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About one in ten of all pregnant
women are found to suffer from one or
other of that group of disorders peculiar
to the gravid, and referred to as the
"toxaemias of pregnancy".

Kellar (1955) in British Obstetric
Practice has subdivided this group as
follows:-

(1) Acute toxaemias of pregnancy.
Eclampsia.
Pre-eclampsia, *
(2) Chronic hypertensive vascular
disease,
Essential Hypertension.
(3) Renal Disease.
Acute and chronic
glomerular nephritis.
Chronic Pyelonephritis.
Acute nephrosis (including
bilateral cortical
necrosis).
(4) Vomiting in Pregnancy.
(5) Liver necrosis in pregnancy, and
it is to the acute toxaemias of pregnancy
and their aetiology - in particular the

retention of fluid therein - that this

work is directed.
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* DPre-eclampsia may be defined as a
condition peculiar to the pregnant woman
and characterised by hypertension, oedema
and albuminuria, all three being present
in many cases but any two of these signs
in combination being sufficient for the
diagnosis, Where, as may occur, :
convulsions follow, 6 the condition is
known as eclampsia.

The aetiology of pre-eclampsia
has been the subject of endless research;
most text-books of obstetrics devote at
least one chapter to a discussion of the
various theories which have been advanced.
Amongst others Dieckmann (1952) and Sophian
(1953) have published monographs on the
subject.

The role of the posterior pituitary
gland in the aetiology of the acute
toxaemias of pregnancy was first advanced
by Hofbauer (1918) when he suggested that
pregnancy toxaemia was a sequel to
disturbance of the normal neuro-hypophysio-
adrenal equilibrium. As no experimental
evidence could be produced in support of

this theory little more was heard of it

during the next ten years until it was
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once again taken up by Rosenbeck
(1927) and Kustner (1928).

Kusfner claimed to have
demonstrated, in the blood of eclamptic
patients, a substance, which when
injected into the frog resulted in
stimulation of the melanophores. As
the only substance thought to produce
a definite melanophore response in
these animals was posterior pituitary
extract, Kustner claimed that his findings
were in support of the theory of Hofbauer,
and considered that the place of the
posterior pituitary gland in the aetiology
of eclampsia had been definitely
established. »

It is now known that the melanophore
expanding hormone is produced by the
intermediate lobe of the posterior
pituitary gland. 'In the human these
cells have migrated to the anterior lobe,
~and are associated with anterior lobe

excretion. This being so, the proof
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adduced by Kustner can not be accepted
as evidence of overactivity of the
posterior pituitary gland in toxaemia
of pregnancy.

Before describing the further
development of this theory in the
ensuing years,it would seem that a
summary of the pharmacology of the
posterior pituitary gland is indicated.
That the posterior pituitary is an
active secretory gland was under
investigation at the beginning of the
present century, the activity of
extracts being studied.

Oliver and Shafer (1895) showed
that injections of an extract of the
posterior pituitary gland had a pressor
action and this was confirmed by Howell
(1898). That such an extract had a
diuretic action in anaesthetized
animals was demonstrated by Magnus and
Shafer (1901) and the first reference to

the antidiuretic and chloruretic activity
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in unanaesthetized animals was contained
in a paper by von den Velden (1913).

Various other activities of this
posterior pituitary extract were also
described, a hyperglycaemic action
(Borchardt, 1908) a stimulation of
intestinal peristalsis (Bell, 1909),
an oxytocic action (Dale, 1909) and a
galactogogue activity (Ott and Scott,
1910).

That one active principle could
be responsible for such a multiplicity
of actions was doubted from the first
buf it was not until 1928 that Kamm
and his co-workers were able to separate
in relatively pure state the two active
principles. The one "the pressor
fraction" embraced the pressor,
antidiuretic, chloruretic, stimulation
of intestinal muscle and hyperglycaemic
activities previously described: while
the other "the oxytocic fraction"

comprised the oxytocic and galactogogue
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activities.

With these two relatively pure
fractions as a starting point
purification was continued in an effort
to isolate the active principles, and
from these to derive the chemical
structure, This culminated in the
publication by du Vigneaud et al.in
1953 of the chemical structure of
oxytocin as an octopeptide containing
aspartic acid, cystine, glutamic acid,
glycine, proline, tyrosine, leucine and
isoleucine. Du Vigneaud, Lawler and
Poperoe (1953) have also described the
chemical structure of vasopressin, This
is also an octopeptide containing the
same first six amino acids as oxytocin
but in addition phenylalanine, The
eighth amino acid varies as to the
source of the vasopressin and is
arginine in beef vasopressin and lysine
in vasopressin from the hog.

These workers have given details
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of the synthesis of both oxytocin and
vasopressin, and shown that the two
vasopressins may, as would be expected,
result in different anti-diuretic potency
consequent upon which vasopressin occurs
naturally in the group of animals under
test.

The above work was carried out
largely by counter current distribution
using large quantities of relatively crude
posterior pituitary extract as a starting
point, and is obviously unsuitable for
clinical application,

Likewise whilst it seemed relatively
simple to test for the presence of
posterior pituitary substance by the
melanophore expansion which followed
injection of the extract into a frog, this
éctivity is now known to be due to a
hormone elaborated in the pars intermedia
and not the presence of actual posterior
pituitary substance in the extract.

The measurement of anti-diuretic
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activity must be carried out by bioassay.
This is both an inexact and time-consuming
method of measurement and is not, except
as a research procedure, suitable for
clinical use,

A simpler approach to this problem
has been described by Arneil and Wilson
(1953) and Valeri, Zacco and Perrini
(1953). These workers claimed the
isolation from the urine of patients
suffering from nephritis or nephrosis in
the one case, and pre-menstrual tension
in the other, of active pituitary
polypeptides. This was carried out by
the use of two dimensional chromatography
on paper; While there were certain
differences in technique, material under
study and conclusions between these
authors the results were essentially
similar and the method employed seemed
suitable for application to other
conditions where the posterior pituitary

gland may be involved.
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As these pharmacological and
technical advances were being made,it
was only natural that further attention
should be paid to the theory that the
posterior pituitary was involved in the
aetiology of pre-eclamptic toxaemia,
particularly following the separation
of posterior pituitary eitract into
two active fractions by Kamm and his
co-workers,

Anselmino, Hoffman and Kennedy
(1931) using ultrafiltrates of blood
from eclamptic and pre-eclamptic patients
elaimed to have demonstrated both a
pressor and an antidiuretic principle
which “in their chemical and physical
properties were found to be identical
with those of the autocoid of the
posterior lobe of the pituitary gland®.
They further claimed that there was
full agreement between the most
important individual symptoms and

experimentally reproducible actions of
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the autocoid, including water retention
through inhibition of diuresis, increase
in blood pressure, capillary spasm, coma
and fits. Quantitative estimations they
claimed ran parallel with the severity of
the symptoms.

The next contribution to the
posterior pituitary theory was anatomical
and histological. Cushing (1933) in
the course of an anatomical investigation
into the functional activity of the
neuro-hypophysis demonstrated that when
the normal activity of the pars
intermedia was exaggerated in pathologic
states there occurred marked hyperplasia
of the basophilic elements. A few fatal
cases of eclampsia were examined and in
these cases a massive basophilia of the
pars nervosa was noted. Cushing (1934)
extended these observations and reported
the findings in nine fatal cases of
eclampsia. It appeared that the

basophilia was related to the degree of
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hypertension. _In six typical cases
of eclampsia the basophilia was
excessive, whilst in one case where the
blood pressure was only 130/90 mm. Hg.
there was slight basophilic infiltration
only. Ahlstrom (1935) continued the work
of Cushing and reported the examination
of the posterior pituitary glands from
61 patients who had died of eclampsia.
Of these 36 were without any hypertension
and 18 of fhis group showed basophilic
infiltration of the pars nervosa, whilst
of the 25 in the group showing
hypertension 24 had marked basophilic
infiltration. In view of these results
Ahlstrom was not able to support
completely the findings of Cushing. At
the same time however, he concluded that
there was some relationship between the
posterior pituitary gland and the
toxaemias of pregnancy.

Reassessment of this work reveals

an interesting fact, in the 36 patients
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in whom hypertension was not a feature,
oedema was very marked. It is now
known that the pressor and antidiuretic
hormones of the posterior pituitary
gland are in fact one and the same, and
it would appear in the light of this
that the results of Cushing and Ahlstrom
are in fact compatible.

Following this anatomical work
attention once again turnéd to the
detection of the pituitary hormones by
means of bioassay. The existence of a
posterior pituitary pressor substance
as claimed by Anselmino, Hoffman and
Kennedy was denied in turn by de Wesselow
and Griffiths (1934) and Hurwitz and
Bullock (1935). However Mukherjee
(1941) using methods similar to those of
Anselmino,'Hoffman and Kennedy has shown
that the blood of severely toxaemic
patients does in fact contain a pressor
substance, which he claims to be of

pituitary origin.
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The antidiuretic activity of the
posterior pituitary gland has attracted
even more attention. Coester (1935)
claimed to have found an antidiuretic
substance in the urine of toxaemic
patients but Byrom and Wilson (1934),
Theobald (1934) and Levitt (1936) were
unable to6 detect any such activity.

Teel and Reid (1939) once again
reported the presence of a urinary
antidiuretic substance in toxaemic
patients and claimed that it was of
posterior pituitary origin. Ham
(1941) repeated this work, but, while
confirming their findings of an
antidiuretic substance declared that
the substance differed in some respects
from posterior pituitary hormone.

Krieger and Kilvington (1940)
claimed that the antidiuretic factor
could be extracted from urine of normal
pregnant and even non-pregnant women

as well as that of toxaemic patients.
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In 1946 these authors reviewed their
work and claimed that significant amounts
were only found in the urine from toxaemic
patients, but the position was further
confused by Krieger, Butler and v
Kilvington (1951) who reported that
certain strains of Bacterium coli
produce an antidiuretic substance. This
led them to state that after due
consideration they could not exclude the
possibility that their previous results
were due to bacterial contamination of
the urine. They concluded that "it is
unlikely that antidiuretic substances of
- pituitary origin can be regularly detected
in the urine of toxaemic patients".
With this conclusion Willson, Carrington,
Hadd and Bontwell (1954) are in agreement,

Meanwhile attention was directed
towards the placenta as a possible source
of antidiuretic and pressor factors in
these patients, and in 1942 Ham and Landis

claimed to have detected the presence of
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these factors in saline extracts of
that organ. This substance was said
to be of a colloid nature but was
certainly not posterior pituitary
extract substance. This work was

repeated by Byrom (1951) but he was
| unable to find significant difference
in the antidiuretic titre between
pre-eclamptic and normal placentae and
further suggested that the antidiuretic
activity was largely, if not wholly,
accounted for by bacterial contamination,

Despite this controversy and the

failure to find specific factors
responsible for oliguria and hypertension
the search continues,and a considerable
body of opinion supports the idea of
their existence. This idea has Dbeen
sustained particularly in view of the
repeated observation that toxaemic
patients show a marked sensitivity to
posterior pituitary extract (Dieckmann

and Michel 1937, Schockaert and
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Lambillon 1937, de Valera and Kellar
1938) and this increased sensitivity has
been variously attributed to the action
of the gonadotroptic hormones either of
. chorionic or pituitary origin (Byrom,
1938; Browne 1946; Govan and Mukherjee
1950).

In addition the recent work on
renal function and haemodynamic changes
in pregnancy toxaemia indicates that
these changes are functional and
postulates some humoral mechanism
(Kenny, Lawrence & Miller 1950 a.b.)

In view of the wide divergence of
opinion which has been briefly reviewed
above it was decided to re-investigate
the place of the antidiuretic hormone
of the posterior pituitary gland in the
causation of the acute toxaemias of
pregnancy. The methods chosen were
originally those of Arneil and Wilson,
as mentioned previously, and from this

starting point was developed the
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investigation of which this thesis is
the result.




THE EXTRACTION OF A "POLYPEPTIDE"™
FROM THE URINE OF PATIENTS
SUFPERING FROM ACUTE TOXAEMIA OF
PREGNANCY,
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THE EXTRACTION OF A "POLYPEPTIDE" FROM
THE URINE OF PATIENTS SUFFERING FROM
ACUTE TOXAEMIA OF PREGNANCY.

The use of partition filter-paper
chromatography in the separation of
amino-acids and polypeptides in‘mixtures
was first suggested by Gordon et al.
(1943) and greatly improved by Consden
et al (1944). This method of separation
depends upon the different relative
solubilities of each amino-acid or
polypeptide between the water, which is
invariably held in the cellulose fibres
of ordinary filter-paper,and a solvent,
not miscible with water,which is allowed
to creep slowly along the filter-paper |
past a spot which contains the mixture
under test. The amino-acids or
polypeptides are drawn along at definite
speeds behind the moving solvent and
thus arrange themselves in a
characteristic order.

In their original paper Consden

et al.took care to avoid the presence
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of inorganic salts in their mixtures
as these they stated resulted in
unsatisfactory chromatograms. This
has not been the experience of later
workers, and Dent (1946) successfully
applied the method to urine, protein-
free blood filtrates and other
biological fluids, where the ratio of
inorganic salts to amino-acids did not
exceed 15 to 1.

The methods which have been
gpplied in the present investigation
are largely those of Dent, and will be
described in some detail in the
present section so that repetition may
be avoided later.

APPARATUS,

The cabinets used in the two

dimensional chromatography were adapted
from Dent (1948). They consisted of
large wooden boxes of inside dimension
32" x 32" x 14" and required to be
completely air-tight. Into each side
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was let a glass window 28" x 28" so0 that
the running of the chrométograms could be
observed. The 1id was 32" x 14" and was
flanged to secure an air-tight fit. As
a further precaution a cork gasket was
placed over the flange and the 1lid secured
in place by six wing-nuts, the bolts of
which were affixed tc the outside of
the box,and over them fitted iron tongues
on the upper surface of the lid. Three
inches below the 1id on either end wall
of the tank was fixed a projecting wooden
batten on which the solvent troughs were
‘supported.

These solvent troughs were
constructed of aluminium and had a
flange on either end which rested upon
the supporting wooden battens. Along
either side of the trough, but not
touching the trough, was a glass rod.
These rods were held in place by clips
mounted on the upper surface of the

flange at either end. The purpose of
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these rods, over which the paper when
in position passed,was to prevent
capillary syphoning between the outside
of the trough and the paper.

A heavy glass slide ran
perpendicularly along the middle of each
trough and was held in place by grooves
at either end. This glass slide was
used to maintain the filter-paper in
position.

Three of these solvent troughs
could be fitted inside each chromatography
tank, and as a filter-paper could be
mounted on each side of the trough, this
allowed six papers to be processéd at
any one time. :

Prior to use,the inside of each
chromatography tank and 1id was thickly
painted with beeswax, In all, four of
these tanks were constructed and

utilised, each tank being retained for

one particular solvent.
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SOLVENTS,

The solvents employed were two
in number, phenol-ammonia and n-butanol-
acetic acid, The phenol employed
throughout was phenol liquefactum B.P.
Care has to be exercised that no
decomposition has taken place and should
this have occurred, the phenol must be
discarded as satisfactory chromatograms
cannot be obtained. The phenol was
saturated with water and stored in the
same room in which the chromatographic
tanks were kept in order that there
should be no temperature difference.

n-Butanol-acetic acid,hereinafter
referred to as butanol-acetic acid is
obtained by mixing in a separation
funnel four parts of n-butanol with one
part of glacial acetic acid and five
parts of water. This mixture is
thoroughly shaken and allowed to settle.
The lower layer is discarded and the

upper layer used as the solvent -
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Partridge 1946.
DRYING CABINET,

The drying cabinet was constructed
from an old wardrobe. Notched battens
were fitted to the inside to hold glass
rods on which the filter-papers could be
dried. A tubular heater was mounted in
the floor of the cabinet and the lower
two inches of the door removed and
replaced by a fine wire mesh. Holes were
bored in the roof, and when the tubular
heater was switched on,convection resulted
in a current of air passing through the
cabinet. This apparatus proved most
satisfactory.

DEVELOPMENT OF THE CHROMATOGRAMS.

Ninhydrin 1% in n-butanol was used
for the development of the chromatograms.
Each batch of Ninhydrin was tested
separately with pure solutions of amino
acids before being passed for use,as it
was found that various batches did not

always give a satisfactory colour
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reaction.

The Ninhydrin dissolved in n-butanol
was sprayed on the papers and the colour
developed by heating to 80° C. for 5
minutes - Copley 1941.

- The colour reaction tended to fade
over a period of time and for this reason
pencil outlines of the stained portions
were drawn on the chromatograms
immediately after development.

PAPER,

The paper used throughout was
Whatman No. 1 filter-paper and was
supplied in sheets 22% by 18 inches
specially prepared for chromatography.
RUNNING CONDITIONS,

The chromatographic tanks and
solvents were kept in a draught free
room in which temperature fluctuation was
minimal,

Prior to running any chromatograms
in the tanks these were first tried out

with standard solutions of amino-acids
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to ensure that neither the position
of the paper in the tank, nor the small
temperature fluctuations that occurred
in the room,prevented the repetition of
the results.

In the tank where phenol was the
solvent, a tray placed in the foot was
filled with water and phenol so that the
atmosphere inside the tank would be
saturated with both substances, Once
the tank had been set up and before the
1id was closed, 1 millilitre of
concentrated ammonia (Sp.Gr. 0.88) was
run in,and a few crystals of potassium
cyanide dropped in to the aqueous liquid
at the bottom of the tank. This was
done to suppress the catalytic oxidation
of the solvent due to the presence of‘
copper in the filter-paper - Partridge.

In the base of the tank used for
butanol-acetic acid runs a tray
containing water, and butanol was placed

to maintain a saturated atmosphere inside
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the tank,

The urine to be examined was
collected either as a clean swab
specimen or by catheter and was applied
to the paper within six hours of being
voided. (A clean swab specimen of urine
is voided after the wvulva has been
cleaned,and the vagina temporarily
tamponnaded to prevent contamination of
the urine with vaginal discharge).

In the interval the urine was stored in

a refrigerator. These precautions were
taken to avoid the possibility advanced by
Krieger, Butler and Kilvington that
anti-diuretic activity in the urine was
the result of organismal activity.

The urine was measured, acidified
with dilute acetic acid,and then heated
in a boiling water bath to precipitate
any protein present. After filtration
the volume was restored to the original
by the addition of distilled water.

Initially the "polypeptide" was
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precipitated with Tungstic acid as
suggested by Arneil and Wilson (1955),
centrifuged and the precipitate
dissolved in 0. 3% ammonia. Once the
presence of the "polypeptide"in the urine
of patients with hypertensive toxaemia of
pregnancy was established, this method was
abandoned and only thereafter used where
larger quantities of the "polypeptide" were
required for further investigation.

Various volumes of deproteinised
urine were run as two-dimensional
chromatograms, and finally by trial and
error 0.05 ml. of urine was fixed upon
as giving the most satisfactory results.

The urine was applied as a spot
some three inches from the edge and three
inches from the top of the filter-paper,
which was arranged so that the phenol-
ammonia run took place in the shorter
length of the paper. The area of the
spot of application was kept as small as

possible by successive applications and
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dryings. An electrical hair-dryer was
found to be of great assistance. The
paper was then folded, placed in the
trough with the upper edge in the phenol
solvent, and the chromatograph tank
arranged as has been described. A run
of some ten to twelve inches was allowed
and under the conditions applying this
took approximately eighteen hours.

The paper was then removed, hung
in the drying cabinet in a current of
warm air,and thoroughly dried. On
average two days wereallowed for complete
drying.

The chromatogram was then turned
at right angles and run in the second
- solvent - butanol-acetic acid. The
paper was always so arranged that the
point of application of the urine was
uppermost, i.e. nearest the solvent
trough. A run of approximately twelve
to fourteen inches was allowed in the

butanol-acetic acid,and this took some
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twelve to fifteen hours.

The paper was removed from the
tank, dried over a period of 24 hours,
sprayed with Ninhydrin and deveioped as
has been described.

RESULTS,

The developed chromatograms
showed little variation in the amino-
acid pattern, but considerable difference
in the intensity of staining of the same
amino-acid between urine and urine.

This was especially noticeable between
chromatograms developed from the urine
of pregnant and non-pregnant patients.

The following amino-acids were
| frequently identified in the chromatograms:-
alanine, arginine, aspartic acid, glutamic
acid, glycine, histidine, isoleucine,
leucine, lysine, methionine,
phenylalanine, threonine, tryptophan and
valine,

Of these amino-acids, alanine,

arginine, aspartic acid, glutamic acid,
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glycine, histidine and leucine have béen
almost constantly present.

The identification of these amino-
acids was made by reference to the chart
of Dent (1948),but in each case the
identification was verified either by
direct reference to known amino-acids,
run under identical conditions, or by the
use of added amino-acids. The details
of these methods of identification are
described in a later section of this
thesis,

As has been previously mentioned
the intensity of colour developed with
Ninhydrin by the same amino-acid was
noticeably increased in the pregnant urine.

Moore and Stein (1948) have stated
that the intensity of the colour reaction
developed with Ninhydrin may be taken as
a rough indication of the quantity of the
amino acid present. If this is so, then
it would appear that there is an increased

output of the individual amino-acids in
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pregnancy,and that this increased output
is particularly noticeable in the later
months of pregnancy.

No significant difference in the
individual amino-acids excreted,or in the
apparent quantity,has been noted between
the various groups studied,except for the
changes already described as occuring in
the pregnant.

Studies of the amino-acid output in
pregnancy, both as regards the individual
amino-acids and the quantitative output,
have been reported by Smith (1949),
Wallraft et al. (1950), Ruttinger et al.
(1954) and Miller et al. (1954). These
investigators have noted the increased
amino-aciduria in pregnancy, and also
agree that the amino-acids named
previously are those commonly found in
the pregnant urine.

Apart from these differences the
main feature was the presence in a certain

group of cases of the "polypeptide"
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described by Arneil and Wilson.

This substance only moves in a
linear direction under the influence
of,and at the same rate as, phenol-ammonia
and is not affected in position by
subsequent running in butanol-acetic acid.
The substance stains with Ninhydrin and
is therefore easily recognised. The
substance occupies the same position as
the "nephrosis peptide", numbered 61 By
Dent (1948), in his "Map of the Spots".,

This position occupied by the
“"polypeptide" is constant and quite
characteristic. It is sufficiently
removed from the position occupied by all
other Ninhydrin positive material so far
discovered in the urine as to make
confusion impossible.

The group of cases in which this
substance could be detected in 0.05 ml,
of urine were almost without exception
cases of hypertensive toxaemia of

pregnancy,and from this finding developed
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the further work here described.

The full details of the distribution
of this substance in the urine will be
found in the clinical section of this
thesis. Figure I is of a chromatogram
showing the presence of the "polypeptide"
while Figure II is a chromatogram from
the urine of a normal pregnant patient

where the "polypeptide' was not detected.
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THE ISOLATION OF THE "POLYPEPTIDE"
FROM THE BLOOD.

Following the isolation of a
"polypeptide" from the urine of cases
of acute toxaemia of pregnancy,it now
became important to determine whether
this substance could be detected in the
blood-stream,

No technique for this isolation
has been reported,but Giri et al.(1952)
described a method for amino-acid
analysis of blood by paper chromatography.
It was decided to adépt this method to “W/

/
/
/

the present investigation in the
following manner,

Venous blood - approximately 5 ml, =~
was withdrawn by syringe, with due
precautions to prevent haemolysis, and
was immediately transferred to a dry,
chemically clean tube containing 75
international units of Heparin B.P.

Mixing was obtained by gentle agitation

of the tube which was then centrifuged



35.
at 3000 r.p.m. for five minutes. Oné
millilitre of the supernatant plasma
was transferred immediately to a capped
centrifuge tube containing 3 ml. of
absolute ethyl alcohol A.R. This
resulted in precipitation of the
proteins in the plasma, and after
further centrifugation, the protein
free alcoholic extract was mixed with
three times its own volume of chloroform
A.R. in a stoppered centrifuge tube.
This mixing with chloroform results in
the extraction of the alcohol leaving
an aqueous layer at the top of the
chloroform alcohol mixture. After
centrifugation this agqueous layer was
carefully removed with a pipette,
transferred to a special measuring
cylinder,and the volume adjusted to
0.5 ml., either with double distilled
water or evaporation in vacuo whichever

was necessary.

This aqueous extract of blood was
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now ready for application to a sheetfef
filter paper. For this purpose the
volume selected was 0.05 ml., and the
size of the spot of application was
kept as small as possible by successive
applications and dryings.

The paper was now transferred to
a chromatography tank,and after running
in phenol-ammonia and butanol-acetic
acid in the form of a two-directional
ehromatogram, as previously described,
was dried and developed with Ninhydrin.

The developed chromatograms
revealed considerable variation in the
amino-acid pattern but a consistent
finding in all cases of acute toxaemia
of pregnancy was a Ninhydrin staining
material situated in the characteristiec
position occupied by the “polypeptide".
Figures III and IV are reproductions
of two typical chromatograms prepared
from aqueous extracts of venous blood

withdrawn from cases of acute toxaemia
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of pregnancy.

To eliminate the possibility that
the polypeptide might be derived from
the Heparin, solutions of Heparin B.P.
5000 and 25,000 international units per
millilitre were examined. One
millilitre of these solutions was treated
as has been described for plasma,and an
aqueous extract prepared. This was
applied as a spot to filter paper and
two dimensional chromatograms developed.
In no case was it possible to demonstrate
any Ninhydrin staining material in the
position characteristically occupied by
the "polypeptide".

It would thus appear that the
"polypeptide" was in fact derived from
the venous blood,and not due to any
contaminant present in the Heparin.

The presence or absence of this
"polypeptide" in the blood of the various
groups of patients investigated will be

described and discussed later in the
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clinieal section of the thesis.
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ELUTION, HYDROLYSIS AND AMINO-ACID
ANALYSIS OF THE "POLYPEPTIDE".

As has been described in the two
previous sections,a Ninhydrin staining
substance has been demonstrated in a
consistent position following two
directional paper chromatography using
phenol-ammonia and butanol-acetic acid
as solvents. It now became necessary
to obtain larger quantities of this
material that further investigations
could be carried out.

This was possible as a result of
the differential rate of flow of the
substance in the two solvents. The
following was the method employed.

The substance to be extracted -
either a tungstic acid extract of
protein free urine or an agueous extract
of blood - was applied as a line along
the length of a sheet of Whatmann filter
paper, about 3 inches from the edge.

By successive application and drying it
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was found that approximately 1 millilitre
could be applied to each sheet of filter
paper. These were now placed in the
chromatographic tank and run with phenol-
ammonia as the solvent. A run of about
15 inches was allowed and the paper was
removed and dried in a current of air.
Prior to drying a pencil mark was placed
on each side of the sheet to indicate
the lowermost level to which the solvent
had run. After thorough drying, the
paper was turned through 180°,and run
again;s this time the solvent used was
butanol-acetic acid. It was not
necessary to limit this second run and
generally the solvent was allowed to fall
off the lower edge of the paper for some
time before the run was discontinued,and
the paper once again removed and dried.

If one looks at the chromatograms
reproduced previously the isolation of
the "polypeptide" by the above method

becomes obvious in that this substance
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flows at the same rate as the phenol-
ammonia solvent and is not moved at all
by the butanol-acetic acid solvent, while
contaminating amino acids such as arginine
and lysine which would otherwise have been
present are moved away from the
termination of the phenol-ammonia run by
the use of the second solvent, Any
acetylated amino-~acids which might be
present are similarly removed.

The terminal inch of the phenol
run was measured,using the pencil marks
as the lower border,and this strip was
cut from the dried sheet and eluted.
The elution fluid used was originally
0.25% acetic acid but thié proved
unnecessary and double distilled water
was substituted. Elution was carried
out in a draught free glass cabinet.
The strips of filter paper containing
the material to be eluted were allowed
to hang vertically downwards. The

lower end of the strip was cut to a point
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so that the eluate could be collected in
a small beaker,

The upper end was held between two
glass slides which rested in a Petri dish
containing the eluting fluid. Elution
was allowed to proceed until approximately
5 millilitres had collected in the
receiving vessel. This eluate was now
concentrated by evaporation in vacuo to
approximately 1 millilitre and then split
into two portioms. The first was applied
to paper, run in two directions as already
described, and developed with Ninhydrin.
This served two purposes. The one to
prove that the substance under investigation
Qas in fact present,and the other to show
that no contaminant amino-acids remained.

Following this the second portion
of the concentrated eluate was hydrolysed
with 6 N, A.R. hydrochloric acid and heat
in a sealed container, After
evaporation to almost dryness on several

occasions to reduce the acidity the
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hydrolysate was applied as a spot to a
'sheet of Whatman filter paper and run as
a two directional chromatogram. The
chromatogram was dried, developed with
Ninhydrin, and the individual amino acids
identified tentatively by reference to
the chart of relative rates of flow in
the solvents employed. Figures V and VI
are reproductions of typical hydrolysate
chromatograms, and the legend indicates
the various amino acids present.
Figure V is a hydrolysate of the
polypeptide from urine, and Figure VI
an example of a hydrolysate of the
polypeptide from venous blood.

The identity of the individual
amino-acids was confirmed by the
following experiments.

Specimens of pure amino-acids,
which were thought to be involved, were
obtained and an approximately 0.0l
molar solution in 75 per cent v/v.

ethyl alcohol A.R. prepared. A small
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amount of concentrated hydrochloric acid
was occasionally necessary to dissolve
the less soluble amino-acids. These
standard solutions,once prepared,will keep
almost indefinitely.

A "spot" of the hydrolysate was
applied to a sheet of Whatman filter paper
some eight inches from the edge and three
"gpots" of standard solutions of
amiho-acids, each of approximately 0.01
millilitre,at the same distance from the
top of the sheet but progressively nearer
the edge. The prepared paper was now
run in phenol-ammonia and dried. The
edge strip,on which the amino-acids had
been run,was cut off and preserved,and
"gpots" of the three amino-acids applied
to the paper below the solvent front on
a line parallel to the cut edge and
passing through the site of application
of the hydrolysate. The paper was now
turned at right angles and run in butanol-

acetic acid. A run of about 12 inches
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was allowed, the paper removed, dried,
and developed with Ninhydrin as was the
edge strip previously removed.

It was now possible to use the
edge strips, run under identical
conditions as the hydrolysate, for
- direct measurement and to ascertain the
presence or absence of the individual
amino-acids employed. By using
standard solutions of various amino-
acids in turn,it was possible to identify
accurately each amino-acid present in
the hydrolysates.

Diagram I illustrates the method.

The second method of identification
employed was to divide a hydrolysate into
two equal portions,and to the one add a
very small quantity of the standard
solution of a selected amino-acid. Two
directional chromatograms were now run
using the original hydrolysate and the
hydrolysate plus the added amino-acid.

After drying and development with
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Ninhydrin the chromatograms were
compared. If the chromatogram
prepared from the hydrolysate plus the
amino-acid contained an extra Ninhydrin
stained spot when compared with the
chromatogram from the original
hydrolysate,then obviously the added
amino-acid was not one of those originally
present, If,on the other hand,the
chromatograms were identical,then the
amino-acid added was amongst those
contained in the polypeptide,and could be
easily recognised by the deeper intensity
of the Ninhydrin reaction.

Once the amino-acids had been
individually identified, the pattern of
the chromatogram was found to be
sufficient for identification, since day
to day variables always affect the Rf
values in the same proportions,and do
not therefore alter the pattern

(Dent 1948).

Table I enumerates the amino-acids
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in the hydrolysates obtained from urine
and blood of patients suffering from

acute toxaemia of pregnancy,

Amino Acid. Sgggg:.of Polygeggl?e.
Alanine. + +
Arginine. + +
Aspartic Acid. + +
Cystine. + +
Glutamic Acid. + +
Glycine. + +
Leucine. + +
Lysine. + +
Phenylalanine. + o+
Proline. + +
Serine. + +
Threonine. + +
Tyrosine, ? ?
Valine, + +
Table I.

The above table requires one
explanation,and that is the doubtful
presence of tyrosine. This amino-acid
was found in some hydrolysates, not in

others,and in yet a further group was
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doubtfully present. These anomalous
findings can almost certainly be
explained by the partial or complete
destruction of tyrosine by acid
hydrolysis. Attention has been drawn
to this destruction of tyrosine on acid
hydrolysis by Pierce and du Vigneaud
(1950).

Figure VII is a reproduction of
a chromatogram in which tyrosine was
present for comparison with Figures V
and VI where this substance was not
recognised.

It had now become obvious by the
characteristic position taken up by the
polypeptide on two directional
chromatography and the identical amino-
acid structure that this polypeptide,
whether derived from the urine or blood
of patients with acute toxaemia of
pregnancy,was in fact one and the same
substance. This contention is further

supported by the identical biological
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activity of the polypeptide whatever
the source. These results are reported
later in the section dealing with the

biological activity.
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THE ANALYSIS OF COMMERCIAL PITUITARY
EXTRACTS.
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This investigation,in so far as
it had proceeded,had only demonstrated
the presence of a polypeptide in the
blood and urine of certain patients.
This polypeptide had been hydrolysed
and its amino-acid content determined,
but this analysis of amino-acid content
agreed neither with that reported by
Arneil & Wilson (1953),nor that reported
by Valeri, Zacco and Perrini (1953).

It therefore became necessary to repeat
some of the work reported by the above
authors,and at the same time determine
the source of the present material and
its biological activity if any. As the
presumption was that the material was of
pituitary origin,it was decided as a
first step in the investigation of the
source to submit commercial pituitary

extracts to analysis by two dimensional

chromatography.
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EXTRACTION AND AMINO-ACID ANALYSIS OF
THE POLYPEPTIDE FROM COMMERCIAL PITUITARY
EXTRACTS.

A total of nine commercial
preparations of posterior pituitary
extract,either the extract of the entire
posterior pituitary gland, or these
preparations claimed to be the vasopressic
fraction and including the three preparations
Refisal, Piton and Postipon analysed by
Valeri, Zacco and Perrini were submitted
to two-directional paper chromatography
by the technique already described. A
tenth posterior pituitary extract was also
analysed. This was the extract prepared
from the standard pituitary (posterior
lobe) powder by the method described in
the British Pharmacopoeia (1953).

When the chromatograms were
developed, a constant finding was the
presence of a Ninhydrin staining material
in the typical position of the polypeptide.
Figure VIII illustrates one of these

chromatograms.
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This Ninhydrin staining substance
was now obtained in greater quantity by
applying the posterior pituitary extract
as a line along the length of a sheet of
filter paper, running in phenol-ammonia,
drying the paper, and then turning the
paper through 180? and running again in
butanol—acetic-;cid. After drying the
paper, the terminal inch of the phenol-
ammonia run was cut out as previously
described and eluted with distilled water.
The eluate was concentrated by evaporation
in vacuo, a little applied as a spot and
run chromatographically to determine the
presence and purity of the polypeptide,
while the remainder was hydrolysed with
6 N hydrochloric acid A.R. and heat.

The resulting hydrolysate was applied to
paper, run as a two dimensional
chromatogram and developed with Ninhydrin.

The chromatograms developed from
the hydrolysates of polypeptides obtained

from all ten posterior pituitary extracts
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were almost exactly identical. Figures
IX and X are representative of this group.
When the amino-acids were identified by
the methods already described, the
polypeptides from the various commercial
sources proved to contain the same
amino-acids,and these amino-aéids were
also identical with the amino-acids
derived from the polypeptides from blood
and urine of patients with acute toxaemia
of pregnancy.

Various commercial hormonal
preparations,amongst others adreno-
corticotrophic hormone,and several
preparations purporting to be the
gonadotrophic hormones of the anterior
pituitary gland,were submitted to two
dimensional chromatography,as were
samples of é renin containing kidney
extract and a sample of purified
angiotonin. None of these substances
contained a Ninhydrin staining substance

in the characteristic position and were
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therefore considered not to contain the
polypeptide.

The foregoing was considered to
be suggestive of a posterior pituitary
source for the polypeptide but.diq this
material represent the active portion
of these extracts or not?

The answer to this question was
obtained by the procedure now reported.
The extract prepared from standard
pituitary (posterior lobe) powder, a
commercial pituitary extract of British
origin, and one of the three posterior
pituitary extracts employed by Valeri,
Zacco and Perrini, were selected at
random, These were each in turn
submitted to the following examination.

The preparation under test was
applied as a line along a sheet of
filter paper and run in phenol-ammonia.
The paper was removed and dried. A
thin strip was cut from one edge and

developed with Ninhydrin. This proved
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the presence of Ninhydrin staining
material, presumably including the
polypeptide,at the solvent front.

The distance from the point of
application to the solvent front was
measured and the paper then divided
into eight equal strips parallel to
the solvent front. These strips were
numbered one to eight, number one lying
at the point of application and
progressing to number eight which
included the solvent front.

These strips were separately
eluted with distilled water,and the
eluates then concentrated to 1 ml,
by evaporation in vacuo. A small
portion of each of these eluates was
run as a two-dimensional chromatogram
to confirm the presence or absence of
the polypeptide, and the remainder
examined for biological activity.

Strip number eight - that nearest

the solvent front - in each of the three



56.
Preparations tested proved to contain
the polypeptide and showed anti-diuretie
activity on bioassay. Strip number
seven also proved to contain the
polypeptide, but in lesser quantity as
judged by the Ninhydrin staining reaction,
The presence of the polypeptide was
confirmed by anti-diuretic assay.
(See Section F.) Strips number one to
8ix in no case could be shown to contain
the polypeptide and antidiuretic activity
could not be demonstrated. Table II

summarises these results.

!

This procedure was repeated on.the
three selected pituitary extracts,but
this time the solvent employed was
butanol-acetic acid. As has been shown
the polypeptide does not flow in this

solvent and the edge strip when stained

with Ninhydrin showed the presumptive
presence of the polypeptide at the point

of origin.

Eight equal strips were again
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measured, separated, eluted, and the
eluates concentrated, When these
eluates were assayed and run as two-
dimensional chromatograms, the results
showed the presence of the polypeptide
and anti-diuretic activity in strip one
only. That is in the strip nearest
to and including the point of application.
In no other strip could the polypeptide
be demonstrated,nor could antidiuretic
activity be demonstrated. Table III
summarises these findings,

These results, obtained with
posterior pituitary extract of varied
origin have shown that the polypeptide is
present in all the extracts,and that the
position occupied on two-dimensional
chromatography is consistent. The
amino-acid content is identical with
similarly running polypeptides obtained
from the blood and the urine of patients
with acute toxaemia of pregnancy.

That this polypeptide "runs" with,
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and at the same rate as,phenol-ammonia
and is unmoved by butanol-acetic acid has
been demonstrated. Lastly,it has been
shown that activity of posterior
pituitary extracts is either directly or
indirectly associated with the presence
of the polypeptide,and that where this
substance is absent, so is any

demonstrable anti-diuretic activity.




Tousaydq

I 3. Glutamic Acid
5. Glycine

Butanol

v

T. Alanine
9. Arginine
10. Proline
11. Valine
13. Leucine

&

. POLYPEPTIDR

Pig, VIII., Chromatogram, Commercial
Posterior Pituitary Extract
to show presence of Polypeptide.



Tousyq

Butanol

.—-—-—n—)

O

Cystine
Aspartic Acid
Glutamic Acid
Serine
Glycine
Threonine
Alanine
Lysine
Arginine
Proline
Valine

. Phenylalanine

Leucine

o ol
58

Fig. IX. Chromatogram - Hydrolysate of
Polypeptide from Comper01al
Posterior Pituitary Extract.



Tousyd

Fig. X.

Butanol. S >
1., Cystine
2. Aspartic Acid.
3. Glutamic Acid
C) 4, Serine
5. Glycine
(} 6. Threonine
7. Alanine
8. Lysine
Ci} 9. Arginine
10. Proline
11. Valine
12. Phenylalanine
13. Leucine

Chromatogram. :
Polypeptide from Commercial

Hydrolysate of

Posterior Pituitary Extract.



-PROOF OF THE PRESENCE OF THE SAME
POLYPEPTIDE IN THE HUMAN POSTERIOR
PITUITARY GLAND AND ITS ABSENCE IN
OTHER ORGANS INCLUDING THE PLACENTA.



59.
PROOF OF THE PRESENCE OF THE SAME
POLYPEPTIDE IN THE HUMAN POSTERIOR
PITUITARY GLAND AND ITS ABSENCE IN
OTHER ORGANS INCLUDING THE PLACENTA.

The pituitary gland was obtained
within two hours of death from five
patients who had died in the Glasgow
Royal Maternity and Women's Hospital.
The posterior lobe was dissected free
from other tissué,and after sub-division
was extracted in a glass tissue grinder -
modified Griffith's tube - with double
distilled water acidified to a pH of
between 3 and 4 with glacial acetic acid.
The temperature at which this was carried
out was between 70-80° C. so that the
proteins might be coagulated and any
autolytic enzymes present destroyed
(British Pharmacopoeia-1948). The
extract was now filtered, sterilised by
heat,and concentrated by evaporation in
vacuo. Thereafter the extract was

stored in a refrigerator until required

for use.
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days preceeding menstruation. The
details of these two cases are shown
in Figures II and III.

That the normal non-pregnant
female does not exhibit the anti-diuretic
hormone in 0.05 ml, of urine is shown by
the above investigation. Equally
signifigant is, that where pre-menstrual
tension is present - a syndrome known
to be due to water retention,even to
the extent of localised or generalised
oedema - Atkinson and Ivy (1936), Thorn
et al.(1938) - resulting in weight gain
in the pre-menstrual phase of the cycle -
the anti-diuretic hormone of the
posterior pituitary gland can be
detected in the urine.

That the syndrome is indeed due
to water retention is confirmed by the
clinical cure obtained by diuretics.

Robinson and Farr (1940), ILloyd
and Lobotsky (1949, 1950) have also shown

this high anti-diuretic titre in
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association with clinical oedema in
the pre-menstrual phase of the cycle.
Meles.

The first morning specimen of
urine from eight healthy male subjects,
all non-smokers, all normotensive and
none exhibiting albuminuria, was
examined on twenty-two occasions in all.

In none of these specimens
(0.05 ml.) was it possible to demonstrate
the anti-diuretic hormone.

Normal Pregnant Females.

The urine of 94 normal pregnant
patients was examined. These patients
had been admitted to hospital for some
reason other than hypertensive toxaemia,
essential hypertension or chronic
nephritis in pregnancy. On clinical
examination these patients proved to be
normotensive, without clinical oedena,
and albumen was absent from the urine.

The patients had been admitted to

hospital for a variety of reasons, and
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were representative of almost all
durations of pregnancy. They fell into
four groups, twenty patients were less
than 14 weeks pregnant, twenty between
14 and 28 weeks pregnant, thirty between
28 and 40 weeks and 26 were, by expected
date of confinement, post-mature
(minimum of 8 days).

In all, the urine of these 94
patients was examined on some 140
occasions and only twice was the
anti-diuretic hormone detected in 0.05
ml, of urine, The two cases where
anti-diuretic hormone was detected were
as follows.‘

Case 1.

This patient, a primigravida
was'admitted at term with a diagnosis
of contracted pelvis and slight cephalo-
pelvic disproportion. The blood
pressure was 120/70 millimetres of
mercury. There was no oedema and the

urine was free of albumen, A positive
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finding of anti-diuretic hormone was
obtained with the first urinary
specimen examined,but this finding was
not repeated in a further specimen
examined prior to labour, nor in two
specimens examined in the immediate
puerperiunm,

As this first specimen was one
of several collected and processed
that day, the possibility of error
cannot be excluded. It was not
possible to repeat the examination as
some five days must elapse between the
collection of the urine and the
establishment of the presence of the
posterior pituitary anti-diuretic
hormone by the methods employed.

It did prove possible however
to examine a further ante-natal
specimen from this patient and the
result was negative. In the six
days of the patient's stay in hospital

before the onset of labour,no evidence
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of hypertensive toxaemia was detected,
and no oedema was noted,
Case 2.

This patient, a para 4 + O,was
admitted at 32 weeks maturity of
pregnancy because of an iron deficiency
anaemia, The blood pressure was
110/70 millimetres of mercury and
there was no oedema or albuminuria.
The specimen of urine tested on the
morning after admission showed the
presence of anti-diuretic hormone in
0.05 millilitre.

Premature labour ensued two days
after admission and,as the patient's
haemoglobin level was 7.8 grams%,
transfusion of blood was required.

A further specimen of urine was
tested on the fourth day post-partum
with negative results.

As Hawker (1952) had suggested
that the onset of lactation and the

titre of an anti-diuretic substance



*LouruBaag OTWeBXOJ~UON UT sJUTPUTF hnmﬂﬁnb

*sTs9U]

93 JO 3X34 9U4q UT UaATS® aae sjuetied omg 9sayl Jo STTBIO0 «

*IITX W19Vl

0 3 ‘unjaed-3sod £ep ‘YL 8
0 9 ‘unjJaed-3sod £ep Y34 9
0 L ‘mnjIeg-4s0d £ep “pag L
0 92 ‘syeem +QOV 92
*C 8¢ ‘s)dam QOy—-Qc 013
0 0¢ ‘syesm QZ-YT 02
0 0¢ ‘sXesm YT UBY} SS8T 0c
*2ATLTS0d 2ATLRBIAN *LouruBaag *dnoan
*9UOWJIOY Jo UT S9SB)
d0T}santp-T3uy uo T3Banq Jo *oN



105.

were interconnected, the opportunity
was taken to examine the urine in the
puerperium. This was done at three
different times, the third, fifth and
seventh days post-partum,. These days
were selected as being prior to the
establishment, of lactation, about the
time when the milk flow is becoming
established and lastly when lactation
should be well established.

The specimens of urine had to
be withdrawn by catheter to prevent
contamination with lochial discharge.
Seven specimens were obtained on the
third day post-partum, six on the
fifth day and eight on the seventh day.
In none of these specimens was the
anti-diuretic hormone'detected.

Table XIII gives details of the

results obtained in the normal pregnant

patient.
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Acute Toxaemias of Pregnancy.

The acute toxaemias of pregnancy
have already been defined in the
introduction to the thesis.

The criteria necessary to
establish the diagnosis were:-

(1) That the patient be 28 or more
weeks pregnant.

(2) That the blood pressure be
140/80 millimetres of mercury
or greater.

(3) That albuminuria, oedema,or
both be present.

Where convulsions were not
present the results are given under
the heading of pre-eclamptic toxaemia
and under eclampsia where convulsions
occurred.

Pre-eclamptic toxaemia.

The urine of 86 patients who
satisfied these criteria was examined.
Where protein was present this was first
removed by coagulation with heat,

filtration,and the urine volume
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restored to the original by the
addition of distilled water.

In none of the cases examined
was the urinary output less than
thirty-four ounces in any 24 hours.

The anti-diuretic hormone of
the posterior pituitary gland was
present in 79 of the 86 urines examined.
Table XIV gives details of five of these
cases selected at random,

Of the seven cases where
anti-diuretic hormone could not be
detected in the urine it is noteworthy
that oedema was absent in two, very
slight in four, and moderate in one.
Details of these seven cases with
negative findings are given in Table XV,

For comparison in the 79 cases
where anti-diuretic hormone was present
in the urine, oedema was marked in 14,
moderate in 63,and slight in two,

In no case where the anti-diuretic hormone

was present in the urine was oedema
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Each of these human posterior
pituitary extracts was examined for its
anti-diuretic activity by bioassay,and
then run as a two dimensional chromatogram.
In each case the extract was proved to
possess anti-diuretic activity and to
contain a Ninhydrin staining substance in
the characteristic position of the
polypeptide on the developed chromatogram.

The polypeptide was then extracted
for further examination by the)method
already described. Each of these
"polypeptide extracts" was tested for the
presence of the polypeptide and this was
confirmed in all cases, Each of these
polypeptide extracts should ideally have
been tested for biological activity but
due to the scarcity of the material this
proved possible in two cases only. The
two extracts tested proved to be anti-
diuretic in action.

Each of the polypeptide extracts

was hydrolysed and two dimensional
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chromatograms prepared. The‘amino-acid
constitution of the polypeptide proved
to be identical with that previously
demonstrated in the case of the
polypepfide derived from blood and
urine of toxaemic pregnant women and
that derived from the various commercial
posterior pituitary extracts.

Figure XI is of a chromatogram
showing the presence of the polypeptide
in an extract from the human posterior
pituitary lobe. Figure XII is a
chromatogram of the amino-acid
constitution, while Table IV summarises
the findings in the human posterior
pituitary gland.

As a control portions of liver,
kidney and ovary were extracted by the
same method. In none of these could
the polypeptide be demonstrated.

In view of the claims of Ham and
Landis (1942) that an anti-diuretiec

substance could be extracted from the
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placenta, portions of this organ both
from caseé of normal pregnancy and of
hypertensive toxaemia of Pregnancy, were
examined.

These placentae, three in number
from each grdup, were obtained within
two hours of delivery and iﬁmediately
processed. This was done in order %o
meet the objection of Byrom (1951)
that the anti-~diuretic activity of
placental extracts was largely, if not
wholly, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>