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SECTION 1

INTRODUCTION,

The proteins of the blood alter during pregnancy.
Many authors have contributed to the literature on
this subject, notably Dieckmann 1941, Dieckmann and
Wegner 1934, Bergmann 1924, Eastman 1930, Plass and
" Bogert 1924, Plass and Matthew 1926, Strauss 1935
and 1937, Coetzee and Marrack 1924, and Undaliar,
Nayar and Nenon in 1940, These authors mentioned all
agree that the plasma proteins decrease during
pregnancy. As long ago as 1871, Hamilton drew
attention to the "watery" appearance of the blood in
the toxaemias of pregnancy. The blood similarly
becomes "watery" to some extent in normal pregnancy
and Dieckmann (1952) states that the average serum
protein concentration in pregnancy is 6.5 gms.per cent.
and 1 gm,per cent, lower than in the non-pregnant
state, Plass and Matthew (1926) reported that the
fall in blood proteins was a progressive phenomenon,
which continued until the ninth month of pregnancy;
thereafter it rose, but the value at term was still
below normal,

A degree of physiological dilution of the blood



or hydraemia does occur in normsl pregnancy and the
apparent loss of protein is relative not absolute,

as confirmed by Wegner and Dieckmann (1934).
According to their report, Dieckmann and Wegner found
an average drop in serum protein concentration of

7 per cent.

Various investigators have studied the total
serum proteins in toxaemic patients and in normal
pregnant patients. All agree that the total serum
protein and the serum albumin decrease in normal
pregnancy, and that the decrease is more marked in
toxaemic cases,. In 1924 Coetzee and Marrack observed
that, in toxaemia of pregnancy, there was a uniform
fall in plasma albumin., Investigations of Plass and
Bogert (1924), Eufinger (1928), Eastman (1930);
Strauss (1937), Reinhart (1945) and Moller-
Christensen (1946) also confirm that, in toxaemia of
pregnancy, the protein concentration of the plasma
decreases and mostly with regard to the albumin
fraction.

In recent years considerable attention has been
drawn to the effects of high protein diet on the
incidence of toxaemia of pregnancy. The investigations

of the People's League of Health (1942) and the
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Toronto Experiment conducted by Ebbs, Tisdall and
Scott (1941) point out that the incidence of pre-
eclamptic toxaemia could be reduced if pregnant
women were provided with an adequate diet of optimum
protein content. These findings are corroborated in
the literature by the work of Harden (1937), Strauss
(1937) and by Harden, lMcEllroy and Huggins (1935),
whereas Williams (1945) stated that he was "unsable
to make any positive correlation between the intake
of protein and the severity of toxaemig".

Acéording to Strauss (1937) there is a relation
between hypo-proteinaemia and the ocedema which occurs
in pregnancy toxaemia. In support of this it is
known that starvation causes a fall in plasma
protein values, (Schittenhelm znd Schlecht (1919),
Hansen (1920), Bruckman and Peters (1930), Kumpf
(1931), Weech and Ling (1931), and Liu, Chu, Wang and
Chung (1932), and that oedema frequently accompanies
starvation. Dieckmann (1952) and Tillman (1939),
however, do not agree and affirm that oedema has
nothing to do with plasma protein concentration,
There is therefore variance on the question of the
relationship, if such exists, between oedema and the

concentration of the protein in the blood, It is
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claimed however that the symptoms of pre-
eclamptic toxaemia are alleviated (Harden (1936),
Strauss (1938), and the incidence diminished,
((Interim report of the People's League of Health,
(1942), and Ebbs, Tisdall & Scott (1941)) by a
high-protein diet. In this respect it is
interesting to note that Smith, Belt and Whipple
(1920), Barker and Kirk (1930), Leiter (1931),
Shelbourne and Egloft (1931) and Weich, Snelling
and Goettsch (1933) state that plasma proteins
can be regenerated by correction of dietary
deficiencies. This may prove helpful in the
treatment, and prevention, of pre-eclamptic
toxaemia,

In 1856 Tarnier suggested that there was a
degree of hepatic insufficiency in normal
pregnancy and in 1907 Hofbauer described histo-
logical changes occurring in the liver during
pregnéncy. Seitz (1927) stated that
unobilinuria was present in 64 per cent. of his
cases of normal pregnancy. Schmidt (1928),
Mikeldase (1928) and Breda (1929) reported
similar findings. The investigations of

Heinrichdorff (1913), Schikele (1917) and



Rolleston and lcNee (1929), on the other hand
did not wholly support the theory that the
liver's function was impaired nor it's anatomy
deranged during normal pregnancy. Various hepatic
function tests, notably those dealing with
bilirubin excretion, were utilised by Hofbauer
(1933), Soffer (1933), Kauffman (1932) and
Sullivan, Tew and Watson (1934), These authors
all found an increased bilirubin retention in
normal pregnancy.

In the pregnancy toxagemias a great many
investigators have found an increase in serum
bilirubin (Herrmann (1929), Eufinger and Bader
(1926), Cantarow, Stuckert and Gartman (1935)
and bilirubin retention has been found to be
abnormally high by ILyon (1933) and other workers.
It is, then, not surprising to find that many
authorities have subscribed to the view that a
state of hepatic dysfunction exists in toxaemla
of pregnancy (Hofbauer (1933), Botella-Llusia
(1936), Herold (1¢28), Rowe, licllanus and Flummer
(1936). Subnormal findings in hepatic function
tests performed on pre-eclamptic patients have

been reported by Laufmann (1932), lofbaver (1933),
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Sullivan, Tew and Watson (1934) and Hirscheimer
(1939). It is now fairly well established that
the liver is the source of a number of the plasma
proteins (Best and Taylor, 1950) and it is known
that the level of the plasma proteins is low in
hepatic dysfunction. Foster and Whipple (1921)
found that the fall in plasma proteins was
related especially to the albumin fraction.
Apart from primary liver failure, Elman and
Heifetz (1941) produced evidence to suggest that
prolonged hypoproteinaemia upsets liver function
and this is supported by the work of Himsworth
and Glynn (1944) who showed that protein deficiency
could result in hepatic necrosis.

The occurrence of albuminuria has naturally
resulted in a number of theories relating pre-
eclamptic toxaemia with renal pathology. The
renal lesions of toxaemia are sometimes compared
with those occurring in nephritis and nephrosis.
Diminution of the plasma proteins is a constant
feature of cases of nephrosis (Squire, 1953).
Similarly, attempts have been made to compare
toxgemia with malignant hypertension. Lewis and

Page (1947) have shown that the latter condition




is accompanied by characteristic changes in the
plasma protein pattern. If hypertensive foxaemia
has any fundamental relationship with either of
these conditions one might expect comparable changes
in the plasma proteins.

From the above it is apparent that a study of
plasma proteins might yield considerable
information regarding the nature of the pathological
process which is operative in the toxaemia of
pregnancy. Studies of total plasma proteins and of
albumin:globulin ratio have already been carried
out by a number of observers as indicated above,
There has, however, been little investigation of
the various protein fractions in these conditions,
although distinctive changes have been shown to
occur in pathological conditions affecting the
non-pregnant individual. ZLewis and Page (1947)
have investigated the electrophoretic pattern of
the plasma protein in patients suffering from
hypertension, as previously noted, and Griffiths
and Brews (1953) have reported on characteristic
changes in the serum in Multiple Myelomatosis.

A further investigation of serum, and urinary,

proteins has been carried out by Jamieson and
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Addis (1951) who studied cases of pre-renal (non-
myelomatous) proteinuria and reported variations
from the normal protein fraction pattern. There
1s practically nothing known of the various protein
fractions of the serum in normal pregnancy and we
have been unable to find more than a few references
to the literature. Longsworth, Shedlovsky and
MacInnes (1939) for example, report their findings
in one pregnancy serum. 4in 1945 Longsworth, Curtis
and Pembroke report on the protein fraction values
of four post-partum sera. In each instance these
authors have utilised the electrophoretic technigue,
which seems a well chosen method of investigation.

The present thesis is a study of the serum
protein fractions in pregnancy with particular
reference to pre-eclamptic toxaemia. It is
apparent from the foregoing that a number of problems
present themselves and the thesis has been arranged
accordingly.

It is obvious that, before any assessment
of results can be made in toxaemia standards for
the normal pattern of serum profein fractions in
pregnancy must be established. 4s noted above

reports in the literature are almost non-existent.



This was the first problem tackled and ‘an attempt
has been made to provide average values fof the
various trimesters of pregnancy and the effeect of
labour and lactation on these levels.

.Apart from determining the changes in pattern,
if any, in pre-eclampsia, it is obviously
necessary to try and relate the serum protein values
to the severity of the disease, and this has been
done,

If the serum protein pattern is related to the
occurrence of oedema in pre-eclampsia one would
‘expect that some degree of similarity would be
found between the values in that condition and other
conditions in which this sign exists. For this
regson it is necessary to study pregnant subjects
suffering from oedema in the absence of pre-
eclampsia. Similarly in the case of high blood
pressure, it is essential to try and correlate the
findings in pre-eclampsia With those in patients
known to have established hypertension, pregnant
and non-pregnant.

Renal and hepatic dysfunction may be
etiologically related to pre-—eclampsia and if so,

the serum protein pattern in pre-eclampsia ought
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to resemble those found in known cases of nephritis
and liver disease. o

All of these problems have been tackled and
although more intensive research will be required
before all of them are finally resolved, a certain
amount of information has been acquired which will
allow us to eliminate many of them. The results
show certain trends which suggest that future work
may be, with profit, concentrated on a very few
of these prdblems.‘

Throwghout this study the terms "pre-eclampsia¥,
®"pregnancy toxaemia', "Pre-eclamptic toxaemia" and
"late toxaemia of pregnancy" are synonymous. Their
varied usage has been dictated by a desire to
avoid monotonous repetition in writing this thesis.

While the word "albuminuria" has been used
in many instances throughout these pages it is
understood that "proteinuria® more correctly denotes
the presence of proteins in the wrine. The words
albuminuris and proteinuria have been used

synonymously.



11.

2 -~ METHODS AND MATERIALS

Sera from normal and complicatedrcases of
pregnancy together with sera from non-pregnant
patients suffering from certain pathological conditions
have been studied by electrophoretic methods, Tiselius
has done much tc bring these methods within the
bounds of practicability for the average laboratory.
His originai apparatus however is too costly and the
technical difficulties too great for ordinary clinical
anglysis., It was decided to make use of the now
popular paper strip method, which provides easily
reproducible results at a minimum cost. Although
the absolute accuracy cannot be compared with that of
fhe ofiginal Tiselius method, it gives good comparable
results provided the conditions are standard and care
is taken with the pH of the buffer and with the
current force passing across the field.

' The method of fractionating proteins on filter
paper has been deve10p§d in various countries and
various authors have described the technique, notably
Cremer and Tiselius, 1950, The separation of the
various protein fractions is dependent on the fact
that each molecule of the protein complex possesses

acidic and basic groups, which cause the molecule to
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act as a positive ion in an acid medium and as a
negative ion in an alkaline field.

When the electrophoresis cell used by Tiselius in
his method bf protein fractionation is replaced by a
strip of filter'paper one is enabled to carry out
adequate and inexpensive separation of the proteins
of human plasma or serum, If a small amount of serum,
or similar protein-containing fluid is applied to the
middle of a strip of suitably prepared filter paper
and a current is then passed from end to end through
the paper, the protein molecules will react to the
passage of the current by moving to the positive or
negative\end of the paper strip. The electric current
is usually applied to the ends of the paper from
electrodes immersed in a suitable buffer solution.
The buffer solution is allowed to soak the filter
paper, by capillary action, either before or after the
application of the protein containing fluid which one
wishes to anglyse. When an electric current is
passed through a paper strip soaked in alkaline buffer
solution the protein molecules act as negative ions
and migrate towards fhe anode electrode., The rate of
migration of each protein fraction varies according

to its physical characteristics and we find that the
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albumin fraction moves furthest from the ﬁoint of
application of the protein to the paper whereas the
gamma globulin stays close to that point., Plasma

or serum may be applied to the paper in the form of a
spot or as a line of fluid running transversely across
the paper strip., The use of a spot of plésma or

serum serves well enough as a qualitative method of
analysis but quantitative studies are facilitatéd by
using the "line application" technique. Very small
quantities of protein-containing fluid may be analysed
in this fashion and the method is therefore
particularly suitable for the study of body fluids
which are difficult to obtain in quantity. Use has
been made of the latter technique in this study.

A considerable amount of experimental work
required to be carried out before the electrophoretic
unit, as now used, was fabricated in order to define
and standardise theloondi%ions under ﬁhiéh good
separation of the proteins might be obtained. A
photograph of the completed unit appears opposite with
the various parts named. The simplest method of
description of the development of this electrophoretic
apparatus is probably to describe it as followé, in

its separate parts.
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1. Paper

Experiments with various types of paper soon
showed that Whatman's 3 MM was the most suitable. It
is thin and smooth enough to allow accuracy in
pipetting fluids, and at the same time strong enough
to withstand the frequent immersions and washings
during separation and staining of the protein moieties.
Other papers such as Whatman's 2 MM paper, while suit-
able for the initial process of separation, proved
too fragile to withstand the subsequent washing.
Coarser types of paper did not permit the serum to be
applied evenly.

Allowing 1.5 cms., at either end for immersion in
the buffer solution varying lengths of paper were
used in preliminary tests. It was found that a paper
measuring 40 cms. in length allowed adequate
separation of the various protein fractions and even
after running for 18 to 20 hours with the apparatus
later described, there was no danger of the proteins
running completely off the paper into the buffer
solution, The paper was, of course, of the standard
4 cm. width.

Source of Power

The normal alternating current of the mains supply
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requires transformation to a direct form, and the
voltage, which is somewhat variable, must be smoothed
out. This can be done in various ways. Initially
'use was made of & simple metal rectifier delivering
1.5 amps. at 12 volts. It was found however that the
heat generated quickly altered the buffer and
interfered with the movement of proteins. Practically
no separation of the fractions was obtained. Recourse
was then had to a valve type rectifier as supplied

to the Air Ministry, (tropical power unit No.3).

This is capable of supplying 150 millisgmps D.C. at
VOltages ranging from 200 to 250 volts with an input
of 15 amps. at 250 volts A.C. This was modified by
the addition of a variable potentiometer, 50,000 ohms
maximum, and a milliameter reading from O to 40 milli-
amps, It was decided to fix the voltage at 250 and

to vary the current strength., Four papefs, of
standard 4 cm, width and 40 cms. length were put in
parallel and run for 18 hours in each instance. Runs
~were made at current strengths varying from 1

milliamp to 10 milliamps, This provided a range of
strengths varying from 0.0625 mA, to 0.625 mA. per cm,
width of paper.

At 1 mA total current there was no appreciable
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separation of the prdteins, while at the opposite end
of the scale 10 mA caused the proteins to run too fast.
Part of the protéin in the latter instance was found
to have run into the buffer fluid at the anode or

all the protein bars assumed a curved outline (See
Figs.2 & 3). With four papers it was decided that a
total current of 4 mA was the optimum strength. This
gave good separation without causing the proteins to
run too fast. (Fig.4). In all further experiments
the current was thus fixed to give 0.25 mA per cm,
width of paper at 250 volts.

Period of Run

Numerous papers were run for varying lengths of
fime. Naturally sepération of the‘proteins can be
obtained fairly quickly if sufficient strength of
current is applied to the paper but it was soon found
that rapidity of movement did not provide the best
result for analysis. As previously mentioned
distortion of the protein bars occurred, making
reading in the densitometer inaccurate. A steady,
even separation is best obtained by applying a moderate
current over a fairly long period of time, and from
the experiments it was decided that an overnight run

of 18 hours was the most convenient., This allowed
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good separation to occur and sufficient time remained
for drying, staining, washing, and analysis of the
completed paper during daytime,
Buffer

The usual barbitone buffer at pH 8.6 was employed.
This is made up by dissolving 10.3 g. of sodium
di-ethyl barbitone and 1.84 g.of diethyl barbituric
acid in one litre of distilled water. Although this
mixture acts as a buffer we were surprised to find
that; after running several papers under standard
conditions, the separation of the proteins became less
and less satisfactory. The run was shortened and it
was impossible to distinguish the él complex. A test
of the buffer at this point showed that the pH had
changed considerably on the cathode side., It was
obvious that the resistance to the current had
altered and that if comparable papers were to be
reproduced the buffer would require to be made up fresh
for each run., This was done and no further trouble

was experienced.
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The Electrodes

Most workers have used carbon electrodes and our
early experiments were conducted with a similar type.
Soiling of the buffer solution, with subsequent
colouring of the paper was troublesome, Protection of
the papers and buffer solution was achieved, to a
certain degree, byvenclosing the carbon rods in a
perforated Perspex tube and, later, by dividing the
Eerspex buffer dishes into two longitudinal secfions
(Fig.5) with wicks of white lint passing through holes
in the division between electrode comparment and the
compartment into which the papers dipped. After
several papers had been analysed it was found that
- the carbon electrodes became incrusted with deposits
of electrolyte (Fig.6) and that the separation of
protein fractions was less and less.complete in
’succeeding papers. This could be obviated to some
extent by constant care in cleaning of the carbon rods
but other faults arising in subsequent experiments
eventually led us to discard this type of electrode.
Up to this point the investigation of the electrode
- problem had been carried out employing a single paper
strip. As soon as the number of papers was increased

a serious fault was noted. TFigure 7 shows the result
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of running four papers simultaneously, equal
guantities of the-Same sérum being applied to all four.
It is apparent from the figure that the current failed
‘to run equally in every paper, the best separation
being obtained in the paper nearest the point of input.
The position was somewhat improved by attaching'leéds
to either end of each electrode but it was still
impossible.to obtain identical results with several
papers. Platinum wire was then tried but did not
appear to be quite satisfactory. Ultimgtely stainless
steel bar electrodes (Fig.8) with multiple tappings
for leads were designed. These were of a size t§ fit
the glass tanks; The tappings were made by drilling
the rectangular bars at equi-distant points and fitting
stainless steel pillars to which leads were soldered

a8 shown in the illustration. These stainless steel
electrodes have given uniformly good results with
clear separation of the protein fractions and they have
been used in this study.

Drying, Staining and Washing

When the papers were removed from the apparatus
they were hung in a hot air oven at 100°C. until
completely dry. This method of drying helps in the

fixation of the protein bars on the paper strip.
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Following the drying the papers were completely
immersed for exactly five minutes in a porcelain

dish containing a dye. The dyes most commonly used for
this purpose are Bromphenol blue (Kunkel and Tiselius,
| 1951), Amidoblack 10B (Grassmann and Hannig, 1950,
1952) and Azocarmine B (Pltéckthun and GBtting, 1951).
The Bromphenol blue method was found to be
satisfactory and a one per cent. solution of the dye
‘in 95 per cent. ethanol saturated with mercuric
chloride was used on all our paper strips. Following
five minutes in the dye, the papers were transferred
to a large flat dish through which a gentle continuous
flow of tap water was maintained for forty minutes.
The water-washing was completed when all dye had left
the protein-free areas of the white paper strip and
forty minutes, in our experience, proved to be an
adequate duration for this operation. The papers;
after washing were once more dried in the hot air oven
and were then ready for gquantitative analysis.

Quantitative Analysis

A densitometer modified from that described by
Griffiths (1952) was used for measuring the optical
density of the dye-containing protein strips of the

various fractions on each paper. Each protein fraction
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appears as a blue bar of varying intensity and width
across the white of the paper strip. The paper to be
analysed quantitatively was cleared by immersing it

in liquid paraffin and it was then placed between two
fine glass plates., The densitometer was set by
adjusting the potentiometer control until a zero reading
was obtained over the undyed area beyond the albumin
bar., The glass enclosed paper was then moved along
under thé light source of the apparatus and a
galmnometer reading was taken. Each tenth of an inch
of dyed area on the paper was similarly assessed and

a galvanometer reading obtained each time. From the
resultant readings a graph was drawn by plotting the
galvanometer readings obtained against each tenth of an
inch of length of the dyed paper. The graph paper used
was squared in tenth of an inch divisions so that
(Fig.9) the resultant graph could be compared in scale
with the paper from which it was obtained.

Each fraction of the protein comylex»is represented
by a peak or curve in the graph. The trangulated area
of each fraction peak was measured with a planimeter
(Fig.10) and the amount of protein comprising each
fraction was calculated from the total protein content

of the serum, previously estimated by the "gsglting-out"
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Biuret method.

The "scanning" device or "densitometer" which was
used in this investigation is prepared commercially
by Evans Electro Selenium Ltd., Harlow, Essex.

Setting up the Electrophoretic Unit

After putting an equal amount of buffer solution
(180 ml,) in each dish the paper strips measuring 40 cm.
in length and 4 cm., in breadth were prepared., An
exact amount of serum (04 ml, in our case) was applied
with a micropipette transversely in an evenly
distributed line across a thin pencil line which marked
~the middle of the paper's length., The papers were
then gently bent at the site of application.of the
protein and draped over the glass rods of the apparatus
so that each end dipped to a distance of 1.5 cm, into
the buffer solutions. The sera investigatéd in this
study have been obtained from patients attending
clinics at, or admitted to the wards of The Glasgow
Royal Infirmary, The Glasgow Royal Maternity and Women's
Hospital and Lennox Castle Maternity and Gynaecological
Unit, The serum was separated as soon as possible
after collection of the blood, and then spun in a
centrifuge to get rid of all red cells. All samples

of serum were subjected to electrophoretic separation
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within three hours of collection, In the early trial
phases of this investigation it was found that if

sera were allowed to stand for any length of time a
sediment forms and the total protein content of the
supernatant fluid, measured chemically, diminishes.
This is most marked with sera from pregnant women.

Some observers (Longsworth et al., 1945 ) have preserved
sera by freezing but we have found that the
sedimentation at room temperature is equally marked in

sera preserved by refrigeration.
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3. SERUM PROTZIN FRACTIONS IN THE ANTE-
PARTUM PERIOD.

A considerable amount of investigation hag been
carried out on the protein concentration of the blood
in pregnancy, in view of its importance in relation to
nutritional disturbances in pregnancy, both maternal
and foetal, Most of this work relates to the total
protein concentration of the blood and reliable data are
available for the variations which occur in normal and
in complicated pregnancy. It is obviously an
important study in view of the marked protein anabolism
which occurs throughout pregnancy. This is partly
related to foetal growth and partly to the increase
in uterine, placental and breast tissue. In addition
there appears to be a storage of protein in the
organs in preparation for lactation.

While a certain amount of knowledge has been
gained by these studies of total protein levels, they
shed 1little light on the more intimate changes
associated with maternal complications of pregnancy
such as anaemia, hyperemesis gravidarum, and toxaemia
of pregnancy, or on foetal pathology. More recently
attention has been turned to the changes in absolute

and relative values of the various protein fractions.
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Chemical methods, which have hitherto been used
in the study of blood protein values, may give rise to
fallacies, and more recently electrophoretic analysis
of serum proteins has been widely employed in the
study of disease states in the non-pregnant subject,
Although there are occasional renorts of electro-
phoretic studies of the serum proteins in pregnant
patients in the literature no detailed analysis has
so far been undertaken. The position is clearly
demonstrated by the fact that the main reference to
this subject quoted by Dieckmann (1952) is that of
Longsworth et al (1939, 1945). In one of these papers
(1939) Longsworth reports, among specimens from
patients suffering from various conditions, the results
of analysis of a serum from one pregnant individual.
In the other communication Longsworth deals with four
sera from patients in the post-partum state. It is
known that considerable change occurs in these protein
fractions in certain diseases particularly in those
associated with the liver, kidney and reticulo-
endothelial system and in view of theories currently
held regarding the importance of these organs in
diseases peculiar to pregnancy it is surprising to

find so little of a factual nature in the literature.
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Blood-protein values for the non-pregnant
individual are not acceptable as normal standards for
pregnancy. There is a progressive haemo-dilution in
pregnancy and the nitrogen anabolism which occurs may
well influence the protein content of the blood. In
addition the rate of foetal growth varies throughout
the period of gestation and the demands made upon the
maternal metabolism must similarly vary. According to
Dieckmann (1952) the values for protein fractions
obtained by electrophoretic analysis do not dif fer
from those found by chemical methods but this view 1s
subject to some modification in view of his references
which are quoted above., By chemical analysis
Dieckmenn finds that the average serum protein
concentration in normal pregnant patiemts is 6.5 gms.
per cent. and this is 1 gm.per cent. less than the
average serum protein level of 7.5 gms.per cent.fdr
non-pregnant individuals. A decrease in total serum
protein and serum albumin occurs in normal pregnancy.
The albumin~globulin ratio falls from the normal non-
pregnant value to a lower value 1in pregnancy.
Dieckmann gives an average value for non-pregnant
subjects of 1.6 and an average value in pregnancy of
1.3. He does not attempt to give values for the

various globulin fractions. Since pregnancy lasts
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for a fairly long period and since many of its
important complications arise at different stages of
pregnancy, normal valwe s for the three trimesters are
essential before any reasonable interpretation can be
made of the levels found in the abnormalities of
pregnancy.

The present investigation is an attempt to
establish reliable standard values for serum proteins
during the various trimesters of normal pregnancy using
the electr phoresis technique,

Material and Methods

Serum was collected from 30 patients, ten being
in each trimester of pregnancy. All patients were
healthy normal women with no sign of oedema and free
from albuminuria. The patients' blood pressures were
within normal limits; the highest level of normality
being taken as 120 mm. systolic and 70 mm. diastolic.
The sera were subjected to electrophoresis within two
hours of collection,

In addition to the thirty sera already mentioned
a further five were obtained from e althy non-
pregnant females in the reproductive age-group. All
were subjected to analysis by the above technique.

Results
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The average values for the normal non=pregnant
patients are shown in Table 1 together with results
from normal adults given by several other authors.

In the case of Dole and Braun (1944) the figures relate
to adult males, fifteen in number. ILevin et al (1950)
do not state the sex and their values relate to a
single case only. Dieckmann (1952) gives values for
the non-pregnant female, but in this case the
estimation of the proteins appears to have been carried
out chemically. This is the only reference which we
could find in the literature which definitely refers +to
the non-pregnant female,

From the table it will be seen that our results
for total protein agree fairly élosely with those of
Dieckmann and Levin et al. Dole and Braun's figure of
6.38 is very low, particularly for males. According to
Bradshaw (1950) who analysed serum protein values in
2500 adults the total protein values for the majority
of males lies within the range of 7.0 to 7.9 g.per
cent., and in females it is slightly higher,

Considerable variation exists between the values given

by various observers for the individual protein fractions.

The value for albumin in our series is reasonably close

to that given by Dieckmann and also that reported by



Dole and Braun. Level et al givé a very low figure
for albumin, Similarly the total amount of globulin
in our series is comparable with that reported by
Dieckmann, The lower figure guoted by Dole and Braun
is a reflection of the abnormally low value which
they give for total protein. Levin et al give an
abnormally high reading for total globulin due obviously
fo their low ésﬁimate of albumin., These variations
are to some extent indicated by the albumin, globulin
ratios. Our ratio of 1.5 is similar to that reported
by Dieckmann and also that of Dole and Braun. The
ratio in the case quoted by Levin et al. is
abnormally low, Sufficient work has been done to allow
us to accept the values for albumin and globulin
ohtained by chemical methods as accurate. Since our
valwe s for these components agree closely with those
given by Dieckmann, it seems reasonable to accept the
figures we have quoted for the various globulin
fractions. It will be noted that they are similar to
those quoted by Dole and Braun, being only slightly
higher in each instance. As already pointed out, the
value given for total protein by these authors is
abnormally low and this would be reflected in the

absolute figures calculated from the relative values
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Pregnancy.

Serum Protein Values in

M M Total “ _
: @Ho&mps~ Total _ Alb./

o em./ ~>pdu GLlob- M Glob, |

Author 100 ml,} vmin; wlin ol a2l B v [Ratio Method

, { L+ 2 ‘
Longsworth % |
wwuwwwwmw@v, 6.65 | 4.29 2.36 = .6 H.oww.qwmp.mw Electroph-
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j _
Dieckmann 6.6 3.7 2.9 o figures qw<mﬁp 3 ?Chemical
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gnancy seral ” W oresis
Longsworth M w : M
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given by electrophoretic analysis.

The average results found in this investigation
of serum protein in 30 pregnant women, 10 in each
trimester, are shown in Table 2. Findings reported by
Dieckmann, Longsworth and co-workers (1939, 1945) are
recorded.

From Table 2 it will be seen that there is some
dif ference between the average figures for the various
fractions in our serie s and those quoted by the other
authors. Part of this may possibly be due to the fact
that we have included sera from patients at several
different stages of pregnancy. It must be pointed out,
however, before any comparison can be made, that
Longsworth et al (1939) refer to one case only and
Longsworth, Curtis and Pembroke (1945) deal with 4
cases after delivery. Once more, however, there is
fair general agreement betsen our values for total
protein, albumin and total globulin and those given by
Dieckmann, This provides considerable assurance that
our values are reasonably accurate., Dieckmann does
not relate the dwation of pregnancy to the values he
gives and this is obviously necessary bvefore any
aggessment of results, amd the trends they show, can

be made, In Table 3 we have separated the values for
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Table 3.

Total TTotal T T TEIGUm T,
serum glob- ; ! Globulin
Protein Albumin:ulin el | o2 B y . Ratio
Non-pregnant |, 7.1 | 4.186 [2.89 [.358 .689| .995 |.848 @ 1.5
1st trimester’ ! S
Average of 10. 7.317 | 4.320 12,989:.551.622| ,964 ~..mmm 1.4
sera. W M W _ w |
ond trimester| M ; W |
Average of 10! 6,828 3.762 {3,066 ,523'.757;1.027 F.759 1.2
3rd trimester , W m W W
Average of 10| 6.48 | 2,882 {3.598/.592:1033 [1.315 | .658 | .8
sera. : | w : |
i i i ;
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individual patients into three groups, in accordance
with the particular trimester during which the
examination was made.

In the first trimester there is a2 slight rise in
the total serum proteins from the non-pregnant value
of 7.1 gm. per 100 cc. The rise affects both albumin
and globulin but thereafter there is a progressive fall
in the total serum proteins from 7.317 gm. through a
level of 6.828 gm. to 6.48 gm. per 100 cc, in the
third trimester. The fall in amount of total serun
protein represents a drop of 86.8% from the non-pregnant
level to the level in the third trimester and a fall
of 11.5% from first to third trimester values.

The fall inserum albumin values from early to
late pregnancy is approximately 32% znd the inc rease
in serum globulin over +the same period amounts to 20%.

The fractions of the serum globulin, other than
the gamme fraction, increase by varying amounts from
early to late pregnancy, a, increases by %y @o
inereases by 66%, and B by 37i%. The gamma fraction
decreases by approximately 22%.

The albumin/globulin ratio of 1.5 in the non-
pregnant state falls by stages of 1.4 and 1.2 to a

value of 0,0 in late pregunancy.
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The trends of the various fractions can most
clearly be demons'trated by plotting the values in
graphic form.

Figure 1 shows the values of total protein,
albumin, globulin and the albumin globulin ratio in
the non-pregnant state and in each trimester of
pregnancy. AftérAa slight rise from the non-pregnant
state to the first trimester of pregnancy both the
total protein and the albumin values show a steady fall,
The globulin gradient rises fairly regularly as
pregnancy is established and advances towards term.
The gradient of the albumin/globulin ratio follows
inversely the trend of the serum globulin.

The graph presented in Figure 11 shows the
values of the globulin fractions before and throughout
pregnancy. The al fraction shows a slight increase
from the non-pregnant value to that in the first
trimesﬁer, falls slightly in the second trimester and
then regains its firgt trimester value late in
pregnancy. The a2 and p fractions form almost parallel
curves., After a slight fall in the first trimester
they rise progressively, showing their steepest
gradient in the third trimester. The y fraction is

unaltered in amount until after the first trimester
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when it decreases steadily to its late pr;gnancy value,
It is interesting to note that the a and B fractions
follow a curve gsimilar to that shown by the total
globulins. The y fraction on the other hand behaves in
fhe-same way as albunmin.

Discussgion

We have been unable to find in the literature
any values for the various proitein fractions relating
definitely to the non-pregnant female. Values mve
been gquoted for pregnancy by several authors but no
details are available regarding the stage of pregnancy.
So far as we are aware the present communic ation
represents the first attempt to provide valuves for
these fractions by the electrophoretic method. Values
are available for the total albumin and globulin
determined by chemical methods, Bradshaw (1950) in an
analysis of sera from 300 pregnant women found that
in 90 per cent. of these patients the value for total
proteins lay within the range of 6.0 to 7.4 g.
Dieckmann quotes a figure of 6.6 g. for total protein,
3.7 g. for albumin, and 2.9 g. for globulin. It can
be seen from the tables that our figures for total
protein, albumin and globulin agree fairly closely with

those given by the authors quoted above and 1t seems



reasonable to assume that our methods ha%é been
accurate.

The most significant feature is the progressive
fall in total protein throughout pregnancy, At first
sight this might be thought to be due to the
haemodilution which is also a progressive phenomenon
during pregnancy, but reference to the values for the
various fractions shows that no simple explanation can
be offered for this change. If haemodilution were
the whole explanation one would expect a fairly equal
fall in the values for all the protein fractions. The
only fractions, however, which behave in a similar
fashion to the values for total proteins, are the
albumin and y globulins. It is apparent, therefore,
that the main cause of the reduction in the proteins of
the blood in pregnancy is the change in these fractions
and obviously albumin is the more important. During
the second trimester the a3, component also takes part
in the fall in protein values. It is also to be noted
that at this period +the rising curve for a2 and B
is rather flat compared with the third trimester and it
may be that during this time haemodilution is an
impor tant factor. This is also suggested by the fact
that the albumin/globulin ratio alters only slightly
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in the progress from first to second triﬁésters.

During the third trimester, however, it is apparent
that marked changes occur in both albumin and globulin
fractions. The albumin shows a more marked fall and
there is a steep rise in the ap and B globulins,

There is also a pronounced fall in the y globulin but
the al particle shows little change. These alterations
are reflected in the albumin/globulin ratio which drops
to a very low level.

It is important to establish the values for these
protein fractions in the trimesters. Without them it
would be impossible to undertake a study of the changes
in abnormal pregnancy and even more impossible to
compare the findings in disease states in pregnancy
with those in diseases of the non-pregnant individual,
For example, according to Lewis and Page (1947)
malignant hypertension is characterised by a fall in
albumin and a pronounced rise in B globulin, This is
also characteristic of the third trimester of normal
pregnancy and, since hypertensive conditions are
common at this period of pregnancy, it is necessary
for comparative purposes to know the normal pregnancy
levels of these fractions.

No explanation is available at the present moment
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for the changes in these fractions. Tiselius (1937)
has shown that immune bodies migrate with the ¥
globulins and it is possible that the fall in this
fraction during the third trimester is associated in
some way with the transfer of immunity to the foetus.

Commentary

A study has been made of the electrophoretic
pattern of the serum proteins in pregnancy. For this
purpose sera from 35 women have been analysed. Five
were not pregnant and the remaining 30 consisted of 3
groups, 10 in each trimester of pregnancy,

It has been shown that during pregnancy there is
a progressive decline in the serum protein values.
This ie due almost entirely to diminution of the
albumin fraction. There is also, however, a marked
fall in ¥ globulin. B globulin and the second fraction
of the a complex show a continuous rise; al scarcely
alters. The results suggest that up to the second
trimesfer the changes are modified to some extent
by haemodi lution but thereafter they become absolute.
The variations in the main components of the serum
proteing are reflected in the albumin/globulin ratios
which fall steadily from a non-pregnant level of

1.5 to 0.8 in the last trimester,
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4., EFFECT OF PARTURITION IN NORMAL PREGNANCY
ON SERUM PROTEIN FRACTIONS.

Introduction

Following delivery there is usually a dramatic
clinical improvement in the condition of toxaemic
patients. The urinary output increases, oedems
diminishes, blood pressure gradually falls and
albuminuria clears up. This clinical improvement may be
associated with changes in serum protein values and,
if so, it may be possible to correlate these changes
with the improvement in signs and symptoms, Inter—
pretation however is difficult, if not impossible,
unless standard values are obtaire d for this period.
Many cases show immediate improvement within 24 hours
of confinement, but in others the improvement is more
gradual and takes place over a period of some days.

I+t was therefore considered necessary to study the
serum proteins on several occasions during this period.
As a first step towards this it was decided to

analyse the serum proteins before and after labour in

a chosen group of patients. Patients were chosen
carefully from the point of view of normality. All

had remained normal throughout their ante-natal periods.

‘There had veen no albuminuria, rise of blood pressure
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Table 1.

Values of protein fractions obtained

by electrophoretic analysis of sera

from 8 normal pregnancy cases before
: labour.

Values of fractions are recorded in g./100 ml,

ESmum,ﬁgg ' al? a2 % B Y Tpgﬁﬁg
1 2.96 .339 1.575 1.502 .884  7.26
2 1.83 .85 1.54 .85 .99 6.06
3 2.85 .23 1.09 1.32 .53 6.02
4 188 .27 .94 1.8 1.2 6.15
T s 25 .3 .8 1,09 1.13 5. 87
6 3.576 .423 .T61 1.123 .804 6.692
"7 2.529 .529 1.66 1.504 .765  6.987
8

2,76 .345  .843 1,233 1.119 6.3

Totals 20.885 3.336 9.209 10.487 7.422 51,339

Averages 2.61  .417 1.151 1.311 .927  6.417

Average Total Globulin = 3,806 g./100 ml,
Albumin/Globulin ratio = 0.69.



. Table 2.

Values of protein frections cobtained

by electrophoretic analysis of sera

from € normal pregnancy cases after
labour.

Values of fractions are recorded in g./100 ml.

; ET5- ) ~Total
E Serum pmin | al a2 R Y { Protein
L1 2.67 .52 .91 1.5 1.08 6.68
2 215 .4 142 155 128 6.8
T3 242 .32 .9 129 1,16 6.09
T4 lz.25 | L3450 .88 167 1.315  6.46
E' 5 2.9 .3 .s 1.34 1.91 7.25
%ﬂ 6 3.23 ; 41 .87 L1031 1,02 6. 84
7245 .44 148 | 159 103 6.9
A '"ié;i7f'.4““ .99 . 1.56 .93  6.05
Totals 20.24 3.135 8.25 1L.81 9.725 53.16
Averages§2.53 .392/1.031 - 1.47631.216 - 6.645

Average Total Globulin = 4.115 g./100 ml,

i

Albumin/Globulin Ratio .615,

i
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or evidence of oedema in this series. The
haemoglobin levels had remsined within normal limits
and the albours, occurring at the expected date of
delivery (or within seven days of that date), had
{erminated in spontaneous vertex deliveries within
twenty four hours.

Serum was obtained from a large number of normal
patients at term and, rfrom these, eight have been
chosen in whom labour commenced within twelve hours
of obtainihg the specimen., A further specimen from
each of the chosen normal cases was obtaire d twenty-—~
four hours after confinement. The sera, taken before
and after confinement, were subjected to the same
technique of analysis detailkd in the section on methods
and materials.

Results

The results obtained from the sera taken before
labour appear in Table 1. The results from sera of the
same patients after labour appear in Table 2. In
Table 3 for comparison are reproduced the average
values for serum protein fractions of sera taken from
10 normal pregnancies in the third trimester of
pregnancy.

On comparing the tables of results it will be
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Table 3.

T B ) ’ 1] T i
~ Total Total ,_m m - Albumin/
serum . glob- W - Globulin
Protein’ Albumin wlin @l : a2 B ¥ i Ratio
Non-pregnant - 7.1 | 4.186 2.89 .358] .689 .995 |.848| 1.5

i : i
' i

1st trimester : : . m m
Average of 10 T.317 | 4,328 2,989 ,551 .mmmw .964 ,852 1.4
sera. : i

2nd ﬁwwsmmdmw

sera. i

i
i

iverage of 10 6.628 | 3.762 3.066 .523 .757/1.027 | .759 1.2
m sera. W
_ —
| 3rd trimester _ _ m
m Average of 10, 6.438 2,882 13,598 ,592/1.033|1.315 m.mmm .8
L _ M i

i |
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noted that there is little change in thé average total
protein values during the third trimester (6.48 g./
100 ml,) and just before labour (6.417 g./100 ml.).
There 1s however a definite fall in the albumin/globulin
ratio from 0.8 to 0.69. This is due, on further
inspection of the tables, partly to a fall in albumin
but there is also a rise in total g obulin and mainly
in the ¥ fraction which increases by 0.269 g./100 ml.
A slight increase (0,118 g.) also takes place'in the
@ fraction, the a; moiety decreases slightly

(0.175 g.) while the B complex is practically static.
Twenty four hours following labour (Table 2) the total
protein concentration of the serum rises slightly,
from a level of 6.4 g. before labour to 6.6 £./100 ml.
but the albumin/globulin ratio shows a further fall,
from 0,69 to a value of 0.61l., Albumin is decreased
from 2,61 to 2.53 g./100 ml. while the globulin is
increased by .309 g./100 ml, The main change noted

in the globulin complex occurs, once more, in the ¥y
fraction which increases from 0.927 to 1.216 g./100 ml,
A slight rise in the B8 fraction occurs but the dz,
increased just before labour, returns to it s third
trimester value.  The a, factor continwe s to show a

 slight fall amounting t0.025 g.
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however, changes in the values of certain fractions
and in the relationship of the main fractions. The
albumin, which shows a fall during the antenatal
trimesters, continues to diminish whereas the globulin
shows a further increase thus resulting in a further
fall in the albumin/globulin ratio. The increase in
globulin however, previously due to increases in a.o
and B fractions, is now mainly caused by a rise in

the vy factor. Following confinement, the total protein
is increased but the reversal of the main component
values is even more marked and the albumin/globulin
ratio is further diminished, The fall in élbumin and
rise in globulin continue, The increase in the
globulin is once mare mainly due to the rise in the

v factor,

While these changes may be of primary nature there
is the possibility that they are secondary to events
occurring at this time. During any obstetric delivery
there is always a certain amount of unavoidable blood
loss. In addition there are said to be changes in
blood volume, probably in part of a compensatory nature
due to the haemorrhage. Around this time, too, there
is an active secretion of colostrum which has a

" relatively high protein content (2,0 — 2.6 g.per cent.



according to Holt, Courtney and Fales (1915). If
these changes were due to blood loss or readjustment
of blood volume alone, one would expect any change in
serum protein concentration to be reflected equally
in the various protein fractions. It has been shown
that such is not the case. There is a quite distinct
change in the pattern of these fractions which can
'only be explained on the basis of a more vital
mechanism.

The possibility that these changes may be related
to the mammary secretion must be considered and this

has been done in the following section,
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5. SERUM PROTEIN VALUES IN ESTABLISHED IACTATION.

As stated in the previous section, it is necessary
to study the effect of mammary secretion on the serum
- protein fraction values before an interpretation of
the changes occurring at this time can be made.
According to Holt, Courtney and Fales (1915) human
milk contains a congiderable amount of protein.

During the period with which we are dealing two types
of breast secretion ccéurs. Colostrum is secreted

in the firgt few days of the puerperium and thereafter
true milk secretion is established. Holt et al found
that colostrum contains 2,0 - 2,6 g. per cent., and
that true milk contains 1.1 - 2.0 g. per cent., of
protein., This loss of protein may well influence the
level of serum proteins of the patient and it must be
taken into consideration when comparing normal and
abnormal patients. In addition, it}has already been
noted that many cases of toxaemia show a gradual
improvement in symptoms and signs during the puerperium
and it is necessary to obtain figures for the normal
mid-puerperium for comparison. It was felt that

both these studies could be combined by analysing

sera from normel patients in whom lactation was
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Table 1. -

Lactation Series

Results of protein analysis of 10
sera from normal patients with
established lactation.

Alb- I‘ i i Total
umin | o 1 ' aq 2 B v - protein

1 2.78| .36  1.24 ' 1.84  0.67  6.89

2 | 2.81 | .41  1.22 1.22 | .74 6.4

; 3kmwé;38mm7;42 ? 1.08 i 1.39 | ;93‘> »6.2
L S ST [ . ;

40243 .45 | L9 L.39| 122 6.98
S50 3.07| .3 .7 | L49 Ll4 6.7
6| 245 .42 1310 107 1.34  6.58
7312 .44 .57 125 106 6.44
8336 .4 L1l Lo .83 6.7
S92 | .52 118 112 .54 6.06
10| 281 .¢ .76 1.68 | 1.6  7.25

27.91 | 4.12 10,66 13.45 |10.07 & 66.2

i‘2.79 41 1.066? 1.345| 1.007| 6.62

Total Globulin (from Average) = 3.828
Albumin/flobulin ratio = 0,73
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established., TFor this purpose it was decided to study
sera from normal patients on the fifth day of the
puerperium. Only patients who had been considered
normal, from a clinical viewpoint, before and
throughout delivery and thereafter were included in
this series., In each case lactation was properly
established.

Specimens of serum were obtained from ten patients
who fulfilled the requirements already stated. The
sera were subjected to electrophoretic analysis by
the technique described in Section 2 of this study.

The results of analysis with values for each
fraction of the protein complex, and the albumin
globulin fatio, appear in Table l. For the purpose
of comparison Table 2 shows the values for the serum
proteins and the albumin/globulin ratio before and
after labour and includes the results of Table 1,

Reference to the results shows that the average
total serum protein value for the lactation sera of
6,62 g. does not differ greatly from the value of
6.65 g. per cent. found twenty four hours after
labour. The albumin value of 2.79 g. has risen
slightly from a level of 2.53 g, per cent. in patients

after lsbour. The total globulin value of 3.828 g. is
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Table 2. -

i | 5th day of
I ; Puerperium:
Before ! After Lactation

;Labour __Labour established
Total Serum 6.42 6,65 | 6,62 g./100 ml,
Protelns ?

Albumln : é;éin ’H'é.53‘.% ZL%QV :

Total o |
globulin ©3.81 4.12 - 3,83 "

é Globulin ‘ o mw'»wgp' -
. _fractions g

al .42 .39 41

0?2 115 | L.03 | 107
B L31 | 1.48 | L35
.93 122 | Lol v

Albumln/ ‘
Globulin Ratlo 0.69 0.61 0.73 "

%
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lower than that of 4,12 g. per cent. after labour.

The gain in albumin from the early to mid-
puerperium values (0.26 g.) and the fall in total
globulin (0.29 g.) is reflected in the albumin globulin
ratio, which rises from 0.61 to 0.73. This rise in
albumin-globulin ratio reverses the fall which has
continued since the early months of pregnancy.

The globulin fractions show a very slight change
in the al and a2 moieties which increase by .02 g. and
0.04 g. from their wvalues in the early puerperium.
The B and v fractions both decrease more markedly, by
0.13 g. and 0.21 g. respectively and are therefore
mainly responsible for the fall in amount of total
globulin.

Commentary

The total protein value appears to remain fairly
static following labour and shows but little difference
from that found before labour. It is however slightly
higher than before labour having appreciated by 3.1%
over the pre-labour value. This slight increase in
total serum protein does very little to restore its
value to that found in the early months of pregnancy
(7.32 g. per cent.) from whid it has fallen by almost

9.6%. The rise in total serum protein occurring after



(e0]

ka. <<OI_:

+ #



70.

labour, however, is worth noting sincé:it is the first
time that the prdgressive fall operative since early
pregnancy has been reversed. The albumin value, like
the total protein value, increases over the level found
before‘labour but differs from the behaviour of total
protein, in that it falls very siightly during labour.
At the fifth day of the puerperium the serum albumin
has gained 7% from the level found before labour but is
still below the average value of 4.33 g. per cent. in
the early months of pregnancy.

Serum globulin, which continued its ante-partum
progressive irncrease until after labour, appears +to
fall when lactation is established. The average value
found at this time is however 28% above that found in
the first three months of pregnancy.

The albumin globulin ratio of 0.73 has risen, like
serum albumin, from its value of 0.61 after labour.

The behaviour of the main constituents of the serum
protein thus far can best be appreciated by graphic
representation. Figure 1 shows the concentrations of
total protein, albumin, globulin and the varying values
of the albumin/globulin ratio throughout pregnancy,
before and after labour, and on the fifth day of the

puerperium,
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The variations in the total serum protein vadl ue
are almost paralleled by the changes in the serunm
albumin and in the albumin/globulin ratio, which one
- might expect. The levels of serum albumin and
globulin seem to follow inverse tendencies.

The fall in globulin from the level found after
labour is mainly due to the B and vy fractions which
appear to decrease when lactation is established., The
B fraction value appeared to change little during the
later months of pregnancy, to rise during labour,
and then to fall to a level almost exactly like that
found before labour started. The y fraction which
increased progressively from the third trimester of
pregnancy after an initizl fzll in the early months,
diminished in value following labour. It is obvious
that during the puerperium there is a trend towards the
establishment of the normal non-pregnant values.
Fig.1l1l illustrates, in grasphic form,»the behaviour of
the fractions of the globulin complex from early
preénancy until lactation is established,.

Reference to Fig.ll emphasises the fact that
changes in the volume of circulating blcod whether
agsociated with the physiological haemo-dilution of
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the ante-partum stages of pregrnancy, inc
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normal blood loss of parturition, or compensatory
thereto, cannot adequately explain the variations in
amount of the serum protein fractions which vary in
diverse fashion. It is interesting to note that,
apart from a rise in total protein mainly related to
serum albumin and a consequent rise in albumin/
globulin ratio, lactation has no particular effect on
the level of the gerum proteins, Serum albumin level
alone has rigen. All fractions of the serum proteins
have been subjeéted to the various volume losses and
readjustments incident to labour, but the albumin

moiety is the only one which shows a positive change.
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SUIMMARY OF CHANGES OCCURRING IN THE SERUM
PROTEINS THROUGHOUT NORMAL PREGIANCY-AND THE
PUERPLRIULL

From results obtained in the previous sectiohs
the changes occurring in the values of the various
serum protein fractions may be reviewed.

Ih our series the tptal serum protein level in the
non-pregnant subject has an average value of 7.1 gm,
ber cent. This figure is exactly the same as that
quoted by Dieckmann (1952) and is in agreement with
reports by other authors such as Bradshaw 1950, As
pregnancy advances in its first trimester there is
little significant change in the total protein content
of the serum but there is a diminution in the middle
trimester of pregnancy and this fall continues until
labour is over. Following labour there is little |
change in the total serum protein level which remains
fairly constant until true lactation is established.
From non-pregnant to term the total serum protein
level is diminished by 9.8 per cent. When lactation
is established the serum protein level rises but the
mid-puerperium still shows a decrease of 6.8 per cent.
compared with the non-pregnant level, The serun

albumin value falls from the early months of pregnancy
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until labour is ovér and then rises slightly,
decreasing over all by 33.6 per cent. of its non-
pregnancy level. The total serum globulin follows
an inverse pattern of values and when lactation is
established it has increased, in its value in the
non-pregnant female, by 32 per cent.

The reversal of values of serum albumin and
globulin which is found on the fifth day of the
puerperium results in a considerable change in the
albumin globulin ratio, From a non-pregnant value
of 1.5 the ratio gradually falls as pregnancy advances;
a value of 1.45 is found in the first trimester, 1.2
in the middle trimester and 0;8 in the third trimester.
Twenty four hours after labour, the albumin globulin
ratio has fallen to a level of 0.6 but at the fifth
post-partum day it has risen to 0.73.

The globulin fractions undergo many variations in
amount when investigated at various stages of
pregnancy and before and after labour. The a 1
fraction increases in early pregnancy, remains fai?ly
constant in mid pregnancy then rises again in the
third trimester. Before labour the al fraction
decreases slightly and when labour is over it

approximates to its value in the non-pregnant state.
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At the fifth day post-partum the amoung of ql globulin
is little different from the amount found before
labour started. From the non-pregnant state to that
_pertaining when lactation is established, there is an
appreciation of 14% in al globulin,

The a2 globulin fraction increases in amount
steadily from early pregnancy until just before labour,
diminishes in amount after labour to the amount found
during the third trimester and increases slightly
when lactation ié established. The increase in
amount of a2 globulin, from non-pregnant to 5th day
post-partum average values, was 55 per cent.
B-globulin increases over a similar period of time,
by 35 per cent., its value increasing rapidly until
late in pregnancy, falling slightly before labour,
rising in the course of labour and falling to a
level which approximates to its late pregnancy value
on the 5th day after delivery.

v globulin differs from all the other globulin
fractions in that its wmlue decreases steadily from
early to late pregnancy then increases until after
labour. Following labour it decreases to,
apprbximately, the same value found before the onset

of labour.



TT.

Each fraction of the globulin complex increases
in amount from non-pregnant to lactati;n value.
al increases by 14 per cent., g2 by 55 per cent.,
Bby 35 per cent. and+ by 19 per cent.

The 4y factor undergoes the greatest variation,
increasing by 0.558 g. between its third trimester and
post-partum values. a 2 increases by 0.529 g. from
early pregnancy until just before labour starts.

B increases by 0.512 g. from early pregnancy until
labour is over.

Both a factors diminish in the course of labour
and increase thereafter. B and y fractions increase
in the course of labour and diminish thereafter.

The fall in total serum protein may in part be
related to the hydraemia occurring in pregnancy. The
anabolic effects of pregnancy on protein metabolism
are reflected in the positive nitrogen balance
reported by many workers Hoffstrim (1909-10), Wilson
(1916), Murlin (1916-17), Seegers (1937) found that
the positive nitrogen balance increases as pregnancy
advances. These findings corroborate our findings of
a steady fall in total serum protein values which 1is
not checked until labour is over. Coons and Blunt

(1930) observed that storage of »rotein tended to fall
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off towards the end of pregnancy. Our findings suggest
a similar trend (Figs.l and 11 ). -

Many authors have reported a similar fall in
serum proteins during pregnancy(Dieckmann and Wegner,
1934; Eastman,. 1930; Strauss, 1935 and Plass and Bogert,
1924), and it has been repeatedly shown that the fall
is mainly due to reduction in the albumin fraction
(Dieckmann, 1952). It has also been shown that the
globulin fraction increases with a consequent reversal
of the albumin globulin ratio. What has not been
clear hitherto is that the change in the globulin is
not due to the same fraction at all stages of
pregnancy. During the ante-natal period the g and p
fractions are responsible for the rise in globulin
protein but at term the y moiety shows a sudden rise.
These changes in the various globulin fractions must
have some vital significance which is not at present
apparent. ‘It is possible that the rise in these
fractions is related to events at the time of confinement.
At delivery there is always a certain amount of
unavoidable blood loss. It has been shown that there
is an increase in the coagulability of blood at this
time (Glass, G.B.J. 1950, Amer.Jd.led. 8, 745) and
since many of the factors associated with coagulation

of blood are contained in the globulins especially



the g fraction it may be that the rise in globulin is
partly relatéd to this phenomeﬁ?of increased
coagulability. No doubt the increased activity of
blood clotting is a protective mechanism related to
the shedding of the placenta. In addition, many of the
immune bodies, such as diphtheria anti-toxin etb.,
are passed to the foetus either by blood stream or in
the milk, Tiselius and Kabat (1939) have shown by
electrophoretic fractionation, that in animals, anti-
bodies are in general mainly associated with the ¢
moiety. Using similar methods lMoore, Van der Scheer
and Wyckoff (1940) have found that anti~pneumococcal
antibodies were associatediwith the vy fraction.
Kekwick and Record (1941) have shown that two
fractions of the diphtheria anti-toxin exist, one of
which migrates with the B complex and the other with
the v . It is possible that the rise in Y globulin
islrelated'to the paésage of immune bodies to the
foetus during the later stages of pregnancy.

Further work along these lines will require to be
done in order to determine the nature of these
changes. It may be possible to relate the levels of
these globulin fractions to the amount of antibody

present in the maternal blood. This is one of the
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projects on which a start has been made in relation

to rhesus immunisation.

The tendency for reversal of these changes to
occur during the puerperium has been noted., Many
factors such as-lactation, involution of uterus, and
loss of fluid may all play their part. - Harding, Allin
and van Wyck (1924) and Harding snd Montgomery (1927)
have noted that the nitrogen balance, previously
positive, becomes negative in the puerperium. The
retention of nitrogen during pregnancy is almost
certainly due to hormonal influences and it may be
that the storage of nitrogen occurs at the expense of
the plasma proteins, particularly albumin, . During
the puerperium this influence is obviously removed
and nitrogen may then be used once more in the
restoration of the albumin fraction.

Whatever the cause of these variations, this
study provides a basis for comparison with the changes
in serum proteins which may occur in diseased states
during pregnancy. They also supply standards which

may be used in further physiological studies.
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6. A STUDY OF THE EFFECT OF PRE-ECLAMPTIC
TOXAEMIA ON THE SERUM PROTEIN FRACTIONS.

Pre-eclampsia is a complication of the late months
of pregnancy. It is sometimes referred to as "the
late toxaemia" of pregnancy. As stated in the
introduction to this thesis it is a disease of theories.
- Many divergent views have been stated on the
aetiological importahce of various factors related
to diet; toxing of various origins, anaphylaxis,
excessive water retention, hormdne upset and to many
other agents. It is not within fhe scope of this
section to deal with the aetiology of pre-eclamptic
toxaemia nor further to burden the literature with

our personal views on aetiology. We wish to
i

.

investigate the effects, if any, produced by pre-
eclamptic toxaemia on the serum of a patient., The
classical signs of pre-eclampsia are usually taken to

-~ be (1) hypertension, (2) oedema, (3) albuminuria.

These signs may present in any order, not necessarily
in the sequence noted. It is not necessary to find

all three symptoms present in equal degree to permit

a diagnosis of pre-eclampsia. In fact, gquite
frequently, this complication exists in a severe degree

with one or other of the 'classical triad’ of signs



83.

absent,or present, at most, in minimal degree.

The caées which we have chosen fgf ouf survey
wére all, by clinical standards, acceptable as cases
of pre-eclamptic toxaemia, The patients, forming the
series, were all in the last 10 weeks of pregnancy'aﬁd
presented hypertension, oedema, and albuminuria in
varying degree. The incidence of pre-eclamptic
toxaemia is generally accepted as having some
relationship to geographical and climatic factors.
Even within the confines of the British Isles there
are, consequently, variations in incidence and in
severity of pre-eclamptic toxaemia. Standards of
normality of blood pressure vary accordingly and that
accepted as the upper limit of normal blood pressure
in the present series, drawn from the South-West of
Scotland, is 140 mm, of mercury Systolic pressure
and 90 mm, mercury Diastolic. All our patients had
blood pressures above this standard. Oedema was
present in all cases and it was a generalised oedema
not, in any case, related to local vascular or other
pathology. Albuminuria occurred in each patient
and the degree is indicated in the clinical
memoranda presented as an appendix to this study.

The appendix contains a short description of each
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individual case with relevant clinical data and in-
formation regarding the eventual developments,
tféatment and termination of the pregnancy. Patients
with twin pregnancy are included in the series since
they are more commonly affeqted with pre-eclampsia
than are single pregnancies;i There has not been any

selection regarding parity of the patients in this

series.
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Table 1,

Pre-eclamptic toxaemia.
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6. TOXAENIA AND THE SERUM PROTEINS.
Results

It will be seen from Table 1 which contains the
results of serum protein analysis in ten cases of
pre—eclamptic toxaemia that there is a marked
resemblance to the findings, reproduced in Table 2,
in the analysis of sera from normal pregnancy cases
in the last trimester. |

The average total serum protein level of 5.83 gm./
100 ml, in the toxaemic series is low and is 0.65 gm,
(10%) lower than the level found in the third
trimester of_normal pregnancy.

The serum glbumin value in toxaemic women was
found to be 2.35 gm. and this is 0.54 gm., almost
19% lower than the value found in cases of normal
pregnancy in the later months,

Total globulin has an average value of 3.48 gm./
100 ml. in the toxaemic series which is little
different from the 3.6 gm,/100 ml, in our normal
late-pregnancy series.

With g fall in serum albumin and little change
in the globulin content of the serum during pre-
eclampsia we find that the albumin-globulin ratio

is lower than it is in normal cases.



87.

The factors of the globulin_complex, when re&iewed
individually, vary little in amount when toxaemic
cases are contrasted with normal cases, at
approximately, the same stage of pregnancy. The gl
value of 0.52 gm, is little different from the normal
0.59 gm. /100 nl. q2 values, 1.03 gm,/100 ml., are
exactly alike in each series; g amounts to 1.25 gm.
in toxaemia and 1.32 gm, /100 ml, in the normal series;
the Yy values are comparable, 0.68 gm., in the toxaemia
series and 0,66 gm./100 ml., in normal cases.

As with the absolute figures little change can
be fdund on comparing the relative values of the
toxaemic andvnormal cases. In toxaemia @l is 15 pér
cent., a2 29,6 per cent., 5 35.9 per cent. and 4 19.5
per cent. of the total gobulin. Our normal third
trimester cases ﬁrovided values as follows:'cil 16.5
per cent., a2 28.7 per cent., B 36.5 per cent., and
y 18.3 per cent. The total globulin and its
separate components found in the serum of toxaemic
patients vary little in amount from those found
during the latter part of normal pregnancy.

Commentary

When the results of anlaysis of a series of pre-

eclamptic cases are compared with those of a series
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of normal pregnancy in its later months we find that
the total sérum protein level is lower in the

toxaemic series. Harden (1936) supports the view that
hypoproteinaemia occurs in pre-eclampsia and gives a
level of 5.6 gm,/100 ml, as the amount of serum
protein found. This figure is comparable with our
findings of 5.8 gm. /100 ml. Dieckmann (1952) states
that "Various investigators have studied the total
serum protein and the fractions by various methods in
pregnant and toxaemic patients. All agree that there
is a decrease in the total serum protein and serum
albumin in normal pregnancy, with even lower values

in pré—eclampsia, except during the phase of haemo-
concentration." Beach, Coryell, lMoyer, Robinson,
Schoeb, VWiseman, Macy and Mack (1952) using
electrophoretic technique found that the total protein
of maternal venous blood was lower in complicated

than in normal pregnancy.

The albumin value of 2.35 gm./100 ml, found in
our "toxaemic series" is considerably lower than that
of 3.2 - 3,3 gm. reported by Dieckmann and our value
for serum globulin of 3.48 gm./100 ml. is higher than

his value of 3.1 gm.



89.

SERUM PROTEINS IN RELATION TG SEVERITY OF
' TOXAENTA, _

Pre—eclamptic toxaemia varies in degree and in
severity in individual patients. It is, therefore,
of interest to sfudy individual cases and to analyse
the serum protein cohtent of the blood at different
stages in the disease vprocess.

Certain of the cases may present features which
one might consider atypical when compared with the
average results in the preceding section, but it is
seldom that any illness or disease presents an
exactly "classical'" or "textbook" picture in every
particular. It would appear that pre-eclampsia is
no exception.

Cur cases of toxaemia were stuvdied over a period
of several weels, There was g certain similarity in
the findings of all patients but there were certain
individual cases which showed considerable variation
in the serum protein patterns with the progress of
the disease. The average findings for the group tended
to obscure these changes in individual cases. In
order to illustrate the influence of increasing
severity the findings in a typical case are given in

detail below., This patient is an example of a case
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in which the disease progressively inereased in
severity resulting in the death of the foetus in utero.

Patient No.l

A woman of 29 years of age, 36 weeks advanced in
her first pregnancy was admitted for hospital treatment
as a case of pre-—eclamptic toxaemia. Her ante-natal
care had been conducted by her family doctor who
said prior to admission that she had been resting in
bed and on a light diet for two weeks because she had
developed albuminuria and some oedema when 30 weeks
pregnant. On admission the patients blood pressure
reading was 150/95 mm,mercury. There was a marked
degree of generalised oedema (++) and the urine
contained albumin (3 parts Esbach). On examination
of the patients abdomen it was found that the size
of the uterus corresponded to that of a 36 weeks
pregnancy and the vertex presented free above the
brim. On ausculation, no foetal heart sounds were
heard. The patient had not felt any foetal
movements for 4 days although, previously, she had
felt the baby moving actively. It was decided to treat
the patient conservatively. Two days later the
patient's general condition was deteriorating. The

blood pressure had risen to 170/105 mm, of mercury,



@ (8"
+ 6

@B A IBE BF@A @ D

AF



92.

the degree of oedema had increased to ++++ and the
urine contained a large amount of albuéin (2 g./100 ml,
when estimated by Biuret method).
Surgical induction of labour was performed and,
in 5% hours the patient delivered herself spontaneously
of a macerated stillborn male chiid weighing
4 1b., 14 ozs, Following delivery the patient's general
condition gradually improved, urinary output increésed
and oedema diminished. On the tenth day of the
puerperium the patient was dismissed to her own home.
Prior to dismissal the blood pressure was 140/90 mm,
of mercury, the urine was free from albumen and there
was no clinical oedema. Six weeks after delivery,
the patient felt well, her blood pressure was
140/85 mm, of mercury, the urine was free from
albumin and no evidence of oedema was detected.
Specimens of blood and urine were collected for
electrophoretic analysis when the patient was
admitted (Spec.l). The urinar& protein (3 g./1000 ml,)
failed to record electrophoretically since there was
an insufficient amount. Further specimens of blood
and urine were collected when the toxaemic process
seemed to be at its height (Spec.2). Both serum and
urine were fractionated by electrophoresis. Spec.3

was taken before dismissal at which time there
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Table 1.

Patient No.l.

Spec.l wmwzgw 3.6

Spec.?2
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Spec.3 Serum 6,2 :

10 days
post-partum
Spec.4 Serum 7,29
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post-partum|
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was no oedema, the blood pressure was 140/90 ﬁm.of
mercury and#the urine was nofmal.' A final specimen

of blood and of urine were taken at the post-natal
clinic (Spec.4). The urine did not contain any protein.

The analyses of the serum and urinary proteins
are presented in tabular form, (Table 1).

From the table it is seen that the total serum
protein in the first specimen was very low indeed
(3.6 ./100 ml.). The serum albumen is similarly
very low in amount and the globulin high in
comparison, which results in a value for albumin/
globulin ratio of 0.5. The fractions of the globulin
complex vary greatly in amount; ol and y being of
equal amount (0.46 g./100 ml,) and each representing
19.3% of the total globulin complex. B globulin is
the largest factor, having a value of 0.86 g./100 ml.,
which is 36.1 per cent. of the total globulin, a 2
globulin (0.6 g./100 ml,) represents 25.2 per cent.
of total globulin.

The sscond specimen, taken when the pre-—eclamptic
process was at its height shows a marked change in
the protein pattern. The total protein content has
increased by 1.8 g./100 ml,, and the increase is

entirely due to the globulin fraction which appreciates



by 1.81 g./100 ml., Serum albumin is virtually
unchanged in amount, The albumin/globulin ratio was
exceptionally low in consequence of the increased
globulin content of the serum. Zach fraction of the
globulin complex was increased in amount as the
severity of the disease increased in this individual
case. The @ 1 and g 2 values of 0.78 g. and 1.25 g./
lOO'ml. increased'by 0.32 g. and 0.65 g. respectively
from the values found in the first specimen. B
globulin increased by 0.44 g. andy by 0.4 g./100 ml,
to values of 1.3 g. and 0,86 g./100 ml. respectively.
The urine contained a large amount of protein

and this was analysed at the same time as the natient's
x-

[

serum, Two protein fractiong were isolated, the larger,
identified from its electrophoretic mobility as

albumin, representing 1.88 g. and the lesser,

apparently globulin, representing 0.12 g. of the
urinary content of 2 g. pnrotein per hundred millilitres.
An Esbach reading, obtained by dilution of the urine,
showed 22 parts of albumin per litre. These values

for the urine gave an extraordinary reading of 15,6 for
the albumin, globulin ratio. A series of readings of
average values for protein fraction content in our

series of pre-eclamptic patients appezrs at the bottom
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of Table 1. Comparison of these readings with those
of Spec.l in this severe case of pre—é;lamptic
toxaemia show that, in BSpec.l, all the fractions of
the protein complex are lower in amount than in the
average undelivered toxaemic case in our series.

Total protein is 2.23 g./100 ml. lower, albumin
is 1.13 g./100 ml, and total globulin 1.1 g./100 ml,
lower in this case, than in the average pre-eclamptic
case. The decrease has been almost equally shared by
the major components. This might suggest that a
haemo-dilution of the blood has been responsible for
the»variation between these contrasted figures; but,
when we compare the fractions of the globulin complex
similarly, we find a more selective change in their
values., In the individual case we have described the
values for the fractionsa l,a 2,8, andy are :
respectively 0,06 g., 0.43 g., 0.39 g., and 0,22 g,
per hundred ml. lower than the values found for their
counterparts in our series of pre-eclamptic patients
(Section 6).

Consideration of the findings of analysis of
Specimens 3 and 4 will be deferred until later in this
section of the thesis. The influence of delivery

must be considered.
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Commentary

It would appear that in severe toxaemia there is
progressive diminution in the serum protein
concentration, The fact that all fractions suffer
this decrease suggests that there is some interference
with their production., Since the various fractions
are elaborated in different parts of the body this
means that any process interfering with their production
must be of a systemic nature.

This reduction in the serum protein concentration
with increasing severity of the disease is only true
up to a point, This is obvious from the values recorded
for the second specimen in this patient. Despite a
gross increase in aglbuminuria the serum protein
concentration was raised and it is significant that
the value for serum albumin remained static although
the major portion of the urinary protein was of this
type. Her urinary output on these two occasions was
2l ozs. and 23 ozs. on the respective days
and 1t can be seen that the increase in the
concentration of urinary profeih was not due entirely
to oliguria and that the total output of protein
must have been greatly augmented. At the same time

there was a marked increase in the degree of ocedema
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and it is likely that the rise in serum proteih
concentratién was partly due to haemo-concentration
which is known to occur in severe toxaemia (Dieckmann,
1952). That this was not the only factor is obvious
from the selective increases in the globulin fractions.
If the changes were entirely due to haemoconcentration
one would expect the percentage increase in each
fraction to be similar. The actual percentage
increases however, were @1, 70 per cent., o 2 108 per
cent., 8 51 per cent. and y 87 per cent. This may

- be of some interest in view of the work of Smith and
Smith (1948) who report the presence of a toxic
englobulin in large amounts in severe toxaemia.

One other interesting feature may be noted at this
point, According tq Reiner (1952) the urinary protein
péttern is usually normal even if the serum proteins
are grossly upset. In other words the albumin
globulin ratio in the urine is normal., In severe
toxaemia it is apparent that this does not hold. The
question however may be taken a little further. In
renal disease, with which Reiner was dealing, the
serum albumin is reduced and the globulin relatively
increased. The urine proteins were the reverse of

this., Since both types of protein must filter through
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the glomerulus, these findings suggest. that there is
a selective excretion of proteins and ;hat globulins
are held back either at the glomerulus or by
reabsorption in the tubule. In severe toxaemia it
appears that this selective retention of globulin is
even more pronounced than in nephritis., The urinary
proteins in one other case, less severe, gave an
albumin globulin ratio of 2.5H.

The Influence of delivery :on the serum proteins
in pre—eclamptic toxaemia.

A considerable number of cases of pre-—eclamptic

toxaemia have been studied over periods of varying

duration. Hogpitel beds

re iieeded for urgent cases

@
&

and one is restricted in this, and in other respects,
from long term study of cases. In some instances
cases have been studied over periods of eight weeks
and in others, of necessity, the duration of the
study was curtailed. It was however possible to
obtain values for our cases in the first stage of
labour and immediately after delivery. Table 2
provides the average readings for this gfoup.
Included are the average results found in these cases
before labour commenced and the results, before and

after delivery in normal pregnant patients.
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Ihe average results of analysis of toxaemic cases
before labour shown in Table 2 give a value for total
serum protein of 6.02 g./100 ml, The serum albumin
level is 2,21 g. and serum globulin 3.8 g. which gives
an albumin globulin ratio of 0.58. o 1 globulin forms
44 g.ya 2 .91 g., B globulin 1,65 g. and y globulin
.82 g. of the total serum globulin, The 8 globulin
is large in amount, accounting for just over 43 per
cent, of the serum globulin.

The results of analysis of sera taken from pre-
eclamptic patients, after delivery do not show any
marked changes. The total protein of the serum
decreases by 0.15 g. to a value of 5.87 g./100 ml.,
albumin decreases by .05 g. to a level of 2,16 g./100 ml.
- and serum globulin decreases by 0.1 g. to 2.16 g./100 ml,
The albumin/globulin ratio, in'effect, remains
unaltered.

The globulin fraction most affected is the B
fraction which decreases by 0.27 g. to a level of
1.38 g./100 ml, The other fractions increase. v
globulin increases by 0.1 g. to a level of 0.92 g./
100 ml.; @ 1 increases by .0l g. to 0.45 g./100 ml.
and o 2 increases by 0.05 g. to a value of 0.96 g./
100 nl. |
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Table 2. -
Toxaemias: Before & After Labour.
|A1b- |GLlob- f § A/G
Total lumin ulin | 1 :a 2 ! B8 i Y  Ratio -
Before j 6.02 2.21 | 3.8 | .44 |.91 1 65 .82 .58
After 5.87 2.16 3.7 1 .45 .96 51.38 .92 .58
Increase - - - 01 .05 ' - .1
| | (2.3%) (5.5%) (12%)
Decrease .05 ? .27
(2. 5/)(22d® (2. @3 (16%)
Normal Cases: Before & After Labour.
; T ] -
Before 6.42 2,61 %3.81 42 l 15 l 31§ .93 % .68
After  6.65 2.53 4.12 .39 1,03 1, 48 1.22 !
Increase 0.23 - f - § ) 5
(3.6%x (07) f(13 )(337)
Decrease, — | .08 é - .03 120 = % -
o Gh) (1%) 0.4 |
Antepartum P.E.T. Average results from Section 6,

I

T
i
)

Series 5. 83 2.35 | 3,48 "

| !
.52 1.03 1,25 0.68

T




Average readings from ante-partumfpre—eclamptic
sera (Section 6) are reproduced at the“bottom of
Table 2. Comparison shows that the total protein of
the serum is higher before delivery, mainly due to
an increase in globulin of 0.32 g./100 ml, Serum
albumin decreases by 0.14 g./100 ml., and the albumin/
globulin ratio decreases from 0.67 to a value of
0.58 before delivery. @ globulin is the fraction of
the globulin complex which altersmost, increasing
0.4 g./100 ml., before labour. + globulin increases
by 0.14 g., al and a2 globulin decrease by .08 g.
and 0.12 g./100 ml. respectively before delivery.

Having reviewed the changes which occur in the
serum proteins of toxaemic patients in the course of
labour and having compared the sera of pre-eclamptic
patients in the ante-partum state with sefa from
~patients prior to delivery it may prove interesting
to compare the changes occurring in complicated
labour with those occurring in normal labour.

It may be seen from Table 2 that the total protein
of the serum increases by 3.6 per cent. in the course
of labour in normal cases, whereas there is a decrease
of 2.5 per cent. in the toxaemic cases.

Serum glbumin decreases during labour in both
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normal cases (3 per cent.) and toxaemic patients
(2.26 per cent.).

The total serum globulin, increased in the process
of labour by.8 per cent, in normal cases, decreases by
2.6 per cent. in the pre-eclamptic patients.

Consideration of the fractions of the globulin
complex shows that while a 1 and o 2 globulins
decrease by 7 per cent. and 10.4 per cent. respectively
in normal cases during labour, they increase by
2.3 per cent. and 5.5 per cent. respedtively in ouf
pre—~eclamptic series., @ globulin is observed to
increase by 13 per cent. in the course of labour in
normal patients and to decrease by 16 per cent. in the
complicated cases. The fraction which undergoes the
most significant change in the normal series is
y g&lobulin which increases by 31 per cent., of its
value during labour. In the toxaemic patients ¥
globulin, in the course of lagbour, increases by only
12 per cent. and the factor showing the most
significant change.is therefore the B globulin which

decreases by 16 per cent.
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SUMMARY OF THE CHANGE OCCURREING IN THE SERUM
PROTEINS IN PRE-ECLANMPTIC TOXAELTA

In pre-eclamptic toxasemia there is a fall in
total serum protein as compared with the level found
in normal pregnancy. The fall in total serum protein
1s mainly evidenced in the glbumin portion, but
serum globulin also diminishes. In a very severe
case 0f pre-eclampsia the total serum protein tends
to increase, probably, largely due to haemo-concentration,
but there is an absolute increase in the y fraction.

Graphs T and 11 show the trends in the normal and
toxaemic cases. The remarkable feature is that,
during the puerperium, the values for nearly all
components approximate in both the normal and toxaemic
series. Certain complex changes occur in both series
at the time of delivery. In the normal cases there is
an increase of the a2 component whereas in toxaemia
this fraction tends to diminish. The reverse is true
of the B complex, in normal cases there is a slight
diminution at the time of confinement but in pre-
eclamptic toxaemia it is greatly increased. The trend
of the other factors of the globulin complex is
similar in both the normal and toxaemic series.

Although there may be distinctive features in the
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toxaemic cases it would appear that, in the antenatal
period, the protein fractions behave in a manner
essentially'similar to that found in normal pregnancy
except that the values are at a lower level., It has
been shown that pregnancy itself is associated with a
fall in serum protein and this might suggest that the
changes which occur in pre-eclamptic toxaemia are
merely an exaggeration of those found in normal
pregnancy.

The fact that the low protein values in toxaemia
are mainly duvue to diminution in the albumin component
brings this disease into line with others in which there is
hypoproteinaemia. It has been shown by Iversen (1932)
and Iversen and Nakazawa (1927) that hypoproteinaemia
in a large range of diseases is due to a fall in the
albumin concentration of the blood. The relatively
high total gzlobulin may be of 1little significance.
Salvesen (1935) has found hyperglobulinaemia in cases
of Kala-azar and Boeck's sarcoid where the bone-
marrow has been invaded. It has also been fecorded as-
a finding in diseases of the central nervous system
by Bing and Neel (1936). In such cases however the
hyperglobulinaemia is absolute and not relative as

in toxaemia. Unfortunately values are not available
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for the various globulin fractions in these conditions

so that comparison with toxaemia is not possible.

N




(. RELATIOLSHIP OF SERUII PROTEIN VALUES TO
OEDENMA.

In pre-eclamptic toxaemia there is a fall in the
total protein content of the serum and this fall is
mainly noted in the albumin moiety. There is in
add.itionv a relative increase in serum globulin with a’
consequent lowering of the albumin/globulin ratio.

The ihcrease in globulin is mainly due to a rise
in its B complex although the y complex rises markedly
in very severe cases. .

While these results are interesting when compared
with the findings in cases of normal pregnancy their
significaﬁce is not apparent. Questions which arise
are: (1) Do the results of serum protein analysis
héve any relation to symptoms? (2) Are the results of
diagnostic value? (3) Do the results indicate any
aetiological factor?

The first question, regarding symptoms, may be
considered initially with respect to oedema. For this
purpose our findings are compared with those in other
complications of pregnancy which are associated with
oedema. It was necessary to chose the cases for
study carefully to eliminate a renal factor which may

have caused oedema,
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Table 1.

Serum protein values in untreated,
oedematous cases of anaemia, and
in cardiac disease complicating

pPregnancy.

Serum

Total

| pro—
- tein

T
|

‘umin | ulin

3
3

Alb- | Glob-
cal

i

A4/

;az j B N ratio

1

age

Aver—- |

é4.79

5.52

1.55  3.24

2 6.25 2.73 3.52

i

12,14 3.38

10.54 0.6 1.14 0.96 0.47

Eo.47§§

H

0.81 1.24 0.85, 0.63

v% o;4£“1xﬁfi:§imd:f§?\bj;}wwmu

ﬁp

Cardiac
Case

6.16

2,35 3.81

i

.35

i

.82 1,23 1.41] 0.6
i L




The cases chosen were two in which anaemia
complicated pregnancy. The patients had no other
abnormality and each had a moderate degree of anaemia,
One case of cérdiac disease (Grade 111) was included
in the study. This patient was in the last trimester
of her second pregnancy. In the cases of gnaemia it
was found that oedema disappeared with treatment of
the anaemia, One is therefore able to contrast the
findings before. and after treatment. The results in
the cafdiac case after delivery are, unfortunately,
not available. Oedema is not a striking feature of
cardiac failure in pregnancy and it is therefore
difficult to obtain suitable cases for study.

Results _

Table 1 contains the values obtained from serum
‘analysis in two anaemic patients prior to tfeatment,
while oedema was present. The main featurea are low
albumin and high globulin levels., The g fraction is
especially high and the albumin globulin ratio is low.

Table 11 shows the results of serum protein
analysis in the same patients, after treatment, when
the oedema had gone. The albumin has risen in
amount and the globulin is static or slightly lower.

B globulin has decreased in amount., The albumin/
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Table 2.

Serum protein values in treated cases
of anaemia complicating pregnancy after
oedema had disappeared.

[ Total ?
| pro- | Alb- | Glob- ; A/G
Serum | tein ' uwmin ulin ol a2 B vy lratio
1 |5.79 2.15° 1.28] 0.6

age | 6.04 | 2.69

i
-

2 6.3 324

3.64 ' 0.54 0.68:1,14

3.06 0.22 0,78/1.16

0.9 | 1.05

3.35 10.38 0.73;1.15
o g

1.09. 0.8
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Table 3.

: Total% 3 : ; T

- pro~  Alb- | Glob-i '. : A/G
‘  tein umin ulin ;ail S q 2 5 8 v | Tatio
Normal ~ 6.48 2.89 3.6 Eo 59.1.03 1. 32 0.66] 0.8
3rd Trim- i | ‘ |
ester :
pregnanqy

Toxaemia '5.83 ' 2.35 3.58 o.52f1.o3§1.éé 0.68 0.67
’Series g i : , s

Anaemla 5.50 | 2,14 3. 38 0. 47 o. dl 1. 24 0. 85 0.63

hmaemia  6.04 | 2.6é'?3 35 |0, 38;0 7301, 15 1.09| .8
treated E 3 |
: é | |

S S
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globulin ratio has risen.

In the last line of Table 1 appear the results
of serum proteih analysis the case of cardiac
disease previously méntioned. The values are very
similar to those found in anaemia. Albumin is low
invamount and serum globulin is high in value. The
B fraction of the globulin complex is of a low value
* and the y fraction appears to'be increased.
| In Table 3 for comparison are shown average
values for the components of the serunm protein complex
in the third trimester of normal pregnancy, our series
of toxaemic patients, and the anaemic patients before
and after treatment.

It can be seen that the values in toxzemia bear
certain resemblances to those found in anaemia
complicating pregnancy. The main feature in botxz is
a diminution of albumin and globulin with a resultant
low albumin/globulin ratio. The values for the
various fractions of the serum globulin are very
similar with the exception of the y moiety which is
increased in anaemia., This increase is even more
marked after treatment of the anaemic condition.

- Commentary

Attention has been drawn to the similarity existing
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between pre-eclamptic toxaemia and certain cases of
anaemia in pregnancy (Teegeli, 1912; Beckman, 1921;
Callender, 19443 Scott and Govan, 1949). . Scott and
Govan recorded 13 cases of this type showing hLyper-
tension, oedema and marked anaemia. One of the features
which distinguishes these cases from true toxaemia is
the absence, or the presence of at most a trace, of
albuminuria. It is also interesting to note that these
authors found low values for plasma proteins. Rest in
bed soon brought the blood pressure down, and the
albuminuria, if present, disappeared within a few days,
but the oedema persisted for longer periods. This
would indicate that oedema was not related to renal

or vascular failure. The possibility that the fall in
serum albumin is related to the oedema must be
congidered. This is obvious also from the findings

in the case of cardiac disease. It is unlikely however,
that the relationship is a direct one. Scott and

Govan record that, after treatment, the plasma
proteins in their anaemic cases fell to an even lower
level. It seems likely that oedema and low serum
protein Values are both the result of upset in the
function of some other organ which is closely linked

with protein metabolism,



116.

8. SERUM PROTEINS AND HYPERTENSTON.

ihile changes in serum protein levels in
toxaemia are distinctive enough when compared with
normal pregnancy it remains to be seen whether they
have any diagnostic value. It is glways difficult to
distinguish a case of hypertensive toxaemia from one
of essential hypertension in pregnancy. If the
patient is seen early in pregnancy the diagnosis of
essential hypertension is obvious but later in
pregnancy the similarity to toxaemia may be pronounced.
Both types of case may show oedema and albuminuris
may occur in the hypertensive case. The difficulty
'is increased if the hypertensive case enters a
malignant phase.

In view of this we have analysed the serum
protein values in known cases of essential hypertension
during pregnancy. At the same time it is interesting
to note whether the trend of the various protein
fraction values has any relationship to the
hypertension of toxaemia., Since pregnancy might tend
to obscure the chénges assoclated particularly with
the occurrence of hypertension we have included an
analysis of serum proteins in non-pregnant cases of

essential and malignant hypertension.
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/e have considered the findings obtained in
non-pregnant hypertensive cases before those obtained
from pregnant patients.

The non-pregnant cases have been studied in two
groups. Firstly theessential hypertension group.

The sera from three patients suffering from essential
hypertension were obtained from the medical wards of
a general hospital, The diagnosis was arrived at by
the physicians in charge of the wards, in each case.

Patient No.,l, a female aged 42, had a blood pressure

of 240/140 mm, mercury when the serum specimen was
obtained. The urine was albumin free and the
physicians were sure that her condition was one of
essential hypertension.

Patient No.2 was a man of 66 years of age. The

blood pressure was 210/110 at the time of collection
of his serum., The renal functionwas said to be

good and the urine was free from all but a trace of
albumin, The physicians diagnosis was one of
essential hypertension.

Patient No.3 was a woman aged 36, whose blood

pressure, when first seen by the physicians had been
260/190 mm, of mercury. At the time when her serum

was obtained the blood pressure was 240/130., A
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Table 1.

Results of serum protein analysis in Non-
pregnant patients - ESSENTIAL HYPERTEISION

Glob- f — ]

Total | Alb-. |
ulinial a2 . B | =~

g , A/G
Patient Protein umin

f Ratio

No.1 |

No.?2

values

Normal
non- 1
pregnant!
averages

6.85

Ty
5.7 |

6.05

T.1

4.75

2.1

3.07 2,53

o,24io.31?o.71?o.87§
0.27 0.48 0.75 1.03

2.26
1.2

4.19

2.52] 3.18

3.44. 2,6

2.9

0.35/0.93 1.08,0.83 | 0.78

! é |
0.28: .57 .84, .91} 1.32

.36] .69 .99 .85
S

i

1.5
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marked degree of anaemia was present. Hb. 8;5 gm.per
cent, This patient's general condition, urinary
findings aﬁd persistent hypertension had resulted

in a diagnosis of essential hypertension,

Table 1 shows the results of serum protein
analysis in each case with the average results for
the series.

For purpose of comparison the average results of
analysis in normal non-pregnant patients are
included in Table 1.

On comparing the results the albumin is lower in
the hy@ertensiVe group than it is in the normal non-
pregnant series. This may be mainly due to the fact
that patient No.3 was anaemic and it has been shown
in Section 7 that anaemia is associated with low
levels for serum albumin. The albumin/globulin ratio,
consequent to the lowered serum albumin is below
the normal series level., There is no gross difference
between the values for the various fractions of the
globulin complex in the "essential hypertension" and
"normal" groups of non-pregnant patients.

The second group of non-pregnant hypertensive
patients were examples of malignant hypertension,

The specimens of sera, once again, were obtained from
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the medical wards of a city geheral hospital. Sera
from six patients were analysed. The patients were
diaghosed in each case as suffering from malignant
hypertension.

Patient No.l, a male aged 44, had a blood pressure of

235/150 mm, of mercury. The heart was enlarged and
papillaedema was found. Headache, dizziness and
visual failure were symptoms. The blood urea was
42 mgm.per cent. The urine contained élbumin.

Patient Ho,2, a man of 70 years of age, had a blood

pressure of 190/120 mm, 0f mercury. The blood urea
level was 45 mgn.per cent. The heart was slightly
enlarged and was he said to be in a étate of incipient
: cardiac failure. The patient suffered from violent
headaches and breathlessness. The urine contained
albumin,

Patient No.3, was a man of 63 years of age. The

blood pressure reading was 170/110 mm.of Mercury.
Cardiac enlargement was present. The blood urea was
60 mgm.per cent. and the urine contained albumin.

Patient No.4, this man was 60 years of age. His blood

pressure was 160/100 mm, of mercury and was said to
have been 210/130 mm.of mercury when he was first seen

by the physicians. The patient had headaches and
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Table 2.

Average values for serum protein

analysis in 6 cases of malignant

hypertension, Average values for
non-preghant cases appended.

 Total |Alb-| Glob-l |
a2 B E Y

A/G
Ratio !

Patient [Protein{uminfulin i gl
? "
i 3

OO SRUMSR—

No.l = 7.3 2.9 | 4.4 10.4410.741 1.4 1.83

0.66

fo.2 - 7.15 2, 81] 4.34 ;0,27 | 0.81 ] 1. 351,89

o LW......W

Fo.3  7.05 [2.894.16 5o 33 007 115 1w

e . - i J

(To.4 5 95 1,95 4.0 go 07 10.75 | 1. 05 1.94

I

No.5 6 17 12,03} 4m14> 6m33“ 1.3 1. 3 l 18

D = N $
H

D DT RN SRSV VUV __,“,,_‘.
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dyspnoea. The blood urea level was 108 mgm.per cent.
and the urine contained 2 g. albumin per litre.

Patient No.5, This male patient was 69 years of age

and he had a blood pressure of 160/95 mm.of mercury.
He had suffered from attacks of "angina" for three
years and he was dyspnoeic., The blood urea level was
50 mgm.per cent.

Patient No.6, was a man, 32 years old, with a blood

pressure of 160/100 mm.of mercury. The blood urea
level was 54 mgm.per cent. and the urine contained
albumin. He suffe;ed from prostrating attacks of
headache and was, occasionally, short of breath.

Table 2 contains the results of serum protein
analysis, with average values, of the six patients
mentioned who have been diagnosed as cases of malignant
hypertension by the physicians in charge of them., The
average values for our non-pregnant normal cases are
included.

Comparison of the results in these analyses shows
that the total serum protein, serum albumin and
albumin/globulin ratios are lower, and the serum
globulin higher, in the 'malignant hypertensive'
patients.

The serum albumin isdecreased under normal
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standards by 40 per cént. and the serum globulin is‘
increased by/46 per cent. The increase in serum
globulin is mainly due to the a2,8 , and y fractions
which are increased over normal values by 33.3 per
cent., 24 per cent;, and 10.6 per cent. respectively.
The ol fraction values, in each group, are comparable.
It woulad apﬁear therefore that the most significant
change occurring in the serum proteins in malignant
hypertension is a marked increase in 4 globulin,

Having considered the effects of hypertensive
disease in non-pregnant subjects we proceed to the,
study of pregnant women whose pregnancies have been
complicated by hypertension.

Hypertensive disease in pregnancy.

It is a well known clinical fact that in many
cases seen in advanced pregnancy, it is difficult to
differentiate pre-eclamptic toxaemia from essential
hypertension or chronic nephritis. It is necessary
for a correct diagnosis that the patient be seen and
examined either before pregnancy'or very soon
thereaftér. In the normal course of events patients
are rarely seen at hospital ante-natal clinics until
pregnancy is fairly well advanced &nd therefore our

choice of suitable cases for study has been limited.
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Over 'the past three years we have found three
patients whose history and clinical findings satisfied
©our criteria.with respect to hypertensive disease.

It was impossible to obtain a history of high blood
pressure prior to pregnancy. All were apparently
healthy and had not consulted a physician for some
considerable time., All were seen early in pregnancy and
all had a severe degree of high blood pressure. ZEach
case represents a separate facet of hypertension
complicating pregnancy and each case has been studied,
and is presented separately.

Patient No.l was a young woman of 28 years of age who

was admitted to hospital when twelve weeks advanced

in her first pregnancy. This patienf's doctor had
found the patient's blood pressure to be 210/125 mm.

of mercury. The patient had previously led a normal
life, free from any symptom, and she had no complaints,
The urine contained only a trace of albumin and there
was no evidence of oedema. Apart from the exceptionally
high blood pressure there were no significant
abnormalities on examination of this woman. The size
of the uterus corresponded to the duration of
amenorrhoea. The patient's treatment consisted

essentially of rest in bed and she was observed over


























































































































































































