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IKTRODQGTION

PLASM ATjD URINARY PROTEINS. THEIR ORIGIN MP IMPORTANCE

PlasmamsssM-

Normal human plasma contains many different proteins.

Some of these, such as albumin, fibrinogen and various other

globulins are present in appreciable quantities and have

well-established physicochemical characteristics. Others,

such as antibodies, enzymes and hormones are present in such

small amounts that they can only be detected by specific

tests.

The isotonic studies of Sehoenheimer (1942) have clearly

demonstrated the state of dynamic interchange in which the

plasma proteins, tissue proteins and amino acids exist and

have led to the development of the concept of a 'nitrogenous

pool' in which a continuous exchange of endogenous and

exogenous amino-nitrogen takes place. Thus, it is believed

that plasma end tissue proteins are continually being syn-

thesised from amino acids and broken doxm to amino acids,

the half life of the protein molecule being of the order of

2-3 weeks. Even antibodies, whose function suggests that

they might have greater permanence, exist in this dynamic

state. This exchange between plasma and tissues is helped

by the enormous area of the capillary walls and by a mean

circulation time in nan of as little as 1 minute, even in the

resting /
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resting state. There is no doubt that this concept of

dynamic existence has done much to facilitate the study of

protein metabolism in man.

For obvious reasons, many of the experiments shedding

light on the function and fate of plasma proteins have been

carried out in animals and conclusions drawn from them must

be applied with caution to studies in man. Albumin is

generally believed to be synthesised solely in the parenchy¬

mal cells of the liver (Madden and Whipple, 1946), although

many factors other than the functional efficiency of the

liver cells are involved in this process. Thus, it is often

impossible to demonstrate impaired liver function, using the

customary test of liver function, in conditions associated

with hypoalbuminaemia, e.g. infections, diabetes mellitus or

carcinomatosis, in which proteinuria is absent. The tests

of liver function commonly employed, however, are not nec¬

essarily capable of detecting a specific defect, i.e. in

protein synthesis.

The origin of the plasma globulins is less clear; some,

such as fibrinogen and prothrombinare believed to be formed
in the liver, largely on the evidence that their concentra¬

tions in plasma are reduced in severe liver disease in man

and after surgical removal of the liver in the experimental

animal. Miller and his co-workers (Miller and Bale, 1954;

Miller, Fly and Bale, 1954) showed that in the perfused rat

liver radioactive C "^-lysine was incorporated into the

and /



I and ^ globulins, as well as into alba-in, but not into y —

globulin; further, in the eviscerated rat, administered

radioactive lysine appears chiefly in the globulin fraction

with traces in the d- and (S-globulins, but none in the albumin
TMs suggests that <K- and |i-globulins are formed mainly in the

liver and this is in keeping with the observations in man

that these two globulin fractions (as well as albumin) are

considerably reduced in acute hepatic necrosis and in

cirrhosis of the liver.

On the other hand, the lysine-incorporation studies just

mentioned indicate that y-globulin is found mainly outside
the liver. This is in keeping with the idea originally put

forward by Raliburton (IBS?) that part of the plasma proteins

I (i.o. the y- globulins, including soma of the antibodies) are

produced by cells of the reticuloendothelial system end this

idea is supported by the finding of high y-globulin levels
in diseases associated with enhanced activity of the retic¬

uloendothelial system, e.g. chronic infections such as

tuberculosis, kala-aaar, lymphogranuloma inguinale; retic¬

ulosis and multiple myelomatosis; mesenchymal diseases such

as disseminated lupus erythematosus. Lastly, it should

perhaps be noted that the foregoing observations on the

production of plasma proteins ere often taken to imply that

the various proteins present in plasma ore there for a

specific purpose. It may be that certain fractions are

merely tissue proteins which have escaped into the plasma

from /



from the cells in which they were synthesised.

Less is known about the fate of most of the plasma

proteins. The breakdown of albumin is believed to occur

largely in the liver, although evisceration experiments in

animals indicate that albumin may lso bo destroyed by extra--

-hepatic tissues (Roberts and White, I949)• It is possible

too that other proteins which are synthesis by extra-hepatic

tissues are broken down in the liver; indeed, the hyper-y --

globulinaemia of severe liver disease has been attributed to

a failure of the damaged liver to destroy y-globulin formed

elsewhere (Martin, 1947).

In considering the function of plasma proteins, coll¬

ectively and individually, the difficulty of distinguishing

between chemical properties and physiological functions is

ovor present and teloological interpretations of the apparent

purposes served are frequently made. For example, most of

the bilirubin in plasma is bound to albumin but this does not

necessarily mean that this is a function of albumin which has

any value to the organism. Similarly the close association

of fat-soluble substances, such as steroid hormones or caro-

tenoids, with lipoproteins has been interpreted as transport

mechanism, whereas, in fact, it could equally well be a

storage mechanism or simply a consequence of physicocheraics.l

affinities.

Perhaps the most important collective function of plasma

proteins Is in the maintenance of the blood volume. The

successful /



successful evolution of multicellular animals from organisms

containing only a few cells has required the development of

an internal circulation which permits the cells within the

body the indirect contact with the outside world necessary

for obtaining food and oxygen and for the elimination of

waste metabolites. In higher animals, such as man, the '

maintenance of an efficient circulation depends inter alia

on the maintenance of a relatively constant blood volume

which, in tuna, depends on the osmotic pressure of the plasma

proteins, as was shown in the classical researches of

Starling (1896). In this process, albumin plays a leading

role sinee its small molecular size and high electrical

charge under physiological conditions convey on it relatively-

high osmotic activity. Collectively, plasma proteins also

play a part as buffers in the maintenance of hydrogen-ion

concentration.

A few proteins are known to have specific functions.

These include antibodies, hormones and enzymes. fibrinogen,

prothrombin and other fractions, such as antihaemophilic

globulin, are concerned with blood coagulation.

URINARY PROTEINS. /
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URINARY PROTEINS. -=

The proteins which occur in urine are believed to be

derived almost exclusively from plasma. Normally only a

very little protein is excreted in the urine (Rigas and

Heller, 1951$ McGarry, Schon and Rose, 1955). This is

commonly believed to result from an almost complete itaperme-

ability of the glomeruli to the large protein molecule*

However, there is some evidence that protein may normally

pass through the glomeruli in appreciable quantities and be

almost entirely reabsorbed by the renal tubules. The latter

possibility is not, perhaps, sufficiently widely appreciated,

for even the large amount of protein (20-3Qg./day) excreted

in the urine, in such conditions as Type II nephritis,

requires only a small concentration (lD-20mg,/l00ml.) of

protein to be present in the glomerular fluid (compared with

the concentration 6000-8000mg,/lOOml. in plasma). It is of

interest to note that such concentrations of protein were

found in glomerular fluid by Walker and his co-workers in

their studies on the function of the nephron in various

species of mammals (Walker, Bott, Oliver and Macdowell,

1941; Walker and Oliver, 1941).

According to the modern views on renal physiology, the

excretioh of Benoe Jones protein and haemoglobin in the

urine takes place readily because the molecular dimensions

Qf these substances are less than those of the proteins

normally /



normally present In plasma. However, the anomalous excretion

of a Bence Jones protein with a molecular size somewhat

greater than albumin, in the absence of albuminuria (Bundles,

Cooper and Willet, 1951), lends support to the idea that

proteinuria is a sign more of tubular dysfunction than of

glomerular damage.

THE PyOfiTpgEj OF PLASMA ^fD URINARY PROM AKAWffB j*
CLINICAL MEDICINE.^rrffft i t asaw* . ■ itti ■ asaca»a»»

In many diseases changes in the plasma and urinary

proteins oocur. These are commonly of a quantitative nature,

affecting one or more of the various proteins present.

However, in some conditions, the existence of qualitative

changes also is suspected, although it is impossible to be

sure that an apparently abnormal protein appearing in the

plasma or urimo in a dlMas. dow not Mdst th.ro in umdet-

actable quantities In the normal state.

The absence of knowledge concerning the precise function

of many plasma protein fractions makes it difficult to

interpret the changes associated with a disease in terms of

a particular pathological process, and the complexity of the

various protein fractions measured by existing techniques

adds to this difficulty. Thus, an increase in a particular

protein fraction e.g.y-globulin, occurring in several diseases,

may result from alterations in different components of that

fraction in different diseases. Indeed, the results of

flocculation /
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flocculatlon tests such as the cephalin-cholesterol floccul-

atlon test, which are believed to depend on balance between

certain protein components, frequently indicate differences

between sera when the most precise chemical fractionations

do not. A further difficulty stems from the dynamic exist¬

ence of plasma proteins, for an enhanced plasma level of a

particular protein may be due either to an increased rate of

synthesis or to a decreased rate of breakdown.

In the investigation of individual patients the analyses

of plasma and urinary proteins are used chiefly in reaching

a diagnosis and assessing progress. The usefulness of these

analyses as a diagnostic weapon, however, tends to he limited

by the absence of specific changes in many diseases, even

when a multifraction analysis is carried out, e.g. by

fractional precipitation with electrolytes or by electro-

phoretic analysis, and for this reason, the aim of many

workers has been to try and resolve more and more fractions,

in the hope of discovering specific protein patterns for a

great number of diseases. It is true that if, for example,

the various antibodies could be separated and measured, the

nature of a particular infection might be more readily

elucidated but it cannot be assumed, in the absence of precise

knowledge of the significance of other protein fractions,

that subfTaotionation wiH necessarily help in the differ¬

ential diagnosis of other diseases.

In/
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In spite of these limitations, the analyses of plasma

or serum and urinary proteins are carried out daily in

hospital laboratories and it would seem, therefore, of great

importance that the actual value of this procedure in any

disease should be critically evaluated. Otherwise, there

may result unnecessary discomfort to the patient occasioned

by obtaining blood samples, waste of laboratory time and

materials and possibly even confusion to the clinician.

It is the purpose of this thesis to present a critical

assessment of the clinicalv alue of electrophoresis on paper

of plasma, serum and urinary proteins in the investigation

of individual cases. At the same time, the results of these

analyses have been considered in terras of disordered metabol¬

ism possibly shedding light on the nature of the disease

studied.

Since facilities likely to be available in hospital

laboratories are an important consideration in the evaluation

of any investigation, some time has been spent in examining

methods of paper electrophoresis and a procedure has been

developed which would appear reasonably well suited to

hospital laboratory practice.
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ffgCTion ^

ZOME ELEqTROPHORESIS OF BLOOD AND QUINARY PROTS^i^
01? PAPER; METHODOLOGY.

1. ELSCTROPHOR;JPIC ANALYSIS. I'RIIICIFLaS Ai d 1RACTICS.

Electrophoresis consists of the migration of charged

particles in a solution to which has been applied an electric

field. As in the electrolysis of solutions containing small

ions negatively charged particles migrate towards the anode;

Positively charged particles migrate towards the cathode.

The rate of electrophoretic migration depends on the magni¬

tude of the electric charge, the size and shape of the part¬

icle, the viscosity of the solvent and the intensity of the

electric field. Thus, under identical conditions, particles

differing in size, shape or charge migrate at different

speeds and may be separated.

In aqueous solution protein molecules are charged

particles, the nature and magnitude of the charge depending

inter alia on the pH of the solution. Proteins, therefore,

exhibit electrophoresis. Further, protein molecules differ-

in size, shape or charge migrate at different speeds. This

is the principle underlying the electrophoretic analysis of

protein mixtures*

The phenomenon of electrophoresis seems first to have

been observed try a Russian physicist Reuss in 1809 (Martin

and /
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and Franglen, 1954), although it was not until 1930, when

Tiselius described the apparatus with which his name will

always be associated, that the use of electrophoresis as an

analytical procedure became established (Tiselius, 1937,

1938)« With the aid of the Tiselius apparatus an enormous

amount of data has been, and continues to be obtained in the

study of protein metabolism in health and disease [ see

reviews by Stern and Reiner (1946-47), Gutman (1943),

Marrack and Hock (1949) and Fisher (1953)j but in spite of

the many attempts at simplification (Longsworth, 1942;

Stern and Reiner, 1946-47; Antweiler, 1947-43; Moore and

White, 1948; Svensson, 1950), the method still remains too

complicated and too expensive to find a place in routine

clinical chemistry.

In the Tiselius apparatus, charged particles such as

protein molecules are made to migrate through a buffer

solution in a glass container, their progress being measured

by means of an optical system capable of recording small

changes in the refractive index of the solution caused by

the presence of the migrating substances (Fig. 1). The

fact that the proteins themselves are not completely separ¬

ated, but only their boundaries, has led to this form of

electrophoresis being termed 'boundary1 electrophoresis.

It is also sometimes termed 'electrophoresis in free solu¬

tion' since the buffer through which the protein migrates

has no supporting medium.

In /



protein mixture

a.
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Fig. 1.

Boundary Electrophoresis
Modified from Martin & Pranglen (1954).

(a) Schematic representation of a mixture of two proteins
before electrophoresis. (In practice, electrophoresis
takes place in a TJ-tube, the protein solution occupying
the lower part of the tube). The arrow indicates the
direction of migration.

(b) After electrophoresis! the proteins having migrated at
different rates are partially separated.

(c) Refractive index of liquid in tube.

(d) Rate of change in refractive index - Schlieren diagram.
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In order to eliminate many of the technical difficult¬

ies inherent in the use of boundary electrophoresis, the

possibility of carrying out electrophoresis in buffer solu¬

tions supported on a matrix has been investigated. Silica

gel was used for this purpose by Consden, Gordon and Martin

(1946) and subsequently various materials such as starch gel,

agar gel and filter paper have been successfully employed.

Of these materials, filter paper has proved of greatest

general value and existing methods of filter paper electro¬

phoresis are basically the same as that originally devised

simultaneously in several laboratories (Haugaard and Knorer,

I949• Wieland, Schmeiser, Fischer and Maier-Leibnitz, 1949;

Durrum, 1950).

There is one important difference between electrophor¬

esis in the Tiselius apparatus and electrophoresis on paper.

In the former process the components of a protein mixture

are not separated, optical measurements being made on

successively overlapping zones of each component. In

electrophoresis on paper, or other supporting material, the

main components of a mixture are more or less completely

separated into distinct zones; thus the process has been

termed 'zone electrophoresis' (Fig. 2). This offers the

advantage of preparative fractionation and allows the use of

various techniques for the visualisation and measurement of

separated fractions. For example, estimation of the amount

of protein in each fraction may be obtained by staining the
*

separated /



protein mixture

b.

c.

Fig. 2.

Zone Electrophoresis

(a) Schematic representation of a mixture of proteins before
electrophoresis. The arrow indicates the direction of
migration.

(b) After electrophoresis: the proteins have almost complete¬
ly separated, forming two aone3.

(c) Concentration of protein along paper (c.f. Fig. l.d.)
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separated proteins and then eluting the dye separately from

each zone (Cromer and Tiseliua, 1950; Turba and Snehkel,

1950; Flynn and de Mayo, 1951). Alternatively, nitrogen

estimation can be carried out on each zone and the protein

contents obtained by the use of the appropriate factor.

If interest lies not in the amount of protein in a

particular zone but in some property of the protein, such as

its lipoid or carbohydrate content or its enzymatic activity

or radioactivity, the strips may be treated in such a way as

to demonstrate the property in question. Thus, selective

stains may be used to indicate lipoproteins or proteins

containing carbohydrates; or an autoradiograph may be taken

to demonstrate radioactivity.

The possibilities offered in the investigation of

various protein properties constitute one of the main advant¬

ages of zone electrophoresis on paper over boundary electro¬

phoresis. In addition, the apparatus required is much

simpler than that required for boundary electrophoresis and

is, consequently, much less expensive; further, multiple

analyses can readily be carried out simultaneously. These

factors make the method eminently suitable for use in a

routine hospital laboratory.

2. THE /
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2. THE SLABORATIOii OF A TECHNIQUE FOR THE ELECTROPHORESIS OF
PROTEINS ON PAPER; THB ELECTROPHORESIS TANK.

The electrophoretic analysis of protein mixtures on

filter paper involves the following processes

(a) separation of component proteins by electrophoresis

(b) measurement of the separated fractions.

It is convenient to describe investigations on these

two processes separately.

Separation of Protein Fractions; Basic Principles

Very many papers have now been written describing

apparatus for electrophoresis on filter paper [see reviews

by Martin and Franglen (1954), Durrtua (1955)]. Most of the

newer designs are simply modifications of the original

versions which were constructed to satisfy the following

requirementsi

1, The strip of filter paper on which separation takes

place must remain saturated with buffer solution,

2, An electrical potential must be applied to the ends

of the filter paper.

In practice, the strips of filter paper are suspended

horizontally or vertically (inverted V) (Fig, 3) with the

ends dipping into vessels containing buffer, into which the

electrodes also dip. Usually the buffer surrounding the

electrode is separated from the buffer surrounding the ends

of the filter paper by a porous plug, which maintains elec¬

trical conduction, while largely preventing the products of

electrolysis /



Fig. 3.

Diagrams of the two main types of apparatus
for zone electrophoresis on paper

B - Loads to electrodes-

P - Filter paper soaked in buffer along
which migration takes place.

T - Troughs containing buffer into which
end of filter paper and electrodes dip.



electrolysis at the electrodes from affecting the pH of the

buffer solution at the filter paper ends. The mixed protein

solution is applied to the surface of the filter paper in the

form of a spot or a streak in a position which allows sub¬

sequent migration of the individual proteins in the electric

field to be recorded.

One of the disadvantages of zone electrophoresis on

supporting material such as filter paper, compared with

electrophoresis in free solution, is the movement of buffer

solution which takes place during electrophoresis. This

results from two processes (a) the evaporation of water from

the surface of the filter paper, which causes buffer to flow

from each trough towards the centre of the paper; and (b)

endosmosis, a phenomenon consisting of the passage of water,

with dissolved substances, along a charged surface - in this

case the cellulose fibres of the filter paper which are

negatively charged. Bndosmosis on filter paper involves

flow of buffer from the anode to the cathode.

With electrophoresis on filter paper, the movement of

the buffer due to evaporation and endosmosis makes it almost

impossible to measure the absolute velocity of migration and,

with certain types of apparatus, may disturb the pattern of

the separated proteins.

Evaporation from the surface of the filter paper is

minimised by arranging that electrophoresis takes place in an

enclosed /
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enclosed space saturated with water vapour. However, it is

difficult to prevent evaporation completely since the temp¬

erature of the filter paper strip tends to be slightly higher

than that of its immediate environment on account of the

heating effect of the electric current. Endosmosis can be

minimised only W selection of the filter paper used, since

some filter papers exhibit this phenomenon more than others.

Observations on Existing Electrophoresis Tanks
anfl the Design of a New T^nk

The Inverted-V Tank.

Initial experiments were carried out using the Shandon

tank (Shandon Scientific Instrument Co.). This is a tank

based on that described by Flynn and de Mayo (1951) in which

the papers are suspended in the inverted-V shape (Fig, 3).

The results were not encouraging. Separation of the

3erum protein fractions was very irregular and the amount of

separation tended to be independent of the duration of the

experiment. In addition, with this arrangement only half

of the total length of the paper strips is available for the

separation of protein, since the serum is applied near the

top of the V. For these reasons all further experiments

were carried out using a tank within which the paper was

suspended horizontally.

In retrospect it is not altogether clear why the results

with the inverted-V tank were so unsatisfactory. Several

other /
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other workers have obtained apparently satisfactory results

with this design (Durrum, 1950; Flynn and de Mayo, 1951;

Latner, 1952). However, Durrum (1950) himself commented

that in this type of apparatus albumin does not migrate at a

uniform rate and Franglen (1953), who has examined the work¬

ings of this type of tank exhaustively, has concluded that

uniform temperature and humidities are not obtained with this

arrangement so that the flow of buffer resulting from evap¬

oration interferes with the eleetrophoretic migration.

The Horizontal Tank.

A few trial runs were carried out using the apparatus

originally described by Creraer and Tiselius (1950). In this

apparatus the paper is sandwiched between two glass plates

which effectively prevent evaporation.

The separation of serum protein fractions was better

with tliis tank than with the inverted-? tank but the resol¬

ution was still unsatisfactory due, possibly, to the migra¬

tion of the protein in the buffer solution between the filter

paper and the glass, even though the latter was 'siliconed'

(Durrum, 1955 ). (As is noted later in this section, the

serum proteins tend to migrate on the surface of the paper).

Finally, a tank in which the paper hangs freely in the

horizontal position was used (Wieland, 1948; Grassman and

Hannig, 1952; Franglen, 1953). Preliminary experiments

with this type of tank disclosed two difficulties which none

of the previous workers have fully overcome. The first was

the /
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the difficulty of maintaining the paper surface completely

horizontal without elaborate arrangements, 3uch as those

which were subsequently proposed by Franglen, Martin and

Treherne (1954). The second consisted of the tendency of

water to condense on the glass lid of the apparatus and fall

in drops on to the surface of the filter paper, particularly

during lengthy experiments.

To overcome these difficulties, a new tank was designed

containing a cooling system and a simple device for maintain¬

ing the paper strips horizontal.
'

ft Hew Electrophoresis Tank

The walls and base of the tank (38 x 30 x 9o®«) are made

of perspex (thickness 9mm«) and a glass plate (40 x 3° x

0.6cm.) forms the lid. The cooling system is similar to

that described by Boyd (1954). In the centre of the tank

is a piece of copper sheet (25 x 15 x O.lcra.) arranged cross¬

wise horizontally (Fig. 4a), To the under-side of this

copper sheet is soldered a loop of copper tubing (diameters -

external 5mm., internal 3mm.) one arm of xdiich extends to

wind twice round the inner walls of the tank. Cold tap
o o

water (temperature 3 - 13 , 500ml./oin.) is made to circulate

through the tubing. (By adjusting the temperature of the

circulating water the temperature of the tank could be con¬

trolled.)
Platinum /



Fig. 4a.

Saw 'Electrophoresis Tank: Pro jection



Paper copper sheet

t i 1
O 5 IO cm.

Longitudinal section.

Pig. 4b.

New .Electrophoresis Tank;., Longitudinal Section
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Platinum electrodes (1 x 1cm.) attached to short lengths

of platinum wire dip into buffer contained in troughs (25 x

5 x 4cm; capacity about 400ml.) constructed from perspex

(thickness 3mm.). These troughs can be removed from the

tank for emptying and cleaning. A perspex baffle perforated

by two holes (diameter 5mm.) divides the trough into a small

electrode chamber and a larger chamber into which dip the

ends of the paper strips. In use, these holes are plugged

moderately tightly with cotton wool and, being below the

surface of the buffer, allow electrical c onduction between

the chambers while satisfactorily preventing any pH change

produced at the electrode from being transmitted to the

adjacent chamber. A thin polythene tube (internal diameter

1,5mm.), bent at right angles at each end (by heating),

stretches as a siphon between the troughs and maintains

hydrostatic equilibrium between the latter. The tube, which

is easily filled with buffer by the use of a syringe and a

bent intravenous needle, remains open while electrophoresis

is in progress and passes only a negligible fraction of the

total current.

Paper strips are held in special holders (Figs. 4a and

4b) constructed from perspex strips (10 x 3mm.). Two such

strips overlap, one above the other, and are held together

by two small bolts, one being firmly set by its head into

each strip while the threaded end passes through a slot in

the /
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the other strip. A large nut on each bolt allows the two

strips to be clamped together. The free end of the strip is
o

bent back through 180 and the whole forms a handle adjust¬

able in length. The filter paper strip on which electro¬

phoresis is carried out, is supported towards each end on

horizontal bars of perapex attached to the reflexed ends of

the strips forming the handle at right angles to its long

axis. Set into these bars are short lengths (10mm.) of

glass rod (diameter 4mm.), rounded at the free end, which

pass through holes in the paper holding the latter taut.

In operation, dry filter paper strips (30 x 3.8cm.) with

holes (diameter 4mm.) in the midline about 4cm. from each end

are placed in the holders and the handles of the latter

adjusted so that the paper (dry) is held taut. The holder

with paper is then placed in the tank with the ends dipping

into the buffer and the lid is placed in position. After

about 30minutes the paper, evenly saturated with buffer, is

found to have sagged and the handle of the holder is adjusted

further until the paper is again taut. The paper lies about

1cm. above the copper sheet. The serum (5-10|il.) is then

run on to the surface of the strip in a narrow band across

the paper at a point about 7cm. from the cathode end of the

holder leaving a clear band of paper (width about 5mm.) on

each side. The lid is replaced and a further period of

60 minutes is allowed to elapse before the power supply is

switched on. The tank will accommodate six strips (three

holders). /



holders). However, it has been found an advantage to run

only four actual separations and to set up a dummy strip on

each side, external to the test strips. With this arrange¬

ment a more even, parallel migration of the protein fractions

is obtained,

D.C. power was obtained from the A.G. sains using a

full-wave thermionic rectifier with choke-condenser smooth¬

ing. Using the buffer described below, a potential gradient

of 4 volt./cm. gave a current of about 1.2ma. per strip and

adequate separation of serum protein fractions was obtained
• • - v. ,. I.

with this in 12-16 hours.

The buffer used was similar to that described by

Michaelis (1930). The exact composition was:- sodium

diethylbarbituric acid 5g., sodium acetate trihydrate 3.25g.,

Q.IK HC1 34.2ml., water to l,000mlj pH 8.6j I = 0.05.

Fresh buffer was used for each run.

Various filter papers were tried. Whatman No. 1 and

Whatman 3MM gave the most satisfactory results. The latter

was eventually chosen since it gave more even separation,

although the resolution was slightly inferior to that obtain-

ed with Whatman Mo. 1.

3. mmmmi /
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3. MSASUKSMSHT OF PROTEIN FRACTIONS AFTER SEPARATION.

A number of methods has been used for the quantitative

determination of protein fractions after separation. These

methods include measurements of dye uptalee (Cramer and

Tiselius, 1950), nitrogen content (Anderson, 1952; Levin

and Oberholzer, 1952), tyrosine content [Folin and Cioealteu

reagent (Kunkel and Tiselius, 1951)J and ion retention

(Wieland, 1948). Hone of these methods has proved entirely

satisfactory as will be discussed.

The majority of workers have used methods based on dye

uptake since these are relatively sensitive and easy to use.

The relative amount of dye taken up by each fraction is

taken as a measure of the relative amount of protein in each

fraction. The amount of dye taken up by each fraction may

be measured either by elution of the dye from each zone or

by estimating the dye jn situ by photometry.

Although many different techniques based on dye uptake

have been proposed as a means of obtaining quantitative

results, few have been examined critically. In view of this,

a preliminary investigation was undertaken to examine some of

the factors on which the validity of results depends. The

factors examined were:

1. Fixation of protein on filter paper.

2. General properties of various dyes adsorbed by
protein.

3. /
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3. Relation between dye uptake and protein concentration.

4. Density photometry (a) with transmitted light,
(b) with reflected light.

5. The precision of measurements.

Fixation of Protein

The terra fixation applied to protein is used to describe

a process whereby the protein is rendered insoluble in

aqueous solvents and which usually involves denaturation of

the protein. Denaturation, however, is not essential to

staining since natural protein readily absorbs dye, e.g.

bromophenol blue. For the purpose of staining electro-

phoretically separated protein fractions on filter paper,
o

heating at 105-110 has commonly been employed. Discombe,

Jone3 and Winstanley (1954) however, suggested the precipit¬

ation of protein on the filter paper by means of salicyl-

sulphonic acid in a solution which also contains the dye as

a convenient method of fixing and staining,

A comparison of the two methods - heat denaturation and

chemical precipitation - showed that salicylsulphonic acid

fixation results in sharper resolution of the protein frac¬

tions. This is most likely due to the absence of the

diffusion of protein in the buffer solution in the filter

paper, which occurs during heating before the protein pre¬

cipitates. In addition, the use of a combined fixation and

staining bath avoids one step in the staining process, thereby

making /
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making it simpler; moreover, the effect of oven drying time

on the staining properties of protein (Jencks, Jetton and

Durrum, 1955) is avoided. Objection to this method of

staining might be raised on the grounds that the protein-

salicylsulphonic acid complex might not stain in the same

manner as native protein, but this objection applies also to

the staining of heat-denatured protein.

Dves

Ideally, a dye for use in paper electrophoresis should

satisfy the following requirements:

1. It should stain denatured protein intensely and in

such a way that the amount of dye taken up is proportional

to the amount of protein present and independent of the type

of protein.

2. It should be readily removable from are,as of paper

which contain no protein by a procedure which does elute the

dye from the precipitated protein.

3. It should be stable in the solvent which is used for

elution (in practice this means, rather, the correct choice

of solvent) and should in solution obey Beer's law over a

sufficiently wide range of concentrations, so that the

relative protein concentrations can be computed directly from

relative densitometer readings.

4. /
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4. If the method involves direct photometry of the dyed

strip the colour of the dye must not be influenced by minor

variations in pH, which tend to occur in washing and drying

the strips. (Practically all protein dyes require an acid

medium which involves washing in water before drying).

The dyes which have been suggested as suitable for paper

electrophoresis of proteins ares

1. Asocarmine (azocarmine, B.D.H.) (Pluckthun and
Getting, 1951).

2. Bromocresol green (B.D.H.) (Robinson and Fehr, 1952).

3. Bromophenol blue (B.D.H.) (Durrum. 1950; Kurikel and
Tiselius, 1951).

4. Methyl violet (Crystal violet, I.C.I.) (Discombe et
]&.> 1954).

5. 'Goomassie brilliant blue1 (I.C.I.) (Discombe et nl..
1954).

6. 'Disulphine blue' (I.C.I.) (Discombe et al.. 1954).

7. Light green (Lissamine green SF. 130, I.C.I.)
(Griffiths, 1953).

8. 'Lissamine violet' (I.C.I.) (Discombe et al.. 1954).

9. Naphthalene black (Amidoschwartz, Bayer & Go.)
(Grassman, Hannig and Knedel, 1951).

A Unicam S.P. 600 spectrophotometer was used throughout

this investigation for the measurement of the optical densi¬

ties.

Repults. /
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Results.

Various relevant characteristics of the dyes are given,

in Table 1. Preliminary experiments showed that some dyes

were unsuitable: 'Coomassie brilliant blue' was unstable on

elution; 'methyl violet' and 'disulphine blue' stained

protein only moderately and gave appreciable background

colour; 'Lissamine violet' stained protein poorly.

With these eliminations, the remaining dyes were invest¬

igated more exhaustively.

The optical densities of solutions of these dyes in the

appropriate solvent (Table 1.) were in each case proportional

to the concentration, provided that E]_cr,.did not exceed 0.8;
the 1# extinction coefficients are given in Table 1. The

solutions of azocarraine, bromocresol green and light green

were found to be stable for at least 13hr. This, for azo-

carmine and broraocresol green, confirmed Franglen and Martin

(1954). Bromophenol blue and naphthalene blaok in

solution faded slightly, a proportional reduction in optical

density of about 5% at each concentration occurring in 18hr.

Measurement of Uptake by Profrfoi in Filler fapey,

The following procedure was adopted as providing the

conditions nearest to those operating after electrophoresis.

Serial dilutions (l/4 to 1/64) of fresh whole serum were

made, using as diluting fluid the buffer used for electro¬

phoresis. /
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phoresis. Filter paper strips (20 x 3.3cm.) were then

sprayed lightly with buffer, avoiding complete saturation and

with the paper surface horizontal, 40jil. of each serial dil¬
ution was allowed to run slowly on to the surface of the

paper, the point of the micro-pipette remaining stationary

and in contact with the paper. The 'spots' were sufficient¬

ly far apart for no overlapping to occur. After all the

'spots' had been put on, the paper was allowed to remain in

position for about lOrnin,, in order to allow the diluted

serum time to spread throughout the thickness of the filter

paper. It was then placed in the combined dye and fixing

bath (for composition see below). Roughly circular areas

(diameter approximately l6imn.) were obtained (see Fig. 10).

The application of diluted serum to paper lightly sprayed

with buffer was found to give an area of protein more evenly

stained, although slightly less regular in size and shape,

than application of diluted serum to dry filter paper. The

amount of protein in each spot was calculated from the protei:

content of the original serum determined by a micro-Kjeldahl

method using the factor 6.25. From this figure the approx¬

imate concentration of protein in each spot was obtained,

the area of the spots being taken as 2cm2.
In a few instances the protein was applied to wider

strips of filter paper in the form of bands (0.4 x 5cm.)

instead of in circular spots.

The /
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The combined staining and fixing solutions had the

following compositions

Azoearroines 200mg./l00ml. in % (v/v) salicylsulphonic
acid,

Bromocresol nreen: bromonhenol blue: 200mg, dissolved
in 20ml. ethanol and made up to 100ml.
with % (v/v) salicylsulphonic acid,

Light fyqen; naphthalpnp blatft: 200mg./lQ0ml. in %
(w/v) salicylsulphonic acid.

The papers were allowed to remain in the combined dye

and fixing bath for 2hr.

Washing was carried out as followss- With azocarmine,

bromocresol green, bromophenol blue and light green, the

papers were washed with four changes of 2% (v/v) acetic acid

and then with two changes of distilled water; with naphth¬

alene black the papers were washed with four changes in a

methanol-acetic acid-water mixture (4sl$5, v/v) and then with

two washes of distilled water.

The final c olour of the strips stained with bromocresol

green and bromophenol blue was found to depend on the thor¬

oughness of removal of acetic acid wash, becoming more blue

as the washing progressed.

for elution of the dye, the strips were cut into seg¬

ments of equal area each containing a dyed spot or band and

a segment of equal area not containing dyed protein was taken

to provide a blank (i.e. dye adsorbed by cellulose alone).

Results. /
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Results.

1. Circular areas; Dyesj- bromocresol green, naphth¬
alene black, light green.

The results have been expressed by plotting dye uptake
.

against protein concentration. With bromocresol green a
i!i -

direct proportionality between dye adsorbed per 'spot' and

protein concentration was obtained with protein concentra¬

tions in the range 25pg./cm2, to 300pg./cm2. (Pig. 5).
Below these concentrations the amount of dye adsorbed was

relatively less. With naphthalene black the relationship

between dye uptake and protein concentration deviated slight-

ly from linearity at protein concentrations outeide the

range 25|ig. to 150pg./l00ml, With light green the relation¬

ship deviated from linearity at all protein concentrations,

although this was slight at protein concentrations up to

150ug./100ml.cm^.
2» 1Bands'; Dyes:- aaocarmine, bromocresol green,

bromophenol blue, light green.

The results are given in Fig. 6. With this method the

results were essentially the same as with the previous method.

DippMpjop.

The results obtained indicated that uptake of dye by

protein in filter paper was not strictly proportional to the

protein concentration with any of the staining procedures

employed. In practice, however, the deviation from a

linear relationship is not great, provided the protein con¬

centration /
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BPB - bromophenol Blue
LG - light green
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BCG - "bromocresol green



Fig. 6.

Ifotato of Dyos by Protaln Prooioitatod
n - 'fonts'

LG - light green

NB - naphthalene black
BCG - bromocresol green
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centration is kept below a certain limit. Of the dye3

examined bromophenol blue and bromocresol green are more

suitable than the others, as they stain protein considerably

more intensely.

The absence of a strictly linear relationship between

protein concentration and dye uptake has been noted and

emphasised by various workers, notably Franglen and Martin

(1954) and Schulz and Holdereft (1956). Other workers have

concluded, however, that within certain limits of protein

concentration the relationship is sufficiently linear to be

useful (Kunkel and Tiselius, 1951j Grassman and Hannig,

1952; Sommerfelt, 1953; Hardwicke, 1954; MacKay, Volwiler

and Goldsworthy, 1954; Jencks et al.« 1955; Walsh, Hummoller

and Dunn, 1955). The most likely explanation for the curvi¬

linear relationship is the failure of dye to penetrate the

thick protein coagulum in areas where the concentration of

protein is greater. This is, to some extent, borne out by

the fact that more nearly linear results ere obtained when a

longer time is allowed for staining (Jencks et al.. 1955;

Walsh et al.. 1955).

The dye binding capacities of different serum protein

fractions, measured in terms of a particular property e.g.

weight, nitrogen content, peptide-link content (biuret

colour) or specific refractive index are not identical

(Kunkel and Tiselius, 1951; Grassman and Hannig, 1952;

Koiw, /
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Koiw, Wallenlus and Gronwall, 1952; Loeffler and Wunderly,

1953? Frenglen and Martin, 1954; Rardwicke, 1954; Latner,

Melyneux and Rose, 1954; MacKay et al.. 1954; Jencks ot al,..

1955), and factors ranging from 0,9 to 5.5 have been used to

make corrections for these differences,

Whilst it is possible in the analysis of normal serum to

calculate correction factors which will bring the results

obtained by dye-uptake measurements into line with those

obtained by other methods e.g. boundary electrophoresis, it

does not follow that the same factors will apply to all path¬

ological sera; different correction factors apply to diff¬

erent proteins so that it is clearly impossible to calculate

a precise correction factor for a mixture of proteins, e.g.

the /-globulin fraction, unless the exact composition of the

mixture in terms of individual proteins is known. For this

reason 'corrected' values are no more accurate or reliable

than 'uncorrected' values. It is clearly imperative,

however, that quantitative results obtained in the analysis

of one serum should only be compared with results obtained

by the same standardised procedure.

4- MBASORHfflSNT /
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4. KiSASORfrW OF DYSP BY DIRECT Pai^OMBTRY.

This involves either shining a light through the paper

containing the dyed protein and measuring the amount of light

adsorbed by the dye and hence the amount of dye present

(transmission densitometry) or, alternatively, shining a

light on to the surface of the paper and measuring the amount

of light reflected (reflection densitometry). Densitometers

for use with paper electrophoresis and for measuring the

adsorption of transmitted light have been devised by Grassman

et al. (1951); Griffiths (1952); Crook, Harris, Hassan and

Warren (1954); Discombe et al. (1954) and Laurence (1954)

and for measuring the reduced intensity of reflected light,

by Rottger (1953) and Lainer et al. (1954).

Quantitative results are obtained after direct photo¬

metry by applying planimetry to areas under segments of the

curve representing the distribution of protein fractions.

The validity of the results depends on the demonstration of

(a) direct proportionality of dye concentration to concen¬

tration of protein at a given point and (b) proportionality
of the reading on the densitometer to the concentration of

dye in the electrophoresis strip.

The first of these requirements has already been examined

in detail. The second will now be considered.

Transmission Densitometry /

I
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Transmission Densitometry

The instrument used was the 'Eel scanner' (Evans Electro

selenium Ltd.) which is calibrated to read directly in terms

of optical density.

To test this scanner, serial dilutions of protein were

applied to filter paper strips in the form of bands (as

described in the measurement of dye uptake by protein).

Before scanning, the strips were soaked in oil e.g. paraffin:

-bromonaphthalene::6:4 (Grassnan and Hannig, 1952) to render

them translucent and the excess oil was removed by blotting.

Two measurements were made:- (a) maximum optical

density of each band (i.e. optical density of the centre of

the band) and (b) integrated optical densities for each band

(read at lram. intervals), as the bands were narrow, relative

to the width of the light beam and did not have sharply

defined edges owing to diffusion of diluted serum from the

line of application.

The results are given in Pig. 7 and Fig, 3 which show

that with both methods curvilinear relationships existed

between scanner reading and protein concentration for all

these dyes.

Discussion.

Grossman and Hannig (1954), using azocarmine, bromophenol

blue and naphthalene black, Latner et al. (1954) using

naphthalene black and Abdel-Wahab and Laurence (1955) using

naphthalene /



Fig. 7.

Relation between protein concentration and densitometer
ro./Ah, (3) asin; tho SSL acneibonetor. Protein was contain¬
ed in bands 5 x 0.5cm.

Pves: AC - azocarmine, green filter.

LG - light green, red filter.

NB - naphthalene black, red filter.



proteii^band (ug^

Fig. 8.

Relation between protein concentration and integrated
densitometer readings. Readings were taken at lmm. inter¬
vals and integrated for each band.

Dyes: AC - azocarmine.

LG - light green.

NB - naphthalene black.
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naphthalene black, light green and bromophenol blue concluded

that optical density of stained protein was proportional to

protein concentration over the relevant concentration range.

Crook et al. (1954) on the other hand, using naphthalene

black and azocarmine, Hardwicke (1954) using bromophenol blue

and Jencks et al. (1955), Walsh at al. (1955) end Smith (1956)
have all reported that the optical density is not proportional

to the protein concentrationj even with the use of mono¬

chromatic light Van Os (1953) did not find a linear relation¬

ship, Present findings support the latter conclusion and

are in agreement with those of Price, Hudson and Ashman (1955)

who reported that various other substances, when present in

filter paper, fail to absorb transmitted light in accordance

with Beer's law. It is possible, however, that these

opposing conclusions result from the use of photometers

differing in their optical systems, light sources and filters

for both Grassman and Hannig (1954) and Durrum (1955) have

shown the effect on the results of variations in the wave¬

length of the light used. Possibly the use of different

methods of fixing and staining the protein fractions also

contributes to these discrepancies.

Obviously non-linearity between scanner reading and

protein concentration precludes the valid use of electro¬

phoresis diagrams for quantitative work, unless the readings

are first corrected either by the procedure suggested by

Crook /
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Crook ot al. (1954) or by the procedure recommended by

Andersch and Barbusca (1955) J alternatively, the scanner

may be recalibrated as suggested by Smith (1956)»
Theoretical aspects of transmission densitometry have

been considered by Crook et al. (1954) and by Jeacks et al,

(1955). It seems likely that the non-uniformity of Hie

medium (dyed protein-coagulum and filter paper) is respons¬

ible for the deviations from Beer's law noted. The inter¬

stices in the filter paper will let light through unhindered

so that as long as the interstices are not completely filled

up, some light will pass regardless of the protein concentra¬

tion. Conversely, filter paper fibres without dyed protein

will absorb some light even when the paper is 'oiled'. With

dry paper the deviations from Beer's law are greater (Grass-

man and Hannig, 1952} Durrum, 1955).

Reflection Densitometry

Using a photometer measuring reflected light Latner

et al. (1954) reported that, with naphthalene black as dye,

the reading obtained was directly proportional to the protein

concentration. In view of this, and because this type of

instrument does not require the paper strips to be rendered

translucent with oil, the use of a reflectance densitometer

was examined more extensively.

The instrument used was a double-beam 'Reflectance

Densitometer' /
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Densitometer1 (Model 3 SR Joyce, Loebl & Go. Ltd., Newcastle-

-upon-Tyne). This densitometer, which is based on that

described by Latner et al. (1954), has a null point indicator

and employs two light beams, one of which is reflected from

the surface of the paper, while the other passes through an

optical wedge filter. Attached to the optical filter is a

triangular metal plate so arranged (Fig. 9) that movement of

the pen carriage, sliding along a fixed horizontal runner and

bearing by means of a wheel on the hypotenuse of the triang¬

ular plate, causes the metal plate to move and, consequently,

the optical filter. Thus, by moving the pen carriage, the

position of the optical filter may be adjusted so that the

light beam passing through it balances the light reflected

from the surface of the paper. Displacement of the optical

filter is directly proportional (actually 1/3) to the dis¬

placement of the pen and, since the optical wedge filter is

graded in a logarithmic manner, the instrument gives readings

on a linear optical density scale. The scanning beam meas¬

ures 10 x 1mm. approximately. A blue-sensitive gas photo¬

cell with a red filter (Ilford 204) was used with papers

stained with light green or naphthalene black and a blue-

-sensitive vacuum photocell without filter was used with

papers stained with bromocresol green.

To examine the relationship between scanner reading and

protein concentration, dyed strips containing spots of

serially /
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SCANNER RECORDING DEVICE.

The Recording Mechanism in the
«Tr,c 'Reflectance Densitometer' Model 33R

See text for explanation.

Modified wedge shown as interrupted line.
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serially diluted serum were prepared as previously described

and these vere scanned. After staining and drying the test

strips, it was noted that the intensity of the dye was slight¬

ly greater on the surface of the paper to which the diluted

serum had been applied than on the other surface. This

difference was present even after some time was allowed to

elapse between applying the serum and staining the spots.

Heating the strip at 110 for 5min. after application of the

serum did not eliminate the difference. (A difference

between the intensities of dyed protein zones on the upper

and lower surfaces of the paper was noted frequently after

electrophoresis - as is discussed later). For the experi¬

ments here described, therefore, normally only the upper

surface of the paper was scanned.

Results.

Since the light beam in the scanner covers an area 10 x

1mm. and the diameter of the spots was approximately 16mm,

the plot of the 'scanner' readings consisted of a series of

flat peaks (Fig. 10). When the height of these peaks was

plotted against the protein concentration a curvilinear

relationship was found at all concentrations (Fig. 11).

Plotting the scanner readings against the amount of dye

actually present in each 3pot, determined subsequently by

elution, demonstrated a similar curvilinear relationship

(Fig. 12).

In /



Fig. 10.

Method of examining relation between protein concentra¬
tion end dffl3J.tomoter ney') yeadlpg qsj.ng the JLC
reflectance densitometer.

Above: Photograph of the dyed strip containing
spots of increasing protein concentration.

Below: Curve of Scanner' readings.



Pis. 11.

Rglatfrm between protein concentration qnfl 'spanner*
reading (JLC reflectance densitometer). Protein was

contained in circular areas approximately l6ra:n. in diameter
and 'scanner1 readings are those corresponding to the central
portion of each area (see Fig.10),

Dyes: BGG - bromocresol green.

LG - light green.

NB - naphthalene black.



Fig. 12.

Relation between 'scanner' reading and amount of dve
adsorbed to protein. The dye was adsorbed on protein con¬
tained in circular areas approximately l6mm. in diameter and
was determined by elution. The 'scanner' readings are those
corresponding to the central portion of each area.

Dves: BCG - bromocresol green.

LG - light green.

NB - naphthalene black.
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In view of the apparent discrepancy between these find¬

ings and those of Latner et al. (1954) a calibration scale

was prepared from serum dilutions exactly as described by

these authors. A curvilinear relationship was again obtain¬

ed. Measurement of the amount of serum present per unit

area of filter paper revealed that at any serum dilution the

protein concentration per unit area was approximately 50%

greater when calibration scales were prepared by the method

of Latner et al. (1954) than by the method used in this

investigation.

It was evident from these findings that, with the stain¬

ing procedure employed, the photometer did not give readings

directly proportional to the concentration of dye present or

to the concentration of protein aid that it required modif¬

ication before it could be used to measure the relative con¬

centrations of the components of a protein mixture.

ifeMLsatelJBi: the Reflectance Densitometer

This consisted in calibrating the instrument so that the

readings were directly proportional to the protein concentra¬

tion, It was decided to calibrate with the dye light green

Since the colour did not depend, as did that of bromocresol

green, on the amount of washing and since it was, unlike

naphthalene blade, readily removed from areas of paper con¬

taining no protein.

Modification /
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Modification was carried out in the following manner.

The mean scanner readings corresponding to the flat peaks of

triplicate spots of four dilutions of serum (l/3 - l/64) were

obtained. The displacements of the optical wedge filter

corresponding to each protein concentration were obtained by-

dividing the mean reading by 3, since the displacement of the

filter is l/3 of that of the pen carriage. Using squared

graph paper, a curve was constructed relating displacement

of optical filter to protein concentration. (Scales

ordinate - protein concentration 16cm. = 150pg. protein cm^j
abscissa - displacement of filter 1cm. - 1cm.). A piece of

perspex sheet (thickness 3mm.) was cut to fit this curve and

was then ma.de to take the place of the triangular plate

(Fig. 9). Displacement of the pen carriage was now propor¬

tional to the concentration of protein.

5. ANALYSIS /
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5. ANALYSIS OF SERUM PROTEINS.

Having calibrated the scanner in the manner described

the validity of the whole photometric procedure in the anal¬

ysis of serum proteins was examined. To do this, the

results obtained by elution of the dye from the stained

protein bands were compared with those obtained by measuring

the dye in situ with the photometer.

Method.

After electrophoresis under the conditions previously

described, the paper strips were removed from the electro¬

phoresis tank and placed directly into the combined fixing

and staining bath (light green 200mg,/l00ml. in 3$(w/v)

salicylsulphonic acid) in which they were allowed to remain

for lhr. The papers were then washed with four changes of

3^(v/v) acetic acid and then with two changes of distilled

water. Finally the strips were hung up and allowed to dry

at room temperature. The papers were then scanned and the

dye eluted. For the latter purpose, the papers were cut

transversely into strips containing individual protein zones

and these were dropped into measured volumes of the eluting

fluid. Sufficient eluting fluid was used to ensure that

Eicra.did not exceed 0.S, In the analysis of serum the
amount of dye adsorbed by a given protein zone was computed

as a percentage of the total dye adsorbed and the result

taken as an estimate of the relative amount of protein in

that /
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that zone. No correction was made for any difference in

dye-binding capacities of the different protein fractions

since it was felt that there was no adequate standard on

which to base correction factors, as will be discussed later.

quantitation of .Electrophoresis Diagram?

To obtain quantitative results the total area under the

curve is divided into areas, each corresponding to a protein

fraction, and individual areas are then computed as percent¬

ages of the total area. This involves (a) delineation of

the areas and (b) measurement of the areas.

Four methods of delineating the areas are available

(a) subdivision of the total area by dropping perpendicular

lines frora the minima on the curve to the base line (Tiseliua

and Kabat, 1939) j (b) subdivision of the total area into a

series of peaks symmetrical about a perpendicular line droppoc

from the maxima to the base line (Svedberg and Pedersen,

1940); (c) fitting of a series of Gaussian curves (Labhart,

1947; Wiedmann, 1947); or (d) subdivision of the total area

into triangles each corresponding to a protein fraction.

The first of these methods corresponds to the separation

achieved in elution Kind makes no allowance for overlapping

zones. The second and third methods make allowance for

overlapping zones but cannot be applied readily to asymmetri¬

cal peake. The fourth method makes some allowance for

overlapping.

After /
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After dissection of the electrophoresis diagram the

areas must be measured. Three methods are available

(a) direct measurement by means of a disc planimeter;

(b) tracing the electrophoresis diagram on paper of uniform

thickness, cutting out the pieces and weighing; and (c)

the use of mathematical formulae. The last method can only

be used to measure areas of regular shape, e.g. those bounded

by Gaussian curves (formula of Wiedmann, 1947) or triangles

(area = ^-height x base).

In selecting the method of quantitation most suitable

for routine use the following factors were considered:-

1. Reproducibility of the method.

2. Time required.

3. Skill involved.

4. Psychological stress involved in a repetitive pro¬
cedure, i.e. the amount of judgment necessary.

5. Capital expenditure.

Since the aim throughout this investigation was to

devise a procedure suitable for routine use in a hospital

laboratory, these factors were examined by comparison of

various methods.

Method Method of Delineation Method of Planimetry

I (d) (c)

II (a) (a)

III (a) (b)

The /
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The second and third methods of delineation have not

been examined since those obviously require considerable

time and skill.

An Albrit Polar Planimeter was used for method (a) and

a torsion balance of capacity 500mg. for planimetry method

(b).

The reproducibilities of the methods are given in Table

2. Thirty six tracings of the same electrophoresis diagram

were made and 12 were measured by each method. The repro¬

ducibilities obtained indicate that the three methods are

equally precise, though rather less precise than those

obtained by Grassman and Hannig (1954) (Table 4). Compara¬

tive results from various normal and abnormal sera are given

in Table 3. For each serum the three methods gave concord¬

ant results. Comparing the time involved, method I required

6 min. per diagram, method II 15 min. per diagram and method

III 8 min, per diagram. The precision of combined scanning

and quantitation of electrophoresis diagrams is given in

Table 4 which also includes corresponding values obtained by

other workers.

Djpqqpffj.on.

Method I (triangulation) undoubtedly requires greater

skill in judgment than the other two since it involves con¬

struction of triangles equal In area to figures enclosed by

curved linesj the other two methods involve only the dropp¬

ing /
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-reproducibility.

Moanresultsof12daterrainatioasvlthstandarddeviationofindividualresults.Proteinfractionshavebeencomputedaspercentagesoftotalprotein. Itethodof.ianimetrv;,>jbu-inGlobulins
i

ell

±X.

P

Y

I.Triangulation

mean

60.3

2.7

4.9

7.2

20.8

S.D.

0.73

0.30/

0.17

0.32

0.53

II•Discplanimeter
mean

62.4

2.5

4.2

7.1

23.7

S.D.

0.57

0.38

0.45

0.36

0.51

III.Gravimetric

moan

61.6

2.7

4.3

7.0

24.3

S.D*

0.64

0.25

0.36

0.28

0.52
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Coiur-ariaon of plaxdiitefcria .method - various sera

Serum Planimetry

•k
(ftobulMg

$ V

1 Method I 70.8 2.4 4.2 3.9 18,6

II 72.1 1.3 4.0 4.0 13.1
|

III 70.7 2.2 3.3 4.7 18,6

2 Method I 44.5 3.7 11.5 3.9 31.3

II 44.5 2.8 11.8 9.2 31.8

III 44.2 3.6 11.5 3,7 32.0

3 Method I 46.1 4.2 20.1 14.7 14.9

II 47.4 4.2 21.2 14.3 12.8

III 46.6 4.7 21.5 13.0 14.1

4 Method I 38.6 4.3 14.5 6.6 36.0

II
I

37.6 4#4 14.0 5.8 38.0

III 37.3 4*3 13.7 6,8 37.8

The values given are the results of a single evaluation
of the scanner diagram for each serum. Protein
fractions have been computed as percentages of total
protein*



Tablei.

precision,of'scanning'andquantitationof;3earner'curve. Coefficientofvariationofresultsexpresseda3percentageoftotalprotein*
AuthorIProcedurenjAlbuminGlobulins

*1

^2

Is

Y

,—I
Grasssmannand Hannlg(1954)

integration only

4

R.S.

0.46

3.2

3.2

2.5

1.25

MacKay(1956)

automaticscanning andintagration
20

1.3

5.7

3.4

2.7

2.6

Present ixivestigabion
semiautomaticscanning* andmanualintegration

1

12

12

1.0 1.2

9.0 3.5

4.5 3.1

2.8 3.1

3.0 2.8

* seealsoTable5.
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ing of perpendiculars from minima on the scanner curve to the

base line. For this reason method I is unsuitable for

routine use, although it is not unduly time-consuming and

has the undoubted advantage in that it requires no extra

equipment. Of the other two methods, the gravimetric pro¬

cedure (method III) is to be preferred, partly because of

the smaller expenditure of time, but m. Inly because it

involves much less psychological stress than does long con¬

tinued use of the disc planimeter in measuring the relatively

small and irregular areas corresponding to the protein

fractions.

Recently the use of densitometers, which automatically

scan the paper strip and integrate the reading obtained, has

been described in the analysis of plasma proteins (Durrani

and Gilford, 19545 MacKay, 1956). These instruments great¬

ly reduce the labour involved in obtaining quantitative

results from electrophoresis strips but are relatively expen¬

sive. The author has had no experience of such an instru¬

ment.

Effect of Modification of Densitometer.

It is convenient to note here the effect of modifying

the scanner. The effect of modification on the electro¬

phoresis curve is shown in Fig. 13. The height of the

albumin peak is increased relative to the height of the

lesser peaks. The actual results from the analysis of a

single /

|
i
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single strip were as follows

With instrument unmodified - albumin 33?., ± rglobulin 9%,

^v-globulin 17%, [3-globulin 18% and y -globulin 23%;

With instrument modified - albumin 58%, <*,-globulin 7%,

ekj-glohulin 8%, (i -globulin 9% and y-globulin 17%.

6. THE /



Fig. 13.

Effect of 'odification of Densitometer
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6. THE OVERALL ACCURACY OF BLUTION AND DIRECT DENSITOMETRY
'

^STROPS.

Twelve strips prepared from aliquots of tte same serum

were analysed and, in addition, one of the strips was scanned

twelve times. The results (Table 5) indicated that the

reproducibility obtained with elution was slightly greater

than that obtained with direct densitometry. With the

latter technique, the reproducibility obtained by replicate

scanning was not much worse than that obtained by replicate

planimetry applied to the same electrophoresis diagram

(Tables 2 and 4), which indicates that most of the overall

error of the method occurred in the electrophoretic separa¬

tion and in staining of the strip; only a small part was

due to the densitometry.

A difference in the photometer reading obtained by sca¬

nning the upper and lower surfaces of filter paper containing

dyed protein has already been mentioned. Generally the

upper surface gave the higher reading; the mean ratio

(upper/lower) of the readings corresponding to the albumin

peak of 16 different sera was 1.14 (range 0.92 - 1.42).

However, in spite of these differences, the relative concen¬

trations of the protein fractions computed from the curves

obtained by scanning each side of the paper, were not apprec¬

iably different (Table 6).

The /



Table5.

Reproducibilityofresultsobtaiaeaa)byelution.b)bydirectdensitometry Resultsexpressedasmeans±8D,aspercentagesoftotalprotein
Procedure

serum

n

Albumin

^1

Globulins
6-2P

y

elution- replicatestrips

A

12

66.fcfcL.75

4.4±0.52

6.9±0.55

9.210.78

12.8+1.21

directdensitometry- replicatestrips

A B

12
10

66.6+2.53 59.112.95

3.9+0.67 7.610.91

6.210.77 7.9*1.26

7.6±0.88 11.310.97

15.612.11 13.0n.83

directdensitometry replicatescanning(oneStrip)

A
C

12

63.9*0.64 49.610.58

3.7±0.41 6.110.52

7.I+O.32 io.oio.31

7.1+0.20 14.210.46

I7.8i0.53 20.010.71

directdensitometry* replicatequantitation ofonecurve

A

12

i63.6+0.52

4.310.42

7.I1O.29

7-3*0.15

17.7*0.41

*seealsoTable12
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The differences between duplicate analyses on the same

serum, using direct densitometry with the modified instrument,

ranged from a mean value of 1.0% of total protein for the

-globulin to 3.7% of total protein for the albumin fraction

(Table 6). The corresponding values for elution were

slightly less, again indicating that elution was the more

precise method.

The reproducibility of paper electrophoretic analysis

of serum protein obtained by other workers has been summar¬

ised in Table 7. From this table it will be seen that with

both elution and direct densitometry the results obtained in

the present investigation are of the same order of magnitude

as those obtained by others, who, in general, have found that

the precision of elution is rather better than that of direct

densitoraetry.

Comparison of Elution and Direct Densitometry
in the Analysis of Various Sera

In the analysis of various sera, normal and pathological,

the results obtained (a) by elution and (b) by direct densit¬

oraetry were essentially the same (Table 6) provided the mod¬

ified densitometer was used. This finding further validates

the use of the modified instrument and shows, at least, that

the latter can measure accurately dye adsorbed on to protein

in filter paper.

Effect /



Table6.

Comparativeanalysesofvarioussera.
Resultsareexpressedasmeandifferences,1S.D.orrange,aspercentagesoftotalprotein. ResultsbyMethodAminusresultsbyMethod

MethodA
Elution Elution Directdensitometry Elution Directdensitometry uppersurface

B

MetaodB
Directdensitometry unmodifiedinstrument Directdensitometry modifiedinstrument Directdensitometry Elution Directdensitometry lowersurface

No.of sesra 14 45 17* 36* 17

Albumin +17.4±7.1-1.2±2.9 -l.l±3.8 3.7(0-8) 2.3(0-9) +0•214.1

+o.9±l.9 1.0(0-2) 1.4(0-6) -0.3+1,2

Globulins
—6.012.2 -0.5±2.2 1.2(0-9)

-7.7+2.2 +0.4±2.2 1.4(0-3)

1.1(0-3)1.4(0-6) +0.7±1.0-0.2±1.9
-3.4+9.7 +0.112.7 1.9(0-7) 1.6(0-6) -0.4+3.8

*Intheseduplicateanalysesalldifferencestakenaspositive.



Table7.

Precisionof•:lcctro-,;xioretlcurnlycis01' eeruarotin (*)Pap>rL;ctro-.uoresis-.itnrlotion
Coefficientsofvariationofresultsexpressedaspercentageoftotalprotein Authorserum

Server(1930)normal Fluckthunana Gotttng(1931)nomal Sonnet(1903) Jtucksetal(1953)various Presentinvestigationncrn&l
n

10

abnormal10
8

,8I8
12

Albumin •2

4 3

Unweightedmean

12

7

14 17 14
12 12

Globulins 8
4 7

8 9
8 7.5

10

9

13 11

7

12

6

12
10 20

99 9.510.5



Table7.

(b)Paperelectrophoresis-directdensitometry
Author

Serum
-r

Soamerfelt(1952)fnormal
1

abnormal normal normal normal normal normal abnorraal (abnormalI abnormal

AndereschanaEarbusca(1956)abnormal
' abnormal

PresentInvestigationJJnormal
i(.abnormal

Sonnet(1953) Crooketal.(l954) GrassiaanandHarrnig(1954) MacKayetal.(1954) SchulzandHoldcr&ft(1955)

n 13 12 10 8x4
5 5 5 5 8 6 6 S.S. M.S. 12

Albumin

Globulins A*.
-X

3 2 4 4
7

J*
2 1 1 3 4 4 2 1 4 5

9 7

12 20 10 19

5 3 9

26

8 6 3

17 12

7 5

11 20

8 7 6 6 6

19 12

1 a

12 16

6 5 6

11

6 8 4 7 5

12

8 3 4

12

9

(c)Paperelectrophoresis--directdensitometrywithautomaticintegration *>
Durrum(1955) MacKay(1956)

various
I - fnormsy.

"Jnormal ' normal

8 8 8 8

30

8

4
3

4 6
8 3

14 19
10

7

20
20

7 6 9

12 17 17

7

10 15

5

13 15

9 7
6 8 7 7 3 4 5 3

8 1 2

14 14

8 8

20 10 13

6



MH?•M1)
(d)Boundaryelectrophoresis

'

Author

seruia

n

Albmsin

^1

Globulins
n>

Y

CohenandThomson
U94S)

normal

3***

3

22

li

6

13

Bierringandhiolsen (1952)

various

23*

U7

U7

1.2

U3

1.7

27*

1.7

U7

1.1

1.4

1.8

Birch-Andersen
(1952)

N.S.

H.3.**

3

11

9

6

5

* standarddeviationofindividualresultestimatedfro^iresultsofduplicateanalyses **appropriatevaluescalculatedfrornormalsera ***range(percentofneanvalue)froratriplicateanalysis
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ffffqcfr of of Serum

Twofold dilution of the serum with buffer prior to anal¬

ysis was found to produce a small but consistent effect on

the results obtained (Table 8). With diluted sera the rel¬

ative concentrations of albumin wore less than with undiluted

sera so that the relative concentrations of the globulin

fraction were greater.

Determination of 'Absolute' Concentrations
of Serum .protean .Fraction?,

The electrophoretic analysis of serum enables the con¬

centration of any one protein fraction to be computed as a

percentage of the total protein. An estimate of the absol¬

ute concentration of each fraction (i.e. in g./lOQml,) can

be obtained from the electrophoretic results and the total

protein concentration.

It is evident that absolute concentrations calculated

in this way are correct only if it can be shown that the

dye-uptake/biuret-colour ratios for each protein fraction

are identical. As has already been discussed, this ratio

varies from protein to protein so that 'absolute concentra¬

tions' computed in this manner are indices rather than true

concentrations. Nevertheless, since no other method yet

devised gives results free from this objection and since, in

most cases, differences in the relevant properties of indi¬

vidual proteins are not great, it is valid to use these

'absolute' /



Table5.

Analysisofdilutedanaunailuteaserein.
Resultsexpressedasmeansofduplicateanalysescarriedouton (a)undilutedserum (b)serumdiluteuwithbuffer(1:1)

Relativeconcentrationsdeterminedbyelutionandexpressedaspercentageoftotalprotein. Serum

Albumin

<*>2

Globulins fr
y

A

a

67.2

4.6

7.5

9.5

11.3

b

65.8

4.8

7.0

9.3

12.0

B

a

61.8

6.7

7.7

10.8

13.4

b

58.3

7.1

8.7

9.5

16.4

C

a

43.8

5.3

12.1

10.3

28.5

b

37.4

7.9

11.9

11.0

31.5

D

a

59-6

6.3

9.8

11.8

12.7

b

56.7

8.5

9.8

10.9

14.1

E

a

67.0

3.2

6.2

9.7

14.2

b

64.9

2.7

6.6

9.9

14.8

F

a

44.7

5.8

14.3

14.3

21.0

b

37.3

9.3

18.6

15.7

19.1

Means

a b

57.4 53.4

5.36.7

9.6 10.4

11.7 11.5

16.9 18.0
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1absolute' concentrations in comparing serum protein patterns

in health and disease.

Method for the Determination of Total Protein.

The method finally adopted is a modification of a

eolorimetric procedure (biuret) described by Gornall,

Bardawill and David (1947).

Reagents: Sodium chloride: 0.15 M.

Biuret reagent: copper sulphate (OuSO^, 5H2O)
1.5g. and sodium potassium tartrate 6.0g. are
dissolved in 500ral. water; to this solution
are added 300ml. 2.5N NaOH (carbonate free)
and the volume made up to 1000ml.

To 1.0ml. sodium chloride solution was added 0.05ml.

plasma or serum followed by 4.0ml, of biuret reagent. After

2hr. the resulting colour was measured in a Unicam 25s 600

spectrophotometer at 560raji. and the results were obtained
from a graph relating optical density to protein concentrat¬

ion. A reagent blank was included. The calibration curve

was prepared by analysing serial dilutions of normal sera

whose protein contents had been determined by a standard

micro-Kjeldahl method.

It was found necessary to allow the colour to develop

for longer than the time recommended by the original authors

(Gornall et al.. 1947) in order to obtain maximum colour

development (Table 9); further, with many pathological sera

it was not found possible to read the colour after longer

than 6hr. on account of a turbidity, the development of

which, however, was never noted with nomal sera.

As /
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Time - development of biuret colour.

Results (means of duplicates)as Slcm, at 560 raji.

30 min. 60 udn* 120 rain. 240 rain,

serum 1. 0,214 0.223 0.225 0.225

serum 2, 0.242 0.248 0,251 0.250
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As was to be expected from the method of calibration,

the biuret method gave results for total protein in normal

3era identical with those obtained by a standard micro-

-Kjeldohl method. With pathological sera, however, the

results were not always identical, tending to bo lower with

the biuret method. Such discrepancies have been noted by

previous workers and are presumably due to the different

nitrogen/peptide linkage ratio of proteins present in vari¬

able proportion. An extreme example of this was noted by

Osserman and Lawler (1955), who examined a serum of which

the total protein appeared to be ll.Og./lOOml. when measured

by a micro-Kjeldahl method and only S.Og./lOOml. when a

biuret method was used.

Precision of Totgl Protein Determination.

In two series of 12 replicate analyses on different

sera the coefficients of variation were found to be 1.2% and

3«3# respectively with total protein concentrations of 5.6g./
100ml. and 4.6g./l00r:il. The precision of this method is

greater than that of the micro-Kjeldahl method for which a

corresponding value of 3.5p was found in a serum with total

protein concentration of 6.0g./l00ml.
Time Required for Analyses.

In assessing the usefulness of any procedure it is

always necessary to consider the time required. Using the

electrophoretic method described, with the gravimetric

method /
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method of planimetry, one worker can deal with some 15 or 1

sera in a working day of Shr. This time is made up as

followsi-

Cleaning and charging the tanks

Separating sera and applying to paper

Staining, washing and drying strips

Scanning

Cutting out area, weighing, calculating
and recording

Preparation of solutions (average per day)

Determination of total protein

Ihr, Orain,

40min.

40ndn.

lhr. 30min.

2hr. 45min.

15min.

lhr, Omin.

7. SLBCTROPBORESIS /



-52-

7. ELECTROPHORESIS OF URINARX PROTEIN.

Normal urine contains only traces of protein (Rigas and

Heller, 1950? McGarry et al.. 1955) and even in pathological

urines the concentration of protein is usually 1®33 than that

of blood serum. Since it is impracticable with paper elec¬

trophoresis to apply more than a small volume (about 5pl./
cm, width) to filter paper strips, it is usually necessary

to concentrate the protein in urine before analysis. In

concentrating the protein in urine, the concentration of

electrolytes and other substances such as urea must not be

allowed to become too high. Otherwise, the protein is

partly precipitated or denatured.

Several methods for concentrating protein have been

proposed:-

1. Dialysis against concentrated solutions of substan¬

ces with high molecular weight such as dextran - originally

used in concentrating C.S.F. (Schneider and Wallenius, 1951),

polyvinylpyrrolidone (Slater and Kunkel, 1953) or carboxy-

methyl cellulose (Wolvius and Verschure, 1955).

2. Ultrafiltration (McGarry et al., 1955).

3. Precipitation using cold ethanol (McGarry et al..

1955).

4. Dialysis with subsequent lyophilisation (Sellers

and Marmorston, 1956).

Dialysis /
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Dialysis against a concentrated solution appeared to be

most suitable, being simpler technically than the other

methods. Precipitation with cold ethanol involves a risk

of denaturing some of the protein, whilst dialysis before

concentration may cause some protein to precipitate irrevers-

ibly due to the lowering of the ionic strength. The use of

ion exchange resins which has been found suitable for the

concentration of protein in cerebrospinal fluid (Eaton and

Gardner, 1953) does not appear to have been tried with urine.

However, only a few isolated batches of the particular resin

used have proved entirely satisfactory (Eaton, personal

communication).

Experiments were carried out with both dextran (Bengers

Ltd.) and carboxymethyl cellulose (I.C.I. Ltd.). However,

only with the former substance could solutions of sufficient¬

ly high concentration be prepared. Apparently the proper¬

ties of carboxymethyl cellulose vary from preparation to

preparation (Wolvius, personal communication) which may

account for the unsuitability of the sample tried.

M*Q,d.

About 20®1. of urine were placed in a cellophane bag

(tubing tied at both ends) which was immersed in a solution

of 10> (w/v) dextran in 0,9$ (w/v) RaCl, saturated with
o

chloroform as preservative, at 5 0 for 24-48hr. The sodium

chloride was present to maintain the ionic strength of the

urine /
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urine being dialysed, so that protein would not precipitate.

tfith this procedure a concentration of about 200-fold

could be achieved in about 48hr. The concentrated urine

was then applied to the filter paper strips in the same

manner as serum.

Determination of Tq^ Projelp in Urtnp.

Total protein in urine was determined by a turbidimetric

method (Kingsbury, CIark j Gillian and Post, 1926). To

0.5ml. of filtered urine was added 4.8al. of % (w/v)

salicylsulphonic acid in 8.8p (w/v) NagSQ^ and the resulting

turbidity measured after 2hr, in a Unicam SP 600 spectro¬

photometer at 650mp. The concentrations of protein were
obtained from a calibration curve constructed from serial

dilution of pooled normal serum of known protein content

(micro-Kjeldahl method, factor 6,25).

3. G3NSR1L /
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8» GENERAL DISCUSSIOH OS ZONE ELECTROPHORESIS APPLIED TO THE
ANALYSIS OF BLOOD AND URINARY PROTEINS.

The validity of quantitative results obtained by paper

electrophoresis and measurement of dye uptake has recently

been questioned (Slater and Kunkel, 1953; Franglen and

Martin, 1954). Discrepancies between the results of serum

protein analyses obtained by the boundary electrophoresis

procedure of Tiselius (1937) and electrophoresis on paper

have been noted by many workers (Gremer and Tiselius, 1950;

Kunkel and Tiselius, 1951; Schneider, 1951; Bierring and

Nielsen, 1952; Grossman and Hannig, 1952) and these dis¬

crepancies have been largely attributed to the differences

in the dye uptake by individual protein fractions. Other

workers (e.g. MacKay, Volwilsr and Goldsworthy, 1954;

Cooper and Mandel, 1955), however, have found good agreement

between the results obtained by free electrophoresis and

electrophoresis on paper in the majority of instances.

Exceptions occurred mainly vdth sera having a high lipo¬

protein content.

There is, however, no good reason why the results

obtained by one method of electrophoresis should agree

exactly with those obtained by another method. The specific

refractive increments (Armstrong, Budka and Morrison, 1947),

the relative nitrogen contents (Armstrong et al.. 1947), the

peptide linkage content (biuret colour) and the dye-binding

capacities /
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capaeities of individual proteins are known to vary from

protein to protein so that the percentage composition of a

protein mixture, e.g. serum, is bound to depend on the method

used for analysis. Even methods based on the same principle

may give different results, e.g. those of Antweiler and

Tiselius for boundary electrophoresis (Bierring and Nielsen,

1952).

However, as will be shown, the value of serum protein

analysis in the study of physiological and pathological

processes does not depend entirely on the possibility of

obtaining accurate absolute measurement of the various

fractions present. What is required is a reasonably repro¬

ducible index of these fractions relative to each other or

to the total amount of protein present. Changes in these

indices then become of significance even though the extent

of the changes cannot be computed in absolute terms. In

this light the observed discrepancies between the results

obtained by the Tiselius method and those given by paper

electrophoresis become unimportant and it would not appear

necessary for many purposes to make arbitrary corrections

for any differences that may exist in the dye-binding

capacity of protein fractions.

In practice, the choice between two analytical proced¬

ures, assuming equal sensitivity and specificity, depends

largely /



largely on the balance between the precision obtainable and

the complexity of the technique employed. The complexity

of replicate analysis by the boundary electrophoresis method

is certainly greater than that of paper electrophoresis, as

is also the cost of the equipment required. As far as

precision is concerned, Armstrong(1950) using the 'classical'

method reported an experimental error in the resolution of

'schlieren' diagrams of £1.5$ of the total area; the overall

error in the analysis may well have been greater than this,

since it is not clear whether the figures given refer to the

whole process or only to the planimetry. Antwailer (1952)

using a micro adaptation of the 'classical' apparatus report¬

ed an average standard deviation of ^0,5$ of total protein

for each component, though Bierring and Nielsen (1952) could

not attain this precision. Other values for reproducibility

attainable with boundary electrophoresis are given in Table

7d. Comparison of these values with those obtained by the

electrophoretic analysis of serum proteins on paper (Table

7) indicates that the reproducibility obtained with paper

electrophoresis and measurement of dye uptake is just less

than that obtained with boundary electrophoresis. The

sensitivity of paper electrophoresis is actually greater than

that of the Tiselius method, whilst the specificity would

appear to depend more on the conditions (pH, type of buffer,

temperature /
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temperature etc.) operating dicing electrophoresis than on

the method employed. On these grounds it would appear that

paper electrophoresis with measurement of dye uptake offers

considerable advantages over boundary electrophoresis in the

measurement of serum protein fractions in terms of a series

of relative indices.

With paper electrophoresis direct densitometry offers

several advantages over methods involving elution. It is

less time-consuming and provides a permanent record of

protein pattern; moreover, elution has the big disadvantage
.

that the breaking of a single test-tube necessitates complete

re-analysis of the serum concerned. Scanning does not

involve this risk. The reproducibility obtained with

elution, however, is rather better than that obtained with

direct densitometry (see Table 7) and, as has been noted,

with certain densitometers and staining techniques the read¬

ings obtained are not proportional to the dye concentration,

which necessitates either direct calibration of the instru¬

ment or the application of correction factors, procedures

which increase the complexity of the method.

With the J.L.C, reflectance densitometer none of the

dyes examined gives a linear relationship between scanner

reading and dye concentration. A similar result for the

dye 1Solacit Fast Blue* has been reported by Ayers (1956),

who points out that this is to be expected owing to the

Kabella-Munk /
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Kabella-Munk law's being inapplicable to the absorption of

light by dyed protein on filter paper. This type of photo¬

meter, however, is relatively easily calibrated so that it

gives readings directly proportional to the dye concentration

and a series of formers ".ay be constructed for use with

different staining techniques. Further, the determination

of dye by means of an instrument measuring the reduction of

reflected light avoids the need for rendering the paper

translucent. The differences in the readings obtained in

scanning the upper and lower surfaces is possibly due to a

failure of the serum protein to permeate evenly the thickness

of the filter paper even in the 12-l6hr. during which electro¬

phoresis takes place. However, the agreement between the

relative concentrations of protein calculated from the curves

obtained from each side makes this finding relatively unimp¬

ortant as fax as results are concerned.

Latner et al. (1954) using a photometer similar to that

used in the present investigation reported that the photo¬

meter readings (in terms of optical density) were proportion¬

al to protein concentration. Present findings indicate that

photometer readings (also in terms of optical density) are

not proportional to protein concentration even when an exact¬

ly similar method of preparing standard curves is employed.

The discrepancy between present findings and the conclusions

of Latner et al. (1954) is, however, more apparent than real,

for /
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for inspection of the calibration data of these workers

reveals that their scanner was less sensitive (presumably

due to the use of a different optical system) than that used

in the present investigation in which lower protein concen¬

trations (amount of protein/unit area of paper) were found

to give equivalent readings on the scanner. Examination of

their published calibration curve shows that, at the lowest

four serum dilutions examined by Latner et al. (1954), which

correspond to the range used in the present investigation,

the plot of their experimental data is consistent with a

curvilinear relationship between scanner reading and protein

concentration. Considering the whole range of protein con¬

centration, however, the relationships do not deviate sig¬

nificantly from linearity.

The use of a combined fixing and staining bath (Discombe

et al.. 1954) avoids the necessity for drying the strips

after electrophoresis, a procedure which has been found to

reduce the sharpness of the resolved protein zones. It

would seem, also, that with this method the uptake of dye by

protein is more nearly proportional to the protein concen¬

tration than has been reported for other staining techniques

(Franglen and Martin, 1954). These workers and others

(Hardwicke, 1954; Jencks et al.. 1955) have also noted

differences in the relative uptakes of dye by albumin and

the main globulin fractions. In the present investigation

whole /
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whole Genua was used to investigate the dye uptake, since it

was concluded (as has already been discussed) that no advan-

tage would be gained by applying corrections for any differ¬

ence in dye uptake by protein fraction; and, while linearity

between dye uptake and a protein concentration could not be

demonstrated with the dye used for all protein concentrations,

deviations from linearity were not appreciable over a suff¬

iciently wide range. The application of only lOpl, of
serum per strip ensured that the protein concentration did

not exceed this range - except, rarely, in the analysis of

sera from patients with multiple myeloma whose serum protein

pattern contained a relatively narrow, concentrated zone.

The effect of dilution of the serum on the results

(Table 8) is probably due to the absence of exact proportion¬

ality between dye uptake and protein concentration over all

ranges of the latter. However, the differences produced by

a two-fold dilution of the serum are so small, that the

changes in total protein concentration of serum, which occur

as a result of in vivo alteration in serum water content,

cannot appreciably affect the results obtained with a stand¬

ard procedure,

Discombe et al. (1954) using light green as a dye and

measuring dye by direct photometry (transmission), also noted

that the results depended on the amount of serum analysed,

the relative concentration of the largest protein fractions
/

present /
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present (y-globulin in the example quoted) being apparently
less when a larger amount of serum was analysed. The diff¬

erences noted were larger than those found in the present

investigation and may possibly have been due, in part, to the

absence of a linear relationship between scanner reading and

protein concentration - a point on which no information is

available.

It may be concluded, therefore, that with zone electro¬

phoresis on paper and direct photometry of the stained protein

zones, serum protein fractions can be measured as precisely

as with other electrophoretic techniques and with greater

ease, so that changes in the distribution of serum proteins

can be computed with sufficient accuracy to provide reliable

information. Moreover, it Is emphasised that with no exist¬

ing method of analysis can serum protein fractions be meas¬

ured in absolute terms.
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?BCTff>M p.

ELECTROPHORESIS OF NORMAL SERUM PROTEINS.

1. THE ELECTRQPHORETIC PATTERN OF HQRMAL SERUM.

Using boundary electrophoresis at pH 7.4, early workers

(Tiselius, 1937; Longsworth, 1939) noted in normal serum

four main protein fractions which were designated albumin,

oL-, p- and y-globulin, respectively. Longsworth (1942)
investigating the use of different buffers observed that

better resolution was obtained using a veronal buffer of pH

8.6. Moreover, with this buffer he was able to demonstrate

a fifth protein fraction, migrating slightly slower than

albumin. This new fraction was termed oC(-globulin to

distinguish it from the fraction previously termed-globulin

which was now termed -globulin. With plasma, a sixth

fraction fibrinogen is present, migrating between the /3- and

y-globulin.
The majority of investigators who have used paper elec¬

trophoresis in the study of serum or plasma proteins have

employed buffers at pH 8.6 and have resolved five fractions

from serum or six from plasma. Most analyses, however,

have been carried out on serum since fibrinogen (in plasma)

tends to precipitate on the filter papey, which interferes

with the estimation of y-globulin.
The /
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Tha resolution of serum proteins into only five frac¬

tions must not, however, be taken to indicate that five

protein species alone constitute the greater part of serum

proteins. Clearly proteins of different molecular size,

shape and chemical composition may by chance migrate at

approximately the same rate. Indeed, with certain tech¬

niques it is possible {vide infra) to resolve some of the

five main fractions, at least partially, into subtractions

and separate measurement of these subfractions has been made

from the electrophoretic curve on the assumption that bound¬

aries of individual proteins are symmetrical, asymmetry

being due to the presence of other proteins.

Using this method of computation, Wiedemann (1946) was

able to demonstrate three components of the(i -globulin
fraction and two components of the y-globulin fraction.
Berry and Ghanutin (1955) have gone even further with this

method of analysis and have determined separately no fewer

than 17 separate globulin fractions (4 d.-globulins, 2

globulins, 5 jb -globulins and 6 y -globulins). This procedure,
however, is in general only applicable to separations achieved

with boundary electrophoresis, since the elecfcrophoretic

curve obtained by scanning stained paper electrophoresis

strips is seldom sufficiently precise, owing to the effect of

various factors including non-uniform migration which results

from endosmotic and evaporative flow of buffer.

Even /
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Even with paper electrophoresis, however, it is possible

under certain conditions to demonstrate subfractions.

Wiedermann (1953) using a sodium veronal-hydrochloric acid

buffer (pH 8,6, I = 0,05) was able to separate the /5-globulin
fraction into two subfractions, Similar results (Fig. 14)

were consistently obtained in the present investigation, the

buffer being similar to that used by Wiedermann (1953) but

containing in addition sodium acetate. It should be noted,

however, that others - see Consden (1955) - who have used

the same buffer have not obtained a satisfactory resolution

of two [i -globulin fractions, which implies that the condit¬

ions under which electrophoresis is carried out are also

important.

Other investigators have noted resolution of subfract¬

ions, usually, though not always, 3»f» Andersch and Barbusca

(1955), under particular conditions which have been summar¬

ised in Table 10. In sorae instances, additions to the usual

veronal buffer, e.g. calcium ions, or the use of a completely

different buffer, e.g. borate buffer, have enabled consistent

subfractions to be obtained. With borate buffers the effect

is possibly due to interactions of borate ions with the

carbohydrate components of the proteins and in this connect¬

ion the striking subfractionation obtained by Smithies (1955)

on starch gels in borate buffer should be noted.

Preliminary /
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Table10.

Subfraeti.-nationofmainserumproteinfractionswithpaperelectrophoresis
Author

Wied.ermann(1953) Miltenyi(1955) J*s.uTelland£auYell(1955) ConsdenandPowell(1955) Abdel-Wahabetal.(1955) Christiansen(1955) GevS(1955)

buffer

Conditions
Veronal-HC1 Veronal-HC1 Veronalcontaining 1.25calciumion 0.2raborate 0.12mborate

?Veronal ?Veronal

serum

normal normal normal normal normal

Effect _
fractionlargerthanPig

f/»Tandfractionsseparatedin16-20far.lyiandy2fractionsseparatedin24hr. IK fractionnormallyQ.S0±0.Q55g/100ml. /SginactionnormallyQ.25±0.045gA00 Afractionlargerthan andJ3fractionsbothsplitintotwo
[fractions

(

afterheparininpatientsj>fractionsplitintotwosubtractions withseverediabetes rarelyinnormalsduring alimentarylipaeaia

fractionsSplitintotwosubtractions;
theeffectisabolishedfeyheparin

\
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Preliminary experiments in this investigation shoved

that the slowor (3 component was not stable to storage even

when the serum, was kept at 5 C. Analysis of sera which had

remained at room temperature for more than a few hours gen¬

erally gave poor resolution of the subfractions or only one

zone. In view of this it has not, in general, been possible

to take the subfractlonation of the -globulin zone into

account in computing the usefulness of paper electrophoresis,

and in most of the analyses presented in this thesis the two

fractions have been measured as one. However, results

obtained by analysing fresh normal serum indicate that the

faster [^-globulin component constitutes 60-70% of the total

(3 -globulin.
Whilst it is possibly dangerous to equate the corresp¬

onding subfractions obtained by different investigators

using different conditions it is, perhaps, of interest to

note that Consden and Powell (1955) have also observed that

their slower fraction is unstable to storage and have,

along with Wiedermann (1953) and Laurell and Laurell (1955),
found that the faster component predominates in nomal serum.

The latter workers have concluded that the slower component

of (3-globulin is largely lipoprotein which is known to be

less stable than other proteins (Forbes and Taylor, 1955).

2. QUANTITATIVE /
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2. QUANTITATIVE FRACTIONATION OF NORMAL SERUM.

In discussing the validity of results obtained by elec-

trophoretic analysis stress has been laid on the possible

differences which may occur in the results obtained with

different methods. In view of this, before clinical studies

can be carried out it is essential to establish for the

method selected the normal serum protein pattern and the

variation to be found in healthy Individuals. For this

purpose serum from a number of healthy laboratory personnel

and from healthy blood donors was analysed.

Results.

The results are given in Table 11, from which it will

be seen that there were slight differences in serum proteins

of the two groups, most noticeable in the y -globulin values
which tended to be higher in the blood donors.

Whilst the first group (laboratory personnel) is too

small to allow statistical evaluation of the differences it

must be noted that this finding is in keeping with observa¬

tions of de la Huerga and Popper (1950), who used a purely

chemical method of estimating y-globuiin. In view, however,
of the relatively small magnitude of the differences, the

combined results have been taken in computing the normal

values for the present method. There is, also, the poss¬

ibility that the observed differences were due to a different

age distribution of the persons from whom the samples were

obtained. /



Table11.
Proteininnormalserum

(a)Relativeconcentration(percentageoftonalprotein)
Group

No.

i

Albumin

J-l

Globulins
^2

1

I

7

mean

67.5

3.7

6.2

9.3

12.8

range

6>71

2.6-3.8

4.7-7.5

7.3-12.6

11-15

II

27

mean

64.3

4.6

5.7

9.3

16.0

range

55-72

2.0-7.7

4.2-11.3

4.4-13.5

11-12

Combined

34

mean

65.I

4.5

5.8

9.3

15.4

S.D.

4.3

1.6

1.4

2.2

3.0

mean±S.D.

56-74

1.2-7.7

3.0-..6

4.9-13.5

9.6-20.6

actualrange
55-72

2.0-7.7

4.2-II.3

4.4-13.5

11-22

GroupI-laboratorypersonnel GroupII-transfusionjt\o/5



Table11.(Co*U.)
(b)Absoluteconcentration(g/100ml.)

Group

—|

No.

Total protein

Albumin

^1

Globulins
d.t.P>

y

I

7

]

mean range

6.47j4.44 5.8-7.54.0-5.0
0.23 0.15-0.33

0.39 0.29-0.51

0.59 0.46-0.81

0.83 0.65-1.01

II

27

mean range

,7.13 6.1—S»3

4.59 3.6-5.6

0.32 0.17-0.59

0.40 0.27-0.73

0.65 0.50-1.02

1.14 0.88-1.55

Combined

34

mean S.D. mean+2S.D. actualrange
7.00 0.66 5.7-8.3 5.8-8.3

4.55 0.29 4.0-5.2 3.6-5.6

0.31 0.14 0.10-0.58 0.17-0.59

0.40 0.09 0.32-0.58 0.27-0.73

0.64 0.16 0.32-0.96 0.46-1.02

1.08 0.24 0.60-1.52 0.68-1.59

GroupI-laboratorypersonnel GroupII-transfusionnonors
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obtained.

For comparison with these values the findings of other

investigators have been summarised in Table 12, from which

it appears that the present results are in general agreement

with the reported normal values, with respect to both means

and ranges. It is also clear from Table 12 that the normal

values and ranges depend on the exact procedure employed, so

that even workers ostensibly using the same method have

obtained different results, 8.g. MacKay at al. (1954) and

Neely and Keil (1956).

Normal values and ranges obtained with boundary electro¬

phoresis have been summarised in Table 13. In general,

there is less scatter in the mean albumin percentages obtain¬

ed by different workers (range of means 53% to 6lp) compared

with the values obtained by paper electrophoresis (range of

means 54/> to 67$). In addition the albumin values obtained

by boundary electrophoresis tend to be less than those

obtained by the other method, whilst the y -globulin values
tend to be lower, at least in relation to the /3-globulin
values. Reasons for these differences have already been

discussed and include the inclusion of lipoid component of

lipoproteins in measurements made with boundary electrophor¬

esis.



Table12.

'Normalvalues'forserumproteinobtainedtrypaperelectrophoresis (a)Relativeconcentration(mean1S.D.)
AuthorDye*

Brante(1952)BPB HuntandTrews(1954)NB H&rdwicke(1954)BPB Pluckthun(1952)AC ConnandKlatekin(1954)NB
AC

MacKayetal.(l954)NB CooperandManael(1955)BPB AfcdelWah&betal.(l956)L.G. NeelyandNeil(1956)NB Unweightedmean

Method
elution*** densitometry elution elution elution densitometry- automaticdensitometry automaticdensitometry densitometry

Albumin

Percentageoftotalprotein Globulins
V

f*

Y

65**(ivie
A .+1)

8~

11

17

75.&±5.3(.k<
A<ii\

5.512.6

8.511.9

10.3±2.8

64#*

5

10

10

15

5?±2.5

4.2+0.7

8+1.1

10.611.9

18.2±2.5

67**

5

7

9

13

57«4±4.0

4.211.1

8.5±1.2

14.011.8

15.913.3

54.013.0

3.910.4

10.311.7

12.711.1

19.012.9

57**

4

8

11

19

64**

3

6

9

17

60.3

4.2

6.6

10.8

16.0

*BPB-bromophenolblue;NB-naphthaleneblack;AC-asocarmine
**calculatedfrommeanabsoluteconcentration ***usingaglobulinconcentrationfractionl.p



Table12.(c.*W.)
(b)Absoluteconcentration(mean±S.D.)

Author

Dye*

Method

Albumin (g/lOOral)
(g/lOOml)

Globulins
d«v (g/lOOal)(g/lOOnd)
V (gjioo-vl)

Brante(1932)

BPB

elution**

4.8±0.4

0.56*0.12

0.82*0.14
1.24*0.26

ConnandKlatskin(1934)
NB

AC BPB

elution

4.8*0.2

0.35*0.08

0.53*0.10

0.61*0.06
0.92*0.13

Hardwicke(1954)

elution

4.0

0.3

0.6

0.6

0.9

Abael-Vfth&betal.(19)6)
L*G*

automaticdensitometry
4.15*

0.2910.07

0.59*0.07

0.83*0.10
1.40*0.19

NeelyandNeil(1956)
NB

densitometry

4.5±0.31
0.19*0.04

0.40*0.13

0.65*0.13

1.2*0.11

Unweightedmean

4.4

0.28

0.54

0.70

1.13

*BPB-bromophenolblue;
NB-

naphthaleneblack;AC-
azoc&raine

#*usingaglobulinconcentrationfraction.1,5



Table1'i.

Serumproteins
-Barsftlv&l

.uesobtainedbyboundaryelectrophones.
.£(1.

(a)Relativeconcentration(seen±S.D.)
Author

Albumin

Globulins

**1

^2

P>

V

Dole(i>;.)

50.3*2.e

4.6*0.7

7.2*1.3

12.1*1.9

11.6+2.5

Arastronsetal.
58.7

5.7

9.3

14.2

11.7

(1947)
Cohenetal.(1947)
56.5*2*8

5.2H.7

9.0*1.4

15.2*1.5

14•2*1.'.1

Seifcertetfal.(1947)
53«3±2»6

8.0*1.4

10.4*1.4

13.3*1.9

14•2+2.7

PeterauroaanaHognesa
59*

6

9.5

13.2

11.5

(1946)

Sterling(1949)

60.3*2.8

4.040.8

9.7*1.5

12.8*1.2

13.2*1.7

Reineretal.(1990)
56.1x1.3

7.2*1.3

6.6*1.9

13.1*2.5

14.7*2.6

CooperandM&shel
57.7*2.6

4.6+0.7

9.7±1.1

14.1*1.1

13.3*2.6

(1994)

ConnanaXlatesin
60*

5

9

13

13

(1995)

M&cK&vetel.(1995)
57.412.9

5.0*0.53

5.5*1.02

15.211.44

13.9±2.6

*calculateuIronBeauabsoluteconcentrations



Table19.
^Coa^-1

(b)Absoluteconcentration(,-,
/IQQml:mean
IS.n»)

Author

TotalPi'oteiii

Albumin

d,

A

,Globulins

V

Dole(19-14)

6.7

4.0410.27

0.3110.03

0.48*0.08

0.61*0.13

0.74*0.13

Seibertetal.(1947)
7.3±0.35

3.''8*0.23

0.33±0.10

0.76*0.10

1.01*0.14

1.05*0.22

PetsrsaaaandHogness(l94rf)
6.4

3.79

O.hI

0.61

0.36

0.74

Sterling(1949)

7.010.30

4.23*0.29

0,28*0.06

0.68*0.10

0.89*0.08

0.93*0.13

ConnandKlatskin(1955)
7.2

4.34*0.38

0.3510.10

0.61*0.12

0.9510.12

0.99*0.24
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SECTION III.

ELECTROPHORESIS_0F S.BTTH AED URINARY PROTEINS
IK MTELOMATOSIS.

I. INTRODUCTION -

Interest in the disturbances of protein metabolism which

accompany this disease date3 from 1848 when Bence Jones

(1848) first described a heat-soluble protein present in the

urine of a patient suffering from myelomatosis. Since then,

especially following the development of analytical electro¬

phoresis and ultracentrifugation, the abnormalities of serum

and urinary protein occurring in this condition have attract¬

ed much attention,

Hyperproteinaemia was first reported in this disease by

Perlzweig, Delrue and Geschiclcter (1928), who described a

patient with a total plasma protein concentration of 13.Sg./

100ml. and with Benee Jones protein in the urine; subsequent¬

ly, this finding has been confirmed on many occasions [see
Table 25 and reviews by Gutman (1948)j Maidenstrdm (1952);

Carson, Ackerman and Maltby (1955)j. Early investigators,

using salting-out as a means of protein fractionation, showed

that the hypersroteinaeraia was due to a hyperglobulinaemia

and this has been confirmed by more precise electrophoretic

studies. The urinary protein has been shown (vide infra)

to consist commonly of a homogeneous globulin (Bence Jones

protein) /
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proteln) with a characteristically small molecular weight.

While many chemical studies on these abnormal proteins

have been reported (see Table 25) there had been at the time

this investigation started, few attempts to evaluate critic¬

ally the electrophoretic analysis of serum and urinary

proteins in the investigation and treatment of individual

patients with this disease, and as has already been stated

this was the main purpose of the present investigation.

For this reason 3erum and urinary proteins from a series

of patients with myelomatosis have been examined by means of

paper electrophoresis and the practical value of the results

carefully assessed.

Methods.

Paper electrophoresis was carried out according to the

method described earlier in this thesis, using the reflect¬

ance densitometer to measure dye uptake. From the results

of serum analyses the relative concentrations of the main

protein fractions were computed as percentages of the total

protein, and estimates of the absolute concentrations of

fractions were obtained from the relative concentrations and

the total protein concentration. Only qualitative electro¬

phoretic analysis of urinary protein was carried out.

Determination of plasma proteins as two fractions,

usually designated * albumin' and 'globulin' respectively,

was carried out also, using a micro-Kjeldahl method with

sodium /
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sodium sulphite as the fractionating agent (King, 1951).

Haemoglobin was determined using the alkaline haematin method

with optical densities measured on the Eel colorimeter or,

using the oxyhaamoglobin method, with a Unicam GP photometer.

Erythrocyte sedimentation rates (E.S.R.) were measured by

means of the Westergren technique without correction for

anaemia.

Urines were examined for the presence of protein by the

heat coagulation test and by the salicylsulphonic acid test.*

Examination for the presence of Bence Jones protein was

carried out according to the method recommended by Snapper,

Turner and Moscovitz (1953)#

GM-rflcal Datft.

Serum and urinary proteins from 51 patients with gener¬

alised myelomatosis have been examined. Of these, 12

patients had received treatment for varying periods before

the initial electrophoretic analyses were carried out; two

of these 12 patients presented originally with solitary

plasmocytomata.

Biopsy of bone marrow (sternum or iliac crest) or tumour

confirmed the diagnosis in 45 cases and autopsy in a further

two. /

* Urine normally contains small amounts ( lOmg./lOQml.) of
protein. The smallest amount detectable by the methods
used was 50mg./l00ml. approximately.
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two. In the remaining five cases a combination of other

findings made the diagnosis practically certain.

Relevant clinical information on all patients has been

summarised in Table 14, in which patients have been grouped
I

according to the serum protein abnormalities (vide infra).

All data presented in this table refer to the time at which

a diagnosis was made. Patients who had received treatment

have been grouped in retrospect. This requires the serum

protein pattern to be unchanged qualitatively by treatment

or by the duration of the disease, an assumption which app¬

ears to be justified from follow-up studies on other patients

In the present series 30 patients were male and 21

females. A higher incidence of this disease in males has

been reported previously (Geschickter and Copeland, 1928;

Lichtenstein and Jaffe, 1947; Carson et al.. 1955) but not

explained. Waldenstr8m (1954), on the other hand, noted an

equal incidence in the two sexes. The age incidence in the

present series was similar to that reported in other series,

e.g. Snapper et al. (1953); all hut seven patients were

aged between 50 and 70 years (Fig. 15).

2. BLOOD /



Table14.

Dataobtainedatthetimeofals,gnosisfrompatientswithmyelomatosis (a)Patientswith"non-specific*proteinpattern
Case

Sex

Age

Plasmaprotein9 Total-"Giobuiiif (g/100ml)(g/100ml)
Proteinuria

EenceJones Proteinuria
E.S.R. (am/1hr)
Haemoglobin (<&./100*1.)

Radiological bonechange
Biopsy***
Survival Time

(KBs)

1*

M

6l

5.5

1.5

+

+

N.E.**

10.9

+

+S

24

2

M

50

6.3

2.0

+

+

12

6.7

+

+s

X

3*

M

50

7.0

2.3

+

-

27

12.7

+

+S&T

•

4

F

51

6.5

2.3

+

+

50

8.3

+

+s

6

5

M

63

5.9

2.4

+

-

35

5.8

+

+s

7

6

F

74

6.9

2.4

-

—

140

15.6

+

+s

4

7

M

57

4.8

2.0

+

-

27

5.9

+

+s

#

8

F

42

6.5

1.4

+

—

28

11.8

+

+s

•

9

F

60

5.6

1.6

+

-

12

6.7

+

N.E.

10

M

o4

5.9

—

+

N.E.

N.E.

11.8

-

+T

1

(b)Patientswithd.
£

,-typepattern

11

F

71

6.8

3-6

—

-

109

10.3

+

*signifiespatienthadreceivedtreatmentbeforeeleetrophoreticanalysiscarriedout
**N.E.=notexamined ***S=sternumT=tumour+indicatespresenceofmyelomatissue



Table14.(Co«Wl.)
(e)Patientswith|3~typepattern

PlasmaProteins
^' *
CaseSexAgeTotalGlobulinProteinuriaB-JonesE.S.R.HaemoglobinRadiologicalBiopsySurvival(g/100ml)(jg/lOOml)Proteinuria(rm/lhr)(e^|i°o^\)bonechangeTime

12

F

64

8.7

5.9

+

N.E.

152

8.4

+s

2

13

F

63

11.7

6.9

+

+

155

8.2

♦

+s

1

14

M

60

11.4

8.4

-

-

135

9.2

♦

+s

.

15

M

56

10.5

7.5

+

+

100

6,2

+

+s

2

16

M

64

8.8

5.2

+

♦

110

11.6

+

+s

9

17*

M

59

7.3

3.5

+

N.E.

100

11.8

**

+s

6.5

(d)PatientswithFast
y-type.
pattern

18*

M

70

9.7

+

-

106

15.6

+

♦s

,

19*

M

60

10.5

8.1

«»

150

11.5

+

-s

56

20

M

50

9.4

7.6

+

112

11.2

+s

1

21

F

67

8.0

5.0

-

72

N.R.

+•

+s

•

22

F

57

9.8

6.5

-

-

53

12,6

+

+s

7

23

M

70

8.6

5.1

♦

—

135

9.7

+

+s

.

24

M

69

7.4

4.0

N.B.

-

150

7.7

+

N.E.

1

25

F

64

7.4

4.9

+

-

80

8.8

M.

+s

3

26

F

71

9.8

6.5

—

-

60

12.6

+

N.E.

8

27

F

78

6.5

2.3

+

+

125

11.4

+S

1

28

M

67

6.5

2.6

+

N.E.

70

8.8

+

-s

1

29

H

79

8.1

4.8

—

90

9.8

mm

+s

•

30*

M

71

9.7

2.6

A

—

-35

10.3

+

N.E.

45

31

M

55

7.1

2.1

+

+

105

12.6

N.E.

1



Table14.fcOAU)
(e)PatientswithslowV-pattern

PlasmaProteins*~~~
Case

Sex

Age

' TotalOlobulin (g/100ml)(g/100«£)
Proteinuria
B-JonesE.S.R. Proteinuria(mm/llir)
Haemoglobulin (Vl,00<"-Y)
Radiological bonechange
Biopsy

Survival Time

32

M

69

11.6

9.3

Mfr

—

72

10.0

+

+S

2

33*

F

65

8.5

4.4

N.S.

—

7

12.4

+

+B

»

34

M

52

12.9

10.4

N.E.

-

150

10.6

+

+S

3C

35

F

66

6.5

4.1

+

70

10.3

+

+S

2

36*

M

66

6.0

2.9

N.E.

mm

77

2.6

+

+S

.

37

M

67

9.3

5.6

+

—

100

13.3

+

+S

1

38

F

76

8.3

5.4

-

-

110

12.1

+

+s

ilO

39

M

59

9.0

2.6

+

+

86

10.6

+

+s

14

40

F

61

10.2

7.0

-

mm

145

6.6

+

+s

*

41

F

70

5.9

4.0

+

-

100

11.2

_

+s

2

42

F

58

6.6

2.9

N.E.

-

90

13.6

+

+s

•

43

M

55

13.7

11.3

N.E.

mm

70

7.9

+

+s

8

44

M

49

7.6

4.6

+

+

103

9.6

+

+T

19

45

M

71

8.^

5.2

+

100

7.8

+

+S

19

46

M

53

13.8

9.6

-

—

100

6.4

_

+s

1

47

H

68

5.6

2.5

+

—

49

12.1

+

+B

1

43

F

63

6.1

3.5

+

—

95

16.3

♦

+S

•

49

F

62

10.4

8.3

+

•

3

14.8

+

+S

6

50

F

73

5.5

2.5

+

mm

120

9.6

—

+S

2

51

M

72

8.9

6.0

+

+

113

10.4

+

+s

•



Fig. 15.

Age and Sex Incidence of
Patients with Myelomatosis
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2. BLOOD PR0TSIN3 IN MYELOMATOSIS.

Classification of serum protein patterns in myelomatosis

has tended to follow that suggested by Gutman, Moore, Gutman,

McClelland and Kabat (1941) who recognised four types:-

1. Sera with a myeloma protein migrating as a(3-globulin.

2. Sera with a myeloma protein migrating as a/-globulin.

3. Sera with a myeloma protein migrating between the
ft- and V-globulin.

4. Sera in which the protein pattern showed only minor
changes.

A fifth type in which the myeloma migrates as an ©ty

-globulin was described originally by Wuhrmann, Wunderly and

Wiedemann (1948); however, only a few examples of the fifth

type have been reported in the literature.

For reasons which will be discussed later in connection

with the diagnostic value of paper electrophoresis in myelo¬

matosis, the following classification of serum protein patt¬

erns was adopted. Patterns were separated into two groups;

the first contained patterns in which a myeloma protein was

clearly present, these patterns being termed 'myeloma'

patterns; the second contained patterns which were normal

or which 3howed only minor changes. 'Myeloma' patterns

were further classified ft, fasty- or slow y- according
to the mobility of the myeloma protein. Examples of serum

protein patterns from patients with myelomatosis are shown

in Figs. 16-19.

Occasionally, /



Pig. 16.

Serum Protein Patterns in Myelomatosis

(a) case 5; qualitatively normal pattern

(b) case 11; ^i-type

(c) case 17; p-type

(d) case 22; fast y -type
(e) case 33; slow y-type



t I
Fig. 17.

Hye^oroa patttynp of the p-typ<?
(a) case 17; normal f -components are obscured

(b) case 14; normal |3-components are obscured

(c) case 12; a second abnormal component is
present in the fast y region

(d) case 16; the normal slow /3-component is
clearly visible



MB
(■HaI

Smx Protein Patera Showing !■!inor Abnormality

(a) Normal serum (for comparison)

(b) Serum, case 2} there is an extra
©eapenent in front of 3 -globulins

(o) Urine, ease 2.

Big. 13



Alb • clj— &2~ $"* y-glob.

t T
Serum A.S.

Fig. 19.

Mvaloma Pattern Showing Two Abnormal Protein. Case 47
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Occasionally, th© zone of abnormal protein was not well

defined and, in order to systematise grouping, patterns were

classed as 'myeloma' patterns only when a narrow zone of

abnormal protein was present in a position on the electro¬

phoresis strip not normally occupied, or in the broad y -

-globulin zone or when a fraction normally present as a rel¬

atively narrow zone, e.g. or P-globulin, was so increased

that it constituted 40;* or more of the total protein. In

one case (No. 47) the serum protein pattern clearly contained

two abnormal zones (Fig, 19). In others (e.g. Fig, 17c)

there was a faint second abnormal band.

Results.

The distribution of the serum protein patterns in the

51 patients with myelomatosis is given in Table 15. The

initial electrophoretic findings in each case are given in

detail in Table 16 and the results are summarised in Table

17 and in Fig. 20, which shows the distribution of myeloma

protein concentrations.

The minor changes noted in the patterns falling into the

second classification group are described in Table 18, from

which it will be seen that in only four patients were the

patterns qualitatively normal.

The distribution of the total plasma protein (micro-

Kjeldahl method) and plasma'globulin' (sodium sulphite)

values at the time of diagnosis is shown in Fig. 21a.

Taking /



Tablelb.

Distributionofserumproteinpatterns-'31casesofmyelomatosis Type

minorchange d»v
P

fast-NI Slow-"-J

No. 10

1 6

14 24

Abnormalprotein*
[%oftotalprotein) 43 42-70 11-68 29-82

*valuesincludeany'normal'proteinofsamemobility



1* 2 3*
4 5 6 7 8 9

10
11 12 13 14 15 16 17*

Table16.

Quantitativeelectropnoreticresultsinpatientsvitamyelomatosis (a)Patternssnowingonlyminorchanges
Totalprotein (g/100ml.}

Relativeconcentrations(;&)
Absoluteconcentration(g/100ml.)

28

28 22 26 "33" 40

(O/5-typemyelomapatterns 2 5 3 5

4 6 3
4

IT

65 54 70

59
32"

42

2 7 2

11

X"
9

c.•̂ 2.6 2.0 2.4 3.X" 2.9

0.2 0.5 0.3 0.7 urr 0.1

0.4 0.6 0.3 0.4 T.O" 0.4

Albumin

X,

Globulins Xv.

1

Albumin

c*.,

Globulins
X.VP

V

63

7

9

10

12

3-5

0.4

0.5

0.6

0.7

75

3

6

10

7

3.8

0.2

0.3

0.5

0.4

55

3

5

12

18

3.9

0.2

0.4

0.8

1.3

64

5

0

15

10

3.6

0.3

0.3

0.8

0.6

56

7

11

13

14

3.6

0.5

0.7

0.8

0.9

54

6

10

13

17

3.2

0.4

0.6

0.8

1.0

47

14

18

9

11

3.2

1.0

1.2

0.6

0.8

40

5

12

23

21

1.9

0.2

0.6

1.1

1.0

72

6

5

S

10

4.7

0.4

0.3

0.5

0.7

44

7

15

19

15

2.6

0.4

0.9

1.1

0.9

(b)

-typemyelomapatterns
79

3

43

6

9

2.9

0.2

3-2

0.4

0.7

5.7 5.0 6.2 5.4 3.1

0.2 0.6 0.2 1.0 "0.1 0.7



Table16.(t#***.)
(a)Fasty-typemyelomapatterns

CaseTotalprotein (g/100ml.)
18*

10.5

19*

8.1

20

8.0

21

7.6

22

9.8

2D

8.8

24

7.0

25

7.4

26

9.7

27

6.5

28

5.6

29

8.1

30*

5.4

31

7.0

Relativeconcentration{%)
AlbuminGlobulins \

d.v.

I*

V

24

3

3

3

67

33

2

8

5

51

36

3

4

5

52

41

3

5

9

42

28

3

4

62

38

3

8

5

47

27

3

9

8

56

35

7

10

10

39

29

6

5

5

54

35

3

5

4

52

55

6

12

10

16

39

4

6

7

43

45

4

11

16

24

55

6

7

17

9

Absluteconcentration(g/100
AlbuminGlobulins *£i

2.5 2.7 2.9 3.1 2.7 3-3 1.9 2.6 2.8 2.3 3.1 3.2 2.4 3.9

0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.5 0.6 0.2 0.3 0.3 0.2 0.4

A\ 0.3 0.6 0.3 0.4 0.3 0.7 0.6 0.7 0.5 0.3 0.7 0.5 0.6 0.5

0.3 0.4 0.4 0.7 0.4 0.4 0.6 0.7 0.5 0.3 0.6 0.6 0.9 1.2

ml.)
y

7.0 4.1 4.2 7.0 6.1 4.1 3-9 2.9 5.2 3.4 0.9 3.5 1.3 0.6



Case ~32
33* 34 35

36* 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51

Table16.^Co«W)
(e)Slowtypemyelomapatterns

Totalprotein (g/100ml.) 11.4 8.5 9.6 5.9 6.0 8.8 8.0 7.0 8.0 5-9 8.2 11.9 11.0 7.9 13.8 5.7 5.3 10.4 6.7 8.9

Relativeconcentration
Albumin

Absoluteconcentration(g/100
AlbuminGlobulins

ml.)

uO 0.4 0.4 1.7 0.4 0.4 0.2 0.3 0.2 0.4 0.5 0.6 0.3 0.2 0.8 0.2 0.3 0.2 0.1 0.3

v̂ 0.2 0.7 0.6 0.8 1.0 0.6 0.3 0.6 0,6 1.2 0.6 0.5 0.6 0.4 1.5 0.5 0.6 0.3 0.4 0.5

0.6 1.0 0.9 0.6 0.8 0.5 0.4 0.7 1,0 0.7 0.8 0.8 1.0 0.5 1.7 0.7 0.6 0.3 0.5 0.4

"9-3 1.6 3.9 2.6 1.3 4.8 4.2 2.8 2.6 1.9 1.0 6.9 5.1 1.9 4.4 1.7 1.7 7.3 2.4



Table17•

Summariseaclcetrophorcticfindingsinpatientsvitnmyelomatosis
Pattern

No

Relativeconcentration(,%oftotal)
Absoluteconcentration(g/100ml.)

Albumin

Globulins
dlvfV

V

Albumin

Globulins ds-IS

y

Total

minor

8

5^.4

6.6

10.4

12.1

13.1

3-3

0.42

0.57

0.77

0.78

5.9

«k-w

1

39

43

6

9

2.9

0.2

3.2

0.4

0.7

7.4

5

27.4

3.8

5.8

60.0

4.6

2.5

0.42

0.54

5-4

0.42

9.1

fast

11

36.0

4.3

7.7

9.1

43.9

7.8

0.32

0.50

0.58

3.2

7.8

slow

18

36.6

4.2

7-6

8.3

43.2

3.0

0.41

0.60

0.69

3.9

8.6



Table16.

Detailedanalysisofpatternsshowing..inorchanges
CasePattern _

1quantitativelyentirelynormal 2minorcomponentaheadofnormalft-globulin(Fig.l8b.) 3minorcomponentbetweenana"/-globulin
4minorcomponentbehindnormal-globulin(Fig.26a.) 5quantitativelyentirelynormal(Fig.23a.) 6quantitativelyentirelynormal(Fig.16a) 7J-randd-globulinfractionsincreased 8slowft-globulinfractionincreased(Fig.25c.) 9quantitativelyentirelynormal 10minorcomponentaneuaofnormalft-globulin
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Fig. 20.

Distribution of Ilyolomu Protein Concentrations in Serum
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4 6 8 10 12 14

total plasma protein (g/100ml.)

IO-

0L
1 3 5 7 9 11

plasma globulin (g/100ml)

Fig. 21a.

Distribution of total plasaa protein ana pie sias.

globulin values at tiac tiae of diagnosis for all patients
with myelomatosis.
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Taking the upper limits of normality as 8.0 and 3.0g./l00ral.

respectively, it will be seen that hyperproteinaemia and

hyperglobulinaeiaia were present in many cases. Whilst all

patients with those findings had serum protein patterns of

the 'myeloma' type, the converse was not true; 15 out of 41

patients with 'myeloma' type serum protein pattern had total

protein concentrations within normal limits and 8 had normal

plasma 'globulin' values.

To be compared with the distributions of total protein

and serum 'globulin' values are the distributions of haemo¬

globin levels and erythrocyte sedimentation rates (Fig. 21b).

Perhaps the most interesting feature of these results is the

not infrequent occurrence of relatively low sedimentation

rates.

There was no correlation between the haemoglobin value

and the concentration of serum albumin (Fig. 22). Between

the E.S.R. and the concentration of myeloma protein there

was correlation only in as much as those cases with serum

proteins which were normal, or only slightly abnormal, tended

to have low E.S.R. values. Excluding these cases there was

no correlation between E.S.R. values and amount of abnormal

protein. One patient (Case 49) had a sedimentation rate of

only 8mm,/lhr. in spite of having a myeloma protein level of

8.3g./l00ml. However, in this case the serum showed a great

increase in viscosity, presumably due to the high concentra¬

tion /



!0r

10r

Ou

6 8 10 12 14 16

haemoglobin (g./100ml.)

0 20 40 60 80 100 120 140 160

erythrocyte sedimentation rate (mm./1hr.)

Fig. 21b,

■Distribution ol nae'uo;::locin d ; .P.P. values-
at 'Uie. tirae of diaai.ofcjg.



0 2 4 6

serum albumin (g./100ml.)

Fig. 22.

Haemoglobin values clotted against
concentration of serum albumin.



(case 49)
J I ! L

2 4 6 8

serum myeloma globulin (g./100ml.)

Fig. 23.

f.S.K. values plotted against
concentration of abnormal serum -roteine.
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V.
V ■ " -

concentration of myeloma protein, and this may have been

partly responsible for the anomalous B.S.R. values. On

dilution (Isl) with saline (HaCl 0.9$ w/v) the E.S.R. was

increased to a value of 90mm„/lhr. The E.S.R. of normal

blood is not appreciably affected by this procedure.

However, the low sedimentation rate at room temperature could

not have been due entirely to an increased viscosity, as the

E.S.R. remained low even when the determination was carried

out at 37 , Further, sera of patients with maeroglobulin-

aemia are more viscous than normal sera, although the E.S.R.

in this condition is invariably increased (MacKay, Eriksen,

Motulsky and Volwiler, 1956).

Discussion.

Electroohoretic Findings. In contrast to the hyperglobulin-

aen&a occurring in many other conditions, that of myelomato¬

sis consists of an increase in a single protein species, the

homogeneity accounting for the striking electrophoretie

pattern (Reiner and Stern, 1953).

The arbitrary nature of the original classification of

serum myeloma proteins as air-type, P-type or y -type, has

been revealed by measurement of electrophoretic mobilities.

Many observations have shown that the mobility of a myeloma

protein is seldom exactly the 3ame as the normal fraction to

which it apparently corresponds (Putnam and Udin, 1953;

Reiner and Stem, 1953). Even with zone electrophoresis on

paper, /
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paper, which does not allow exact measurement of mobilities,

differences are often discernible. Precise measurement of

mobilities shows that the mobilities of the abnormal proteins

fall at best into a considerable number of subgroups (Putnam

and Udin, 1953). Indeed, it seems likely that if a suff¬

iciently large series of cases were to be examined the mobil¬

ities of the myeloma proteins (at pH 8.6) would be found to

be distributed continuously from that of slow y -globulin to

that of -globulin.

In spite of this, however, it is convenient for many

purposes to classify patterns into the groups ^X"""tyPe> P -

-type and y-type and minor abnormality type, especially
since this grouping falls within the scope of paper electro¬

phoresis.

Table 19 lists the incidence of pattern types found by

those workers who have examined largo series of sera. In

comparing the results of different workers the arbitrary

nature of the classification must be rememberedj different

criteria have been used in the classification of patterns,

e.g. in distinguishing -type patterns from fast -type

patterns, by different workers, who have frequently not

specified the criteria employed,

From Table 19 it is evident that the y-type of protein

pattern is much commoner than the /3 -type, which in turn is

commoner than the ^i-type. Minor abnormalities occur more

commonly /



Table19.

Serumproteinpatterninmyelomatosis!-reportedlargeseries Author

So.ofcases

Pattern
■IjL

minor

Gutinanetal.(1941)

P>

y

change

15

-

5

8

2

Mooreetal.(194^)

15

—

5

8

2

Adamsetal.(1949)

26

—

4

13

9

.Rundlesetal.(l951)

30

—

—

25

5

Janasen(1951)

36

—

4

23

9

Heiseretal.(l952)

22

1

4

12

5

GriffithsanaBrews(1953)
20

2

2

13

3

PutnamandUdin(1953)
*25

-

4

16

5

ReinerandStern(1953)
91

6

14

50

21

Sna..persta1.(1951)

44

4

6

21

13

ConnandKlatskin(1954)
18

1

1

12

4

OssermonanaLawlor(1955)
35

—

1

27

7

Presentinvestigation

51

1

6

34

10

Totals

413

i5

51

254

93

Percentage

100

3.6

12.4

61.9

22.6
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commonly than. the (*-type but less commonly than the SJ -type.
Hie results obtained in the present investigation agree with

the reported results. A possible explanation for the

relative frequencies of the^v-, fi- and N/ -type myeloma
patterns will be considered later in this section.

The ^-type pattern,: As Snapper at al. (1953) have

pointed out, some authors e.g. hudin (1949) and ifuhrmann,

Wunderly and Hugentobler (1949) have classified as '^-typa*

patterns serum protein patterns in which the oCt -globulin
fraction was only moderately increased. In the present

discussion the term has been restricted to patterns in which

the ^-globulin fraction is very definitely increased (i.e.
constituting at least 20% of the total protein) since, in

these cases, it is likely that the increase is due to the

presence of a true 'myeloma' protein rather than to a non-

-specxfic increase in cL-globulina such as occurs in many

conditions including neoplasia, collagen disease and infec¬

tion.

Relatively high ^-globulin levels occur in serum in
the nephrotic syndrome (Hardwicke, 195^, possibly as a

result of the relatively low renal clearance rate of this

protein fraction (Squire , 1953). In this connection it is

to be noted that renal damage with proteinuria is often

present in myelomatosis, which raises the question as to how

far this factor is responsible for the ot^-type pattern.
Reiner /
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Reiner and Stern (1953) attributed an unusual olectrophoretio

pattern occurring In a patient with myelomatosis and showing

some increase In-globulin to renal damage. In another

ease, described by Sandkuhler (1949) [which, curiously, has
.

bear confused by both Snapper ot si. (1953) and Waldenstrom

(1954) with a patient having a true c^-^yeloaa pattern, under
the care of Dr. Sandkuhler but actually described by Wuhrmanb

ot ol. (1949)] the olocbrophorofcic pattern (loc. cit. Fig. 2)
y

initially showed a sharp peak in the Oq,-globulin region;

later an elevation of the 0<l-globulin was noted associated

with narked increase in non-protein nitrogen content ©f the

serum*

However, not all the eases vMch have been encountered

with the olj-type of pattern have hod poor renal function;

moreover, a marked increase In the c(.-globulin has rarely

bean reported in patterns showing a definite aone of myeloma

protein in somo other fractions, even in the presence of

renal impairaont, which suggests strongly that the increase

in ^-globulin in the patterns termed ♦c^j-type' is due to
the presence of a true myeloma protein and is net a con¬

sequence of renal damage.

^o^^Uty,', .aatto* Whilst it is Of con¬

siderable interest that the myeloma proteins differ from case

to case, at least as regards their electrophoretic mobility,

it is even more remarkable that some patients with the same

disease /



-30-

disease apparently show little or no abnormality of serum

proteins. The difference, however, may well be a quant¬

itative one. The concentration of serum myeloma protein

varies considerably from case to case (Table 16) so that a

pattern shovdng only a minor change e.g. Case 2 (Fig. 18b),

may be qualitatively identical with those showing appreciable

amounts of myeloma protein. Certainly a zone of myeloma

protein constituting 5% of total protein is detectable when

it occurs in a position not normally occupied by a zone, e.g.

between and y-globulin; but it would not be detected

if it were superimposed on the d- or (1-globulin fractions.

Very rarely two myeloma proteins are present in ajjprec-

iable amounts in the same serum (Wunderly et al.. 1943j

Grossman, 1956; Keely and Neil, 1956).
Data from the Ultracentrifuge. On analysis with the ultra-

centrifuge the proteins of normal serum fall into three

groups with sedimentation constants 4.5S (molecular weight

ca. 70,000), 7S (ra.v, 150,000) and 203 (m.w. 1,000,000).

In pathological sera a fourth component with a sedimentation

constant 11S is sometimes present. Albumin constitutes most

of the 4.5S component and globulin most of the 73 component.

The 203 component is a globulin and in normal sera never

exceeds % of the total protein (Waldenstrom, 1952).

The myeloma serum proteins fall either into the 7S

group or the US group (McFarlane, 1935; Kekwick, 1940;

Moore, /
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Moore, Kabat and Gutman, 1943), there being no correlation

between the electrophoretic mobility and the sedimentation

constant (Waldenstrom, 1952). Occasionally a myeloma

protein has a sedimentation constant of 4.5S and one case

has been reported in which a myeloma protein had a sediment¬

ation constant of 19S (Mandema, Van der Schaaf and Huisman,

1955). Sometimes a myeloma protein, electrophoretically

homogeneous, may be found to consist of two components when

analysed in the ultracentrifuge (Waldenstrom, 1952).

Aiaino-acid Composition. The amino-acid composition of

myeloma proteins is essentially the same as that of normal

y-globulin (Tristram, 1953) except for the presence of
hydroxyproline in the myeloma protein (Grisolia and Cohen,

1953; Mandema et al.. 1955; Smith et al.. 1955). Unlike

many Bence Jones proteins, serum myeloma proteins all contain

methionine. The H-terminal amino acids, however, differ in

different myeloma proteins.

Myeloma Proteins and E.S.R. An elevated E.S.R. is a well-

-known characteristic of myelomatosis, although it is also a

feature of various other diseases characterised by increased

serum globulins, e.g. chronic infections, collagen diseases

and the nephrotic syndrome. The absence of close correla¬

tion between the E.S.R. values and the level of myeloma

protein indicates that other factors are also involved. In

the present investigation the E.S.R. values were not corrected

for /
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for anaemia and, whilst the necessity for this correction is

still sub judice. it is at least certain that the maximum

E.S.R. value obtainable in any blood must depend on the

packed cell volume. Possibly the half-hour value would

correlate more closely with the concentration of the myeloma

protein in the serum since when the E.S.R. is large, the

upper level of the falling erythrocytes may reach its final

position before an hour elapses. In such circumstances the

determination of the E.S.R. becomes equivalent to the deter¬

mination of the packed cell volume.

3. URINARY /
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Proteinuria is common in myelomatosis. The protein

consists either entirely of Bence Jones pTotein or of a

mixture of protein derived from serum, with or without

Bence Jones protein. In the present investigation urinary-

proteins were examined whenever possible using the method

previously described for the concentration of protein.

Befflfltg.

At the time of diagnosis, 32 out of 46 (70£) of the

patients with myelomatosis showed proteinuria, i.e. had

urinary protein concentrations greater than SOmg./lOOral.,
whereas only 12 out of 48 (25%) showed Bence Jones protein¬

uria according to the criteria of Snapper et al. (1953)*
There was a slight tendency for Bance Jones proteinuria to

be associated with low serum globulin levels (Fig. 24).

The protein in 12 urines was examined electrophoretic-

ally and the findings are summarised in Table 20. Commonly,

the protein consisted predominantly or entirely of a single

globulin fraction (Figs. 25-27). In other cases the urines

contained a mixture of proteins including albumin, the patt¬

ern being qualitatively similar to plasma and containing any

myeloma protein present in the serum. This is clearly

shown in Fig, 28b (Case 48); in this instance plasma was

analysed and a fibrinogen band was present in the pattern

in addition to the myeloma protein (y-type). In the urine
there /



Table20.

Urinaryproteinpatterninpatientswithmyelomatosis
Case

Serumprotein

Degreeof

Bence-Jones
Renal

Pattern

...\—

pattern

proteinuria

proteinuria

function*

2minorabnormality4minorabnormality
5minorabnormality ^.norratsiormalxty

8minorabnormality
20fasty23fasty36slowy

44slowy45slowy 47slowY 48slowy

-<•+++
+

-H-
+

++-H-
+ + +

-H-
+ + +

++-H-
■V

+ +

good good moderate good moderate poor moderate good good poor moderate moderate

0 p p p
p

(V

fastY•traceofAlbuminandotherglobulin slowV |J;traceofAlbuminandotherglobulin f*»traceofAlbuminandotherglobulinfastyS-ndslowy fastywithmoderateamountof'Albuminana otherglobulin

*estimatedfromB.U.N.,N.F.N.,renalfunctiontestsoracombinationofthese



Bence-Jones proteinuria; present absent Qj
D

£1 iJ
0-2 2-4 4-6 6-8 8-

serum globulin g./IOOml.

Fig. 24.

Relation between the presence- of
B&nce—Jones proteinuria anc. nyperglobuiinaeaia.



Fig. 25.

Serum ana urinary protein patterns.

(a) case 5} serum
(b) case 55 urine
(c) case 85 serum
(d.) case 8} urine



Fig. 26.

Seruai and urinary protein patterns; case 4.

(a) serura
(b) urine



Fig. 27*

berura i,iid urinary protein patterns

(a) case '$6 aeru.-i ciiowing elov y-type myeloma band
(b) case 36 urine ahowing alow y-type BenceJones protein



Fig. 28.

Serum ano urinary protein: effect of renal damage

(a) case 48? serum
(b) case 48; urine
(c) case 6j serum
(d) case 6; urine at time of diagnosis
(e) ease 6; urine just before death
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there were present considerable amounts of albumin together

with other protein fractions, including two which correspond¬

ed to fibrinogen and the myeloma protein respectively.

There was considerable renal impairment in this case as

evidenced by a blood urea nitrogen level of 80mg./l00ml,

In another case (No. 6) there was, at the time of

diagnosis, only a trace of urinary protein which migrated as

a (i-globulin in the urine (Fig. 28d)j later, as renal
function became impaired, the amount of protein in the urine

increased and analysis revealed the presence of albumin and

other globulins.

In yet a third case (No, 20) the urinary protein pattern
;fj

(Fig. 29) contained a well marked protein band in the /3-
/ ;

-globulin region with a trace of a slower component, the
A
mobility of which corresponded to that of the myeloma protein

in the serum. The urine gave a positive result when tested

for the presence of Bence Jones protein and renal function

was good. It seems likely that the main urinary protein

was a Bence Jones protein and that the minor urinary compon¬

ent consisted of a small amount of the serum myeloma protein.

All urines which contained Bence Jones protein accord¬

ing to the heat solubility test gave electrophoretlc patterns

consisting solely or mainly of a single globulin zone. The

urinary protein invariably had a mobility the same as, or

greater than, that of the serum myeloma protein, if present

(Fig. 30).

Sometimes, /
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SERUM

URINE

. ?

%v \\\n
0

slow-y. fast-y. ft- alb.

electrophoretic mobility

Fig. 30.

Mobilities oi corrBsoonaing
serum ana arinary (Bence-Jones) proteins
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Sometiaeg, however, a single globulin zona was obtained

with urines which contained protein but which did not give a

positive result with the heat solubility test for Bence Jones

protein.

For example, in Case 3 the urine contained large amounts

of protein which behaved electrophoretically as a (b -globulin

(Fig. 25d). This protein, however, was not soluble at 100
•; i '-4 j»

either in the urine as passed (with appropriate treatment)

or when isolated and added to normal urine, although ultra-

centrifugation studies indicated that the protein had a

sedimentation constant of 3.43 (corresponding to a molecular

weight of about 35,000), a characteristic of Bence Jones

proteins.

In another urine (Case 6; Fig. 2Sd) the protein migra¬

ted mainly as a (i-globulin although chemical tests for
Bence Jones protein gave negative results, which may have

been due to the low total protein concentration (ca. lOOmg./

100ml.) in the urine.

Discussion of Urinary Proteins.

As has already been noted, the urinary excretion of

Bence Jones protein was the first protein abnormality to be

discovered in myelomatosis.

Under the usual conditions of analysis (pH 3.6) the

electrophoretic mobility of Bence Jones protein has been

reported to range from that of y -globulin to that of
-globulin /
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-globulin (Rundles ot al.. 1951; Ten Thije, 1952; Putnam

and Stelos, 1954). In this investigation the mobilities

ranged from that of slow y -globulin to that of fi -globulin.I
The mobility of the Bence Jones protein was never less than

that of the serum protein as was observed by Gutman ot al.

(1943), Rundles et al. (1951) end Osserman and Lawlor (1955).

On the other hand Effers^e, Gormsen, Harboe, Nielsen and

Videbaek (1952) have described two patients in whom the

mobility of the urinary Bence Jones protein was less than

that of the serum myeloma protein.

Early ultracentrifuge studies by Svedberg and Sjogren

(1929) indicated a molecular weight for Bence Jones protein

of about 36,000 corresponding to a sedimentation constant

of 3.5S). Subsequently, molecular weights ranging from

24,000 to 90,000 have been found for different Benca Jones

proteins (M cTarlane, 1935j Moore et al., 1943; -'alraros

and Blix, 1946; Rundles et al.. 1951; Putnam and Stelos,

1953). In contrast, the molecular weight of serum proteins

ranges from about 70,000 (4.5S) for albumin to 300,000 (US)
or higher for globulins, the bulk of normal serum globulins

having molecular weight around 150,000 (73) whilst serum

myeloma proteins have molecular weights either around 150,000

or around 300,000 (see earlier in this thesis). The rel¬

atively low molecular weight of Bence Jones protein presum¬

ably enables it to escape readily from the plasma into the

urine. /
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urine.

Araino-acid Composition. Devine (1941) noted that the quan¬

titative amino-acid composition was different in each Bence

Jones protein. Dent and Rose (1949) reported that a Bence

Jones protein which they examined did not contain methionine,

being similar in this respect to insulin and the protein of

tobacco mosaic virus, and Agren (1949) and Roberts, Ramasaraa

and Lewis (1950) reported similar findings. Later, hot/ever,

one of these same authors (Agren, 1952) and also Deutseh

(1955) reported that methionine was present in some Bence

Jones proteins.

Occurrence in Urine. Bence Jones proteins are commonly

stated to show characteristic behaviour on being heated;
a

they precipitate from solution at temperatures between 40
0 o

and 50 and re-dissolve on further heating to 100 . Using

these criteria, Bence Jones protein is usually stated to

occur in 30% to 50% of patients with myelomatosis, although

even in relatively large series extreme figures of 9%

(Coley, 1931) and 87% (Atkinson, 1937) have been reported.

In the present series Bence Jones protein was detected

in only 25% of cases, although the incidence of proteinuria

(salicylsulphonic acid test) was much higher. Similar

observations have been recorded by Bayrd and Heck (1947),

Soulier (1950) and Snapper et al. (1953).

Various /
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Various investigators (Marrack and Hock, 1947; Soulier,

1953) have pointed out that re-solution of Bence Jones prot¬

ein on further heating depends critically on the presence of

other solutes especially electrolytes. Further, a consider¬

able difference exists in the physlcochemical properties of

the Bence Jones proteins excreted by different patients

(Moore et al.. 1943j Randies et al.. 1951} Putnam and

Stelos, 1953} Deutsch, 1955), so that conditions which are

ideal for demonstrating the presence of one Bence Jones

protein may not be ideal for the demonstration of another.

It seems likely that in some cases of myelomatosis the

protein in the urine is at least partly Bence Jones protein

although the urine does not give positive results when

examined for the presence of heat-soluble protein in the

usual manner. Supporting these contentions, Dustin and Vis

(1954) observed in the urine of a patient with myelomatosis,

a heat-insoluble protein (a y-globulin) which had a molec¬
ular weight of about 35,000 and in one patient of the present

series (Case 8} Fig. 25d) the urinary protein (a -globulin)

had a molecular weight of about 35,000 but did not show heat

solubility either in the urine as passed or when isolated anc

added to normal urine.

However, the difference in the apparent incidences of

proteinuria and Bence Jonas proteinuria is unlikely to be

due solely to failure to detect Bence Jones protein; renal

damage, /
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damage, with consequent escape of protein from the plasma

into the urine, is certainly a factor in some cases.

Benge Jope,? Protein ip Blood. Only small amounts (less

than 0.2g./l00ral.) of Bence Jones protein have been found in

blood (Robinson, 1927} Hektoen and Weller, 1940} Moore

et al.. 1943) even when large amounts of this protein ware

being excreted in the urine. Presumably the small molecular

■weight (compared with plasma proteins) enables it to be read¬

ily cleared from the plasma by the kidney, so that the plasma

concentration is always small.

Serum myeloma proteins have molecular weights above

150,000 and cannot therefore be identical with the low

molecular weight proteins (Bence Jones protein) which occur

in the urine, even though their mobilities are often identi¬

cal. Obviously Bence Jones protein cannot be identified as

such by electrophoretic analysis. It seems, however, tempt¬

ing to ascribe some of the minor changes noted in the serum

protein pattern to the presence of Bence Jone3 protein in

the serum rather than to small amounts of myeloma protein.

Thus in Case 8 (Fig. 25d) the Bence Jones protein in the

urine has the same mobility as the slower ft -globulin com¬

ponent of serum which is considerably more prominent than

usual. In Case 2 (Fig. 26a) the urine protein has the same

mobility as the extra serum component migrating just ahead

of the normal -globulin, whilst in Case 4 (Fig. 26c) the

urinary /
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urinary protein corresponds to the extra serum component

migrating just behind the -globulins.

4. EFFECT /
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4. EFFECT OF DURATION OF PISEASS AND OF THERAPY OF THE
SERUM AND URINARY PROTEIN IN NfflSLOHATOSIS.

In certain patients with myelomatosis, it was possible

to carry out electrophoretic analysis of serum proteins at

intervals. The results are shown in Figs. 31-34.

The most striking feature is the absence, in the major¬

ity of esses, of appreciable change; the total serum protein

concentration and the concentration of myeloma protein, if

present, tended to remain unaltered from the time of diag¬

nosis to the time of death, in spite of therapy. No

patient in whom the initial electrophoretic analysis revealed

the absence of an abnormal 3erum protein subsequently devel¬

oped a myeloma band (Fig. 34).

Therapy consisted in the oral administration of urethane

(lg.) and nitrogen mustard (50rag.) (Innes and Rider, 1955),

once or twice daily, treatment being continued as long as

the leucocyte or platelet count did not fall below a crit-

leal level and provided no other untoward symptoms, e.g.

nausea and vomiting, developed. In a few cases, urethane

(lg.) and nitrogen mustard (4mg.) were given by intravenous

infusion in saline, usually in a series of three or four

such doses at intervals of two or three days. Radiation

was given locally for the symptomatic relief of paih.

Whilst therapy was often successful in producing

symptomatic relief, the results (Figs. 31-34) show clearly

that /
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that it produced practically no effect on the plasma proteins

except, possibly, in Case 45 (Fig. 32). In this patient

oral urethane and nitrogen mustard produced on two occasions

falls in both total protein and in the myeloma protein

levels.

Similarly, while the patients were not receiving any

specific therapy there was very little tendency for either

the total protein or the myeloma protein level to increase.

In only one patient (Case 42) was there an appreciable change

in the electrophoretic pattern during the period of observa¬

tion; in 14 months the percentage of albumin dropped from

65% to 30% of the total protein while the y-globulin value
rose from 12% to 45%. The total protein level, surprisingly,

fell from 8.2g./l00ml. to 6.0g./l00ml.
In the study of one patient (Case 2), who presented with

hypercalcaemia and marked decalcification of her bones, it

was possible to follow daily urinary excretion of Bence

Jones protein, and of calcium, before and after intravenous

therapy. The results are shown in Fig. 35, from which it

will be seen that after a delay of ten days both urinary

Benea Jones protein and calcium excretion fell below the

pre-treatment level. However, it will also be noted that

there was considerable day to day variation in the output of

both substances independently before therapy commenced and

in view of this, and since the nitrogen and calcium intake

was /
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was not maintained constant during this study, the apparent

response to therapy is of limited significance.

Discussion,

Little information is available in the literature con¬

cerning the rate at which the protein abnormalities of

myelomatosis develop. Gutman et si. (1941) described a

case receiving no specific therapy in which, in the course

of 4 months, the total protein rose from 8.1 to ll.lg./lOOml.
and the plasma globulin from 4.5 to 3.6g./l00ml. Another

case, described by Snapper et al. (1953), showed, in a period

of 5 months, an increase in the total protein from 8.1 to

12.8g./l00ml,, the myeloma protein increasing from 32% to

71% of the total protein, whilst the albumin decreased from

56% to 26% of the total protein; in another case the total

protein increased in 1 month from 9.0 to lO.lg./lOOrnl., the

abnormal globulin increasing from 37% to 58% of the total

protein. With regard to cases initially showing only minor

abnormalities, Rundlos et al. (1951) reported one case in

which a fast ywayeloraa band, constituting 19% of the total

protein, developed between the 10th and 17th month after

diagnosis.

Other Cases of myelomatosis for whom follow-up protein

studies similar to those in the present series have been

reported, have shown practically no change in either total

protein or in myeloma protein levels. For example, in a

case /
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case described by Gutman et al. (1941) the total protein

level was initially 9«4g./l00ml. and the globulin level

6.5g./lOOml; 20 months later the total protein was 10.2g./

100ml. and the globulin level 7.5g./lOOml, In another case

described by the same authors the total protein was initially

lO.Og./lOGml. and the globulin 6.8g./l00ml; 12 months later

the total protein was 9.2g./l00ml. and the globulin 6.1g./
100ml. Neither of these cases received any specific ther¬

apy. In a case described by Snapper et al. (1953) (therapy

unspecified) the total protein was ll.Sg./lOOral. and the

serum globulin 8.4g./l00ml; 29 months later the total protein

was 12*2g«/lGQral. with serum globulin 7.3g./lOOml. In

another case the total protein was originally 5«8g,/lOOml.
and the serum globulin 1.9g./l00ralj after 77 months the

total protein was 5.6g./l00ml. and the serum globulin 2.1g./

100ml. Levels were unaffected by treatment with stilbamid-

ine. In a ease described by Garland and Kennedy (1948),

the plasma proteins at the time of diagnosis were albumin

3.9g./lOOml. and globulin 4,8g./l00ral. The patient was

given x-ray therapy and was still alive 7% years later; at

this time the plasma proteins were albumin 3»6g./lOOml. and

globulin 4.8g./l00ml.
The absence of consistent change in the untreated case

is a most interesting finding and one to which attention has

not previously been drawn. Using isotopes, Putnam and

Hardy /
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Hardy (1955a,b) have obtained data indicating a half life of

about 20 days for a myeloma protein. If this half figure

applies to other cases, and there is no reason to believe

otherwise, it indicates that there is, normally, an equilib¬

rium between synthesis and destruction which is maintained

for months or even years. If, as is generally believed,

the myeloma proteins are formed by the myeloma cells this

would imply that the activity of the myeloma cell mass

within the body reaches a particular level in the early

stages of the disease and thereafter remains more or less

constant*

Concerning the value of therapy there have been only a

few reports of a favourable clinical response to various

agents including stilbamidine, urethane, with or without

nitrogen mustard, and A.C.T.H. (Harrington and Moloney, 1950,

Rundles et al*. 1950; Snapper et al.. 1953). However,

these agents have only rarely been found to affect the plasma

protein levels. Moreover, in some cases in which the effect

has been noted there has been a reduction of all serum prot¬

eins and not a specific reduction of the myeloma protein

level. Thus, in one of the few patients noted by Snapper

et al. (1953) to show an objective response to urethane, the

total protein fell from 10.9 to 7.1g./l00ml. in 5 months,

the percentage fall being almost as great for the albumin as

for the myeloma protein. Effers^e et al. (1952) have

described /
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described a similar effect in the treatment of myelomatosis

with A.C.T.H Such a non-specific effect was noted in the

only case (No, 45) in the present series which showed a

significant effect of therapy on serum proteins. This

phenomenon is presumably due to inhibition of protein syn¬

thesis, both in the liver, forming albumin and in the myeloma

cells, forming the myeloma protein and obviously must be

considered in the evaluation of any supposedly specific

therapy.
I

One other effect of therapy is perhaps worthy of note.

Reiner and Stern (1953) noted that in two out of five cases,

therapy induced a significant change in the electrophoretic

mobility of the myeloma protein without affecting its con¬

centration in serum. This observation has not been confirm¬

ed. Unfortunately, paper electrophoresis does not permit

precise determination of the electrophoretic mobilities.

In the only case of the present series in which the

excretion of Ben.ce Jones protein in the urine was measured,

the output varied considerably from day to day (Fig. 35)*

Dent and Rose (1949) also observed this phenomenonj in their

ease the output on one particular day was nearly double that

on the preceding day. On a protein intake of 50g./day the

excretion of Benee Jones protein was 35g./day. Increasing

the protein intake to 200;'./day increased the urinary output

of Bence Jones protein by only 12%.

Rundles /
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Randies gt al. (1950) reported that urethane therapy

diminished the urinary excretion of Bence Jones protein.

The results obtained from a study of one patient in the

present series (Case 2) suggest that a similar effect, delay¬

ed for about 10 days, is obtained following the intravenous

administration of urethane and nitrogen mustard.

Summing up, it may be stated that in most cases of

myelomatosis, once the serum protein pattern has been estab¬

lished both as regards type and concentration of myeloma

protein, it remains unaltered during the remainder of the

patient's life except very rarely when the patient shows an

objective response to therapy. Further consideration of

this most interesting point is deterred until later.

5. DIAGNOSTIC /
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5. DIAGNOSTIC VALLB OF ELECTROPHORESIS OF SERUM AMD URINARY
p MgaoM/aoffg.

Til© majority of workers who have studied changes in the

serum and urinary proteins in this condition have been con¬

cerned with the changes themselves rather than with their

significance in clinical medicine. Obviously these changes

are of potential diagnostic value and it seemed, therefore,

of interest to examine this critically. As with the eval¬

uation of any other diagnostic procedure answers are required

to the following questions:-

a) In what proportion of patients suffering from a

selected disease does a particular result occur?

b) How often does this result occur in patients with

some other condition?

c) Could the information be obtained by some simpler

or more reliable technique?

In an attempt to answer these questions some of the

data presented in Table 14 have been analysed. For this

purpose, only data from patients who had not received treat¬

ment have been considered. The exclusion of data from

treated patients is, perhaps, less necessary than might at

first appear, since in general treatment rarely produces

profound changes in the laboratory findings, as has already

been discussed.

Results. /
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Results.

Data from 40 patients with untreated generalised myelo¬

matosis have been analysed.

Serum protein patterns of the •myeloma' type were

present in 33 patients; the electrophoretic patterns were

distributed as follows:-

d.a-type: 1 case; (J-type: 5 cases; y-type: 27 cases.

In six of these cases urinary protein was examined.

In four cases the protein migrated mainly as either a /3-

-globulln or a y-globulin and was accompanied by traces of

albumin and other globulins. In the other two urines a

mixture of proteins, predominantly albumin, was present.

Six of the seven patients whose serum protein patterns

were of the •non-specific' type, i.e. were normal or showed

only minor changes, had proteinuria. In five urines almost

all the protein migrated as a /3-globulin; the sixth urine

was not examined electrophoretically. Thus, 33 out of 40

patients showed a definite abnormality of serum proteins,

whilst 33 out of 40 patients showed abnormality of serum

and/or urinary protein.

In the course of analysing sera from some 600 other

cases, five other patients with serum protein patterns of

the 'myeloma' type were encountered (Fig, 36). Although,

at first, certain features suggested the diagnosis of myelo¬

matosis, this was never confirmed and en alternative

diagnosis /



Serum protein patterns of patients apparently not suffering fron
rqyeloraatosis.

Fig. 36.

Serum protein pattern .■'or patients
apparently not suffering from layelomatosis

(See Table £1 for clinical data)

The pattern labelled A.W. is of the serum
of A.Wa. (Table 21.). The serum protein

pattern of A.Wh. was similar to that of C.D.
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diagnosis was subsequently established in two cases; one
tft.wh.)

patient;/was found to be suffering from a thyroid carcinoma

with metastases in bones, the diagnosis being confirmed by
U,D.)

biopsy of gland and metastasis; the soeondlhad a carcinoma

of the colon. At the time of writing a firm diagnosis has

not been reached in the other three cases..

Relevant clinical and laboratory data on these cases

have been summarised in Table 21 and the electrophoretic

findings in Table 22.

The distribution of total serum protein and serum

globulin levels in untreated patients with myelomatosis is

shown in Fig. 37. This distribution is essentially the

same as that for all patients (Fig. 20). About 50* of

patients had total protein above 8g./l00ml. and globulin

levels above 5g./l00ml. All patients x/ho shox-xed these

abnormalities had 'myeloma' type sarura protein patterns.

The converse was not, hovrever, true; of those patients vri.th

'myeloma' patterns, 10 out of 41 had total protein levels

less than 8g./l00ml. (normal upper limit) and six had serum

globulin levels beloxj 3g./l00ml. (normal upper limit).

The distribution of haemoglobin and E.S.R. values in

the patients with untreated myelomatosis is given in fig. 38.

Many patients presented x/ith anaemia and the E.S.R, was

elevated in practically every case although not always

markedly.

Di,pcup3jon. /

t
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Table21,

betaonpatientswith*i'al&e-uoaitive*seruaproteinpattern
PatientSexAgeClinicalfeaturesMarrowbiopsy C.D.

M.76

RadiologicalE.S.R.HaemoglobinPlasmaAlbuminProteinuria bonechanges(am/lnr.)(g/lOOml.)Plassa.Globulin
(g/lGOal.)

Pulaou&ryinfarctsMoincrease abnormallyhigh,inplasma sensitivitytocellsxl •dindevan*

Hone

30-50

15

5.6/1.4

slightj proteinpattern asinserum

C.M.H73Melaenaand haeaatemesis. Previoushistory ofduodenalulcer
Hoincrease

inplasm ceilsx<

?Fagets oise&seof pelvis; otherwise none

15-50

13

3*3/2.3

Absent

T.R.

57Pneumonia.with jointpains, pr.vioushistory ofpneumoconiosis andtuberculosis
Slight increasein plasms, cellsxl

Hone

50-100

14

3*0/2.5

Absent

A.¥s. A.Vh.

42Recurrent pneumoniaand pleurisy20 years
66Carcinomaof thyroidwith metastasis

Hoincrease in plasma cellsxl
Hoincrease inplasm cells

Cystin leftilium; otherwise none Neoplastic changein severalribs
Persist¬ ently 100 3^

10
14

4.0/6.3

Absent Absent

tntc.vo-K^Aclh'AtwtAoi.



Table22.

Serumproteinsinpatientwith'false-positive'serumproteinpattern 1

Patient

Date

Totalprotein Cg/lOOml.")

C.D.

28.2.56.

4.8

22.3.56.

4.1

5.4.56.

4.4

16.8.56.

4.8

3.10.56.

4.6

C«(4*

5.3.56.

5.7

12.3.56..

4.5

10.10.56.

6.9

T.R.

29.9.55.

5.9

13.10.55.

6.1

1.2.56.

7.9

A.Wa.

2.4.55.

9.2

4.6.55.

9.3

30.12.55.

9.4

A.Uh.

6.8.56.

7.8

|IO.IO.56. 1

7.8

Belativeconcentration(*)
AlbuminGlobulins ,

d*V

y

33

10

15"

12

30

43

7

10

9

xi

40

8

12

7

32

50

4

9

12

26

48

7

11

12

22

54

5

7

7

27

48

5

8

9

30

48

5

8

8

31

38

8

16

10

29

31

8

14

10

37

42

4

7

9

38

30

4

5

5

58

30

C J

10

16

38

42

3

6

7

41

59

3

7

13

19

48

8

8

13

22
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Fig. 37.

Listribution of total serum protein and of serum

globulin concentrations in untreated patients for whom
electrophoretic data was available, (c.f. Fig. 20.)
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Fig. 38.

Distribution of haeaop-Iobin aua b.b.R. in untreated
patients for whoa pretreatiiient electrophoretic aata is
available (c.f. Fig. 21). "
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Discussion.

The Myeloma Pattern. Previous workers have reported abnorm¬

al electrophoretie serum protein patterns in a high percent¬

age of patients with myelomatosis.

Characteristically, the abnormal protein in myelomatosis

constitutes a narrow zone in the electrophoretic pattern, a

feature more readily discerned as a sharp peak in the pattern

obtained with boundary electrophoresis. The narrowness of

the zone of myeloma protein is believed to be due to the

homogeneity of this protein (Reiner and Stern, 1953) and is

in contrast to the broader zones (with rounded peaks) formed

by the protein fractions normally present in serum.

The finding of an abnormal pattern is, however, of

little diagnostic value unless the abnormality is sufficient¬

ly distinct from that found in other diseases. It is, of

course, evident that an abnormal protein present in a

position not normally occupied, or in the broad y-globulin
zone, will readily be discerned. Many workers, however,

have regarded as specifically abnormal, patterns in which

the or ft -globulin fraction was only moderately

increased. Such changes obviously cannot be regarded as

diagnostic since similar changes occur in a variety of

diseases. It is for this reason that increases in o^- or

ft-globulin fractions have been accepted as specific only

when the fractions constitute at least 20% of the total

protein. /
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probein. Small amounts of haemoglobin, present in serum as

a result of haemolysis, form complexes with haptoglobin, a

component of the dt^-globulin fraction, and migrate just
behind the -globulin forming a distinct band. Care must

be taken that this band is not mistaken for a weak myeloma

band. The red colour of the band in the unstained eloctro-

phoretic strip and the colour of the serum itself will enable

a distinction to be made.

Lastly, a fibrinogen, in the electrophoresis of plasma,

forms a narrow band between (i - and y -globulin (Fig. 39)
which may be mistaken for a fast y -myeloma band.

Occasionally, as is described later, patients with the

nephrotic syndrome have serum protein patterns which contain

an c^-globulin zone increased to a value approaching the

critical level (40jb of total protein) and which may be mis¬

taken for an o^-myeloraa pattern. In these patients, however,

normally there is present a profound fall in the concentra¬

tion of total protein which does not often occur in myeloma¬

tosis.

Serum protein patterns of the 'myeloma' type have been

reported only rarely in patients not suffering from myeloma¬

tosis. Adams, Ailing and Lawrence (1949) using boundary

electrophoresis reported five such cases diagnosed respect¬

ively:- hepatitis (abnormal peak between fibrinogen and y-
-globulin), /
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ilectropnoretic patterns

(a) normal serum
(b) normal serum with slight haemolysis
(c) normal serum with gross haemolysis
(d) normal plasma
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-globulln), gastric carcinoma (sharp, but not elevated y-

-globulin peak), cirrhosis (peak between p~ and V-globulin),

degenerative arthritis (y-globulin peak) and carcinomatosis
with metastases in bone and lungs (y-globulin peak).

Janssen (1951), also using boundary electrophoresis, reported

sharp peaks in the -globulin fractions in various skin

disorders and Snapper et al. (1953) have observed an electro-

phoretic pattern with a high sharp y-globulin peak in a
child with disseminated histoplasmosis. Flynn (1954) report¬

ed the occurrence of a myeloma pattern in two undiagnosed

cases of anaemia and, as a temporary phenomenon, in a case

of the nephrotic syndrome. Dagnall (1954) reported a

patient suffering from bronchitis, emphysema, and possibly

bronchiectasis (Dagnall, personal communication), with an

abnormal protein band in the ^-globulin zone.

A few cases have been described of patients with a

'reticulosis' whose serum protein patterns were of the

'myeloma' type. In 1949, Abrama, Cohen and Meyer (1949)

described a case of lymphosarcoma in which a cryoglobulin

constituting 36% of the total protein and migrating between

P~ and -globulin was present in the serum. A few similar

cases have been described by Lucay, Leigh, Hock, Marrack and

Johns (1950), McParlane, Dovay, Slack and Papastamatia (1952),
Griffiths and Gilchrist (1953), Griffiths, Gilchrist, King

and Brews (1954), Lawlor and Ossarman (1955) and Hutchison

(1956). /
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(1956).

A 'myeloma' type of pattern is also present in the serum
,

of patients with the rare condition of raacroglobulinaaraia

(WaldenatrBm, 1944, 194S, 1952), which is characterised by

the presence in serum of appreciable quantities of a &Lobuiin

with a large molecular weight (ca. 1,000,000 compared to

values of 70,000 to 150,000 for other serum proteins).

Small quantities of macroglobulin amounting to less than %

of the total protein are present in normal serum (Waldenstrom,
1952). Clinically, macroglobulinaemia (Ferriman and Ander¬

son, 1956; MacKay pt al«. 1956) occurs more commonly in men

than in women and is characterised by anaemia, lymphadeno-

pathy and a haeraorrhagic diathesis; radiologically the

skeleton is normal or shows mi.Id osteoporosis; histologically

the marrow comraonly shows a predominance of lymphocytic cells.

The disease has certain features common to myelomatosisx-

anaornia, abnormal serum proteins and proliferation of abnormal

cells in the marrow. However, other clinical features

suggest that the tiro diseases are distinct. Further, macro-

globulins are stated not to occur in the sera of patients

with myelomatosis (Waldenstrom, 1952; Putnam and Udin, 1953),

although such a protein was present in the serum of one

patient believed to have myelomatosis described by Kandema

st al. (1955).

Until /



-105'

Until recently, diagnosis of macroglobulinaemia has

depended on the demonstration of protein with a high molec¬

ular weight in the serum. However, Korngold and Lipari

(1956) have developed an immunological method for the detec¬

tion of such proteins. Another test which has been advoca-

ted for the detection of macroglobulin is the 'water-test1.

When drops of serum are allowed to fall into a large volume

of distilled water the formation of a flocculant precipitate

indicates the presence of abnormal amounts of macroglobulin.

This test, however, is not completely reliable as a positive

result is sometimes given by sera containing normal amounts

of macroglobulin and, moreover, not all sera containing

macroglobulin give a positive result (Ferriman and Anderson,

1956).

Hvperproteinaomia and Hyperglobulinaemia. Elevated total

plasma protein and globulin levels have been reported in

about 50% of patients with myelomatosis. However, except

when the elevation is considerable, it is of little diag¬

nostic value since similar findings occur in other conditions.

Thus, King (1951) states that 1% of normal persons have total

plasma protein concentrations greater than 3.2g./l00ml. The

examination of plasma proteins in a large number of hospital

patients revealed that &7% of the patients with total plasma

proteins greater than 8g./l00ml. and 60% of those with plasma

globulin /
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globulin in excess of 5g./l00ml. suffered from diseases other

than myelomatosis (Owen, Rider and Stewart, 1956) (Pig. 40;

Table 23). Conditions which are associated with high plasma

globulin levels and sometimes also with high total plasma

protein levels include:- liver disease (Post and Patek,

1942; Gutman, 1948; Martin and Davies, 1955), various

chronic infections such as tuberculosis, kala-azar and lympho¬

granuloma venereum (Gutman, 1948), sarcoidosis (Kagan, 1943;

Meteoff and Stare, 1947) and macroglobulinaemia.

Of the present patients with 'myeloma' patterns 10 out

of 41 had total protein levels less than the upper limit of

normal (8g./lQ0ml.) and 6 had serum globulin levels below

the upper limit of normal (3g./l00ml.). This demonstrates

clearly the superiority of electrophoretie analysis over

simple protein estimations i.e. salting-out, in the detection

of protein changes characteristic of myelomatosis.

SjLectroDhoregip of Urinary Protej.ru Less attention has been

paid to the possible value of electrophoretic analysis of

urinary proteins in the diagnosis of suspected cases of

myelomatosis. Gutman et al. (1941) and Moore et al. (1943)

examined the urinary proteins of patients with multiple

myeloma. In ten cases, including one case with only minor

changes in the serum protein pattern, the main, and often the

only, urinary protein was a globulin migrating either as a

fi-globulin or with a mobility between that of ft- and y-
-globulins. /



Table24.

**

IncidenceofMyelomatosisinpatients'withhyperaroteinaeaiaanaIxypclyloluiiu-mia Totalplasmaproteins

—

Plasmaglobulin

g/100ml.

No.of patients

No.with myelomatosis
g/100ml.

No.of patients

No.with myelomatosis

8-9

51

6

5-6

10

2

9-10

11

2

6-7

6

2

10-11

2

2

7-8

1

1

11-12

2

2

8-9

1

1

12-13

0

0

9-10

1

1

13-14

0

0

-

-

-

14-15

1

1

12-13

1

1

Totalnumberofpatientsexaminedwas1,446
* I>MC.VO-(uilt.JodiiMinSulftliitiL,
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10

8-9

Ho. 0f patients having total
plasma protein between given values

(Total no. of patients examine!
- 1446)

12*

Shade! area represents
myeloma oases.

18* 100* 100*

9-10 10-11 11-12 12-13

Sotal_£rot2i^(g./100ml.)
13-14 14-15

10 -

Ho of patients having plasma globulin
between given values

100* 100*

fvx.

8-6 6—7 7-8 8-9 9-10
plasma globulin (g./100ml.)

100*

12-13

Fig. 40.

The incidence of myelomatosis jr. patients
with ii>perproteinaemia t-t.u hy:ierglobaLinaemla

Total number of patients examined 1446.
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-globulins. In only one case, a patient with renal damage,

were there appreciable amounts of albumin present in the

urine. Similar findings have been reported by Rundles et al.

(1951), Soulier (1953), Dustin and Vis (1954) and Stamdaert

(1954). Occasionally two globulin fractions have been noted

in the urine.

In contrast, the protein which occurs in small amounts

in normal urine (Higas and Heller, 1951; McGarry et al..

1955) or that occurring in urine in other diseases consists

of several proteins, including albumin which usually predom¬

inates (Gutman, 1943; Soulier, 1953; Dustin and Vis, 1954;

Standaart, 1954; Sellers and Marmorston, 1956). Thus, it

may be concluded from present findings, and from those of

others, that a proteinuria in which the urinary protein con¬

sists mainly, or even entirely, of one or two globulin frac¬

tions is diagnostic of myelomatosis. This is of particular

value in cases where the plasma protein pattern shows only

minor changes since, in these cases, proteinuria is especially

common (Janssen, 1951; Putnam and Udin, 1953; Snapper

at al.. 1953).

Bence Jone3 Proteinuria. As has already been noted, Bene©

Jones protein is usually stated to occur in 30^ to 50^ of

patients with myelomatosis. In the present groups of

untreated cases Bence Jones protein was detected in 21% of

urine3, although the incidence of proteinuria (protein

insoluble /
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insoluble at 100 ) was higher (Table 14),

Some comment on tests for Bance Jones protein is

relevant. From a practical point of view, the tiro main

criteria on which the usual tests for Bence Jones protein

depend are unreliable. In the first place, precipitation
o o

at relatively low temperatures (40 - 60 ) occurs with various

other serum and urinary proteins, e.g. the pseudo-Bence Jones

protein of Snapper et al. (1953), as may be demonstrated with

normal urine, adjusted to pH between 4 and 5, to which whole

normal serum (assumed to contain only negligible amounts of

Bence Jones protein) has been added. Secondly, reversible

solution on heating Bence Jones protein depends rather

critically on the presence of other solutes, as has already

been discussed.

Various workers have, in the past, reported the presence

of urinary Bence Jones protein in conditions other than

myelomatosis (Gesehickter and Copeland, 1923; Bayrd and

Heck, 1947; Reiner and Stern, 1953), On the other hand,

Snapper et al. (1953) are Inclined to the view that Bence

Jonas proteinuria is pathognomonic of myelomatosis, pointing

out th$t in many cases unreliable tests have been used. They

suggest that some of the false-positive results may have been

due to the presence of pseudo-Bence Jones protein (which
o ox

precipitates at 50 but does not dissolve at 95 ). These

contentions are to some extent supported by the findings of

Collier /
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Collier and Jackson (1953) who, using a specific precipitin

test, found only one false-positive result in the examination

of 800 urines, including 160 from patients with leukaemia or

reticulosis.

However, there have been several reports recently of

Bence Jones proteinuria in association with neoplastic con¬

ditions other than myelomatosis. Hughes (1954) using the

method of Jacobson and Milner (1944) for the detection of

Bence Jones protein, as recommended by Snapper et si. (1953)

found Bence Jones protein in two cases of bronchial carcinoma

confirmed at autopsy. It is of some interest that biopsy

of the sternal marrow in one case showed a considerable

increase in the number of plasma cells, many atypical, and

in the other case many undifferentiated cells. Unfortun¬

ately, electrophoretic studies were not carried out in these

two cases. The histology of the bone marrow in these two

cases might suggest that two conditions were present -

bronchial carcinoma and myelomatosis in the first case and

bronchial carcinoma and a reticulosis (? atypical myelomato¬

sis) in the second. Hughes (1954) concluded, however, that

apart from the urinary Bence Jones protein and the marrow

findings, there was no evidence to support this view.

It is concluded that, as an aid to diagnosis, tests for

the presence of heat-soluble Bence Jones protein, as usually

carried out, tend to be of little value for the following

reasons:- /
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reasonss- a) the technical difficulties discussed above,

b) the relatively low incidence of positive results in

myelomatosis and c) the occasional occurrence of positive

results in other conditions.

Haematolo;doal Findings. The common occurrence of elevated

E.S.R. values and of anaemia requires little comment. These

findings are at the most confirmatory. Perhaps of greater

importance is the not infrequent occurrence, contrary to

common belief (Manche, 1954), of relatively low E.S.R. values

In the present series, 6 patients - out of 51 - had, at the

time of diagnosis, an E.S.R. less than 40mm./lhr. Most of

the low E.S.R. values occurred in patients with only minor

changes, if any, in the electrophoretic patterns.

Histological Findings. Biopsy of marrow in the sternum or

other site, or of tumour if present, is generally considered

to be the most reliable single means of diagnosing myelo¬

matosis. The diffuse nature of the disease process, however

often makes repeated examinations necessary before a typical¬

ly abnormal specimen of marrow is obtained and difficulty in

interpreting a moderate increase in the percentage of plasma

cells present is not infrequent. Further, there are many

reports of plasmocytosis in marrow, including the presence

of multinucleate and other atypical cells, in diseases other

than myelomatosis (Marchal and Mallet, 1948; Fadem and

McBirnie, 1950; Hayhoe and Smith, 1951} Klein and Block,

1953} /
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1953; Hughes, 1954). This may have some bearing on the

reports of Bence Jones proteinuria in conditions other than

myelomatosis and touches on the whole question of the nature

of myelomatosis on which some observations will be made later

in this thesis.

Radiological Findings. Over 80'/ of patients with myelo-

matosis show some abnormality on radiological examination of

the skeleton. It is generally agreed, however, that there

is no single pattern which is pathognomonic of the disease

(Bayrd and Heck, 1947; Wallerstein, 1951; Heiser and

Schwartzman, 1952). The moot common appearance, occurring

in about 10$ of cases showing some abnormality, consists of

multiple osteolytic defects scattered throughout the skeleton

and is well known as the 'classical' appearance.

Table 24 summarises the incidence of various findings in

patients of the present series with untreated generalised

myelomatosis. These results may be compared with those of

other investigators listed in Table 25.

In comparing the data given in Tables 24 and 25, it must

be remembered that different methods and criteria for the

interpretation of the results have been used by different

investigators, who have not always examined every patient in

all respects. In particular, it should be borne in mind

that electrophoretic patterns classified by some workers as

'specific* would not in practice be of diagnostic value, as

has /
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Resultsofvariousinvestigationson40patientswithgeneralisedmyelomatosis ExaminationPositive*result%ofpatientsshoving
'positive'result

Biopsyplasaocytosis(>10^)92 Radiologicalbonechanges-85 AnaemiaHb<lOg/lQOml.80 ElevationofE.S.R.E.S.R.>70mm./hr.78 Proteinuria-68 Hyperproteinaemiatotalplasmaprotein>8g/100ml.55 Hyperglobulinaemiaglobulin>5g/100ml.49 Bence-Jonesproteinuriasolubilityat100°C.28 Electrophoresisserumonly'myeloma*pattern83 Electrophoresisserumand'myeloma'Pattern95urine



Table25.

Summaryofreportedfindingsinmyelomatosis
ThefindingshavebeentabulatedaccordingtocriteriagiveninTable24.Thefiguresinparenthesisrefertothe

numberofpatientsexaminedwheretnisisappreciablydifferentfromthetotalnumberofcasesreported. Author

{

Totalno.
1specific*
'positive

radiolog¬
anaemia

elevation
Protein¬
hyper-

hyper-

Bence-

I

—1
ofcases

serum protein pattern

biopsy

icalbene changes

ofESR*

uria

protein- aemia

globulin- aemia

Jones proteinur:

Gutmanetal. (1941)
43

83(16)

—

87*(31)

-

—

54*

42*

45*

MooreetM. (1943)
43

■■*

H

$

OO

-

8?*(31)

—

—

—

54*

■42*

45*

Beizeretal.

90*1,

(1942)

10

-

30*

70%

83*(6)

85*(7)

83*(6)

60*

¥aldenstr8m (1942)

19

-

75%(12)
47*

61*

04*

—

O

O

*

2556(12)

Aegerterand Bobbin(1947)
13

-

-

84*

-

o*(3)

03*

38*(8)

20*(5)

8*

BayretandHeck

53%2'

50*(36)3'

(1947)

83

-

-

78*

-

60*(76)

73*(36)

53*(76)

Lichtenstein andJaffe
(1947)

35

-

-

-

70$'

—

—

_

50*(16)

(0

CNJ

1s4

CO

Hi

Adamsetal.(1949)

86*1,

30

70*

86%

86*

-

-

52*

67*

47*

1.criticallevelofabnormalitynotstated2.Hb.llg./100ml.orless3.greaterthan6g./100ml.



Table23(contd.)
Summaryofreporterringingsinmyelomatosis

ThefindingsnavebeentabulatedaccordingtocriteriagiveninTable24.Thefiguresinparenthesisrefertothe
numberofpatientsexamined,wherethisappreciablydifferentfromthetotalnumberofcasesreported. Author

Totalno.
'specific'
•positive'

radiolog-anaemiaelevation
Protein¬
hyper-

hyper-

Bence-

of

cases

sexum

biopsy

icalboneofESR.
uria

protein-
giobuiin-
Jones

protein

cnanges

aemia

aemia

proteinuria

pattern

Soulier(1950)
10

90$

■T

««w

75$(8)

100$(8)

85$(6)

33$(3)

Cowling(1951)
8

-

33$(3)

71$(5)25$(4)

—

—

—

25$

Heiseretal. (1952)

58

7?$(22)

92$

67$

—

_

—>

40$(25)

Griffiths andBrews(1953)
20

95$

-

———.
—

60$

55$

FutnamandUdin (1953)

24

fn

CO

-

———
—

75$

75$

—

Reinerand Stem(1953)

91

78$

-

-——
—

—

—

4G$(53)

Snapperetal.

A

(1953)

97

70$(43)

-

87$

90$

72$

45$*

49$

Connand Klatsicin(1954)
18

78$

89$

81$

—

50$

61$

32$

Carsonetal.

66$(6O)5# -

\

(1955)

9°

—

76$(6p)

57$(47)
72$(47)-U
32$(53)

1. 4.

criticallevelofabnormalitynotstated greaterthan7g./100ml., redcellcountlessthan4x10/eu.am.
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has already been discussed. Moreover, in the reports quoted

it is not always clearly stated whether the result of an

investigation was negative or xjhether the patients were not

examined for this finding. Nevertheless, the collected data

are of some value in providing a composite picture of certain

features in this relatively uncommon condition.

The results of the present investigation (Table 24) are

essentially in agreement with the collected data in Table 25.

It is evident that as far as single tests are concerned,

biopsy gives the highest incidence of positive results,

although electrophoresis of both serum and urinary protein

gives 'diagnostic' findings with equal frequency. Electro¬

phoresis of serum alone gives 'diagnostic' findings in about

80)4, of cases.

The diagnostic value of a test, however, depends not

only on the proportion of positive results obtained in any

one disease, but also on the probability that a positive
'

result is due to the disease in question, i.e. the 'specif¬

icity' of the test, and on the overall simplicity of the test

itself. In Table 26, an attempt has been raade to summarise

the diagnostic value of individual tests under three headss-

a) Incidence of positive results.

b) Probability of result being due to myelomatosis.

c) Overall simplicity of test.

Whilst /



TableJ>6.

Evaluationoftestsusees.intheai«.Riiosisofmyelomatosis
Examination Electrophoresis,serum Electrophoresis,serum
Incidenceof *positive*results +++

Probabilityof'positive* resultbeingdueto myelomatosis

Test'simplicity* factor

+-H-+

andurine

+"W~4*

>l||"ITT

+

Biopsy

!

-r+++

ii)1

+

J

BoneX-ray

j

+++

++

+

Anaemia

t-H-

+

i1i>TTTt

E.S.E.

1 .iil,TTT

++

14T1

Proteinuria

++

+

++++

Hyperproteinaemia

++•

++

-H-

riyperglobulinaemia

++

++

++

Bence-Jomesproteinuria

+

+4-H-

+++
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Whilst it is impossible to derive from this analysis a

precise index of the diagnostic value of any given test,

certain limited conclusions may be drawn. The most useful

tests in the diagnosis of myelomatosis are electrophoresis

of serum and urinary proteins and biopsy of marrow; however,

false-positive results occur with both tests and these tests

are also the most troublesome to perform. The finding of

Bence Jones proteinuria or of extreme hyperproteinaemia is

of considerable value; these findings, however, are relative¬

ly uncommon. Other tests, including those which are simplest

to perform., are of little value since results characteristic

of myelomatosis are often obtained in other diseases.

6. CORRELATION /
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6. CORRELATION OF ELECTRQPHORKTIG FIHDIHGS WITH CLINICAL
AKD LABORATORY FINDINGS.

Whilst the question of correlation between electrophor-

etie findings and most other findings, clinical and laboratory,

is chiefly of academic interest the question of correlation

between the electrophoretic pattern and survival time is of

considerable practical importance. Classification of

patients on the basis of their electrophoretic patterns is

also of potential v alus in the choice of therapy.

Analysis of Data from the Present Investigation.

Various clinical and laboratory findings at the time of

diagnosis have been broken down according to the electrophor¬

etic pattern (Table 27). Total serum protein, serum glob¬

ulin and E.3.R. values tended to be lower in the patients

having little or no abnormality in the serum proteins, as

has already been noted and the incidence of Bence Jones

proteinuria was lees in patients with the y -type protein

pattern. Otherwise no correlation was observed between

clinical findings and the electrophoretic pattern.

The survival times of different patients are not strictly

comparable since the treatment received by one patient was

not necessarily exactly the same as that received by another,

although therapy (kind and duration) was, in fact, determined

on findings other than the electrophoretic pattern. In

addition, the numbers in each group are small. Talcing

simple /



Table27.

Besult3
areexpressedasincidence
{%)orasmeans
+standarderror

Pattern

No.

Males («

Age (yr)

Totalserum protein (g/100ul.)
Proteinuria {%)

Bence-Jones proteinuriam
Haaiological bonechanges (%)

Hb.

(g/100ml.
E.S.P.

(̂ma/1hr/)
Survival time*

d>2-type

1

0

71

6.8

0

0

100

10.110.6

119116

-(0)

(5-type

6

67

6l±l

9.7*0.8

83

67

67

9.2±0.8

125110

4(4)

fasty-type
14

|

64

66±2

8.5+0.4

60

14

72

10.9*0.5

10018

12(10)

slowy-type
20

55

64±5

8.8±0.6

75

20

85

10.9*0.6

89±8

10(14)

minor abnormality
10

60

6o±4

6.1*0.2

90

33

90

9.2*1.5

41+14

8(5)

*fromthetimeofdiagnosis;numberofcasesinparenthesis
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simple means, however, there was no significant difference

between the groups (Table 27). It is perhaps of interest

to note also that there was no significant correlation

between survival time and age, total serum protein, myeloma

globulin {% of total protein), degree of anaemia, E.S.R.,

presence of proteinuria or of Bence Jones proteinuria,

respectively, all examinations being made at the time at

which diagnosis was made (Table 28). On the other hand,

there were statistically significant correlations between

sex and survival time (males lived longer than females) and

between the presenee of radiological bone changes and sur¬

vival time (those with bone changes lived longer).

Discussion.

The present observation that little correlation exists

between the electrophoretic pattern and various other findings

is in agreement with the conclusions of Osserman and Lawlor

(1955). Certainly there is no appreciable difference in the

sex and age incidence, the incidence of proteinuria and that

of radiological bone changes analysed according to the patt¬

ern. As is to be expected from the nature of the abnormal¬

ity, sera in which the protein pattern deviates little from

normal tend to have normal total proteins? further, since

an elevated E.S.R. is known to be associated with inter alia

elevated levels of a globulin fraction, e.g. fibrinogen or

y-globulin, the relatively low E.S.R, levels in those patients
with only minor changes in the serum protein are not unexpect¬

ed. /



table28.

Survivaltimesof34patientswithmyelomatosis (a)Correlationwithvariousquantitativedate
DataAgeTotalserumMyelomaHaemoglobinE.S.B.' ;proteinprotein(%)

correlationcoefficient[+0.20+0.10-0.05+0.05*!hFO.23 significance|H.S.jN.S.H.S.\H.S.!H.S. (b)Correlationwithvariousqualitativedata
Resultsasmeansurvival-timeinmonths(M.S.T.)+S.E.ofmean

M.S.T.ProteinuriaM.S.T.Bence-JoneeM.S.T.RadiologicalM.S.T. ------■-—■}-proteinuria.jlcl»8»g€.8_.'
Males(19)12.4±1.2present(21)7.6+2.4present(12)S.2±2.5present(2j)2.6+0.9 Females(11)4.2±0.9jjabsent(6)14.0±8.6absent(15)10.1±4.2jjabsent(7);12.0±3.0 Significance ofdifferenceS.jjH.S.j|H.S.jS.



Table23.

(c)Correlatioxiwithelectrophoreticpattern
Pattern

$-type

fasty-type
slowy-type

minor abnormality

all

T».

4

10

14

5

33

„*M.S.T.

3-5

12.4

9.6

8.8

6.1

„-**

6.5

1.9

2.7

5.2

2.8

^ survival(wvc«ta * sVauiarltvvoVoj.(H.4.T.
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unexpected.

Tho single case of the d^-type scarcely allows corapar-

ison of the clinical features in this group with those of

other groups. However, data from the few other cases of

the ^x-type reported in the literature have been summarised

in Table 29 and these indicate that, in general, the clinical

and laboratory features of this group are the same as those

of the other groups.

The incidence of Benoe Jones proteinuria was less in

patients with y~type electrophoretio pattern than with any
other type (Table 27). This may constitute a true negative

association. However, as has already been discussed, the

heat-solubility test for Beneo Jones protein is not entirely

reliable and it may be that patients with this type of protein

pattern commonly excrete a Bence Jones protein for which

heat-solubility cannot readily be demonstrated. Moreover,

Collier and Jackson (1953) have claimed that some Bence Jones

protein is present in the urine of every ease of myelomatosis,

so that the association as far as the Bence Jones protein is

concerned may be one of quantity rather than presence or

absence.

Adams et al. (19^-9)> Janssen (1951), Putnam and Udin

(1953) and Snapper et al. (1953) observed that Bence Jones

proteinuria was more commonly present in patients with low

serum globulin levels than in those with high levels. Data

from /



Table29.

Dataoncasesofmyelomatosiswith'^.-type*myelomaprotein
Data,asfarasascertainable,relevanttothetimeatwhichdiagnosiswasmade

Author

SexAgeSurvival**SerumprOteifig[yr.^(month")I—
totalclj.-

/g/lQOmi)globulin 1M
Blood

Hb.weeESR ^/lOOul)(10y(mm/lhr am1/

MyelomaProtein- celluria type

: 1

bence-Jones proteinuria

Renal function

Radiolog¬ icaltone change

Wuhraann

-f

—j

etai.

(M

40

(short)

6.1

23

12

7.0

70

immature

*

*

+

(1948)***F
50

(short)

8.5

53

7

10.1

162

immature

+

+

*

+

Soulier (1953)

*

*

*

14.6

50

10

*

109

*

*

*

*

•+

Griffiths ar.dBrews
*

*

*

7.7

48

*

*

*

*

+

_

*

*

(1953)

*

*

*

5.1

26

*

*

*

*

+

—

*

*

Lohss etal. (1953)

*

*

*

11.3

76

*

*

158

*

*

*

+

Kaipainen
M

51

9

8.5

39

*

7.1

146

*

+

*

NPH26ag/l00ml
+

(1953)IM
56

*

7.6

24

12

4.787-1.18
'large

j

I

cell'type
—

—

UrineS.G.1.023
—

Snapper

F

65

4

8.7

68

1°

#

*

*

+

+

BUN26mg/lGOml.
+

A"hat.wx-tt
F

*

a~-

io»3

-75

(low)

»

»

«

+

4-

Door

+

(1953) Present autnor

M
F

59
71

60

8.5^
!7.4 1

29^ 43

*

110

*

9.6

*

109

* immature

*

rv"—
*

good

+ +

*datanotrecorded**fromthetimeofdiagnosis.,***thiscasewasunderthecareofDr.Sandkuhleri98/o ****theseauthorsalsoreportedafourthcasewith^g-globulin,butnofurtherdetailsaregiven v̂aluestwoyearsafterdiagnosis;initiallytherewasnormalglobulinlevel.
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froa the present investigation (Fig, 24) are in agreement

with these observations, although the results indicate a

relatively low coefficient of correlation*

Since patterns showing only minor changes are associated

with relatively low serum globulin levels, it might be expect¬

ed that Bence Jones proteinuria would be more frequent in

patients with that type of serum protein pattern. Oldhagen

at al. (1949) found Bence Jones protein in all of five eases

with only minor changes in the eleetrophoretie pattern, and

Snapper et al* (1953) found it present in the urine of ten

out of thirteen patients with patterns of this type compared

to an incidence of seven out of thirty-one patients with

myeloma type serum protein patterns# In the present invest¬

igation, however, Bence Jones proteinuria was apparently not

more frequent in patients with minor changes in the electro-

phoretic pattern, although proteinuria in varying degrees

was present in all but one of the patients in thi3 group.

Technical difficulties in detecting Benee Jones protein may

have been responsible for the discrepancy between the find¬

ings in tiiis investigation and those of others. Further,

the numbers in most of the reported series, as in the present

series, are small.

Burv-i-vaL Times. /
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Survival Times.

The survival time in myelomatosis varies from a few

days to many years. Several patients in whom the diagnosis

was satisfactorily established have lived for periods of

longer than five years (Jacox and Kahn, 1933; Batts, 1939;

Garland and Kennedy, 1948; Snapper et al. 1953).

Measurement of survival time is commonly made from the

onset of symptoms and, as it frequently involves a retro¬

spective estimate of the duration of symptoms, is thus

liable to error. In the present investigation survival

times have been calculated from the time at which the diag¬

nosis was considered sufficiently well established to start

specific therapy. This avoids the subjective error involved

in estimating the duratioh of symptoms and is, indeed, of

greater practical value since the patient,at least^is more

likely to be concerned with his chances of surviving for any

given period than with how long he has had the disease.

Naturally measurements of survival time on this basis give

smaller values than those based on the onset of symptoms,

since symptoms are often present for appreciable periods

before the correct diagnosis is reached. In the cases

described by Carson et al. (1955) this period varied from a

few days to two years, and sometimes even longer.

However, when the possible relationship of survival

time to electrophoretic pattern is to be considered, the

method /
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method of measurement becomes unimportant* Wuhrmann et al.

(1949) concluded that the prognosis was much less favourable

in patients whose serum proteins were of the ot^-type or

showed only minor changes. Present results, however, do not

support this finding. Moreover, collective data from patients

with the tintype myeloma (Table 29) also fail to substantiate
this conclusion.

The present author has been unable to find any reported

analysis of the survival time related to sex. Obviously,

further data are required before the present results can be

accepted as illustrating a true difference in prognosis

according to sex. With regard to the association of radiol¬

ogical bone changes with better prognosis, it is possible

that those patients, in whom the disease is fundamentally

more acute, develop symptoms (other than those due to bone

lesions) which lead to investigation and diagnosis before

bone changes have time to develop.

In summary, there appears, in general, to be no correl¬

ation between the electrophoretic findings and the clinical

features in patients with myelomatosis.

7. THE /
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7. THE CONTRIBUTION OF PROTSIH STUDIES TO KNOWLEDGE
COIICERniHG THE MATURE OF MYELOMATOSIS.

It i3 perhaps convenient to start by summarising relev¬

ant observations on myelomatosis.

Histologically, the condition is one of cellular prolif¬

eration, the myeloma cells in all probability being derived

from reticuloendothelial cells. Myeloma tissue most comm¬

only occurs in the bone marrow in multiple foci, although

there is often, in addition, a diffuse mingling of the

myeloma cells with normal marrow cells. Occasionally,

myeloma tissue occurs as a solitary tumour in bone or in

extra-skeletal tissues; however, spread of the myeloma

tissue from the solitary tumour throughout the skeleton

usually takes place sooner or later.

Biochemically, this condition is characterised by the

abnormal production of proteins which are either serum

myeloma proteins or Bence Jones proteins. Each of these

classes of proteins has certain group characteristics such

as molecular weight or amino acid content, but differs indiv¬

idually in other respects, e.g. electrophoretic mobility,

immunological reaction or carbohydrate content. Thus, the

myeloma protein, or Bsnce Jones protein, formed by one

patient is not identical with that formed by another patient.

Further, the amount of either produced by individual patients

varies from undetectable quantities to relatively large

amounts; /
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araounts; the concentration of serum myeloma globulins may

exceed lOg./lOOml. (Snapper et al. 1953) and the daily output

of Bence Jones protein may exceed 50g./l00ml. (Dent and Rose,

1949), In addition, the production of these two proteins

takes place independently so that a patient may produce

appreciable amounts of one or other or both. Only rarely,

however, do patients with myelomatosis fail to produce

appreciable amounts of one type of protein.

Lastly, in the majority of cases the level of the serum

myeloma protein reaches a certain value at some stage of the

disease and, thereafter, remains relatively constant, often

in spite of treatment. In contrast, the excretion of Bence

Jones protein varies - often considerably - from day to day.

Thq Relationship of Serum Myeloma Proteins to tea&L
Serum Proteins.

The widely differing electrophoretic properties of

myeloma serum proteins suggest that they are possibly foreign

to normal plasma. However, immunological studies have

indicated that most of the myeloma proteins are in fact

related to normal y-globulin (Kunkel, Slater and Good, 1951,
Slater, Ward and Kunkel, 1955; Grabar, Fauvert, Burtin and

Hartraan, 1956; Korngold and Lipari, 1956). This finding

offers an explanation for the occurrence of homogeneous

proteins with differing eleetrophoretic mobilities in the

3erum of patients with the same clinical condition. Thus,

Slater /
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Slater (1955) and Grabsr et a^. (1956) have shown that whilst

the bulk of protein in normal serum reacting with y-globulin
antibody is contained in the electrophoretic fraction termed

y-globulin, some migrates with fi-globulin and a smaller pro¬
portion with -globulin. Thus, if the serum myeloma prot¬

eins occur, as evidence suggests, as a result of abnormally

high production of normal components of y -globulin (immuno¬
logically defined), it is to be expected that myeloma prot-

oins vri.ll, like the components of normal y-globulin, have

olectrophoretie mobilities ranging from that of y-globulin
to that of c(^-globulin. Indeed, the oloctrophoretic distri¬

bution of y -globulin (itanunolo ically defined) is quant¬
itatively similar to that of myeloma proteins (Fig# 41),

ifro-ttffha CftUa fr9tojn Prpflfttytjjtan#

There is considerable circumstantial evidence that the

myeloma serum proteins end Bence Jones proteins are formed

by the myeloma cells as was first suggested by Magnus-Levy

(1933, 193&), This idea has since received support from the

observation of Bundles et ml, (1950) that a reduction in the

number of myeloma cells in the marrow (induced by therapy)

was associated with a decrease in the amount of abnormal

protein in the serum and urine. Further confirmation was

obtained by Martin (1947), who extracted from myeloma tissue

a protein eleotrophoroticolly identical with the myeloma

serum protein and also possessing the same sedimentation

constant, /
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constant, and by Lane (1952) who reported that, in a patient

with a solitary plasmacytoma of the mandible, the serum

proteins returned to normal after resection of the tumour.

There is also considerable evidence that the normal

plasma cell, which is at least morphologically related to the

myeloma cell, is concerned in protein production; in the

condition of agammaglobulinaemia, olasraa cells are absent

from bone marrow or are present in greatly reduced quantities.

Conversely, in various diseases associated with hyperglobulin-

aemia (involving usually the y-globulin fraction only) there
is often a concomitant plasmocytosis of the bone marrow and

sometimes of other tissues also (Bing, 1940; Hayhoe and

Smith, 1951). Richmond, Kerr, Alexander and Duthie (1956)

have shown that in rheumatoid arthritis there is a signific¬

ant correlation between serum globulin level and the marrow

plasma cell count.

On the other hand, there is no correlation between the

myeloma cell mass (as estimated from the examination of

material obtained by biopsy or autopsy, albeit a rough estim¬

ation) and the amount of myeloma protein in the blood or of

Bence Jones protein in the urine. This implies that the

myeloma cells synthesise protein more readily in some patients

than in others or, less likely, that the rate of destruction

of myeloma protein varies from case to case, the plasma level

reflecting an equilibrium between production and destruction.

That /
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J

That such an equilibrium exists, at least for myeloma serum

protein, is suggested by the Isotope studies of Putnam and

Hardy (1954) which indicate that the half life of myeloma

serum proteins is of the same order (2-3 weeks) as that of

other serum proteins.

The marked tendency for the concentration of the serum

myeloma protein to level off after a eertain stage of the

disease is reached is an intriguing phenomenon. If the

active myeloma cell mass increased, assuming that each cell

synthesised at the same rate, the production of myeloma prot¬

ein would be increased and the blood level of the myeloma

protein would remain constant only if the rate of destruction

was simultaneously and proportionally increased. It is,

however, difficult to see why the latter should take place,

particularly in view of the observation that a decrease in

serum myeloma protein level tends to occur when a reduction

in the myeloma cell mass is produced by therapy (Rundles

et al.. 1950).

Alternatively, while the total myeloma cell mass in the

body may increase, the active cell mass may remain more or

less constant. This could occur if the cell was only able

to synthesise protein at a certain stage of its life cyele.

Lastly, it may be that in many cases there is no increase in

the total mass of myeloma cells, although the progressive

destruction of bone and the observable growth of extra-skeletal

tumours /
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tumours tend to rule out this possibility. Certainly, in

many cases which do not show appreciable changes in serum

proteins there is also little change in haemoglobin level.

Possibly the production of myeloma protein is analogous

to the production of antibodies which in some instances appear

in the blood in response to a stimulus (e.g. an infection)

and remain at a more or less constant serum level throughout

the rest of the patients life.

Tfte Pro^feyatfon of tfrelonfr Cel^.

In conclusion, brief comment on the nature of myeloma

tissue is required. Whatever the ultimate behaviour of

established myeloma cell masses, there is reason to believe

that these are not always present in patients who develop

myelomatosis. The nature of the stimulus which initiates

the development of myeloma tissue remains, however, unknown.

The abnormalities of protein synthesis have been likened to

the abnormal production of protein which takes place in

certain cells which have been invaded by viruses, e.g. cells

of the tomato plant invaded by the tobacco mosaic virus.

However, there has been as yet no successful transmission of

myelomatosis to experimental animals; nor, indeed, has it

been possible to obtain any direct evidence that myelomatosis

results from hypersensitivity to infections or to drugs,

agents which have been reputed to produce a plasmocytosis

often associated with hyperglobulinaemia (Bjorneboe, Gormsen

and /
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and Lundquist, 1947; Teilum, 1948; Carter, 1949).
The majority of investigators regard the condition as a

malignant tumour of the reticulo-endothelial system, although

the question of multiple or single origin of tha tumour is

still a point of dissention. In this light, the condition

is perhaps best regarded as a reticulosis involving cells

particularly active in protein synthesis, a concept which is

supported by the occasional finding of the serum and urinary

protein abnormalities characteristic of myelomatosis in

patients apparently suffering from other conditions, e.g.

lymphoid leukosis and macroglobulinaemia, which fit more

readily into the existing classification of reticuloendo¬

thelial tumours.
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SBCTION IV.

SLECTRQPHORfiSI3 OF SERUM PROTEINS
IN HEPATP-BILIARY DISEASE

1. INTRODUCTION.

With the exception of the y-globulins, the proteins of
serum are believed to be formed almost exclusively in the

liver (Maddexi and Whipple, 1946; Miller et al». 1954a,b).

It is, therefore, not surprising that diseases involving the

liver are associated with changes in the serum proteins which

have been known to clinicians for many years. Commonly,

serum proteins are estimated as two fractions, albumin and

globulin, and while this procedure is of some use in clinical

practice, the more detailed information to be obtained from

the electrophoretic analysis of serum is potentially of

greater value.

At the time this investigation was started, however,

little information was available in the literature

the usefulness of electrophoresis in the clinical assessment

of individual patients with hepato-biliary disease, in spite

of the many electrophoretic analyses which had been carried

out in aich patients. It was considered of interest, there¬

fore, to carry out this examination in patients with various

diseases involving the liver and to evaluate the results

obtained.

2, ELECTROPHORESIS /

concerning
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2. ELECTROPHORESIS IN THE DIAGNOSIS OF HEPATO-BILIAKI
DISEASE,

Clinical Data.

In this study, 100 patients with hepatic or biliary

disease were investigated. The ultimate diagnosis in each

patient was satisfactorily established (Table 30). In no

case was there any other condition present which might itself

be associated xrf.th changes in the plasma proteins.

The diagnosis cholecystitis was applied to cases with

acute or chronic cholecystitis, with or without stones in

the gall-bladder; associated cholangitis was present in some

cases. Pre-cirrho3i3 was used to describe the condition

present in chronic alcoholics with obvious hepatomegaly but

without the stigmata of actual cirrhosis. The diagnosis

cholangiolitic cirrhosis was made in two case3 with long-

-continued jaundice from infera-hepatic obstruction, extra-

-hepatic obstruction having been excluded by exploratory

laparotomy; in one of these cases there was associated

xanthomatosis. Each of the two cases with cirrhosis also

had a hepatoma.

Methods. /



Table"50.

DiagnosisIn100patientswithheoato-biliarydisease ConditionHo.ofcases
stoneincommonbileduct22 exurahep&ticneoplasm13infectivehepatitis20 chiorpromazinehepatitis1 cirrhosis12 cholecystitis9 precirrhosis4 cardiaccirrhosis7 acutehepaticnscroeie2 choiaugioliticcirrhosis2 reticulosisinvolvingtheliver3secondaryneoplasmintheliver5
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Methods.

Electrophcretic analysis of serum proteins was carried

out as described previously. As an aid to diagnosis the

following tests were also done s- determination of serum

bilirubin (Haslewood and King, 1937), alkaline phosphatase

(King, 1951), cephalin-cholesterol flocculation (C.C.F.T.)

(Hanger, 1939), thymol turbidity (MacLagan, 1944), serum

albumin snd globulin, rsicro-Kjald&hl method using sodium

sulphite a3 fractionating agent (King, 1951).

Results.

The results of the electrophoretic analyses carried out

in the majority of cases at the time when the patient first

presented, together with other laboratory data, obtained at

the same time, are given in detail in Table 31 and a summary

of the electrophoretic results according to disease is given

in Table 32,

In general, total serum protein levels were normal or

slightly decreased; the lowest total protein levels occurred

in those patients with reticulosis or secondary carcinomat¬

osis involving the liver. Albumin levels were invariably

decreased, particularly in cirrhosis, ot - and -globulin

levels tended to be increased, except in cirrhosis and acute

necrosis of the liver, which were characterised by low or

normal values. y-globulin levels were invariably increased.
Extra-hepatic /



Table31.

Electrowhoretieandotherdataonpatientswithhepato-biiia.rydisease (a)Stoneincommonbileduct
Electropnoresis(%)

Salting-out
*

SexAge

Albumin

Globulins

A/GAlbuminGlobulinsl/G g/lOOalg/lQOaal.
T.T. units

Alk.Phos.
K.A.unit/lOOml.

Bilirubin ag/LOOml.

4̂etU,jXSulfWc

4.7 1.0 5.7 1.4 6.6 4.4 5.7
*

4.9 3.5 3.8 3.6 4.5 2.4 5.4 1.1 5.6 0.4 1.5

*

2.7 3.8



Tfable-1.(Cont^

Electrophoreiicandotherdataonpatientsvdthhepato-billarydisease
GaseSex 23 24 26 27 28 29

30
31 32 33 34 35

F M M F F M F K M F

14

F

51 70 6o 29 65

*

69 59 48 52 56
79

*

Electrophoresis(%)
AgeTotal protein (g/lQOml.) 6.8 5.9 7.9 5.1 6.5 7.3 5.1 7.36.36.8 6.2 6.0 5.2

Albumin 5.4 53 41 32 45 41 43 37 41 40

41
52 43

Globulins
/Jy

6 4 6 5 5 6 5

9 8

817
1012

11

7 9 9

19

810 712 45813

922
1520 1123

1330 2017 2423 1330 2622 1817 1626 1524 1128 1123

(b)Extra-hepaticneoplasm 'Salting-outv
|}

A/GAlbuminGlobulinsA/GT.T.CCFT.Aik.Phos. g/lOGmlg/lOQial.unitsK.A.unit/lOOml.
1.2 1.1 0.7 0.5 0.9 0.7 0.8 0.6 0.7 0.7 0.7 1.1 0.8

Bilwf»4>in mg/l00ml.

3.8

2.2

1.7

1

—

30

9.8

2.9

2.7

1.1

7

+2

26

10.4

3.9

3.7

1.1

#

—

30

18.0

4.6

1.7

2.7

1

+1

42

5.4

*

*

*

*

-

19

8.3

3.9

3.3

2.7

l

-

52

6.6

3.0

3.6

0.8

*

+2

43

13.6

3.6

3-4

1.1

1

+1

13

9.4

3.9

2.8

1.4

1

—

60

6.8

3*6

3.3

1.1

1

-

75

4.5

3.9

3.0

1.3

2

-

75

4.8

3.4

2.1

1.6

1

-

82

5.0

3.2

3.0

1.1

*

-

21

16
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j

1

Electrophoresis(%)
>!

1 Salting-out1
1

Case

Sex

Age

Total

Albumin

Globulins

A/G

Albumin

Globulins
A/G|
T.T.

CCFT.

Alk.Fhos.

Bil.

protein

g/lQGial

g/lOOal

units

K.A.unit/lOOml
mg/lOOml

(g/lQOffll)

elv

P

7

j

36

M

14

7.2

47

4

7

11

30

0.9

2.9

2.2

1.3!

7

+4

19

3-3

37

M

29

6.6

6q

6

8

11

16

1.5:

4.9

1.9

2.9

"2

>

+3

5

1.1

38

F

35

7.1

63

5

7

13

13

1.7

4.9

2.4

2.0

2

20

0.6

39

F

24

7.6

54

3

6

15

23

■1.3i

3.7

3.2

1.2

2

+1

12

1.4

40

M

18

7.0

54

7

9

11

19

1.2

3.4

2.5

1.4

3

—

5

1.0

41

F

70

7-5

34

4

10

9

44

0.5

4.4

3.1

1.4

4

+3

13

7.6

42

F

54

7.0

57

3

8

16

16

1.3

4.4

3.1

1.4

1

+2

28

5.4

43

M

72

6.9

59

5

5

18

12

1.4

3.0

2.5

1.2

1

+3

18

1.6

44

M

30

6.9

46

11

8

11

25

0.9

4.5

2.6

1.7

7 p

+3

10

3.0

45*

F

76

7.2

57

5

6

12

19

1.3

4.2

3.6

1.4

1

26

5.8

46

i

(d)Infectivehepatitis(moderate)
F

55

7.6

53

3

5

12

27

1.1

13.3

3.0

1.1

7

+7

14

3.6

47

M

22

7-3

59

5

6

10

19

1.4

i4.1

2.0

2.1

*

+1

15

9.8

48

F

26

6.5

42

6

11

18

23

0.7

3.6

2.0

ll8

1

_

12

1.9

49

F

25

7-3

57

5

7

10

20

1.3

4.3

3.0

1.4

6

+4

11

1.8

50

F

26

8.2

40

2

3

9

45

0.7

1*

*

*

9

+2

12

2.2

1

(e)

Infectivehepatitis(severe)

51

F

20

8.9

31

3

4

6

65

0.5

i3.6

6.2

0.6

8

+4

10

0.9

52

F

66

7.1

21

6

8

9

56

0.3

*

#

*

*

+4

9

4.8

53

M

35

6.2

41

4

4

8

43

0.7

12.9

3.5

0.3

6

+4

8

2.0

54

M

14

6.9

40

6

4

9

42

0.6

4.0

3.8

1.0

*

+4

18

2.8

55

M

31

6.8

|37

4

3

6

49

0.6

3.3

3.2

1.0

6

+4

10

4.5

56

F

46

7.6

141

5

8

11

35

0.7

3.7

3.4

1.1

6

+4

68

6.0
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Fleclropaorfeticandotherdataonpatientswithhfcputo-blliarrvdisease (f)Cirrhosis

i j }

Electrophoresis(£)

'Salting-out4

}

CaseI
Sex

Age

Total

Albumin

Globalins

a/g

Albumin

Globulins
A/G

A•i•

CCFT.

Alfc.Fhos.

Bil

protein

/f

V

g/100al

g/lOOial.

units

K.A.unit/lOOml.
m|/10(

(g/lOOol)

dv

f3

1

571

F

63

5.4

28

10

3

12

42

0.4

2.3

2.8

0.8

2

+3

9

1.4

58j

H

51

5.2

43

4

6

4

43

0.8

2.2

2.3

1.0

3

+1

10

1.7

59

M

60

7.3

39

4

4

15

38

0.6

3-7

3.6

1.0

*

+3

11

1.0

6o

m

55

6.1

37

9

11

9

35

0.6

4.1

2-3

1.8

1

+2

21

4.5

6l

F

48

4.9

24

2

4

9

60

0.3

ft

*

i*

*

+4

7

1.3

62

F

71

6.6

10

4

2

8

77

0.1

2.9

3.8

0.8

8

+3

15

0.8

63

M

73

5.8

28

6

6

9

52

0.4

2.4

4.7

0.5

8

+4

21

5-9

64

m

41

6.9

35

3

4

7

51

0.5

2.9

4.3

0.7

7

+4

16

1.1

65

F

46

7.8

35

6

5

7

47

0.5

3-9

5.3

0.7

9

+4

12

0.9

66

14

60

6.6

26

6

12

15

42

0.4

3.2

2.9

1.1

2

—

30

1.9

67

F

71

7.0

40

8

8

ii.

33

0.7

2.9

4.0

0.7

2

—

32

1.0

68

m

73

6.2

26

4

5

15

45

0.4

3.6

1.8

2.0

*

+4

16

*

69

1

(LjCholecystitis

;F

78

5.6

48

5

14

11

21

0.9

i3.0

2.5

1.2

1

—

8

0.4

70

ft

64

5.8

150

10

16

8

16

1.0

—Ci
\»G

1.6

2.4

1

+3

9

9.4

71

F

56

6.3

44

|

7

11

14

24

0.8

4.1

2.4

1.7

1

15

4.7

72

|F

56

7.2

54

3

8

14

21

1.2

*

ft

#

2

—

24

3.0

-73.

!M

69

7.3

57

4

J

9

22

1.3

4.2

1.5

2,8

2

6

0.7

74

;*

70

8.0

36

9

10

19

26

0.6

3.8

3.2

1.2

2

+1

26

0.6

75

M

64

6.5

47

8

11

12

21

0.9

3.7

2.4

1.5

1

—

20

3*2

76

F

72

6.3

41

3

6

10

40

0.7

ft

*

*

5

+4

10

6.8

77

M

43

7.3

I71

4

6

7

12

2.5

5.3

1.7

3-1

1

-

3

0.8



T&ble_31.(CewU.)

Case

Sex

Age

Total protein (g/lOJau)

78

A

54

6.7

79

M

52

6.7

80

M

60

7.6

81

M

47

8.3

82

F

69

6.0

83

A

51

6.3

84

F

62

«rN$

85

F

73-

5.1

86

F

..-v

6.8

87

A

53

6.5

88

T

62

6.5

89

F

47

6*6

90

F

74

6.7

1,1ectrophoreticcnc.othercataon;atientsvlthhepato-biltarycdsease (n)Fre-cirrnoala ' Salting-outV
AlbuminGlobulinsA/G

i&fcctrophoreeis($}
Albumin 55 47 5766

48 47 49
48

51

44 58 55 42

A/G

Globalice
I-1vPy 5Uli171.2

41114240.97711181.3388161.9
■J

3

g/lOOslg/iOOal.
T.T. anila

6
8 7 4

11 12 12

7
9

12

7
c 3

21 18 16
16 11 12 12

4 5

15 16 17 25 22 26 19

(i)
0.9 0.9 l.o 0.9 1.0 0.8 X«4

3.9 4.3 4.7 4.6 Caruiac 3.6 4.9 3.2 3.1 3.8 3.9 3.2

1.9 2.4 2.4 cirrhosis 1.8 2.0 2.0 2.3 2.5 2.1 1.8

38
46

1.2 U.8

#

2.7

2.8

2.1 1.8 2.0 2.0 2.0 2.8 1.6 1.4 1.4 1.9 1.9

111.Acutehc-paticnecrosis
-t-

*

1.0

* c

rv

C.
1 * 2 * 1 *

* *
6

CCFT.Aik.Phos. K.A.unit/100ml,
+1

+3

+3

+1 * +1
+3

6
4 9 7

11

30
11

« 8

10

9

17 14

Bll. ag/100sl. 0.6 0.8 0.5 0.5 0.7 1.5 0.5
#

1.0 1.1 1.0 10.4 11.0



Table^1.(t

ilectropfaoreticandotherdataony&tientswithbeneto-biliarydisease (k)Cholangioliticcirrhosis
SexAge r F

46 48

Total protein (g/100ml)_.6.1|7.5
8,lnJVopbov«.Si&

AlbuminGlobuline
A/G

93

M

42

4.5

66

6

6

9

94

M

43

5.9

49

6

5

10

95

F

54

5-2

37

12

18

14

44 36

1

7 4

d\ 8 9

12 11

_Y
28 39

12 29 19

0.8 0.6

' ogf* AlbuminGlobulins g/lOOmlg/lOOml. *

5.2

*

2.4

A/G
*

1.0

1.9 1.0 0.6

.(k)reticulosis

96

H

58

6.1

55

8

13

11

13

97

F

60

5.7

40

7

13

15

26

98

F

38

6.1

48

10

10

11

22

99

M

57

5.5

30

4

8

17

33

LOO

F

81

5.9

48

8

15

3

21

1.2 0.7 0.9 0.6 0.9

VR
*

4.6
*

3.2

1.7
*

1.5
#

2.5

T.T.CGFT.Alk.Phos.Bil.unitsK.A.unit/100:al.rag/lO0al,
2.51.22.13.22.11.52.25.60.4 iarycarcinomatosis

2.1
*

3.1
*

1.3

2

+3

15

7-6

X

1/

+1

46

4.8

#

In

30

1.4

*

+2

14

0.6

1

—

32

1.5

1

_

14

8.3

#

-

60

6.6

2

-

4

0.2

2

+3

78

4.7

1

-

13

0.4



Summarisedelectro•• .■horetieresultsinpatientswithhepato-biliarydisease Resultsasmeans,±S.D.orwithrange Serumprotein{%oftotal)A/Gratio
Condition

n

TotalproteinAlbumin

Globulins

;

ELectro-

Salting

i

g/lOOml.
"

^ v-[i

Y

pnoretis

Normal

34

7.010.7

6514.3

4.511.6
5.8H.49-312.2
15.413.0

1.9H0.20

Stoneincommonbileduct
22

6.4i0.9

46111

5.8JD.710.3±2.711.6±3.6
25.018.8i
0.9610.47

1.4510.59

Extrahepaticneoplasms
13

6.310.9

4416

6.311.8
IO.813.915.5*5.2
23.4-14.2

0.75*0.20

1.481O•63

Hepatitis

21

7-1*0.51
53±n

5.3±1.9

7.412.212.7±3.3
21.7*14.1

1.1810.40

1.59*0.52

Cirrhosis

12

6.310.38

3**9

5-5*2.5

6.313.09.3*3-5
47.1112.01
0.47*0.18

1.0140.46

Cholecystitis

9

6.7+0.8

50110

5.912.0

9.9*3-511.6+3.7
22.6±7.S

—

.Precirrhosis

4

7T3

56

4.8

3.811.3

20.0

1.4

2.0

(6.7-8.3)
!■47-66)

(3-7)

(6-11)(8-12)
(17-29)

Cardiaccirrhosis

7

6.1

49

7-1

10.015.1
20.0

1.0

1.8

(3.1-6.8)
;44-58)

(4-8)

(7-12)(11-21)
(15-26) 41

Acutehepaticnecrosis
2

6.7

49

3.0

2.54.5

(6.6-6.7)
>2-55)

(—)

(2-3)(4-5)
(36-46)

Cholangioliticcirrhosis
2

6.6

40

5.5

8.511.5

33.5

—

(6.1-7.3)
36-44)

(4-7)

(8-9)(11-12)
(28-39)

—

Reticulosis

5

5.3

51

8.0

9.711.0

20.0

—

(4.3-5.9)
37-66)

(6-12)

(5-18)(9-14)
(12-29)

Secondaryneoplasm
5

5.8

4o

7.4

11.812.4
23.0

—

(5.5-6.1)
38-55)

(4-10)

(8-15)(8-17)
(13-33)

1
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Bstp^-he-o^ticJ^^^Ota^ct^on, and Hepqtitjp.

The distinction between these two conditions is a common

clinical problem. Table 32 shows that there was, in general,

no difference between the results in infective hepatitis on

the one hand and in extra-hepatic neoplasm and stone in the

common bile duct on the other. There was, however, one

noteworthy difference. Of the 21 cases with infective

hepatitis (including one case of chlorpromazine hepatitis)

all showed o^-globulin levels of 11% or less. In contrast,
10 of the 35 cases with extra-hepatic biliary obstruction

showed an c^-globulin level of 12% or more (Table 33),
although of these 10 cases, 8 already showed unequivocal

evidence of extra-hepatic block in the form of negative

flocculation tests, xjith alkaline phosphatase levels of more

than 30 K.A. units/lOOrol.

Table 32 also shows that there is some overlap between

the results in patients with extra-hepatic biliary obstruc-

tion and hepatitis respectively, and the normal electrophor-

etic findings.

Cirrhosis and Acute Hepatic Necrosis. In all patients with

cirrhosis there was a marked rise in the V -globulin and a

markedreduction of the albumin; o( - and (i -globulin levels

tended to be low. In the two patients with acute hepatic

necrosis, the electrophoretic findings were similar but

showed a smaller reduction in albumin. In the patients

with /
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BiliaryobstructionHepatitis
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12

19

10-11

13

2

12-19

10

0

35

21
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with hepatomas (Gases 60 end 63) there was a reduced albumin

level and an increased y -globulin levolj the other fractions
were within normal limits in one patient and were increased

in the other case. These results are not only strikingly

abnormal but also serve to distinguish patients in these two

disease categories from those of any of the other categories.

Secondary Carcinomatosis» This group is o? sons importance

since, in certain cases, the hepatomegaly and ascites may-

cause confusion with cirrhosis of the liver. Electrophor-

etically, there was a distinct difference in the two instan¬

ces. In secondary neoplasm the y-globulin concentration
was 33% or less, whereas in cirrhosis it was 33% or more.

Further.- in secondary neoplasm the c^-globulin percentage
tended to be high whilst in cirrhosis it was consistently

normal. The ratio of y-globulin to -globulin also was
higher in cirrhosis (Fig. 42).

Pre-cirrhosis. There has been dispute about the diagnosis

in this group. KLinically the picture was of chronic

alcoholism with distinct hepatomegaly. The C.C.F.T, results

were respectively negative, negative, +1 and +3. The elec¬

trophonetic pattern was within normal limits in 3 eases; in

the fourth there was a slight decrease in albumin with a

slight increase in y-globulin. It is clear that early
alcoholic damage to the liver is not reflected by appreciable

changes in the electrophoretic pattern.

Cardiac /
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Cardiac Cirrhosis. As was usual in such eases the G.C.F.T.

was either negative or at the most +1. The electrophoretic

pattern showed no specific change.

Gholangiolitic Cirrhosis. As might be expected, the electro

phoretic pattern was that of moderately severe cirrhosis,

namely decreased albumin and increased ^-globulin.
Reticulosis Involving the Liver. In this group there was

diffuse infiltration of the liver by a reticulotie process.

The electrophoretic pattern 3howed no specific change,

j&gsagaiaa-

In the last decade the value of biochemical tests in the

diagnosis of patients with hepatic and biliary disease has

become firmly established. From a plethora of individual

tests, a few have survived in the hard school of day to day

practical application. Among these might be mentioned

particularly the estimation of serum bilirubin, the cephalin-

cholesterol and thymol flocculation tests, the estimation of

serum alkaline phosphatase and the estimation of 3erura or

plasma albumin and globulin.

It would be idle to pretend, however, that the results

of these routine tests are always of value to the clinician,

although it is generally agreed that they are of value in

the majority of cases. Clearly any additional test which

would reduce the number of cases with equivocal biochemical

findings would be valuable.

In /
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In assessing the diagnostic value of the present electro-

phoretic findings it is convenient to consider first the ,

d.v and (J-globulin fractions. All three are reduced in

acute hepatic necrosis, providing some confirmation of what

is usually a clinically evident diagnosis. Flynn (1954)

has made a similar observation. The tk ^-globulin fraction
is considerably increased in some cases of extra-hepatic

biliary obstruction and in cases of secondary hepatic neoplasm,

Occasionally, this may be of diagnostic significance (vide

infra). It is most important to note that the paper method

of electrophoresis, in contrast to the classical Tiselius

method, fails to record the increase in the [3 -globulin
fraction due to lipoprotein, described by Longsworth, Shed-

lovsky and Maclnnes (1939), Kunkel and Ahrens (1949), Sterling

and Ricketts (1949), Popper, Bean, de la Huerga, Franklin,

Tsumagara, Routh and Steigman (1951), Brante (1952), Mackay

ot al. (1954) and McQueen, 0•Shea and Summerfield (1954) in

the jaundice of extra-hepatic biliary obstruction and of the

•obstructive' phase in infective hepatitis. This i3 a

possible disadvantage of paper electrophoresis.

A striking increase in y -globulin occurs in diffuse
hepatic fibrosis (Martin, 1949j Ricketts, Kirsner, Palmer

and Sterling, 1949? Hartmann and Steinebach, 1950; Whitman,

Rossmiller and Lewis, 1950; Franklin, Bean, Paul, Routh,

de la Huerga and Popper, 1951; Knedel, 1951; Brante, 1952;

Church /
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Church and Blackburn, 1954} Mackay et al.. 1954 and McQueen

et al., 1954)« Present results have confirmed this finding;

in 12 cases the mean y -globulin level was 47$. Prom the
diagnostic point of view, however, it cannot be said that

paper electrophoresis, despite the often gross nature of the

abnormality, is an essential investigation. The diagnosis

in the 12 cases under consideration was not in appreciable

doubt following application of more usual methods of investi¬

gation. It can be regarded in most cases as a confirmatory

test. In some cases the increased y -globulin, together
with a normal^-fraction, helps in differentiating diffuse

W-

hepatic fibrosis from secondary hepatic neoplasm in which

there tends to be a normal y-fraction with an increased
dj-fraction (Seibert, Seibert, Atno and Campbell, 1947;
Rafsky, Weingarten, Krieger, Stern and Newman, 1950; Kay,

1954). It should be noted that a considerable increase in

-globulin also occurs in other diseases. In collagen

disease high y-globulin levels are frequently present (see
Section V), although usually the ^-globulin fraction is also
increased in this condition, which serves to distinguish it

from cirrhosis. In some eases of myelomatosis (see Section

III) high y-globulin levels are present; however, the

presence of a 1myeloma' band on the electrophoretic pattern

distinguishes this condition from cirrhosis in which the

y-globulin forms a diffuse zone often incompletely separated
from /
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from the (^-globulin. This illustrates the value of qualit¬

ative examination of the eleotrophoretic pattern.

It is disappointing to record that paper electrophoresis

is of limited value in differentiating hepatogenous jaundice
.* * '■

from jaundice due to extra-hepatic biliary obstruction, esp-

ecially when compared with the flocculation tests.

Charbonnier (1954), using boundary electrophoresis, reported

that an ^^-globulin percentage of more than 11$ indicated
extra-hepatic biliary obstruction. Whilst it is true that

in the present series an d^globulin level of 12$ or more

occurred only in cases with extra-hepatic biliary obstruction,

it so happened that $ out of the 10 cases with this finding
,

already showed unequivocal evidence of extra-hepatic obstruc¬

tion in the form of a negative C.C.F.T. with an alkaline

phosphatase of more than 30 units per 100ml. Hence in only

2 of a combined total of 56 cases (35 extra-hepatic obstruc¬

tion; 21 hepatogenous jaundice) could the c(^-globulin per¬

centage be considered of important diagnostic value.

Little need be said about electrophoresis in cardiac

cirrhosis and 'pre-cirrhotic hepatitis*. In both conditions,

the flocculation tests tend to be normal or only slightly

abnormal. The electrophoretic pattern is also little dis¬

turbed, if at all. Ricketts, Kirsner, Palmer and Sterling

(1950) recorded a similar finding in a study of electrophor¬

esis in asymptomatic or latent portal cirrhosis. It seems,

therefore, /
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therefore, that electrophoresis is not capable of detecting

mild degrees of hepatic damage.

In conclusion, it is clear that paper electrophoresis

cannot be regarded as a substitute for biochemical tests

presently used for the routine diagnosis of patients with

hepato-blliary disease. In certain circumstances, however,

it can supply additional information of great importance to

the clinician. It is of value in confirming the diagnosis

of diffuse cirrhosis of the liver, especially when there is

a problem in differentiating thi3 from secondary neoplasm in

patients with ascites. It is of occasional value in the

differential diagnosis between hepatogenous jaundice and

jaundice due to extra-hepatic obstruction. It is, however,

of no value in the detection of early impairment of liver

function.

Before considering the value of electrophoresis in the

prognosis of patients with liver disease it is perhaps of

interest to consider briefly what is known about the causation

of the serum protein changes in liver disease.
1

The most direct evidence indicating that the liver plays

a prominent part in the synthesis of all serum proteins,

except 7 -globulin, was provided by the isotope studies of

Miller and his co-workers (Miller et al., 1954). These

workers were able to show that in the perfused rat liver

radioactive C-lysine was incorporated into albumin, * -

and /
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and ft -globulins5 but not into s/-globulin, confirming the

earlier findings of Madden and Whipple (1946), In view of

th*"' results it is not surprising that these same protein

fractions (i.e. albumin, «(.- and (3 -globulin) aro reduced

in severe liver disease in man.

The reason for the hyper-y-globulinaeiaia is less obvious.
It has been suggested that the liver normally breaks down Y~
-globulin which has been formed elsewhere In the body (Martin,

1947)j a damaged liver is les3 able to perform this function

so that in cirrhosis ^j-glohvCLxri accumulates in the blood.
On the other hand, studies with normal y -globulin labelled
with radioactive iodine indicate that the turnover of */-

-globulin is more rapid in the presence of liver disease,

suggesting that the enhanced ^/-globulin levels are due to
increased production of this protein (Sisenmenger and Slater,

1953; Havens, Dickeinsheets, Bierly and Ebernard, 1953).

This could result from a stimulation (or sensitisation) of

the reticulo-endothelial 3ystem by protein released into the

circulation from damaged liver cells. Extremely high Y~*

-globulin levels have been described as a manifestation of

sensitisation to drugs (Robertson, 1950), and to trichinosis

(Carter, 1949). This rise is often associated with plasmo-

cytosis of the bone marrow and has led to the hypothesis

that -globulin is formed in plasma cells (Fagreus, 1948;

Bjornoboe et al.. 1947).

3. ELECTROPHORESIS /
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3. ELECTROPHORESIS IN THE ASSESSMENT OF PATIENTS UITH
pxgw-

Electrophoresis is of potential value in assessing the

degree of liver impairment for the purpose of prognosis or

in tho evaluation of therapy. The data collected in this

investigation offered an opportunity for studying this aspect

of liver disease and have been analysed accodringly. Unfor¬

tunately, the follow-up period has not been sufficiently long

to obtain useful data in more than one or two disease groups.

Results.

For the purpose of assessing prognosis in hepatitis,

the 21 cases were subdivided clinically into three groups

as followss-

Grouo A (10 cases)i 'Ordinary1 cases with short

duration of jaundice and rapid complete clinical cure.

Group B (5 cases)t Cases with ultimate clinical cure,

but in which anxiety existed for a time because of certain

clinical features, namely long-continued jaundice, persistent

hepatomegaly and a tendency to relapse.

Group C (6 cases)* Cases with unfavourable clinical

features as in Group B, and in which follow-up has shown a

steady progression to post-infective hepatitis cirrhosis.

The eiectrophoretic findings are given in Table 34 which

shovjg that the albumin and 0*.^- and (3 -globulin levels are
lowest in the most severe cases, whereas the y-globulin
levels are highest in this group. The albumin/globulin

ratio /



Group

A(mild)
B(moderate)

C(severe)

Table34.

SerumproteinInpatientswithinfectivehepatitis,subdividedclinically(seetext) Resultsasmeans Serumprotein%

TotalproteinAlbumin g/lOOml.̂

Acutehepaticnecrosis

Globulins civft

53 50 35

5.37.412.7 4.26.411.8 4.75-13.1

A/Gvofto

ElectrophoresisSalting
*—r 21.7 26.8 46.6

48.532.54.541
1.18 1.05 0.55

1.59 1.59 0.87

1.0
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ratio (A/G) was also lowest in the most severe cases. In

contrast, the total serum protein and the -globulin levels

were independent of the severity of the case.

In Table 35, the y -globulin percentages are shown in
detail. With the exception in each group of one case, it

is seen that a y -globulin level of 40% or more indicated an

unfavourable prognosis. In the Group B cases, with poten¬

tially grave clinical features, a level of less than 40%

(one exception) was in keeping with the ultimate clinical

cure.

Only one of the cases with extra-hepatic biliary obstr¬

uction showed a y -globulin level of over 40%, this being a

female patient with a stone in the common bile duct. At

operation, marked obstructive biliary cirrhosis was discover¬

ed and the patient died soon afterwards in cholaemia. This

suggests that the estimation of s/-globulin in patients with

extra-hepatic biliary obstruction may be of value in the pre-

-operative assessment of liver function,

ittscussion.

The results in the present investigation indicate that

the serum y-globulin level forms a useful index of liver
function. In infective hepatitis a progressive rise in

y-globulin was found to occur with increasing liver damage,
a finding in agreement with the observations of others who

have used boundary electrophoresis (Ricketts and Sterling,

1949; /



Table35.

V-globulinJILinpatientswitninfectivehepatitissubdividedclinically(Seetext) Normalrange10-21^
GroupA 12 13 16 18 19 19 23 25 30 44

GroupB 19 20 23 27 45

GroupC 35 42 43 49 55 56

Mean21.7

26.8

46.6
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1949j Hartmann and Steinebaeh, 1950j Popper, 1951 and

Viollier, 1951)• Church and Blackburn (1954) using paper

electrophoresis reached a similar conclusion from the study

of a small number of cases. Thus, patients with infective

hepatitis presenting one or other more potentially unfavour¬

able features, namely long-continued jaundice, relapses,

persistent hepatomegaly and persistently abnormal floccul-

ation tests nevertheless do well, provided that they do not

show more than a moderate increase in y-globulin level.
The management of this difficult group of patients can thus

be worked out on the basis of electrophoretic findings which,

in the presence of considerable hepatic damage, are a more

sensitive index of function than the commonly used floccul-

ation tests.

Electrophoretic findings are also of help in the problem

of assessing liver function in patients with extra-hepatic

biliary obstruction. As is discussed in the next part of

this section, the results of floceulation tests tend to be

unreliable in those circumstances since, despite impaired

liver function, they may be forced into normality by the

influence of the obstruction. The bromsulphthalein reten¬

tion test is also difficult to Interpret in the presence of

biliary obstruction (Magath, 1951j Burnett, 1954). In

these days of early exploratory laparotomy in suspected

extra-hepatic obstruction, no single series of cases is

likely /
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likely to include more than a few in which obstruction has

been prolonged and that is so in the present series. Clearly,

firm conclusions cannot be drawn from a single case. Never¬

theless there is sufficient circumstantial evidence support¬

ing this single observation to suggest that the surgeon may-

find it helpful in pre-operative assessment of liver function.

As might be ejected, an increased y -globulin level is a

warning that all is not well and that a two-stage operation

with preliminary biliary drainage is possibly required.

On the other hand, electrophoresis is of little value

in the detection of early impairment of liver function e.g.

in chronic alcoholics. Pdcketts et al. (1950) recorded a

similar finding in a s tudy of electrophoresis in asymptomatic

or latent portal cirrhosis.

The relationship between serum proteins and floeculation

reactions is considered in some detail in the following pages.

However, it is relevant to mention here certain easily per¬

formed tests, e.g. zinc sulphate turbidity (Kunkel, 1947) or

ammonium sulphate turbidity (de la Huerga and Popper, 1947),

tests which have been reported to give results which correl¬

ate closely with y-globulin values obtained by electrophor¬
esis (Church and Blackburn, 1954; Discombe et al.. 1954).

Other reports e.g. that of de la Huerga, Popper and Franklin

(1950) have, however, been less favourable, while Duoci (1951)
has reported that stabilising factors may be present in serum,
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e.g. in biliary obstruction, and influence the result.

Obviously further investigation on this controversial problem

is indicated.

In the meantime it can be concluded that paper electro¬

phoresis not only provides a r©liable estimation of /-glob¬
ulin but also (though this is possibly of les3 practical

Importance) of the other globulin fractions and of albumin

as well.

4. mm/
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4. SERUM PROTEIUS III LIVER DISEASE AiiiD SERUM FLOGCULATION TEST.

The value of flocculation testa in the assessment of

patients with liver disease has already been mentioned.

These tests consist essentially of the measurement of the

turbidity or precipitatioh produced on the addition of a

reagent to serum.

The results of flocculation tests depend on the protein

composition of the serum. In some tests, e.g. the ammonium

sulphate turbidity test (de la Huerga and Popper, 1949) or

the zinc sulphate turbidity test (Kunkel, 1947), the results,

as has already been mentioned, correlate fairly closely with

the results of protein analyses. In other tests, e.g. the

thymol turbidity test (T.T.T.) (MacLagan, 1944) or the

cephalin-cholesterol flocculation test (C.C.F.T.) (Hanger,

1938), the mechanism appears to be more complex, the results

depending not only on the amounts of various proteins in the

serum but also on the amount of stabilising factors present

(Dueci, 1950; Hanger, 1954).

The electrophoretic data obtained in this investigation

on patients with liver disease offered an opportunity for

examining the relation between the thymol turbidity and

cephalin-cholesterol flocculation reactions respectively

and the serum proteins, and the results of this study are

presented next.

Results. /
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Resuits.

The data used for this analysis were, in most instances,

obtained at the time the patient was admitted to hospital and

are contained in Table 31. In Fig. 43, the results of the

T.T.T. and the C.O.F.T. have been plotted against the serum

albumin content as a percentage of total protein. The data

have been plotted using open circles for cases with evidence

of biliary obstruction, in the form of an alkaline phosphat¬

ase activity of more than 20 KA units/lOOml. and closed

circles for eases with no evidence of biliary obstruction,

i.e. with alkaline phosphatase levels of 20 KA uaits/lOQml.
or less, in order to examine the possible effect of stabil¬

ising factors vjhich are believed to accumulate in the serum

as a result of biliary obstruction.

Considering all results, there was a slight tendency

for the results of both floeculation tests to be inversely

related to the albumin content, although negative floccul-

ation results commonly occurred in the presence of reduced

albumin levels and positive results occurred in the presence

of normal albumin levels.

However, the data in Fig. 43 reveal that in patients

with appreciably reduced albumin levels, i.e. below 50fr of

total protein, there was a distinct tendency for biliary

obstruction to be associated with normal floeculation results

(T.T.T. less than 4 units, C.C.F.T. *2 or less), whereas in

patients /
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patients without biliary obstruction this tendency was less

marked. Thus, only 2 out of 23 patients with reduced alb¬

umin levels and biliary obstruction had abnormal flocculation

results, whilst 9 out of 26 patients with albumin reduced to

a similar extent and no biliary obstruction had abnormal

flocculation results. Mean albumin levels were similar in

the two groups. Taking a critical albumin level of 45% of

total protein the effect is more pronounced; 2 out of 22

patients with no obstruction had normal flocculation results,

whereas 8 out of 16 patients with biliary obstruction gave

this result.

The effect of obstruction is more marked on the results

of the G.C.F.T., taking 50% as the critical albumin level;

16 out of 33 patients without obstruction had abnormal results

whilst only 4 out of 28 patients with obstruction had abnormal

results.

A similar effect of biliary obstruction is illustrated

in Fig. 44 in which the y-globulin levels have been plotted
against the results of flocculation tests. There is a

slight tendency for the results of both tests to depend dir¬

ectly on the y-globulin level. Taking a critical globulin
level of 20% of total protein in the T.T.T. 11 out of 28

patients without obstruction showed abnormal results, whilst

only 3 out of 26 patients with obstruction had abnormal

results; with the C.C.F.T. the corresponding figures wore

respectively /
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respectively 19 out of 36 cases without obstruction and 4

out of 31 cases with obstruction. The effect of biliary

obstruction on the relation between y -globulin levels and
flocculation results is, however, less striking than that on

the relation between albumin levels and flocculation results,

sines there was a tendency for y-globulin levels to be

higher in eases without obstruction, which would tend to

produce the observed effect.

The results have been summarised in Table 36 which shows

clearly that biliary obstruction has a definite effect on the

results of the T.T.T. and C,C.F.T., which might obscure any

independent relation between the results of these toots and

the serum albumin or V-globulin levels respectively. For

this reason, possible dependence of flocculation results on

protein concentration was examined by computation of the

correlation coefficients between serum protein levels and

the results of flocculation tests in patients without biliary

obstruction.

There was significant negative correlation between

albumin levels and thymol reactions and between albumin

levels and cephalin-cholesterol reactions (r = -0.50 and

-0,52 respectively). In contrast, there was significant

positive correlation beWeen y-globulin levels end thymol

reactions and between y-globulin levels and cephslin-
-eholesterol reactions (r = +0.74 and +0.59 respectively).

The /



TableH6.

Eiifcctofbiliaryobc-iructionans>-rumfloccui&tio-areactions
Analkalinephosphataselevelofmorethan20X.A.units/lOOal,wastakenaseviuez.eeofbiliaryobstruction ThymolTurbidity

i

C.C.F.

Proteinabnormality
Biliaryobstruction
<4units

4unitsormore
F#

<+3

+3or+4

p

Albuain<

present absent

a

17

2 9

<0.02

24
17

4

16

<-o.oi
!

Albumin<4^$

present absent

i

20

8

£ 8

<-0.01

22

8

4

15

<"0.01

Globulin>20$

;{ present absent

3

3 U

<0.01

27 17

4

19

|

<0.01

*P-theprobabilityoftheobservedeffectofbiliaryobstructionbeingduetochance,determinedbymeansoftfa«X2t®®1
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The results of the T.T.T. and the C.C.F.T. agreed in

the majority of instances (Fig, 45); in 50 sera both tests

gave normal results and in 12 both gave abnormal results.

In two sera the T.T.T. gave markedly abnormal results whilst

the C.C.F.T. gave results of +2 (an equivocal result in

this analysis taken as normal); in one patient (Case 24)

the serum cholesterol was noted to be greatly increased

(540mg./l00ml.), whilst in the other patient, who was suffer¬

ing from a prolonged attack of infective hepatitis, the

C.C.F.T. had been +3 or +4 on several previous occasions.

In 12 sera the T.T.T. gave normal results whilst the

C.C.F.T. gave abnormal results. The sera were from patients

with various diagnoses and no distinguishing clinical feat¬

ures were apparent. However, all except one patient had

serum bilirubin levels l.Omg./lOOml. and only two patients

had alkaline phosphatase levels above 20 KA units/lOQml.
Discussion.

The mechanism of the thymol turbidity test has been

examined in three ways:- (a) by studying the ability of

isolated protein fractions to produce flocculation; (b)

by analysis of the precipitate formed when the reaction is

carried out in normal and abnormal sera; (c) by examining

the correlation between the flocculation results and the

protein (electrophoretic) composition of sera.

Maclagan /
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Maclagan and Bunn (1947) and Ducei (1951) have shown

that /-globulin was the only serum protein fraction which

was precipitated by the reagent. When added to sera it

increased the thymol reaction whereas albumin diminished it.

ck- and -globulin did not precipitate on admixture with the

reagent but sensitised the reaction of serum. The sensitis¬

ing action of ft--globulin was confirmed by Kunkel and Hoag-

land (1947) who showed that a high thymol reaction was often

associated with a high /b-globulin content and that the

reaction was reduced by extraction of lipid materials from

the serum with ether. The abnormally high serum cholesterol

content in Case 24, or associated abnormalities, may have been

responsible for the high thymol reaction in the presence of

a normal C.C.F.T. result.

The precipitate formed by the thymol reaction was shown

by Maclagan (1944) to contain cholesterol, phospholipid and

protein. Later, Karrack, Johns and Hoch (1950) using imm¬

unological techniques were able to show that the protein

present was entirely y-globulin.

Martin (1949) showed that in acute hepatitis the thymol

turbidity reaction correlated only moderately with the

albumin//-glob£Lin ratio. In chronic hepatitis no such
correlation was present.

Present results indicate that, provided cases with

evidence of biliary obstruction are excluded, there is

reasonably /



4.49-

rea3onably close positive correlation between the y -globulin
levels and the thymol reaction and negative correlation bet¬

ween the albumin level and the thymol reaction. There is

also a negative correlation between the albumin-y-globulin
ratio and the thymol reaction.

Mechanism of Ceohnl -in-flhalesterol Flocculation. Moore,

Pierson, Hanger and Moore (1945) were the first to show that

-globulin added to serum increased this reaction whereas

albumin diminished it and they concluded that normal serum

contained a stabiliser which prevented the y-globulin norm¬
ally present from causing the reaction. The stabiliser is

believed to be a labile, lipid-rich constituent of the elec-

trophoretically derived albumin- o( -globulin fraction of serum

(Hanger, 1954). Ducci (1951) showed the marked effect of

other stabilising fractions present in the sera in the pres¬

ence of biliary obstruction. The rapid onset of abnormal

flocculation reactions in parenchymal liver damage is con-

sidered to be due to the destruction of the stabilising fac¬

tor rather than to changes in albumin or globulin. Certainly,

several of the present sera showing positive flocculation

reactions had virtually normal serum protein (see Table 31

and Figs. 43 and 44).

Various workers have suggested that the albumin in cases

of infective hepatitis is abnormal and fails to inhibit pot¬

ential flocculating agents, i.e. y-globulin, present (Hanger,
1947; /
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1947; Itertin, 1951). Gharlwood (1954), however, was unable

to demonstrate any physical difference between normal albumin

and that of patients with infective hepatitis. It seems

likely that the albumin isolated from cases of infective

hepatitis was contaminated with traces of other proteins or

adsorbed substances which produced the apparent difference

in flocculation result but which did not influence the results

of physical measurements.

Cpyrelation between Floqpplatjon Result. In the majority

of the present cases the results of the T.T.T. and the G.C.

F.T. were consistent. Similar close correlations have been

observed by Reinhold (1955). However, in some diseases of

the liver, e.g. biliary cirrhosis, it has been reported

(Ahrens, Payne, Kunkel, Eisenmenger and Blondheim, 1950;

Ricketts et al.. 1950) that the thymol reaction is sometimes

abnormal in the presence of a normal cephalin-cholesterol

flocculation.

Flocculation Tests and Liver Damage. Since all the present

patients had hepato-biliary disease and since none suffered

from any other condition associated with alterations in the

3erum proteins, it seems reasonable to accept lowered albumin

and elevated y-globulin levels as an indication of liver
damage. On this evidence many patients with damaged livers

had negative flocculation tests, as has been reported by

others (Maclagan, 1944, 1947; Franklin, Popper, Steigman

and /
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and Kozoll, 1948; Ducei, 1951) who have obtained more direct

evidence of liver damage from biopsy or from specific tests

of liver function, such as the hippuric acid test. These

findings, together with the absence of close correlation

between albumin or y-globulin levels and the results of
floeculation tests, strongly support the contention that the

flocculation results are dependent on other factors besides

the serum proteins (as measured by electrophoresis).

The thymol turbidity test and the cephalin-cholesterol

flocculation test have been criticised (Kibrich and Clements,

1943) because their results are influenced by factors other

than liver damage, in particular biliary obstruction. This

criticism, however, is scarcely justified since, if the

results were consistently positive in the presence of liver

damage, the tests would be of no value in the differential

diagnosis of jaundice, a situation in which they are of great

practical value.
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SECTION V.

ELfiCTRQpHORBSI3 OF SERUM MP URIHARY PROTEINS
IK VARIOUS CONDITIONS.

1. INTRODUCTION.

The clinical investigations so far described in this

thesis have been concerned with patients with myelomatosis

or hepato-biliary disease. In the course of this work,

however, occasional analyses were carried out on sera or

urines of patients with other diagnoses and, although in

some of the disease categories relatively few patients were

examined, the results are presented here and discussed in

relation to the findings of others, in order that a more

complete picture may be obtained of the value of electro¬

phoresis in clinical medicine#

2. ELECTROPHORESIS /

o
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2. ELECTROPHORESIS Ii, DISEASES OF THE KIDNEY.

Serum, and in a few cases, urinary proteins in 20

patients with renal disease were examined. The final

diagnoses are listed in Table 37. In reaching these diag¬

noses the following criteria were used, ct.f. Squire (1953) i-

Acute Nephritis? Cases presenting with oedema, usually

generalised and of sudden onset, associated with luaematuria,

proteinuria and hypertension.

Subacute Nephritist Cases showing the same features as in

acute nephritis but with a history of previous attacks of a

similar nature.

Acute nephritis and subacute nephritis thus defined fall

into the category of Type I nephritis (Ellis, 1942).

Nephrotic Syndrome: Cases presenting with proteinuria and

oedema, usually without haematuria, elevation of the blood

pressure or non-protein nitrogen levels in the serum, but

with elevation of the serum cholesterol.
ao

When an aetiological factor could be discovered the

condition was labelled 'primary nephrotic syndrome', corr¬

esponding to Type II nephritis (Ellis, 1942). When a

probable aetiological factor was apparent, e.g. amyloidosis,

the diagnosis was qualified accordingly, i.e. nephrotic

syndrome secondary to amyloidosis.

Amyloidosis: /



TableT7.

Diagnosisinpatientswithrenaldisease ConditionNo.ofcases
Acutenephritis2 Subacutenephritis5 Nephroticsyndrome,primary3 Nephroticsyndrome,secondarytoamyloidosis7 Nephroticsyndrome,secondarytodiabetesmellitus (Kimmelsteil-Wilsonsyndrome)2

Nephroticsyndrome,secondarytosystemiclupus1 Nephroticsyndrome,secondarytorenalveinthrombosis1
21
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Amvloidosis: The diagnosis of amyloidosis was made in cases

with proteinuria associated with chronic infection or chronic

rheumatoid arthritis in whom, with the exception of Case 16,

the congo red test showed uptake of more than 60% of dye

from the serum in one hour. The diagnosis was confirmed

in three cases (Nos. 12, 14 and 16) at autopsy.

Methods.

Procedures for blood and urinary analyses (not already

described) were as follows:- urea in blood and urine, the

hypobromite-raanometric method (Peters and Van Slyke, 1932);

serum creatinine, alkaline picrate with Lloyds reagent

(Owen, Iggo, Scandrett and Stewart, 1954); serum cholesterol

(Sackett, 1925); urinary protein, Ssbach's method (Harrison,

1944), The congo red retention test was carried out accord¬

ing to the method of Bennhold (1923).

Proteinuria was graded mild, when it amounted to less

than 3g./24hr; moderate, in the range 3-10g./24hr; severe,

when it was over 10g./24hr.

Repifltft.

Various clinical and biochemical data on patients with

renal disease are listed in Table 38.

Acute Nephritis: The total protein and albumin levels were

diminished (Table 39) whereas the ^-globulin levels were

considerably increased, the other globulin factors being

increased to a smaller extent.

Subacute Nephritis: The findings were variable, being in

general /



Table76.

Dataonpatientswithrenaldisease
ise

J j

Condition
Age

Sex

B.F. (ima/Hg)
Oedema

Bloodchemistry
B.U.N.Albumin** Glob?* (mg/lOOiiO)(g/lOOml)(g/lOOal)
Cholest¬ erol (_mg/100al)
Protein-^ uria

Urine Erythro¬ cytes

Casts

Renalfunction*

1

Acute nephritis
31

M

140/40

4

22

2.3

1.9

18J

+

444

4

*

2

It

41

M

170/110

4

25

4.2

3.5

158

+

44

4

*

3

Subacute nephritis
45

F

240/125

4

(NPN68)

*

*

*

4

4

4

Ucr.6-12$

4

n

35

F

130/85

+

53

3.8

2.0

169

4

O

4

Ucr.14-18$

5

n

51

M

225/125

44

31

1.6

1.9

366

44

444

44

Ucr.43-54$

6

B

63

M

80/100

+

39

2.3

1.7

162

4

444-

444

Ucr.70-79$

7

91

66

M

150/90

4

(NPN52)

2.9

3.4

191

44

44

4

*

8

Nephrotic eyndroffle

128/70

Ura.

primary

20

F

444

15

2.0

2.0

664

+++

4

44

0.4-1.8g/LOGml.

9

ii

46

M

170/45

44

13

2.6

3.6

488

4+

O

O

Ucr.74-78$

.0

n

28

F

140/80

444

52

*

*

522

+4+

4

44

Ccr.15-20ial/nin.

SiProteinuria:+signifies2g/24iir.;++signifies2-10g/24hr.;444-signifies10g/24nr.2Renalfunction:Ucr.-ureaclearance;Ura.-urearange;Ccr.-creatinineclearance K+rrvtv*t*'^«AcWV\



Table78(conta.)
lataonpatients'withrenalaisease

11 12 13 14 15 16 17 18 19 20 21

ConditionAgeSex Amyloidosis52 tt19
50 47 16 35

38

n « " n Kimmelstiel Wilson44 "|46 Systemic lupus Renal vein thrombosis27M170/118M M F M F M F M

B.P. (aua/Hg) 140/65 190/130 130/70 160/90 110/70 130/80 150/100 180/85 200/90

BloodChemistryj
OedemaB.U.N.AlbuminGlob.Cholest-Protein-^ |mg/l00mi)(g/lQ0al)/g/100ml)eroluria (mg/100al)

0 o o o o o

28F190/120+++
18 64 23 58 13 44 13 24 59 34 69

1.6 1.7 2.6 2.5 2.9 0.5 2.4 3.5 1.8 2.2

2.6 3.0 1.9 3.6 2.3 3.6 3.6 2.2 2.2 2.7 3.0

280 368 243 191 247 200 212 740
*

++ ++
++

Urine Erythro-CastsRenalfunction^cytes' o o + o o o o o o

+ + + +
o o o

+ +

I

* *

IUcr.36-3756|.Dcr.13% Ucr.74-9056 *

Ccr.106rnl/;ain *

-H-

4Proteinuria:+signifies2g/24hr.;++signifies2-10g/24hr.;-M-+signifies10g/24hr. 2Benalfunction:Ucr.-ureaclearance;Ura.urearange;Ccr.-creatinineclearance.



Table39.

Electroohoreticresultsinpatientswithrenaldisease Relativeconcentration'°/0

Case

Condition

Totalprotein
Albumin

Globulins

Proteinuria

(g/lOOml.)

d.>.

y .

1

acutenephritis

5.2

42

5

20

18

iT

mild

2

RR

5.7

45

3

12

9

32

mild

mean

5.5—r—u-
'

16

14

24

3

subacutenephritis
5.0

65

6

7

10

12

mild

4

rr

5-5

48

6

12

11

23

mild

5

nn

3.2

51

6

14

14

16

moderate

6

hn

3.3

54

6

18

14

8

mild

7

ItR

5-0

36 _

6

J?

.19—

moderate

mean

4.5

51

6

12

14

18

8

nephroticsyndrome
4.8

21

4

53

12

10

severe

9

nr

5.6

35

6

17

18

24

moderate

10

RH

L.34

6

.25=,,
.16_

2flL„

severe

mean

4.6

30

13"

32 ...

...15

18



Case

Condition

Totalprotein (g/lOOml.)

11amyloidosis;syphilis 12amyloidosis;osteomyelitis 13amyloidosis;rheumatoidarthritis 14amyloidosis;bronchiectasis 15amyloidosis;tuberculosisofhip
16amyloidosis;pulmonarytuberculosis 17amyloidosis;rheumatoidarthritis 18Kimmelstiel-Wilson'sdisease 19 20nephroticSynciromesecondaryto systemiclupus

21nephroticsyndromesecondaryto renalveinthrombosis

8.0 4.7 4.4 6.2 4.6 6.9 4.1 5A 5.2 4.7 3.8 6.1

Table39(contd.) Relativeconcentration AlbuminGlobulinsProteinuriaCongoreduptake 22

5

—O30

11

24!

moderate

92%,94*

16

6

28

15

35

severe

90%

23

6

28

16

26

moderate

66%.69%

43

6

12

15

23

moderate

100$

32

6

28

18

16

moderate

64$

54

6

8

14

18

severe

27$.40$

18

11

30

21

21

severe

100$,100$,100$

30

7

:25.;.
16

:23:.

32

10

12

18

28

moderate

*

68

4

_7_

7

14

moderate

*

8

2

30

17

24

severe

#

39

6

18

15

21

moderate

*
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general similar to those in acute nephritis. In one patient

(Case 6) the -globulin concentration was markedly decreased

reaching a level of 0.3g./l00ml. (lower normal limit = 0.6g./

100ml.).

Hephrotic Syndrome (Primary): The serum protein pattern in

this condition was qualitatively similar to that in acute

and subacute nephritis. Quantitatively, total protein and

albumin levels were markedly decreased whereas d -globulin

levels were markedly increased,
(set It*#.)

Amyloidosis: The serum protein changes in this group^were
likewise qualitatively similar to those in the first two

groups except in one patient (Case 16), who was considered

clinically to have amyloidosis, mainly affecting the kidneys.

The congo red test gave results within normal limits. The

clinical diagnosis was later confirmed at autopsy.

In the two patients with the nephrotic syndrome secondary

to renal vein thrombosis and systemic lupus respectively,

the patterns were of the same type as in the primary neph¬

rotic syndrome, whilst in the patients with the Kimmelstiel-

-Wilson syndrome the serum proteins shewed a decrease in the

albumin level with a proportional rise in all globulin frac¬

tions.

The most striking feature of these results was the

uniform occurrence of a diminished albumin level associated

with an elevation of the ^-globulin level. The data in
Table /



serum

urine

alb. +i-

Nephrotic syndrome.

Fig. 46.

Serum and Urinary Protein Patterns from a Patient with
the Nephrotic Syndroms Secondary to Amyloidosis.
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Table 39 suggested that there was a relationship between the

ehanges in these two protein fractions which was confirmed

by plotting the albumin concentration {%) against the recip¬

rocal of the ctj-globulin level concentration (%) (Fig. 47).
With the exception of one point (relating to Case 7) the

data indicate that the levels of these two fractions are

inversely proportional.

All of the patients in thi3 series had proteinuria and,

to examine the possible relation between this abnormality

and the serum protein changes, the patients were subdivided

according to the severity of proteinuria. In Fig. 48 total

protein, albumin and o^^-globulin concentrations have been
plotted according to proteinuria. There v/as a slight tend¬

ency for the total protein level to be inversely related to

the s everity of the proteinuria, especially on the omission

of data relating to one patient (Case 16). There was a more

marked tendency for the fall in albumin and the rise in c^-
-globulin to be related to the severity of the proteinuria,

although there was still a considerable scatter of the data.

Urinary proteins were also examined in a few cases

(Table 40; Fig. 46). The patterns in different conditions

tended to be similar, consisting of relatively large albumin

fractions (compared to serum) with smaller amounts of the

globulin fractions, especially of the ^-globulin fraction.
In /
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Serumanaurinaryproteinsinrenaldisease
Therenalclearancesareexpressedasapercentageofthealbuminclearance |

Relative
concentration

Renalclearances
(•/.)

Case

Conditions

Albumin

Globulins

V

Albumin

Globulins

1

&V

(*

cL|

«a...

8

primarynephroticsyndrome
serum

21

4

53

12

10

100

35

2

20

25

urine

74

5

3

8

9

10

primarynephroticsyndrome*serum
32

8

26

15

19

100

47

10

25

16

(30-36)
(6-9)

(26-27)

(15)

(16-21)

(15-75)

(8-18)
(21-30)
(10-19]

urine

73

7

5

8

7

(68-79)
(4-9)

(3-10)

(7-9)

(5-9)

11

amyloidosissecondary-to
serum

22

5

38

11

24

100

37

9

51

14

syphilis

urine
160

5

9

16

10

17

amyloidosissecondaryto
serum
j18

11

30

21

21

100

71

13

24

18

rheumatoidartnritis
urine
i45

20

12

13

10

19

systemic|upus

serum

8

2

50

17

24

100

150

4

15

13

urine

42

16

10

14

18

•1

*Meansofresultsonfourseparateoccasions
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Relation of Serum Protein Concentration
to the Severity, of Pyoteiraylqi
in Patients with Renal Disease
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In those patients the relative renal clearances (ratio

of urinary to serum concentrations) of the different protein

fractions were calculated and are expressed (Tabic 40) as a

percentage of the figures for albumin. The clearance of

albumin was invariably greatest, whereas that of ol^-globulin
was invariably least.

&22U§&on.

Serum Proteins in Renal Disease. In spite of the painstak¬

ing work of Ellis (1942) in distinguishing two main types of

primary renal disease it must be admitted that the classific¬

ation of individual cases of nephritis is not always satis¬

factory. In the present series some patients (Table 38)
■

clearly did not fit exactly into one of the diagnostic cat¬

egories defined above, particularly with regard to the pres¬

ence or absence of haematuria or hypertension (Table 38).

However, since many patients could be placed, fairly confid¬

ently, into one or other group, it seemed desirable to attempt

an analysis of the electrophoretic findings on this basis.

Considering all the results, the most striking finding

is the qualitative uniformity in the electrophoretic changes

regardless of the nature of the underlying pathology. The

basic pattern consisting of a decrease in albumin and an

increase in ^-globulin thus appears not to be related to

any particular renal disease, being present in acute nephritis,

subacute nephritis, the nephrotic syndrome, both as a primary

disease /
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disease and secondary to conditions such as amyloidosis and

renal vein thrombosis. Admittedly, there were, in different

conditions, quantitative differences in the extent of these

changes but there was too much overlap between the results

of different groups for the electrophoretic findings to be

of any diagnostic value in cases not readily classified

according to other data.

Similar conclusions are to be drawn from the scattered

findings of others. Hardwicke (1954), Stickler, Burke and

MeKenzie (1954) and Alvarez and de la Gandara (1955), using

paper electrophoresis, have studied serum proteins chiefly

in subacute nephritis and in the nephrotic syndrome and have

observed similar serum protein patterns. Earlier workers

using boundary electrophoresis made similar observations

(Luetscher, 1940; Thorn, Armstrong, Davenport, Woodruff and

Tyler, 1945; Malmros and Blix, 1946; Lewis and Page, 1947),

although with this procedure an increase in -globulin also

is noted, this being due to an increase in lipoproteins which

does not show on paper electrophoresis.

Two patients with renal vein thrombosis and with the

same type of serum protein pattern have been reported by

Blainey, Hardwicke and Whitfield (1954) and another patient

with the same diagnosis and serum protein pattern was descr-

ibed by Brumfitt and O'Brien (1956). Kaplan, Newman, Kaplan,

Baker and Lee (1956), however, have described a patient with

bilateral /
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bilateral renal vein thrombosis in whom the ^-globulin level
wa3 normal although the albumin level was very low and the

-globulin level (boundary electrophoresis) was very high.

Tho 'nephrotic' type of electrophoretic pattern has been

reported in a case with constrictive pericarditis (Blainey

et al.. 1954).

References in the literature to the electrophoretic

findings in amyloid disease are likewise scattered. Results

In single cases have been described by Luet3Cher (1940),

Wieme (1953), Gras, Latorre and Gamissain (1954) and Alvarez

and de la Gandara (1956) while Gilliland, Johnston, Stradling

and Abdel-Wahab (1956) have presented the electrophoretic

findings in four cases. The majority of these cases (Table

41) have had patterns of the type found in the nephrotic

syndrome, i.e. decreased albumin and increaseda^-globulin,
although in a few cases there was also elevation of dL(-, fi-
and-globulin possibly as a result of the associated primary

disease, i.e. tuberculosis or rheumatoid arthritis.

Neither of the two patients with Kimmelstiel-Wilson

syndrome had serum protein patterns of the 'nephrotic' type,

although moderately severe proteinuria was present in both.

Bogdanowicz, Osinski and Stein (1953), however, reported

the typical 'nephrotic* pattern in 3 out of 4 patients with

this condition.

In /



Table41.

Electroohoreticfindingsinpatientswithamyloiaosis
Author Luetscher(1940) Martini(1952) Grasetal.(l9f)4) Wieme(1953) AlvarezandaelaGanuara (1955)

Gillilanaetal.(195^) Menlinckeetal.(1954)
Aetiology tuberculosis osteomyelitis bronchopneumonia * * tuberculosis H n

«>

primaryamyloidosis
Totalprotein (g/'lOOmi."]

Albumin

**BE-boundaryelectrophoresis;PE-paperelectrophoresis
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In one of the present cases (No. 6) the y -globulin
level was markedly decreased and in two others (Cases 5 & 8)

the level of this protein fraction was below the lower

normal limit. These patients had either subacute nephritis

or Type II nephritis. Similar findings have been reported

previously (Luetscher, 1947} Slater and Kunkel, 1953}

Alvarez and de la Gandara.. 1955)*

Urinary Proteins in Renal Disease. In the present series

urinary proteins were examined in only a few patients (Table

40). As with serum proteins the alectrophoretic patterns

tended to be independent of the condition present, consisting

of relatively large amounts of albumin (compared to serum)

with smaller amounts of the globulin fractions. The
'

-globulin fraction was invariably the smallest.

The order (highest clearance first) for the renal clear¬

ance rates of different protein fractions was:- albumin,

-globulin, -globulin, y -globulin, o( -globulin. This is
in agreement with the findings of Hardwicke and Squire (1955)

and also with other isolated observations (Luetscher, 1940;

Gras et al., 1954). As Hardwicke and Squire (1955) have

pointed out, the order of renal clearances is the same as

that of molecular weights (Table 42), provided only the

smaller components of heterogeneous fractions (ol^ and {?-
-globulin) are considered. This offers a simple explanation

for the differential clearance rates. Accepting the idea

that /



Table42.

Molecularweightsofserumproteinfractions(fromHardwickeanaSquire1951) Author
Oncleyetal.(1947) Cchnetal.(1950) MeiilandGolden(1950) Scatchardetal,(1946) Oncleyetal.(1950) Cart-wrightetal.(1954) OncleyandTuilis(1953)

Fraction
albumin o(i-globulin,lipoprotein at,x-giofculin,aucoprotein d^-globulin |J-globulin,lipoprotein /^-globulin,metalcombining globulin y-globulin

Molecularweight 69,000 200,000 45,000 300,000 1,300,000 90,000 160,000
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that proteinuria results mainly from an increase in the

permeability of the glomerular raembrane, it is to be expected

that a protein with a small molecular weight will escape more

readily than a protein with a large molecular weight.

The different renal clearance rate3 of different proteins

also offer an explanation for some, at least, of the changes

in the serum proteins. The low serum albumin levels (both

relative and absolute) are attributable to the urinary loss

of albumin, which escapes from the plasma more readily than

any other fraction. In contrast, o^-globulin is not readily
excreted in the urine on account of the size of its molecules,

so that its serum level actually increases, presumably as a

result of processes tending to maintain the osmotic pressure

of plasma. The increased fibrinogen levels in the nephrotic

syndrome (Squire, 1953) could also be explained on this basis,

fibrinogen having a molecular weight of about 450,000.

The low V-globulin level observed in some cases of

renal disease is possibly related to the tendency for such

patients to develop infections. The low serum level of this

protein fraction cannot, however, be explained entirely on

the basis of differential clearance rates, since the clear¬

ance rate of y -globulin is not much more than that of d, -c
-globulin of which serum levels are Invariably increased.

Presumably there is also depression of V-globulin synthesis.

If the serum protein changes in renal disease are due

simply to the loss of protein in the urine the extent of the

changes /
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changss should depend on the severity of proteinuria. Results

in the present investigation (Fig. 48) indicate that such a

relation exists, the albuoin level being inversely related

to the severity of proteinuria and the (^-globulin level
being directly related to the severity of the proteinuria.

The absence of a close correlation, however, indicates that

other factors are involved. Presumably the serum level of

protein depends not only on the rate of loss in the urine,

but also on the rate of synthesis, which cannot readily be

measured. Further the serum levels should be related not

to the instantaneous rate of loss but to the accumulated loss

over a period prior to the date of examination.

Lack of information on the extent of accumulated ions

precludes direct examination of this hypothesis. However,

the correlation between -globulin levels and albumin levels

(taken as an estimate of accumulated urinary loss of protein)

is at least consistent with the conclusion that serum changes

in patients with renal disease are due primarily to the

differential loss of proteins in the urine.

Clinical Value of Electrophoresis in Renal Disease. Present

results indicate that the diagnostic value of serum electro¬

phoresis in renal disease is limited. Even though there are

differences between mean values in, for example, subacute

nephritis and primary nephrotic syndrome, the overlap in

results is too great for them to be of practical value in

distinguishing /
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distinguishing these conditions in individual cases, if

indeed these conditions are distinguishable. Likewise,

the similar findings in primary nephrotic syndrome and in

that due to amyloidosis preclude the use of electrophoresis

in differentiating between these conditions.

Eardideke and Squire (1955) suggest that measxiremant of

differential renal clearance may be of value in diagnosis

and prognosis. Their findings, however, and those of the

present investigator, suggest that there is so much overlap

in the results in different conditions that the diagnostic

value of this measurement is unlikely to be greater than

that of serum electrophoresis.

3. SERUM /
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3. 3ERUH PROTEINS IK COLLAGEN DISEASE.

The term 'collagen diseases' is commonly used to describe

a variety of conditions of unknown aetiology involving path¬

ology of mesenchymal tissues. For the present purpose the

group has been taken to include rheumatoid arthritis, system¬

ic lupus erythematosus, polyarteritis, scleroderma and derm-

atomyositis.

Results.

Serum electrophoretic findings in a small number of

patients with various collagen disease are presented in

Table 43.

Rheumatoid Arthritis. In most of the patients in this group

the disease was moderately active. The serum proteins

showed a fall in the albumin fraction with a rise in the

globulin fractions involving chiefly the a^-globulin and y -
-globulin. The number of patients examined was too small

for investigation of the possible correlation of activity of

the disease with the extent of serum protein changes.

Systemic Luwus Erythematosus. In each patient in this group

the diagnosis was considered to be firmly established on

clinical and biochemical evidence. The serum protein pattern

was similar to that in rheumatoid arthritis although, in

general, the changes were more pronounced. Considering the

results in individual patients, however, there was consider¬

able overlap between the two groups.

Polyflrter^tj.?, /



Table43

dermaproteinsine:.ilap;endisease
Concentration(%)

!ase

Conditions

Totalprotein
Albumin

Globulins

(g/lOOalA

-ft

1

Rheumatoidarthritis
7.5

54

3

14

9

20

2

6.1

62

3

8

14

14

3

6.2

46

4

11

10

29

4

5.5

58

2

11

7

22

5

5.5

45

8

15

16

16

6

5-9

45

7

17

13

19

mean

6.1

52

5

13

12

.20

7

systemiclupus

7-5

42

7

14

14

23

8

erythematosis

5.3

40

9

11

9

30

9

7.0

38

3

13

12

34

10

5.4

44

7

11

9

29

11

5-7

33

_JL_

24,-.,
...12.....

,,3?.-

mean

6.2

39

:r:

13

11

..30...

12

polyarteritis

8.0

40

5

15

11

29

13

6.2

46

4

11

10

29

14

dermatomyositis

4.6

51

6

13

4

20

15

sclerooeraa

5.3

50

8

__15....
16

16
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Polvarteritis. Dermatomyosltis end Scleroderma. In each

case the diagnosis was confirmed by biopsy examination.

The serum protein pattern was similar to that in rheumatoid

arthritis and did not help to distinguish between these

conditions.

rftscupffion.

The present electrophoretic findings in rheumatoid

arthritis are similar to those which have been reported by

other workers using either boundary electrophoresis (Perl-

mann, Kaufman and Bauer, 1946; Dole and Rothbard, 1947;

Boy, Wigzell, Demers, Sinclair, Duthie, Atherden and Marrian,

1955), or paper electrophoresis (Hunt and Trews, 1954; Salt,

1956). Similar results have been reported in ankylosing

spondylitis (Hunt and Trews, 1954). The cause of the chan¬

ges is not known. Liver dysfunction has been suggested as

an explanation for the low albumin levels, although other

test3 indicate that liver function in rheumatoid arthritis

is generally good (Roy et al.. 1955). Part of the increase

in c(.£globulin is due to an increase in a carbohydrate-con¬
taining protein (Gilliland and Stanton, 1954).

In systemic lupus the protein changes were similar to

those previously observed with boundary electrophoresis

(Coburn and Moore, 1943; Reiner, 1950; Bille, 1951). In

this condition the proteinuria, although usually mild,

presumably /
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presumably contributes to the production of a low albumin

level. A patient with the nephrotic syndrome due to

systemic lupus, and with the 'nephrotic' serum protein patt¬

ern, was described earlier (see Tables 33 and 39)•
The data in Table 43 indicate clearly that 3erum electro¬

phoresis is of limited diagnostic value in patients in whom

collagen disease is suspected. Whilst the fall in albumin

and the increase in o^-globulin and y -globulin are fairly
constant findings, these changes also occur in other con¬

ditions, e.g. neoplastic disease (see Tables 44 and 45),

mild nephritis (see Table 39) and chronic infections. Only

in systemic lupus are the changes usually sufficiently marked

to be of some diagnostic value.

Gilliland and Stanton (1954) have reported that in

rheumatoid arthritis the o^-globulin level serves as an index
to disease activity. Lack of sufficient patients in the

present series prevented examination of this point. These

workers al30 state that in patients with rheumatoid arthritis

an albumin/ (/^-globulin ratio of below 3 indicates the
presence of amyloid disease. Certainly in the two present

cases of amyloid disease secondary to rheumatoid arthritis

(Table 39), the ratios were 1.0 and 0.6, respectively.

However ratios of 3.0 and 2.6 occurred in two patients with

rheumatoid arthritis without evidence of amyloid disease.

Possibly /
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Possibly a critical ratio of less than 3 would serve as a

better indication of the development of amyloid disease in

patients with rheumatoid arthritis.

4. SERUM /
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4. SEPOIK PROTEINS III CAKCINOIIATOSIS.

The serum protein patterns in patients -with neoplasms

involving the hepatobiliary system have already been con¬

sidered. Slectrophoratic findings in other neoplastic con¬

ditions excluding those involving the haemopoietic or

reticuloendothelial systems are presented next.

Results.

The clectrophoretic results, analysed according to the

nature of the neoplasia, are given in Table 44. Patients

with secondary carcinomata in bone have been included in the

category 'secondary carcinoma in bone' as well as in that of

•site of the primary tumour'. For comparison, the results

in patients in whom there was definite evidence of hepato¬

biliary involvement have been included.

In general, the total protein and albumin concentrations

were decreased and the globulin fractions, especially the ol^-
-globulin fraction, increased. There was no evidence from

the small number of cases examined of the existence of any

pattern specific to a particular type of tumour.

In two patients, in whom the diagnoses were respectively

carcinoma of the colon and carcinoma of the thyroid with

metastases in bone (see Table 21) the serum protein patterns

showed the presence of an additional protein component

migrating between the ft- and y-globulins (Fig. 36). The
similarity of these two patterns to those in many cases of

myelomatosis has already been discussed.

Discussion. /
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Serumproteininneoplasticdisease meansandranges
Concentration(£)

Condition

a

Totalprotein
Albumin

Globulins

g/100ml.

c*\l

Cfst.

a

carcinomaofcolon

7

3.6

54

7

10

14

(4*6-7,5)

(39-57)

(5-10)

(7-13)

(10-17)

carcinomaofkidney

3

7.7

58

4

9

8

(7.3-8*5)

(45-65)

(3-6)

(5-10)

(7-9)

carcinomaofbronchus
4

6.1

43

7

11

11

(5.1-6.6)

(36-58)

(4-9)

(10-11)

(9-12)

carcinomaoftrostate
2

5.7

48

6

10

11

(5.6-5.8)

(39-37)

(5-7)

(7-12)

(9-13)

carcinomaofbrant

2

6.7

37

6

13

12

(6.0-7.3)

(36-38)

(4-0)

(9-17)

(12)

secondarycarcincsuinbone
8*

6.6

53

5

9

11

(y«6—li»3)

(36-63)

(5-8)

(5-17)

(7-12)

secondarycarcinomainliver
3##

5.8

46

7

12

12

(5.5-6.1)

(38-55)

(4-10)

(8-15)

(8-17)

*includessomecasesincategoriesabove ♦*seeTable32.



-169-

Discussion.

The serum protein changes noted in the present investi¬

gation are similar to those noted by others who have used

boundary electrophoresis (Seibert et al., 1949; Winzler,

1953). As has already been noted, a decrease in albumin

concentration and an increase in ol^-globulin are not specific
to carcinomatosis.

Undernutrition, which is commonly associated with neo¬

plastic disease, has been postulated as a major factor in

the production of these changes. However, as Bieler, Ecker

and Spies (1947) and Taylor, Mickelsen and Keys (1949) have

shown, patients undergoing partial starvation 3how only

slight changes in the plasma protein pattern although the

total protein concentration may be reduced. Impairment of

liver function is a possible cause of the low albumin levels.

Other examination, however, frequently fail to detect reduced

liver function in patients with, neoplasias provided there is

no involvement of the hepato-biliary tract. Possibly the

growing tumour cells exert their affeet by removing from the

metabolic pool amino acids for protein synthesis in sueh

amounts that other cells involved in synthesising plasma

proteins are unable "to function normally.

5. SERUM /
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5. SERUM PROTEINS IN NEOPLASTIC DISEASE INVOLVING THE
HAisS-iOr01NTIG Al.P RETTOULOIillSDOTliSLIAL SYSTEMS.

The probable role of the reticuloendothelial system in

the formation of y -globulin and the abnormalities of protein
metabolism in myelomatosis, a disease of the reticuloendo¬

thelial system, have already been discussed. The examin¬

ation of serum proteins in various neoplastic diseases

involving the haemopoietic and reticuloendothelial systems

is considered next.

Results.

The conditions examined are listed in Table 45. The

diagnosis was established in each case with the aid of biopsy

examinations and was confirmed in many cases at autopsy.

The changes in the serum protein patterns were similar

to those observed in other neoplastic conditions (see Table

44) consisting of decreased total protein and albumin con¬

centrations and increased ol^- and /-globulin concentrations.
There was, however, considerable overlap in the results

between groups.

Discussion.

Present findings are similar to those of others (Rottino,

Suchoff and Stem, 1943; Arends, Conrad and Rundles, 1954}

Bundles, Conrad and Arends, 1954) who have used boundary

electrophoresis and to those of Neely and Neil (1956) who

have used paper electrophoresis. As in other neoplastic

conditions the patterns are of limited diagnostic value.

In/



Table45.

Sermnproteinsinneoplasticdiseaseinvolvingtnenaeiiopoleticandretlculo-andothrlialsystems Concentration(»

Condition

n

Totalprotein
Albumin

Globulins

(g/lOOml.)

C>s\

dv

ft

V

lymphaticleukaemia
6

6.0

59

6

9

10

15

(4.9-6.9)

(52-72)

(3-9)

(6-13)

(6-15)

(8-25)

myelogenousleukaemia
7

7.2

54

7

11

9

IS

(4.7-8.0)

(42-63)

(4-11)

(9-22)

(8-11)

(12-29)

monocyticleukaemia
3

5.6

53

8

7

11

23

(5.0-6.1)

(51-56)

(4-10)

(5-9)

(7-12)

(22-29)

megakaryocyteleukaemia
1

6.4

72

3

5

7

13

Hodgkin'edisease

5

6.5

46

7

11

10

2o

lymphosarcoma)
8

(5.6-7.0)

(28-66)

(4-9)

(6-15)

(8—14)

(14-39)

5.9

56

6

9

10

20

reticulumcellsarcoma)
(4.5-7.5)

(37-66)

(3-12)

(6-l8)

(5-14)

(12-31)
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In some patients with leukaemia Rundles st al. (1954)

noted the presence of abnormal protein components in the

serum resembling the serum myeloma proteins and isolated

instances of the *myeloma' type serum protein pattern have

been recorded in patients with a reticulosis (Abrams et al..

1949; Lucey et al.. 1950; McFarlane et al.. 1952; Griffiths

et al.. 1954; Osserman and Lawlor, 1955). These findings

are perhaps not surprising in view of the postulated role of

reticuloendothelial cells in the synthesis of protein. They

are important in that they reduce the diagnostic signific¬

ance of the 'myeloma' protein pattern.

6, AGAMMAGLOBghirjOSMIA. /
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6. AGAMMAGL0B13LINABMIA.

This tern has been applied to patients in whom the

serum y-globulin is at a low level or completely absent*

Strictly, the term should be restricted to the latter circum¬

stance, the term hypogammaglobulinaemia covering cases in

which the V-globulin lovol is below the lower limit of the

normal range but not sere.

The condition is most readily detected by moans of

electrophoretic analysis of the serum. However, whilst

both paper electrophoresis and boundary electrophoresis can

be used to detect the condition, neither procedure gives

reliable quantitative results when the amount of y -globulin
present in the serum is very small. In such circumstances

immunological methods have proved of greater value.

Many patients with low y-globulin levels have given a

history of repeated septic infections which have led to

electrophoretic examination of the serum. In the present

investigation, a number of sera from patients giving a

history of recurrent or chronic infections were examined,

and the results are presented hero. Certain other patients,

in whom electrophoretic analyses were carried out for other

reasons, were found to have low y -globulin levels and these
are described also.

Results. /
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Resuits.

The eleetrophoretic findings, together with other data

from patients giving a history of chronic or recurrent

infection, are given in Table 46. Although the electro-

phoretic patterns were abnormal in many case3, presumably

due to the infections, in no instance was the y -globulin
concentration, relative or absolute, below the lower limit

of the normal range.

Table 47 gives data from patients in whom electrophor-

etic analysis had been carried out for various reasons.

The diagnoses were:- myelomatosis (4 cases, 1 with minor

abnormality of serum pro tein pattern and 3 with ft-.type

myeloma pattern), nephrotic syndrome (3 eases), malabsorption

syndrome (1 case) and idiopathic hypoproteinaoaia (2 cases).

Discussion.

Bruton (1952) was the first to report a case of idio¬

pathic agammaglobulinaeroia. The patient was a boy aged 8

years who gave a history of recurrent septic infections.

Since then, a number of examples of this condition has been

described in infants and children, mostly male, whose ages

have ranged from 11 weeks to 17 years (Janeway, Apt and

Gitlin, 1953; Keidan, McCarthy and Haworth, 1953; Grant

and Wallace, 1954; Klphinstone, Wickes and Anderson, 1956).

The condition has only been recorded in persons of European

extraction and in many of the cases the defect appears to be

a sex-linked, recessive Mendelian trait (Elphinstone et al.«

1956). /



Table46.

Serumproteinsinpatientssuspected,clinicallyofhaving;fep&ninaKlobuIiE&emla
Sex

Age (yrs.)

Clinicalhistory

Totalprotein g/lOOml.

Albumin

Concentration(%)
Y

\j.

Globulins «kv(I

f—17 (g/lQOml.) _*

M

1/12

septicaemia

3o

47

10

13

8

21

0.7

F

8/12

congenitalheartdisease
7..

6

8

recurrentrespiratoryinfection

52

15

18

1.4

F

3

pyaemia

6.9

50

4

10

9

28

1.9

F

5

persistentvaginitis

6.3

70

3

8

10

10

0.6

F

5

recurrentrespiratoryinfection
6.8

6o

5

11

9

15

1.0

M

6

recurrentsepticinfection
6.8

65

7

8

8

13

0.9

M

10

recurrentinfectionandpyrexia
6.2

64

4

8

11

14

0.9

F

12

recurrentinfection

6.4

43

17

11

11

19

1.2

F

35

recurrentinfection

6.1

55

6

8

11

20

1.2

*Lowerlimitofnormalrange0.6g/lOOal.



Table47.

Heetro^aoreticresultsla-.aticnUwithlov»y-.IobaiiaIcvtit;
Condition

AgeSex

Absolute
concentration

(g/lOOml.)

y*«

Relative
concentr&tiaa
<*)

Totalprotein
Jibuain

Globulins elv(b

Albumin

eks

Globulins Jsx.3

X**

myelomatosis(Case1)
50

H

: 5.1"

3.8'"

0.2

O.I'
0.5

0.4

T5—""
3

6

10

7

"(Case12)
6l

H

8.8

2.5

0.2

0.4

5.7

0.2

28

2

4

65

2

w(Case14)
6o

H

6.9

2.0

0.3

0.3

6.2

0.2

22

3

7

70

2

M(Caselo)
55

M

9.4

3.1

0.4

1.0

4.$

0.1

33

4

11

52

1

subacutenephritis

51

M

3.2

1.6

0.2

0.4

0.4

0.5

51

6

14

14

16

*

63

M

3.8

2.0

0.2

0.7

0.5

0.3

54

6

18

14

8

primaryaepnroticsyndrome
20

F

4.8

1.0

0.2

2.5

0.6

0.5

21

4

53

12

10

Idiopathicissl&baortion
32

M

3.4

1.4

0.4

0.7

0.6

0.3

43

12

19

19

3

idiopathichypoproteinaeaia
23

M

3.8

2.6

0.2

0.5

0.4

0.2

68

6

13

9

4

»f" »

IB

M

4.6

2.6

0.3

0.7

0.6

0.4

57-

7

15

13

8

*loweriis&tofnor,salrange0.6g/100al. **lowerHaltofnorm!range10$
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1956), Hie administration of y -globulin prepared from

pooled human 3erum has been advocated to restore normal y-

-globulin levels but the results of trials are not yet avail¬

able. One preliminary report (Elphinstone et al.. 1956)

indicates that in one case the serum y-globulin level was

unaffected by the repeated administration ©f y-globulin.
This is consistent with the observation of Bruton, Apt,

Gitlin and Janeway (1952) that in this condition y-globulins
are destroyed at an unusually rapid rate.

Hypogammaglobulinaemia in myelomatosis has previously

been reported by Snapper et al. (1953) and by Waldenstrom

(1954). In the present series of patients with myelomatosis

a number of cases other than the 4 listed in Table 47 app¬

eared to have low y-globulin levels, although the presence

of a myeloma protein migrating in the y-globulin region
prevented accurate estimation of the amount of y-globulin

present. Hypogammaglobulinemia has also been observed

in malignant lymphoma (Arends et al.. 1954). In myelo¬

matosis and in malignant lymphoma the actual defect causing

low y-globulin levels is unknown. The abnormal cells
derived from the reticuloendothelial system appear to inter¬

fere with the remaining normal cell3 forming y-globolin.

Low y-globulin levels were first observed in the

nephrotic sjurdrome, a condition in which intercurrent

infection is common, by Longsworth and Maclnnes (1940) who

U3ed /
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used boundary electrophoresis. In this condition loss of

y-globulin in the urine is a contributory factor. However,
proteinuria cannot be the sole cause of hypogannaaglobulinaeaia

since the renal loss of y-globulin is only slightly more

than that of t^-globulin. Oras et al. (1954) have reported
a case of hypogaramaglobulinaemia in a patient with amyloid¬

osis xd.th severe proteinuria.

Krebs (1946) has reported low y-globulin levels in
nutritional hypoproteinaemia and the condition has also been

reported in idiopathic bypoproteinaemia (Schick and Green-

baum, 1945j Stern and Reiner, 1946j Wyngaarden, Crax/ford,

Chawberlin and Lever, 1952). Possibly some of the cases

described by the latter authors were suffering from undetect¬

ed malabsorption, a condition which is sometimes associated

with hypoproteinaenia. Certainly, the patient listed in

Table 47 had definite clinical and biochemical evidence of

malabsorption and other examples of hypogammaglobulinemia

due to malabsorption have been reported in children (Illing-

worth and Finch, 1954) and in adults (Saadford, Favour and

Tribman, 1954).

The low y-globulin levels in malabsorption and in
undernutrition are probably due to reduced synthesis of

protein, which may result from a diminished metabolic pool

of amino acids. On the other hand, wasting disease such

as carcinomatosis is seldom associated with a low y-globulin
level. /
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levol. In the» latter condition, the y -globulin levels
may be elevated as a result of stimulation of the reticulo¬

endothelial system by the release of cellular protein into

the circulation or by an associated infection.

Although few data are available, the present investig¬

ation and bhe studios of others suggest that paper electro¬

phoresis of serum proteins is of value in the differential

diagnosis of hypopzoteinaemia. Idiopathic hypoprotoinaemia

and that due to malabsorption are associated with relatively

normal patterns, showing at the most a slight decrease in

albumin and y-globulin; hypoproteiraemia due to carcino¬
matosis is associated with a definite decrease in albumin

with some increase in o^globulin; in contrast, hypoprotein-
aemia due to the nephrotic syndrome is characterised by very

low albumin levels and very high ct^-globulin levels.
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CONCLUSIONS

Paper electrophoresis constitutes a simple, inexpensive

method for the quantitative analysis of protein mixtures

such as those in body fluids. The main aim of this invest¬

igation has been to try to evaluate paper electrophoresis in

the assessment of patients in clinical practice, particularly

as a diagnostic procedure. The potential value of paper

electrophoresis as a diagnostic aid is clearly evident. In

serum, for example, at least five protein fractions can be

estimated separately and, since each fraction may vary

independently, there are theoretically a great many different

patterns which can occur as a result of disease processes

and which are thus of potential value in distinguishing one

condition from another.

It is, therefore, somewhat disappointing to conclude

from the results presented in this thesis and also from those

of other workers that, with existing techniques and knowledge,

the value of paper electrophoresis in everyday clinical prac¬

tice is limited. In certain circumstances the method

provides essential information not readily obtainable by

other means but these circumstances are uncommon.

In no condition is the serum or urinary protein pattern

consistently pathognomonic, although it approaches this ideal

state /
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state in such conditions as myelomatosis and established

cirrhosis of the liver. In other states the patterns indic¬

ate the presence of a pathological state, e.g. the nephrotic

syndrome or hypogammaglobulinaeraia, without revealing the

aetiology of the condition. Paper electrophoresis is of

occasional value only in the differential diagnosis of hepato-

-biliary disease, e.g. in distinguishing between jaundice due

to biliary obstruction and jaundice due to hepatitis, or in

distinguishing hepatomegaly due to cirrhosis from that due

to secondary carcinomatosis. It does not, however, replace

existing flocculation tests. Paper electrophoresis would

appear to be useful in the differential diagnosis of hypo-

proteinaemia and the examination of urinary protein is of

value in the diagnosis of myelomatosis.

In contrast, the value of paper electrophoresis in the

investigation of the chemical pathology of disease processes

is considerable. Squire and his colleagues (Squire, 1953;

Hardwieke, 1954b; Hardwicke and Squire, 1955) in their study

of proteinuria provide evidence of this fact. Others have

used paper electrophoresis in the study of the proteins of

cerebrospinal fluid (Esser and Heinzfer, 1952); of lipo¬

proteins (Durrum, Paul and Smith, 1952; Dangerfield and

Smith, 1955); of haemoglobins (White, Beaven and Ellis,

1956); and of protein-bound carbohydrate (Koiw and Gronwall,

1952; Rice, 1954). Further clinical applications of paper

electrophoresis /
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electrophoresis have been reviewed try Martin and Franglen

(1954).

The main advantage of paper electrophoresis over other

forms of electrophoresis lies In its simplicity and the need

for only small amounts of material for analysis. The main

disadvantage in the method, as usually carried ort, lies in

the varying and non-linear relation between dye uptake and

protein concentration which tends to invalidate the quant¬

itative determination of proteins present in very small or

very large amounts. Different techniques, of which many

have been described, tend to give different results, e.g.

for normal values, and it is thus essential to establish a

normal range for each method. This criticism, however,

also applies to a smaller extent to boundary electrophoresis

and further, in comparing the two types of electrophoresis,
: /*• ) ' ? : ; I'm- J '•

it must be remembered that paper electrophoresis is a much

more recent technique than boundary electrophoresis and,

consequently, has had less time to develop. The simplicity

of paper electrophoresis greatly outweighs the slightly

greater precision attained with boundary electrophoresis and

as far as practical clinical work is concerned, the ability

of boundary electrophoresis to measure lipoproteins is as

yet only a possible advantage.

The future of paper electrophoresis lies in the develop¬

ment of methods giving better resolution of protein components.

Practically /
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Practically all clinical studies with paper electrophoresis

have been carried out using a buffer of pH 8.6 and the trial

use of buffers of different type ad pH should be rewarding.

In conclusion, paper electrophoresis is a useful

addition to the existing biochemical techniques used in the

study of disease, both in individual patients and as a

pathological condition. As with other ancillary methods

used in routine clinical investigations, maximal value with

a minimum of laboratory effort is obtained when the examin¬

ation is restricted to cases in which there is a definite

indication. The indications have been described in this

thesis.
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