "normals"vwas‘
therefore selected Whlch 1nc1uded a hospltallzed group of
patlents who were sufferlng from dlsease known not to be

'assoclated w1th changes in ‘TBG concentratlon to determlne

whether the generally “unwell" had altered TBG concentra—
tlons.‘ el P e ) _ 7
The hospltallzed patlents had,a hlgher mean age than
the normal euthyr01ds so that the sllghtly hlgher TBG mean
for male and female groups is not slgnlflcant. ThlS s1m—
1lar1ty between normal and hospltallzed groups bears out
the work of Oppenhelmer et.al. (1963) - The much w1der *
standard dev1atlon of the hospltallzed group is presump“
ably due t0'non+speCIf1c factors 1nfluen01ng TBG or to»
ﬂ;llness" affectlng the liver which both synthesises and
'catabolises TBG. Another factor 1nvolved in TBG changes
is that found in aged sick patiénts where TBG levels have
been shown to be reduced in about one fifth of patients
even in the absence‘of thyroid disease (Jeffrys, Farran,
Hoffenberg, Fraser & Hodkinson, 1972). A decreased albumin
was also found under these conditions which were frequently -
associated with critical conditions or with drug therapy;

The similarity of the normal and hospitalized euthyroid

group means implies that any change from this common mean




during specific disease must be real and indicate a sig-
nificant alteration in TBG metabolism provided blood

volume or plasma dilution remains constant. L  _5




4.3.1.2. TBG CONCENTRATION IN HYPER—

- AND HYPOTHYROID PATIENTS

Blgod.samples were collected from patients diagnosed
on:clinical and‘biochemical’groumksas either hyperthyroid
or hypothyr01d. All samples were collected before treatment -
~:ﬂto the patlents had begun, and the sera were separated and |
| stored at -70 C until they were assayed. The TBG rocket
Vhelghts were measured from the autoradlographs and recorded
_h‘.as percentages of the TDP serum TBG. The results are shown ,:?
'1n Table 20 and compared w1th the normal 1nd1v1duals and
'{f;hospltallzed patlents. The mean TBG value of the 28 female
"Tlrfhypothyr01d patlents 1s slgnlflcantly (P<:0 005) 1ower ‘than
Htﬁfthe normal female group, and the scatter of values 1s greater;;ﬂ

”*3:fThe 21 female hyperthyr01d patlents also have a slgnlflcantly _

rjt”(P<:0 005) lower mean than the normal, w1th greater scatter.
| ' Men w1th thyr01d disease are less common than women Wlﬁh'

the dlsease and only four hyperthyr01ds and nlne hypothyr01ds |

. were avallable. However, with tne nlne subJects 1n the hypo-dfn

i;[thyr01d group, the mean TBG level was. substantlally hlgher

M”i~ﬁf.than both the normal and hospltallzed groups and w1th great—hipt;
f:er scatter. Conversely, the male hyperthyr01d mean shows a
Nsubstantlally 1ower meanvcompared to the normal and hospltal—
ized groups(lﬁdesz&ZO). The male hyper~ and hypothyroid means
are not significantly different from normal, because:the
numbers in the two groups are too small to represent a‘sig—

nificant sample.




TABLE 20

SERUM TBG CONCENTRATION IN HYPO- AND HYPERTHYROIDISM.

a) HYPOTHYROID SERA

¢+ MALE 5 FEMALE
AGE GROUP NUMBER MEAN S.D. NUMBER MEAN S.D.
20-29 - - - - - -
30-~39 1 136 - 3 123 10.4
40-49 ’ - - - 3 127 6.4
50-59 ‘ 1 135 - 7 130 4.7
60-65 4 150 19.3 7 139 12.0 -
66 yrs. plus = 3 132 19.8 8 127 145 -
TOTAL | 9 141 17.8 28 131 11.6
'Normal' 100 130 8.1 55 133 8.0
TOTAL - | | -

b) HYPERTHYROID SERA |
0T MALE ~ FEMALE

AGE GROUP NUMBER MEAN S.D. NUMBER MEAN S.D..

20-29 1 112 - % 124 7.6

30-39 - - - 3 131 6.0

40-49 1 140 - 4L 120 13.5

50-59 1 124 - 5 134 12.8 -
60-65 | 1 116 - 2 142 8.5

66 yrs. plus - - - 4 131 12.7

TOTAL 4 123 12.4 21 130 - 11.8

'Normal" 100 130 8.1 55 133 8.0

TOTAL

Units = % TBG Concentration of Working Standard Serum




4.3.1.2.1. DISCUSSION OF TBG .

CONCENTRATION IN HYPER- AND HYPOTHYROTIDISM

'The TBG concentration in sera from both hyper—pand
hypothyroid females is significantly (P<0.005) lower than
normal females found in this study and the standard dev1atlon
- of both are much wider. The age range of the hyperthyr01ds
is very similar to the normal group, but that of the hypo-
thyr01ds is dlsplaced towards the older group of 60-69 years.

The TBG 1n sera from males sufferlng from thyr01d dis- _‘_1;:
orders is substantlally different from the control group re-:m'Tf*
sults. The male hyperthyr01ds, even though only four 1nd1v1d—:?ff
uals' sera were examlned, show a lower mean than the normal o
male and hospltallzed groups. These results also show a
'lower TBG concentratlon than any 1nd1V1dual age group TBG
"result ‘ Three of ‘the four sera show TBG values below 125%,
yet only one of the patients was younger than h5 years.. ThlS_fA.
mean of 123% is 7% lower than the normal male group mean and
1ndlcates a marked deviation from the TIBG dlstrlbutlon related'iff

to age.

The nine male hypothyroid patlents also show aydev1atlon-
from the normal and hospitalized control groups, w1th a mean |
value‘11% hlgher than the normal male mean. The~mean age of
this group, however, is 61.5 yearshwhich is much higher than
the control group mean age, but even in the 60-69 Year normal
group , the TBG mean is only 131% which is 10% lower than the
hypothyroid mean.

Most workers using the indirect binding capacitv method
(Oppenheimervetwal., 1963;;Robbins“& Rall, 1957; Robbins &
Rall, 1960; Shimizu et .al., 1972; Sutherland & SimpsoneMorgan,
1975) have found no significant dlfference between hyperthyr01d

and normal sera. TBG levels. However, one group u31ng the =




N
oy
M.B.C. method (Nusynovitz & Strader;l972) has found a small
elevation of TBG content in hyperthyroid sera which is in
direct contrast to most of the studies using direct methods
of measurement (Levy et ,al., 1971;-Chopra et .al., 1972)
‘which have shown hyperthyroid serum to contain a signifi—;
cantly smaller amount of TBG in common with the present
study. One direct method using avsblbdphase assay (Castro

& Ugarte, 1974 ) however, has shown a definite elevation of‘
TBG cdntént in hyperthyroid serum which contradicts the re-
sults from both the male and female sera in the present study
and ofrthe:subjects in the two other direct'method studies

(Levy et .al., 1971; Chopra et.al., 1972). In the Castro and

Ugarte (1974) results, however, no precise mention is made of -

" the number of patienfs in the study or of their age and sex.

Although three studies, including the present work,, in-
dicate a fall of TBG’concentration in hyperthyrbid serum
'uéing direct methéds of measurement, the results should only
be taken as an indication since only thirty one hyperthyfoids
in all were included in these results. ‘More prdlongéd‘studies
using‘the direct measurement'methods should thereforelbe con—
ducted so that notionly hyperthyroid sera may be compéred'with
normal, but age and sex differences may also be included.

The male hypothyroids (141%) in this study had an 11%
higher TBG mean than normal males (130%), but this result is
not significant because only nine individuals were studied.
The female hypothyroid mean (131%), however, is significantly
different (P<0.005) from normals (133%), though it is only
2% 1owér, because the number (28) in the study was large.

The hypothyroid TBG results reported in the literature

—indicate no significant difference between these patients




and normal sera TBG nsing either direct or indirect methods
of study (Castro & Ugarte, 1974; Sutherland & Simpson-Morgan,
1975; Wellby et.al., 1974 Chopra et.al.,1972; Levy et,al.,
1971) "However, none of these studies mention examination of
age and sex of the hypothyroid patients and it could be that
with aflarge predominance of female-patients, who have about

elght tlmes the 1nc1dence of thyr01d disease, a v1rtua11y

normal TBG concentration would be found. Thus, 1f the female o

hypothyr01d mean (131%) is multlplled by eight and added to
the male hypothyr01d mean (141%) and the result d1v1ded by
nlne, the result 1s 132% which 1s almost 1dent1cal to the _
mean of the normal male (130%) and female (133%) TBG concen—
tratlons, i.e. 131 5%. If the above studles do have the usual
8 1 female blas, then their results may not 1nd1cate the |
dlfference found 1n.th1s study, because of the compensatlng
dlfference in male and female TBG concentratlons dlscussed.
-The dlfferent results from hypothyr01d and hyperthry01d
sera w1th1n the studies prompts the need of a more comprehen—
sive study S0 that changes in TBG 1eve1s at dlfferent ages
and between the sexes may be adequately determlned. The re—
sults of the present 1nvest1gatlon whlle 1nd1cat1ng that fe~
male TBG concentratlons 51gn1f1cant1y decrease in both hyper—
and hypothyroidism, do not show a similar change in male sub-

jects.



FROM PREGNANT WOMEN, FOETAI CORDS & IN AMNIOTIC FLUID

L.3.1.3. TBG _CONCENTRATION IN SERUM

Blood.was collected from women at various stages of
pregnancv‘and from the umbilical cords of neonates at birth.
Sera were separated from the samples and'stored at -20°C
until assayed in exactlj the same way as the "normal® sanples.

Amniotio fluid samples were obtained between 38 and 40
weeks. These amniotic fluid samples were treated in the
same way as- the other samples except that twice the volume

i.e. 4 pl was uSed on the electrophoresis plate because the

protein content was lower than in plasma.' The‘resultsifrom
these three groups are shown in Tables 21 to 24 and are ooh—
pared w1th the normal female group. ,»“‘

- The sera from pregnant women-were found to have a‘s1gn1f—
1cantly hlgher (P<:O 0005) mean value (19.8%) than normal fe-
males and w1th a standard dev1atlon about tw1ce as (1,91) w1de.
‘The cord serum TBG levels were found to be almost exaotly be-
tween the”nornal and pregnant serum values, that is 10%

(10.5%) hlgher than the normal female values, but the standard
deviation was agaln nearly tw1ce (1 .86) that of normal.v'

The amnlotlc fluld TBG concentratlon was very low ln
comparison w1th normal serum, but by using 4 pl of the fluld
the TBG peaks on the autoradiographs were readily measurable
(Fig. 46 ). It was interesting that the highest TBG conoentra—h_mm;

tion was found in a woman bearing twins.




" TABLE 21

SERUM TBG CONCENTRATION IN NEONATES (CORD)

PREGNANT FEMALES AMNIOTIC FLUIDS AND.

OESTROGEN ADMINISTERED FEMALES.

. PREGNANT CORD AMNIOTIC NORMAI, OESTROGEN o
FEMALES SERUM FLUIDS FEMALE ADMINISTERED =

- FEMALES

- NUMBER 34 58 12 55 ‘E_' 21
Mﬁéﬁ:".?158,;;51147 :74 133 .158A EEE’
.st;.;ylj:15;3;#JE{;.O i 8;6.1 12.6 iilf'if'EgiEAEﬂ

UNITS = PERCENTAGE TBG CONCENTRATION OF WORKING
3 STANDARD SERUM. .

TABLE 22

"*. ' SERUM TBG CONCENTRATION IN NEONATES (CORD)
o B GROUPED BY MATERNAL AGE . |

: MATERNAL‘" . NUMBER - MEAN  S.D.
- AGE GROUP" -

20-29 38 149 4.6
30-39 - 20 14k 15.7

TOTAL 58 147 15.0




TABLE 23 .-

SERUM TBG CONCENTRATION IN NEONATES CORD)

GROUPED BY FOETAL SEX

MALE NEONATES - FEMALE NEONATES

MATERNAL, NUMBER MEAN S.D. NUMBER MEAN S.D.
AGE GROUP '

20-29 . 20 153 13.8 18  14h  14.b

30-39 10 144k 18.9 10 145 12.8
TOTAL 30 15 15.9 28 kh 13.6
TABLE 24

SERUM TBG CONCENTRATION IN PREGNANT

FEMALES GROUPED BY AGE

AGE GROUP _‘ NUMBER MEAN S.D.

 20-29 27 159 - 15.4
30-39 7 16.2
TOTAL 34 158 15.3
'NORMAL?

FEMALES 55 f 133% . 8.0
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FIGURE 46

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH OF AMNIOTIC FLUID SAMPLES.
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4.3.1.3.1. DISCUSSION OF TBG

CONCENTRATION IN PREGNANT & FOETAL SERUM, &

AMNIOTIC FLUID

a) Pregnant & Foetal Blood TBG

The results from estimation of TBG in sera from preg—
nant females and from neonates (Umbilical cord blood) are
shown in'Table 21 and have been substantiated by many |
studies using either indirect (Sutherland & Simpson—Morgan,
1975; Nusynowitz & Strader, 1972; De Nayer et. al.,_1965,
Dowllng,.Frelnkel & Ingbar, 1956 (a), Robbins & Nelson, |
1958) or-dlrect (Bradwell et. al., 1976 Levy et al.; 1971'

' Chopra et .al., 1972) methods.

The TBG in sera from pregnant ‘women. was about 20%
above the normal mean level whlle the foetal cord sera TBG
was almost exactly mldway between the pregnant and normal
women's mean values. The scatter of both pregnant and
cord results were w1der than those of normal sera Wthh
may reflect either dlfferent responses to the oestrogen 1n— '
crease of pregnancy, to the relatively dlfferent amounts of
oestrogen secreted by the expectant mothers, or to a dlf—

ference in plasma dllutlon.

Durlng examination of the resul+s from foetal cords '
-4¥‘; the maternal age was noted and the effect of maternal age
o on foetal TBG concentration at the time of birth was in- I
vestigated. Of the 58 mothers .of known age, 38 were between
20-29 years old and the remaining 20 were betweenv30 and 39

years. The mean values and standard deviations are shown

in Table 22 . The 20-29 year old mothers showed a signif-
icantly (Ps:0.01) higher mean TBG concentration in their

-foetuses than did those from mothers of 30-39 years. The

foetal sex of the 58 samples was then sought to carry thls

"maternal age/foetal TBG" 1nvest1gat10n further.’ The re—'f'



sults of male and female neonates TBG concentration re-

| lated to maternal age are shown in Table 23 and a remark-

able result emerges. Whilst the mean TBG conoentration of

a11 female neonates, and male neonates born of mothers be—
tween 30 and 39 years, are v1rtually idential, the TBG con— o
centratlon of male neonates born of mothers between 20—29

years shows a mean TBG concentration significantly higher

' than the other groups (P<:O 01). The significance of aA

hlgher TBG ooncentratlon in male neonates of younger mothers

is obscure ‘and 1t 1s hard to 1maglne a dlfferent sen51t— |

1v1ty to maternal oestrogen only in those male foetuses

W1th younger mothers.

‘gs1m11ar ana1ys1s was performed us1ng the sera from

pregnantrfemales and the mean from the 20—29 year group was
s1gn1fioant1y hlgher (P<:O 01) than from the 30-39 year

group (Table 24). The foetal sex from these women was unfore
unately unavallable. | | | |

b) TBG concentratlon of Amniotic Fluld

:i The TBG oontent of amnlotlo fluld has not been as ex--

tenslvely studied as foetal blood TBG.‘ The thyroxlne oon—'ﬁ
tent has been examlned but no relatlonshrp was made w1th
actual proteln 1evels (Holllngsworth & Austln, 1971; Ch0pra
& Crandall, 1975). |

In this study, twelve different amniotic'samples were

studied giving a TBG range of 54-93% of the Standard serum

with a mean of 74%. This mean value is far lower than the
normal_serum TBG level even though twice the volume of

fluid, in comparison to serum,was added to the sample holes.

This 1ow TBG level reflects the generally low protein con-

tent of amniotic fluid which contains only O. 5 gm/1OO ml. of

proteln compared w1th serum Wthh oontalns about 7 gm /100 ml;;




However, the TBG concentration appears to be dlsproportlon—

~ately high in comparison to the amniotic'fluid/serum total

protein relationship.
The TBG presumably leaks into the amniotic fluid from
the mother's serum with Th and T3 bound to it. The function

of the complex in this fluid is not ‘obvious, however, as

- there is no direct route into the foetal circulatien. Since

fluid is swallowed by the foetus the hormones could be re-

leased after dlgestlon of the proteln and absorbed though

~ the amount would be small in comparlson to the productlon

- of thyrox1ne,byrthe foetus itself aiter about two- months.




Go3.1.4. ~ EFFECT OF OESTROGEN

ADMINISTRATION ON TBG CONCENTRATION IN WOMEN _

-Blood was collected from-twenty one women (aged between
22 and 44 years) who were takiug oestrogen preparafions; 'TheA
sera were separafed and stored'at_—ZOOC?until being run_dn
the MOdlfled Rocket System., _

After 1mmunoelectrophores1s and autoradlography the TBG
peaks were measured and related to the Standard Sera on each '
/ plate (Fig. 47) The results gave a mean TBG value of 158
(Table 21), Wthh was 31gn1flcantly hlgher (P<<O 0005) than

“Lthe normal female concentratlon, but no dlfferent from preg—

‘nant ‘females. T,




FIGURE 47

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH OF FEMALE SERUM AFTER OESTROGEN

ADMINISTRATION.

o
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4,3.1.5. SERIAL EFFECT OF OESTROGEN ON
THE TBG CONCENTRATION IN WOMEN

‘The effect of oestrogen on TBG concentration over a'
Vperiodhof one-menstrual cycle was studied in two married
women. Two healthy women not taking oestrogen and two

Ahealthy males were included in the study as controls. " The

sera were assayed u51ng long (24 hole) plates so that all
samples from each subgect could be run on the same plate‘
V(FlgS- 53 & 54).

The results are presented graphlcally (Flgs. 48—50) as

_percentage TBG rocket helghts agalnst time in days._{ﬂ'

T-The two male controls were flrst examined. to determlne
the constancy of the base line. Slnce the male is presumed ?_i"”'
to have no sex hormone cycle the TBG concentration should

.remaln relatlvely constant Any observed changes are ded—

uctlvely due to bleedlng procedure dlfferences and/or ex—'
perlmental varlatlon. The results from the two males in~
cluded in this study showed extreme constancy of TBG con—» t
centratlon except when one subJect (P B.) contracted a mild - i
;iy;;m_ﬂ;l v1rus 1nfectlon and was treated w1th antlblotlcs.' Durlng
R thls treatment perlod a slight rise in TBG concentratlon
St occurred (Fig. 49). |

The two control females with physiologically determined'
menses.displayed obvious cyclic TBG variations. The absol-
uate TBG values were well within the normal female TBG
range with peak to’trough»variations of 10 and 14%. The
times of peak and trough values of TBG concentration_in
these control women basically followed the oestrogen;cycle

with the TBG concentration at or near its low point during

menstruation, while the peak value was approximately half

el

 way between consecutive menses (Fig;'48).




TBG ROCKET HEIGHT AS PERCENTAGE OF STANDARD.

. TBG ROCKET HEIGHT AS PERCENTAGE OF STANDARD.

FiGURE 48

CYCLIC CHANGES OF TBG CONCENTRATION IN

IWO WOMEN

i) Subject I.Y.
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FIGURE 49

CYCLIC CHANGES OF TBG CONCENTRATION

IN TWO MALES

’ | i ‘Subject P.B. o
130 J |

| ii) Subject I.D.
120

1'_‘0.' ' l‘ ~ ' T T T - Y ' . ; , ‘ '—l o
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TBG ROCKET HEIGHT AS PERCENTAGE OF STANDARD.




TBG ROCKET HEIGHT AS % OF STANDARD.
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FIGURE 50

CHANGES IN TBG CONCENTRATION IN DIFFERENT

INDIVIDUALS DURING A ONE MONTH PERIOD.

t Changes in TBG concentration in two females

during Oestrogzen administration.

[ - | OESTROGEN OBESTROGEN
v v o I
i) Subjedt D.N.
ii) Subject M.F.
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The TBG of the two women taklng oestrogen, both of
whom were 28 years of age, was considered in terms of the
constancy of the male TBG'concentrations and cyclicity of
the control females; The amounts of oestrogen taken by
these women were equal but the formulatlons were d1ffer—
ent (Mlnovlar. O 05 mg.ethlnyl oestrad101 + 1 mg

‘ norethlsterone acetate, Ovulen "50"° 0.05 mg. ethlnyl v
.oestradlol + 1 nmg. ethynodlol dlacetate) ' One of the sub-
Jects (D N ) had been pregnant four years before the study

and had an absolute TBG . concentratlon far hlgher than the

:iother female, who had not been pregnant Both women taklng

) oestrogen dlsplayed absolute TBG levels well above the normr bpil?;
al female range (Flg.. 50 ) They also demonstrated cycllc
f'TBG varlatlons, but in marked contrast to the control

women's cycllclty. A peak in TBG concentratlon occurred at

1 - 3 days after the flnal oestrogen pill of a serles, and
a nadlr 5 - 9 days after the first plll of the next serles.-
The peak to trough TBG dlfferences in the two women were |
16 and BZA compared w1th the max1mum male dlfferences of

5 and 8%, and control,women s 10 and 14A (Flgs 48 49 & 50)




4,3,1.6. SERIAL EFFECT OF STARTING AND

STOPPING OESTROGEN ON THE TBG CONCENTRATION IN WOMEN

The effect of starting or'stopping administration of
the oestrogen ?ill'on TBG concentration was studied in
two women. One woman (G.J.) who had not previocusly been
taking the contfaceptive pill started, whilst the second
woman (C.P.) had been regularly taking 6estrogen for three
yeérs, but decided to stop. Blood samples were obtained
at 5 to 10 day intervals over a ten week pefiod, and the
sera‘Were separafed, stored and then run in the same way
as éll previoué Samples. .The results are shbwﬁ graphiéaliy
(Figs. 51 & 52). | o

The womah (G.J.) who started taking a high oestrogen
preparation shbWed a marked, sustained rise in TBG cdncén— ‘
tration out of the normal female range and upvinto the el-
e#ated range of tﬁe oestrégen pill users. A'maXimum TBG
' concentrationvwas reached by the time of the final pill of
the first month and then fell during menstruatian(ﬁ$§;518<53).'
The TBG again rose to the séme maximum concentrafion affer
starting the second series of oestrogen pills. |

The subjeét (C.P.) who had decided to stop taking her
low oestrogen pfeparation again showed a cyclic pattern of
TBG concentration, with a peak 1 - 3 days after the final
pill and a nadir midway between the menses. After taking
the final ﬁill, the TBG concentration continued to rise
to a peak at 3 days, then decreased over the following 40
days until it entered fhe normal "non-pill" fange. However,
even after 46 days, TBG concentrafion was nof consistently
within the normal range and there was no menstruation for
the two months immediately following the final pill (Figs.
52 & 5h). | B



TBG ROCKET HEIGHT AS % OF STANDARD

FIGURE .51

CHANGES IN TBG OONCENTRATION OVER A TWO MONTH PERTOD IN A FEMALE SUBJECT WHO
STARTED TAKING AN OESTROGEN PREPARATION,
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FIGURE 52 ‘
CHANGES IN TBG CONCENTRATION OVER A TWO MONTH PERIOD IN A FEMALE SUBJECT WHO STOPPED

OESTROGEN |  LAKING AN OESTROGEN PREPARATION. .
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FIGURE 55

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH OF THE TBG CHANGES OF A FEMALE

STARTING OESTROGEN




FIGURE 54

PHOTCOGRAPH OF A STATNED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH OF THE TBG CHANGES OF A FEMALE

STOPPING OESTROGEN

200
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4.3.1.6.1. DISCUSSION OF OESTROGEN

EFFECTS ON TBG CONCENTRATION IN WOMEN

The effect of oestrogen in causing an increase in‘
serum TBG concentration is well documented (Laurell,
Kullander & Thorell, 1968; Jeppsson, Laurell & Rannevik,
1973; Dowling, Freinkel & Ingbar, 1956(b); Engbring &

. Engstrom, 1959) and the present study is in agreement with
“those results.:‘The twenty-one women included in thisdstudy
gave a mean TBG concentration of the same value (158%) and
significantly (P€io 0005) elevated level, over normal, as
that found in pregnant (158% and P<0.0005) women (Table 21) o

The effects of abrupt changes in clrculatlng oestrogen
levels on serial TBG concentrations were also stud;ed and -
compared withATBchoncentration duringvthe normal 287day
ovulating cycle.‘ Eight subjects were studied. Two normal o
women (H.C., I;Y.) and two men (P.B.; I.D.) were incinded :
to determine physiological TBG range. Those taklng oestrogen
were one woman who started taklng oestrogen (G.J. ), two who
had been taklng oestrogen for a number of years (D N;, M F )
’and one who had been taklng oestrogen for three years and R _
stopped durlng the investigation (C.P.). Two maJor dlfferencesi
between the control and oestrogen taking groups were appar-
ent: | |

i) the TBG concentration of those taking oestrogen

was higher than the controls.

ii) the TBG cyclicity was reversed in the oestrogen

group compared with the controls. _

In the women With physiologically controlled menstru—
ation the TBG concentration (120% —{140%) was within the norm-
al female range and showed marked cycllclty, with the peak

appearing approx1mately at the mld—p01nt of the cycle and o




with the nadir at the beginning or during menstruation;'

The male subjects! TBG.concentration was extremely constant

(116% to 121% and 130% to 138%) and well within the normal

male range for their age group. A slight rise in TBG con-

centration occurred in P.B. serum after he had contracted

. a mlld 1nfect10n and was treated w1th antlblotlcs. (Flg. 49)
Before startlng to take oestrogen, the first woman A

.(G J. ) also displayed marked cycllc1ty of TBG with the con--

!centratlon range well withln the normal group. Day one of

':7;the cycle was on the flrst day of menstrual bleedlng and the

llf first oestrogen was taken on day 5 Between days 5 and 26

"when the oestrogen was belng taken, the TBG showed a cons1st—:

‘ fent and slgnlflcant elevatlon out of the "normal" range and

.fup 1nto the oestrogen users range (Flg. 51) On ' day 26
when the flnal"Plll" was taken the TBG 1eve1 had risen to a
maximum 156%.. The serum was taken less frequently after
:thls f1rst cycle. However, a further three samples were
ltaken over the next cycle of "pills", when the elevated.TBG
}level common to oestrogen takers was malntalned The flnal |
g"plll" was taken on day- 28 of the second serles, but a full
ten days after th1s when the final blood sample was taken,'
‘the TBG 1eve1 was still at the maximum recorded concentratlon
- of 156%.

In the two women already taking oestrogen,pronounced
cyclicity of TBG concentration was observed, but with a dlf—
ferent phase. A peak of TBG concentration occurred at about
1-% days after the final pill and a nadir 5~9 days after the |
start of the next series of ocestrogen pills. Thus the
oestrogen and physiologically determlned patterns of the
cycles, while being basically the same shape, showed a rever-

 sal of the TBG cyclicity. The oestrogen pill users:were“,l




found to be out of phase with women following the physioloé—
ical cycle by 14-18 days. |

- The control women showed a peak TBG value at aboﬁt the
time of ovulation, i.e. day 14-18, when oestrogen levéls
are also reaching maximum levels, whilst a minimhm level
}was reached at or Jjust before menstruation,again follqwing
-thé oéstrogen concentration, which reaches a low ét thié
time. However thé women takingroestrogen appeared to havé
their TBG levels controlled by the exogenous hormone. The
peak TBG concentration in the oéstfogen taking women occur-—
red at day 1~3 of the cycle, whlch was 1-3 days after the
final pill, whllst the minimum TBG level occurred at day
10-14 which was 5-9 days after commencement of the next
seriés of pills. This indicates a time lapse fpr stimulation
of synthesis, or inhibition of degradation, of TBG which is
longer than theylétent pefibd occurring before inhibition of
synthesis, or stimulation of degfadation, since the TBG

level starts to fall after the final pill much qulcker than

it rises after commencing the next series of oestrogen plllS.

~ The physiologically determlned oestrogen cycle follows
a diphasic change (Speroff & Vande Wiele, 1971) but the dip
of oestrogen at the time of ovulation is relatlvely short
and the concentration of oestrogen does not fall as low as
the menstrual level. The secondary peak of oestrogen'is
9-10 days before onset of menstrual bleeding and by 2-4 days
before, this has fallen to its lowest level and in the con-
trol females in this study, corresponded to the 1owest TBG'
concentration.

The subject (C.P.)who had been faking a low oestrogen

preparation (Miniiyn) for three years was studied for one

- ¢cycle prior to stopping the oestrogen. It'indicated a



pattern of cyclicity close to the previous oestrogen users
with a minimum TBG just over ha1f>Way through the cycle and
a maximum level about 3 days after the final "pill" of the
series;” After the final "pill" the TBG rose to a maximum,
in conformity with the previous subjects. At about day .3
and thereafter, the TBG concentration fell consistently for
32 days When the normal range was entered for the first |
time..vThe level then rose again slightly, but then contin—
ued: to fall for a further 8 days. _ The fJ.nal 12 days 1n-
dicated a rise, but the taklng of only one sample durlng thls
time made accurate ‘monitoring 1mp0351b1e. The general trend
"durlng the flnal 24 days of study 1ndlcated a return to a

: normal cycle w1th the TBG only Just higher than the usual
control levels.‘ ThlS flnal cycllclty of TBG on the upper
level of ‘normal TBG concentratlons may have been the re—ad—
‘Justment before commen01ng physlologlcal control of the
cycle, since the first menstrual bleedlng after finishing

- the oeStrogen nillsvfollowed this more normal TBG_cycie
(Fig.’52). The neriod of time (36 days)’taken to return to
- normalvTBG concentration range is in‘agreementMWith that-
found (6 weeks) by Robblns & Nelson, (1958) who studled
thyronlne blndlng proteln levels after parturltlon. ,

The time taken (36 days) for the TBG to fall back to
normal concentration.after cessation of the oestrogen was
far longer than that taken for the.TBG to rise to maximum
levels (20 days) in the woman starting to take the oestrogen.
The reason for the longer degradation compared with the
synthesis is probably due to the half-life time of TEG, |
which is about 5 days (Cavalieri et,al.'1975), resulting in
a gradual clearance from serum. When the theoretical half-

life (t% circa 5 days) curve of TBG is compared with the dis—  -~




appearance curve of TBG from C.P. serum ((where a 100% de-
crease is equal to a fall from maximum TBG level (i.e. 164%
of the TDP) to the non-oestrogen supﬂéj}ented level (i.e.
134% of the TDP) as arbifrary values in this case)), the
curves are found to be extremely close (Fig. 55). The dif-
ferences between the theoretical and observed curves is pro-
bably due to the continued cyclic production of TBG under
the control of the physiological oestrogen output, and the
per81stence of stimulatory exogenous oestrogen. N )

The effect of oestrogen on the TBG content of serum is
thus quick to start and is prolonged even after cessatlon
of the oestrogen stlmulus. The cycllclty of TBG concentra—
tion 1s also 81gn1f1cantly changed- from normal s0 that the

maximum/minimum tlmes are reversed._'

i

b
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FIGURE 55

COMPARTSON OF "ACTUAL" AND THEORETICAL

(t, circa 5 DAYS) HALF LIFE OF TBG
<

100

Theoretical Curve'r———4~0
90-1 \ ’ :

{ x "Actual® Curve‘ - — %

CHANGE IN TBG CONCENTRATION AS A PERCENTAGE

T T T T T T ;
0O -~ 5 10 15 20 25 30 35 40

TIME IN DAYS

The "Actual" Half Llfe has been calculated from the N
- decrease in TBG Concentration using C.P. serum (Flg.52)



4.3.1.7. TBG CONCENTRATION DURING

LIVER DISEASE

Sera were collected from patients with various forms
of livef disease. The samples were stored and assayed as

all prev:.ous samples.

The two patients with serum hepatitis (Australla ,
Antlgen positive) have TBG concentrations far above the
normal TBG means. The two patients with drug 1nduced |
hepatJ.tJ.s also demonstrated eleva‘ted TBG concentratlons.

| The I‘emalnlng flVe sera did not show any conclus1ve

TBG changes (Table 25).




TABLE 25

TBG ROCKET VALUES FOR LIVER DISEASE PATIENTS

TBG Vm#=ffDiéease/Condition.‘.
% -
172 ' Australia Antigen Positive

179 Australia Antigen Positive

162 F #7iHepatdﬁa

188 F - Methyl-dopa induced Hepatitis

443 F .- Post-operative Jaundice (Anaesthetic .

'154vM gmi;Extra;Hépatic Obstructive Jaundice o
148 F Primary Biliary Cirrhosis

ﬁ33lF iﬁiinstologically Proven Cirrhosis

135AM ‘fviégcohdarf Carcinoma of Liver

Male

(Sex when known: M

F = Female)




4.3.1.7.1. DISCUSSION OF TBG CHANGES

DURING LIVER DISEASE

The concentration of TBG is known to become elevated
in many patients with infectious hepatitis (Ingbar & Woeber,
1974) and to change non-specifically during hepatic disease
generally (Clark, 1967). The present study confirms this
previous work, but a greater number of patients are needed
for a really poéitive aﬁalysis of the relationship‘between

liver disease and TBG concentration.



4,3.1.8. CONGENITAL TBG ABNORMALS
Sera were collected from a family with an inherited
TBG deficiency by Dr. D.B. Grant and were kindly made avail-
able for this study. The history and relationships of the
individuals within the family have been reported elsewhere
v (Gfaut, Minchin—Clarkel& Putman, 1974) and it is consider_
ed sufficient in this study merely to demonstrate.defeotion
of differeut congenital levels of TBG. The resultsoShown in
Flgure 56 and Table 26 may be divided 1nto three groups.
o i) A normal group - |
':11) A 1ow TBG groupband

111) A TBG deflclent group

" The results were compared W1th the Grant et al. (1974)

o results and the order of 1ncrea51ng TBG values were v1rt- vic¥i
ually 1dentlca1. The method used in the Grant et al. (1974)_ o
sfudy wasja.hodifled form of the Freeman & Pearsonl(1969)A-
system,'usiué?Laureli crossed immunoelectrophoresis;-a 1ong~v’
er and more. tedlous method than the- current modlfled Laurell

*iRocket Technlque.
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TABLE 26

TBG CONCENTRATION OF THE SAME SAMPLES USING THE

MODIFIED ROCKET TECHNIQUE AND LAURELL CROSSED

- IMMUNOELECTROPHORESIS

TBG CONCENTRATION

SUBJECT NUMBER SEX AGE, MODIFIED ROCKET LAURELL ™
(From Grant ‘ YEAR OF TECHNIQUE (as %) (From Grant .
et ,2l. 1974 ) BIRTH et ,al. :1974)
T 4 M 1889 ND - ND
12 F 1888 137 105
T 1 M 1917 126 T
*TT 2 - - A - -
IT3 - F 1911 "~ 100 43
IT 4 M 1919 120 99
IT 5 .M 1920 120 93
IT6 ~ F 1926 76 .25
IIT 1 M 1933 121 | 116
LIII 2 F 1935 98 . 53
IIT 3 M 1936 I I ND
IIT 4 M 1936 | 121 105
III 5 F 1937 93 - 51
III 6 F 1939 85 50
I 7 F 1945 79 43
IIT 8 F 1939 133 107
CIIT 9 M 195 . 121 - 88
III 10 F 1963 Co12v . 1k
IV 1 M 1958 123 ' 102
IV 2 F 1961 T A
IV 3 M 1959 123 101 |
IV 4 M 1963  ND | ND —
IV 5 M 1964 ND ND '
v 6 M

1967 126 110

*
Il

Subject Deceased
None Detected.

Laurell Crossed Immuncelectrophoresis Techﬁique
used by Grant et.al. (1974) related the test
sera to a standard serum. as a percentage.

N.D.

+
|




FIGURE 56

PHOTOGRAPH OF A STAINED PLATE AND THE CORRESPONDING

AUTORADIOGRAPH OF A FAMILY WITH A CONGENITAL

TBG ABNORMALITY

404



»4.3.1.8.1. DISCUSSION OF CONGENITAL

TBG ABNORMALS

The individuals in this study were found to form
three distinct groups.

Group one contained twelve normal TBG subjects, eight
of whom were consanguineous and four non-consanguineous.

Group two contained seven individuals all of whom were
female and consanguineous. The TBG levels were between a
half and two thirds the normal female value found in this
study (Section 4 3 1e14)s k
| - Group three contained.four consanguineous males 1n
whom TBG was not detectable. m |

This general grouping of subgects is 1dent1cal With - 4;jwhl¢
the Grant et al. (1974) study, but the precise order of 8¢ |
values is slightly different, presumably due to the accuracy ; e
of the methods used. The method used by Grant et al. (1974)
was the Laurell (1966) crossed immunoelectrophoreSis system
modified by Minchin-Clarke & Freeman (1968) and adapted by -

Freeman and Pearson (1969) for estimating TBG - The Method ’

h‘uses autoradiography, and planlmetry of the autoradiograph ‘
'*peaks,. However,‘us1ng‘this method the accuracy of measure—.
ment:depends onfthe operator's judgement since.thelautoradic— A
graph of the peak'sv"feet" are difficult to see, and are often

not visible at all, and, the edge of the protein peak is hazy.

These factors combine to make tracing with the planimeter
needle arduous, often inaccurate and time consuming as the
process must be repeated until two consecutive‘values match.
- In the preSent study the modified Rocket technique was
used which is an‘easier, more accurate and conservative
-method than that used by Grant et al. (1974). Avoost com~

parison of the techniques is interesting.,As can be seen




from Table 27 the amount of.reagents used in this study is
only one sixth of those used, and the time spent obtaining
the result is only a quarter of that spent, by Grant et;al..
(1974). |
It has been stated that uncertainty continues regard-
ing‘the‘apparent."absence" of TBG (Grant et. al. 1974)7even
after'Levyhetﬁal. (1971) were unable to detect TBG in the
congenital syndrome using a radioimmunoassay. During the
present study therefore, an 1nvest1gatlon 1nto the nature .
of the TBG "absence" anomaly was con51dered. Worklng on :
hthe pr1n01p1e that to be c1a331f1ed as a dlscrete entlty
the proteln must be 1mmunologlca11y recognisable, . an ex-
: perlment was dev1sed to 1nvest1gate the apparent "absence"
of TEG. . | | ]
" One of the sera from the "TBG absent" group (N. F. ) was
seleCLed and progressively diluted with a "normal" TBG con-
talnlng Serum (TDP) Neat N.F. serum and dilutants were
-run on the same plate. If there existed in the N. F serum
an 1mmunologlcally recognlzable "TBG" protein then the TBG7
‘peak of the TDP serum would remain the same height, thoughp
1t would be less black on autoradlography with the hlgher'

v"a—TBG" serum component. If, however, the TBG peak became

smaller in proportion to the TDP serum dilution, i.e. as

the N.F. serum component rose, then there would be no immuno—

logically recognizable TBG, and therefore by definition, no

TBG, in the serum. 4

The results of this experiment, discussed in the

"Standardization” Section, indicated that the TBG peaks of

TDP serum decreased in height in proportion to the same serum
“diluted with phosphate showing that the TDP "marker" TBG was

not being supplimented and therefore no TBG was.contained in




TABLE .27

COMPARISON OF MATERIAL AND TIME EXPENDITURE

BETWEEN THE MODIFIED ROCKET TECHNIQUE AND LAURELL CROSSED
IMMUNOELECTROPHORESIS TECHNIQUE WHILST

STUDYING THE SAME SAMPLES.

CONéUMABLE MODIFIED - LAURELL CROSSED

’ : ROCKET IMMUNOELECTRO=

TECHNIQUE \PHORETIC‘TECHNIQUE
Number of Plates Used L 23
? T - :

Volume of Antiserum Used 10 ml. 57.5 ml.
Volumg of Agarose Used .96 ﬁl, : . 572 ml.
Number of Autoradiographs | .
Used . = - 4 23
Controls Run Per Plate 2 ' 1 5

Electrophoretic Rurming : |
Time ; 15 Hrs. - 25 Hrs.

Number of Electro— .
phoretic Stages _ 1 : 2

Time of Autoradiograph e
Exposure- 1 week . L weeks

Amount of Sample on Plate 2 pl - | 4,4 pl




the N.F. serum (Fig. 43).
This experiment seems to confirm the results of Levy
et,al. (1971) and shows that there is no TBG in these ind-

ividuals, rather than a mutant form of the protein that is

unable to bind thyroxine.




4.3.1.9. TBG _CHANGES DURING SURGERY

Patients who were to undergo medium grade surgery
were bled before operation and if the operation was
straightforward, postoperative samples were sent to the lab%
oratory at 1 to 4 day intervals until the patients left hos-
pital. If complications arose either during or immediafely
after surgery, only one or two samples were sent. There-
fore all samples from the individual patients were stored
at -20 °C until a minimum number of four samples had been
collected - The samples from each patient were then run on
~ one Rocket plate. During the five month period of study,
268 samples‘were»collected from 91 patients, but on analysis
of the sample defa only thirteen patients had four erhﬁere.
samples collecfed ffem_them. These‘thirteen_individuals |
form the basis of this study. | <.

The TBG changes during the periods of study are shown
in the graphs (Figs. 57a—57m) The Packed Cell Volume (PCV)
| and chemical albumin estimations are included on the graphs
where the 1nformatlon was available. ,

The- general trend of TBG changes was an initial fall
of concentratlon followed by either a slow rise toward pre—

operative- levels or a continued fall.
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FIGURE 57

CHANGESVIN TBG_CONCENTRATION

FOLLOWING SURGERY
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FIGURE 57

CHANGES IN TBG CONCENTRATION

FOLLOWING SURGERY

5 ,
—~ . d) Subject AVA.
S R - R 1 .
O O j /M
~ [y (=]
x KEY

. 137.5 7 - e
135 130 1 ‘\ _ . ALB.

w3 1\
130 1251 )
«ﬁzliﬁ> VJ';j

L es 1zo4l'v'
.-4j k¥ T
}3§f39 120 115 -
4o 38 -
- 937 115 110

3936 -

'35 110 105 -

38 34 y
33 105 100 -

37 32 -

OPERATION

31 100 954

.\\.

36 30 e v

29 90 ¥ o | T — . "l-.. .ﬁ : T )
. ~2 o 2 4 6 8 10 12 14 .16 18 20
TIME IN DAYS |




FIGURE 57 . : S

CHANGES IN TBG CONCENTRATION

FOLLOWING SURGERY

(cc) AI.JB‘.

5 8 8
g 2 8 ~ e) Subject PLA.
40,5134 1407  KEY
36 40 - , TBG
S . | - - A_LB. — o — —
130 1381\ . BCV - -
S o (CC) ALB.— - —+ -
39T
1261361
3538 A
122 1341
37 I
118 132
34 36 1 -
114 130 1 5
| g
35 T a¥
o |
110 128- v \
33 34 i | L=
| 106 126 T T T T T T O L | v

-1 0 1 2 3 4 5 6
TIME IN DAYS




FIGURE 57

CHANGES IN TBG CONCENTRATION
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CHANGES IN TBG CONCENTRATION
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4.3.1.9.1. DISCUSSION OF TBG CHANGES
DURING SURGERY

- Maximum Binding Capacity (M.B.C.) measurements for
indirect estimation of TBG have usually found no signif-
icant'change in TBG concentration in patients after sur-
gery (Johnston, 1972 Kirby, Clarke, & Johnston,’ 1973,
~Surks & 0ppenhe1mer,_1964), though changes in TBPA con—.;‘
centratlon have been detected The well documented 1nr .L.-
crease in free thyrox1ne after surgery has been assoclat—n
ed w1th the TBPA fall and with 1ncreased thyrox1ne output ,
" by the thyr01d (Klrby et al., 1973, Harland, Orr & Rlchards,ifw

h1972), but since TBG 1s the maJor thyrox1ne b1nd1ng proteln '77
- in serum(cuoa75V) smaller changes 1n 1ts concentratlon ;‘ o
"would slgnlflcantly affect the free hormone level A TBG
"change has been postulated by Klrby et al. (1973) Who 1nd—
1cated that the rlse they found in free T4 was not expll—

cable 1n terms of thelr measured TBPA decrease alone, but

that alteratlon of TBG blndlng occurred, which thelr method_ |

}:was unable to measure.u ‘The changes in TBG found in thls :
study were dlverse and not always accompanled by changes 1n‘
1bum1n or packed cell volume, an observation supported by
Harvey (1971), and 1nd1cat1ng that the TBG changes are not

only explainable by changes in plasma volume.’

The different patterns of TBG changes in the thirteen
patients of the present study are presumably related to the
severity of the initial conditions, the use of drugs and in
particular fluid infusions or anti-diuretics, and the ind-
ividual responses to stress, all of which are known to
affect serum thyroxine and TBG concentrations (Harvey, 1971;

Hays & Soloman, 1969 Woeber & Ingbar, 1963).

- Although thls study demonstrated real TBG changes 1n L e




2

patients after medium grade surgery, a more comprehensive
study is -required to establish exactly what the changes
are, why they occur and what the affects are within the

patient as a result of the consequent free thyroxine

changes.




h4.3.2. INTRODUCTION TO MODIFIED LINE

TECHNIQUE RESULTS

The Modified Line Technique as described in Section

4.2.3.4. has been used to investigate the relationship be~-

'tween total thyrox1ne concentratlon 1n serum and the per—

centage of thls hormone bound to TBG ThlS 1nvest1gatlon

was performed to attempt to throw some light on the nature

of the 01rcu1at1ng hormone 1n vivo under dlfferent phy31ol—

g oglcal condltlons of honnone concentratlon.

1
'




4.,3.2.1. THE EFFECT OF INCREASING TOTAL
THYROXINE CONCENTRATIONS ON BINDING DISTRIBUTION

The Modified Line Technique was used to determine how
the thyroxine concentration in serum affected the percent-
- age binding of hormone to TBG. Radiolabelled thyroxine
(125I T4) was equilibrated with serum samples in concen-
trations between 20 and 4200 nmol/l, although mosf studies
were made within the usual clinicelxrange of 20 to 350
nmol /1. L

‘The major part of the study involved four sera, two*r'

'of Wthh were euthyr01d and two hypothyr01d. The two hypo-

- thyr01d sera were chosen so that total hormone levels could

. be malntalned below the normal concentratlon of 100 nmol/I“ —*j“*”

'and SUb‘PhY5101Oglcal hormone dlstrlbutlon studled.v To com— o

pare naturally occurrlng hypothyr01d serum W1th an artlf—
1c1a11y produoed thyrox1ne deficient serum, a normai"serum f
(1I.p. ) was strlpped of endogenous hormone (Sectlon 3.3. 1 )
‘To 1nvest1gate the "flt" of a w1der range of sera to the :

blndlng pattern seven random euthyr01d sera were 1nc1uded in

" the study. f

Experlmental Procedures

All-samples were treated in like manner, The‘sers were
equilibrated with radiolabelled thyroxine ('2°I T,) at room

temperature for one hour and then mixed with phosphate pH

7.4 buffer and molten agarose to form the sample gel. Mod-
ified Line plates'were then prepared and run in the phosphatev
system for 15 hours. The electrophoresed plates were cut up
and counted (Sectlon 4.2.3.4.). |

The results were consldered in. terms of the fotal hor-

mone content after the addltlon of radiolabelled hormone,




and the recovered counts on the samples were plotted'as
- percentages of the total hormone recovered.

i) Subphyslolog;cal Thyrox1ne Level Dlstrlbutlon

The naturally occurrlng hypothyr01d sera (A.S. and B.T. )‘
were compared with the artlflclally produced thyroxine de-

_“flClent serum (I.D.) at 20 nmol/l and 50 nmol/l'concentra-lirﬁfs

tlons of radiolabelled thyrox1ne. The B.T. serum (15 nmol/l) Vi.

was compared w1th the strlpped I D. serum at a concentratlon

of 20 nmol/l and the A. S. serum (24 nmol/l) was compared w1th t;7'

the strlpped I.D. serum at a concentratlon of 50 nmol/l of E:d

hormone. d

At 20 nmol/L the act1v1ty centred about one main peak,'*ﬁ B

TG, in both the B.T. and stripped I.D. serum. The TBG =

‘Qbound 84% of “the hormone in B. T, serum and 79A in the str1p—?f~‘“

» ped I. D. serum At 50 nmol/l the act1v1ty agaln centred on

TBG whlch bound in the hypothyr01d serum, A S., 81. . 5% (81A )
& 82/) and strlpped I.D.- ‘serum, 78V (FlgS 581, o8ii, 591, _b'
5911, 601, 60ii, 61i, 6111, 61111) B - o

In the two naturally occurrlng hypothyr01d sera (A S.»ﬁfi;
and B T. ) the remainder of the exogenous hormone was bound o
‘to a proteln or protelns 1n the a11;poprote1n pos1tlon be-
tween TBG and albumin. Albumln, 'TBPA and a111poprote1n
all_carrled trace amounts of hormone shown only by autorad-
iography of the plates when the counting timetis consider—
ably increased. |

The stripped serum (I.D.)bdid not‘display the second-
ary a1]jpoprotein peak, and the remaining activity was dis—-
tributed more to the cathodal side of TBG. The stripping
process involving the Aminex resin may'have removed the

large lipoprotein molecules thereby eliminating their bind~

_'1ng potentlal (see Dlscuss1on)
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FIGURE 58

a) Distribubion of Radiolabel with Exogenous Thyroxine
concentration of 20 .  nmol/l,

ii) Using an Unstripped (I.D.) Serum. -
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FIGURE ‘59

b) Distribution of Radiolabel with Exogenous Thyroxine
concentration of 50 nmol /1, '

i) Usineg a Stripped (I. D.) Serum.
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~ FIGURE 59

b) Distribution of Radiolabel with Exogenous Thyroxine
concentration of 50 nmol /1,

ii) Using an Unstripped (I.D.) Serum.

-+ 35—
. 28
% .
bd

&

z ‘

g 21- P
2 147
=
m
<3}

R
< -
£
=
5]

B - o
> =
A

A § %

7"‘ %‘, m
Y |r:"§
0 | I ] ] T T 2

I T T
0o 1 2 3 4 5 6 .7 8 9 10 11 12
DISTANCE MOV’ED IN CMS. -




’ :\é*oa ;

ii) Physiological Hormone Level Distribution

The sera used for this study fell into two groups;
a) those which initially contained a subphysiological
.1evel of thyroid hormone, and
b) +thosewhich initiallyicontained a physiological
level of thyroid hormone. |

Both sets of sera were equilibrated with radiolabelled
thyroxine to give final, total, hormone concehtratlons be-
tween 100 and 125 nmol/1. | . |

a) Three sera with endogenous thyroxine coricentrations
below 25 nmol/l were chosen. These sera were the two;hyPo—
thjrroid sera B;ﬁ:. (15 nmol/1) and A. S. (24 nmol/l'f) and the
strlpped serum I. D Each of these sera were equlllbrated
with a phy51ologlcal level of radiolabelled thyroxine to
.glve flnal total concentratlons of 115 nmol/].(B T. ),A124
nmol/1>(A.S.)and 100 nmol/l (I.D.) and each was run under
similar condltlons in the phosphate pH 7 4 system. After
electrophore51s the plates were cut up and counted, and the
results plotted graphically (FlgS. 601, 6011 61 & 31b)

On each plate 100% of the radlolabel was recovered and
the major blndlng protein, TBG bound 76% (I.D.), 65% (A S )
and 61% (B.T.) of the hormone. The I.D. serum, although 1t

“possessed a lower TBG concentration (116%)'than the other

two sera (A.S. 130%, B.T.h151%), as shown by Modified Rocket . _ .

analysis, showed a higher TBG binding. This was probably |
due to the thyrokine stripping method, possibly’remoring a1
lipoprotein from the I.D. serum, which binds thyroxine.at
physiological levels of hormone, and because the two hypo-
thyroid sera contained higher levels of total hormone. -

b) Five serum samples (I.D., P.P., T.F.E., O.H., 0.F.S.)

were selected with normal physiolOgical_levels'of_tthoid f
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Thyroxine concentration of 100 nmol /1.
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PERCENTAGE BINDING OF RADIOLABELLED THYROXINE.
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FIGURE 60

¢) Distribution of Radiolabel with Exogenous
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Thyroxine concentration of 100 nmol/l.

ii) Using an Unstripped (I.D.) Serum.
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FIGURE 61

d) Distribution of Radiolabel using an Hypothyroid

Serum with an Endogenous Thyroxine Concentration
' of 15 nmol/l,

" i) Distribution of Radiolabel using a Total Thyroxine
Concentration of 35 nmol/1 :
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d) Distribution of Radiolabel using an Hypothyroid -
Serum with an Endogenous Thyroxine Concentration
of 15 nmol/1,

FIGURE 61

ii) Distribution of Radiolabel using a Total
Thyroxine Concentration of 115 nmo 1/1.
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 FIGURE £61 ¢

d) Dlstrlbutlon of Radiolabel using an Hypothxro:.d

Serum with an Endogenous Thyroxme Concentration
of 15 nmol/1l.

iii) Distribution of Radiolabel using a Total Thyroxine .
Concentration of 515 nm ol/1;
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hormone and each was equilibrated with 20 nmol/l; of radio—'J'i
labelled thyroxine.

Using the unstripped I.D. serum, ten plates were run
at different times and the results were collected and a
mean value calculated and plotted on the graph (Flg. 65)
On each of these plates 100% of the radioactivity was re-
covered and the TBG bound a mean of 53% of the labelled hor-
mone. |

The serum of P.P. after equilibration with radiolabel-
led thyroxine and electrophoresis;was found to have 63% of |
the activity associated with TBG. The sera of T.F.E., O.H.
‘and O.F.S. were found to have 51m11ar hormone blndlng to
TBG and the mean values of dupllcate determlnatlons were 65% :
(T.F.E.), 58% (0.H.) and 61% (0.F.S, ) On each of these
plates 1OOA of the original radiolabel was recovered.

The results are shown in Table 16 and plotted graphlc— »
ally (Figs. 62, 65 & 66).

~iii) Hyperthyroid Hormone Level Distribution

The usual maximum level of thyrox1ne found cllnlcally
is in the reglon of 300-350 nmol/l: which is 3-3.5 times the
accepted mean normal thyroxine concentration. Redlolabel-
led thyroxine was eqﬁilibrated With’six sera to give total
hormone concentrations up to and Jjust above this level
giving a range of total hormone from 150 to 600 nmol/I.

Two'eﬁthyroid subjects’ sera were equilibrated with
radiolabelled hormone to give final concentrations of 150,
200, 300 and 600 nmol/l. On each plate 100% of the radio-
labelled “thyroxine was recovered. . However the percentage

binding of hormone to TBG differed both between the individ-

ual sera and between the levels of exogenous hormone added. .




FIGURE 62 : DISTRIBUTION OF RADIOLABELLED THYROXINE CN IN-
CREASING THE TOTAL HORMONE CONCENTRATION (120-600 nmol /1)
USING THE SAME BUTHYROID SERUM (P.ZR)
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 The TBG of subject P.P. bound 57% at 150 nmol/L, 58% at‘ -
200, 48% at 300 and 33% at 600 nmol/l (Figs. 62 & 66)
At the same total hormone levels the TBG of subJect I D.,

bound 37%, 42%, 32% and 16% of the radiolabelled thyrox1ne.

Whilst the P.P. results were single determinations, the I.D.
results at 150 and 200 nmol/l were means of respectively 3
and 7 plates, but the 300 and 600 nmol/l: plates us1ng I D
serum were s1ngle determinations (Table 16). _ B

Two hypothyr01d sera were investigated after being .
equlllbrated W1th radiolabelled thyrox1ne to glve a total
hormone concentration of 525 nmol/l At ‘these levels 1OOV
of the label was recovered and the TBG bound 46% of the B
hormone in B T._serum and a mean of 36% (35, 36 and 37%)
in A. S. serum (Figs. 31 & 63)

Two eutherid females ) sera with elevated TBG result—
ing from adminlstratlon of oestrogen, were also studied.
Both.sera retained 100% of the labelled hormone, and the ‘
TBG b1nding percentages were 73% for J.M. at 150 nmol/l
and 57% for D. N. at 200 nmol/l

At each.level,of.total hormone studied in eachrserum,
binding to TBPA albumin and a1and p lipoprotein increased
progressively. | ' |

iv) Supra-Hyperthyroid Hormone Level Distribution

A euthyr01d serum (P.P.) was studied at levels of -
thyroxine above the hyperthyroid range at 800, 1100, 1600
and 2100 nmol/1l. Each plate resulted in_100% recovery of
hormone and the TBG bound respecitvely 21%, 23%, 20%_and
14% of the‘radiolabelled hormone (Table 16 & Fig. 64). The
-secondary binding proteins steadilyrincreased their role in

hormone carriage until the radioactivity peak on the protein

or proteinS'anodal to TBG dwarfed the TBG peak‘on_the_graph,if,*'-
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FIGURE 64

DISTRIBUTION OF RADIOLABELLED THYROXINE ON INCREASING

THE TOTAL HORMONE CONCENTRATION
USING THE SAME EUTHYROID SERUM (P.P.).
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(Fig. 64).

A sample of I.D, serum was also equilibrated with a
high concentration of thyroxine to give 4300 nmol/l. The
percentage recovery4Was 100%, but‘TBG bound only 9%Aof the
radioactivity. |

When all the values were plotted on the same graph a
general trend was observed indicating an inverse relation
between total hormone content and percentage binding of
thyroxine'by TBG. »However,'superimposed on this general
trend'is another pattern which indicates two, and'possibly
three plateaux on the graphs of P. P and I.D. sera when all
values are plotted (Figs 65 & 66) : The first plateau ap-
"vpears between 150 and 200 nmol/L and the second much longer fif?];
kplateau between 800 and 1600 nmol/l.' A possible third
plateau appeared on-only one of the sera (I.D. )-as subphys—
iological total levels of hormone were only. used with this
serum. The plateau was between 20 and 100 nmol/1 (Fig. 65)

' Although the percentage binding of hormone by TBG in the two
dsera is quite different the Similarity in the shape of the
_curves is striking. | | » |

In all sera where more than one level of hormone ad-
dition was Studied it was observed that as the total concen—‘
tration of thyroxine rose, the secondary binding proteins
became more important as hormone carriers. 'The secondary e
proteins of particular impontance were those in the aq

lipoprotein and cathodal to albumin region (Figs. 62 & 64).

The major binding protein, TBG, did not appear to be-
come saturated (M.B.C.) with,thyroxine until the 16 to 21
‘times physiological level of hormone was added (Fig. v64 ).
At these saturated'levels the binding capacity of IBGwWQS_




- PERCENTAGE BINDING OF RADIOLABELLED THYROXINE TO TBG.
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FIGURE 65

GRAPH OF PERCENTAGE BINDING OF RADIOLABELLED THYROXINE TO TBG PLOTTED AGAINST TOTAL
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| PERCENTAGE BINDING OF RADIOLABETLED THYROXINE TO TBG.

FIGURE 66

GRAPH OF PERCENTAGE BINDING OF' RADIOLABELLED THYROXINE TO TBG PLOTTED AGAINST TOTAL HORMONE
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A.estimated,vand at:-

16 times physiological (1600 nmol/l) binding capacity
o = 280 nmol/1 (22.4 g Th%)'- |
21 times physiological (2100 nmol/l) binding capacity
- 285 nmol/L (22.8 g T,%),

which are well within the normal range of TBG estimation
using the Maximum Binding Capacify technique (Clark i, 1967;
;ngbar' & Freinkel, 1960; Sutherland & Simpson-_—Morgar.l,. 1975;
ShimiZﬁ%‘Shishiba,:Yoshimura & Shizumé, 1972; Davis et.al., -
1972; Woeber & ingbar, 1974) . ‘



4.3.2.1.1. DISCUSSION OF BINDING

DISTRIBUTION OF THYROXINE ON TNCREASTING TOTAL

CONCENTRATION

Studies of percentage binding of thyroxineFShow that
TBG is the major binding protein accounting for between .
60% and 75% of the hormone depending on the type and pH
of the buffer and the electrophoretic medium used (Oppen~
heimer et.al., 1963; Woeber & Ingbar, 1974). These studies

used trace additions of radiolabelled thyroxine and deter-

" mined the distribution of this trace amongst the binding -

proteins assuming it to mirror the endogenous hormone distri— .

bution(Taurogﬂ&Chaikaﬁy‘1948). The present study invest—
igated'not only theldistribution of_trace amounts oflhormonem
amongst serum proteins of euthyroidvindividuals, but ex—-
tended the range of hormone additions to include hypo- and
hyperthyroid levels of hormone.’ The resultlng plot of per-
centage blndlng of thyroxine to TBG against total hormone

concentratlon displays an 1nterest1ng pattern.

Three ‘sera were studled at subphy51olog1cal levels of -

_thyrox1ne, two of Wthh were hypothyr01d and one euthyr01d

from whlch_the thyrox1ne had been strlpped. Although each
serum oontained significantly different TBG concentratlons,
as measured using the modified Rocket technique, the per—
centage binding of thyroxine was very similar. At 20 and
50 nmol/1 the percentage binding by TBG was reSPectiyely
between 84% and 79% and between 82% and 78% (Table 16).

~ The mean percentage binding by TBG therefore decreased only

1.5% during a change in total hormone from 20 to 50 nmol/1.

The one individual serum that was investigated at both hor-

mone levels also showed this_1% change in hormone'binding



by TBG (I.D.). The serum I.D. contained a TBG of 116%
whilst B.T. contained a TBG of 150%. However, during. the
. stripping technique involving the I.D. serum and with
Aminex resin, the lipoprotein molecules were almost cer--
tainly removed and their physiological role at normal_.-
levels of hormone thus eliminated, leaving‘relatively more
hormone for TBG to bind. The I.D. sample stripped of
thyroxine did not display a lipoprotein peak by the count-
ing or autoradiographic methods. The percentage of thyrox1ne
bound by TBG at 20 and 50 nmol/l concentrations was slightly
hlgher than the values published by Woeber & Ingbar (1974)
 and by Oppenheimer et al.,(1963), but this difference would
be expected since the total amount of hormone was greater in
these other studies. |

At physiological levels of total hormone the same three
sera (AS, BT; ID) ‘were used together with five other random
enthyroid sera. The‘result from these collected sera showed _
a definite and interesting pattern. Only one sample,actual— -
,fly contained the mean normal level of total thyrox1ne
(100 nmol/l), the strlpped I.D. serum which dlsplayed a
percentage blnding of 76%, a s1gnificantly higher result
than the remainlng sera. Although this serum contained a
low TBG concentration, 116% as measured using the modified
Rocket Technique, it was equilibrated with the lowest total
thyroxine concentration, and lacked a, lipoprotein. The
remaining sera all contained total hormone concentrations
between 115 and 125 nmol/1 which is slightly higher than
the -normal mean thyroxine concentration (100 nmol/l). In
this range of hormone concentration-the TBG of the various

sera carried 53% - 68% of the hormone. The two individual
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sera (I.D., P.P.) studied in this range of total thyrox1ne
concentration indicated a precipitous fall in percentage
binding by TBG (Figs. 65 & 66), and although-duplicate_eXr
periments show a reproducibility to + 2.5%, when.the dif-
ferent plates were run using the I.D. serum at the total
thyroxine concentration of 120 nmol/1, the.range of‘percent—
age binding to TBG was 41% to 66%. This excessively wide
interassay range may be explained by the pipettingAerror
involved in aliquoting the radiolabelled hormcne;v Just
very'small>errors.in-pipetting in this region of the graph
could make significant changes to the percentage‘binding

in a similar way to that of pH change in a buffer when acid
or alkall is added outside of the bufferlng region. Thus
if sllghtly'more hormone was equlllbrated, the percentage
recovery'would fall, but if sllghtly less hormone were add-
ed, alﬁhough the total hormone concentration would fall, the
percentage bound to'TBG would rise.: In this region of the
I.D. curve, a plpettlng inaccuracy of 10 nmol/l would change
the TBG percentage binding by more than 20% (Flg. 65) The :
other sera (TFE OH & OFS) all show percentage blndlng of
thyrox1ne by TBG to occur near the 60% region (65A, 58% &
61%) Wthh is well w1th1n the range of hormone blndlng shown

by the first four sera studied (AS, BT, PP, ID).

At the hyperthyroid levels of thyroxine the same four —— . —-.

sera (AS, BT, PP & ID) were studied but a divergence of per-
centage binding became apparent. At 150 nmol/l of thyroxine,
the I.D. serum, which contained the lowest TBG concentration,
showed a percentage binding of 37%. The P.P. serum at this
hormone concentration displayed a percentage binding of 57%
although it contained only 4% more TBG in the serum than d1d L

I.D. serum. The P. P and I.D. percentage blndlng curves
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above 150 nmol/l: of hormone show very close parallellsm
up to 600 nmol/l and possibly after, though only one point
on the I.D. curve was plotted after this hormone concen-
tration. Between 150 and 200 nmol/l of thyroxine both the
P.P; and I.D. curves showed increased percentage binding
by TBG, the P.P. percentage rising by only 1% whilst the
I.D. serum rose by 5%. .The I.D. serum results were means
of respectively 3 and 7fdeterminations‘while the P. P. fe—
sults were single determinations. Above 200 nmol/1 the per—
centage binding by TBG fell unlformly unt11 the 600 to 800
nmol/1 hormone concentration when they showed a plateau
formation. Between the two hormone values of 200 and 600
nmol/lb the P P. and I D serum dlsplayed exactly parallel
'curves with the i D. curve displaced 17% below the P P.
curve. The A.S. and B.T. sera were examlned at 500 nmol/l
of thyroxine and the TBG bound respectlvely 36% (35%, 36%,
37%) (A.S.) and 46% (B.T.) of the radioactivity. The A.S.
value of 36% was almost identical with the extrapolated
velue for P.P. serum TBG at the same hormone 1evel although
the TBG content of P P. serum was 10% lower than fhet.of A.S.
The peroentage blndlng of hormone to the TBG of B.T. was 10%.
higher than for A.S., but the TBG conoentratlon in the B.T.
serum was also 51gn1flcantly higher (21%) as determined
using the Modified Rocket Technique.

The P.P. serum was studied at hormone levels above
600 nmol/l and between 800 and 1600 nmol/l indicated a rel-
ative plateau of percentage binding, but at 2100 nmol[l, the
percentage binding again fell. |

The overall picture of thyroxihe binding to TBG is one
of a series of plateaux and connecting sections of relative-

ly rapid change in percentage binding. The positions of -



- ”\
258}
/

. L
the first two of these plateau are interesting. The first

is apparent enly with the I.D. serum since this serum alone
was used for multiple determinations in the plateau region
below fhe normalrmean physiological level. Thus below 100
nmoi/l, more than 75% of the hormone was found bound to

TBG. The function of this plateau is obscure, but at the
low concentration of hormone at which it occurs, TBG is by
far the most significant determinent of free thyroxine end
by largely maihtaining its percentage binding, the second-
ary binding proteins have only a relatively small percent-~
age of the total hormone to carry, which presumably enables
better bufferiﬁg of free hormone concentrations. eImmediate—
ly after this plafeau,'between 100 and 150 nmol/l:the per- o
centagevbinding of TBG falls preeipifously. Ig:the I.D.

serum the percehtage binding of thyroxine to TBG fa}le'from :
76% af:hormal hormone levels (400‘nmel/i) to 37% at 150
nmol/l, whilst the P.P. serum TBG falls from 63% at 120
nmol/lfto 57% at 150 nmol/1. Although the absolute ehange

in the P.P. serum is small (6%), the rate of change is more

than tw1ce as rapld as anywhere else on the TBG curve, us-
'1ng this serum. The second plateau in both I.D. and P.P.
serum falls between 150 and 200 nmol, 1/of thyrox1ne and
the pefcentage binding by TBG actually rises dur;ng this
phase. Again the function of the plateau is obscure, al-
though the hyperthyroid range of total T4 concentration is
entered at fhis hormone level (150 ~ 200 nmol/1). The per-
centage binding plateau of TBG between these hormone levels
could therefore indicate a stronger binding of hormone in
this range when the free hormone leﬁels start to become
‘excessive to normal requirements. After this second plateau

region the TBG percentage binding falls evenly, and in'paré'




allel fashion between I.D. and P.f; sera, to,six times
normal hormone levels which is-throﬁgh the hypeftthoid'2
range of thyroxine concentration. Affer this"secénd de-
creasing phase of hormdne.binding by TBG, the decline
again plateau's to becbme apparently asymtotic witﬁ the X
axis so that at the grossly supra-physiological 1évei of -
2100 nmol/l of thyroxine, P.P. serum TBG bound 14% of the
hormone whilst with a thyroxine concentration of 4300 nmol/1,
I.D. serum TBG bound 9%.

The P;P. graphs of increasing total hormohe’concentrafion
also indicaie the distribution of radiolabelled tthoxine
amongst fhe remaining, sécoﬁdary, proteins. As TBG becomes
more saturéted-with hormone, a, lipoprotein and the TBPA
and albumin'start to bind more hormone. As the hormone'
level riseé étill further however, TBG may be seén to be-
come saturated, by the constant areé beneath the graphical
peak, while other proteins around tﬁe.TBG.region become

more important in percentage binding (Figs. 62 & 64).

e




5. CONCLUSION

Two immunoelectrophoretic methods have been developed
to study TBG, the major thyroxine transporting protein in
serum. The first of these methods was developed to invest-
igate the concentration of TBG in serum using a simple,
direct and relatively inexpensive procedure, whilst the
second method was developed to simultaneously and directly
estimate serum TBG concentratibn'and the percentage bind-
1ng of thyroxine by TBG. | |

The methods were developed so that they could be re-
liably used w1th radlolabelled hormone under condltlons re—‘
semblingias closely as possible the in vivo "ﬁilieu";}, The
methods were eXtensively.evaluated and were found invbdth
intra;assay and intefassay studies to be highly reproducible.

The development ofvthese two techniques resultedrin two
studies. The}firs% technique discﬁssed,lused the Modified
Rocket Technique in the quantitation of TBG in sera. A1~
thoughysoﬁe of the fesulte were eonsistent with previous
work, a large pfoportion of resuits in this sectioh wefe not.ﬁ .

- The normallrenge of TBG values was found to varyfﬁith
'both age and sex, but whilst the individual's sex has‘been
previeusly shown to resﬁlt in a statistically differeﬁt'

IBG, age has rarely been included in the data of these

studies. The conelusions drawn from fhe present work there-. .. . ..

fore indicate that either a wide "normal" range of TBG con-
centrations must be tolerated, or that sex and age TBG
ranges must be separateiy determined by further studies.

The TBG concentration of patients with thyroid disease
also showed some deviation from the ﬁOrmally accepted ranges.

 The hypo~ and hyper thyroid females' TBG concentrations
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showed significantly lower means (P<0.005) than the normal
female‘means, but the male groups did not differ signifi-
cantly from their normal means. A sex difference has not
previously been published and it may account for the diff-
ering results found by inﬁestigators between the hyper-.

and hypothyroid groups. d

The general elevating effect of oestrogen on SernnsTBG
levels is well known and documented and with which this
study agrees. However, the day to day effect of oestrogen
on TBG levels is less well known. From this study, however,
the resnlts‘were striking in that they showed a complete
reversal‘of TBG 28 day cyclicity when compared with women
following'a‘physiologically controlled menstrual cycle.

This obviousrserum changevmay well reflect a general change
in a woman's physiologj'during oestrogen administration:and
might be.consideréd‘as a‘biOChemical disadvantage of oestro-
gen therap&. The effects of starting and stopping oestrogen
therapy were also investigated. It was found that the in- ,
itial stimulatory effect of oestrogen on increasing serun
TBG concentrations was more rapid than the decrease'in this
protein's concentration after cessation of oestrogen. The
significance of this difference is obscure, but is presum-

ably related to the half-lives of oestrogen and TBG, and to
| the speed of stimulation of TBG biosynthesis.

Post—operative patients undergolng medium grade surgery
-were shown to have a significant initial decrease of TBG con—-
centration. The current 11terature cons1ders TBG change fol- ‘
_ loWing«snrgery as debatable, but the accepted increase in
free thyroxine is certainly supported by the present study.
'Also,‘the mich smaller changes 1n TBG concentratlon, com—

pared w1th those of TBPA, needed to result in the same free

'1»" i
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hormone changes supports TBG as the major factor in these
free thyroxine changes.

The patients suffering from liver disease were found
to have similar TBG changes to those studied during other
investigations, which report non-specific changes in TBG
concentration during @epatic disease generally although
infectious—hepatitis has been associated with elevated TBG.

A family with a TBG anomaly was also studied. Certain
male members of the family were found to have immeasurable
TBG 1evelsiin common wifh the reports from other étudies;‘
However, during this study the Modified Rocket method was
used to determine whether any immunologicelly recognizable
TBG was preseht in the apparently "a-TBG" serum. No.serum
protein immunoclogically characterisable'as TBG was\foundf‘
which seems to clarify the currently held view in the iifer—
ature that in these indiﬁiduals TBG is_thought to be absent,
but until now not proven so. | '

To quantitatively determine hormone binding to TBG in
this study, the second method, the Modified LinerTechniQUe,,
was used.e This second method has also been shown te have
good reproducibility; It has been employed in the simult~A’
aneous quantitation of TBG in serum and in the measurement
of percentage binding of thyroxine to TBG. The Modified ,.
Line Technique, in contrast to the standard method, was |
shown to result in total hormone recovery,indicating its
validity in quantitative estimation of hormone distribution.

This second. technique was used to investigate the |
effect of buffer ion and pH on thyfoxine binding and again
the results conclusively demonstrated.that the more physio-
-iogical milieu resulted ih é greater binding of thyroxine to

TBG and to the secondary binding proteins.
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The percentage binding of thyroxine to TBG was also
extensively investigated with the technique uSing increasé
ing'total concentrations of radio-~labelled hormone. The
resﬁlting binding pattern wés unexpecfed showing TBG to
haVe a titration-like curve of a tribasic acid. Three
plateaﬁx were found on this curve separated by regions of .
relatively fapid changes in binding quanfity. The first
two‘plaﬁéaux are Significantly_situaﬁed in the just sub-
physibiogical‘to hypothyroid rangé (abqut 20-80 nmol[})
and in the high physiological to hypérfhyroid hormone range
(about 150-200_nmol/10.~'1n the range of physioldgical hor-
mohe‘lévels (abdut 75-150 nmol/1l) the percentage binding of
thyroxine to TBG undefgoes its gfeatest chénge. The sig-
nificance of these plateaui has‘yet to be discovered, but
further}investigation with more determinafions of percentage
bindi@g in the hormone range of 0-200 nmol/1 could result in
significanf additions to the knowledge of the physiology of
circulating thyroxine. | |

In conclﬁsion, two modified technigues have been devel-
oped and used to quantitate TBG in serum and to quantitate
percentage binding of thyroxine to TBG. The techniques are
‘easy to use and inexpensi&e to set up and run. The results.
are highly reproducible and while the first method, the
Modified Rocket Technique, is applicable to routine labor—-
atories for the direct and reliable estimation of TBG, the
second, the Modified Line Technique, is suggested as a re-
search tool for the physiologist, biochemist, or pharmacol—
ogist, who is interested in studying the interactions of
hormones, or drugs with hormones, undér'essentially_physio—

logical conditions.
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DATA FOR MALE NORMALS USED IN SECTION 4.3.

GROUPED IN AGE CATEGORIES

20-29 30-39 4O-49 50-59 60-65 66+

132 127 128 137 127 143
128 122 129 126 138 132
117 138 126 137 130 105
123 117 131 137 132 128
118 127 132 137 130 136
120 132 132 132 131 117

124 126 137 129 135 .
116 130 128 129 : 125
113 134 139 122 143
. 120 126 . 129 128 142
16 133 126 146 141
128 © 132 136 130 142
122 130 135 132 137
129 120 130 130 : 149
139 144 125 137 - 136
133 133 144 : 140
125 - 130 R 144
118 130 - ,
115 134
125 137
126 128
117 ¢+ 135
140
130
| TOTAL
n 22 24 16 15 6 17 100

Mean 122.9 130.6 131.7 132.6 131.3 135  130.2
- S.D. 6.7 6.2 5.3 5.9 3.7 11.1 8.1



DATA FOR FEMALE NORMALS USED IN SECTION 4.3,

137

n

GROUPED IN AGE CATEGORIES

| 20-29 30-30 40-49 50-59 60-65 66+

129
135

13
124
¢ 126
121 .
124
123
128
134

1114

127
118
124
135

130

136
136

136

130

128

128
130

- 130

135 -
151
149 -

~ 130

136
1357
140

135

'8

131

14

143
132
137
135
131
140
132

139
34

g

Mean  128.4 130.3 133.6 135.9 -

 s.D.

- 5.3

6.8

5.7

4.1

147
134
140
137
126
149
141

149

135

109

1371
150

153

. TOTAL

13

137.6
1.7

55

133.4
8.0



DATA FOR MALE & FEMALE NON-THYROID SICK

PATIENTS USED IN SECTION 4.3. GROUPED

FEMALE:

IN AGE CATEGORIES-

20-29 30-39 40-49 50-59 60-65

132

126

138
n 3 _
Meén 132 -
S.D. 6
MALE:

147
145
157
102
165
139

6

139

21

150
139
130
140
134
132
154
137
154

141
9.3

125
125
137
137
156
133
137
124
136
128
124
123
134

124

145

135
157

17
133.5
9.4

127
134

- 130

108

66+
134
125
134
127
131
114
124

131

118
142

4
125
11.5

20-29 30-39 40-49 50-59 60-~65

Mean 1=,

135
122

125
130
132
127
124

127.6

3.4

129

- 142

138
125
137

5.

- TOTAL

10
128
8.2

66+

120

138
119
132
135
1L
122
135
132

9

49
134
11.8

TOTAL
21

134.2 130.8 13°°6,

7.0

8.6

7.2 -



. DATA FOR MALE & FEMALE HYPOTHYROIDS USED IN
| SECTION 4.3.‘GROUPED IN AGE CATEGORIES

- FEMALE:
| 20-29 30-39 40-49 50-59 60-65 66+

- - 130 144 127 134 122
128 133 - 130 118 116
11 . 133 126 142 144
123 137 111
135 154 113
135 151 124
133 136 137

151
n. - 3 5 .7 7 8 28
Mean - 123 137 130 139 127 131
s.D. - 10.4 6.4 4.7 12.0 ’14;5 1.6
'yg;g=
. 20-29 30-39 4O-49 50-59 60-65 66+
-~ 136 = - 135 124 153
E B
150
2 IOTAL
n - 1 - 1 4 3 9
Mean - 136 - 135 150 132 141

s.D. . - - - - 19.3 19.8 17.8



DATA FOR MALE & FEMALE HYPERTHYROIDS USED _IN

SECTION 4.3. GROUPED IN AGE CATEGORIES

- FEMALE:

Mean

S.D-

Mean

S.D.

137
131
125

3

131
6.0

130
131
118
102

4,

120

13.5

128
114
138
146
142

5

134

140

20-29 30-39 40-49 50-59 60-65

148
136

2

142
8.5

20-29 30-39 40-49 50-59 60-65

112 124

: Q3
EZ
66+
145
]
125
TOTAL
421
131 ,~13b
12.7 1.8
66+
116
TOTAL
1 &
123

12.4



DATA FOR OESTROGEN ADMINISTERED AND

PREGNANT WOMEN USED IN SECTION 4.3.

Oestrogen
Administered

R

186
49
175
160
L7
141
150
162
159
© 159
b
156
18
46
79
162
147
165
164
42
157

n 21
Mean 157.7
S.D. 12

Pregnant
Women

Age Groups

20-29 30-39

154 176
178 170
171 164
162 157
181 139
157 159
156 131
128
155
179
165
181

175

182
161
168

- 151

140
168

- 143

138
160
133
151
141
150
159

TOTAL
27 7 34

158.8 156.6 158
15.4  16.2 15.3

'.f;}éé%}g>_':f



- DATA FOR FOETAL SERA USED IN SECTION 4.3.

GROUPED ACCORDING TO FOETAL SEX AND

Mean

S.D.

Mean

S.D.

Mean

S.D.

MATERNAL AGE.

Male Foetus

20-29

172
176
167
159
157

150 ..

165
169
159
161
135
154

b4
138
137

137 ¢

146
151

127

156

20

30-39

149
130
156
183
144

161
128
140
114
141

10

152.5.  143.6
13.8  18.9

TOTAL
%

149.5
15.9

, Female Foetus

30-39

20-29
156 156
155 142
162 139
154 176
155 144
138 130
150 138
163 1841
158 138
148 146
152
117
119
130
137
133
137
128
18 10
144 145
14 4 12.8
TOTAL
28
Aty by
13.6
GRAND
TOTAL
58
47
15



DATA FOR AMNIOTIC FLUIDS USED IN SECTION 4.3.

AMNIOTIC TBG

54
81
88
88
88
78
61
66
68
71
68
73

n 12
Mean 74
S.D. 11.2
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17. A Routine Method for the Estimation of
' Thyroxine Binding Globulin in Human Serum

I.P. DRYSDALE, D.B. RAMSDEN AND R, HOFFENBERG
Division of Cliniecal Investigation,
Cliniecal Research Centre, Harrow

and Department of Medicine, university of Birmingham. _

INTRODUCTTION
There are two éommonly used methoﬂs of estiﬁating thyr—-
oxine binding globulin‘in serum
a) based on satufation analysis (1,2)

b) indirectly by the T, uptake method (3) which reflects un-

~occupied binding'sites?
Both measure hormone. binding capacity not concentration.

Within the past five years a few reports have described methods
for the direct measurement. ¢f TBG concentration. First of
these was that of Freeman and Pearson (4) who used a Laurell
two dimensional immuno—electrophoretic method to precipitate
the proteins in the form of Gaussian or near Gaussian peaks

- whose area was propoftional to antigen concentration. TBG was
identified by saturating the precipitate with radioactive T&’
washing off excess T)» then submitting the plate to autoradi-
ography. Whilst this method has the advantage of simultaneously
allowing.measurement of the concentration of many other serum
proteins, it is too cumbersome and costly in antiserum and

other reagents for routine assay of TBG alone.
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Several variants of this technique have been published

which use serum prelabelled with radioactive T, and Laurell

"monorocket" immuno~electrophoresis in which tﬁe antigen is
electrophoresed directly into the antiserum—containing gel
(5,6). ,

Radioimmunoassay for TBG has been developed by Levy et
al. (7) but their method requires stringently pure TBG and
a monospecific anti-TBG, which are not easily prepared.

In view of the above points the most readily available
and cheapest system would appear to be the modified monorocket
technique, since this requires little specialist equipment
and materials. In this paper therefore we describe the tech-
nical details and validation of such a method for estimation

of TBG concentration in serum.

"EXPERIMENTAL
Materials .
The following materials were obtained from the sources
indicated below :- _
Agarose "Indubiose-A37", Industrie Biologique Francaise, from
Micro-Bio Laboratories, Pembridge Road, London, W1l.
Anti-whole human serum from either Wellcome Reagents Ltd.,
Beckenham, Kent or Dakopats, Mercia Ltd., Sandown Road, -
Watford. |
. 1ZSI—Thyroxine from the Radiochemical Centre, Amersham, Bucks.
TEAE-Cellulose from Sigma Chemicals Ltd., Croydon, Surrey.
Kodirex from Kodak U.K. Ltd. ‘
Glass. plates from the Chance Glass Co. Ltd., Birmingham.
The reference sera were gifts from Blood Products Laboratories
Lister Institute, Elstree, Herts. or National Institute for

Biological Standards, Hampstead, London (Batch No. 68/449).
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All other chemicals were obtained from either B.D.H. Ltd.
or Hopkins and Williams Ltd. and were of "Lab. reagent" or
"General pﬁrpose reagent" quality.
Methods

Purificqtion of Agarose. To a hot solution (80°C) of aga-
rosé (2% w/v) was added TEAE-cellulose powder (10g/1). The
mixture was stirred v1gorously for 60 min then filtered, the
température being maintained at 80° C throughout. The f11trate
was divided into 200 ml lots and stored at 4°C until required.

Laurel "™Monorocket" immunoelectrophoresis. "Monorocket"
immunoelectrophoresis was performed as described by Laurell
(8) with a number of modifications. These were :—
(a) the buffer used was sodium phosphate (0.025 M with regard
to phosphate) of pH 7.4.
(b) Agarose purified asldescfiBed above was used to reduce
excessive electroendosmosis which otherwise occurs at this
. | ; - .
(c) Since no specific anti-TBG was available, antiwhole human
serum was employed instead.
(d) TBG was identified by prelabelling the sample with 1251~
T, and submitting the immuncelectropheretogram to autoradio—
graphy before staining.
(e) Antigen wells were not punched directly into the antiserum
containing gel but into an agarose striﬁ (2.5 cm wide) con—
taining only buffer. This strip will subsequently be reférred
to as the "buffer gel".

The buffer gel was placed on one edge of a glass plate

and antiserum containing gel poured on to the remainder of
the plate and allowed to set. Antigen wells were then pﬁnched

into the buffer gel approximately 0.5 cm from the outer edge,

291
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50 that the antigens were electrophoresed . through 1.5 to 2

cm of buffer gel before coming into contact with antibodies.
Normally glass plates (11 cm x 11 cm) were used and each
contained either 2.5 ml of Wellcome antiserum or 1.5 ml of
Dakopats allowing eight TBG estimations per plate, two of
which were always reference sera. With large plates a greater
number of samples could-be run simultaneously and correspon-—
dingly 1arggr amounts of antiserum were used. Before electro-
phoresis, 'serum (50 ul) was equilibrated with 1251—-T4 éol—
ution (200 uCi/ml and 4 ug/ml) for 1 hour at room temperature.
The amount of radioactive T4'added was sufficient to bring
the T4 concentration to about 5% physiological (arbitrarily
acceoted as 8 ug/100 ml). Equilibrated serum (2 ul) was added
to each antigen well. After electrophoresis excess antiserum
was removed by placing a damp filter paper onto the surface
of the gel.’ The plate and paper together were then dried in

a stream of warm air. When both were thoroughly dry the filter
paper was peeled off and discarded. A thin sheet of plastic
was placed between the X-ray film and the immuncelectrophor-
etogram which was submitted to autoradiography for 7 days.
After this the X-ray film was developed and the immunoelectro-

phoretogram stained for protein using amido black solution.

RESULTS
Figure 1 shows a typical autoradiograph of human serum
prelabelled with 125I—T[" and submitted to quantitative mono-

rocket immunoelectrophoresis. One precipitin peak, TBG,

125

clearly possessés bound I-T, although from the stained

4

plate many protein peaks are visible. Other serum proteins

are known to bind thyroxine but under the conditions described




17 Estimation of Human TBG 265

Fig. 1. Typiecal "monorocket" immunoelectrophoretogram. Auto-
radiograph shows one highly radicactive peak corresponding
to TBG which is not visible on original plate when stained
for protein with amido black, although many other serum pro-
teins ave visible. Broken line on autoradicgraph indicates
the position of buffer gel.
either insufficient antiserum was used to precipitate them
on the immunoelectrophoretogram or they bound too little
T, to cause an intense image to be formed on the X-ray film.
The advantage of using a buffer gel for consistent res-
ults is illustrated in Fig. 2. Here a wedge—shaped buffer
gel was used so that some antigen wells are punched into
antibody containing gel and others into the buffer gel at
gradually increasing distances from the antiserum containing
gel. Where the antigen well was directly surrounded by anti-
serum, 12§I-T4 was displaced almost entirely from the sample,

and where the antigen well was only partially surrounded by

125

293
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Fig. 2. "Monorocket" immunoelectrophoretogram with wedge—
shaped buffer gel. The autoradiograph shows that binding of
125T-14 by sample serum was retained only when the antigen
well was separated from antiserum—containing gel by the buffer-
gel. Equal mounts of sample and radiocactivity were placed in
each antigen well. Broken line on autoradiograph indicates
the posttion of buffer gel.
antibody slightly more efficient binding occurred. Optiﬁal
binding was found when the antigen well was some distance
from the antiserum. The factor in the antiserum responsible
for the displacement of T4 was not dialysable and was present
in commercial preparations of purified sheep anti-human serum
protein immunoglobulins. This factor was also present in spe-—
cific rabbit or sheep antisera to a range of human serum pro-
teins e.g. caeruloplasmin, transferrin, IgA, IgM, IgG, Albu-

min, o -antitrypsin.

1 .
Since no pure preparation of human TBG was available the
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8
Stondord curve of TBG

=6 TOP + soline
o ~ g o= =50
- I R ey
E wemT bt ./‘
Saf- o2
2 -~
© «a
Fa

0 1 [l I I { i
-07 -08 -09 0 ol 02 03 04 05 06 07
Lag ut TOP{a])
] 1 1 1 ! | |
04 08 12 -6 20 24 28 32 36 40 44
F'l TOP{O ]} .

Stondard curve of TBG
81 TDP + N.F. serum

THBG height{cms)
F-g
T

o (IR i ] 1 i I 1 1 1
-07 -08 -09 o] o1 o2 03 04 05 06 07
. : Log pt TOP(4)

Fig. 3. Upper graph shows a typical dilution curve when wor-
king standard serum (TDP) was diluted with saline. The broken
line 18 a plot of height of TBG in cm against sample volume
in ul. The solid line is a plot of height of TBG peak against
log sample volume. The lower graph is a dilution ecurve ob-
tained when the working standard serum was diluted with a
serum with a very low TBG concentration. The parallelism of
the two solid lines indicates that the ratio of albumin to
TBG did not influence peak height of TEG.

system was calibrated using a standard reference serum (Nat.
Institute for Biol. Stamdard Serum No. 68/449). Because only
-limited quantities of this could be obtained a second standard
serum, which was part of a thousand donor pool (IDP) was

used throughout as an internal reference and working standard.
All results referred to in this communication are quoted in
terms of percentage of working standard which was diluted

with acid : citrate : dextrose at collection. All concent—
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Table 1. Reproducibility Data
Number of } .S.D. x 100
Observations Mean 8.D. Mean
_ Standard Serum ‘ 50 V 4.06 cm 0.12 cm 3.0
Inter-assay y .mal Serum 50 ©113.6% 2.19% 1.9
g E
o i
[} i
o i
Intra-assa Standard Serum 10 3.83 cm 0.026 cm <1 3 ‘
Y Normal Serum ’ 10 121 7% 0.87% <1 B

Units of Standard Serum = peak height in cm

. peak height of normal x 100
Units of Normal serum = . peak height of standard

Reproductbility of measurement of the TBG concentration of a wbrking standard Z

serum and a normal serum.
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rations of normal serum are therefore greater than 1007%.
Inter-laboratory comparison ﬁay be made by reference to the
Standard Reference Serum (68/449, National Institute for
Biological Standards) which had a TBG concentration 1.21 times
greater than the working standard. Figure 3 shows a typical
calibration curve of the peak height of the TBG peak against -
-volume of working standard for the range 0.6 ul to 4.2 pl ‘
serum. Although the plot of peak height v concentration is
not linear, probably because area under the precipitin peak
is a truer estimate of concentration, this proved to be the
most convenient way of expressing results. Linearity was
more nearly approached when peak height was plotted against
log volume. It has been suggested that TBG may undergo some
protein—-protein interaction with albumin which may influence
its electrophoretic‘mobility (9). Whilst the above method
is relatively independent of mobility such interaction could
Iaffect the precibitation by antibody. To test for this, a
‘'serum from a subject with very low thyroxine binding globulin
concentration was diluted with increasing amounts of the '
working standard serum. This had the effect of keeping albumin
and other serum proteins approximately constant with an inc-
reasing concentration of TBG. The results were compared with
those obtained when increasing amounts of working standard
were added to saline. The parallelism of the two lines ind-
icated that any protein—protein interactions which did occur
did not affect this system.

An important feature of amy assay is its reproducibility.
To test this a normal serum as well as the standard serum
was run on a number of plates. The results are shown in Table

1.
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In the relatively short period of time that the assay

has been functioning, we have not collected Serum from én ade- -
quate number of healthy euthyroid subjects to obtain a comp-
rehensive table of values of TBG concentration for ten year
age groupings. However the results obtained so far for both

- males and females suggest that there is a noticeable increase
from the 20~29 age-group to the 30-39 group which then either
remains constant or increases slightly until the age of sixty.
Table 2 also shows the average TBG concentration expressed as
a percentage of the working standard for males and females
irrespective of age. There is a significant difference between

the means for males and for females (P < 0.05).."

Table 2. Serum TBG Concentration of Healthy Euthyroids

Male Female .

No. $.D. Mean No. S.D. Mean
20-29 22 6.6 123 11 5.3 128
30-39 23 6.1 130 8 6.8 130
40 - 49 16 5.3 132 . - 13 3.8 132
50-59 15 5.9 133 9 4.1 136
60-69 6 3.7 131 . - - -
Total 82 6.9 129 41 5.5 132

Units = % TBG concentration of working standard serum.

Serum TBG concentration of normal males and females.

‘ For a "normal" hospital population of patients with dis—:
.orders other than those of the thyroid the mean TBG concent-
ration was similar to healthy normals although the standard
deviation was greatér (Table 3). 4

In both hyper- and hypothyroidism in females the mean

TBG concentration was not significantly different from the
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Table 3. Serum TBG Concentrations of Hospitaliséd EButhyroids

Hospitalised Euthyroid Normal
Male Female Male Female
Number - 17 27 82 41
'S.D. 9.5 7.8 6.9 5.5
Mean 130 135 129 132

Units = 7 TBG concentration working standard serum

Serum TBG concentration of hospitalised euthyroid
subjects and healthy euthyroid subjects.

Table 4.Serum TBG Conecentration in Hypo- and Byperthyroidism

Hypothyroid Normal Euth. Hyper.

Female Male Male Female Female
Number 23 7 82 41 16
S.D. 1.9 16.7 6.9 5.5 9.7
Mean 132 145 129 132 130

Units = 7 TBG concentration of working standard serum
" Serum TBG concentration of hypo- and hyperthyroid
subjects and healthy euthyroid subjects.

mean for euthyroid females although the scatter as shown by
the standard deviation was somewhat greater perhaps because
of the wider age-range (Table A).' »

Sera -from pregnant females had a mean value some 307
higher than the normal, whilst the mean for cord serum was
approximately mid-way between these two values (Table 5).

The sensitivity and highly reproducible nature of the
assay allowed detection of relatively small changes in TBG

concentration. Figure 4a shows the values of TBG concentration
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of sera taken at 2 or 3 day intervals through one cycle for
two females taking oral contraceptives, two normal females
(Fig. 4b) and over a similar time course two normal males of

similar age (Fig. 4c¢).

The initial effect of oestrogen and its continuing effect

after ceSsation of administration on TBG concentration is
shown in Fig. 5. In one subject who had been taking a low
oestrogen dose for more than three years the TBG level did
not return to normal value until thirty days after stopping
the pills. In a second subject on a tw0fmohth course of a
high oestrogen dose the TBG level began to rise after an ini-
tial period of 3 days.

Thirteen patients were investigated before and after
minor or medium'sqrgery. In 12, within three days there was
a mean decrease iﬂ TBG concentration of 6.87, with a standard
deviation of 3% of the preoperative level. After this the
TBG either returned to the preoperative level or in some cases
where the patient continued to be unwell remained low. In
only one case did the TBG level rise immediately after surgery.

A typical result for one patient is shown in Fig. 6. °

DISCUSSION
The estimation of thyroxime binding globulin iIs usually

made by measurement of binding capacity rather than actual

Fig. 4. Plot of serum TBG concentration against time.(a) for

two females taking low oestrogen oral contraceptives, cross-

hatched bars indicate times during which contraceptive was

administered; (b) for two normal females, here cross—hatched

bars indicate menstrual periods; (c) for two normal males,

the arrow indicates the time at which one of the males
developed a common cold.
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Table 5. Serum TBG Concentration in Neonates (Cord) and

Pregnant Remales.

Pregnant Females Cord Serum Normal Female

Number 34 66 : 41
S.D. 15.3 14.8 5.5 -
, Mean 158 146 132°

Units = % TBG concentration of working standard serum.
TBG concentration of serum from pregnant females,
healthy euthyroid females and neonates (cord).

= Low oestrogan

180 + 4 High oesirogen
! :
60  me—p L T .
f | Ao A remsemei—e &
. EE A/' 1 B
8 ol / ' B S
N N :
\: A/ : ! : H
120 - A ! : H :
100 1 1 1 ] 1 1 1

L
0 20 30 40 50 60 | 70 76
Days ’

Fig. 5. Plot of TBG concentration against time for two females
taking oral contraceptives. One female was on a high oestrogen

contraceptive for two months only, the other had been on a
low oestrogen contraceptive for more than three years, the

last one month being studied. The extended broken lines joined

by a solid horizontal line indicate time when concraceptive

was taken by both subjects. The smaller vertical broken lines
indicate alternating 21 and 7 day intervals. Only the subject

on the high oestrogen dose was taking the contraceptives
during the second 21 day period. .

concentration of protein and therefore any conclusion from

such measurements regarding concentration always possesses a

degree of uncertainty. In this communication a method has
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8O

ll4l

of

Fig. 6. A graph of TBG and albumin eoncentration against
time for a typical patient immedziately pre-operatively and
for five days post~operatively. The arrow indiecates approx-
imate time of- operation.

been described for the estimation of TBG concentration using
a modified form of the Laurell "monorocket" immunoelectro— -
'phoretic techﬁique combined with autoradiogréphy. For con-
sistently successful autoradiography in the method it was
found necessary to ensure that the antigen well was punched
into a strip of agarose gel which contained no antiserum. Why
this buffer gel was essential is obscure but it is possible
that the excess of animal TBG within the antiserum stripped
the human proteins of T4 if thé two were allowed to come into
contact. However when a buffer gel was used this.appeared to
allow sufficient physical separation for the animal TBG to be
electrophoresed off the plate as the human migrated into the
antiserum and competitive binding of T4 was obviated.

It has been suggested that human TBG and albumin undergo

some form of protein-protein interaction which is sufficiently

!
8
ALB (w)
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strong to influence the electrophoretic mobility of TBG (9).
Although the assay method employed here is theoretically in-
dependent of electrophoretic mobility such interaction may
affect the ability of antibodies to precipitate TBG. However
the parallelism of the curves when standard human serum was
diluted with either saline or serum from a patient with a very
low concentration of thyroxine binding globulin suggests that
if such interactions occur they are either disrupted by the
conditions employed or have no significant interfering effect
on precipitation by antibodies.

The results obtained using this method shoﬁ a small but
significant difference between the TBG concentration. of a .
euthyroid male and female population. Comparison of hdspital—
ised euthyroids with normal healthy euthyroid subjects showed
no significant difference which is in agreement with previous
workers usiﬁg capaciﬁy measurements (10). For both hyper- and
hypothyroid females there appeared to be no significant diff-
erence between the mean values and that for euthyroid females
although the scatter as shown by the standard deviation was
greater. Mostlworkers using capacity measurements héve sug-
gested that there is no significant difference between hypet—.
thyroid and euthyroid subjects (10,11,12) and that TBG is
raised in hypothyroidism (13). Using radioimmunoassay Levy
et al. (i) have showm a significant decrease in TBG concent-—
‘ration in hyperthyroid subjects and no significant difference
in hypothyroidism when compared to euthyroid levels. The ele-
vation in TBG concentration found in pregnancy and cord blood
is well recognised and in agreement with the results of cap-
acity measurements (14, 15).

The effect of ocestrogens in raising TBG concentration
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are clearly demonstrated and in agreement with previous ob-
servations using capacity measurements (16,17). The results
obfained for normal females through one complete menstrual
cycle show raised TBG concentration at about the time of
ovulation when oestrogen values are known to be high, followed

by a_decliﬁe to a minimum before the onset of menstrual blee~

ding. In two females who were taking an oral contraceptive

pill this picture was altered and the mean values were higher.
Here the TBG level appeared to be regulated by exogenous
oestrogen. Cessation was followed by a slow decline in TBG
concentration reaching a minimum value only 14-16 days later,
reflecting a continued action of oestrogen either on synthesis
or breakdown of TBG. Whether the very different mean values

in these two are due to differing normal response to oestrogen
or the different composition of the contraceptives used is
unclear since only two subjects were studied.

The continuing effect of oestrogens after cessation of
administration was clearly demonstrated in one subject. The
fact that even on a high oestrogen dose the lag period before
a rise in TBG was observed was 3 days after commencement of
administration in one person, would support the observation
that in females taking low oestrogen oral contraceptives
over a long period, the minimum TBG level occurs some while
after the start of a fresh cycle.

A recent paper has claimed that the major %hyroxine

"binding protein response to surgery is an interruption of

TBPA synthesis, with no alteration in TBG levels, but this
observation was based on the results of capacity measurements
(18). Using the modified "monorocket"” technique described

here, consistent reduction in serum TBG concentration was
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observed within 2 to 3 days of surgery.‘Whether this is due

to a decrease in synthesis, increase in catabolism or a shift
from an intra- to extra-vascular compartment is unknown. Since
most circulating thyroxine is bound to TBG, relatively smaller
alterations in TBG concentration could significantly affect
free hormone values, which have been shown to rise after
suréery, to an extent equal to the effects of larger alter-

ations in TBPA concentration.

‘ CONCLUSIONS

A method for the measurement of thyroxine binding glo—
bulin concentration in serum which involves immunoelectro-
phoresis combined with autoradiography is described. The method
requires little specialised equipment and materials and is
highly reproducible. The results obtained for a variety of
pathological ‘conditions are consistent with those of previous
workers using techniques for estimation of thyroxine binding
capacity.
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