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1.
INTRODUCTION
Historicalt "

'Theﬂidea of hormone inhiblting substances
which circulate in the blood stream and are able
to neutralise the effects of g hormone was
probably first expressed by lobius in 1906,

He found that the blood of sheep neutralised the
action of thyroid hormone.

Legiardi-Laura (1919-1923-1934) and
Leglardi-Laura and Bruin (1929), treated horses
with posterior pituiltary preparations and
claimed that the serum of such animals cured
glycosuria and hypertension in many patients
(Legiardi-Laura and Bruin, 1929),

The term "specific immune serum" was
first used by Koyano (1323) to indicate
antihormone substances produced experimentally
in animals chronically treated with hormone
extracts. He injected beef pitultary emulsions
intraperitoneally into male rabbits and stated
that the serum of such animals produced marked
histological changes in the hypophysis of

rats,
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In 1924 Cotte published a series of
experiments in which extracts of fowl ovaries
were chronically injected into male rabbits,
Thus a "serum anti-ovaire" was obtained which
changed the colour of the plumage in hen-
feathered cocks, Also in 1924 de Jongh
observed an insulin inhibitory substance in
the sera of chronically treated animals,

The name antihormone was used by lilese
(1928) who found that testicular extract
coagulated the follicular fluid of nymphomanic
cows but had no effect on the folllcular fluid
of normal animals, He attributed this to the
formation of antihormones in the nymphomanic
COoW,

The most important demonstrations of
the appearance of hormone antagonists in the
blood as & result of pretreatment with a hormone
preparation were published by Collip and
Anderson (1934) for the thyrotropic, and by
Selye et al (1934a,b)ftr the gonadotrophiec

hormoneg,
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A new phase of interest in the antihormone
problem started with the discovery that upon
continued administration to animals the action
of certain hormones decreased considerably, in
other words the animals became refractory.

This gtate of refractorines was observed by Reiss

and Reiss et al (1931), Zondek (1931), Collip
(1932) and MePhail (1933).

In all of those experiments, heterologous
pituitary preparations vwere injected in another
species,

Theorles o0f the antihormone factorsi

The different coﬁcepts of tﬁé entihormone
factors which apparently eccumulated in the
injec¢ted animal§>serum in response to the
hormone administered, can be spummarised nos
followgs= ]

1 - Abderhalden, the immunologist,(i918)
described them as "Abwehr fermente" or protective
enzynes appearing in the blood of experimental
enimals chronically treated with extracts of

endocrine glands.



4o
2 - Collip (1934) in his original statement
linked the antihormone not to an antibody but
to the "chalone" of Sharpey-Schafer, (1924). He
sug;ested that in normal subjects there was an
antagonistic principle for each hormone but
it was not detected until it exceeded in amount
the corresponding hormone,
3 - 3inmple exhaustion of the gonads or end-
orzans in general, or simple toxicity to these
organs leading to loss of physiological
response to continued hormone injections,
| The fact that this phenomenon was
actually due to a speccific resistance to the
hormnone principles and not simply to an
exhaustion of the end-organs was demonstrated
by Selye et al,(1934b) and Okkela (1937).
4 - The immunological theory.
Ixperimental evidence produced so far, has
led. most of the authors to classify these
inhibitory principles as immune bodies, which
would make them comparable to antitoxins and

anti-enzymes, all being antibodies that are
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produced in animals in response to antigena;

The evidence for the antibody nature of
antihornones is as follows:-

l - The antihornones reside in the globulin
fraction of the serum. (Thompson 1937,
Harrington and Rowlands 1937, Hartman et al,1940
a,.b, zZondek & Sulman 1937).

2 - Gordon, Lowehstein and Charriper (1940)
demongtrated that the sito of production of
antihormones is the sgme as that of other

immune bodies, viz. the reticulo-endothelial
systen,

Collip and Anderson (1934) found that
saline extracts of liver and spleen from
refractory rats had antihormone actions,

3 = Okkels (1937) observed that the thyroid,
glands of animals refractory to the thyrotwrophic
hormone were not themselves refractory dbut

can be restimulated. This stands against the
idea of exhaustion or toxicity to the end-organ,
4 - In several respects they behave like

antibodies:-
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(a) They are not produced by homologous species
extracts (Spence, Scourer and Rowlands 1938,
Katzman, vade™Jvoisy, 1947).

(b) They do not aprpear in parabiotic animals in
spite of the prolonged hormone activity supplied
by one animal to the other (Gordon et al.l940§G0rd0n 1941
Sulman 1937).

(¢) Their rate of appearance and disappearance
and accunulation in the bleood in response to
prolonged hormone injections, as well as their
behaviour to a booster dose, fit them nicely
anong other immune bodles like enti-enzymes

(Thompson,1941).

Tyvpes of antibody reactions demonstrated with

antihormone sera? -

The preseﬁce of the antihormone factor
was mainly demonstrable by its capacity to
neutralise the hormonal activity in vivo
(selye, Bachman; Thomson and Gollip 1934,
Bochman, Collip and Selye 1934, Twombly 1936,
Sulmen 1937, Zondek and Sulman 1937 e»g;

Frend and Uyldert 1947).
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In 1912, Rzent Kowski claimed to have
obtained complenent fixation reactions with the
serum of hyperthyroid patients, using thyroid
extract as an antigen,

In 1923, Hekton and his c¢o-workers
demonstrated that animals reacted to injectioris
of thyreglobulin by producing species-gpecific
precipitin immune bodiea and in lesser
quantities similur non-gpecieas-specific bodies,

A few years later, llicks (1926) claimed
to have produced antisera against "pure"
thyroglobulin, He used the precipitin reactions
of the antiserum to trace this substance in
certain animal fluids. These c¢laims were
fortified by others with comparable results
(Clutton et al 1937, 1938a, 1938b, Rotter 1936a,b;Picado &
Rotter 1936, 1§38, Went et al 1939, Anderson et
al 1957, ierner et al 1961),

Precipitin reaction have also been
demonstrated with antisera to the growth hormone
(Hoyashida amdLi 1658), to insulin (Iioloney et
Aprile 1959, viright 1959, 1960), to A.C.T.H,
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(Cruickshank and Currie 1958) and to prolactin
(Strangeways 1938). |
New techniques for the qualitative analysis
of precipitins havigfg??gggveloped (Cuchterlony
1948, 1953, Oudin/1952), and have been used in
investigating the specificity of antisera, cross
reactions between different hormones, as well
ag the antigenic components, homogenécity and
degreo of purity of hormone preparations W
(Cruickshank & Currle 1958, Henry and VanDyke 1958;
Rao & Shahani 1961, Butt et al'1961, Brody &
Carlstrom 1960, 19614,b).
Arquilla & Stavitaky(1956) showed that
the serum of insulin treated rabbits and of
some human diabetics would agglutinate sheep red
cells coated with insulin, Since then
agglutination of red cells coated with the
corresponding hormone has been demonstrated with
serum of rabbits treated with corticotrophin
(Fishman et al 1959), sSomatotrophin (Read and
Stone 1958), cohorionic gonadotrophin(HCG)(Vide and

(Gemzell 1966) and thyrotrophin (Cline et al
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1960). In each case agglutination is inhibited
by prior addition of the homologous hormone to
the serum and is not produced by normal serum,

This method was originally devigsed for
the detection of insulin antibodies which do not
usually precipitate the‘antigen;

In spite of the repeated reports about
the immunological nature of the antihormones,
several workers were not prepared to believe
they were true immune bodies, Collip (1934,
1935 a,b, 1940) used the evidence given by Bachman
‘et al (1934 that there was no correlation between
precipiting and neutralising effects to argue
against the antibody theory. Sulman (1937)
showed that an antiserunm against "pure" HCG
did not give complement fixation reactions,
while crude HCG did so with its own antiserum,
Zondek, Sulman and lockman (1938) observed that
antihormone neutralised HCG quantitatively rather
than by a process of adsorption, a quality which,
they said distinguished this subgstance from

known groups of immune bodies. However, they
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concluded that antihornones were.immune-bodies
with unusual properties.

Although several worlzers failed to
demonstrate antihornones in sera of animals
chronically injccted with homologous hormone
extracts, others found them in conparable
experiments, (Smith, 1930; Dushane et al
19355 llartins 19353 IleCahcy et al 19363
Twonbly 1936; Collip 19373 Katzman 1937;
Rovlands 1937; Thompson 19373 Anderson
and Lvans 1938),

The Specificity of llormone Antibodiese.

The atterpt to corrclate the classical
entigzen-antibody reactions (precipitins,
conplement fixation, ctec,) given by hormone
antisera with the ncutralising poﬁer of these
antisera led to conflicting results.,  Some
vorkers found these vere intirmately rclated
( Bvlich 1934; Twonbly 1936; Fremery and-
Scheygrond 1937), while others found no relation
at all between them, (Collip 1934, 1935 a,b,
1937; Bachman ct al 19353 Thompson 1941;
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Gegerson et al 1936; Van den Ende 1939).

Studying the specificity of the antihormones,
including species specificity, hormone speccificity
and organ specificity, different worikers procduced
opposite results, Some claimed they vere species
speeific but not hormone specifie (Gustus et al
19353 Picado and Rotter 1936, 19138; Cutting et al
1939; lleyer and %olfe 1939; Van den Ende 1939).
Others claimed they were hormone specific but not
speceies specifie ( lleyer and Gustus 19355 Sulman
1937; Cope 1938; Yasuda 1938; Arquilla and
Stavitoky 19563 lioloney and Géldsmith 1957;
wrizht 1959, 1960; Read and Bryan 1960), and
others that they were cven organ specifice
(Bachman 1934 a,b; Rowlands and Parkes 19343
Fluhman 1935 a,b).

At the other end of the scale, sonme
authors claimed they were specles specific and
completely unrelated to the hormones themselves,
but were produced against cither contaninating
antiszens (Bichbaum et a2l 1935, 1937; Cutting et
al 1939; howlands and Yourng 1939; Ven den Ende 1939),

or a protein carricr to which the hormone was
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attached (Sulman 1937, Hartman 1940a, bj
‘Crulckshank & Currie 1958).

This uncertainty of the nature of the
antihormones and the failure to solve any of
the main problems of the antihormone question
are due to the unyielding controversy between
the findings of different investigations,

A very serious handicap for earlier
vorkers wags tho impurity of the hormone
extracts then available to them, This problem
was early realised by many workers (Ascheim
and Zondek; 1928, Van den Ende 1939).

Clainms using purified hormone extracts
were made as early as 1935, when lleyer and Gustus
produced neutralising antibodies in monkeys to
purified therglobulin; ~ In the past ten years
chromatographic, electrophoresis and other
techniques for the isolation of proteins and
polypeptides have been introduced, Several
experiments have now been carried out with
"highly purified preparations", (Henry & Van
Dyke 1958, Arquilla & Stavitskyl9s6,
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Figshman et al 1959, Levy and Samplimer 1961,
and Cline et al 1960),

The hormones used have included three whose
structures are known (corticotrophin, gluecagon
and insulin), two which have been purified but
whose structures have not yet been defined
(somatotrophin and mammotrophin) énd others
which have yet to be obtained in homogeneous
forms (thyrotrophin and gonadotrophin) (iiright
1961),

~ Ihe Antigonndotrophins. -

ﬁost‘of the eariy vork on antihormones
was done with gonadotrophic preparatiﬁns;

It was early recognised that prolonged
parentral sdministration of gonadotrophic
hormone from human pregnancy urine gradually
diminished the physiological effects of the
hormone (Zondek 1931, Relss 1531, Collip 1932,
MePhail 1933, Evans 1939), This was beliéved
to be due to the formation of an antigonadotrophic
factor (Selye, Bachman, Thomson & Collip 1934;
Dochman et al 1934),
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The presence of this factor was demonstrable
mainly by its capacity to neutralise the hormonal
activity in vivo (Selye et al 1934, Bachman et
al 1934, Twombly 1936, Sulman 1937, Zondek &
Sulman 1937, i " /7, Gustua et
al 1935, Gegerson 1930, Thompson & Cushing
1937, Brandt & Goldliamer 1936, Flulman 1935,
Parkes & Rowlands 1936, Chow 1942, Prend &
Uyldert 1947). The antihormone activity has
been demonstrated by those workers v/ith sera
produced against human chorionic gonadotrophins,
pregnant mare*s serum, pituitary gonadotropliic
hormone, interstitial cell stimulating hormone,
prolactin, and human post-menopausal extracts.

Similarly precipitating and complement
fixing antibodies have been obtained by
immunising rabbits with gonadotrophic hormone
preparations (Meyer et al 1935, Bachman 1935,
Twombly 1936, Gegerson et al 1936, Picado
1936, 1939, Démanche 1937a,b, Eiolihamnet al
1937, Thompson 1937, Van den Ende 1939, Got,

Levy & Bowillon 1959, Mckean 1960, Brody and
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Carlstromlf00, 190la,b). CGel éiffusion
reactions of zuch antisera have nloo been
Ceronstrated (Vienry & Van Byle 1033, Cruickshank
& Currie 1658, o & Chaland, 1661, Tutt ot al
1661, Irody & Curlmtrcmlﬁﬁo; 1951a.b);
wide and Gemscl (150D} obtained m
haemons: lutination rozetiocn with mntigonndotrdphic
sere, ond have used thils technique for hornone
assay no well ng o wrosnaney toct,.
It has long been appreclated that the
purity of the ponmdotroephic ontigena play a
decimive role in tle attoinsent of tho specificity
of the entiseran. (Lschein & Zondekx 1920, Van
den Indo 1939, Cruiclzlan®: & Curric 1958,
Lrisht 1¢61).
In opite of several claimg of succesaful
puriflention of such preparaticns(llenry & Van
Dyke 1858, leilean 1200, It andRouna;;9583§ggg’ig6§};
Iredy & CorlstromlgG0, 1901ab)it is evident
that gtienpls to prepore antigonadotrophia
specilfiec Llmune sera liave been wisvecensfule

bouvtu of the cherdeald honogenglity of the
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purified extract have been raised by Steelman
et al (1957) and by Johngsen (1962).

Immunologically, similar doubts are based
on the presence of cross reactions of the lmmune
sera with other gonadotrophic preparations as
well as with normal human sera and extracts
from normal male urine (Bachman 1935, Henry &
Van Dyke 1958, lwedy & .itebsky, Rose &

Shulman 1955, Brody & Carlstroml96l, Cruickshank
& Currie 1958).

Doubts are also due to the results of
absorption experiments (Van den Ende 1939;
Cruickshank & Currie 1958) and to the failure
to reduce the number of lines in gel diffusion
(Henry & Van Dyke 1958, Brody & Carlstom 1961p,
Butt et al 1961) by any method of purification,

Study of cross reactions between
gonadotrophic hormone preparations from
different sources has been contradictory (Butt
et al 1961, Cruickshank & Currie 1958, Brody
& Carlstroml96l).

It has also been suggested that a change
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of the antigenicity of a hormone preparation
either an increase or a decrease, will take place
as a result of the process of purification
(Vetner 1938a,9,e¢, Henry & Van Dyke 1958, Brody
& Carlstom 1961),

It is therefore quite evident that little
knowledge has been gained recently on the
question of antihormones, especially where the
gonadotrophins are concerned, This may be
related t0 the purity of preparations, the
chemical method employed and the nature of in-—
vivo tests,

The pursuit of the antihormone question
is related to three main objectives =
4. The study of the nature of these immune
bodies,

b, The possibility that some knowledge may be
~gained as to the nature of the hormone itself.
¢. The application of antisera in an attempt
to demonstrate sites of production and activity
of the hormone.

It is with the purpose of throwing some
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light on these problems that this work was
started, Therefore the subject of study in
this thesis in broad terms has been as follows:-
1. To study the immunological behaviour of a
human urinary gonadotrophin preparation;

2. To study the nature and specificity of the_
antihormone reactions obtained, in order to
Qhow if they are one or different antibodies;
to compare their specificities, their
distribution in the plasma proteins, the
difference between antisera produced against
crude and against purified extracts.

3. To study the nature of the hormone antigen,
how its antigenicity is affected by
purification, whether serological methods are
more hormone specific than chemleal estimation
of the glycoprotein normone.

4, Lastly, an evaluation of the available
serological techniques in the diagnosis, assay
and tissue localisation of gonadotrophie

hormones.,
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THE ANTIGENS.

Introduction.

——Many'methods have been proposed for the
preparation of gonadotrophins from human urine.
The procedures differ considerably in nature
and conmplexity. Usually however they suffer
from the common disadvantages that they are
laborious and tedious, that considerable loss
of gonadotrophic activity may occur during
their performance, and that the final extracts
obtuined are often toxie to the experimental
animals (Loraine,1957,1958,Eurthermore; the
ability of different methods to recover the
hornone activity from low-titre urines varies
widely, and this decides their sensitivity.

Because of the growing interest in the
antihormone problems, successful purification
of gonadotrophic hornones has gained new
inportance,

The criteria of purity of the extracts

have been considered as followg -
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1, Bulk of the extract per litre or pexr 24
hour specimen of urine;
2. Solubility of the powder.
3, Toxicity of the extract to experimental
animals,
4, Activity per mg;, of the powder.
5. Homogene:ity as shown by the behaviour of
the extract in wltracentrifugation,
eleotrophoresis and ¢olumn chromatography.
In order to elucidate some of the antihormone
problems, it was decmed necessary to study the
difference in the antigenic behaviour between
crude and purified extracts. The kaoline
acetone method of Loraine & Brown (1944) was
chosen for the preparation of crude extracts;
gsince it is a simple inexpensive procedure,
less tedious and gives better total yields of
gonadotrophins than the majority of published
nethods (Loraine & Brown, l956a,b);

To obtain purer extracts, the tannic
acid method of Johnsen (1958) was used,.

This is @ modification of the original ILevin
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and Tyndale method (1936), It has also been
shown to be simple and inexpensive, and to
produce extracts containing little inert
material, A 24-hour specimen yields a tannic
acid extract weighing 20-30 mg:. as conpared
with 150-400 mg;. for the kaolin extract of
such specimen, The percentage recovery of
gonadotrophins from the urine is given for the kaolin
KA method as 75% {(Loraine 1957) and for the
tannic acid method es 98¢ (Johnsen, 1958),
The difference is nmost conspicuous in low
titre urines,

Johnsen also demonstrated that his
extracts were free of oestrogens ond augmenting
substances, unlike most of the extracts
prepared by other methods (Johnsen, 1358)..
The toxicity of the extracts to mice ig 10-20%
for kaolin extracts and is five timegs less fof
the tannic acid extracts (Albert 1961). The
mean activity per milligram of powder based
on HIG20A Edinburgh preparation was found to

be about 0,26 mw,u.u. for the kaolin extracts,
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and 6 ©,u,u. for tannic acid preparation.

Other methods of purification were also
used, {aolin extracts were treated with
tricaleium phosphate according to the method
of Loraine & Brovm (1954).

A kaolin preparation was fractionated
with a saturated ammonium sulphate solution
according to the nethod of Johnsen (1955).

He was the first to try this technique on
human urinary gonadotrophins, although Ii et
al (1949) and Van Dyke (1950) had used
amnonium sulphate to purify extracts of swine
pltuitary glends.

{ao0lin extracts and tannic =zcid extracts
were Turther purified by gel filtration on
columns of Sephadex G=25, This substance has
been recently used to remove salts and low
noleculor weight material as one step in the
purification of urinary and pituitary

gonadotrophins (licShane & lleyer, 1Cp1).
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Biological Assay of Preparations,

Assays for gonadotrophic activity were
performed by the infantile mouse uterus weight
(myu.u, ) method of Klinefelter et al (1943),
as modified by Loraine and Brown (1956). One
rnouse unit is defined as the activity causing
a 100% increase of uterine weight in immature
female mice (body welght 8-10 g.), injected
intraperitonecally five times in the course of
three days, with autopsy on the 5th day after
the firgst injection. The total activity of
the extract was calculated from the highest
dilution (4 mice per dilution) producing such
increase in the uterine weight,

HeM.Go=20A vias not considered suitable
for comparison with our extracts. Klinefelter
and pregnancy urine exbtracts are of apparently
different nature from postmenopousal extracts,
The m.w.u. method is a very sensitive way of
measuring the total activity of any of these
extracte (Levin and Tyndale 1936)., In this
way it will be possible to correlate the biological
activity of postmenopausal, pregnancy and pituitary

gonadotrophins,
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[IETHODS.

The Urinary Extracts:

Urinary Ixtracts prepared by the Kaolin llethod:=-

The Loraingﬁﬂ}kwwn kaolin-acetone method
was used to prepare extractis of 24 hours urinary
output from 85 separate sources. These sources
were as follows:

l. 9 patients with the Xlinefelter's syndrome.
In 19%42 Xlinefelter, Reinfenstein and Albright
described a syndrome which declared itself in
adolescence, in‘the form of small testes, absent
spermatozenesia, gynacconmastla, high urinary
exeretion of gonadotrophins and low excretion of
17-Xetosteroids, The 24 hour urinary output of
gonzdotrophins (mainly follicle-stimulating) in
such cases was in the range of 40-160 m.u.u, as
?gﬁéﬁiﬁﬁdegyafhfg?8§?°d of Loraine & Erown (1956ab),
Presh interest was aroused in this syndrome,
by the discovery that some but not all of these
patients are chromatin positive (Plunkett and Zarr,
1956).
2. 18 pregnant wviomen nostly in their first
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five months of pregnancy,

3. 15 normal males.

4, 26 normal females.

5. 12 post menopausal wonen, .

6. 3 paticnts with signs of hypopituitarism.
7. 2Xooled urine, which showed prcteinﬁria,
from patients in the Sick Children's Hospital.
Another pooled specinmen was obtainéd from a
children's nurgery school and was frce from
chemically detectable protein.

In addition fourteen 24 hour urinary
specimens were each divided into halves, one
half was processcd by kaolin extraction, plus
treatment with tricalcium phoaphate gel. The
other half was processed by kaolin extraction,
but the treatment with tricaleium phosphate
was omitted,

The Kaolin-Acetone liethod:

The urine was centrifuged with Celite
powder until it wags clear, It was then
adjusted to pH 4,0 with HCl, Kaolin powder

(5 g. . for each litre of urine) was added.
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The pH was rechecked, corrected if necessary,
and the mixture stirred mechanically for one
hour, After centrifugation the kaolin
deposit was suspended in water and adjusted to
pH 11-11,5 with NaCll. The suspension mixture
was allowed to stand for 30 minutes with
occasional shaking then centrifuged,

vhen it was planned to use tricalciunm
phosphate purification, the supernatant was
adjusted to pH 8-8.5 and tricalcium phosphate
suspension {3 ml. to each 100 ml,) was added,
The mixture was mechanically stirred for 15
minutes, then centrifuged,.

tihether tricalcium phosphate had been
used or omitted the final supernatant wasg
adjusted to pH 4-6 with HC1, and the
gonadotrophins were precipitated with 5 volumes
of acetone, The precipitate was collected,
washed with absolute alcohol and ether, then
dried in air.

~"The Tannie Acid llethod-

The urine sample was acidified roughly
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to pH 4.0 by means of acetic acid. Sodium
chloride was then added to the urine (10 g:f.)
for each litre) to increase the amount of
flocculation, Tannic acid (20 ml., of 10%
in water) together with Hyflo Super-Cel
(10-12 g.). were added, After stirring
mechanically, the suspension was poured into
a Buchner funnel in order to produce a thick
filter cake. This filter coke was used as
a column in order to get a countercurrent
set up for elution, Dilute tannic acid
(0.15° solution) was passed through the cake,
96<% alcohol was then passed through the cake
in order to get rid of the excess of tanniec
acid and other materials, Following this a
solution containing 109 ammonium acetate in
ermonium hydroxide at pIl 11.0 in 80¢ alcohol
vas applied, This changed the pH ﬁnder
cover of a high concentration of alcohol,
keeping the active material insoluble and
retained in the cake. This solution also

removed the protein-bound tannic acid.
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By lowering the percentage of alcohol from

80 t0 40 in the same solution, the active
constituents were eluted, The eluate was
cooled and neutralised (approximately) by
acetic acid., The concentration of alecchol
was increased to 85% to precipitate the

active material which was collected and washed
‘with alcohol,

Results,

| Table 1 gives a comparison of, in ternms
of activity, of preparations made by the
kaolin and tannic acid methods, Thirteen
urinary specimens from different sources were
so tesated, Dach gpecimen was halved, one half
being treated with kaolin, the other with
tannic acid,

It will be secen that in every case the
welghts of the tannic aecid extracts were
approxinmately one-tenth that of the same urine
processed by the kaolin acetone method. In

six instances the total activity of the tannic

acld extracts was less than that of the
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corresponding kaolin extract, The remaining
specimens gave ldentical results, Activity
per unit weight howvever was always considerably
higher in the tannic acid preparations;

Table I also provides the results of
treatment of the kaolin extracts with
tricaleium phosphate gel. These show that
this process reduces the weight of the extract
by 10 to 25 per cent with little or no
rcduction of activity. Obviously the material
renoved by the tricalcium phosphate technique
is bilologically inert.

In general it was found that extracts
from any one patient were far from constant in
sctivity. The output of gonadotrophin seemed
to vary from time to time. One of the three
hypo-pituitarism cases was a male patient who
had been hypophysectomised because of carcinoma
of the prostate. The urinary extracts from
this case showed no biologicel activity. The

other two cases were due to post-partun

pituitary failure and the extracts assayed
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between zero and 5 m.u;u; per 24 hours,

Ho activity could be detected in'the extracts

of children's urine,

All these preparations were assgsayed in
immature female nice geocording to the method
of Loraine and Brovn (1956),

Iach extract was dissolved in 12.5 ml,
of phogphate buffercd saline (pH 7.2), and
this constituted the neat concentration of
the antigen. Doudbling dilutions were made
with the same solvent,

Salt Fractionation of Crude Ixtracts.

The Saturated ammonium sulphaée method
for fractionating ponadotrophins from the
urine, as described by Johnsen (1955), was used.
Jolmsen described two main fractions, one
precipitated between zero and 55; saturation,
and the other precipitated between 55 and 70‘
per cent saturation with ammonium sulphate,

A ¥aolin extract of the urine of one of

the Klinefelter patients (11) was fractionated

with rising concentrations of Saturated



.
r~t
oy

*SOUWRISTTTTU UT 30BIFXD JO JUSTap

ot T0T od GOT €
o¥-02 02T (014 99T Fd
(014 mmmH o¥ Q*LYT T Tesunrdous(]
(014 LL (014 18 02 T 02 oL, 2 5
: o= Hmam.w
0T OLT 0T LT 0T 602 0T 08T T e
02 o€ 0T GG2 0T 6T (014 002 2
0T-6 61 oT 602 (0] R L*2T oT 02T T oTew TBuxo}]
098 29T 09 QLT 0g L2 09T Qgzz &
L 09T 262 08 1 249 0g S ¥T 08 602 ¥
09 012 (o]2] 0ge ov 92 0% 09t ¢
08 oGt 09T 906 08 6*6T 09T otz 2
0g=-0% rAay 08 (139 03 8T 08 6Lz T | ALouwvuFoag
oY 662 oV 00¢ o bAY o¥ Gy ¢
oY Go2 oy 0fe oY 9°¥3 0% G2z 2
(014 06T (014 0T1e o €2 (014 Q6T T J93ToJOUTTII
*SIY y2 “I3Xe °SIY yZ ‘JI3Xe  *SIY g °JI3XD °SIY pg °*dI3X°
‘Hﬂ odﬁ OwH nu..@, .Nw .ﬂﬂ.wﬁw Qp,ﬁ Q.ﬂ. oﬁﬂ .HﬁH Qu-...., ..H-.Q.D. OHM Opw.,_.
*10BI}X9 pajeaI] 3 0BJIAX] 408I3XT 1 0BI3XT
ageydsoys utTony otuuBy, utrToey
MTOTEOTA *90anog

squaugeaay ¥og untormolay

‘UOTICVOTITINI PTOY OTUUB]

*B100DXTX0
UTTO®RY U0 3Jusmivaly 94vydsoys wngoTBROTIY

*I 3Tqug

Jo sousnTJUI 9Y3 pus PIOV OofuUERy JO uostIedwo)



32.

ammonium sulphate solution (S.A.S.), Only
half of the total powder (95 mg.. of 190 mg.)
was thus treated, The other half was
dissolved in 12,5 ml, of distilled water and
used for comparison with the fractions in
mouse uterus assays, precipitation reactions
and gel diffusion.

Teclhnique.

Thé Kaolin extract prepared for
fractionation was stirred for one hour in
0.1 I K2P04 (pH 4.2-4.5). Undissolved
residue (impurity) was redissolved in distilled
water, To the supernatant, S.A.53. was added
very slowly through a fine capillary attached
to & burette. The mouth of the capillary was
kept under the surface of the solution, and
dvring the addition of S.A.3. the solution was
vigorously stirred with a mechanical stirrer,
In this way the proteins were prevented from
coning into contact with the S.A.3. before it
was thoroughly mixed up with the solution.

The concentration of S.A.S. was slowly ralsed
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stepwise, After each addition of S.A.S.
the solution was allowed to stand at 3-4°C.
for 24 hours to complete the precipitation,
Even at high S.4A.5. concentration the
precipitate could be collected from the
centrifgge. The precipitates were each
redissolved in 12,5 ml, of distilled water,

Concentrations of S.A.S. are expressed
as the percentage of S.A.S. present, and each
fraction is designated with the saturation
at which it was precipitated, A precipitate
at half saturation is thus designated
Fraction 50,
Results,
o Table II shows clearly that all
fractions had some biological activity,
but the greatest activity resided in Fractions
55 and 70,
Purification of Hormone Extracts by Gel

filtration on :Zephadex Columns.

The following extracts were further

purified on Sephadex after labelling then
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Table 11
Fraction. SPRIR
Original -
Kaolin
Extract. 160
Undissolved
residue, (Fraction I). 10
Fraction 55 40
Mraction 70 A 40
raction 1CO 20
supernatant, . Toxic
(Fraction vy,
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with fluorescein isothiccyonate: |
a. A kuolin extract of urine from Klinefelter
patient. |
b. A kaolin extract of pregnancy urine,
c. A kaolin extract of postmenopausal urine,
d, A tannic acid extract of urine from a
patient with the Klinefelter's syndrome;
e, A tannic acid extract of'pregnancy urine,
£, Pregnyl (one ampoule containing
approximately 80-160 mMeu.U, ),
g. Gesatyl (one ampoule containing approximately
160-320 m.u,u, ).
h. A tennic acid extract of children's urine

was similarly treated.

Gel Filtration Technique.

A(ﬁixfure of 2 mi;‘of the hormone
solution and 2 ml, of a sodium carbonate-
bicarbonate buffer (pH 8.5) was shaken for
three minutes with 5-=10 mg;, of Celite
containing 109 fluorescein isothiocyanate;
The mixture was then centrifuged and the

supernatant alloved to flow into a column of
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of Sephadex G-=25 measuring 2 X 20 cm,
The column was then developed with phosphate
buffer pH 6,5. Separation of the
fluorescent fractions from the insrt pale
dye was observed almost immediately. The
inert dye band remained very close to the
point of application,
Results,
Tho folloving fractions were obtained on
Sephadex gel. (Tigure 1, Table III),
l. TMive fractions vere obtained from cach
of the Klinefelter extracts and the
postmenopausal extract.
2+ Tour fractions were obtained from cach
of the pregnancy urine preparations (Pregnyl,
tannic preparation and kKaolin preparations),
3. Four fractions were also obtained from.
Gestyl (PuleSe)e
4, Three fractions were obtained from the
children's urinary extract. The fractions
vere recognised by their colours.

In cage of Klinefelter and post
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menopausal extracts the first fraction (F,I)
was pale orange, with a volume of 4-6 ml.
The second fraction (F.II) was dark yellow,
with a volume of 8-10 ml,

The third fraction (P,III) was dark
orange with a volume of 8-10 ml;

The fourth fraction (f,IV) was similar
to fraction two, but slightly less intensely
yellow with a volure of 10~12 ml. The
laat fraction was very pale orange with a
volume of 25 ml;

In the case of the pregnancy‘preparations;
Fraction III with ite intense orange colour
was absent, The other fractions were obtained
with the same volunes. The children's urinary
extract showed fractions correspondiné to
F.I, F,1I, and P,V of the Klinefelter's
extracts,

Each fraction was tested for activity
in mice. At least three batches bf mice were
used for each fraction, with two nice in each

‘batch, Tach mouse received 1/5th, of each
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dilution, the ectivity being celculated
according to the method of Loraine and Brown
(1956).

Table III shows that the biological
activity was always shared between the first
two fractions, except in the case of the
post menopausal extract where only the first
fraction showed activity, |

However, the first fraction (F.I) was
the more active one in the case of the
ilinefelter extracts and the Geatyl
preparation, while the second fraction was the
more active one in the case of the pregnancy
urine extracts including Pregnyl;

Although apparently similar fractions
viare obtained from children's urine, these
were biologically inactive,-indicating that
separation on Sephadex is related to é group
of substances rather than to gonasdotrophins

per ce.
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Table 111
Preparation llethod of Total
Extraction, muu, I'raction, muu,
Klinefelter. Kaolin 20 1 10
2 5
3 -
4 -
- 2 -
Klinefelter. Tannic a 20 1 5-10
2 5
3
A
5
’regnancy. Kaolin 20 1 5
2 10
3 -
A -
- > Absent
Pregnancy. Tannic a 1 5
2 10
3 -
4 -
5 Absent
l'enopausal. laolin 10 1 10
2 -
3 -
g -
Gestyl. Organon Ltd., 80-160 1 80
(Pregnant mare's 2 20
serum) 3 -
4 -
: 5 Absent
Pregnyl. Organon Ltd. 40-80 1 20
(Pregnancy 2 40
urine). 3 -
‘ 4 -
5 Absent
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*iruro im Sephadex Fractionation.

I. Gel filtration of fluoreocoin labelled pregnancy
urine extract, ohowing four fractions. Top fractions «
pale orange Second and Tldrd « deep yellow Fourth = pale
orange.

IT. Gel filtration of a fluoroscoin labelled extract of
JJ? urine, showing five fractions. Top fraction « pale
orange Second » deep yellow, then Tliird » deep orange
(appearing pale in the photo because of the blue
background). Fourth » deep yellov/. Fifth = pale orange.
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The Influencs of pH cn ¥Xaolin extracition,

Tha.following variations of the'séandard
Kaolin procedure were adopted in order to
determine whether a) the chemical proceass
altered the antigenie properties of the
extract, and b) the subsequent immunological
reactions bore any relationship to biological
activity. | |

Two specimens from two XKlinefelter
patients were halved. One half of each
specimen was adsorbed on kaolin at pH 4,0
and eluted at pH 11-11,5 according %o the
standard nethod. The other half was
adsorbed at pH 5,0 and eluted at pH 10,0,
According to Loraine & Brown (1954) thig
latter tréatment leads to loss of most of
the biological activity.

Similarly one menopausal snd one
pregnancy urine were halved, One half of
each was adsorbed and eluted by the standard
technique, The other half was édsorbed

at pH 8 and eluted at pi 11-11.5,
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The effect on blological ectivity
of these procedures is shown in Table IV,

Immunological results are detalled in a

later part of the thesis.

Table 1V. |
Specimen, .JExtraction | Biological
| llethod, Activity.(m.u.u.)

Klinefelter 1  Standard a0

Adsorbed pi 5

Iluted pH 10 5
Klinefelter 2 Stardard 80

Adsorbed pH 5

Eluted pH 10 5
I‘enopausel Standard 40-80

Adsorbed pH 8

Eluted pH 11 Hil
Pregnancy Standard 320

Adsorbed pH 8
Eluted pH 11 Nil
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Summary:

i.‘ Kaoiin extracts of urine contained more
biologically inert material than tannic acid
preparations, llowever, the total activity

of the purer extracts vaso sometimes less than

that of the c¢crude ones.

2. Purificotion of kaolin extracts with
tricaleciun phosphate eliminated only some

-blologically inactive material and slightly

affected the biological activity.

- 3. Purification of kaolin extracts by salt

fractionation produced several fractions each

of them possessing some biolozgical activity;

The most active fractions were precipitated

at salt saturation of 55% and T0%.

4., Purification of kaolin and tannic acid

extracts by gel filtration on Sephadex G25 produced
the same fractions for each hormone regardless

of the original method of extraction. Only

the first two fractions of each extract had
biclogical activity in mice. The most active

fraction was the second fraction in case of



44,

pregnancy urine extracts, and the first
fraction in case of non-pregnancy extracts,

Conclusions:

Chemiéal purification and gel
filtration of hormone extracts eliminate some
inert ingredients, but also cause some loss
of total activity of an extract, although the
activity per milligram powder rises.

Salt fractionation of hormone extracts
showed that fractions to be discarded as
impurities actually possess some biological
activity. The activity seems to be
distributed among several components of the

extract;
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TITIUNOLOGICAL EXPERINENTS

Preparation of antisera.

Young adult female cross-bred rabbits
kept on a dlet of rabbit pellets supplemented
with fresh greens twice a-week were used
for the production of antisera. Each rabdbit
was kept in a separate cage,

Injection schemes?

l. Our main procedure vas to immunise the
rabbits frequently to obtain high titre
antisera within a short time, hoping they
would be Qore specific;

A volume of 2 ml, of %+ dilution of the
antigzen preparation (which in the case of
biologically active preparations contained
1,5=2 m,u,u.) was injected subcutaneoﬁsly
twice daily for one week, twice weekly for
the succeeding two weeks, then once weekly
thereafter. In the case of Pregnyl and
Gestyl, each dose congisted of half an

ampoule, Vihenever an animal was about to

be bled an intravenous injection of the
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antigen was given in the ear vein and
bleeding was carricd out at least two hours
later,

The details of the animals treated
are as followst-
3 rabbits were immunised with Kaolin-acetone
(KA) extracts of urine from Klinefelter
patients. (XFK).
3 rabbits with tannie acid extracts of similar
urines. (KFT),
2 rabbits with KA preparations of pregnancy
urine., (CGK), |
2 rabbits with tannic acid preparations of
pregnancy urine (CGT),
2 rabbits with Pregnyl, 1/2 ampoule (750 I.U.)
per dose, |
2 rabbits with Gestyl, 1/2 ampoule (500 I,U.)
per dose, -

In addition to these highly active
preparations, fbur less active extracts were
used -

1l rabbit was treated with Kaolin extract of
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normal male urine,

1l rabbit was treated with tannic acid extract
of normal male urine,

1 rabbit was trcated with Kaolin extract

of the urine of children under the age of
five. (Ch.X),

1 rabbit was treated with tannic acid extracts
of children's urine. (Ch,T).

2, Romon's Adjuvant was tried in three
rabbits, All three had produced low titre
antiscra with the above method of immunisation.
They were then irmmunised with the adjuvant to
compére the effectiveness of the two methods.
One rabbit received 3 ampoules of Pregnyl
(4500 1I,U,) in 2 ml.., of adjuvant twice
weeldly. One rabbit received three anmpoules
of Gestyl (3000 I.U,) in 2 mls. of adjuvant
twice weekly, The third rabbit received 5
meusue 0f KFT extracts in 2 ml:. adjuvant twice
weekly;

Kleeding,

The bleeding was done by penetrating
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the nmarginal ear vein with o Hagedorn needle
after shaving both surfaces of the ear,

The rabbit was immobilised in a speclally
designed cage. Ten nl. wéfe the maximum
quantity obtained from each animal at any
bleeding. The bleeding was done once every
week at first then as required.

The blood was received in universal
oontdiners which had been sterilised by
autoclaving, and dried in the hot air oven to
renove all moisture. The blood was incubated’
for thirty minutes at 37°C then left
overnight at 4°c, Kext morning the serun
was centrifuged off and pipetted in 1~2 ml,
aliquots in small test tubes. The antiserunm
was either used at once if required; or else
a little merthiolate was added to the serum
which was then kept in the deep freeze until

needed, (minus 40°¢),
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SLROLOGICAL TESTS

Precipitin Reactlons:

iﬁtrdduction:

Since the precipitin rcactions are of
great classical importance in immunology, in
agddition to the simplicity of the techniques
involved, it is natural that they should be
tried in the antihormone study. In order
tc achieve reproducible results and to use
such reactions for the titration of varying
anounts of horzone antigens and antibody, it
is necessary to carry out preliminary
experiments,. Such experiments will indicate
the optimasl conditions for the hormone =
antihormone systems, when using rabbit sera
for precipitation reactions in the zone of
entibody excess or in the equivalence zone
(zone of optimal antigen-antibody ratio) no
antigen is detectable in the supernatant, and
the precipitate contains all the antigen. .
(Heidelberger & Kebhdall, 1929), ‘ihen more

antigen is added to the optimal ratio
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reaction, more precipifation occurs, usually
because antigen-antibody complexea.already
formed join each other, Therefore; maximal
precipitation occurs usually in the zone of
antigen excess up to a certain point, This
raximal precipitation in the zone of‘antigen
excess has been found a most useful measure
(as useful as the optimal ratio point) of

the concentration of this antigen in many
precipitating systems (Wilson and Miles, 1957, Libby
1938a,1,1947, Pope & Healy, 1938, Bolton et
al, 1948).  The phenonenon has been recently
used for quantitations of beta-lipoproteins
in human serg by means of the immunocrit -
nethod (Hewskell et gl 1961, Chaney et al
1961),

Ilo antigen or antibody can be detected
in the supernatant when precipitation 1is
complete at the zone of equivnlence in most
systems. Occasionally, however, complete
absorption in the equivalence zone leaves some

antibody in the supernatant, and a second
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addition of antigen may be required to

precipitate the remaining antibody (Wilson
& Miles,, 1957 ).

Apart from these general

provisos, it has been found that complete

precipitation in the goaadotrophin-

antigonadotrophin system, especially outside

the zone of equivalence, requires standing

geveral hours a% room temperature (Crulckshank &

Currie, 1958),

Prelinminary IPxperimonts:

I, Détection of the Anfigen-Antibody Optimal

wmatio:

The interfacial-ring technique was used,

Varying dilutions of the antigen were layered

gently oa top of undiluted antiserun, The

volunes of the reagents were measured and added

by the'dr0pping teehnique, one drop being one

volume.

Altogether, ten sealed pasteur

pipettes were set for each test as followst

Tube Ho,

Antigen
- (neat
volune).

Antivody
(neat
volune)

1 2 3 4
3 21 %
1111

5

-

“

1

6

<
[}

7 8 9 10
1/16 1/32 1/64 1/128
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The first tube to show a ring of
precipitation at the interfuce indicated the
optimal antigenwconcentration;

Regsultas

ﬁost of the antigens uscd showed an
optimal reasction a% a dilution of 1/3 to
1/4, with antisera obtained after two to
three weeks of immunisation, Some pregnancy
urine extracts gave an optiral reaction at
a dilution of %.

One extract (echild II) gave optimal

rcactions when undiluted.

Titration of the Antisera.

h The aaméytechnique.as uged for the
detection of optimal ratios was used. for

the titration of different aﬂtisera, but

in this case, the antlgen concentration was
kept constant (chosen as the optimal antigen
concentration for the particular system) and
the antiserum concentration was varied in

the following manner:-
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Tube Noo 1 2 3 4 5 6 T 8 9 10
Anti-

corunm  Neat & 4 § 1/10 1/20 1/50 1/100 1/250 1/500
(one

volume)

Antigen L 3 3 % 2. 1 2 : B

(one

volune)

The rcaction was read after allowing to stand at
room tenmperature,

Titration of the antisera was done for
the following purposes =
1, To show the effect of varying the time
allowed for the reaction on the final titre of
the reaction,
2. To follow the rise and fall of precipitating
entibodies in thé'circulation of rabbits after
varigble periods of immunisation.
3., To study the effect on tho titre of using
an adjuvant in the immunisation of rabbits.
1l ~ The Effect of Time on the Reaction:

In order to find out the optimal time
for the reaction between gonadotrophins and
antigonadotrophic sera, in precipitation

reactions, a series of tests were performed



54,

using the interfacial ring technique. The
reaction was read after + hour, 2 hours and
overnight standing at room temperature;

The optimal time of reaction was
tasted for antigen-antibody mixtures, in
which a constant optimal antigen dilution
was added by the interfacial ring technique,
to an equal volume of varying dilutions of
antiserunm, The result was indicated by
the highest serum dilution showing the
reaction.

Results, }
o Although the mixture containing optimal
antizen and antibody concentrations always
gave a quicker reaction (within half an hour)
yet when the antigen was in excess a reaction
appeared at higher titre of antiserum when the
result was recad after two hours and overnight
standing.
2. The Rise and Fall of Precipitin Titre.
The precipitin titre of antiserum to

extracts from urines of Xlinefelter syndrome
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patients (KFT) was tested in the interfacial
ring technique, at intervals. The titres of
reactions of this antiserum vere tested against
crude and purified extracts prepared from
urine of Klinefelter syndrome patients,

These reactiohs were performed at one, threé,
five and ten weelzs from starting the
immunisation, and at similar intervals after
stopping the injections, Similarly,
antisera to pregnancy extracts, normal male
extracts, children's extracts, Pregnyl and
Gestyl were titrated.

Results.

Using g tannic acid preparation of
gonadotrophins (nominally "pure") for
injections, a perceptible precipitin reaction
was obtained after one week, The titre was
estimated at 1 in 4 using a kaolin extract
of a Klinefelter urine as the antigen. A
tannic acid extract of the same urine gave
a titre of 1 in 2.

At the end of 3 weeks of injections
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both antigens gave a titre of 1 in 100
with the rabvbit serum. Further increases
were noted at 5 weeks. In the case of the
Inolin antigen the titre was 1 in 500, but
with the tannic acld antigen it was 1 in
250, Further immunisation did not appear
to increase the titre, and indeed after 10
weeks ol injeétions the concentration of
antibodies tended to diminish,

Cessation of injections caused a rapid
fall in antibody concentration and after 3
veeks the titre was only 1 in 10, Ho
reaction at all could be detected by the
interfacial ring technique in enother 2-3
weeks using the kaolin extract as the
reacting antigen. The purer tannic acid
antigen still gave a reaction at that time
but this too disappeared rapidly thereafter.

The sera from three rabbits immunised
azgainst extracts from three Klinefelter
patients showed the same pattern, The results

for one such preparation are shown in Table 5.
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ihen the antiserum to normal nmele
extracts was tested againgt its antigen, a
progressively rising titre was obtained with
both kKaolin and tannic acid extracts. The
titre obtained with the XA antigen was
reasonably high from the start, reaching a
maximum of 1 in 100 after ten weeks of
continuous immunisation, and disappearing
completely after three vieeks of stopping
the injections, However, the titre obtained
with tannic acid antigens, started at a
rather low level of 1 in 2, rose considerably
after 5 weeks, and reached 1 in 100 after
10 weeks. INo reaction could be obtained
with this antigen 3 weeks after the
immunisation was stopped,

VWhen - antiscrum to children's extracts
reacted with KA children's extracts, the titre
wag 1 in 2 after one week, and rose to 1 in
20 after 5 weeks of continuous immunisatien.,

A tannic acid children's extract, gave no
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precipitation until the third week, vhen

the titre was 1 in 4, The titre reached

1 in 8 after 5 weeks, The rate of fall of
the titre of this .antiserum was studied;
until the third weck, when no reaction could
be detected.

When the titre of antiserunm to
pregnancy urine extracts was tested with KA
extracts of such urine, it was found to be 1
in 8 after one week, 1 in 500 after 3 weeks,
and between 1 in 500 end 1 in 1000 after 10
weeks of lmmunisation. Tannic acid extracts
of pregnancy urine gave a titre of 1 in 2
after 1 week, 1 in 250 after 3 weeks, and 1
in 500 after 10 weeks of continuous injection,
vhen the immunisation was stopped, there wasg
a quick drop of the titre of the reaction
reaching 1 in 50 for both KA and tannic
preparations after 3 weeks, o reaction could
be detected with either preparation after two
further weeks,

Anti Gestyl serum produced & precipitin
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reaction with Gestyl only after three weeks
of immunisation., The titre then was 1 in 8
and rose to 1 in 20 after 10 wecks, Once
the injections were stopped the titre dropped
tu 1 in 2 after one week, and no reaction was
obtained after three weeks.
3 - Effeet of adjuvant on the precipitin titre:
Reference to Table VI shows the effect
on the anti=hornone titre of changing over to
Ramon's adjuvant in the immunisation of three
rabbits, After three weeks of immunisation
without adjuvant, anti-Pregnyl serum reacted
with Pregnyl up to a titre of 1 in 4, anti-
Gestyl with Gestyl up to 1 in 4 and anti-KFT
with KPT up te 1 in 8, Vhen immunisation had
been carried on for another three weeks; using
mixturcs of adjuvant and hormones, the titrea
became, Neat, 1 in 4, and Neat respectively;
Although the response of the rabbit
receiving KFT was probadbly pocor from the
start (producing a titre only 1 in 8 after

three weeks) yet the response of the other two
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rabbits was low as expected when using highly
purified antigens (Pregnyl and Gestyl),
However, there was a drop in the
precipitin recactions of all antisera after

adjuvant immunisation of the rabbit.

Croas Precipitation Fxneriments:

Titration of the preciplitin reactions
of different antisera was performed for the
following purposces:

1., To demonstrate qualitatively and
quantitatively cross reactions of the different
antisera and the preparations tested,

2. To study the species specificity of the
precipitin reasction by testing Gestyl
(pregnent mare's sefum) and its antiserum
against human éxtraots and their antisersa.
3. To study the hdrmone gpecificity of the
reaction by elarifying the following points:
&« The relation between the titre of the
reaction and the hormone activity of the
antigens,

b. The titre of reaction of antisera to
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biologically inert extracts when tested against
inert and active extracts.

ce The effect of purification of the antigens
on the titre of its reaction with different

seri,

Results,

As can be seen from Table VII Gestyl
did not give any cross precipitation with
other antisera, nor did its antiserum
precipitate other antigens, This indicates
that the precipitin resction of antihormone
sera 1s species specifioc.

All the other entisera tested gave
positive precipitin tests with all the antigens
of human origin, whether the source was the
placenta (liCG), or the pituitary gland (KF,
normal male, HIG),

Preparations which were completely
inacfive in mice produced considerable precipitin
reactions with all the antisera except the
anti-Gestyl serum. These inactive extracts

included children's extracts, extracts obtained
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at unusuwal pH from pregnancy urine (CG 8), from
menopausal urine (JiG 8) and one post menopausal
extract rendered inactive by storage for a

long tine, From Table VII it can be clearly
seen that antiserunm to childrents extracts gave
strong reactions with active and inert extracts.
Although the titre of reaction of highly active
extracts (XI', CG, ITIG) was often higher than the
titre of recaction of less active extracts, yet
the opposite sometlmes occurred, The
discrepancy betwecn the titre of reaction and
blological activity was most marked with antigens
of no activity (extract 342 and children's
extract), and antigens of low activity (hormal
male and normal female extracts). At the same
tinze purified extracts usually gave less
precipitation than their erude counterparts,
whether reacting with their ovn antilserum or
other antisera, This was equally true of
blologically active and biologiecally inecrt

extracts.
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Conalusions,

The precipitin reactions of antihormone
sera seen to be species-specific but not organ-
specific.,  They also secm to be at least
partly hormone-specific since (1) anti~hormone
sera always gave stronger reactions than
antiserun to children's extract, (2) the
biologically active eitracts often reacted more
strongly tren biologically inert ones, and (3)
purification of the horrmonge cxtracts did not
abolish any of these reactions, However;
considerable reactions were obtained with
inactive extracts and thelr antisera.

Microprecipitation (Immunoccrit) Txperiments:

Since estimation of the titre of croés
precipitin reactions proved disappointing for
our purpose, an attempt was made to estimate
these reactions by measuring the amount of
precipitate by the immunocrit method,

The tééhniquc uced was that employed for
the serological quantitation of scrum

lipoproteins (leiskell et al 1961, Chaney et
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al 1961, Bergguist?§9%%). On a c¢lean dry
glass plate, one drop of antiserum and two
drops of antigen (4 or % according to the
optimal concentration) were nmixed togecther
thorougﬁly with a glass rod for abount 10
peconda, The nmixture was then allowed to
flow up the capillary tube to the two inch
narke. The tip of the tube further away from
tho fluid level wzs scaled by rotating it
slowly in the flane of a bunsen burner. Then
the tube was centrifuged. The amount of
precipitate was read with the aid of a
nagnifying glass and a specinl nmillimeter
scale. Lach 0,25 mm. of prccipitate was
reported as one plug.

Prelinminary Ixperdinent:

To conmpare the amount of precipitate with
the titre of reasction as indicators of the
extent of the precipitin resoztion, a combined
imnmunocrit and interfacial ring experinent wvas
conducted. The reactions were read after ¥ hour,

2 hours, and over night standing at room
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temperature,

As can be seen from Table VIII, after
a reaction time of + hour, the interfacial
ring technique showed & nositive reaction with
sowe extracts, while the ilmmunocrit technique
did not show any reaction. Thusa the
interfacial ring technique is apparently more
sensitive, llowever, reading the reaction
after two hours showed complete agreecment
between the interfacial ring and the immunocrit
techniques, Allowing the reaction to proceed
ovérnight, the changes in the titre of reaction
and the amount of precipitate were again equal
in extent and pattern. Qvernisht at room
temperature wag adopted as the method of choice,
A titre of 4+ - 1/0corresponded with +, a titre
of 1/20 = 1/50 corresponded with ++ to +++ and
a titre of 1/100 -~ 1/250 corresponded with +++
to +4+4,

Crogss Precipitation Reactions by the Immunocrit

Mathod:

Analysis of the results in Tables VIII and
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Table VIII,

Comparison of titre and amount of
precipitate.

Effeet of time of reaction on both,
(usinz pure antiszrum and anticens).

smount of precipitate Titre with

with variation of variation of

Preparation, Heucu, tine, time,

% hr, 2 hrs, over- % hr, 2 hras. over-

nisht, ‘ nicht,

CG 1 160 + + b I 1/20 1/50
CG 1I 320 + + +t 1 0} 1/10
CG III 320 ++ 4+ +++4 1/20 1/100 1/250
CG IV 160 + +4 +++ /2 1/10 1/10
CG V 320 - ++ bt 1/20 1/50 1/50
CG VI 160 + +44 FRPRS 1/10 1/50 1/50
CG VII 160 - + + - 1/2 1/5
CG VIII over 160 + ++ 4+ 1/5 1/20 1/20
cG 8 (o} ++ ++ ++ 1/50 1/50 1/50
KFT 10 + ++ +4 1/10 1/10 1/20
KFK 1 20-40 + ++ ot 1/5 1/20 1/50
KFK II 20 ++ dt+ 1/5 1/20 1/50
KFK I1X 80 ++ ++ 4+ 1/50 1/250 1/250
Normal male 1 20 - ++ +++ 1/2 1/5 1/10
Hormal male II  20-40 + ++ ++ 1/2 1/5 1/20
Normal male III 10-20 - + + - 1/2 1/2
Normal female © 10 - +4+ ++ 1/2 1/5 1/10
Hormal female 7 - + + N 1/2 1/2
HLIG 80-160 = + ++ N N 1/5
HIG 8 0 + + ++ 1/5 1/10 1/10
Child 1 0 + +4 ++ 1/5 1/20 1/20
Child II 0 - + + N 1/2 1/4
342 0 ++ e+ +44 1/50 1/50 1/100
Pregnyl 160 - + + N N 1/5
Pregnyl 160 - - + - N 1/2

CG = Pregnancy urine.,

CG 8 = Pregnancy urine extracted at pH 8.

KFT = Tannic acid extract of Klinefelter urine.
KK = Kgolin extract of Klinefelter urine.

IMG = Human lMenopausal Extract.,
HIG 8 = lienopausal urine extracted at pH 8,
342 = Ixtract from hypophysectomised male.
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Table IX,

Cross Precipitin Reactions (Immunocrit)

Source. e UaUs KF3 NITS CGS CGTS PrS oS ChS GesS
Kaolin Extracts.

cG I 160 S T T S S + 4+t -
CG II 320 +++ o+ A+ o+ ++ 4+ -
CcG IIX 320 ++4+ ++ ++  ++ + 2 I S S
cG IV 160 ++ + + o+ + - o+ -
CG V 320 ++  + + o+ ++ o+ 4+ -
CcG VI 160 +++ o+ bt + ++ ++ + -
CG VII 80 ++ o+ ++ o+ + + 4+ -
CG VIII 160 ++ + + - - + = -
CG pH 8 0 tt A+ 4+ + + + 4+ -
Pregnyl 320 -
KFK 1 80 +++ ++ bt o+ 4
XFK 2 160 4+ + o+ - + o+

KFK 3 40 R A - S

IFK 4 80 ++ o+ + o+ + + o+

XrK 5 80 44+ 4+ A+ 4 +  ++ ++
XI'K pH 5§ 0=5 +++  ++ ++ 4 + + 4+
KFK pH 5 5 ++ + + o+ + +  +

N d' I 20 + + + + - + + -
Ng' 11 20 ++ + 4+ o+ N
Ng IIX 10 ++ o+ 4+ o+ - + + -
NG” IV 20 +H++ HH+ H+ 4 + + + -
Ng'v 20 R T Y
342 0 +++ ++ +++ O + ++ 7 -
Ho I 20 + + + o+ + - 4+ -
Ng 11 10 ++ + + 4+ + + + -
Ng III 40 ++  ++ ke o+ + + + -
No IV 10-20 ++ + + + - + - -
N V 20 + - + o+ - + + -
HI'G 80 ++ o+ + - - + -

HIG 8 0 S S - + -
Child I 0 ++ + ++ + + ++ o+
Child II 0 + + + o+ + + +
Gestyl €40

KFS = Antiserum to Kaolin extract of Klinefelter urine.
KI'rs = " " Tannic " ot f ]
CGS = " " Kaolin H " Pregnancy "
CG.TS = " 1" T&nnic (1] " 1t "
Prs Antiserum to Pregnyl.

HoS = Antiserum to liale urine extract.
= Antiserum to child extract. 342 = Extract from.
GesS = Antiserum to Gestylo hy‘pophysectomieed

male,
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Table IX (contd.)

Source. 11, U U, KFS XT3 CGS CGTS Pr3 NoS ChS GesS
Tannic Extracts,. ‘
cG I 160 +++ o+t FE+ + + O+t
cG II 320 +++ ++ 4+ + + o+t -
CG III 320 ++ + ++  + + ++  + -
cG IV 160 ++  ++ + 4+ - 4+ 4+ e
Ca Vv 320 + o+ R T + + -
CG VI 160 S R T R S S o S S S
CG VII 80 ++ o+ + 4+ + o+ o+ o=
CG VIII 160 + 4+ + + - + + -
CG pH 8 0

Pregnyl 320 t+ t+ A+t F = -
IFK 1 80 T L T T

(FK 2 160 ++ 4+ e+ + + 4 -

KFK 3 40 o+t o+ = 4
KFK 4 80 ++ o+ - - - ot -
KFK 5 80 ++ 4+t - - -

KFE pH 5 0=5

KFK pH 5 5

No" I 20 + + + - - + -

No” I1 20 + + + o+ - + +

o’ I11 10 ++ 4+ ++ 4 - ++  +

Ng” IV 20 N T
NV 20 +++ A+t A+ + ot -

342 0

Ho 1 20 + + + 4+ + - -

o II 10 + + ++ 4 -+ +

Ne IIIL 40 ++ + + - - - -

No IV 10«20 ++ ++  ++ 4+ +  + o+

Ho V 20 + + + + + + +

G 80 + o+ + - - + -

G 8 0

Child 1 0 ++ o+ + - 4+ ++
Child II 0 + o+ - - - o+ o+
Gestyl 640 - - - - - - - 4

CG = Pregnancy urine,

CG pH 8 = Pregnancy urine extracted at pH 8.
KFK = Kaolin extract of Klinefelter urine.

KFK pH 5 = Hlinefelter urine extracted at pH 5.
IZIG = Human Henopausal Extract.

MG 8 = lMenopausal urine extracted at pH 8.
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nornal nale, normal female, inactive menopausal,
iﬁactive pregnancy extracts) seemed to give too
big a precipitate in many cases, whether purified
or crude, and whether reacting with crude or
purer antisera.

Fractions separated by the Sephadex gel
method were tested against antisera to
Klinefelter tannic extract and pregnancy tannic
extract. The results are shown in Table X,

There was a rough correlation between
biological activity and the amount of
immunocrit precipitate but the reactions vere
obviously not specific and cross rcactions were
obtained in every case apart from Gestyl which
gave no reactions with either antiserum.

Similar tests were carried out on the
fractions obtained by salting out a tannic acid
preparation of Klinefelter urine with saturated
ammonium sulphate solution. In this case the
preparations were tested against the
corresponding antiserun. The immunocrit

readings and precipitin titres of the various
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Table X.

Immunocerit Precipitin reactions of
Sephadex Fractions.

Preparation,. Antiserum to:~-
Klinefelter - Pregnancy
Tannic, Tanniec,
Xlinefelter 1 ++ o+ o
XLaolin 2 > -
(20 mu) 3 - -
4 - -
5 - -
¥linefelter
Tannic 1 + +
(20 mu) 2 + -
3 - -
4 - -
5 - -
Pregnancy
Kaolin 1 + +
(20 muu) 2 - -
3 - -
4 - L]
Pregnancy
Tannic 1 + +
(20 muu) 2 - -
3 - -
4 - -
iienopausal
Kaolin 1 + +
(10 muu) 2 + -
3 - -
4 - -y
5 - -
Gestyl 1 - -
(160 muu) 2 - -
3 - .
4 - -
Pregnyl 1l ++ ++
(80 muu) 2 - -
3 - -
4 - -
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fractions are glven in Table XI.

Again there is a rough correlation
between biological activity and the precipitin
tests but in view of the scatter of activity
over the fractions no specificity can be
attributed to fhese reactions.

Conclusions:

The immunocrit techmnique has no
advantage over the interfacial titration
technique except 1ts simplicity. Both are
equally relisble when the longer reaction
times are used. The general pattern of the
results of cross precipitation tests was the
same in both methods.

Conclusions on Precipitin Reactions of

Anti-Hormone Sera,

The precipitin reactions of the anti-
hornone sera tested, proved to be species=
specific, but not organ-specific, They also
seemed to be only partly hormone specifie,
since biologically inert component or

components of the antigenic extracts appeared
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to be equally involved in the reactions.,
Therefore, the degree of reaction could not
serve as an accurate indication of the
blological eectivity of an extract, whether
the reaction was measured by the titre or
by the amount of precipitate. ~Antigera to
inert extracts, also reacted with active and
inert extracts, more so with the former,
Purification of the extracts used for
the production of :antiscra and/or for cross
reactions, diminished but did not abolish the

so=-called non-specific reactions.,
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Complement Fixation Experimentg;

Introduction.

The complement fixation reactlons are
like the precipitin reactions one of the most
classic techniques in immunological work.

It has been shovn to be more sensitive than
precipitation (Boyd, 19¢L ), Since the
precipitin testa tended to give us false
impressions about the gonadotrophine
sntigonadotrophin system, it seemed wise to try
complement fixation reactions in this system.,

The technical application of this
recaction demands a véry accurate standardisation
of each reagent, Beforé using both antigen
and antiserum the anticomplementary action of
each of them vias determined, From this the
appropriate dilution for both to be used in the
test was determined.

In our tests we used the constant volume
technique of Vasserman., Equal volumes of
antigen, antibody and complement solutions were

added to each other, the variant being either
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the smount of complement, or the dilution of

antiserum contained in this standard volume,
As in Vasserman's original technique the
gtandard volume was O,1 nl,

Preliminary Fxperiments:

1. Titration of the Antisera,

Doubling dilutions of‘antiserum were
tested against a constant dllution of the
antigen which had been uged to produce the
antiserun, The serum dilutions used were as
follows - 1/4, 1/8, 1/16, 1/32, 1/64, 1/128,
1/256, 1/512, 1/1024, 1/2048.

No antiserum was anticomplementary at
1/4 dilution, so this dilution was chosen as
the starting dilution, The antigen dilution
was chosen as thg lowest dilution not
possessing anticomplementary power; This was

usually 1/4 or 1/8.

2. The rise and f£8ll of compnlement fixation
titre. | '
- All the entisersa tested for precipitin

reaction were also tested for their complemént
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fixation reactions, Reference to Table XII
shows that the titre of complement fixation
rose with the period of immunisation; Antiserunm
to tannie acid extracts of Klinefelter urine
gave a titre of 1/2 after 1 week, and 1/32
after three weeks, when tested against the
corresponding antigen, Thege titres are lower
than the corresponding titres of precipitation
for the same gysten. However, by the end of
the 5th. week of immunisation, the complement
fixation titre exceeded the precipitin titre,
reaching o maximum of 1/2048, After 5 more
weeks, there was a slight drop in both
conplement fixation and precipitin titres.
After stopping the irmrmunisation the conmplement
fixation titre drcpped quickly; but a positive
reaction at 1 in 2 serum dilution was still
obtained after 10 weeks, unlike the findings
for precipitation tests.

ihen a kaolin extract was used for the
titration of antiserum to tannic extracts,

the pattern was rather different. Higher
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titres were obtained until the end of the 10th,
week of immunisation, while a quicker drop
occurred after cessation of immunisation.
Table XII also shows that antiserum to tanniec
acid extracts of pregnancy urine when teated
against the corresponding antigen had titres
of 1/2, 1/512, 1/2048 and 1/4096 after periods
of immunisation of 1, 3, 5, 10 weeks
respectively, which were ggain higher than the
corresponding precipitin titres. After
stopping the injections the titre dropped
until a positive reaction was obtained only
at 1 in 8 dilution after ten weeks, ‘hen a
kaolin extract was used for the titration of
the same antigerum, a stronger rcaction was
obtained up to the 5th. week of immunisation,
Afterwards the titres for both kaolin and
tannic preparations vwere similar,

Antiserun to Gestyl reached a maximum
titre of 1 in 64 after 10 weeks of immunisation
and dropped to zero after 5 weeks of stopping

the injections, Antiserum to normal male
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extracts tested against its corresponding
antigen reached & maximun titre of 1/256 after
five weeks of continuous injection. The sane
titre was obtained after five more wecks,
“hen injections were stopped the titre became
1 in 2 after three weeks and no reaction was
obtained after five weeks, Antiserum to
children's extract reaclicd a maximum titre of
1 in 64 after five weeks of immunisation and
no recaction was obtained three weeks after the
immunisation was stopped.

In general the purer normal male and
children ecxtracts recacted with their antisera

to & lower titre than cruder extracts;

3, The Iffect of Adiuvant on the complement
fixation titre. |

AReference to Table XIII shows that
hizsher titres of complement fixation of anti-
Pregnyl end anti-XPT sera were obtained before
~and after the rabblts received an adjuvant
with the immunising antigens,. However the

titre of the anti-Gestyl serum was unaffected,
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as in the case of the precipitin titre of
the sane antiserun.

Cross Conplenent Mixation Reactions.

The Antiserum Titration Teehniﬂtme' |

Annlysis of the resulta in Table XIV

indicates that ecross rcactions occurred

between all antisera and all antigens used

ineluding Gestyl and anti~Gestyl serumn,

Therefore, the complement fixation reaction

of the hormone-antihormone system seemy to be

neither specieg specific nor organ speéific.
The hormone specificity of these

reactions seems doubtful. Although

biologleally active extracts usually gave

strong reactions, yet biolozically inert or

low activity extracts (children's, normal

male, normal female, inactive pregnancy, inactive

menopausal, 342 (hypophysectoniced nale)

extracts) produced considerable reactions with

all antisera, Also, kaolin extracts generally

produced stronger reactions than the purer

tannie acidApfeparaticns; Although, in general
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each antigen reacted with its own antiserum
to a greater extent than othcr antigens did,
yet antiserum to children's extracts gave
gtronger recactions with the more biologically
active preparations,

It 19 clear that the titre of complement
fixation can to correlated with hormone
activity of the antigens within a range of
error sinmilar to that of the precipitin titre,
The error is most marked when testing low
activity or inert extracts.

Tables VII and XIV show that although
the complement fixation titres in general were
higher than the corrcsponding precipitin titres,
in case of anti-child=extract serum, precipitin
reactions were of higher titres than complement

fixation reactions.

Complement Variation Technique,

- In uftempﬁ fo'ovéféoﬁewfﬁe discrepancies
obtained with the titration technique, we tried
Harrison's quantitative technique as modified

by Viyler. A standard volume of 0.1 ml, of each
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reagent was used, Constant dilutions of
antigen and antiserum were used, These dilutions
were the lowest dilutions not showing spontaneous
anti~conplementary activity. The amount of
complement was varied by varying the number of
minimal haemolytic doses (il.1.D.), contained
in the standard volume. Iwo lI,H,D, were used
for the antigen and antiserum control tubeas,
Ten tubes were used for the test proper
containing the following numbers of IM.H.D. of
complement: 2% 3, 4, 5, 6, 7, 8, 9, 10, and 11.
The result was reported as the serial number
of the last tube showing a positive reaction
(partial lysis or no lysis),

Results,

N These are showvn in Tables XV and XVI,

The first tables lists the reactions obtained
using crude Kaolin extracts of urines as the
antigens against antisera to both crude and
purified extracts, In this case there wvas
little evidence of specificity. Extracts

from five Klinefelter patients gave strong
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reactions with anti-Klinefelter serum but strong
reactions were also obtained with anti-pregnancy
serum, Reactions with "Gestyl®" which,
biologically, has some of the characters of
pituitary gonadotrophins, were, on the other
hand, rather weak. Similar znomalies were
apparent in all other groups, In addition it
is quite evident that there was no relationship
between the biologlcal activity of the extract
and the consumption of complement even when
tegted against specific antisera,

"Pure" extracts (Tuble XVI) gave reactions
which showed promise of a little more specificity
but it was of trifling nature and again there
was only very rough correlation with biological

activity.

Sephadex Preparationg.

| The fractidﬁs 65tained by this nethod

were tested against two antisera according to
the complement consumption technique, The
antisera were those prepared against Klinefelter

and pregnancy tannic extracts. Two Ilinefelter
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Table XV,

Complement Consumption tests using crude
extracts against antisera to crude and

Antigens, purified gntigens,
Keolin “Antisemto
Extracts, M UsUsy KK XT PK PT MK CK Presnyl Gestyl
Xlinefelter 1 40-80 5 3 3 2 3 1 2 2
2 160 7 3 5 3 3 3 2 5
3 40 6 3 6 4 3 2 3 4
4 40-80 9 9 3 4 5 3 2 2
5 80 8§ 6 & 5 0 2 5 3
Pregnancy 1 160 3 3 4 3 3 O 3 3
2 320 7 2 5% 3 5 2 2 1
3 320 5 3 8 5 6 4 4 2
4 160 5 4 5 1 2 2 4 3
5 320 3 2 5 3 4 1 3 2
6 160 3 2 2 2 1 O 2 4
7 B80-160 10 7 9 6 2 0O 7 5
.. 8 320 8 5 9 5 2 2 2 6
pH 8 ) 6 2 6 2 1 0 1 1
llenopausal 1 80 5 4 5 2 3 3 2 5
2 40 10 7 10 4 3 1 5 3
3 80 3 5 2 3 3 1 2 4
4 160 1 3 3 2 3 O 1 4
5 160 10 4 8 2 1 © 4 2
.6 40-80 3 3 1 o 1 2 2 0
H 8 0 4 4 5 2 1 2 2 1
Iale 1 20 5 3 3 O 4 0 2 2
2 20=40 6 2 5 3 4 2 1l 1
3 10=-20 5 3 3 1 2 3 L 0
4 20 5 4 3 2 2 1 0 2
342 0 5 5 6 J 2 3 1 2
Female 1 10-20 3 2 1 2 3 2 2 0
2 10 6 5 5 0 1 O© 1 1l
3 40 2 2 3 2 0 2 0 0
Child 1 0 T 5 4 2 3 3 2 1
2 0 2 2 1 o0 2 2 0 1
KK = Klinefelter Kaolin, - PT = Pregnancy Tannie,
KT = Klinefelter Tannic, IK = Ilale Xaolin.
PK = Pregnancy Kaolin. CK = Child Kaolin,

The result is expressed as the serial number of the last
tube showing a positive reaction,
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Table XVI.

Complement consumbtion tests using
purified e¢xtracts against antisera
0 crude and purified antigens,

Antigens
Tannic acid | Antisera to
extracts, leeUe KK KT FK PP MK CK Preenyl Gestyl

Klinefelter 1 40-80 5 4 2 3 2 2 3 4
2 160 8 & 8 3 2 2 5 5
3 40 3 3 4 2 3 2 0 1
4 A0=-80 T 5 4 5 2 1 2 3
2 80 8 5 5 3 5 2 3 2

Pregnancy 1 160 3 3.4 3 3 1 4 2
2 320 5 2 3 3 2 1 2 2
3 320 5§ T 10 6 3 0 6 4
4 160 2 1 6 6 1 O 8 3
5 320 3 3 2 1 2 2 3 2
6 160 4 2 3 3 1 1 3 2
7 60=160 5 . 5 & 6 2 1 6 3

llenopausal 1 80 e 4 3 2 2 3 2 5
2 40 6 5 3 4 5 3 4 1
3 40-C0 3 2 3 2 1 2 2 1l

lale 1 20 3 2 2 1 3 2 1 2
2 20-4C 4 2 3 0 2 3 2 0
3 10=20 3 3 2 0 2 0 0 1.
4 20 5 5 3 2 1 1 2 2

ffemale 1l 10-20 3 2 2 1 2 1 1 1
2 10 3 2 0 2 2 0 2 0
3 40 2 2 0 0 0 2 0 0

Child 1 0 5 5 3 2 3 3 0 2
2 0 2 3 2 0 1 2 1 2

Gestyl 640 2 2 2 1 2 0 4 >

Pregnyl 320 2 2 3 2 2 0 4 3

XK = Xlinefelter Kaolin. PT = Pregnancy Tannic,

KT = Xlinefelter Tannic. IK = lale Kaolin.

PK = Pregnancy Kaolin. CKX = Child Kaolin,

The result is expressed as the serial number of the last
tube showing a positive reaction.
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menopausal, gestyl and pregnyl were tested in
this manner, The results are shown in
Table XVII,

The reactions were always, with one
exception, most marked with the first fraction.
This is in contrast to the biological activity
which almost always was strongest in the second
fraction, Again there was littlo cvidence of
specificity,

Conclusions on the Complement Fixatlion Reactions,

Although the complement fixation.reactioné
of the Gonadotrophin-antigonaddtrophin: systen,
proved to be more sensitive tgén the
corresponding precipitin reactions, yet they did
not appear to be more hormone-specific, Like
the precipitin reactions they are not organ-
specific, but unlike the latter they also are not
specles specific. The raote of appearance and
disappearance of the two reactions, as well as
the comparison of the titres, seem to suggest
that the two reactions may not necessarily involve

the same antibody or the same factors.
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Table XVII.
Antisera to:-
Antigen., 'I:I*u.u.l?er Klinefelter Pregnancy
Sephadex ‘ractions) Iraction.  Tannie Tannic
Klinefelter 1 10; 6 4
(Kanolin) 2 (5) g 8
2 0 0 0
5 0 0 0
Klinefelter 1 10 4 2
(Tannic) 2 g 3 g
2 0 c3> 0
5 0 0 0
Pregnancy 1 9 6 6
(Kaolin) 2 18 ;: g
I:' g 0 0
Pregnancy 1 2% 2 4
(Tannic) 2 18 4 5
;.0 5 3
l'enopausal 1 18 g g
% 0 0 0
4 0 0 0
| 5 go 0 0
Gestyl 1l e 2 3
20
2 2 2
3 0 0 1
4 0 0 0
Pregnyl 1 20~ (2) %.
2
3 0 0
4 0 0
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Haenoazglutination Experiments.

Introduction:

The diéappointing lack of specificity of
the two classical reactions, precipitation and
complement fixation in immunological studies
has been attributed, at least in part, to the
relative insensitivity of thoée reactions
(Wright 1961)., As a result other techniques,

\apparently more pensitive and more specific

have recently been introduced. Of these the

haemoagslutination technique of Roitt (1958) and
Roitt et al (1956) has been applied to the i

HCG~anti-lICG system by Vide and Gemzel (1961)

with favourable results, we conducted a

study of this technique on all our antisers

and entigens,

Ilethod,

Different antizens were each adsorbed on
Group O, Rhesus Negative human red cells with
the aid of tannic acide Of a 1% suspension of

these antigen-sensitised RBCs.,, a volume of

0.1 ml, was added to 0.4 ml, of rising dilutions
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of different antisera. The pattern of the
RBC sediment, after overnight standing at 4°C,

indicated the result of the test.

The antigens were used in a constant
dilution of 1/4. Antiscra were first tested
for their spontaneous ability of causing
non-specific agglutination of tanned, but not
sensitised RECs, It was found that a dilution
of 1/10 of any antiserum used did not cause
such non=-specific reactions, Therefore, when
titrating antisera, the following serum
dilutions were used - 1/10, 1/20; 1/50, 1/100,
1/250, 1/500, 1/1000, 1/2500, 1/5000 and
1/10,000, The results were expressed as the
reverse of the highest dilution giving =
positiﬁe agglutination of RECs sensitised
égainst a glven antigen. Thus a titre of 1/100

was expressed as 100, ' For each test a serum

- control tube was set by adding 0.2 of antiserum

1/50 to 0,2 of the corresponding antigen
(undiluted) then 0.1 of the antigen sensitised

RICs, No agglutination should occur in this
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tube if there was no non-specific reactions,

Preliminary Fxperiments.

1. The Rise and Pall of Haemoarclutination

itre:

Reference to Table XVIII ghows that the
titre of the haemoagglutination reaction of an
antiserum to tannic acid preparation of KPP
urine rose steadily with the period of
immunisation to a maximum of 1/10,000 after
5 weeks, using a crude antigen for the titration,
when using a purified extract, the maximum titre
of reaction was 1/5000, The haemoagglutination
titre was higher than the precipitation and
complement fixation titres throughout.

After stopping the injections, the titre
seened to drop slowly. After 10 weeks the
reaction was positive at 1/10 dilution of the
antiserun, During this fall, there was no
difference in titre of reaction when the antiserum
reacted against crude or purified extracts,

This fall was nmuch slower than that observed in

precipitin and complement fixation reactions,
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Antiserum to tannic acid preparations
of pregnancy urine (CGT), gave titres of 1/250,
1/5000~1/10,000, and 1/10,000 after 1, 3, 5
weeks respectively, whether the titration was
done with tamnic or kaolin pregnancy extracts,
The titre after 10 weecks often rose to 1,/20,000,
an extra dilution of the antiserum being added
to the test, After otopping the injectionsg,
the titre dropped to 1/1000 after 5 weeks and
1/20 at the end of ten wecks. During the
fall of titre, especially after the third week,
the tannic acid preparations sometimes gave
lover titre than kaolin extracts, Antiscrunm
to normal male extracts produced a titre of
1/1000 after ten weeks of immunisation which
dropped quickly until no reaction was detected
5 weeks after the injections had been stopped.
Antiserum to children's extracts showed a
maximum titre of 1/250 after 10 weeks of
immunisation but showed no reaction three weeks
after the injections had been discontinued.,

With most of these antisera kaolin extracts
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secmed to give higher titres than those given
by tannie extracts, especially in the later
stages of inmunisation and during the period of
fall of titre,

Anti=Gestyl serum had a slowly rising
titre which reached a maximum of 1/1000 after
ten weeks of continuous injections and which
dropped to 1 in 10 after three wecka of stopping
the injections, disappearing completely after
two more weeks,

These results seem to indicate that the
haemoagglutination reactions are not only more
sengitive than precipitation and c¢omplement
fixation but also somewhat more hormone specific.
Antisera to biologically inert extracts show a
very low titre compared to antisera to active
extracts. Also the level of the titre of the
latter type of antisera appears to be in
proportion to the activity of the antigens;

The rate of disappearance of the reactions azlso
gsecema to be inversely proportional to the antigen

activity. However, we still found sometimes
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that cruder extracts gave stronger
haenoagglutination recactions than purer ones
when both were tested against the sane
antiserun,

2. Effect of Adjuvant on Haemoasslutination Titre,

Prom Table XIX 1t can be seen that while
the hacmoagslutination titre of anti-IXFT sera
dropped, the titre of anti-Gestyl and anti-
Pregnyl sera continued to rise after Ramon's
adjuvant had been added to the immunising
materinl. It will also be noticed that under
the sane circumstancea, the anti-Gestyl precipitin
titre dropped while its complement fixation titre
vao unaffected (Tables VI and XIII), This
may susgest that the three reactions do not
necessarily involve one and the same antibody;
This is also suggested by the drop in the
precipitin and complement fixation titres of the
onti=Pregnyl serum while its haemoagglutination
titre continued to riee.\(Tablea VI; XII1 and
XIX)e
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Cross Haemoagglutination Ixperiments.

1. The Huenoarzlutination Titration Technique.

The results recordéd in Talble XX show

that cross reactlons occurred between all
antigens and all antisera used including CGestyl
(Pelf.S.) and anti-Gestyl serum. Anti-child-
extract serun also reacted with all the antigens,
while children's extracts reacted with gll
antiscra,

The titre seemed to be higher vhere each
antizen reacted with its own antiserum, than
vwhen other antizens cross reacted with this.
antiserun,

" The haemoagslutination reaction is much
nore sensitive than the complement fixation and
precipitation reactions. Also the titre of
haemoagglutination agrees with the biological
pctivity of the extract more closely than the
titres of the other reactions, Using purified
extracts instead of crude extracts reduced the

titre of reaction in most cases, with the

extracts,
exception of pregnancy/ In the latter instance
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the titre of reaction was the came for both
crude and purified extracts when reacting with
antisera to Zlinefelter and pregnancy extracts.
The main disangreement between the |
haemoagglutination titre and the MeUele activity
of the antigens occurrcd with extracts of low
biological activity; Lven with highly
purified proprietary preparations such as
"Gestyl" and *Pregnyl" cross reactions occurred.
It is notable that the titres obtained with
anti-l{linefelter and anti-pregnancy sera wvere
the sane for "Gestyl" and a pimilar results was
obtained with Pregnyl, At the sanc time the
titres obtained with Pregnyl were double those
shown by Gestyl although the biologlcal
activity per mg. of the latter was {wice that
of the former, This could nmean that there is
a common antigen in these fwo substancea and
that the amount is greater in Pregnyl. A
pinilar relationship night also be indicated
in the idinefelter and pregnancy extracts,

Cne curlious result is the low titre given
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by Gestyl with its own antiserum, A possible
explanation is that there are impurities in
Gestyl which have little antigenic power hence
the low tiltre with the corresponding antiserum.»
These impurities however, may be very similar
although not identical to thosa contained in
our ovn tannio and Xaolin extracts, hence the
high $itres with anti~Illinefelter and anti-
Precnancy serds The lacl of antizenic power
of these impurities may be related to the
chernical process involved in manufacture of
these preparations,

The low titres shown by all preparations
when regacting with anti-Gestyl serum might be
thought at first to be related to hormone
activity but they do not correspond to the
biological activity, Inactive preparations
gave the same titres as highly sctive extracts,
Therefore although the haemoagglubtination
proved to be an improvement over
precipitation and complement Zixation by being

more sensitive and appareatly more hormone
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specific yet it could not abolish cross reactions
between hormone extracts and antisera to inert
extracts, or between anti—hormone sera and
biologically inert extracts, Nevertheless a
study of the cross reactions of the extracts of
high potency suzzested that the antigens of
Ypituitary" origin e.g. Klinefelter and menopausal,
differed in character from those of placental
type, and in the latter case this technique might
be used as a practical test provided suitable
dilutions of the antiserum were made., In

order to overcome "non-gspecific reactions" a
further modification of the haerocagslutination
technique was tried,

2. Cross Reactions by the Haemoagslutination

Inhibition Technique,

The Boyden/éeehnique as modified by ‘iide and

Gemzel (1960) was used. Equal volumes of antigen

and antiserum were mixed together in test tubes
(0e2 ml, of each), To each tube was then added
0.1 ml, of a 1% sugpension of antigen-sensitised

red blood cells, In our experiments, a constant
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serum dilution of 1 in 10 was used in all
tubes., The dilutions of the antigens were
varied as follows: 1/5, 1/10, 1/20, 1/40,
1/80, 1/160, 1/320, 1/640, 1/1280, 1/2560,
ten tubes being used for each antigen;
Occasionally, one or two extra dilutions were
required (1/5120, and 1/10,240). TFor each
test a controi tube was get in which was |
added 0.2 ml, of the antiserum (1/10) to 0.2
of normal Saline, and 0.1 ml., of the suspension
of the RBCs sensitised to the corresponding
antigen, A hsemoagglutination reaction
occurring in this tube rules out the
possibility of non-specific inhibition in the
test proper. The reaﬁlfé were expressed in
terms of the dilution factors, taking the end
point as the last tube showing no
haemoagglutination,
Results.

From Tables XXI and XXII it is apparent
that there are cross reactions between all

antigens and all antisera. There is little
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Table XXI

Haemagélutinin“Inhibition Test,

Kaolin Antiserg to -

Antigens, IeQeWe K T PK PT N CK Pregnyl Gestyl

Pregnancy 1 160 2560 640 2560 80 10 40 160 20

2 320 2560 320 2560 640 10 10 40 10

3 320 320 80 160 40 20 0 20 40

4 160 640 80 320320 5 10 80 80

-5 320 1280 80 80 80 20 5 10 80

6 160 1280 160 640 160 20 40 80 20

Klinefelter 1 40 40 20 80 20 5 0 0 40

2 80 320 320 640 20 10 10 40 20

3 40-~80 640 40 160 80 10 80 40 10

4 40-=80 40 10 10 10 20 o) 10 10

5 160 2560 160 160 20 10 20 5 60

6 O 80 10 20 5 10 20 0 10

7 0 160 20 20 10 40 10 5 5

Male 1 20 640 160 640 20 10 10 20 0

2 20=40 80 160 80 20 80 20 0 10

3 10-=20 40 40 20 40 20 20 10 0

Female 1l 10-20 160 20 40 10 20 5 20 0

2 10 40 10 20 5 10 5 5 0

Menopausal 1 &0 160 10 40 10 10 80 20 40

2 40 2560 1280 320 320 20 20 20 80

3 40=80 80 10 20 10 20 20 10 0

4 0 20 5 20 10 40 10 20 5

Child 1 O 80 20 20 5 10 5 5 o}

2 0 10 10 ¢ 0 10 o0 0 5

KK « Klinefelter Kaolin,
KT « Xlinefelter Tannilc,
PK - Pregnancy Kaolin,
PT = Pregnancy Tannic,
MK =~ llale Kaolin,

CK -« Child Xaolin,
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Table XXII
Haemasgzlutinin Inhibition Test,

Antisera to =

Tannic .

Antirens, IleUe Ue X KR PK PT MK CK Pregsnyl Gestyl

Pregnancy 1l 160 320 80 320 80 10 20 40 20
2 320 1280 640 2560 640 20 10 10 10
3 160 640 20 80 80 10 10 20 5
4 320 320 80 160 40 10 10 40 80
5 160 40 20 160 40 20 20 40 0
6 160 640 160 2560 80 20 10 80 10

Klinefelter 1 40 40 40 10 20 5 0 10 10
2 &0 80 80 640 80 0 20 40 10
3 40-80 160 &0 160 40 10 10 40 20
4 40=80 40 20 10 0O 10 10 10 20
5 160 160 160 320 20 10 5 5 20
6 0 5
T 0 20

lale 1 20 10 20 10 10 20 20 10 0
2 20-40 20 10 20 10 20 10 10 10
3 10-20 40 20 20 10 5 10 10 0

Female 1 10-20 10 10 5 5 10 0 0 0
2 10 10 10 10 5 10 O 0 0

Menopausal 1 &0 80 40 40 20 40 10 20 40
2 40 160 160 160 80 20 5 20 10
3  40-80 40
4 0] 0

Child 1 0 40 10 20 5 5 5 ¢ 0
2 0 10 0 5 0 0 0 0] 0

Pregnyl 320 20 10 40 10 10 10 20 80

Gestyl 640 160 20 80 40 20 10 80 2560

KK =« Klinefelter Xaolin.

KT Klinefelter Tannie.

PX - Pregnancy Kaolin,
PT - Pregnancy Tannic,
IK =« Ilale Keolin,.

CK - Child Kaolin.
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evidence of an organ emd specific reaction,
Some antigens gave higher titres with antisers
other than thelir own. For example,

in Table XXI it can be seen that the third,
£ifth and sixth ¥Xamolin pregnancy antigens gave
higher titres with anti-Klinefelter sera than
they did with anti-pregnancy sera. Similar
cross-reactions were shown by other antigens,
Purification of the antisens by the tannice
acid method (Table XXII) produced a reduction
in the titre of all reactions but did not
appear to improve the specificity of the
reaction. It did, however, reduce the titre
of extracta of low or no biolosical activity.
There was some corrolation between titre and
blologlecal amctivity in that there was a clear
differentiation between highly active extracta
and those with little activity., Comparison
of the various extracts of high activity
however, showed that this correlation was of

a rough nature, It is clear that the antigens

involved are multiple and the reaction is not
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entirely related to hormone activity; A
practical point does emerge however, In
normal female patients it would be poésible

to use a teat of this nature for the diagnosis
of pregnancy. The dilution factor of
antigens, particularly in relation to tannic
acid antigens, is sufficiently high compared
to non-pregnunt antigens, to warrant the use
of tho test in this way. The titre of

normal female tannio antigens against antisera
to Xaolin or tannic cxtracts of pregnancey urine
varied from 1 in 5 to 1 in 10, The lowes%
titres of pregnancy antigens with the same
antisera were 1 in 80 and 1 in 40 respectively,
Similarly a rough segregation could be carried
out of Klinefelter from normal males.

Little can be deduced as to the nature
of the antigens, It would seem from the
results obtained with highly purified hormone
preparations 1ike "Gestyl" that part of the
entibody 1is due to actual hormone, but it is

obvious that other antigens are involved.
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This is also appsvent from experiments with
fractions obtained from Sephadex ¢olwms, It will be
remembered that five fractions were obtained from most
preparations, Biological activity was usually confined
to the first two fractions eluted, and fraction 1 was the
nore active, In the case of menopausal extracts only
the first fraction was active and in pregnency extracts
tho second fraoction was more active than the first,

Table XXIII shows that the haemoagglutination
inhibition titre is higher with {the active fractions.
This 1s most apparent with tannic acid antigens. There
was however, considerable reaction with inactive
fractions indicating the presence of antigens other
than hormones., Table XXIII also shows that the first
fraction of Gestyl (¥:3), reamcted more strongly with
anti-Ilinefelter serum than with anti-HCG serum, The
firagt fraction of Pregnyl did the opposite. This may
indicate that Gestyl is immunologically closer to
Klinefelter extract than HCG extracts. lloreover,

although fraction II of Pregnyl was the more active

‘biologically, yet it produced less haemocagglutination

inhibition than fraction I. This suggsests that
Haemoagglutination inhibition is not absolutely

dependent on the biological activity.
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Table XXIIT

Haemagelutinin inhibvition titres of
Sephadex Fractions.

Klinefelter Pregnancy
Tannic Tannic

Xlinefeltexr 1 80 80
(Kaolin) 2 10 5
3 10 10

g - -
Xlinefelter 1 160 80
(Tannic) 2 A0 10
, 3 10 10

4 - -

5 - -

Pregnancy 1 40 80
(Kaolin) 2 5 40
3 - 10

4 5 ]

Pregnancy 1 20 20
(Tannic) 2 10 40
3 5 10

4 - -

llenopausal 1 160 40
2 10 5

3 - -

4 - -~

5 - -

Pregnyl 1 10 40
2 - 5

3 - -

4 - -

Gestyl 1 40 20
2 - 10

3 - -

4 - -
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Experiments on the Neutralising Power of Different

Antisera,

Introduction.

Thé.aﬁility of an anti-hormone serum to
neutralise or inhibit the biological effects
of the corresponding hormone and/or other
hormones, was the earliest immunological
reaction of such antisera to be studied, Its
importance derives not only from its
gignificance for therapeutiec work; but also
from the fact that these reactions are obviously
the most hormone specific reaction
of antihormone sera. S0 much so that we have
tried to shed more light on the specificity
of the precipitation, complement fixation, and
haemoagglutination reactions by comparing them
with the neutralisation reactions.

Preliminary experiments were conducted
to demonstrate the neutralisation by the
antisera of endogenous and exogenous endocrine
activity. During some of these experiments;
instead of the inhibitory effect expected;

antisera possessed the power to augment the
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action of simultaneously adninistered hormone,

Prelininary Lxperiments,

1, Neutralisation and Antiserun Production;

In the first place the eftect of thé
repeated injections of hormone extracts into
rabbits for the production of antisera was
observed,

Vacinal smears were made from each rabbit
receiving injections of Klinefelter extract.
The first smear was made before injection of
the hormones and repeat smears were nade at
3 day intervals for ten weeks. These were
adult female rabbits, lsolated from bucks.
Since the rabbit only ovulates on coitus or
possibly when in close broximity to the male
the ovaries in these animals could be expected
to be lnactive and therefore no cyclical
changes would be evident in the genltal tract;

The rabbit ovary reacts to injected
gonadotrophin by ovulating and producing steroid
hormones, This was apparent in the vaginal

smears taken during the days succeeding the
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first few injections of gonadotrophin,.

Prior tb injection the smear showed a
mixture of non-cornified and some cornified cells
showing no tendency to clumping, Tew
leucocytes are present. (Fig. 2a). Figure
2b is a photograph of a smear taken three days
after commencing injections, In this case
there are sheets of cornified and pre-cornified
cells, Ilo leucocytca are present,

Several weeks later there was an absence
of cornified cells with an excess of mucus and
leucocytes. Figure 2¢ ig one such smear made
at the 1l0th, week of imrunisation. This
absence of cornification suggests that with
repeated injections the hornmone extracts had
lost their effect on the gonads of the rabbit,
while the foregoing results might be interpreted
as a necutralisation of the hormone by
antibodies other interpretations are possible,
The ovary might go into a refractory state
which had no immunological basis; and even if

immunity were involved 1t c¢ould be of tissue
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Smear of rabbit at different
stages of Immunisation with
a KF extract.

(Papanicolaou Stain).

A. Smear taken before starting
the Injections.

Mixture of intomediate cornified
cells (dark) and basal non-
cornified cells (pale).

X 125.

B* Smear ta):en five days after
starting the hormone injections.
Pxoeos of superficial and inter-
mediate cornified cells.

X 125.
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0. Smear taken after 10 weeks
of continuous immunisation.
Only pale (non-comified) basal
cells with mucus and leucocytes
are seen,

X 125.
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variety and not humoral., Tor those reasons
further experiments were devised,

2. Heutralisation of Endogsenous Gonadotrophin;

Forﬂﬁhe purposcs of this éxﬁéfimént it‘m

vas neeessary to have an anirmal which has a
natural and frequent ovarian cycle similar to
that occurring in the hunan, For this reason
adult feméle white wistar rats wore chosen.
These are a strain which has been inbred in
the Royal Maternity Hospital, Gla&gow; for the
past 12 years and ghown to have a regular 5
day cycle.

~ Three adult female rats were studied;f_
Vaginal smears were made daily over a period
to verify the sequence of changes;__ Pollowing
this each rat received 1l ml., of antiserum daily
Tor 10 day$ (intraperitoneally); Cne rat
receilved anti-pregnyl serum, one received
. anti-Klinefeltefyisd the third anti-gestyl sorum.
These injectlons were begun in the cestrous
phase, Daily vaginal smears were - nade cduring

vthe period of experiment and for four days
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following‘cessation of the injections;
Results,
. The rat receivihg anti-Pregnyl scrun shows
no departure from normal, The oestrow cycle
proceeded normally through the phasé of
cornification, the whole cycle being completed
in five daysa. Anti-linefelter serum secred
to prolong the cycle, the rat téking fivé days
to achieve full cornification of the vaginal
epithelium and a further two days to reach to
éestzous phase,

In the case of anti-gegstyl serum the
rat completed one normal cycle and thereafter
the prcceés was halted in the dioestrousphase
for as long as the injections were cbntinued;
Shortly after cessation of injections the cycle
was resumed and prosressed normallyQ
Figures ja,b,c, illustrate the normal oestrous
phase prior to injection, the dioegtrouspattefn
during the injection period and the resumption
of the normal appearance two days after halting

the injectibns;
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1i'lfiure 3.

Neutralisation of endogenous
gonadotrophins of adult rat.

, (Papanicolaou Stain)

1 a) Vaginal smear taken one
day before starting the
injections of anti-Oestyl
serum, showing 100"

cornification. (oestrus).
I X 125
b) Vaginal smear taken afte

tliree days of injection,
showing abundant leucocytes,
few non-cornified vaginal
cells and no comified cells
at all (dioestrus). This

picture persisted until the
end of the treatment.
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c) Vaginal smear one day after
stopping the antiserum
injections showing the
reappearance of comified cells
in considerable number+¢
X 125
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3. leutralisation of I'xogenovs Hormones,

The inhibitory as well as the augmenting
effects which the antisera have on andnministered
hormones were studied in three types of
experinents, One prelinminary experiment vas
conducted to study the rise and fall of the
augmentation and the neutralisation powvers in
the sera of irmmunised rabbits. A second
‘ preliminary experinment was necessary to study
the cffect of changing the route of injection
on those powers, Pinally, the test proper
wag performed to study cross reactions between
different antisera and different hormones.

In thosc three experiments, two techniques were
uscd to assess the reg&%ﬁgﬁ the titration
technique (Zondel: and/" 194Q), and the
percentage inhibition technique. (Cole et al
1957).

Iiethods.

1. Eeﬁtralisation Titre of Antiscra:

A quantity of the hormone antigen which

contained approximately one mouse utecrus unit,
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wag injected along with 1.5 ml, of varying
dilutions of antiscrun, The hormone was glven
in three divided doses to immature female mice,
one dose daily for three days.

Half a millilitre of the appropriate
serum dilution was also inoculated into each
nouse daily for three days,

Four mice were used for each experiment,
The antisefum was injected intraperitoneally,
then two hours later the hormone was injected
subcutancously always naking sure to raise a
bleb,

To study the effect of the route of:
injection on the ncutralising power of antigera,
a nunmber of experinments ﬁere performed, where
some of the mice were injected és above, while
others received both antiserum and hormone
intraperitoneally, at two different sites with
two hours interval (Cole et al 1957).

Three control batcheg were always used, .

' One batch received only 1 m.u,u. of the hormone

extract per nouse, The second batch received
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1.5 mi. of distilled water por mouse, The
third batch received only l.5 ml, of antiscrum
per mnouse.

The nice were killed on the 5th,. day
and their uteri were weighed, vThe highest
dilution producing a T0-100 per cent inhibition
of the increase of the uterus weight (in
comparison to the increase of the uterine weight
of the hormone control batch) was taken as the
neutralising titre of the antiserum.

2. JlPercentare Inhibition..

A volume of 1.5 nl, of a 1/4 (or 1/8)
dilution of each hormone extract tested was
given to each mouse of the test batch and the
hormone control batch,

The test batch also received 1.5 ml, of
undiluted antiserun per nouse.

The routes of injection and the control
batches were as in the first method.

The neutralising powver of the antiscrum
vags calculated according to the method of Cole

et al (1957) from the following cquation:
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Inhibition Index (percentage inhibition) =
ggg x 100

where (a2) is the increase of the nean
uterine weight of the batch receiving only
the hormone over the mean uterine weight of
the batch receiving only distilled water.

And (b) is the increase of the mean
uterine weight of the batch receiving both
hormone and antiserum over the mean uterine
welght of the batch receiving only distilled
viater.

iWhen a prohormone effect was given by
the antiserunm instead of a neutralisation

reaction, the augmentation index was =

b-g,
e X 100,

Iesults.,

| As previously stated during the early
stazes of production of antisera it was found
that as well as containing antibodies the

entisera possessed the power of augmenting
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the aotivity of injected hormonc. Table
X{IV shows the behaviour of these.antisera
in this respect, the augmenting power being
expressed in terms of dilufion of the rabbit's
serum{

Reference to this table shows that
after one weck of immunisation, the antiserum
produced againgt Klinefelter extracts, even
when diluted up to 1 in 8 augmented the effect
of Ilinefelter cxtracts on the nmouse uterus,
After 3 wecks a diluted antiserum (1 in 4 -
1 in 8) augmented; while undiluted antiserun
neutralised such extracts, llo augmentation
could be detected after 4-5 vieeks of continuous
immunisation, ithen the injections were
ostopped the augmenting effect did not reappear,
which indiéateﬁ that it was not dependant on
the amount of antibodies in'the antiserum tested,

Table XXIV also showa that the same was
true of other anti-hormone sera, including
antl~-pregnancy, anti-Pregnyl and anti-Gestyl,

the latter retaining its ausmenting poviers
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after 3 wecks of irmunisation at a dilution
of 1/32, Antiserum to normal rale extracts
showed slight augrmentation effects vhen
undiluted up to but not later than the third
weel of immunisation.  Anti-child seruz did
not secem to possess such powers waen. injected
subcutaneously in nice, |

Hone of these antisera regained its
augmenting powers after the injections were
stopped.

The antizen used for the titration of
anti-male serum and arti-dhild serum was a
Xlinefelter tannic extract,

Crosa Aurmentation Reactions,

The various "early" antiscra were tested
for their power to augment antigens other than
those used for their production, the 3 week
period beings chosen. The results are shown in
Table XXV. Again the results are recorded in
terns of dilution of antisera, It will Ve
epparent that there was cross augnentation

between all horrmones and antlsera tested;
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Although the augmentation tended to be nore
effective when the antigen reacted with itg
own antiserunm this was not constant and it
wag apparcnt that the reaction was neither
speciea apecific nor organ specifie, Anti-
Gestyl entigeraz to pregnant mare's serum
posscescd the higzhest augmentation powvey, and
this was true for all hormones tested.

The influcnce of the route of injection
on this activity was tested and in this caose
~the augmentation index according to the method
of Cole et al (1557) vas calculated, Table
XXVI is a recording of the results, In bvoth
experiments the antiserum was injected intra-
peritoneally, vhile in one set the hormone
was given subcutaneously and in the other
intra—péritoneally; In every case auvgrentation
was greater vhen both hormone and antiserun
vere injected intra-peritonenlly, und even
with biologically inactive extracts, such as
from ehildren, sliglt augmentation was obtained,

Anti-Gestyl was the most potent of all,
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producing a 76 per cent augmentation of
Klinefeltoer extracts and a 65 per cent in the
case of pregnancy extracts,

Titres of leutralisation,

These are recorded in Table XXVII.

In the case of anti-illinefeltfer serum
neutralication was first obtained after
3 wecks of hormone injections but the serum
was only active at neat,

- This neutralising power was possessed
by a 1/32 dilution of antiserum after 10
vecks of immunisation, Stopping the
injections reduced the neutrzlising titre
éonsiderably dovn to 1/4 after 3 weoks,
Slight neutralisation was detected 2 weeks
later. It can also be seen that anti-CGestyl
serun showed a pover of neutralisation of
Gestyl at dilutions of 1/8, 1/128, 1/256,
after 3, 5 and 10 weeks of immunisation
respectively; It had no such power after
1 week of immunisation, nor 10 wecka after the

immunisation was st0pped; Anti-CG and anti-
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enti=Pregnyl sera had ncutralisation titfes
of 1 in 64 and 1 in 32 respectively after 10
weeks of continuous injections.  Anti-normal
male serum started to show noutralisation
when undiluted at the end of the fifth week
from starting the injections. Anti-child
serum did not seem to have any neutralising
powers, except cccasionally when tested in
undiluted‘form.

Both anti-rale and anti-child secra were

titrated cgainst a Xlinefelter tannle extract.

Crosa levtraligation Neactions, and their

relation to0 the route of intection:

It can be cleafly seen fromwTables
XXVIII and XKIX that the ncutralising powers;
lilke the augmenting powers of anti-hormone
sera, are neither species~specifiec nor
organ-specific, Az a matter of fact, anti-
gerum to Gestyl (pregnant mare serum), was the
nost powerful neutralising antiserum when
tested ageinst extracts from Klinefelter;

pregnancy, and menopausal urines and "Pregnyl®,
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cll obiained from hwions. Its neuwtralising
pover rcached g titre of 1 in 296, and &
percentage inhibitiecn of 10C:H. It vas

sore offcetive against pisuilary horuocncs,
(illinefelter, menopuusal), than againot
pregnaney urine extracts ("rregnyl', pregnancy
urine), Antiscrum to the relatively cruder
extract of pregnancy urine, chowed hiigher
titres than antiscerun fo the nmuch purer
extract Cregnyl (also from pregnancy wrine).
Sometined, sntiocra werec nore elfcctive
acainst other extracts than against'tha
corresponding extract,

When antiserum and hormone were both
injected intraperitoncally, all antisera .
showed less neutralising powers, than when
the hormone was injected subeutaneously;

In the latter case, anti-child serum showed
some neutralising effects, but no
cugmentation, while in the former case the
oppositec was true, This can be scen in

Tables XXVIII, XXIX ond XXX,  These tables
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glao show that normal rabhit servm had no
neutralising pover at all, indicating that

Lt )

such power ig noct a non-szpecific reaction.

Conclusiong on the Heutraliginey Wifects of

Anti<Hormone Serat

Tha rise and £all of the anti-hormone
povers in the sera of rabbits chronieally
injected with hormone preparations, sugzesnt
that they arce due to the production of imnune
bodies, comparable %o anti-enzymes, This is
also supported by the gbsesnce of guch poviers
frem zmera of untreated rabbitsg, or rabbits
immuniged with biologicslly inert extracts.
This indicates thiat such poviers are alnost
entirely specific in character aﬁd are not a
non-gpecific nctivity of serum per se.

These neutralising antibodies seenm $o
be neither species-specific nor organ~specific.
That they are hormone-cgpecific, is sugrested
by their abundance in antisera to hisghly
active extracts, and their scarcity or absence

in anticera to inactive extracts. The more
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aotive thie antigen, the more power of
neutralisaticn ite antiserun possessag.
LAlthough anti-Geotyl serum had no
power of precipitation, snd slight pewer of
coaplement fixation, it kad the nishest pover
of neutralisation, This gsuzzests that the
three reactions sre not necessarily givea
by one and the same antibody.
Defore the appearance of neutralising

»

antibodics in an anftisecrun, some clianges cof
chscure nature seem alvays $0 ocecur, irparting
to this "gntiserum" a proliormone cetivity.

his change Goes nct scem to be cinply a
change in the amcunt ¢f circulating onitibodies,

-

Abscrption xperximents,.

Anti—hcrmomé gera vicre absorbed
completely with incrﬁ and getive extracts,
“and both the supernatants and the precipitates
viere etudied, cuch stuly was écne to throw
further 1light cn points like the horione
speeificity of the differcnt reaotions; the

corrclaotion of these recactions, and the nature



141,

of changes in the serum proteins before and
after reacting with different antigens.

To ensure reasonable antigen excess
which is'necessary for complete absorp?ion
of the antimody, two voluuvizs of the optimal
antizen dilution (1/4 to 1/8) were always
added to one volune of undiluted serum.

The mixture was incubated at 3700 in a water
bath for one hour, then left overnight at
room temperature. llext day, the mixture
vas centrifuged at 3000 r.p.m, for at least
15 minutes; untll the supernatant was clear.
The supernatant was then removed to a
separate test tube and the precipitate was
washed twice in ethanol and kept for testing.
The supernatant was always tested against
the absorbing hormone extract for
precipitation reaction which if present would
indicate that z second addition of antigen
was required (Cruickshank & Currie, 1958),
Antiserum to Ilinefelter extracta was

absorbed with children-urinary extracts,
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normal male extracts, pregnancy urine extracts
and Klinefeltef extracts., Antiserum %o
chorionic gonadotrophic extracts was similarly
tregted, The supernatants were tested for
the titres of precipitation, complement
fixation and neutralisation powers retaing&
by them, as well as for their reactions in

gel diffus;on testa. The precipitstes
obtained fron absorption were tested for their
bilological activity in irmmature femala nice.
The supernatants were also put on paper
electrophoresis, along with normal rabbit

serum and unabsorbed antiscra as controls,

Precinitin and Complement Pixation Reactions

of the Supernatant:

RNeference to Table XXXI shows that when
anti-glinefelter serum was absorbed with
child extract; the precipitin titre and |
cormplerent fixation $itre of the supernatant
as tested with Klinefelter and pregnancy

extracts, were about half the orlginal titres
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of the unabsorbed antiserur. Absorbing
the cane antiscrumﬁwith.Klinefelter or
pregnancy extracts almost abolished the
precipitin reaction and the complement fixation
titre, The effect of absorpticn with normal
nale extracts lay half way bvetween the effects
of inert arnd active extracts.
Absorption of anti-pregnancy cerun with
sinmilar extracts produced more or less the
same type of results, Tor both antisera the
supernatant secmed to react nore strongly with
the corresponding antigen than with the other
inert or active extracts, This might
indicate that the specificity of the supernatant
is enhanced by absorbing some of the non-

spécific reactions of the original serum,

leutralisation reactions of the sunernatant:
- Anti~ﬁlinéfeltef and nnti—pragnancy séra
vere absorbed with child, normal mnle, pregnancy
ond Klinefelter extracts, and eacl: resultant
supernatant was assayed for its power to

neutralise £linefelter and pregnancy -cxtracts in
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mice. Tor each type of assay, 16 to 20
mice were used, the hormone being injected
subcutaneously, and the antiserum intra-
peritoneally.

The information given in Table XXXI
foes to show that the neutralising titre of
the supernatants, was‘always lower than that
of the original anti-hormone serum, After |
absorption with child extract, both anti-
Klinefelter and anti-pregnancy sera had a
neutralising titre of 1 in 16 when tested in
mice against Klinefelter and pregnancy
. extracts, instead of original titreé of 1/32.
Anti-Xlinefelter serum absorbed with pregnancy
extract shoved a titre of 1/16 against
Klinefelter extract, and n titre of 1/8 azainst
pregnancy extract, which sugsests sone degree
of organ-specificity. However, anti-pregnancy
serum absorbed with Klinefelter extract showed
‘a higher titre against Iinefelter extract
(1/16), than against pregnancy extract (1/8).

The above resulits would seen to suggest
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that there ias scme‘definite relation between
precipitation, complenent fization; and
neutralisation reactions.,  “hat 1is more
important is the fact that the biologlcally
inert‘antigen or antigens in the childrens
extracts, appear to be somehow, but
definitely, related to the neutralising
antibodies of antihormone sera. chever;
since complete absorption of.antihcrmone :
sera only slightly affects their neutralising
powers, it is possible that the two reactions
are not due to one and the same antibody,.
Biological Activities of Precipitates:
kﬁéch precipitate obtained from"antigen-
anfibody rnixtures in the absorption experiments,
was resuspended in 12,5 ml, of distilled Water;
then injected intra?eritoneally in four mice,
each mouse receiving a total of 2,5 mlJ;
Altogether, 8 mice were used for precipitates
from Chlld extract and Normal Male extract;
end 12 mice for precipitates from pregnancy

and Klinefelter extracts, for each of the two
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anti~hormone sera.

For the anti-Ilinefelter serum; the
averaze nmouse uteruvs welghts produced by the
preclipitates viere 1Q ng. for the menopausal
precipitate; 7.9 mz. for the normal male
precipitate, 14.6 ng. for the pregnaney
precipitate, and 12.4 ng. for the Klinefelter
precipitate. For the anti-pregnancy serunm
the values were 6,6 mg., 8.1 mg., 14.9 ng.
end 13 ng. reapectively.

It can therefore be seen from the
results shown in Table XXXII that the
precipitates retained a considerable proportion
of the activity of the original extracts.

This table also showas that precipltates
formed with anti-child serum, did actually,
produce zn increase in the‘mouse uterus weight,

up to 60:;) of the control weight,

wlectronhoresisg of the Supernatantg:
The supernatants resulting from the
absorption experiments were elcctrophoresed on

paper along with unzbsorbed antihormone sera
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and normal rabbit serum, A volume of 0,06 nl,
of each (all being a 1 in 3 dilution of the
original sera) was applied with a pipette to
the middle of a paper strib. Separation was
carried out at.a voltage of 100-120 for 16
hourgs at roonm temperature, The strips were
then dried in hot air, stained in.ﬁaphthaléne/
Black 12B, and scanned in a recording automatic
scanner,

From Figure 4 it can be seen that
immunisation of rabhits with hormone extracts
produced & rise in all fractions of globulin
including ot P and § globulins, '

Tigures 5 and 6 show that absorption of
antihormene enti-Klinefelter and anti-pregnancy
sera with normal male extract diminished the
anount of { and ﬁ fractions and to a less
extent the Xz-fractions while absorbing
anﬁi~hormone sera with hormone extracts, always

reduced the amount of Y¥-globuling markedly,

Gel Diffusion Reactions of the Supernatants:

Some of the supernatants were tested in
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azar Gel plates by the Ouchterlony technique.
Details of the experiments and their results
are given in the part on Gel Diffusion on
page 165,

N
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Fimire 4. Effect of immunisation (3 wks) on the
globulins of rabbit’s serum.

1. Serum before immunisation.

2. Serum after 3 weeks of continuous immunisation<
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Figure 3. Effect of absorption on the globulins.
A. antiaeruHi to tannic extmcto of pregnancy urine OGT.
B#t same antiaerum after reacting wvuith a Icaolin extract

of pregnancy urine OGK.
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Figure 6, a and b. Effects of absorption on the serum
globulins.
A. Antiserum to KP extracts.

B. Same antiseinim after reacting with normal male
extracts. i.JTainly and seem to be diminished.
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K.F. 2.
D
I
Figure 6. ¢ and d. Effects of absorption on the serum
—————————————— globulins.

0. Same antiserura absorbed with a preparation of KP urine,
—-—globulin seem to be diminished to a considerable degree.

d. Same antiserum absorbed with another KP extract.
Same findings as 1in C.



General “umﬁqry gnd Conclusions of the

erolohical Testq.

Summary:

@yﬁes of reactious ovtained:

1. All urin ry extracts gave positive
precipitin tests with their own antisera as
well s other antisera.

2, The anount of preecipitate, after maximum
precipitation in the zone of slight antigen
excess, proved as agecurate as the titre of
resction for quantitative precipitin tests. .
3. The hormone antikormone systen required g
long reaction time for maximam pracipitation;
4, ALl ufinary extrocts as well as pregnant
nmare's scrun extract gave po&iti#e cenmplement
fixaﬁion reactions with all the antisera used,
5¢ All urinary extracts as well as pregnant
mare's serum exbtract gave positive
haenocaszlubination reactiona with all the
anticera, IZ these antizens were added to
the antisera, the egzlutination reactlons were

inhibited,



156,

6, All the antihormone sera had the pover

to neutralise all exogenous horoones tested
in mice. Anti-Gestyl serum was the most.
potent, It was also the only antiserum thatv
inhibited the endogenous gonadotrophins of
adult femaie rata.

7. Prolonged injection of rabbits with an
extract of urine of a patient with the
Klinefelter's syndrome (F.S.IL. mainlﬁ) seemed
to lose its effect after sometimes as shown
by the chanzes in fhe'ﬁaéiﬁéiéyfdiogy.

8. All antihormone sera showed at first
prohormone effects and no neutralisation when
tested sgainst hornone extracts in mice,
Later they augmented when diluted and
neutralised when undiluted, Later still;
they only neutralised and did not augment at
any dilution,.

9. Testing for neutralising and augnenting
effects in mice, the route of injection
affeccted then gquantitatively but not

qualitatively. An antiserun shoved nore
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augmentation and less neutralisation when
the hormone was injccted intraperitoneally
than when it was injected subcutanecusly.
10, Antisera to inert extracts (e.z. child
extract) showed slight sugmentation
(non-specifie) only when the hormone was
conbined with it intraperitoneally.

Correlation of Serolosical NReactions and

Biolorical Activitics of Antigensi=

1, There was alvays discrepancy between
serological recactions of an extract end its
neu,u, activity. Precipitin reacticns

showed the highest, ond haemoazgglutination
inhibition reactions showed the lowest
discrepancies, Complerment fixation reactions
showed more discrepancy thanrthe direct
haemoaszglutination reactions.

2. Low acti§ity and inert extracts were the
source of most of the discrepanciles. They
usually gave strong rcactions of precipitation
and conmplenent fixation, an@ positive reactions

in llaemoagslutination and»ﬂéemoagglutination
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Inhibition tests.

3. lHNeutralising effecta were given only by
antisera prdduced to metive extracts. The
rore blologically active the antigen the
stronger the neutralising powers of its
antiserum-(cf. anti-Gestyl),

4, Absorption experiments showed that the
precipitates obtained from reactions between
hormnone extracts and antisera to active or
inert extracts; always had some activity in
nice,

5« The Haemoggglutinagtion Inhibition test
wan speclfle for assaying and detecting the
presence of chorionic gonadotrophin; only
when the antigens tested were diluted urines
or highly diluted extracts; but not concentrated
extracis.

The Iffects of DPurification on the Serological

Reactiong:i-
l. Dlurification of extracts produced lover
titre of reaction in precipitation, conmplement

fixation and haemoagglutination, but slight
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change in haenocagglutination inhibition.

The latter seemed least affected by impurities,
2. The discrepancy between n.u,u, sctivity
and serological reactions was somewhat
diminished but not abolished by purification
of antigen or antiserum or both. Antigzen
purification was by 1tself more effective than
purification of antiserun,

3. Pregnyl (benzoic acid preparation of
Chorionic gonadotrophin) was weakly antigenic
both in vivo and in vitro.

4, Low sotivity as well as high aetivity
fractions obtained by ammoniun sulphate
purification of F.S.H. extract all gave astrong
precipitin reactions., The most active
produced the stronsest precipitation,

5 All blologically dctive fractiong from
Sephadex purificaticn gave positive
precipitation, complenent fixaticen and
haemoaéglutination. The first Tfraction always
gave the strongest precipitation even if it

wag not the most active biologically. The
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hoemoasglutination reactions showed more
agreenent with the blological activity,

Correlation of different Antibody Reocctlonsi-

1, The titre of cach antiserum was different
for different rezctions. The pattern of rise
and fall of the titre varied from one type of
reaction to another., (¥ig. VII).

2. The effect of purification of the

antigen on the strength of its serological
recactions indicates that haemoagslutination
inhibition depends on some factors different
from those involved in complenent fixation

and precipitation,

3. Absorption experiments shoved that after
comnlete precipitation the supernatant
entiserum shoved negative or poor precipitation,
considerable complerment fixation, and strong
haemoagzlutination and neutralisation,

4. Heutralising antibodics are produced to
only the biOIOgioally active extracts,

Gestyl, which is highly active; produced

antiserum with the stronsgest neutralising power,
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but with a very wealt precipitating power.

5. Species ppecificity of the differont
reactions are different, - Precipitin is
specics gpecific while the other reactions
are nowv. ~

6.9, B , ¥ =globulins all scen %o take part
in the gntibody recctions, They all increase
in amount aiter immunisation of rabbits,

In precipitin experiments, o and @ were
involved in recactionsz of inert and active
extracts, sometimes cven more in the farmer;
while § ~globuling were involved mainly in
reactiong of active extrocts,

Conclusiong:=

l., Trecipitin reactions are species gpecific
while complenent fixation, haemoagglutination,
end neutralisation are species non-specific,
2., There seems to be at least two classes of
antihormone reactions: |

Reactions involving biologically active
antibodies, These include neutralisgtion and

haenoagslutination,
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‘Reactions involving antibvodies active only
in vitro; these include precipitation end
conplenent fixation.

The first closg of réactions-appears to
be hormone gpecific but not orgaﬁ specific,
while the second class is only parﬁiﬁlly
hormnone sphecific. ,

3. Tke haemozgglutination inhibition test
can be used as a pregnancy test by diluting
out non-specific reactions, \hen using
concentrated extracts fallacies arise fronm
cross renctions with other gonadotrophing

or antigenic impurities,

4, Turification of hormone extracts appcars
to elirinate gome but not all the antigenie
impurities, It also leads to some loss

of the antigenic power and biological
activity of the extrazct, Therefors the three
changes seen to bé intimately related,

5. 1t is impossible with any method of
purification to preovent the:biologically inert

extracts fron producing positive serblogical
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reactions with antihormone serum,
6., The fact that absorption by biologically
~inert preporations of children's urine reduces
the antibody reaction of an antiserun to
pituitery gonadotrophins, particularly its
necutralising pover, sussests that there is
sonething in children's urine chenmically
related to the gonadotrophins of pituitary origin,
Te The reduction of neubralising power of an
antiscerun by gonadotrophing originating in a
different orgen, indicates that the structure
of all gonadotrophins is similar,. The
variations in degree of this reduction
compared with that produced by absorption of
the antiserun with its own gonadotrophin
indicates, however, that therc are minor
varictions in a structure,
8, llone of the reactions seen to be organ
specifie. DBy orgon specificity we refer to
- the different organs which produce the

gonadotrophins, e.g. placenta and pituitary,
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GEL, DITTUSION,

Introduction.

Cudin (1946, 1949) studicd the precipitin
reaction in gels, where he obtained a nuch
better separation of multiple zones of precipitin,
as well as better detection of faint zones, in
a constant antibody titration, His technique
vas to al;ow the antizen to diffuse through a
column of agar containing antibody (single
diffusion or S5.D.). Gels were also explored
by Ouchterlony (1948, 1949, 1953), and Flek
(1948, 1949) who deviscd a double-diffusion
method in flat sheets of agar gel contalned in
Petri dishes, whereby the solutions of
enticen and antibody diffuse towards each
other fronm separate sources, (double diffusion
or D,D.). As in Cudin's technique, lincs of
optinmal precipitation occur, the nuaber of
distinct lines indicating the minimum number
of différent antigen—antibody systems present.

wilson (1958) studied the relative
nerits of the two methods with respect to

sensitivity, reaction range, reaction tine,
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resolving pover and artefacts caused by
temperature and concentration changes,. e
concluded that double diffusion is the better
of the two in every respect.

The possidble advéntagcs of a qualitative
analysis of the precipitin reactions of the
hormone-gntihormone systens are obvious,

The laclk of specificity of the immunological
reactions, as well as the apparent failure
of the chemical methods of purification;
indicate that cach extract used is a nmixture
of antigens. with gel. diffusion tcclhiniques
it ray be possiﬁle to detect the number of
such coﬁponents in different types of
extracts, to correclate some or all of these
components with the biological activity in
search for a specific reaction, and to
denonstrate the effects of purification on
the pattern of reaction of the hormnone extracts.

Two more applications of the gel
diffusion technique were tried, First,

comparison of the pattern of rcaction of sonme



extracts was compared with the pattern of
reaction of some body fluids containing the
hormonea, This was to show the effects

of chemical treatment on the antigenicity of
the antigenlc components, ~ Second, the
possibility of the presence of minute amounts
of antigenic globuling in the extracts,vwas
‘exanined (Stacey  and Barker, 1962),

Fxnerirmnonts,

The.ﬁoublo diffusion technique of
Cuchterlony was used to study the following
problensi-~ .

l. To denmonstrate the patterns of reactions,
cross reactions, reactions of identity

between different antisera and hormone antigens.
2. 7To study the effects of purifying the
antiszens on the above reuctions.

3. To study the effects of purifying the
antisera on those reactions,

4, To invegstigate the rcactions of the
biolozically inert extracts.

5. To tegt the rcactions of body fluids
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(urines and sera) in gel diffusion,

6. To study the effects on the reactions of
absorbing the antisera with different antizens,
Te Lo study the immunological reclationship
between anti=-human-globulin serum (Coonbta
reagent), hormone preparations and hornone
antiscra,

The recactions vere always exanined for the
following_pqints:

a, liunber of lincs produccd,

b, Relative intensity of the lines.

c. Reactions of identity, non-identity and
partial identity.

I'aterinl,

_Sé?cral antisens were tested in pgel
diffusion, some of them crude and some
purified.  Antisera to crude and purified
extracts were similarly tested,

Qe Crﬁde antizens, “
Kaolin extracts were prepared from the
urine of several linefelter patients;

pregnant wonen, postmenopausal women, normal
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nales and nornal fenmales, At the same time
kaolin extracts with no blological activity
were obtained from the urines of children and
a previousl:y hynoxcd_ﬁale (342). Similar
inert exiracts were obtained by altering the
PH of extraction of urine from Xlinefelter
patients, pregnant women and postmenopausal
VO
be Purified antigens,

Tannie extracts were prepared from urine
of Klinefelter patients, pregnant women,
postmenopausal women, normal males, normal
femzles and children under the agerof five.
Proprietary benzoic acid extracts of pregnancy
urine were also used (Pregnyl Organon).
2n lon exchange cxtract of postmenopausal
urine, obtained fron Johmsen (J3), was used in
some cxperinments,

A benzoic acid extract of rregnant llare
Serun {Gestyl Organcn) was used to study the
species specificity of the reaction,

Hoolin extracts further purified by
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calt fractionation (S.4.5. method of Johnsen
1955), kaolin extracts purified by adsorption
Browr

on tricaleium phosphate {Loraine and}?4543°
vere also tested, Finally, the fractions

obtained by gel filtration on Sephadex G-25,
rof Ieolin and tannic extracts of Ilinefelter
and;prcgnancy urine extractsvwere exanined
by the Cuchierlony tochnique.
c. Crude antiscra.

Antiscera to laolin extracts of
Idinefelter urineg; presnancy urine extracts
and children's urine extructs were uscd,

d. Purc antisecra.

tntisera to tannic extracts of
illinefelter pazticnts' urine, pregnancy urine
and children's urine were used, and considered
rmuch purcer than antisera to kaolin extracts.

Antiserum to I'regnyl was uscd as the
purcst anticerun avallable to us. Also
antiserunm to Gestyl oxtracta were tested for
the specles gpeocificity of the gel diffusion

reactions,
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Pinally, the J =globulin fraction of
several antisera wag obtained by calting
out, as an attenpt at further purification of
the antisera, .
i"ethod,
| The Ouchterlony technique, as used
by Cruiclishank and Currie (1958), and Ienry
and Van Dyke (1958), was applied, The
central cup was f£illed with the antiserun,
and the peripheral cﬁps were filled with the
antigens, One addition was resorted to.
The plates were allowed to stand at room
tenperature,
lesults,

2relininary experinments:

1: Frequency of gpplication of reagento:

If nore than one addition of antigens-
or antiserum was regorted %o, a large nunbexr
of lines appeared in plaéelaf the few lines
that show after a single addition of cach of

tlie reagents, (Figure 14).
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2. Tenperature of reaction;

'if the reaction vwas alloved to take place
at room temperature, lines usuvally appcared
vwithin threc days. rutting the plates at 4°C,
did not allow the lines to show before the end
of 5 to T dayse. Incubating the plates at 37°%¢.
only slightly accelerated the appearance of
the lines, which took 2 to 3 days. However;
in the latter case, infection of the piates vith
gnthracoids and fungi was high.

3. Reaction tinme:

Sometires multiple lines of recaction
would appear as early as the third day,
lfore often, o single line reaction or no
reaction at all was obtained after such period.
The reaction was read at 2 to 3 days intervals.
After five days, a single line reaction wvas
usually suitable for photography. - After
seven days, nore lines appcared, but not all
of them were strong enough to show in a
photograph.  Ifore lines appeared and/or the

early lines became stronger until 10 to 21
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days of reaction after wvhich period the
réactions renained stationary,

Reference to figures 3a and 3b illustrates
the change in the picture of the reaction with
time, | |

Patterns of renctions.

Fron ourrexperiﬁents, it is quite
obvious that the rcactions of kaolin extracts
with antisers to kaolin extracts produced nof
one, but several 1ines indicating the preseﬁce
of seoveral antizens, and therefore geveral
aﬁtibodies in these extracta and their antisera.
Fyonm fisures 1 and 4 it can be seen that
idlinefelter extracts, not only contained more
than one aﬁﬁigen, but also the number of
entisens in each Hlinefelter exbtract was
different from the number of antigens in othert
¥linefelter extracts, Iowever, a doninant
pattern of two strong lines and a third wealker
line can be seen.

Similarly, testing a Kaolin extract
of pregnancy urine against its own antiserun

(fisure 3b), shows the presence of more than



one antigen in suveh extracts, The main pattern
consisted of two strong lines vhich seened to

be identical with two of the lines produced by
Idinefelter extracts,

Hormal male extracts produced two falrly
strong lines, Jjoining with identical lines of
the i{linefelter extracts, Ilormal female
extracts tended to form . two lines identical
with lines produced by Klinefelter, pregnancy
urine and normal nale extracts,. |

Pogtmenopausal extracts olmost invariadly
produced a single strong line, identical with
the middle line of the dlinelelter extracts
ag well as with lines given by all the other
extracts,

Iffectn of purification of the anti~ens on thae

nattern of resnction: (usin~ antisecra to crude

aolin extracts)e.

Tron figure 4 it can be scen that the
purcr tannic extracts of Ilinefelter urines, .

generally produced less intense lines than

their kaolin counterparts. However, the
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number of lines remained essentially the
same., Sinilarly, figure 8 shows that tannic
extracts of pregnancy urine, produced two
lines exactly sinmilar to those produced by
‘kaclin extracts,

The same findingzs vwere true of tannie
oxtracts of male urine, female urine and
postmenopausal urine,

Treatment of kaslin extracts with
tricalciun phosphate zel, 6r the romissién
of such treavnent did not secem to affect the
intensity or the pattern of reaction of
blinefeltoer or Pregnancy urine extracts
(fizure 5), or any other extract. Although
the el appcarcd to rcemove some of the
ingredients of those extracts, it did not scen
to remove any of the antigens,

Filtration of kaolin and tannlc extracts
of Xlinecfelter, Pregnancy and postnenopausal
urine on Sephadéx columns, led . to the

eparation of each extract in several fractions,

o}

Cnly the first fraction of cach extract
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produced any reaction in gel diffusion,

original ,
Althiough the - Hlinefelter extracts, both
kaolin ond tannic _juve two to three lines,
fraction 1 gave only one strong line, in the
case of either extract (figure 6), Similarly,
reference to fisure 9, shows that of the
Sephadex fractions of both kaolin and tannic
extracts of preagnancy urine, only the first
onc of each gave a reaction, which consisted
of two lines,

Pregnyl (benzoice extract of presnancy
urine), produced two lines, wealker in intensity
but ddentical with those of other pregnancy
extracts. One of the lines showved recaction
of identity with the middle line of Xlinefelter
extracts. (Figures 12 and 14).

Figure 7 shovws that theo?%gi%%;kaolin
extract of Klinefélter urine produced ong
stronz line, snd two fainter lines: an inner
lino clogsely adjacent to the nain line and an
outermost line, Salt treatment of the nother

substance (3.A.3. method), did not abolish any



of the lines, which appeared in all the
froctions which possessed gome biological
activity viz. fracticns 1; 55, 70 and 100,
Hovever, the two inner lines bcecanme nmore
wldely spaced, The third outernest line
appeared distinetly in fraction 55, which
posscosed high biological activity. There
also seemed to be a foint similar line
procduced by fraction 70, the other highly
active fraction,

| The ion exchange extract of postnenopausal
urine (J3); tool: a long tine to produce one
main line recaction in gel diffusion, of rather
low intensity, (Figure 12).

The I'ffect of Purificaiion of antisera on the

pattern of repetion: (using crude and purified
éxtraots). |

Mntiserum to tammic extracts of illinefelter
urine was allowed to rcact with kaoolln and
tonnic extracts of this urine, It was found
that the regcetlion between the purer antiserunm

aind the crude koolin extracts was more or less
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the same as the rcoction between the cruder
antiserun and the sanme extract.  Also the
recactiong of tannic extracts of Xlinefelter's
urine with antisera to such extracts soeméd»
to be iﬁcntical vith the recactions occurring
between kaolin extracts and the same
antiserunm (figure 10),.

Pizure 3 b also ghovs that tﬁe recactions
of both tennic and kaolin extrzcts of
preznancy urine seem to be identical. . The»
innernmost line gives a reaction of partilal 6r
of non~identity with the Illinefelter lines. .

«ith all the other extracta, a purer
untiserum,produccd the gane pattern of
reaction nnd number of lines, often but not
always; with a wealier intensity;

The reactions of the antiscrun to
Pregnyl (benzoic extructs of pregnancy urine),
were so weal that the plates could not be
photographed, | However; the patterns of
recaction were the same as those of other
antisera to pregnancy extracets, Xaolin znd

tannlce extracts of pregnancy urine produced
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a two line reaction., Ilaolin and tannic
extracts of Klinefelter urine, each produced
a three lins rezcetion, The middle line was
identical, the inner line non-identical with
lines produced by pregnancy extracis,

Using the ¥ ~slobulin fraction of
crude antiserun to liaolin extracts of
idinefelter's urine, instend ol the whole
antiserun, indicated that the ¥ -globulins
possess most of the antibodies iavolved in
the gel diffusion reactions, t also
éug;;*;ests that the use of Y -globulins of
cntlsera instend of whole antiserum, does not
elininate any lines or moke the rcactions
riore specific, Picure 11 shows that, at the
end of 14 days, kaolin and tannic exiracts
of Elinefelter urine gove two strons and one
weal: line, aolin and tannice extracts of
pregnancy urine cach produced two linec, an
cuter strong line identical with the middle
Jine of Ilincfelter and normal male extracts;

and on inner much fainter line, identical
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Wwith the faint innermost line of the pituitary

hornone extracts,.

Bpecies Specificity of gel diffusion reanctiong:
(Figurés 14 ond 20}, o |

Pregnant nare sorun extracts (Gestyl)
never produced any lines when allowed to
react with antisera to Ilinefelier extracts
or precnancy urine extracts. Inti~Gestyl
sCrun, also‘never produced lines against any
human extfactﬂ, whether these extracts vere
biologiecally cetive or inert. However,
Gestyl produced two faint lines vhen allowed
to react for g rather long tine, with its own
anticerun,

It was therefore concluded that gel
diffusion reactions were strictly species

specific, Thercfore, although el diffusion

-

s supposedly nuch nore scnsitive than
interfacial precipitation or microprecipitation
teelmique, yet it still confirms the absence

of any cross precipitation between hurnan and

horuse gonadotrophing,
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Organ snecificity of rel diffusion reactions:
| It is quite obvious fron the above
experiments that, zlthouch precipitins in gel
diffusion asre apparently species specific,
they are far from being organ specific;
Cross reactions occurred amnong extracts of
Klinefelter urine, postmenopausal urine and
precnancy urine, as well as thelr antisera.
IThe purification of antigens or antisera by
any technique, did not hamper in any degree
such cross reactlons, This is obvious fronm
the figures already mentioned and iao further
illustrated in firure 12, |

Hormnone specificity of el diffusion reanctions:

Several findings'&uggeat that the lines
of reaction in gel diffusion experinments are,
atleast‘partly; related to the hormone
activity of the extracts tested. Hovever,
other findings cast some doubts on this
hor:zione specificity,.

That these reactions are hormone specific
scems to fe supported by the following:

1. fach biologically active extract seenmed
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to pocsess a more or less consitant pattern of
reaction., rurilication of such extracts by
any of the methods tried, did not chanse the

-

pratterns, The nuwaber of lines and their

4]

reactions of identity remained the same,
although their intensities sometines diminished,
Dirsure 7 zhwows that the lines of the 3.4.8.
fractions of a llinedelier extract, remained
identical with the lincs of the motlhier substance.
2. llore often than nov, the extracts with

1igh biological activity produced stronger
lines, thnn did the extracts with low or no
‘biological activity, Prom fisure 7 it can

be ceen tliat the stronzest lincs were produced
by the wother suvstunce and the two nost

active Tractions (55 and 70), and the vieaker
lines by the less active fractions (1 and 100),
furthermore, when thie biolozical getivity
conpletely disappeared {fraction V), no linecs
vere produced; |

3. Cel filtration of Klinefelter and pregsnancy

urine extracts on Scphadex colwmao, resulted
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in 4 to 5 fractions for each extract,

Ilovever, gel diffusion reactiocns were produced
only by fractions which possessed considerable
part of the biological setivity of the mother

substance. (figure 9),

Ixtracts of postmenopausal urine
produced only one fraction with biological
activity after gel filtration. This also was
the only fraction to give gel diffusion
reactions, This becomes significant when we
remember that the usual pattern of hurman
menopausal extracts was always a gsingle line
of reaction. It is highly probable that
this single line corresponds to the single
Sephadex fraction, which carries all the
biological activity;

The following findings however, throw
some doubt on the specificity of these
reactions,

1. DBiologically dinert extracts alwvays
produced considerable reactions, which were

often identical with lines produced by
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biologically active extracts., Figures 16 and
20 shovw how children's urine extracts,

extract of urine from & hypoxed rale, produced
strong lines vith reactions of ideniity with lines
of hormone extracts. Diologically inert
-extracts of pregnancy urine due to storage
(PFresnyl), ond biolosically inert extracts of
urine fron lllinefelter patients, pregnant
wonen and postmenopausal women, extracted at
unusual plls., gave reactiona ideatical vwith
thozse of their biologically active counterparts,
(Pisures 10, 17).

2. Ixtracts of low blolozical activity did
not always give rcactions of less intensity
than those of highly active extracts, (figure
16). |

3. Antisera to biolozically inert extracts,
like extracts of children's urine, produced
considerable cross rezetions with biologieally
active extracts. Although, such antisera
produced identical lines of reactions with

inert and asctive extracts (fisure 10), yct the
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intensity of the reaction was usually more
vith the highly sctive extracts (e.g. GG and
Klinefelter extracts). This indicates that
the rcactions of antisera to children's
extracts are somehow related to the biﬂlogical
activity of the hormone extracts.

4, The species specificity and the lack of
organ ospeeificity of these reactions may be
thouzht to indicate that they are not hcfmone
specific,  However, this could be due to
genuine antizenic difference between huran
end animal hormones, or this could be dus to
the actual nature of hormone precipitating
antibodies which may be quite diffcerent fronm
antibodies involved in other hormone

reactions,

Contaminatin. anticena:
- It has been shown clectrophoregtically
that goﬂadotrophic extracts nay contain
nminute quantitics of albumin; not detected
chenically (Johnsen 1961).

e tried to investigate thig possibility
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immuneclogically by comparing the reactions
of healthy urines and urines showing
grosa proteinuria by chemical tesgts. Sugch
extracts were preparcd from urines of
Klinefolter patients, pregnant women, end
children under the age of five.

| . Ixtracts of urines shoving proteinuria
gave ldentical patterms, nurber of lincs
gnﬁ intensity of recctions as those of the
normal counterparts. Purification of eny
of {the forner extraatm; by tannic acid, -
tricalciun phosphate or on Sephadex, did
not make any difference to their reactions
in gel diffuzion. This seeno to indicate
thint plasma proteins (especially albunin),
cannot form a major antigenic component of
our extracts.

The possibility of the presence of
ninute guantities of globulins in hornone
extracts was further investisated, due to
~ 4he physico-chemical resemblance of some

globulin fractions to serun glycoproteins,
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ineluding gonadotrophins (Stacey andlBarker, 1962).
MAntiserun to total plasma globulins (Coonb's
AJH,G, rengent), was nllowed to react with
bioclogically active and biologically inert
extracts, Anti~hormone gera vwere tested
simultaneously, as a control, It can be secen
fron figure 15, that A.H.G. produced s weak
line of reaction with {linefelter extracts;
whilch was not identical with the main lines
of reaction produced by anti-Klinefelter
serun against the same extroct. The sarna
findings obfained with pregnancy urine
~extracta, |

ﬁxtracts of children's urine showing
heavy proteinuriﬁ, did not zive stronger
reactions against A H.G., than extracts of
healthy children's urine,

These findings agein confirm that
£lobuling are only minute irrelevant
contaminants of our hormone extracts.

Absorotion of antisera:

Preliminary experinents showed that
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nore then one sddition of antigen was required
for the complete absorpiion of antisera to
genadotrophins, After such gbsorpiion, no
nrecipitate vwas obtained when the supernatant
waz tested against the absorbing antigen by
the inferfacial or nicro-precipitation
teehniques. Ilowever, such supernatant slways
gave some reactions in gel diffusion, apparently
due to srall quantitices left oﬁer, and not
dotectable by the less sensitive tests, . This
natural tendency of the gonadotrophine
antigonadotrophin systen was very convenient,
since it was possible by complete aboorption
to remove the wealier antibodies from an
antiserum and leave behind enough of the
stron-er antibodies to be cxzamined in gel
diffusion,

When antisera to Klinefelter extracts
vere absorbed vith kaolin or tannie extracts
of ¥linefelter urine, the sﬁpernatant did not
produce lines, until the end of two weeks,

when the lines appeared, they did so firast
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with IICG then with Idinefelter extrecto.

The same roesults vere obiained when
entiscra to pregsnancy vrine extracts were
absorbed with kaolin or tannie cxitracts of
presnoney urine.

Since the Tirst extructs t0 show
reaction with the scupernatant vwias also the
most setive biolozically, (11CG), it is
reasonable to consider that the nminute armount
of antibodics left over after absorption were
related to the hormone setivity.

~Lfter a guitable length of time,
biologically active and blologically inert
extracts shovwed reactions with the absorbed
antisera,. The reaction vag alviays a single
line identical in all of them, Houvever,
the lines produced with HCG, illinefelter
extracts end ILIG, vere stronzer than those
produced by normal male and normagl female
extroets,

Antisera to kaolin and tannic extracts
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of Idinefelter and pregnancy urine were also
absorbed with lraolin and tannic exbracts of
children's urine extracts. Given enough
length of tine, the supernatants produced
rezctiong with hornone extracts as well as
with children's urine extracts, Hovever,
the lines preduced with +the biologleally
active extracts vere stronger than thouse
produced with the Dbiologically ineft
extracts, (Figure‘ 19). - .

ron the above, it is seen that
althouzh absorption of anticera succeeds in
rroducing single line rcactions, yet it does
not prevent biologically inert extracts from
reacting with the antihormone sera. Thus,
although on one hand the gel diffusion
reacticns apncar to be related to the hormone
activity, yet on the other hand they seen to
depend on the presence of onti enic substance
or substances commnon to the horucne extracts
gnd the childrea's urine extructs as vell as

to other biologjiecally inert extracts,



1g2-

Reactions of body fluvids in pel diffusion,

Usine antiserun to lkeolin extracts of

#linefelter urine:

Freéh séréﬂfrom,pregnant wonen and sera
from non-preginant women, each produced reactions
of three identical lines., Fresh urine from
nresnant and non-pregnant urine produced one
1dentical line, which was also identical with
the middle line in tho reaétion of the sera.

Using antiserun to tannic extracts of

idinefelter urino:

The feaeti&ﬁs‘as a whole werce less
intense than those of the abave cxperinment.
Hewevery, the sera of pregnent and non~presnant
wormen still produced identical reaction of
three lines each, and urine of presnant and
non=-pregnant women produced identical
reactions of a single line ench,

Usins ontiserun te ¥nolin extracts of nremancy

nrines
'resh sera of preguant and non~-pregnant

women produced identical reactiors of three
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lines each. Iresh urine from pregnant and
non-pregnant women produced an identical single
line reaction.

Using antiserun teo tannic extracts of orermancy

rine:

The reactions were the same as tliose in

the above experiment, only somewhat less intense.

i)‘l 3 ar? :

T&ezﬁingle line reaction in gel diffusion
is not o reliazble criferion of the chemical
purity of the extracts, since it depends mainly
onn the relative concentrcticn of the antigenie
components, and honce on the time allowed for
the reaction. It is therefore quite clear
that, both crude aond purified extracts contain
multinle antizenic components. From the
BeheSay and Seghadex fraocticnation nethods,

it appears that the biolozical setivity

is actually related to more than onc of these
antigzenic components, Parification of
extracté doea not remove any of the éompenents
but only rcmoves parts of cach component at

the sanme tine, Therefore, although
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conceivably we could reach o atage of
purification wierc almost only the main antigen
is retained in the extraot, yet we must expect
a definite loss of some of the total activity
in the process of purificatieﬂ;

It i3 2lso clear, that children's
extracts (and other inert extracts) and
antisera to such extracts, rcact in gel
¢iffusion due to the prescnce of some antigenie
component, imnmunolozically and probabvly
chenically identical with the suntigens
involved in the recetions of hormone extracts
end their antisera. Thig wntigenic component
or componcnts could conceivably bz a hornone

carrier, ecxcrceted in humaon urine whether the
hormone was thors or not,

The siugle line of reaction produced
by fresh urines in gel diffusien may susgest
that the maltiplicity o the antlzens in the

extracty is the rcosult of the chemical
processes of extractions. Un the other hand,

the differonce can be explained ps due teo
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the prescnce of one strong antigen in fresh
urine with other.ruch wenker oncs. The
extracts of course concentrﬁte-the wealier
antigens along with the strong ones, This

ias substantiated by the multiple lines

produced vwhen fresh human sera reacted ag
entlgens with anti~hormone sera. This

aleo suggests viiy hacnoaszlutination tests

can be succesaful in the diagnosis of pregnancy
only when fresh diluted urine iz used, but

not wvhen concentrated extracts were tested.
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Figure 1# Central cup contains
antiseruin to a Klinefelter urine
extract M. A, R, and M are
urinary extracts from three
Klinefelter patients.

Fipgire 2. Antiserum to Kaolin
extract of Klinefelter urine.
A and M are two Klinefelter

extracts. = normal male
extract. Kg, = normal female
extract.
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This illustrates the effect
of time on the number of lines obtained in gel

diffusion, using antiserum to tannic extracts
of pregnancy urine. Note the multiplicity of
lines, both with crude and purer extracts, and
the cross-identity between lines 1in pregnancy
and Klinefelter extracts.
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Figure 4. , ,
This 1llustrates clearly

that purification of the antigens
produces no change in the number

of lines. Antiserum to Klinefelter
extract used against Kaolin and
tannic extracts of Klinefelter and
pregnancy urines.

Jip:ure 5.

- Antiserum to Klinefelter
extract against Klinefelter and
pregnancy extracts treated with
tricalcium phosphate gel.

KP = Klinefelter extract.

KFg = same extract treated with gel.
E.I. = eluate from this gel.

dxr = Pregnancy extract.

GGg = same extract treated with gel.
E2 = eluate from this gel.

?i/<ure 6.

Antiserum used against
fractions separated by Sephadex
from a menopausal extract. Note
that the first, the only biologically
active one 1s the fraction which
produces a reaction but the lines
are still multiple.
(Antiserum to Klinefelter extracts
was used).
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Klinefelter antiseruin V.
fractions obtained from Klinefelter
extract by ammonium sulphate
treatment. M = original extract.
FI = first fraction.

too 55 = precipitate at 55" saturation.

£l 70 = precipitate at 70" saturation.
ICO = precipitate at 100" saturation.
FV = final supernatant. Separation
55 of lines is not as good as usual.

Note lines are produced by active
fractions and are multiple.

KFT

CC"(I Fi/cure 8.

Antiserum to pregnancy
extract V. Kaolin and tannic extracts
of pregnancy, Klinefelter and normal
male urines. The reactions are

1 L similar with both crude and purer
” extracts and there is identity of
\ \ lines in all extracts.

CQT

CCK'Tfl y
ccKUu

CLI< iV .
Figure 9.
Antiserum to pregnancy
extract V. Sephadex fractions
Tobtained from Kaolin and tannic
CE,T1 extracts of pregnancy urine.
Note that in both instances only
fraction I J]ives a reaction,
although fraction IIwas also
biologically active.

Qrir

ccr V
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Tamiic Klinefelter
antiseruin V, Kaolin and tannic

. extracts of Klinefelter (KFK.
Xf/ KFT) and pregnancy (OGK, GGT;

urines, tannic extracts of male
urine (No”T) and menopausal
urine (HI.IG. Tannic extracts
give weaker reactions and some
of the lines in menopausal and

pregnancy extracts are non-
identical.

Flj*are 14.

* Klinefelter antiseruin
V. two Klinefelter extracts (A,R),
Prognyl (P) and Gestyl (G).
Note lack of reaction with
Gestyl.

(Reagents were applied more than
once which led to splitting of
the lines).
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Figure 15 a and 15b.

These show the reaction of
tannic extracts of Klinefelter and Pregnancy urines
(KEFT and CGT) against their own antisera (ICFIS and
GGTS) and also against anti-human globulin.

Note that a faint reaction for globulin is obtained
but this is not identical with the lines shown by
the antisera.
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Pifcure 16.

Klinefelter Antisera V.
(1) active extracts, Klinefelter
(KFT), menopausal (RIIG); (2) a weak
extract, normal male (Ho") and (3)
an inactive extract, hypoxed male
(342) .
Note multiple lines and identity.

Fi>gure 17.

Klinefelter antiserum
V. active pregnancy (CG) and
menopausal (MG) extracts and their
inactive counterparts (CG8 and MGS).
Again note the multiplicity of
lines and reactions of identity.

Figure 18.

iCLinefelter antiserum,
absorbed with cMld extract V. Kaolin
and tannic extracts of Klinefelter
(KFK, KFT), pregnancy (0OGK, OGT)
normal female (No K, Hp T) and
normal male ©N(fK, H<"T) urines.



cck KFK
Jiaure 19.
Pregnancy antiserum
absorbed with child extract V.
Kaolin and tannic extracts of
KFT ICLinefelter (KPK, KPT), pregnancy
(OGK. OGT). Normal male (N (fK
No”T) and child's (OhK, OhT) urines.

eqT

Figure 20.
Pregnancy antiserum V.
0 \\ Pregnyl (P), Gestyl (G),
menopausal (IMG), child’s (Oh),
two Klinefelter (KFK, KFT) and
two pregnancy (OGK, OGT) extracts.
/-Mg The apparent reaction to Gestyl
KFT 1is fallacious and merely due to
union of lines from Pregnyl and
Menopausal extract.

CCK
KFK
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Chemical Assay of Glyconroteins of the Urinary Ixtracis.

Introducztion.

The serolo;ical tests have shown that the
hormonc extracts, even when purified centaln antigens
other thun the horaone itgelf, Cel diffusion
expériments showed several antijen-antibody systems,
but such pattern could be obfaincd whether there was
one chicrnical substance partly relsted and partly non-
related to the hormone, or whether there vere several
substances chemically and immunologically allied to
the hormonz subatance,.

Tiszue localisation experiments {Ciruiclshanl:

& Currie 1958) have susseated that the non-horrmonal
antisens nust be blocliemically very similar to the
hormone antigen, since they have always produced
irreducinvle non specific recactions, Since it is
believed that the gonadotrophing are glycoproteins
or mucoproteins, it is only recasonable that we
should - try to gain more information of the
chenical nature of the bulk of the nonfhormone
antizens, by chemical estinaticn of the

glyceproteing ir the hermone extracis,
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If the intensity of the chemicel reaction
and its pattern of variation agree with the
intensity and pattern of the serological
rcactions, this is strong evidence that all
the antigens, hormonal or non-hormonal,

are closely reclated glycoproteins.‘

Toreover, since biologically inert
extracts (children's extracts),:gi§e serological
reactions identical with reactions of the
hormone extracts, it is essential to find
out 1if they contain chemically detectable
glycoproteins or some other chemical substancé
vwith identical antigenic bechaviour.

The gonadotrophic hormones are
considercd to be glycoproteins since carbo-
hydrates and proteins have been demonstrated
in the "so called" pure extracts of the
hormones obtained from different sources

choldi§9§%, Li et al,: 1949,‘Eorris 1955,
Loraine 1958), Stran and Jones (1954) and
Croole ot al;(1954) have attempted to

estinmate gonadotrophins by testing urinary
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extracts for proteins and sugurs. There is
at present no evidence that there is close
correlation between the biolowical activity
and chenical necasurenents such as ninhydrin
colour, orcinol colour-and ultra violet
abgorption (Loraine 1658, I'artin & Imsens,
1961). |

Andergson and licLaggan (1954, 1955)
reported favouradbly on the use of geid
diphenylanine reagent for the gquantitative
estination of rucoproteins in benzoic extracts
of urines. his reagent had been used for
tke estimation of fructose (Jolles 1910), ~
inulin (Corcoran & Pope 1939, Alving, Rubin
< Uiller 1939), a scrum constituent thouﬁht
to be nmucoprotein (Iiiazi & State 1948,(hoore
& Ness 1951), and for mucoprotein foetin from
foetal calf serun (Deoutsch: 1654),

The diphenylanine reagent (D.Z.A,) was
used by us to ftest for the glycoprotein
content of urinary hormone extracts, according

to the method of Anderson and IeLazgen (1955).
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A purple colour wag obtained from such
reactions, the intensity of which was meagsured
against a control in & colorimeter (EEL).

Sometines a greenish colour developed
instead of a purple one and that was due to
contaminatioﬁ of the solutiongs with soﬁe
-nitrates. The test was then repéated using
fresh gsolutions.

A ieading over 100 was discarded and
a higher dilution of the extraocet solution was
retested,

Technique,

A conveniont volume (2.5 ril.) vas
pipetted into a2 gpecizl reaction tube. | The
diphenylanine reagent (D.P.A.) was then
added in equal volume. The tube vas

stoppered with a perforated glass stopper and

=1

neated at 100°C. in a boiling water bath for
exactly thirty minutes, It was then gllowed
to cool and the colour read in a photo-electric
colorimeter (ZIL). A blank of 2,5 ml, of the

solvent of the hormone extracts vias sinilarly
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DeZeAs Colorimetry of crude
and purified extroeta.

Antizen, {aolin Tunnde

1/4 BT TeUalle o TTaUeUe
KPR I 40 40 29 40
P I 74 &0 61 40-300
K IIT 66 L0 A2 0O
KI* IV ' 52 20 39 20
Iry 31e] 40=-80 69 co
=I5 56 10 |

KF 5 30 5
LG I 92 over 160 75,5 160
cG¢ I 95 160 83 160
CG IIIX 62 160 5Te5 80
ce IV 82 over 160 64 80
CG V= 57 80 43 80
CG 8 45 0
Ho I 31 10=20 52 10
g 2 €6 20-40 25 20
Ng 3 32 20 34 20
Ng? 37 20 22 20
NG o 20 5 16,5 10
Rd 3 42 20 40 10
G 1 53 &o 52 80
TG 2 79 160 64 30
hild 1 65 0 40 0
Chilag II 25 0 21 0
N g (An) 72 10~20 T4 20
Hyperpituitary 66 5 59 -5
}G 8 ._,u 0 : 2 0
I = Klinefelter Urinc,
CG = Pregnoncy Urinc, .
CG8 = rreguancy urine extracted at pH &.

TG = m“ls.n I“eropausal =xtract,. '
IGS = llenopauvsal CGonacotrophin extracted at pH O,

?,(Am) = llormal fernle with ancnorrhea.
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lesults,

| | Eéférence to Table I and to Flsures

1 and 2 show that a straizht line was obtained
when serizl dilutions of any given extract,
crude or purified, verec tested wiith the D.2,A.
reagent; Table 2 also shows that the
purified extracts az a whole produced lower
colour inténsities than the corresponding
dilutions of crude extracts. Relative to
the biological activity, Pregnyl and Gestyl
produced.less colour than tannic acid
preparations, while the latter produced less
colour than_ﬁgolin preparaﬁions;

When colorimetric readings of,SS Kaolin
extracts were applied to the corresponding
colour/i.u.u. curve {Iigure 2a), the colour
reading was too high in 33 points, of which
72 points belonged to extracts of low
activity (normal male, normal fenale,
hypopituitarism, children's cxtracts). In
twelve points, eight belonged to extracts of

high neu.u, activity, the colour intensity
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was lover than it should be,.

In the casc of the 21 tannice acid
preparations tested, five produced more colour
and two produced less colour than would he
expacted from their n.u.u. activities,

(Fioure 2b),

flgure 3 shows that the range and
pattern of disagreement between colorimetry
reactions and m.u.u. cctivities were the scane
as those for the serological tests, especially
the preeipitin and complenent fixaficn
reactions, Such disagreemeht was nore marked
if the colour intensity rcad below 25 or above
T0=80 ¥EL, A dilution of ¢ of nost extracts
cave a reading within that range, but very
occasionally & or & dilutions hzd to be used.

In the case of Pregnyl and Gestyl, there
was no disbrepancy between the colour
intensity and the nouse uterus activity.

Reference to Table 3 shows that vhen
the fractions obtained in Sephadex gel

filtration were tested colorinmetrically for
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PREGNYL AND GESTUYIL

50

EEL
reading
30
20
10
H I.U. activit
T 1V1ty
200 100 600 §00 1000 1200 1400
KAOLIN EXTRACTS
100
§ 0
EEL 60
reading
{0
20
m.u.u. activity.
10 20 {0 80
Pimire 1. Colorimeter and biological activity.
Serial dilutions of a) Pregnyl and Gestyl and
b) Klinefelter Kaolin extracts. Colour reaction
plotted against activity. Note straight line in

each case.



85 KAOLIN EXTRACTS

100
90
EEL
reading i% A
60
50
{0
3 oo
20
10
10 20 10 60 " Mmey.u. activity.
100 TANNIC AC/D PREPARATIONS
80
60 B 5
EEL 7
reading ¢
20
10
m.u.u. activity
! 10 20 40
N . a.
Figure 2. Plotting colour intensities of different

preparations against their M.U.U.

A. 85 Kaolin extracts.
B. 21 tannic acid extracts.

Note that for the same M.U.U. tannic preparations give
less colour than kaolin extracts. More points lie off
the line with kaolilin extracts.



Table 3.

Colorimetry of fephadex Practions,

Extract fraction EEL Aativity of  Activity of
, o, Reading, fraction the
(ileWeUe ) original
solution,.
(Mevieu, )
Klinefelter 1 28 10 20
(K&Oliﬂ) P 60 5 5
3 - -
4 - -
5 - -
Klinefelter 1 18 5-10 20
(Taxnnic) 2 5 5
3 - —
4_ - -
l'j - . -~
Pregnancy 1 2746 5 20-40
2 10 10-20
3 - L4
4 - L]
Pregnancy 1 17.8 5 20
(Tannic) 2. 10 10
3 - - ~
4. L] -
Ienopausal 1 19,5 10 10
(Tamic) 2 7 - .
3 - R
4 L} -
S . -~
Presnyl 1 12 20 80
2 3 40
3 - -
4 - "
Geatyl 1 16 &0 160
2 4 20
3 . -
4 - -




glycoproteins, the first fraction always

gave a colour intencity between 10 and 20 IIZL.
The second fractions always gave a wéaker
reaction (5-10). Iio other fractions produced
any colour with the DPA reagent.

Although the secoﬁd‘fractions of the
tannic acid pregnancy urine extracts and of
Pregnyl preparations were very active in nice,
their colour rcactions were wealier than those
of the corresponding firat fractions. It
scens very significant that only one line
was produced in gel diffusion by postmenopausal
extracts and only one Sephadex fraction of
such extracts gave colour reactions with DPA,

The first fraction of Xlinefelter
extracts possessed the higher activity; the
stronger colour reaction and the only
component able to give gel diffusion recactions,
Therefore, there seems to be a difference
between chorionic and pituitary gonadotrophins,
detected by Sephadex. moreover; it seena

that Sephadex can isolate fractions with
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biological activity, and such a omall content
of glycoproteins that they do not give any
precipitin reactiong,

Comparison of the mouse uterine units
activity and the colorimetric results of the
highly purified benzoic extracts CGestyl and
Pregnyl'with the sane estinations in cruder
extracts indicates that as purification
occura the amount of glycoprotéin dinminishes.

A further comparison of all the
tests in relation to biological activity is
showni in Pigures 3 and 4. Thae first
illustrates the degree of dlscrepancy between
the test and the bilolozical metivity in teots
carried out with Koolin extracts. In the
second, the results for tannic extracts are
shovin.

In both instances it can be scen that
the discrepancy vas least in the hacnagglutination
tests,  The greatest diserepancy vias shown
by the colorinetric and precipitin tests both

in extracts of hizh and low biological
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activity; Conmplenent fixation occupied

an intermediate position but the discrepancy
vas a9till nuch greater than with
haemasslutinins, Tannic aciad purification
altered the quality of the discrepancy
rather thon the degree.

- Sunnary:

i, The”D.?.A. reagent succesafully produced
colour with all the urinary extracts as vell:
as with Gestyl (P.1.8.). The colour
intensity varied directly with the dilution
used up to g reading of 100 in the colorimeter.
2. Cruder extracts produced stronger colour
than purified ones,

3¢ The colour intensities were used to plot
a curve for the biolosical activity of crude
and purified extracts. The discrepancy was
lcast with readings between 20.and 70;

4, The discrepancy betvieen the m,u,u,
activities and colour intensities was mainly
due t0 low activity or inert extracts giving

too strong colours, ™is corresponded with
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diserepancics between the m,u.u. and the
precipitation and complement fization reactions
in generale.

Conclusions,

guantitation of glycoproteins in hornone
extractc.
2¢ DePeAs is guccessful in assaying the
biological activity of highly active extracts.
Hovever, with low pmetivity or inert extracts
there is considerable discrepancy.

This ic of the saze order snd ragnitude
as that of the serological reactions,

It is therefore rezsonable to conclude .
that g1l these reasctlons actually measure the

sane conponent or conponents of the extractis,
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Cxperinents on Presh Urincs.

fresh urine vas obtéincd frém,32 pregnant
women in the firut five months of their
presnancy, from 16 normal feﬁales, rnostly in
the JTirst half of their cyecles, from 10 normal
males, 5 Dlinefelter patients and 3 post-
wenopausal women,  Two specimens of
c¢hildren's urine were obtaincd, one ol thenm
containing considerable proteinuria, Of the
32‘pregnancy urine samples, one shoved heavy
proteinuria, and another one was outained fron
# patient with a hydatiform nole pregnancy;

Iach urine sample was mixed with a
little Celite powder, and then centrifuged
until it was gquite clear. The gample was
diluted with distilled water to u final
dilution of 1 in 5, wlhich resulted in an
isotonic seolution (lckean 1960), loimal
saline was then used to rnake further dilutions

of 1/10, 1/20, 1/40, and 1/80,
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Usinz antiserun to nregnaney urine extracts

(CGT sntiserum),

?recipitin Reactionst

Zisght of the 32 pregnancy urinces gave
no reaction st dilutions higher than 1/10
vhile the rest rcacted up to dilution of
1/80, All the other urines reacted with the
antiserun to pregnancy extracts, except the
children's urine not containing proteins,
i'ost of the urines of nornmal males and
females rcacted to a dilution of 1/10; but
three normal female urines and four normal
male urines reaccted to dilutions of 1/20 to
1/40,

Three of the Klinefelter urines reacted
to dilution 1/80, the other two to dilution
1/20, iwo II'G urines reacted at dilution
1/40, thec third at dilution 1/10. The
pathological children's urine reacted to
é¢ilution of 1/10,

All these urines vere nlso tested against

the same antiserum by the immunocrit method,
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The anount of precipitates produced coincided
very closely with the results of the dilution
technique,

Cemplerzont fixation reactions:

The 1/4 dilution of urine was very
rarcly anticomplermentary, so it was chosen
as the fixed dilution of the antigens.
Guantitation vas done by varying the anount
of Z7IDs of complement per tube, The
antiserun vias also used in a constant dilution
(1/4-1/0).

All the urines tested gove a positive
reaction, ecxcept the normal children's urine,
Five’o$ the presnancy urines reacted with
less than 4 ITID3, the rest reacted with T to
10 Uibs. A1l normal female urines reacted

vith 2 to 4 I'HD except one which reacted with
6 1ZiDs, Four male urines reacted wvith 5-6
1™MDs., while the rest reacted with less than
5 LZIDa, Three Kllnefeluer urincs reacted
with rore thon 7 liids., onc with 5 I'IID3
and one with 3 lIlDs, One .G urine reacted

with 10 IliDs, the other two with 2 and 3 17TIDs.



211,

The pathologicsl children's urine reacted
with 3 1'1ID, |
Haemoogslutination inhibition reactions:

A1l the urines gavc positive reactions
except both ehildren's urines, which gave
no reaction,. The pregnancy urines reacted
at a dilution of 1/00 excent three of then,
vhich recacted 2t dilutions l)QO and 1/A0,
Iormal male and female urines reacted at
dilutions of 1/20 or leess, excent two male
and two female urines, which rescted at
dilutions of 1/40 znd 1/080, Cne 1I°G and
three Ilinefelter urines reacted at dilution
1/00, while the rest reacted up to dilutions
of 1/20 to 1/40,

The&é resultg indicate that antisera Yo
G are not,‘strictly spealzing, ﬂpcéific for
chorionic gonadotrophins, no matter wﬁich
serological reaction is uged. Hovever, the
quantitative reactions seem to indicate a
difference in the extent of reaction vhich
could serve as basis for a practical test of

Presnancye. In such case, the precipitin



212,

reactions show sbout 207 falce positives and
about 11.. false negativeas,. The complement
fixation reactions schow 14: false positives
and 7,) false negatives, vhile the
haenoagglutination reactions show 11¢° false

positives and 4y falce negatives.

Using antiservn to tannie extracta of ilinefelter
urines |
Precibitin,reactions:

four pregnancy urines and two Ilinefelter's
urine reacted at dilutions of 1,10 and 1/20,
vhile the rest of the gregnancy-an& illinefelter
urines reacted at dilutions of 1/40 and 1/80,
Pive normal femnle and five nmale urines reacted
at dilutions 1/40 - 1/80, while the rest did not
react at dilutions avove 1/20., One G urine
gave reactions only up to dilution 1/10, while
the other two reacted up to 1/40 and 1/80,
The pathological children's uringe reoacted at a
dilution of 1/20, while the normal urine reacted

only at 1/5 dilution,
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Complenment fixation rcactiong:

A1l the urines produced positive reactions,
Six of the pregnancy urinés and ocne of the
Klinefelter's urines rescted with less than
5 1Dz, while the rest of the pregnancy and
Ilinefeliter urines reacted with 5 or nore
TiDs., usually with 7 o 10 !3Ds, Iloat of
the normal male urines reacted with 4 - 5
I11Dg, while most of the fermale urines reacted
viith 2 - 3 ITHDa, Four female urines and
five pale urines reacted with 5 to 8 IHDs.
One postnenopausal urine rcacted with 3
IMbs, theiother two with 6 lMiDs, The
pathological children's urine reacted with
4 ﬂHBS; vhile the narﬁal specimen reactéd with
3 I'HDs,

Haemoagsglutination inhibition‘reactions:

All the urines produced positive
reactions except the normal children's urine.
Three pregsnancy urines, one Klinefelter's
urine; and one H!G urine reactecd at dilutions

1/10 to 1/20, &nd not more., Tho other
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pregnancy, Klinefelter and postnenopausal
urinecs produced positive reactions up to
dilutions 1/40 and 1/80, Two femele urines
and thrce male urines reoccted at dilutions
1/20 or nore, while the rest reactcd up to
dilutione of 1/20. The pathological
children's urine reacted ot a dilution of 1,/20,
These results indicate that antisera to
pituitary hormones are nct really strietly
gpecific for nitultary horncnes, As a matter
of fact they reoet equelly strongzly with
chorionic gonadotrophins, Therofore, such
ontisera cannot be used to differentiate
betveen these two types of hormones, but they
nay be of some use in assaying the total
cenadotrophic activity in wurinec, In such
application, the precipitin reactions produced
feloely high reeultio in 164 and unduly low
results in 1093,  The compleneunt fixation
rcactionﬁ produced %00 high rcactions in 164
and t0o low reactions in 117, Finally; the

wenoasslutinagtion inhibition reaection nroduced
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unduly high results in 990 and uaduly low
results in T of urines tesﬁéd;

It therefore geens cbvioﬁs that antisera
%o'pre;nmncy extracts are by no means more
speclific than antisera to pifuitary hormenes,
("ide & Gemzell 1962), nor vice versa (Butt
et nl 1951), Using diluted urines in the
haenoasglutination inhibition test, secmo to
offer a good possibility of ouccessfully

&

assayin

S the total gonadotrophic activities
in n

ying

11 types of urines, rather than
Cifferentiating between then. Hoﬁcver; since
normal fenale urines produced low inecidence

of error with the amtiserum to pregnaney
extracts, the practical wvalue of

haenoasslutination for the diesgnosis of

pregnancy seenms clear.
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Discussion.

The immunological reactions reported
nbove may be considered from several points
of view, A number of acadenic questions
sugest themselves, such as the nature of
thece reactions, and their relationship one
to ancother, The problem of gpecies apecificity
must be considered. There is also the question‘
of whether the reactions have any degree of
specificity for gonadotrophic hormone per se,
and whether it is posgible to differentiate
hormones arising from different organs in the'i
sare species, It rmoy be possible to deduce
something as to the nature of the hormone and
its relationship to the antigens involved in
these reactions, In addition there is the
practical‘problem of the pogssible use of these
tests for the estination of hormone activity.

Precipitins,

YWith regard to the preeipitin tests
probably the most important fact is that, in

our hands, these viere specics specific. Ho
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crosg precipitin reactions could be obtained
between Gestyl, & proprietary preparation of
pregnant mare's serun and antisera to hunan
gonadotrophin extracts, nor were there any
between these eﬁtr%cts and the antisérum to
Gestyl. Chowj{l%éE) and Heﬁry & Van Dyke
(1958) working with a preparation of interstitiél
cell stinulating hornone obtained sinilar
raesultas, Cruickshank & Currie (1958) hcweveﬁ
were inclined to thinl that the precipitin
rcactions of chorionic sonndotrophin vere no#d
species specific. Witebsky et al, (1955).
agrecd vith the latter. This spcciles
specificity imnmediately raises s doubt
resarding the relantionship between precipitins
and hormone activity. Hevertheless the
precipitates obtained from the teats whén_
injected into aninmals showed sone evidence of
biological activity indicating that at least
some hormone is involved in these reactions.
This was also a finding of Henry and Van

958),

o evidence of organ specificity vas

(v}
§<:
3
Q
—
)
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apparent, Althoush the highest titres were
obtained with the most active extracts, it
was inpoosible to differentinte betveen these
extracts. Cross precipitation was the rule.
Ilcdlean (1960) has claimed that it was
posaible to differentiate one type of
gonadotrophin fron another but Crulckshank

& Currde (1958), Dutt et al {(1960-61) and

Rao ond Shahani (1961) found that precipitins
“were not organ'specific.

Apart altogether from differentinting
one tyne of gonadotrophin from another, the
titres of reaction obtained when tesiing
several preparations of the same type of
sonadotrophin were_very'variable and bore
practically no relation to the biological
activify,of these extracts,

Wwlth a specific antibody reaction the
purification of the antiserun or the nantigen

should malie no difference to the strengthof
reaction, In the case of these precipitin

reactions purification of the antigens
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reduced the titres of reaction considerably,
From this and the fact that inert and low
setivity extracts produced fairly strong
precipltation with the antisera it vas
obvigus that multiple uﬂtigenﬁ vere involved
in these precipitin reactions.
| Tho sane resulﬁs were obtained whether
the precipitin reaction was carried out by
the inter-facial ring dilution technigue oxr
by the immunoccrit nethod, In view of the
obvious nmultiplicity of the antigens wa used‘
the Ouchterlony cel tecknique to try and
differentiate qualitatively between the antigens
and 1f possible the various types of
gonndotrophin.

Preliminary experimentation shoved that
téchni@ﬁe and time of reading the results
played an important part in interpretation.

It wags obvious from the Tirst that a nunmber of
antigens and therefore antibodies toolk part in
the precipitin reactions. This was true for

all extracts and antisera used. Crulekshank
\
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& Currie (195€) in an exhaustive study of gel
diffusion studies of gonadotronhins obtained
sizilar results, Chorionic conadotrophins
and extructs of normal nale urines produced
twe lines, vhile nenopausal extracits gave
only one line, Butt et al (1960, 1961)
observed two lines with choribnic gonadotrophin
and elso with menopausal gonadotrophin but
enly one line with gonadotrophins of pituitary
orizin., Brody & Carlstrom (196lab)ere able
to demonstrate two lines with extracts of
urine from both pregnant and non-presnant
Vornen, In our series of experirents using
anticens and specifiec antisera the number of
lines tended to vary with the individual
serun. In general however, linefelter
extracts produced three strong lines, pregnancy
extracts produced two strong lines and
rnenopausal cxtracts one strong line, weaker
lines vere produced in all cases.

rfurification of the antigens by tannic

acid precipitation, ion exchanse recsins, or
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adsorntion vith +tricalcium phosphate made no
difference to the nunber and distribution of
lineg we obtained, surther purification by
armroniun gulphate and Sephadex gel reduced
the nunber of lincs but at least two lines
revained and in the case of the ammoniunm
sulphate veparation two lines were shown by
saveral fractions, Jimilarly, antisera to
rurified extracts rmade no difference to the
reactions and even using the‘ﬁ-giebulinﬁ of
entisera still produced the same multiplicity
of lines, equally without avail.

These reactions were ceértainly not
or;an specific, Crooss reactions occurred
with all preparations and their antisera and
as can be seen from the illustrations these
lines slioved evidence of identity;

Similar cross rcactions were obiained
by Cruickshani and Currie (1953). Their
anti-menopausal cerum reacted with purified
chorionic goradotrophin, cxtracts of male

urine and even thyroid stimulating hormone,
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llenry end Van Dyke (1958) using antiserunm to
sheep interstitial cell stinulating hormone
obtained cross reactions with ox gonadotrophinsg,
Butt et al (1960; 19561) observed two lines in
cel diffusion vhen anti-rmenopausal serun
reacted with either menopausal or chorioniec
gonadotroyhins;

According to our results tho recactions
were opeciles specific in that Gestyl failed
to pgive lines with any of the untiséra. As
noted above, hovever, Henry & Van Dyke (1958)
obtaincd cross precipitation between antisera
to sheep gonadotrophins and ox gonadotrophinsg
althouch not with hog or human chorionie
gonadotrophins, so that the species specificity
ray not be so strict as nmight seem,

As with the ordinary crude interfacial
ring technique there secmed to be sone
rclationship between these reactions and
biological activity. This waog ﬁcst}clearly
seen in experinents with fractions separated by
the ammonium sulphate and Sephadex techniques.

Reactiong vere only obtained with those
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fractions which possessed aetivity; It is to
be notecd hovever that these frnections produced
more than one line in gel diffusion, indicating-
that cven these techniques viere unable to do
nore than separate the antigens into several
Sroups, It occurred to ua that the extracts
night contain some serunm globulins end tests
wore made for thelr prescnce. The recsults
showed that globulins were indeced present in
traces but the lines produced in gel

diffusion showed no evidence of identity with
those obtained in the reaction between the
extracts and their antisera.

Despite the fact that lines were only
obtained with active fractions separated by
the tceehniques mentioned above and these
lines were identical with others Bhoﬁn by
the nother extracts, it has to be admitted
that this is no proof of hormone identity,
Identical lincs were obtained with low
activity anq inert extracts, Roo and Shehani

(1¢61) also obtained strong reactions with
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inert extracts, Several interprestations
are pogsible, One interpretation'invclves
a consideration of the nature of the antigenn
and their relationship to gonadotrophic
activity and will be consgidercd later,
Other two are ag follows, Lither the
rcactions hove nothing to do with hormone
activity or the separation of the antigens
is not comnlete enough, It would seen a
renarkable coincidence that only those
fractions possessing biological zactivity
should produce lines if the reections have
no relationship thereto, Lt the sane tine
it is apparent from the maltiplicity of
lines that separation of the antigsens is
indeced far from complete;

In an attempt to solve this problen
absorption experinents wvere carried out,
Zxcess antisen in the form of inactive
child's extract was added to antiserun and
the precipitate filtered off, The
supcrnatant was then tested against the various

extracta. A single line was produced in
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each case, The intensity of this line
appeared to be the same whether the extract
van of high or low activity. fThe lineo was
identical in each case, This rmi-ht secen

to be a successful reduction of the reaction
to the Lhormonal fraction, In grother series
of experiments, hovever, it was foﬁnd'that
the absorbed antiserun still reacted with
incrt cxtracts, even child's extract which
had been uged for absorption. The line
prodﬁced by the child's extract was identical
with that produced by the other extracts,
“1s would indicate that during absorption
the weal: antibodies had been successfully
absorved but that a strong antibody had been
incomnletely taken up. In gddition this
antibody reacted with an entizen in an inert
zxtract, namcly from child's urinc, and this
antigen appearcd to be identical with those
in eother extraects producing reaction. It
is evident therefore that a single line in
cel diffusion cannot be a reliable indicator

of biologicel activity.
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Several investigators have suggested
that the antigenieity of these hornmones is
altered by the chenmical processes invelved
in their extraction (/erner, 1938; Cstergaard,
1942). 3Brody & Carlstron (1960, l96¥ﬂﬁasing
anti-chorioniec gerun obtuined two identical
lines with fresh sera fronm pregnant and
nen=pregnant women. By dilution a single
line could be obtained from the serun of non-
presnant woren. Using anti-chorionic znd
anti-illinefelter sera, we obtained three
lines fronm fresh sera of pregnant women, ond
three lines from sera of non-pregnant women,
nll being identical, loreover, we obtained
ong linc from fresh urine of ecach of pregnant
wonen, non-pregnant women snd normal nales,
Thig single line wags identical in all urines,
and also identical with one of the lines of

the fresh sera of pregsnant and non-pregnant

=2

JOTICTL, Singe the sera roacted vith entisera
to extracts it indicates that the antigens are
of similar nature in both fresh serun and

urinary cxtracta. The reaction produced by .
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fresh urine indicates the presence of an
antigen common to urine and serum, The fact
that only a single line is produced by urine
would sugsest that the other antizens are too
dilute to produce a resction,

Comnlenent Mxation,

Use of the vérious antibody techniques
to study the pattern of rise and fz2l1l of
antibodies during immunisaticn of our animals
made one suspect that the various antibodies
viere reacting with different antisens.
Although complenent fixation tests are
generally consldered to be nore aensitivg than
precipitin tests it is noteworthy that.
precipitins appeared earlier than comgleﬁent
fixing antibodies but tho latter eventually
reached a higher titre. After cesaation of
irwmunisation on the other hand complement
fixing antibodies lingered longer; than
precipitins.  These complenment fixing
entibodles, unlike precipitins, were not species

speeifie since cross reactiong were obtained



228,

between the variouvs hormone extracts and
thelr antisera and Gestyl end its antiscrum,

Drody & Carlstrem (LS60) made claims
regarding the orpgen specificity of eomplenment
fixation tecis. e could denonstrate no
sueh specificity, Croao renctions occurred
with all antisera and antigens. In the
case ©f individual antigzens it wos possible
to denonstrate o hisher titre with the
gnceific antiserun but the range of titres
with verious antigens of a sinilar nature
made it obvicus that it wac impossible to
designate an undoiovm aﬂtigen;

Thiere hag been ruch controversy
resarding the relationship“of these rezctions
to bilological activity. It scened to us that
they wvere related in sone dagree to hornene
activity. Tho stronzest reactions were
usunlly obtained with the most active hornone
extracts, This is in agrcement with

Cfwombly (19356), Rowland and Paries (1939),

Got et al (1959), !clean (1950) and IJrody &
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Carlstron (1961, 1962). A directly opposite
opinion is held by Van den lnde (1939) and Rao
O Shahaﬁi (1961), while Henry and van Dyke
(1958) and Dutt et al (160, 1961) are
mcertain, A considerable loss of antigenicity
vas noted in our experiments whenever an
extract wvas purified;

'Brody & Carlstron (1961) are probably
the stron;est protagonists of the view that
complement fixation is hormone specifie,
This despito the fact that, using a higher
purificd preparaticn of chorionic gonzdotrophin
containing 6000 International units/ng., thoy
obtained stronge complement fixation with
fresh scerun from normal non-presnant individuals,
Rovland & Parlzes (1939) and Rao & Chahani
(1961) obtained positive complement fixzation
vith inert and low activity extracts. Similar
results were obtained in our oxperimnnts;
Further, fresh urines and serum fren non-
pregnant oubjects gaveegogitive reactions in
the hands of Zichbaun/(1935, 1937) and Van
den Ende (1939).
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e found dlfficulty with fresh seorum in
theso cexperiments becaunse of azparent non-
specific fizxation of complenenﬁ. Complenent
conswiption tests with fresh urine fronm
Kinefelter patients, preognant individuale
noraal males and females, nornal children
and children with a2lbuninuria were carried out,
Pocitive regults were cobizined in all cases
with the execention of the urine from normal
children, - The rezctions in a considerable
proporiion of the normal advlt male specimens
were alrnost ag strong ms iu the acverzge
presnancy case. Contrarivwise 16 per cent of
the pregnancy specineng preduced a wealer

reaetion than the sversse male.
lievertheless the resultsa obtained with
the cxtracta would tend to indicate that
are correct in our assuription that the
reaction ic partly hormone speceific but, that
apparently several antibodies and therciore
voveral an+igcns-are involved. it is

obvious that this type of test could not be
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uscd with any certitude of reliability as a
test for the detection and asgay of gonadotrophins,
This opinioﬁ ia strengthened by the obzervation
that complement fixation tests carried out with
the fractions of extracts separated on Sephadex
columms were alwvays stronzest with Traction 1,
vhereas biclogical activity was mostly
concentrated in Fraction 2.

Haemar~Intinins.

‘Using the4haemagglutinin technique of
Doyden (1951), 'iide and CGenzell (19560) obtained
vpositive reactions with highly purified
extracts of presnancy urine (Pregnyl) as
anticen with a specific antiserun. In their
imaunising programme they used Ramon's
cdijuvant together with Pregnyl over a period
of 5 to 6 Weeké. At the end of this time
the haemagclutinin titre was 1 in 6400,
ith cur technique of injections we frequently
obtained a titre of 1 in 10,000, The use
of Ranon's adjuvant increased the titre

slishtly,. Thio immediately differentiates
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this test from others in vitro rcsctions such
a9 precipitin and complenent fixing sntibodies
which were not increcased by adjuvant,
viide & Cermzell (1960) also rade use _
of the haemacslutinin inhibition technique of Read (1958)
and Stone and Read (1953) and found this ecven
nore satisfactory than the ordinary test,
They clained that both rcactions vere very
snecific for both gonadotrophins and for
he organ of origin, They obtaincd no
cross reactions with huran menopausal or
other pitultary goﬁadotrcphin, or csrowth
hornone. As a result they claimed that the
reaction was specifiec for pregnancy.
Tttt et el (1960, 1961) and Rao and

Shahani (1961) doubted the organ speeificity

of these antlbodies, e obtained strong
cross reactions between presmancy and potent .

non=-nresnancy extracts and their antisera,
The nore active extracts produced the stronger
reactions, In addition each type of hormone

scened to react more strongly with its ovn
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antiserum, ““ithin each group however there
vags only rough correlation between the titres
and the different biological potencies shown
by the individual extracts. Doth organ
specificlity and hormone specificity appear
to Ve still open to question. wg¢ obtained
pouitive rcactions with inert extracts but
the diccrepancy between the biological
activity and the in vitro tests vas certainly
not o narked ag with precipiting and
compleent fixing antibodies. In addition
purification of antigens made 1little oxr no
difference %o the titre of haermagslutining,
(i the other hwmnd Zao and Shahani (1961)
found that hormone extracts nmade inert by
boiling gave strong positive haemagzlutination,
Pron the immediately practicgl point
of view it smecmns pogsible to ume this
technique as o laboratory test for prognancy
on specinens of wurine, The titre of reaction
vas sufficiontlj hich to ﬁiffefentiate
pregnancy specinens fronm nost other specimens

from non-prornant females., Ag in all
e LY
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presnencey teots, Lhiosoever, it is probobly of

little vee when degling with patients appreaching
the menopaucse, Thig ggoin indicates thaot

these entibodiecs arc not organ spceific,
The cxplaacticn vly this {est can pooscibly
"be epplied succeoscfully to urine as a test

- for pregnancy ls to be found in our gel
diffusion studics with fresh urine. There
i4 was shown thoet while vrinary extracts
contained multinle antizens identical to
those in serun, fresh urine only apnpearcd

to contain onec., It i obvious that rnany
entiscens are too dilute in urine %o intcrfcere
vith tlie hoeragslutinin test,

leutralinntion,

Heutralisation of gonadstronhing wag

"\

one of the first zonccets of hormonal
itmunology studied, hig stemmed from the
observation that vith prolonged treatuent

.

aninals ccased to react to gonadotrophiing

Seeaunse of the repeatedly oboerved

disasreenent betveen in vitro rezcetions and
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neutralisation it was théught for a time that
neutralisation wag not an immunological
phenomenon (‘wonbly, 19363 Gegerson et al,
1936; Van den Inde, 1939). Twombly (1936),
Geserson et al (1936), Van den Inde (1939)
ané Cole et ol (1957) have all found that
complete precinitation of antihormone sera
only slipghtly affects their neutlralising
povier, This also weo have found, Recently
Tutt et al (1960, 1961) reported resulis
vhich sug;estkthat the teot aniral iag of
prine importance, They produced nantisera
to Luran pituvitary gonadotrophin anéd human
chorionic gonadotrophin; It wasgs found that
enticcrum to cliorionic gonadotrophin
inhibited the amction of human pituitary
gonadotrophin, humon menopausal gonadotrophin
and hunan chorionic gonadotrophin in both
nice and rats, Antigerun to pituitary
gonadotrophin inhibited the activity of =all
hor:iones in nmice but failed to inhibit
pituitary gonadotrophins in rats,

oot obzervers are now inclined to
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beliye that neutralisation 1a an antibody
rcaction although the exzet mechanism rcmainq
obscure,

Prandt and Geoldhammer (1936), Gustus et
al (1935) and Rowlands (1937) believed that
antihormones were species gpecific. Thonmpson -
and Cushing (1934) however found that antisera
to pregnant mare's serum neutralised human;
sheep and pig pituitary hornones, Collip
(1937) reported that antiservnm to human
pituitary gonadotrophin inhibited the activity
of pregnant mare's serums,  There may be some
variation from species to species however,
Henry & Van Dyke produced an antiscrum to
sheep gonadotrophin and found that while it
inhibited pig gonadotrophin it failed to
react with human gonadotrophin;

In our experirents we found no evidence
of species specificity. Antisera to hunan
extracts inhibited the action of pregnant
rnare's serun and vice versa. Indeed, antisera

to Gestyl proved to be the nost potent
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neutralising agents we produced,

The question of organ specificity has
also resulted in controveray. Selye (1934)
and TFluhman (1935abfound that antiscra to
chorionie gonadotrophin was not effective
against huwman pitultary extracts,  Similarly
Howianda (1933) claimed that antisera to
pregunant mare's serun were not effective
against horse pitultary gonalotrophins,
Prerery and Scheygroﬂd(l937), Brandt and
Goldhamier (1936) however, denonstrzated cross
neutralisation between huwan chorionic and |
pituitary gonadotrophins and their antisera,

The resﬁlts of our ovn worlk indicated
that anticera to chorionie and other urinary
gonadotrophins were équally powerful in
irhibiting both their corresponding hormones
and others.  Sometimes there appéared to be
2 slizht degree of selectivity but this was
negligible,

There seens little doubt that the
neutralising power of these antisera is

directly reclated to the prescnce of the
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hormone in the orizinal antigenic material
used for immunisation, Anftiseran to low
aetivity or incert extracts had no powers of
neutralisation. This is in agreenment with
Frenory & Celicyzrond(1937), ﬁeyer & violfe
(1939) and Cole et al (1957).

The nmechanism of neutralisation in
not cleaf. It has been gsuggested that it
ig really due to precipitation of the
cntigens by the antisecra and may not be o
specific action at all., This is only
likely to be true if the hormone and
antihormone were injeetéd gsimultaneously
at the sanme site. However; we faund; as did
Cole et al (1957) that injection of the
hormone and antiserum at separate sites did
not affect the ability of the antiscrun teo
inhiblt hormone activity, Also, since
antiscra to Cestyl possessed powerful cross-
species neutralising power deapite the fact

hat they posscessed no cress precipitin

antibodies, indicates that neutrelisation dis
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not due to precipitation ol ﬁhe.hormdne.

In relation to this pqint it is dinteresting

to recoll Tichbaum's (1937) otudy of the ‘
phaseé of antibcdy’formation in relaticn to
cgonadotrophina, Precipiting were the

first to eppear, followed clqsely by complerent
fixing antibodies while neutrelisation only
appcarcd much later,. The reverse was

observed when imnunisation was discontinued,
precipitins and complenent fixation
disappearing while neutralisation was unimpaired,
“wa noted similar results in our studies,

In addition haemagslutining were found to
appear almost at the same time 23 neutralising
antibvodies and like then lingered after

cessation of immunisation,

Correlation nf thao different serolosical

reactibngz

. In éur vork, the species spceificity
secms to isolate precipitin reactions in &
separate 51&33 from the other resctions,
The pattern and rate of risc ond foll of

titres secm to indicate that different factors
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govern different recactions given by the sane
antiserun {(lleyer & “olfe 1939, Gegerson et al
1936, Gustus et al 1935, Bachman ét al, 1934).
e have found that precipitin and complement
fixation behave sinmilarly in that they showed
only rough corrclation with biological
activity. This azrees with Van den Inde (1939),
 Twombly (193G), and Got et al (1959).
Heutralisation and hacmoa;;lutination-on the
other hand did appear to have a closer
relationship with the hormone activity, However,
while antlsera to inert extracta gave
hacnoasslutination reactions, they did not
have neutralisation powers,

Comnlete absorption of antihornone sera
leads to decrcase in the precipitating and
complencnt fixing powers of tha'mupernatant;
while the neutralising powers were hardly
affected, indicating they were diffcrent
reactions or may be different antibodies:

This dig in agreenent with many other workers
like Van den Endet(1939), ‘eyer & wolfe
(1939), cichbaun/(1937), Collip (1934, 1935,a,b
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1837), Thompson (1941), Tutt et al (1961),
Rao & Shahani (1961), who all believe that
the in vivo and the in vitro rezctions of
antihormoncs\sera ars not related,

The pover of antihormone sera to
augnent instead of to inhibit hormone
preparations in experimental animals has long
been reported.

In our experiments, this augmenting
pover seened usually to precede the
neutralising powers. At sone staze the
antiserum could possess both functions
sirmltanecously, depending on the dilution
used, These findinga azsree with those of
Thonpson (1937), Ieyer & wolfe (1939) znd
Cole et a2l (1957), who also found, as we did
that normal rabbit sera did not have this
ability to augment, The two reactions cecen
to arise fron the sane process; the difference
in effect being due to a change in the "nature"
of the antibody molecule rather than its
anount, since after discontinuing the

irmmunization of rabblts, augmenting powers did
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not reaﬁpear in their cera.

The ¥-globulin fraction of antihornones
sera does not seent to be the only part of the
clobulins fesybnsiblo for the serologicel
reactions. The of and @ fractions scem to
tale a more constant role in precipitin than
in neutralisation reactions, while ) glebulin
gcersto account for most of the neutralisation
and haenoasglutination reactions of antihornone
SEIT.

Several cuthors have found that the
fantihormones” nre distributed betweeon the
froctions of the globulin proteins (Harrington
& Rowlands 1937, Thompson 1937, 1941, Hartman
et 21l 1940), Gegerson (1936) found that the
{lobtulins carried hornone specific cnd
hornone non-spcceifie antibvodies,

These findings suggest that the serological
reactions may not be intimately related,

They nay'fall in two or nore clésses of resections
(Thompson 1941). There seem to be antibody
reactions wholly related to the biological

activity of the antiserun and antizen, Thege
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(true antinormoncs) may include neutralising
and haenoagsslubtination rcactions. On the
otligr hand some antibody'reactions nay be
only partly or not at all related to the
biological activity of the aﬁtiserum and
antigen. Tﬁiﬁ nay include complement
fixation and precipitation reactions, It
this is true, then obviously one cannot expect
the secona closs of rcactions to be
cuccaesafully applied for the detecetion and
assay of gonadotrophic hormones, in extracts,
biolo:;ical flulds or tissues;

Also, 1f true, it means that the
speeificity of any reascition can be enhanced
not only by purifying the antigen bul also
by separating the hormone specifie from the
hormone non-speceific antibodieas in the

antihornone sera before using them,

“he Iature of the Antizensa,

| ?here appéar td'be nany snbigens in
gonadotrophic extracts of urines and desplte
all attempts at purification %her@ is an

irreducible number in each extract. This
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opinion is held by nany obLservers among then
werner et al, (1933), Thompson (1941) and

Henry and Ven Dyke (1958), TPurification secms
to effect quantitative rather than gualitative
changes,. It io fto be noted slso that with
every pﬁrification there is o losg of total
activity althoush the relctive potency of the
extract nay increase.

Sone of these antigens appcared 40 have
' no relation to the hormonal activity at all,
This gecnmed to be obvicus from the fact that
low activity and inert extracta gave quite
strony reactions vwith the antiseras his
was obaerved even when antisera to relatively
pure extracts were prepared.

Gel diffusion tects provided visual
evidence of the nultiplicity of antisens in
extracts. They also showed that the bame
antigens viere present in active and inert
extracts, further experiments vwith smmonium
sulphate and Sephadex fractions of active
preparations showed that only the active

fracticns produced lines of reaction,
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Conmparison with crude prepzrations, however;
showed that the lines obtaine&; with the
active fractions were identical vwith lines
- in both active and inert extracts, Two
other points are to be noted at this tine.
Iach fraction produced soveral lines of
reaction indicating the presence of sgeveral
antigens, and secondly blological sctivity
is not confined tc¢ one fraction,

Attémpts have been made to absorb
cut the antibodics to bilologically inactive
antizens by trecating the antisera with
inert extracts. This reduced the lines of
reaction in gel diffusion %o one, Despite
this however, it was obvicus that this single
line had nothing to do with hormonal activity
since it waag found with active and inert
extracta. All that had happened viag that
the weaker antibodies hod disappeared leaving
the strongest; |

It is apparent from these experincents
thot biolosical activity is associated with

several antigcens, This might sugest that
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the hormone wvas iteelf rmultiple, but theso
sane antigsens are comuon to both msective and
inert preparations. It vould seen that the
only possible inbterpretation is that the
horitone is not itself an antigen bul is
carried on several substances probably protein
and not thomaelves hormonal,

It iu clained that gonadotrophins nre
glycoproteins.  Ixperiments with the
diphenylanine colour reaction for glycoproteins
ghowa %that there is only a very crude
corrvelation between the biological activity
of & preparation and its glycoprotein content,
sone inert preparations gave recadings similar:
to those found in active extracts, Referenct
has alrecady becn nade to the effect that with
purification there is 2 loss of totual
activity and it has been found that there is
also a loss of glycoprovein, Reference to
the resultg given for the colour reaction will
show that the benzoic seld preparations,

Fregnyl nnd Gestyl posaess no more glyconrotein
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than crude extracts, although tﬁeir total
activity ﬁas maﬁy tines greater, Indeed
thielr activity per milligramme was several
hundred times that of the other extracts,
“his discerepancy tuken together vith the
other observations could indicate +hat the
hormones are not even glycoproteina but

scnie smaller molecule corried by several

o

T the glycoproteins,
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Conelugions,

l. The chemical processg used in extraction

of gonadotrophins from urines concentrates

the antigens without altering their nature,

2, llevertheless diffcrent methods secmed to
extract different antigens in various strengths;
3. Eenzoic acid extracts produced antisera
with strong neutralisation and haemagslutinin
activity. Tannic and ¥aolin extracis produéed
antisera with precipitins, complement fixation
antibodies, hacmagglutinins and neutralisation;
Neutralisation; hoviever, was much less strong
than with the benzoic antisera.

4, The precipitin reactions are apparently
species specific, Conplenent fixation may

be partly species specifie while the
haenazglutinin and neutralisation recctions are
species non—specific;

5« 93peclces specificity however does not

appear to exclude ﬁormone gpecificity altogether,
The precipitate £rom precipitin renctions
exhibited biological apctivity. The

supernatent fluid still possessed neutralising
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powery indicating that precipitation and
neutralisation do not invoelve the sarne
antibody.

6. There appecar to be several antigens

related to blologlcal activity in varying degree,
7. In precipitin reactions the antibodies viere
associated with e )-fa globuling,

- In reactions involving potcnt hormcne extracts
he antibodies were mainly‘of“é-globulin type.
6. Gel diffusion experiments demonstrated

~the multiplicity of antvigens in all active
extraucts although ezch type of extract appeared
to have a fairly constant number, Identity

of rcaction was deomonstrated between the
antigens of the various extracts.,

9. The eantigens which appeared to have
biologzical activity weore also found in inexrt
extracts, suzgzesting that these antigens

cusht to be mare carriérs of the hormeﬁal
cetivity.

10. Although sm2ll quantities of serun

* proteins were pfescnt in the hormone extracts

"these vere not the antigens involved in the
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reactions,

1l. Glycoproteins viere the rmain antisenice
componoents ond there were soeveral in each
cextroct.

12, ITvery mothod of purificgtion removed
part of these glycoproteins and vith then
goe loss of total biolosical aciivity.
13. Jenzole ncld cnd JSephadex gel filtration
nethods were most successful in purifying
and concentrating the horiones,. In deing
so ruch of the glycoprotein content is
’rem veds

l4. Hacmag:lutinin reactions show less in
the nature of crcss.reactioné than any of
the other tests,. By dilution these cross
reactions zre ninimiscd. for this rcason
thig feat used on urinary cpecimens may be
enployed fo;%the purposcs éf pregrancy
diagnosis. |

15, Ixtracts inactive through long storag
siill give positive rcesults with all the

tects, The rcactions are as strong as
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those shown by active extractus, thus demonstrating

|

that these reactions are not necessarily related
to hormone activity;

16, The exact relsotionship ol tho glyconroteins
to the biolosical properties of the gdnadoﬁroyhic
normones is o matter for speculation. Two
possibilitics enorge. The hornone is itself

a gplycoprotein but present rethods of
purification nre unable to separate it from
other plycoprotelns preusent in wrine. Cn

the other hand the hor:one nolecule may be

n rmuch omaller structure éarried by these
glycoprotéiﬂs.

The results of our experiments tend to favour

the second viewpoint,
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- APPENDIX

ITATERIALS AID IIETHODSI,

Ae The Prenaration of Antirens,

Zaolin Acetone Ilfethod.
Tannie Acid lMethod.
S.A. S. ' IIQtIlOd.

Cephadex Fractionation liethod,
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Preparation of the Crude Extracts.

Tquipment,

Glass beaker of different capacities (100,
250, 600, 2000, 3000 ml.).
I"echanical stirrer (Tower's),
lleasuring Cylinder 2000 ml,
pH meter (Direct reading E,I,L. llodel 234).
later pump.
750 ml, Lhrlenmeyer flasks with stoppers.
Centrifuge for 100 ml, glasses and 100 ml.
centrifuge tubes (i.S.E, llajor).
Reagents, |
Celite fowder.
Xnolin Powder (B.D.H.).
20,5 and 50;. hydrochloric acid (Analar).
400;. Sodium hydro oxide solution (Analar),
fcetone (Analar).

ither,
Tricalcium phosphate prepared as described
by Tisclius, (Loraine and Brown, 1954).

Phosphate buffered saline which is isotonic

(PHO 702)o
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Sédium Chloride 34 &:.
Anhydrous disodiun hydrogen phosphate
(LagH £04)e  Tod &
Anhydrous Jotassium dihydrogen phos hate
(IHpk04)s 2,15 g
Distilled vater to 5000 nl,

I'nterials and lethods.

The Imolin mdsorption with acetone precip-
itation. - as modified by Loraine and Brown
(1956) was used, with a slight modification.

The fresh urine was at {first centrifuged at
2000 r,pems for 10 minutes after adding

2=-3 ¢ms., of celite to it. This, ensured

the removal of all suspended matter, nmaking
the urine absolutely clean, Possibly some

of the toxlc substances viere thus removed
(Salhanick 1961).

The procedures of the technique were as followst-
l. The centrifuged urine was measured in a
graduated cylinder and its volume recorded,
Then its pll vas adjusted to pll 4 using 50 per‘

cent hydrochloric acid,
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2. Iaolin powder, one gram to each 100 ml,
of the urine specimens, vwas added to the urine
in a suitable beaker, The nmixture wvas
mechanically stirred for 30 minutes, then
left overnigsht at 400.
3, Hext morning the ﬁaolin powder had
settled to the bottom, The supernatant was
sucked off, using a glése pipette connected
to a tap vacuum pump,
4, An equal ﬁolume of distilled water was
added to the remalining suspensién. After
thoroughly stirring, the suspension vas
brought up to pH 1l-1l.5 with 405 sodium
hydroxide. The suspension vias allowed to
stand at roon temperature for 30 ninutes
with occasional stirring,
5. At the end of 30 minutes, the suspension
vas centrifuged at 3000 r.p.m. for 10=15
rminutes. The supernatant was lept this time,.
~hen it was intended to treat the extract with
tricalcium phosphate, step 6 vias performed;

Otherwise the extrzet was treated as in 7.
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6. The supernatant from 5 was broucht to

pH 8-8.5 with 50 1C1, Then its volwrne was
measured in a graduated cylinder, Three ml,
Tricaleiun phosphate suspension were added.
to the extract, for each 100 ml, of the
latter, The mixture wags mechanically
stirred for 15 minutes, then centrifuged at
3000 rvpeme for 5=10 nminutes, The
supernatant was kept,

Te The extract solution was adjusted to

oIl 5-5.5 with 50 per cent IICl. Its volume
was measured in a graduated cylinder,

Flve volumes of acetone were then added to
the extract solution, and the mixture left
overnizht at 400.

8. liext day, the hormone extracts had
precipitated to the bottom. The supernatant
was sucked off. The powder was washed twice
in absolute alcohol, and twice in ether,
Lach tine the precipitate was stirred in the
washing fluid with o glass rod, then

centrifuzed, After the last washing in ether
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the precipitate was spread over the walls
of the glass container with the aid of a
glass rod which was left ingside to prevent
the loss of any powder, This spreading
alloved the powder to dry at roon température
within £ hour. | f |

The powder was kept in a deassicator
in 2 tightly capped ¢lass container until
it was required. It wasyfhen dissolved in
12,5 nl. of phosphate buffered saline
(pH. 7.2). This solution was used ag the
neat in biological assays and'serﬁlogical
tests,.

Preparation of Purer Ixtracts,

1. Tannic acid method of Johnsen: (1958).

mauipment,

Two and 4 litre suction flasks with perforated
stopper for evacuation,

llechanical stirrer.

Buehner-funnel with porcelain perforated
plate 95-100 ¢cn, in diameter,

waste=-fluid flask with side tube for suotién.
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Cylinder glass with side tube for suction, with
two marks, the first a 40 ml, marl, the cecond
& 140 nl. mark.

Piece of thicl perspex sheet, 3.5 x 10 cnm.

bent at an'angle, 3.5 cm, from end (used for
pouring fluié into a funnel without direct
splash on filter-cake).

Vacuun water pump 65-70 Hg.

750 ml, Ehrlenmeyer flasks with a 600 ml, mark,
Centrifuge for 100 ml, glasses, 100 nl.
centrifuge tubes,

pH meter (Direct Reading).

Rearsents, .

Glacisl acetic acid, analar.

Sodiun Chloride (analar). |
Mlter paper (hardened purified ashless paper
(Balston Ltd. No. 541).
Hyflo*supercel:and_Celite powders (Johns—
anville, U.S.A.).

Tannic acid, analar (check for complete
solubility in water).

Tannic acid solution, 10 per cent in distilled
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vater, prepared in stoppered flask shortly
before use. Diluted solution (0.1 per em.)
is made by diluting some of the strong
solution 1 in 100 with distilled water.
Anmmoniun hydroxide, concentrated, (25 per
cent) analar (Ll 0H),

Armaoniun acetate, analar (NH4AC).

Absolute alcoﬁol and 96 per cent alcohol,
Fifty three pér cent ammonium acetate pH 11l
(5tock solution 53-11-0),

‘Add 800-900 ml, conc. NH, Ol to 1 XKg. ﬁH4AG,
placed in warm water and dissolve by
stirring,  Transfer to neasuring cylinder
and nake up volume to 1900 ml, with conec,
1714 OH,

Ten per cent ammoniun acetate pH 11 in 80
per cent aleohol (Solvent 10-11-80),

Ten per cent ammonium acetate pll 11 in 80
per cent aleohol (Solvent 10-11-80), Thia
is prepared by rmixing 1900 nml, solution
53=11-0 and 8100 ml, absolute alcohol in a
10 litre bottle.



Ten per cent ammoniun aéetate pll 11 in 40

per cent alcohol (ﬁblvent 10-11-40). This

is preparéd by mixing 1900 ml, of solution
53-11-0, 3900 ml, distilled water, and 4200 ml.
96 per cent alcohol.

Phoéphate buffered salinc pH 7.2,

Yrocedurcs?

1. Acidification of Urine:

The;urine sample was centrifuged with
celite at 3000 rpm. for 10 minutes to make it
quite clear,. Succegsive portions of about
2.5 glacial acetic acid were mdded to the
urine in a suitable beaker, until the pH was
4 + 0.3.

2. Preeipitation.

The urine volume was asceased
approximately to nearest 1/4 - 1/2 litre
10 + sm, sodium chloride was added per litre,
Then 10-12 gr. hyflo-supercel vere added,
propeller inéerted and nixture stirred.
After 1 minute 20 + 2 ml. of 10 per cent

tannic acid were added and stirring continucd
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for 5 minutes. The pr0pelier was renoved

ond the flask was connccted to vacuun.
Stepwlse evacuation with gently stroking

was carried out, allowing the foam to settle,
Then, suction wag disconnected,

3. Formation of filter cake:

The Buchner-funnel waé mounted and
inscrted in the waste-fluid flask with
closely fitting filter paper, Tvio gms.

(+ 0.5) of hyflo-supercel suspended in 100
nml, water were pourcd into the funnel and
allowed to settle,

when in the following procedure fluid
was added to the funnel the plece of perspex
sheet was held g 1ittle over the filter-cake
and received the stream of fluid, In this
vay the filter coke was prevented £rom being
stirred up by a splash of fluid.

The urine flask was shaken; then the
funnel was filled with urine and thé side-tube
wags connected to reduced vacuum (30 em, water),

Succecssive portions of urine were added
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while this drzined, the urine flacsk being
shaken each time to keep the supercel
suspendéa. The funnel was tapped a few tinmes
during thia stacse vwith a short piecce of heﬁvy .
rubber tube, Illyflo-supercel 2 + 0.5 g.. was
added to the emptied urine flaek; and 225

4+ 25 ml. O.1 per cent tannic scid solution.
This suspensicn was poured into the funnel
vhen the level of urine was ncar the cake.
Whien the level again reached 0,3 -~ 0.4 nml,
from the top of filter cake, the ncxt step
-was immediately started githout interruption
of suction, At no stuge was the calize allowved

to run dry.

4L, Difforentintion.

V.225‘i 25 ml, 96 per cent aleohol was
pourcd inteo the funnel and stirred gently over
the cake. ~hen the alcohol had nearly drained
off, the same volume (225 + 25) of solvent .
10-11-80 was andded and mixed by stirring.
then the level of this golvent was near the

cake the oucticn was diceconnected,
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5. llution,

175 + 25 nl. of solvent 10-11-40 were
pourcd into the funnel and mixed over the cake.
The funnel was then transferred to the cylinder
glass, which was connected to reduced vacuum
to allow 40 nml. to be suctioned through the
cake, Then the suction was disconnected -
and the fluid allowed to drain slowly through
the calke for 20 minutes, The rest vag finally
obtained (up to the mark 140 ml.) by suction.

6., licutralisation gnd I'recipitation:

“he éluate vas transferred to a 750 rml,
flaszl, The sample vag cooled in ice-water
for 5 minutes. Then 10 + 0.5 nml. glacial
acetic.acid wes added ﬁuring vigorous shaking,
The volume wag made up to 6CO0 + 50 ml, with
abgolute alcohol, The flask was rotated
carefvlly to allow mixing, then allowed to

stand overnight at 400.

T Collection of precipitate:
Ilost of the clear supernatant was

renoved by suction next morning. The
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remaih&er vag tronsferred te a 100 nl, centrifuge
tﬁbe, rinsing the Llask with small porticns of
alcohol, It was then centrifuged, the
supcrﬁatant digcarded, the precipitate stirrcd
viith 60-80 ml, alcohol and centrifuged again,
Two such aleochol washes were performed,

. If the precipitate was abundant, washing
with ether was done and the extract dried in
air, Otherwise, without waiting for the
precipitate to dry it wag dissolved in 12.5
ml, phosphate buffer. This solution was
used as the neat concentration for biclogical

ascays and scrological tests,

1I. Ammoniun Sulphete fractionation of a

raolin Fxtract,

bauipment,

ﬁurette,_to the tip of which a fine pastecur
pipette was attache% by a connection of rubberx
tubing, |

iechanical stirrer,

Glass bealers of capacity 250 marked at

levels of 100 ml. z2nd 150 ml.



Centrifuze for 250 ml, glasses,

Reagents,

0.1 11 KIpPO4.

Phosphate buffercd saline pl 7.2 (isotone),
Armoniun sulphate (analar).

A saturated solution (S.A.S,) prepared by
disseolving Tl gne of 4%c. or 77 one ab 20%.,
in 100 ml, of distilled water,

Procedures.

1. A solﬁtion extract of urine {fron a

patient with Ilinefeltcerx Sjndrome vag prepared
by the KA method. It weighed 320 mggg. of
vhich 53.3 mgn. viere dissolved in 12.5 borate
buffer and kent aside as a control. fThe
rest vas stirred in 45 nl. 0.1 I KHpPCy for
one hour. The undissolved residue vas
renoved after centrifugation and dissclved in
12.5 rml. of phosphate buffered saline, This

constituted rraction 1.

2 NEEY

2. The supernatant wvas poured iﬁrm 250 beaker
after its volume had been rade ﬁp-to 45 1l

with KHpP0p.  The beaker was placed on the



266,

bottonm chelf of a refrigerator at 4%,

Jpace was made to place over the bealer, the
100 nl. burctte filled with saturated
ermonium sulphate solution (S.A.S5.).

Also o mechanical stirrer was placed
beside the burette, so ns to allow 1ts
gpindle to pzss along the burctte and dip
well into the solution in the bealker.
The nmouth of the capillary pipetted
(attached to the burette) was kept under
the surface of the solution,

3. The S.A,8, was sdded gtepwice in % ml,
portions, During the addition the solution
wvas vigorously stirred. In this way the
proteins were prevented from coning into

centact with the S.A.5. before it was
thoroughly mixed up,. An interval of

10«15 minutes was allowed between the additions.,
4, hen the mixture renched the 100 ml,

mark, brinsing the S.A.S8. saturation to 55

per cent, the stirring was continued for half

an hour then stopped, The gelution was
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allowed to stand at 4°C. for 24 hours to
conplete the precipitation. he golution
was then centrifused and the prcceipitate
ﬂfraction 55) vas collected and redissoived
in 12.5 ml, of buffercd saline,

5. The supernatant was returnced to the
nmarized bealer,. Purther addition of 3.,A.S..
at 4°C, with continued stirring vas carried
out until the mark 150 ml., was reached.

The stirrer was stopped and the solution
alloved to stand for 24 hours at 4°C.. Then
the nixture was centrifused, the precipitate
collected gnd redisgolved in 12,5 rml. galine,.
This constituted Fraction 70 or 70 per cent
saturation,.

6, The supernatant vas rcasured in a
neasuring cylinder, “he anount of arunoniun
sulphate povider to be added in order to
schieve saturation was calculated.,  After
nixzing this arount with the solution it was
kent at 4°C. for 24 hours,

m

The preeipitate was collected after
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centrifuzation and constituted Praction 100
or 100 per cent saturation. The supernatant

vas kept as rraction 5,

I1TI. Yurification of Conadotronhic Ixtracts

"on sephadex G-25,

In 1959 Pharmacia Uppsala (Sweden)
introduced a new material for use in a
separation method called gel filtration,
This material has been called Sephadex; of
which three types are available according
to the particle size, Sephadex g-2% has
a coarse mesh (approx. 50-100 mesh), Its
uge viag Iilrst described by Porath and
Flodin (1959).

Several gonadotrophic extracts used
in our vorlt have been fractionated in gel
filtration as an attempt at further
purification. At the same time; an attenpt
vas nmade to make the identification of the
various fractions ecasy, by primarily
labelling the extracts vith a fluorochrome

aye.
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The mothod of ultra-rapid fluorescent
labelling of proteins, as described by

Rinderknecht (1952) was used,

Jlaulnment.
Glass ecolumng with sintered-glass discs,
Beakers of warious sizes.

Rea:~entg,

6.05 M»éédium Carbonate-bicarbonate buffer pH 8.5,
0,02 It Sodium phiosphate buffer pl 645

Muorescent isothiocyanate ags 10 per cent

in Celite (C grade).

California Corporation for ILiochemical

Nesearch - Log Angeles).

Sephodex G-25: Pharmaciae Uppsala (Sweden).

rrocedure,
i. 2.5 cm. of sephadex were prepared by
suspending them in distilled vater, allowing
then to scttle down, then removing the
supernataﬁt with the suspended (too fine)
particles.

This "slurry" vwas poured into a colurm

half-filled with water, allowing the gel to
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settle. Then the gel was washed with

ceveral column volwnes of sodiun phosphate

buffer.

AT no stage shouvld the surface of

the gel be disturved, nor should it be-

allowed to become dry.

 2.

A mixture of 2 ml, of the hormone

solution and 2 ml. of carbonate~bicarbonnte

buffer was shaken with 5-10 mg . of 10

per cent Fluorescen-Cellte for approximately

3 minutes, The mixzxture was then centrifuged

for
3.
the
gel
4.
had

gel

3 minutes,

The supernatant . was sllowed to flow into
column, taking care not to disfturdb the
surflace,

Wwhen the level of the labelled solution

reached 1-2 ul., above the surface of the

the colwmn vas then developed with

- phosphate bulffer,

several bands were seen to separate with

variation in the depth of colour as well as

the

hue.
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Biological assay of the hormone extracts:
I. Tho llouse Uterus Tost. ’

The technique used was that of Hlinefelter
(1943) as modified ty Loraine and Drown (1956),
The procedure was as followvws:
1. Doubling dilutions of thé hornone. exiract
vere rmade in norrmal saline. If the extract was
cxpected to be highly active, the first dilution
used in the test wos the ﬁéat vhich meant that
each dilution wam.containe& in 12.5 nl. IT the
extract was not expected to be highly active,
the neat concentration was used, I'rom it double
dilutions were made in 6,25 nl, of saline.
Dilutions up to 1/32 or 1/64 or higher vere used
according to the nature of the cxiract,
2, Imzaturc female nice 21 days old (immediately
after'ﬁeaning) with'bcdylweights bztvicen 8 and 10 g,
vere used, These nice were bred fron a colony
originally obtsined fron the 11, R.C, Fndocrinological
Research Unit in Tdinburgh, and shown to have a
féirly rcliable response to unit doses of
gonadotronhing,

3. IZazch mouse receiwved 0.5 nl, of the
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corresponding dilution intraperitoneally
(¥vans et al 1937) five times in the course
of 3 days (total of 2.5 ml.). Vhen the
neat concentratiaﬁ vizs used, there was
enough to use only two mice for each
dilution (Johnsén 1958). lihen the half
dilution was started with, there was |
enough to inject 4-5 nice at each dilution,
For each test a control batch was injected
with normal saline instead of the hormone
solution,
4., Autopsy was performed on the 5th. day.,
The uterus was dissected out, freed from
blood vessels and connective tissue, They
were blotted between layers of filter paper
and weighed immediately on a precision
balance (Oertling) with sensitivity of 0.2
mb;. per division and a capacity of 100 mgﬁ;
The mean uterus welght was calculated.
5. Ixpression of Results:

The highest dilution producing a

mean uterine increase of at least 100 per
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cent over the mean uterus weight of the
control, was taken as the eﬁd point of activity.
The total activity 6f the extract was calculated
according to this end-part dilution ag follows:

Heat dilution is equivalent to total activity
of 5 meu,.u.

1/2 dilution is equivaleént to 10 m.u.u,
1/4 dilution is equivalent to 20 m.u.u.

1/8 dilution is equivalent to 40 msu.u. and
: 50 ON.

Some modification of the route of
.injection was, necessary when teéting for the
neutralising pover of antihornones., - These
modifications will be referred $o in the

appropriate seetion.
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APPINDIX (contd. ).

Be The Serolorsical Teats,

Precipitation Techniquesé
Complement Fization Techniques.
Haenocagzlutination Yechniques,

Gel Diffusion Teehniques:
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The Precipitin Yests,.

Pauipment,

Pastecur pipecttes about 2-3 rmm. dianmeter at
their necks, sealed at their ti@ in flame,
Glass drippers {pastcur pipettes) diameter

1 mm. at their tip with rubber teats attached,
Tube racks and plasticine.

Incubator 37°C,

Centrifuge for micro-haematocrit head and
the head attached.

Special plastic holder for centrifuging the
micro-haematocrit capillaries (75 x 1 mﬁ;).
lMicro=hacmatocrit tubes maried at the level
of 50 rm. (supplicé by B.D.H.).

Black scale for measuring Beta precipitate.
ﬁagnifying glass to view the preecipitate for
neasurement,

Interfocial«rine Technique,

This was performed in the narrow neck
of a Pasteur pipette sealed in flame at its
tip.

One volume of ontiscrum was placed
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in the pipette with a finer and longer pasteur
pipette controlled by a rubber teat. The
antigen solution was carefully superimposed
in the same way,
The pasteur pipettes were placed in
test tube racks, held in place with plasticine..
The first reading was taken after 1/2
hour at room temperature, the second after 2
hours, the third after standing overnight.
Then the pipette was flicked with the
back of the index finger severzl times. This
strolzing auvgmented the reaction as well as
allowed the precipitate to settle down to the
bottom of the pipette. The preciﬁitation viag
neasured in millimetres with a rﬁler and for
'each mm. the result was reported as +.
The final reading was taken after standing
overnight at room temperature.

I"icroprecipitation Technigue {(Immunoerit).

In order to conserve serum and antigen,
and to use constant antigen and antibody

concentration for quantitative comparison of
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the reactions of different antigens, the
recction was performed in micro-hacratocrit
capillary tubes (Boyd 1956, o G of
I'clean 1960, Haclell et a2l 1961, Choney ot
al 1961).

- One drop of undiluted gerun wags nmixed
with two drops of the antigen diluted 1/4
in phosphate bufferecd saline pH. 7.2,

The nixture wvas fhoroughly stirred on a clean
dry glass plate, with the smoothened end of
a glass rod. The mixture was then allowed
to flow up a capillary tube to the 50 mm,
Mnaris. The end of the tube furthest from
the fluid was carefully sealed in flame,
The sealed tubes viere held in special paper
carriers., After I hour at 37°C. the
capillaries were placed in special plastic
holders and centrifused on the haematocrit
head for 5 minutes at 3000 r.p.nm. |

The precipitate at the tip of each

capillary (if the reacfion wag positive) was

measured in millinetres with a special scale
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and rmemmifying gless,

A second recading was similarly taken
after allowing the capillary tubes to stand
at room tampéraﬁure for~fWthours, a third after
standing overnight,

The two techniques were used for
different purposes.

1. To find out the optimal ratio of antigens
aﬁ& antibody, ucing a fixed concentration of
antibody and rising dilutlions of the antigen,
2. To egtinmate the precipitaticn titre of
antlserun, using a fixed concentration of
antigen (optinal concentration) ajainst

rising dilutions of sntiserum,.

Complenent Pixatlion Testas,

Tauipnent,

O¢l ml, auto=zero high precision micro-
pipettes (E.1i1 \orks). Tect tubes 3 x %
inch.

Cleaning of #lass ware, Tor all serological

tests the glassware was cleaned by repeated
nmixing in several changes of tap water and

then changes of distilled water, drained by
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imnersion and shaking and dried in hot oven
100-110%. o acid, allali, soap detergent
oy spirit were used.

Comnlenment,

Presh guilnea-pig serum was used, The blood
was obtained by severing the large vessels
of the neck over a 6 inch funnel, from which
the blood wasg collected in o nmeosuring |
cylinder, It was nllovied to cocagulate then
stand overaight at 4%, The complenent was
not used Lefore 12 to 18 hours having passed
from the tine it was ovtuined, If not
recquired immediately, it was divided in
portions in tightly capped sterile universal
containecrs and stored in the deep freeze.
Pooled serun of several gulnea plgs was used
alvays,.

2. ©Sheep red cells preserved in 10 formol
cand used viithin a week of its srrival
(Zurroughs %ellcome). |

3. Haemolytic serum (Durrocughs Vellcome)

Glycerinated serum frox horses injected with
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sheep cells.s It had a titre of 1/1000 to
1/2000,

Teot Technigua,

| The Haemélytic System was prepared by
raking a 30 suspension of sheep red cells
which had been washed in normal saline and
centrifuzed three tines, To each 100 nl,
of this suspension was added 0,2 ml. of the
haemolytic serum. It wag incubated at 37°%.
for one hour, then kept at 4°¢,

Titration of Cormnlenont,

A 1/10 dilution of the gulnea pilg serum
vag nade, seven tubes were used in which
increasing quantities of the complement were
added to 0,5 nl, of the haemolytic systen.

These quantities were 0,02, 0,025, 0,03,

0,035, 0,04, 0,045, 0.05 of the 1/10 dilution,
The tubes were incubated at 37°C, in a water
bath for one hour, The titre of the complement
viag read, as the firat tube to show COmplete.
haemolysis,

The anmount of complement in this tube
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was taken as one 1,H.,D. (one minimal haemolytic

dose).

The anti-complemcntary action of antizen and

antiserun,

l. The aﬁtiuorum was heated in a water bath
at 55°C. for 30 minutes,
2. Two rows each of seven tubes were used,
In one row 0,1 ml. of doubling dilutions of
antiserum were pipeited. Similarly the
antisen dilutions were placed in the second
IOV,
3. A solution of complement was nade up so
as to contain 2 L,1I.D. in 0.1 nl,. |
0.l nml, of this solution vas added to
each of the tuvwbves in the two rows in step 2.
The mixturcs wore shaken then incubated
for one hour at 37°C. }
4. %P0 each tube was added 0.5 nl. of the
haemolytlc systen. The tubes were shaken
agein and incubated at 370C. for another hour.
The {irst tube to show com@leto

haemolysis was chosen as the dilution of |
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antigen and antisera to be usgsed in the test
proper,

Test Proper,

‘Varyinﬁ thé oomplemenﬁ.

‘1; A veiﬁma of 0.1 mi. of doubling dilutions
of antigen, starting with the dilution chosen
from theﬂfreﬁious step, were pipetted in test
tubes,

2. To ecach tube was added 0,1 m1, of the
appropriate antiserun dilution;

3. Increasing anounts of 1L,II.D. were added
to the tubes; each amount contained in 0.1
ml. of complement solution.

To the first tube was added 231,H.D. and 11
TelleDe in the last tube, 10 tubes being used
in each row,

4, Antigen Control,

fo 0.1 ml. of the antizen dilution used in
the first tube of the test was added 0,1 ml,

of normal saline and 2 [, H.D. of complenment.

5 Antiserum Control.

To 0,1 ml, of the antiserun dilution used in
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thoe test vas added 0,1 nl, of normal saline
and 2 Il.HeDs
All tubes vere shalen and incubated at 3700,
for one hour.
6, To czch tube was added 0,5 ml, of the
haenolytic systen, After shaking the tubes
ogain, they were incubated at 37°C. for one
hour, The strength of the reaction was read
as the last tube to show complete hoemolysis,
The readings were interpreted as
followgim=
a., Illegative (=) = Haemolysis complete,
L. Veakly positive (+) = Fartial hacnolysis,
¢, Strongly positive (+) = Iio hacmolysis,
If the antigen and gerum control tubes
did not show conplete haemolysis, the test was

repeated,

Titratins the antisera,

| The sane procedufo s above vias used

cxcept thot the concentration of the antigen and compl%me
en

werekept constant, while the dilution of

antiserum was varied. The dilution of the
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antiserum used in the first tube of the
test was 1/10, thus double dilutions were
made in subsequent tubes, using 8«10 tubes
for each tost up to a dilution of 1/640-
1/2560).

Haenoarslntination Teats.

Two techniques were used:=

Thé first was the hacmoagglutination test
as used by Roitt et al, - (1956); |
(Boyden's teechnique ms modified by Stavitsky

(1954).. . . The sccond was the
haemoagszlutination inhibitidn testa asg
used by iide and Gamzell (1960); Read and
Stone (1958).

Fauiorment,

Glass test tubes 3 x 3/0 inch with round
bottons. |

Test tube racks to hold the tubes.

Autoprecision 0.1 ml. micro pipettes,

(E. 2141 vorka).

- Ordinary glass pipettes (graduated) of different

capacities (0.1 ml. to 10 ml.).
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Lkeagents,

i. Blodd‘cells: group O human cells obtained
in citric acid-dextrose solution not used
after 2-3 days.
2. Tannic amcid: Analar Reagent tannic acid
was uscd,. It was made up into a solution of
1/20,000 (5 mgm/100 ml.) in buffercd saline
pH 7.2, freshly prepared lmnediately before
usc, A
3, DBuffered saline: pl 7;2 prepared asa
follows =

34 gm. laCl,

T.4 gn. anhydrous naznro4

2,15 gnm. anhydrous KH2P04
Thic volume was made up to 5 litres with
distilled weter. A few drops of toluene
Jere addeéﬁés a preccrvative,

Procedurcs,

Preparation of tanned red cells:

1. The red cells were washed and centrifuged
three times in phosphate buffered saline.

2. A 4 suspension of the red cellg was made
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in buffered saline,

3. Equal volurmes of the red cell suspension
(44°) and the tannic acid solution (1/20,000)
were nmixzed together and allowed to stand at
room temperature for 30 minutes;

4, The cells were then centrifuged at 500
r.Pells for 5 minutes, and washed once in
buffered saline. They werce resuspended in

buffered saline to make a 2, suspension,

Sensitigation of the Red cells with Antigen,
1. An equal volume of the 2¢ suspension 6f
tanned red cells was nmixed with an equal
volume of the antigen solution, The nixture
vias left at room temperature for one hour
with occasional shaking,

2. The nixture was thén”centrifuged gently
(500 r.p.n, for 5 minutes), and subsequently
the sensitised cells were washed cérefully |
three fimes with buffered saline,

3« The scnsitised cells were finally suspended

in 1/ suspension in buffered saline.
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Antiserum.

The antiserum was heated at 559
for 30 minutes to destroy the complenment
(Cl) allowing the complement fraction (C4)
involved in haemoagglutination %o vork
strongly. |

Dilution of the antiserunm vere made
in buffered saline, starting‘with a 1/10
dilution, The dilutions used were 1/10,
1/20, 1/50, 1/100, 1/250, 1/500, 1/1000,
1/2500, 1/5000; 1/10,000,

Teost Proner.

The Haemoagmlutination Techniqueg.

1. ’0.4 ml, 6£ edch séfum aiiutién.was pipetted

in the appropriate {tube,

2. The control tube received 0.2 nml. of the

1/10 serun dilution plus 0.2 ml. of the

concentrated solution of the antisen tested,

3« To each tube was gdéed 0,1 ml. of the

1% suspension of antigen-sensitised red cells,
The tubes were chaken, then allowed to

stand at room temperature for 2 hours vhen
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the first reading of the test was recorded.
The tubeg were left at 400. overnlght
and a sccond yeading talken,
The control in this reaction was an
inhibition control, i.e. there should be no
acclutination in the control tube,

Haemoas~lutinantion Inhibition, -

- The reazents used in tﬁa previous
test were nlso used in this one. The
procedurcs were the game in both;\except for
the nature of the mixture in the tubes.
l. A constant dilution of antiscrum (1/10 or
1/20) was used in all tubes. 0,2 of this
ﬁilution vias put In cach tube.
2. Rising dilutions of the antizen were
nade in buffered saline, Cf each dilution
Ce2 mle vas addéd to the éntiscrum in one
of the tubes, The antligen dilutions used
were - 1/10, 1/20, 1/4C, 1/C0, 1/160, 1/320,
1/640, 1/1280, 1/2560, 1/5120.
3. A control tube contained 0,2 bulfered

saline plug 0,2 of tne first antigen dilution
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used, but no antiserun,
4., 0.1 ml. of the sensiticed red cells
suspension (15) vias added %o each tubé;

The tubes were shalren, allowed to
stand at room temperature for two hours
- and the first reading’recorded. "They were
xept at 4°C. overnight when the second
reading was made.

In this case the control should be
negative, i.e. shows no agglutination while
no agsclutination in the tubes of the test

is a positive result.

Ar~Iutination Patterns,

1, Complete asglutingtion: snooth mat on
the bottom of the tube. rThe eGge nay be
ponewnat rasged or folded, |

2. Partial agglutination: a narrow rim of
cells around the edze of a smooth mat,

3¢ Ho agglutination: the cells form a
button in the centre of the tube.

4. Collapsed pattern: a crumpled mass of

cells due to non-specific factors,
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T™he Gel Diffusion Technique,

taunipnant,

rour inch petri dishes sterilised in the
hot air oven at 160°C. for 60 minutes,
detal cork borers of different sizes,
Surgical scalpel with blade.

Incubator 55%°¢, - Incubator 3?00.

Empty biscuit tins,

Rearsents,.

Difco agar (purified Bacto~agzar Difeco).
Sodium ehloride solution 0;85%.-
Ihiomersalate powder.

Iligrosine stain (Gurr T). |
‘Taphthalene Black B1l0 stain (Gurr).

Ilethyl alcohol (acctons free),

Glacial acetic acid (Analar),

Preparation of Plates, (Cruickshank & Currie,
1953). |

1. A solution of 2 Difco agar in 0,859

saline solution containing 1/10,000
thionersalate was autoclaved for 30 ninutes,

2. If not used immediately, the solution
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was divided into 10 nl, aliquots, each aliquot
kept in a sterile universal container and
alloved $o0 gcolidify. when réquired, cach
universal was placed in boiling water until
the agar melted, then the agjar was pbured in
a petri dish and allowed to éolidify. Thus
repeated heating of the agar before use was
avoided (Iatthews 1958),

3. Some of the plates used, (when weak
rcactions were expected) were prepared by
pouring 1 ml. of 0.001 nigrosine in normal
saline in a uaiversal containing the melted
azar before it was poured out, (Iutt et al
19€1).

4, The plates were dried at 3700. for

30 minutes,

‘5. Wiith cork-berers & central cup and
geveral peripheral cups' were cut out in the
agar nhect,. The nuﬁbcr of the peripheral
cups varied from 4 to 8. According to the
size of‘the central cup (8 mn. to 10 mm.)

peripheral
the size of the/cups (6 mz. to 8 nm,) varicd,.
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Also, if the number of the péripheral cup
was more fhan 6, the éistance betvieen the
circunference was 1.5 em, otherwise the
distance was 1 cn,

Procedurcs: (Cruickshank & Currie 1958,

Nenry & Van Dyke, 1958).

1. Undiluted antliserum was placed in the
central cup $111 1t was full. The peripheral
cupg vere £illed vith the diffcecrent zntigens
to ba teéted. Dunlicate plates were always
nade.

2. The plates wvere kept in empty biscuilt
tins at room tenperature. They vere
observed evary 2 to 3 days. When the cups
became emply, they were filled'only once
vwith normal salins.

Usuaily maximam development of the
precipitin bvands required 5-10 days. At
this time the piates vweore photogrannhed,

Then they were stored abt 40C %o study the
effect on tine on the bands of precipitation, .

3. Come of the plates were praserved
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vermunently according to the method used by
Imtechison (162) which was as followst=

ve Overaight washing of plates in running

be  Flouting the gel sheets onto clean glass
plates then drying them st 56°C, for 2 hours,
4e Staining the dried film of gel with
naphthialene blacik or nigrosine until the
- lines were sultably stained, Then,k

Cifferentiating in the appropriaste volids

cleared the backe-ground from the stains,

Interpretation of the Resulia,

appeared between the antigen aﬁd entisera
cupy vere observed for The following =

1. Tire of appearance,

2. Hunber and ralative intensivies,

3. Identity or non-identity of the bands
of'reaction whilch showed azs Jdollows:
(Ouchterlony ;949.lﬂenry and Van Dyke 19508,
Cruickshank and Currie 1958).-

a. vhen precipitin. bands of different
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onticenic extracts joined or approached as

if to tend 4o join (Reaction of identity) this
indicated identical antigenic components;

t. “hen the precipitin bands crossed each
other {(reuction of non-identity) the antigenic
extracts contained non-identical componcnts,
ce If part of one hand, after joining the
corragponding band extends beyond the point

of junciion (reaction of partial identity)
thiv indicates components which are
chernidcally identical but only partly identical
antigenically.

rhotorranhyr,

The ﬁréé;p;tin lines in the petri-
dishes were photograph=2d as follows:
1, The petri-dish (without its 1id) wae

placed in the central hole of the black

| cardvoard sheet, on a table, facing forward
in a dark room,
2e The two I{lood lamps were placed 2 fLeet
hehind tho plate, and at 45° angle to the

Lack of the curdboard shect. A sheet of
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blacl perspex was held further baclc to provide
a black background,

3., The exposure tine and apefture opening
were estimatced with an exposure neter, Two
exposures were nade for each plate using a

3% rm, film,
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APPTIIDIX (eontd, ).

S« Jlilseellasnecus Teclmlques Usaed,

Vaginal Sacars.
Serum Eleetrophoresis,
Practicnation of Jerum Proteins,

Ceclorizetry of Glycoproteins,



297.

Other Techniques.

A, IFlectirophorecsise.

-

Papef electfdphoresis of antisera
before and after reacting with different
antigens was required to clarify some points.
Also electrdphoresis of some of the urinary
extracts used as antigens was done.

Equipment.

1. ‘hatman 3 mm, paper strips cut into
2.9 x 30 om. pieces.cFL’M WD&M%O lag) -
2. A vertical tank (mi= -~mm & wh )
(Shandon).

3. A unit for holding the paper strips in
the vertical electrophoresis'tgnk; with a
glass rod to support the stripas at their
middle. |

4. A power unit (Shandon Scientific Co.Ltd.,
6 Cromvell Place, London, S, .Te)

5» Hot air oven of a temperature 110-120°,

Rearents,

Tlectrophoresis Fuffer.

Barbital Buffer, pH 8.6 ionic strength 0,075,
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Naphthalene Block DIl2 saturated solution in
methanol-acetic acid solvent (1 gmn. per 100
rl. ),

Solvent (nmethanol acetig) fcrxwashing.

Procedure.,

Anplication of serums

1, 0,06 ml, of absorbed sera or control

gera (all being a 1 in 3 dilution of original
gerun) was applied with a pipette to the
middle of the paper strip, with intermittent
drying in air.

2. Iach end of the paper was dipped in
‘huffer separately allowing the buffer ¥o come
vithin 1-2 cns, fron the origin.

3« The strips were placed in position so
that the point of epplication (middle) was
supported by the glass rod. Eéch end was
dipped in a tanl: containing the buffer.

The buffer was allowed to rise up both sides
by capillary action to the origin,  Then

the strips were tensioned across the rod.

4, Separation was carried out with a
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ceastont current of 8 amperes for four strips
{(Voltrn-o of 100~-120) for 16 houra at roon
venaraturc.

Tha strino were thon romoved, hwns on
norod in the hot alir oven pad dricd at
110-120° for 30 ninutes.

pore -
i}«‘;j-\ *-s-ia- .
BRI RS EL S

Yhe strips vere dyed for 10 minutes in
Jophitholeno Dlacls 123, thea washed in
cuccesslive botho of fresh oolvent ondll tho
.

coelzreund vias 1isht Lluce.

re finally voshad in vater and

{'J

il ]
FATAR

:..,

dricd ot 110-120°9C,
Honndns,

"% ey g el . L] pzl N R .
J2gaune of the preblen of dye uvpislle,

13 d
5
o
ct
R
Lo
5,
&
]
<O
2
h’

saye connored with o
contrel run in oane teotse - hie Cred olirins

vare ceanmed Uy pacoing then in oo autenatic

Censitonater $ype (ehromosranh, Joyce &

Loobel), L dircet pranh vos obiained for
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Be__Vacginal Cytology.

| Por nany years Papanicolaou studied
the cellula: content of the vaginal smear
both in laboratory animals and in the wonan,
The work related to rodents is well known
(Stockard & Papanicolaou 1917), and has
been of great importance in advancing the
knowledge of endocrine physiology. Sore

of the antisera used in thig study were
tested for their power to inhibit endogenoua
gonadotrophic hormones in rodents.  Adult
fermale rats were injected intraperitoneally
with.the gntiserum and the daily changes

in the vaginal snear were studied over a
period of injection which lasted two weeka,
Fach rat was first checked by deily smearing
for five days before starting the injections,
A full cyecle should occur in four to five
days in the rat, One rat received
antigestyl serun, one received antipregnyl
serunt and one anti-?,3,H, serum (anti-

linefelter extrazct serunm), Each rat
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received 1 ml, of the corresponding serum
intraperitoneally once daily for two weeks,
Teclinique of taking the smear,

A piece of clean non-absorbent cotton
wool, wound round the end of a wooden swab
stick, was pushed up the vagina to the
vault and rotated through three complete
circles (Spira and McRae I1960). licck:Ic. d’
11,V '* The moist swab was then rubbed on
a clear dry glass slide to transfer as much
of the smear as possible on to the slide.
The slide was immediately plunged into a
solution of equal parts of 95/ alcohol and
ether in a coplin jar.

Staining of the Smear, (Papanicolaou 19427

h.

Equipment,

1, Staining counter,

2, Covered staining jars (each of a capacity
of 400 to 600 ml,).

3, Slide carrier and slide forceps,

4, Interval timer, funnel, filter papers and



gauze,
5. lMounting mediza (Depex) and coverslips.,
Reaxents:k' o
Harfis Haemétoxylin.
0G.6,
EA. 36

Ortho Pharmaceuticals,

B

Hydrochloric acid,
Lithiun Carbonate.
Jthyl alcohol (Analar).
Xylene (Analar).
Distilled. water,

Procedurcs.

1. Hydfééion of Smears.

They were brought down to distilled water
through descending grades of alcohol-(?Oﬁ;
50, 30:°) dipping them 10 times in each grade.
2, Omears viere stained for 1-3 minutes in
Harris 'Ix and excess stain washed off in tap-
vater,

3s The snears were then differentiated in
0425 HC1 for 3-5 dips, then again washed in
voter for 1 minute,

4. They were dipped in Lithium carbonate
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for 10 times to neutralise the acid, then
washéd in water for % minute;-
5« The smears were then dehydrated by 10
dips in ascending grades of aleohol ( 3043,
505%, . TO5%, 957).
6, The snears were now stained for 2=3
minutes in 0G.6 and rinsed twice in two
chanses of 95 alcohol.
7. The smears viere stained for 2-3 ninutes
in DA.36 and were rinced in two changes of
95¢) alcohol, ”hey were finally dehydrated
by 10 dips in ecach of two changes of |
absolute alcohol,
8. They were then cleaned in two changes
of xylene for a few minutes, then mounted
in synfhetie resin media (Depex) and covered
with clean cover slips,

C. SBalt Precipitation of ¥ =globulin,

Several wdrkersvhave used ammonium sulphate
to precipitate they =-globulin fraction of
the serun (Volfson et al 1948, De la Huerga

& Papper 1950), The method used was that



304,

of Volfson et al,

Touipment,

dentiifuée for 40 nl, tube'and 40 rl, glass
tube,

Viskase dialysis tubing (& inch diam, ).
(Scientifie IHospital Suppliers Ltd.),

Reasrents,

$0dium cﬁloride~ammonium culphate solution
prepared as followsie

193 gm. ammoniun svlphate (finalar) were
¢issolved in 500 ml, digtilled water,

Then 40 gm. of sodium chloride (Analar) were
added and dissolved. The volune was nade
up to one litre with dlstilled water and
~kept at room temporature;

Techniqgue.

1. 38.4-ml.Aof this sodium chloride—
ammonium sulphate solution was poured into
a 40 ml. centrifuse tube. A volume of 1.6
nl. of serum wag layered on top and rdxing
wvas done by slow careful inversion until

the turbidity appeared to have reached a
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naximun, |
2. The tube was corked and cooled in a
beaker containing ice cubes for 5 minutes
then centrifuszed for 30 minuﬁgs'at 2500
TePelM,o If the supernatant fluid was
still not quite clear, the tube was cooled
for 5 minutes, and centrifuvged again for
a few minutes,
3+ The supernatant wae poured off
carefully. The precipitate was dissolved
in 0.5 ml, of distilled water, _ _
4. The¥ ~zlobulin solution obtained in
(3) was transferved. by a glass dropper into
a pieeé of dialysis tubing which had been
tied at its end. The tube was then tied
above the solution allowing an empty space
twice as much as that occupied by the
solution., This Vislase (sausaze) was
dippea’in a large glass tank containing
distilled water. % was prevented fron
floating by tying both cnds to a suitable
frarme of glass rod. The distilled water
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was changed frequently in the tanlk.

Pialysis was continued for 24 hours.

The D.P,A, Test for guantitation of Glycoproteins,

Eauipnent,

ﬁeaation.tubesz glass stoppered tubes
(G»x 5/8} inch with a central hole in stoppers
to pernit equilibration of pressure with the
atmogphere,
Lleetrically heated water bath with special
rack té hold the reaction tubes,
LEL Colorimeter.
Spectrun green filter (LEL 624).
Reasents., | |
ﬁiphenyiamine powder (Analar).
Glacial acetic amcid (Analar).
Coneentrated sulphuric acid H,S0, (Analar).
The diphenylanine reagent was prepared as
follows: |

1 gn. diphenylanine,

90 ml, Glacial acetic acid,

10 ml, Conc. H2504.
It was kept in a well stoppered dark glass

bottle.
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Procedures,

i. Cf each of the doubling dilutions of the
extract to be tested, 2.5 nl. were pipetted
in a reaction tube. Then 2.5 ml, of the
D.eiie Teagent were added and the tube
stoppered. A blank of 2.5 normal saline
was oimilarly treated.

2. The rcaction ftubes were placed in the
rack of the water bath which wag £1lled with
vater %o a suitable levely and vhich should
be'aﬁ the bvoiling point when the tubes ware
placed into it. The rcaction was allowed to
talie place nt 10009. for 30 ninutes, Then
the reaction tubes vere removed from the bath
and allowed to cool down,

3. A purple col0ur developed in nmixturcs of
nost extracts usecd. Sometimes a greenish
colour occurred, This was Guo to nitrates
contaninating the reagent or one of the
solvents and meant that fresh solutions of all
reagents had to be prepared.

4. Thie colour was read against the blank
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in an ZEL colorireter using 3 ml. tube and
an adaptor to {it them, If fthe reading was
100 or more it was disregarded, znd the

colour of a higher dilution was considered,
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