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Blood is the chief medium of transport within the body and consists ora'
cellular mass and mobile component known as plasma. The solid contents
of plasma amount to about 8-9 per cent and approximately 90 per Cent of
these.are due to plasma proteins which are generally referred to as albumin,
globulin and fibrinogen. If blood is allowed to clot, then a liquid similar to
plasma separates out which is devoid of fibrinogen and consists of only albu-
min and globulins. This is known as serum and is mostly utilized for various
biochemical investigations because of its ease of obtaining and handling.

Plasma proteins are compounds of high molecular weights consisting of
large chains of alpha amino acids united in peptide linkages. Each animal
species and each type of tissue are characterized by their own specific kinds
of proteins. When a food material is ingested it is broken down, by the action
of proteolytic enzymes to polypeptides and amino acids. These amino acids
then combine to form specific types of proteins as per requirement. Thus
proteins are continuously synthesized and then catabolized for body utiliza-
tion and the result of these processes create a certain protein balance from
which the significant features of protein metabolism could be seen.

Plasma proteins represent a complex mixture of many proteins which
include simple proteins, lipoproteins, mucoproteins antibodies, enzymes, hor-
mones, etc. These being in a mobile form, interact with other tissues
throughout the body. The heterogeneity of plasma proteins is easily demons--
trated by a variety of methods.

From isotopic and other evidences it has been shown that liver is the
main site of formation of albumin, fibrinogen. prothrombin, alpha and beta
globulins, Gamma globulins are however synthesized in the plasma' cells.
A normal human adult synthesizes and degrades about 15·20 g of plasma
proteins per day. An interesting equillibrium is seen between the plasma
proteins and the tissue proteins, each group sustaining for the other when
need arises. In condition of protein deprivation, plasma protein level is
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maintained more zealously since tissue proteins are degraded to provide for
the former and as a result, a considerable loss of tissue proteins occur with a
minimal decrease in the level of plasma proteins.

NEED FOR CLINICAL ANALYSIS

The nutritional status of the individual has an important effect upon the
synthesis of plasma proteins both directly in terms of. raw material and in-
directly due to harmful effects of protein deprivation of the liver which has
its effect upon albumin and globulins leading either to edema or to impaired
resistance to infection. •.

The normal constituents of serum proteins have a fairly uniform pattern
in health although slight variations are possible due to diet, genetics, or
racial differences. These patterns are altered in certain diseases and nutri-
tional disorders. These changes usually manifest themselves by increase or
decrease in the concentrations of normal components (dysproteinemia) or by
the appearance of new components not seen under normal conditions (para-
proteinemia). It is these specific changes which constitute the real contribu-
tion to the fractionation procedures and to the knowledge of various diseased
processes. Electrophoresis-the most important one among the many physico-
chemical tools of fractionation of serum proteins-has given a valuable iufor-
mation regarding the alterations of serum proteins in various pathological
states. During the last 10 years a voluminous interest has been shown in the
development of the electrophoretic technique as well as in finding the signifi-
cance of changes in various diseased processes, which has been of consider-
able value in solving many fundamental problems in protein research especi-
ally from clinical point of view.

In this review article. therefore, we have attempted to discuss and sum-
marize the literature both in methodology and the clinical material of
electrophoretic protein fractionation in varions physiological and pathological
conditions which might serve as an aid to those interested in this problem and
secondly to evaluate critically the clinical significance of such data.

HISTORICAL DEVELOPMENT OF METHODS USED FOR

SEPARATION OF PLASMA PROTEINS

Plasma proteins are"not a one single homogenous protein but consist of
many types of proteins. The heterogeneity can be shown by various methods.
Accurate analysis of protein fractions for the- study of their heterogeneity and
clinical picture has in the past been very difficult and time-consuming.
Several methods have been used to fractionate plasma proteins and to study
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their properties. These methods consist of dialysis, ultracentrifugation,
chromatography, salting out and isoelectric precipitation methods and the

most important one-electrophoresis.
The variations in the plasma proteins ~ave attracted the attention of

many clinicians since 1885 when Kauder first used ammonium sulphate to
separate serum into albumin and globulins. Later, Howe (192l) introduced
sodium sulphate as a protein precipitant and demonstrated the presence of
three zones-euglobulin, pseudoglobulin I and II and albumin. With minor
vat iat ions this method is still in routine clinical use. However, the fractions
thus obtained were not homogenous and the "albumin" was contaminated
by globulins This simple method was thus inaccurate. Carefully worked
out combinations of dialysis, isoelectric precipitation and salting out methods
may allow estimation of pure fractions but such combinations are not satis-
factory as routine clinical procedures. Electrophoresis has played an impor-
tant role in the clinical protein research and perhaps no other method has
deepened and expanded our knowledge of the function and pathology of
blood proteins to such an extent. The basic research was carried out by
Tiselius which proved to be extremely important. In 1937, he devised his
classical method of studying the migration of proteins-"Free Electrophore-
sis". This method utilized only one property of proteins=- the net surface
electrical charge. Serum proteins when placed in an electrical field migrate
at a rate determined by the electrical charge of the individual protein com-
ponent. This migration is recorded by a system of optics. By this method,
serum proteins are separated into 5 major fractions as albumin and alpha.,
alphaj beta and gamma globulins. However, the use of this method was
limited because of its complexity, cost, time and need for skilled workman-
ship. Moreover, lipemic or turbid sera presented difficulties in the measure-
ments due to the interference in the optical system.

Cremor and Tiselius (1950), Durrum (1950) and Turba and Enen kel
(1950) applied this principle of free electrophoresis to a solid medium like
filter paper. This modification proved so useful that the method soon became
important and obtained an outstanding posi tiori in clinical protein research.
The theories and methods of paper electrophoresis have been extensively
reviewed by many workers (Grassmann and Hannig, 1950; Flynn and
Mayo, 1951; Kunkel and Tiselius, 1951 ; Block et al, 1955, Jancks el al,

1955) •

PRINCIPLE AND METHOD OF ELECTROPHORESIS

This technique is known as zone electrophoresis. A small account of
serum is spotted or streaked out on a filter paper strip previously moistened
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with a buffer solution and the strip is placed between two electrodes in such
a way that the ends of the strip dip in the electrolyte in the vessels. The
strip is then subjected to an electric field for a particular time during which,
protein components migrate on the filter paper according to their mobilities ;
in comparing this technique with original moving boundary electrophoresis,
it is important to note that in the latter a series of zones of concentrations are
superimposed on one another while in the former there is a relatively comp-
lete separation of individual components.

Various forms of apparatus are designed and methods evaluated for
filter paper electrophoresis. All these types fall into 3 main categories: (I)
inverted "V" shape, (2) Horizontal open and closed strips, (3) continuous
electrophoresis. In the inverted type the filter paper is hung over the central
support and the ends pass in the electrolyte making an inverted' 'V". The
sample is applied at the apex. In the open horizontal type, the, strip is held
in a horizontal plane without any cover while in closed type, the strip is
sealed by sand witching it between two glass plates, thus minimizing the
ev.aporation of the buffer and neutralizing the 'evaporation effect". In
continuous electrophoresis a filter paper sheet is used instead of a strip. The
sheet ;is hung vertically. The sample and buffer run through the paper
vertically under gravity from a top point on the paper sheet and is subjected
to an electric current passing across the paper at right angles to the direction
of sample. The lower end of the sheet is serated and the fractions are collec-
ted through these serated ends.

Certain standardised conditions are essential in order to obtaina good
resolution of the proteins, such as control of potential, electrodes, suitable
buffers, temperature, choice of filter papers, drying and staining. These have
been extensively reviewed by Martin and Franglin (1954), Block et at (1955)
and Kulkarni (1957).

After the completion of electrophoresis; the filter paper strips are remo-
ved from the apparatus and dried in a hot air oven for at least half an hour
at 110°-120°C to fix and denature the proteins since undenatured proteins
do not take up the stain.

The analysis of the electrophoretogram can be done by various ways.
Substances which can be located by their fluorescence or absorption in ultra-
violet light can be identified directly. Some substances like enzymes or hor-
mones are detected by this specific biological action, In some mixtures, one
of the components is labelled with a radioactive tracer element or dye before
,electrophoresis so that it can be located after the separation: 1131, pJ2 or
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Fe55,59 are in common use. The protein can also be staine~ with a number
of dyes like bromphenol blue, azocarmine, amidoblack or light gr~en S. F.
For routine use, bromphenol blue is the most suitable, ~he analysis ~f the

h be done by two ways-elutiOn and scanning.dyed electrop oretogram may

In elution, the fractions are delineated visually and the dye i? each
fraction is eluted in alkaline solutions or organic solvents. The denslt~es of
these eluates are measured in a colorimeter or a spectrophotometer using a
suitable wavelength. From the density values thus obtained, the relative
percentages of different fractions can be calculated and if the total protein
concentration is known, the absolute values of each fraction can be easily
estimated. This procedure assumes that all proteins iuteract with the stain,

that dye uptake is directly proportional to the protein concentration and that
dye binding capacity of various fractions bears a simple relationship to each
other at all concentrations. In this method the only disadvantage is that the
electrophoretogram is distroyed and duplicate run is necessary when a record
is required.

In scanning, a suitable scanner measures the optical density of the pro-
tein dye complex. Previously, clarification of the filter paper electrophore-
togram by liquid paraffin or a mineral oil was necessary. However, this
difficulty has been overcome by photoelectric devices which measure the
light reflected from the dry paper.

Filter paper electrophoresis is used not only for the separation of serum
proteins but also it can be utilized for the quantitative evaluations of carbo-
hydrates, lipids, cholesterol, amino acids, several antigen- antibody mixtures,
and mixtures of several other components, the separation of which may not
be possible by other routine methods. This method thus remains a method
of choice because of its advantages such as low cost, speed of analysis, ease
of running multiple samples, the small volume of the serum necessary for
analysis and the facility of differentiating types of proteins.

NORMAL SERUM PROTEIN PATTERNs

The electrophoretic patterns of serum proteins in apparently healthy
individuals show minor differences. Fig. 1 shows a typical normal serum
protein electrophoretogram which is composed of five major camponents.
The first band which is very thick but narrow is due to albumin which
represents approximately 60-68 per cent of the total serum proteins. The
narrowness or the hand represents a homogeneity and signifies the presence
of only one protein component. Albumin has the fastest electrophoretic
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Fig I. Electrophoretic pattern of a normal serum.

mobility. Alpha--globulin is the second band close to albumin and IS about

2-6 per cent of the serum proteins. Alphaj-globulin is the third band on the
pattern and represents about 5-1 Q per cent of the total proteins. The fourth
component in relative mobility-ji globulin is approximately 8-12 per cent of

the serum proteins. The last component-the slowest one, in relative mobi-

lity-is of gamma globulin and represents about 12-20 per cent of the total
serum proteins. This band is comparatively wide suggesting that it is hete-

rogenous fraction consisting of many components which have the same elec-

trophoretic mobility. If plasma is subjected to electrophoresis, then one

more band appears on the electrophoretogram with a mobility between those

of gamma and beta fractions and is due to the fibrinogen content (Figs. 2A
and B). If hemolysed samples are subjected to electrophoresis, then the beta

fraction is abnormally increased due to hemoglobin which has the same elec-

trophoretic mobility as the beta fraction. Serum samples with an icterus

index of more than 20 units show, ~n the unstained strip, yellow coloration

between the albumin and alpha.-globulin fractions.
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Fig. 2. Electrophoretic serum protein patterns in health and disease.

EFFECT OF AGE, SEX AND DIET ON THE PROTEIN PATTERNS

Table I shows the nor.nal mean figures with standard error values, of
different protein fractions in normal Indian subjects in relation to their age,
sex and diet 'Kulkarni, 1959a).

Serum proteins of the foetus have been studied by Bergstrand and Czar
(1957). These protein patterns have been shown to be similar to those of
the newborn infants, These workers, however, observed in fetus a new pro-
tein component migrating between albumin and alpha! globulin amounting
to about 10 of the total proteins. This new component disappears imme-
diately after ~irth.

The electrophoretic pattern of a newborn infant shows a decreased
_ albumin and beta globulin as compared to an adult pattern. At the time of

birth, the concentration of gamma globulin averages that of its mother. This
is achieved by mere transfer from maternal to fetal circulation. This t rans-

.ns.



TABLE I

Mean serum protein fractio (g/lOO ml) with S. E. values in relation with age, sex and diet

Globulins
GROUP No. Total protein Albumin

1 I I
Alb./Glob.

gflOO ml Alphai Alphaz Bcta Gamma ratio
I

Newborns 40 Mean 5.6~ 3.67 0.14 0.30 0.39 1.14 1.86
S.E. 0.12 0.07 0.01 0.01 0.02 0.05 0.05

Children (1-8yrs) 36 Mean 6.58 4.02 0.17 0.52 0.69 1.18 1.58 "d
S.E. 0.08 0.08 0.01 0'02 0.02 0.03 0.05 :<l

0

Adults (whole group) 187 Mean 6.86 4.47 0.15 0.43 0.65 1.16 1.87 t;i
S.E. 0.03 0.03 U.OI 0.01 0.01 0.02 0.03 Z

"d
duls (18-30yrs) 152 Mean 6.83 4.47 0.15 0.44 0.65 1.12 1.89 >

S.E. 0.03 0.03 0.01 0.01 0.02 0.04 0.03 >-l
t;j

Aduls (31-40yrs) 24 Mean 6.97 4.50 0.15 0.40 0.66 1.26 1.82 :<l2:
S.E. 0.05 0.09 0.01 0.02 0.03 0.06 0.08 lA

Adults (41-50yrs) 11 Mean 7.07 4.40 0.15 0.37 0.70 1.45 1.66
S.E. 0.13 0.11 lI.01 0.04 0.05 0.09 0.09

Adults (males) 136 Mean 6.90 4.52 0.15 0.41 0.65 \.17 1.90
S.E. 0.04 0.04 0.01 0.01 0.02 0.03 0.03

Adults (females) 51 Mcan 6.76 4.32 0.15 0.47 0.67 I.15 1.77
S.E. 0.05 0.05 0.01 0.02 0.02 0.04 0.04

Adults (vegetarians) 72 Mean 6.75 4.44 0.16 0.44 0.63 1.08 1.92
S.E. 0.04 0.04 0.01 0.01 0.02 0.03 0.04

Adults (non-vegetarians) 115 Mean 6.92 4.48 0.15 0.42
S.E. 0.03 0.04 0.01 0.01

...., ., 0" - CIQ ;>
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ferred gamma globulin is catabolized at a normal rate. Since no new gamma
globulin is synthesized because of the absence of synthesizing mechanism In
the infant, the plasma level falls until 4-12 weeks. At this time the infant
begins to synthesize its own gamma globulin and the plasma level rises as the
amount synthesized exceeds the amount catabolized. Normal levels are
achieved between 1/2 to 7 yrs (Oberman et al, 1956) and In the premature
infants only the albumin fraction is found to be still decreased. The levels
are much lower than those found In normal full grown newborn infants.
This is due to incomplete growth since albumin is the major protein fraction
responsible for growth. The values can be directly correlated to the weights
at birth and to the socio-economic status of the mother (Kulkarni et al,
1959b) This albumin fraction slowly increases as the age advances and the
adult level is reached at the age of about 17 yrs. Other protein fractions
also show a somewhat similar change. It is interesting to note that there is
no effect of age upon the gamma globulin levels.

Males have the same serum electrophoretic pattern as that of the females
although the former have slightly higher albumin content. The total protein
content seems to be slightly higher in non-vegeterian subjects. Some authors
(Satoskar and Lewis, 1954a) have reported slightly higher values of gamma
globuline in vegetarian subjects. However, animal protein in the diet does
not play much role in influencing the protein pattern provided adequate
amount of protein is available in the vegetarian diet.

On comparing the serum protein patterns in Indian subjects with those
from other countries, it is found that gamma globulin levels in these subjects
are much higher than those found in Western countries. Such high levels
have also been reported from Africa and Burma. I t has been presumed
that genetic factors play some part in augmenting these levels (Taylor et al,
1949; Sterling, 19-19; Baptista et al, 1950; Keys et al, 1950; Holmes et al,
1951 ; Koiw et al, 1952; Oosterhuis, 1954; Stanier and Thompson, 1954;
Gilland et al, 1956; Kyi and Kenney, 1956; Edozein, 1957; Kulkarni,

.J959a).

SERUM PROTEIN PATTERNS IN PREGNANCY

AND PREGNANCY DISORDERS

During pregnancy proteins commence to fall from the third lunar month
and this decreases to a minimum in the last month of pregnancy. This dec-
rease ;s mainly due to a decrease in the albumin level. The alpha" alpha!
and beta globulins show a rise while the gamma globulin level remains un-
changed. Coryell lI950), Mack (1951) have reported a decrease in the gamma
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globulin level. These changes are partly attributable to the increase in the
blood volume during pregnancy and partly to the increase in the respective
amounts of each globulin fraction. These patterns remain unchanged till
delivery and thereafter start to show significant changes towards normal-
especially in the albumin fraction. As shown by Coyell et at, (1950), 6-12
weeks are needed for the protein patterns to return to the prepregnancy level.

In pre-eclampsia there is a marked fall in total plasma proteins, the
abnormal decrease being mainly at the cost of albumin and is associated with
a compensatory rise in globulin fractions. In eclampsia, the fall in the total
protein and albumin is still greater and is not associated with the compensa-
tory rise in globulin fractions. This failure of the compensatory increase in
globulins in eclampsia may probably be due to diminished liver function
(Purandare et at, 1954; Kulkarni, 1960c);

The protein patterns in pregnancy with associated anaemia (Kulkarni,
1960c) resemble those in toxaemias. The drop in the albumin level however
is solely due to a poor and inadequate diet which is also reflected in the
multiple vitamin deficiencies exhibited by these patients.

SERUM PROTEIN PATTERNS IN DISEASE

Albumin and all globulins except the gamma fractions are synthesized in
the liver while the gamma globulins are manufactured in the plasma cells.
Any pathological condition which affects the sites of protein synthesis will
thus definitely alter the protein pattern. Similarly proteins are lost from the
body in many conditions such as renal diseases or burns and in these condi-
tions also, there would be a change in the serum protein pattern. These
changes are usually nonspecific and show a decrease in albumin, a moderate
decrease or increase in alpha globulins and heterogenous increase in the
gamma globulins. In conditions where the reticulo-endothelial system is
involved, gamma globulin levels are decreased. Table No 11 shows the
changes that occur in serum electrophoretic patterns in a variety of patholo-
gical disorders.

SERUM PROTEINS IN MALNUTRITION

Protein malnutrition is the most serious and widespread nutritional dis-
order known to medical and nutrition science despite advances in treatment.

Changes in the serum protein patterns have been studied by many
workers (Krebs, 1946; Waterlow, 194B; Altman, 1948; Chow, 194B;
J anssen and le Roux, 1950; Klenerrnann, 1950; Wal t et at, 1950; Clark.
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TABLE II

Table showing the normal serum protein fractions (g! 100 ml) and the changes that occur in various physiological and
pathological disorders

Globulins
CONDITION

,
No. ,I Total proteins I Albumin

I Alpha] I Alphn2 I Beta I Gamma

Normal infants .. 20 5.64 3.67 0.14 0.30 0.39 1.14
Normal children .. 36 6.58 4.02 0.17 0.52 0.69 I.18
Normal adults .. 187 6.86 4.47 0.15 0.43 0.65 I.16
Premature infants .. 21 J. J. N N N J.
Normal pregnancy ... 50 J.J. J.J.J. r r r NToxemia of pregnancy ... 90 J.J.J. J.J.J. r r I NMalnutrition ... 73 J.J.J. J.J.J. r r t-ttLiver diseases

'" 72 J.-J.J. J. J. -' J. J. J. N N- J. N-t r I-tttNephrotic syndrome ... 25 J.J.J.J. J.J.J.J. N tii itHeart diseases ... 54 N-J. J. N N r rDiabetes ... 10 N- J.
tJ.

N N N N- tOther endocrine disorders ... IS J.J. N N J. N-ttBronchial asthma .. 50 t J.J. N-t N N N-tTropical eosinophilia ... 50 t J.J. N-t tt N-t ttCollagen diseases .. 30 N-t J.-J.J. N tt N t-ttTuberculosis .. 164 r J.J. t tt N ttKala Azar .. 10 ttt J.J.-J.J.J. N N N titHypertension, myocardial infarction ... 15 N J. N-t N-t r tNeoplasms, multiple myeloma ... S tt J.-J.J. N N N-tt tttMiscellaneous infections '.. 25 r J.J_J. N N-t N ttEye disorders .. IS N N N N rOperative stress ... 10 J. J. N N N tAgammaglobulinemia .. 2 J. N-J. N N N Sometimes absent
J.J.-J.J.J.

Ne= Normal; tor J. = slight increase or decrease; t t or J. J. = moderate increase or decrease (two-folds); it tor J. J. J. =
marked increase or decrease (three-folds or greater): For any particular disease or condition, changes mentioned above are commonly but
not invariably encountered.
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1951; Anderson and Altrnan. 1951; Van der Sar, 1951; Jayasekara et al,
1951; Achar and Benjamin, 1953; Dean and Schwartz, 1953; Thompson,
1')53; Trowell et al, 1954; Gomez et al, 1955; Patel et ai, 1957).

There is a decrease in the serum total protein, albumin and beta globu-
lins associated with an increase in alpha and gamma zlobuline (Fig, 2 E).
Rise in the gamma globulin level is more marked in adults than in children.
Although the amount of albumin is greatly reduced, the amount of total
globulin remained high as in normal person (Kulkarni, 1959a; Kulkarni et al,
1960d). Albumin, beta globulin and A/G ratio show a progressive fall with
increase in the severity of the disease as judged by the increase in oedema,
anemia and fatty liver change. The gamma globulin shows a rise with
increase in liver damage. Administration of small amounts of antibiotics to
supplement the conventional methods of treatments has been found to in-
crease the albumin level and the rate of recovery is also rapid (Satoskar and
Lewis, 1954a; Lewis et al, 1956).

th

a
m
re

SERUM PROTEINS IN LIVER DISEASES

Characteristic serum electrophoretic patterns are seen III liver diseases
(Fig. 2 C & DJ. The lowered albumin and the elevated gamma globumin
are commonly accepted as indicative of liver damage. In portal cirrhosis
the hypoalbuminemia is entirely due to the decreased synthesis by the diseased
liver and is further exaggerated when ascites begins to develop. It reflects
the degree of severity of the conditions and helps in the prognosis. There
are conflicting reports regarding the alpha and beta globulin levels in cirrho·
sis (Luetscher, 1940; Gray and Barron, 1943; Kabat et al, 1943; Jenek"
1956; Sunderman and Sunderman, 1956; Kulkarni, 1959a); however these
changes are of a non-specific nature. The rise in the gamma globulin level
is one of the most common abnormalities and occurs in both gamma! and
gamma2 fractions (Franklin et al, 1951) and is a reflection of the severity of
mesenchymal reaction producing fibrosis more' than parenchymal destruction
in the liver (Popper, 1953). This high level is due to the increased synthesis.
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In virus hepatitis (Gray and Baron, 19 ~3; Ricketts et al, 1949; Satoskar
et ai, 1954b; Jeneks et al, 1956; Sunderman. 1957 ; Wall, 1958). The serum
protein pattern is similar to that seen in infectious diseases. When compared
to portal cirrhosis, however, the abnormalities are less marked. Martin (1946)
noted a split in beta fraction but this had no diagnostic significance. The
elevation of gamma globulin persists for months after clinical improvement
and with the return of liver function tests to normal (Wall, 1958).
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Tn obstructive jaundice, the beta globulin level is markedly increased
and the increase is due to the increase in the beta lipoprotein which is caused
by the common duct or intrahepatic obstruction 'Wall, 1958). Gross et al,
(1959) believe that jaundice in the absence of elevated gamma globulin
speaks against cirrhosis and favours a diagnosis of extrahepatic biliary obs-
truction, fatty changes, metastatic carcinomatosis or lv mphomatous infiltra-
tion. The increase in the gamma globulin level is well correlated with the
thymol turbidity tests.

The serum proteins III infantile cirrhosis (Kulkarni, 1959al show a
moderate decrease of albumin and increase in the gamma globulin which
correlate with the degree of severity of the condition.

In acute cholecystitis a moderate increase in the alpha and gamma glo-
bulin is seen. In other liver disorders the changes are nonspecific and present
a decrease in albumin, variable changes in alpha and beta globulins and a
marked increase in the gamma level, The serial analysis of the electropho-
retic serum patterns helps in the prognosis of the disease (Kulkarni, 1959a).

SERUM PROTEIN PATTERNS IN RENAL DISEASES

The alterations in the protein composition in kidney disorders have been
studied by various authors (Longsworth and McInnes, 1940; Thorn et al,
1945; Routh et dt, 1948 ; Fischer et al, 1951; Lenke and Berger, 1951;
Lewis and Page, 1953; -Squire, 1953; Hardwicke, 1954; Sellors et al, 1956).
Since a large amount of proteins is lost through the abnormally permeable
glomerular membrane, significant changes are produced in the serum patterns
in these disorders.

The nephrotic syndrome presents a typical characteristic serum electro-
phoretic pattern (Fig. 2 F). Even the visual observation of the pattern gives
a correct diagnosis of the syndrome. One of the earliest applications of
Tiselius electrophoresis was in this disease. The marked decrease in the total
protein observed in this condition is mainly due to a decrease in serum albu-
min. Kulkarni (1959a)found that the albumin level was below 109 per cent.
This low level is due to the fact that most of the albumin is filtered out in
urine. The alpha.-globulin is moderately reduced. The alpha, globuli is
markedly increased three to four times the normal levels and frequently fused
with beta globulin to make individual estimations difficult (Wall, 1958).
This is due to an abnormal increase in alpha. ..lipoprotein which has a mig-
ration velocity between those of alpha, and beta globulins. The extreme
hypo-gamma globulinemia seen in this syndrome is also due to differential
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permeability of the glomerular membrane and is responsible for the increased
frequency of secondary infection in this condition.

In acute glomerular nephritis. the permeability of the glomerular mem-
brane is not so much impaired as in nephrosis although in certain cases the
albumin depletion is marked. The beta globulin is not fused with alpha:
fraction. In chronic nephritis the changes seen are nonspecific as observed
in chronic infectious diseases with moderately decreased albumin and norma)
alphaj-globulin. In most of the cases, significant elevation of gamma globulin
is seen due to possible increase in the antibody formation (Kulkarni, 1959a).

The protein pattern in acute pyelitis is not diagnostic and is of a non-
specific nature. The high levels of gamma globulin in this condition and in
pyelonephritis and uremia (Kulkarni, 1959a) are due to high antibody res-
ponse.

SERUM PROTEIN PATTERNS IN CARDIOVASCULAR DISEASES

The general trend of the serum protein pattern in patients with conges-
tive cardiac failure resembles very clearly with that observed in a liver paren-
chymal disease. Alterations in the serum protein fractions are probably due
to liver and kidney congestion rather than heart failure t Kulkarni, 1959a).
Rheumatic heart diseases, essential hypertension and myocardial infarction
show similar patterns. A notable change however is in the beta-globulin
fraction which is markedly increased due to increased lipids. Mitral stenosis
shows a normal pattern, Subacute bacterial endocarditis and pericariditis
show a pattern similar to that found in acute infections (Kulkarni, 1959a,
Jencks et al, 1956; Wall, 1958).

SERUM .PROTEIN PATTERNS IN ENDOCRINE DISORDERS

Although not regulated, the metabolism of proteins is influenced by cer-
tain hormones which also modify the interrelationship between proteins and
·carbohydrates. The important hormones are thyroid hormones, pituitary
hormones, androgens and insulin. In absence or overproduction of any of
these, the metabolism of proteins is impaired. In diabetes the albumin is
slightly decreased while the alpha, globulin shows a variable rise. Cases with
diabetic coma show significant increase in the alpha and gamma globulins.
Hyper and hypothyroidism show some changes in albumin, alpha , and gamma
globulins. Cushing's syndrome, non-toxic goitres and pituitary disorders
show slight non-specific changes (Schneider, 1946; Lewis, L.A. and
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Periarteritis nodosa and ankylosing spondylitis present a protein pattern
very much similar to that seen in rheumatoid arthritis. Primary amylidosis,
Boeck's sarcoid, scleroderma Raynod's syndrome, dermatomyositis show very
similar and nonspecific patterns (Wall, 1958).

SERUM PROTEINS IN INFECTIONS

The changes occuring in the serum protein patterns in infectious diseases
are independant of the infective .organism and vary with the severity of the
conditions. These changes are those referred to as a stress pattern as seenin
many febrile states and conditions characterized by tissue break down such as
malignancy (Wall, 1958). These changes are a decrease in albumin, increase
in alphao-gloubin and increase in the gamma globulin. Acute infection first
causes an increase in the alpha globulins and a decrease in the albumin level.
These changes are proportional to the severity of the infection. When the
infection is of sufficiently long duration. a significa-it increase occurs in either
the normal gamma fraction or due to the formation of new components.
Chronic infections are associated with· a marked hypergammaglobulinemia.
In pulmonary tuberculosis (Fig. 2 K). the severity of the diseased processes
can be very well judged by the albumin/alpha1.globulin ratio which can also
be well correlated with the erythrocyte sedimentation rate (Kulkarni, 1960b).
In kalaazar the changes are extreme hypoalbuminemia associated with a
marked hypergammaglobulinemia (Fig 2 I). The decrease in the albumin
level is due to liver dysfunction and not proteinuria. Values of gamma glo-
bulin as high as 8.0 g per cent have been reported (Cooper et al, 1945; Kumar
et al, 1958; Kulkarni, 19j9a; Kulkarni, 1951). Other conditions like
lymphogranuloma venereum, leprosy, syphilis, small pox, pneumonia, erc ,
show similar patterns (Dole et al, 1945; Cooper, 1945; Dole et al, 1947;
Benhamou, 1947; Seibert et al, 1947; Wilson, 1948; Bruce and Ailing,
]948 ; Taylor et al, 1949; Sterling, 1949;' Benhamou, 194.J: Benhamou;
19jO; Ross et al, 1951; Baldwin and Hand, 1953; Cohly et al, 1953;
Bannerjee and Chatterjee, 1(57).

SERUM PROTEIN PATTERNS IN NEOPLASMS

Multiple myeloma is associated with the synthesis of a qualitatively ab-
normal seru n protein -paraprotein, myeloma protein or simple m ·protein.
This disease has been extensively studied by many authors for the electro-
phoretic patterns (Kekwick, 1940 ; Lewis and Page, 1954; Conn and Klars-
kein, 1954; Ossermann and Lawlor, 1955; Sunderrnan and Sunderman, 19j7 ;
Wall, 19:8; Gross et al, 1959,. The electrophoresis shows a typical pattern
which can be diagnosed even by visual inspection (Fig. 2 G and 2 H). It
shows hypergammaglobulinemia and some times increased amounts of either
alpha, or beta globulins. Although the gamma globulin level on the electro-
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phoretogram seems high the amount of normal gamma globulin remains same
(Gross et al, 1959). This abnormal protein has sometimes an electrophoretic
mobility equal to that of alpha, or beta or gammaj-globulin and that is why
multiple myeloma is classified into three groups as alpha., beta or gamma
type.

Neoplasms of other lymphoid systems produce only a moderate
increase in the gamma globulin (Peterman, 1948 ; Azar, Hill and Osserman,
1957; ]im, 1957). Like myeloma globulins, the macroglobulins also form a
narrow and well defind band on electrophoretogram and may migrate with
alpha, beta or gamma globulin (Gross et ai, 1959). Acute leukaemia. lpmpho-
sarcoma, polycythemia vera all show decreased albumin and low gamma
globulins. However, hypergammaglobulinemia may even result in these
conditions. Chronic lymphatic leukaemia is typical in showing hypogamma-
globulinemia. Hodgkin's disease shows' markedly low albumin increased
alpha and gamma globulins. It rarely shows hypogammaglobulinemia and
when seen usually occurs in the terminal stages of the diseases.

The notable chanze s are found in cancer of variable etiology where<:>

alpha and gamma globulins are elevated, beta globulin decreased and spilit
up and hypoalbuminemia (Peterman and Hogness, 1948).

SERUM PROTEINS IN MISCELLANEOUS DISORDERS

Serum protein pattern in sarcoidosis resembles that found in tuberculosis
or in collagen diseases although the elevation in alpha and gamma globulins
are not so marked due to the acute infective processes in sarcoid. It is inter-
esting to note that the globulin fractions portray a step like progression from
alphaj through the gamma fractions, known as "Sarcoid steps" (Sunderman
and Sunderrnan, 1957). .

Primary glaucoma shows a normal pattern while congestive glaucoma
and chronic simple glaucoma show a moderately decreased albumin and a
compensatory rise in globulin fractions (Kulkarni, 1959a).

In traumatic stress, e.g. fractures, the serum protein pattern is similar to
that observed in collagen diseases. The changes in alphaj globulin and albu-
min being highly significant. In operative stress, albumin IS markedly dec-
reased probably due to its sequesting somewhere else in the body since its
depletion could not be seen in urine or its synthesis would not be impaired
within such a short time (Kulkarni, 1959a). It is known that iron also be-
haves in a similar fashion (Baird et al, 1957).
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In submucous fibrosis the serum protein pattern is more or less normal
except for a very slight and Insignificant rise in the totol protein due to a
similar increase in the gamma fraction (Kulkarni. 1959a).

Various forms of dermatitis and skin disorders produce marked Increase
in the gamma globulin fractions only (Wall, 1958).

In epilepsy beta globulins are decreased while In diabetes insipidus
alpha. globulins are increased two-folds (Wall, 1958).

Schizophernia Shows a Normal pattern.

AGAMMAGLOBULINEMIA

Agammaglobulinemia is characterized by relatively severe -recurring
bacterial infection and associated with a marked deficiency of serum gamma
globulins and inability to elaborate antibodies. There are 3 forms of this
condition, acquired, transient and congenital. The congenital type occurs as
a sex-linked recessive trait, most frequently affecting male infants, the acqui-
red type affects adults of both sexes (Sunderman and Sunderman. 1957). On
the electrophoretogram the complete absence of gamma fraction is rar ely
seen because of some amount of trailing of more rapidly migrating protein
fractions (Fig. 2 J). The .serum total proteins are decreased due to the
absence of gamma globulins. The other protein fractions remain more or less
within normal limits (Brunton, 1952 ; Sanford et al, 1954 ; Hayles et at) 1954 ;
Sunderman and Sunderman, 1957 ; Gitlin et al, 1959).

RELATION OF GAMMA GLOBULINS AND ANTIBODIES

An excellent review of the subject has been made by Gitlin (1957). From
the immunochemical point of view, the gamma globulins fraction is conside-
red as the major antibody fraction although some of the antibodies do mig-
rate along with beta or even alpha, globulins. The gamma globulins have
common antigenic groups and are related by their antibody function. A
single molecular antigen may give rise to many antibodies each one having
different electrophoretic properties. However, the chemical nature of the
antigen which is responsible for the antibody formation is not yet known.
During immunization, specific antibodies are first formed against the antigen
but then as antibody formation proceeds, a series of different antibodies is
formed against the complexes that result from the in vivo combination of the
antigen and the antibody (Najjar and Fisher, 1955). Immunization or hype-
rimmunization results in marked heterogenous increase in gamma globulin
concentration. Although the gamma globulin contains the major fraction of
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the antibodies. some antibodies are not gamma globulins and some gamma
globulins are not antibodies (Gitlin, 1959).

Gamma globulins play the most important role ~f resistance to infection
although many other factors should also be considered. Patients with agam-
maglobulinemia in whose serum gamma globulin fraction is absent fail to
synthesize antibodies and are susceptible to recurring bacterial infection thus.
showing complete lack of resistance to infection. Other factors like the
behaviour of mucous membrane and skin, process of inflammation, degree
of exposure to infection should be taken into account.

CONCLUSIONS

The electrophoretic analysis of serum gives two types of informations
regarding the diagnosis, treatment and prognosis of the diseases. The first
type signifies the state of the patient which would be directly reflected in the
altered electrophoretic serum potein pattern and is useful in ascertaining the
prognosis or severity of the disease. The second type may give specific
information of the particular disease.

The type of the abnormality in the first group is more common. The
most notable change in the electrophoretogram is a decrease in the albumin
level which is due to various factors such as poor quality and insufficient quan-
tity of food intake, impaired synthesis by the liver or a considerable loss in

urine or ascitic fluid.

The second change in the electrophoretogram IS In the alphaj-globulin
fraction which is increased when inflammation or tissue destruction occurs.
This increase is intimately connected with the concentrations of glyco and
muco-proteins of plasma. The abnormality in both albumin and alphaj-
globulin fractions of serum taken together as albuminJalpha2·globulin ratio
may serve as an indication of the severity of the disease in a similar manner
as erythrocyte sedimentation rate, e.g, in tuberculosis and rheumatoid arthri-
tis (Kulkarni, 1960d).

The beta globulin fraction contains beta lipoproteins and a change in
this fraction may indicate alterations in the lipoprotein concentrations as indi-
cated in nephrosis, obstructive jaundice, essential hypertension or myocardial

infarction.

The gamma globulin represents antibodies. The elevation in this frac-
tion may be partly due to increase in the existing antibodies or partly due to
the formation of new antibodies.
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The second type of information is obtained from abnormalities which in-
clude protein patterns which are specific in diseases such as kala-azar, mul-
tiple myeloma or nephrosis. Even by mere visual inspection of the electro-
phoretogram, the diagnosis can be made.

Considering the advantages of serum electrophoresis such as low cost,
small amount of serum required for analysis, speed, ease of running multiple
samples, reproducibility, ease of corn oarison, and facility of carrying out
immunological analysis, electrophoretic technique provides quantitative
results of sufficient accuracy for most clinical purposes. Furthermore this
technique can be extended for the quantitative evaluation of car bohydrates
stained by periodic acid and Fenlgen's reagent, lipids and cholesterol by
Sudan black, amino acids, severa.l antigen ·antibody mixtures and mixtures
of several other compounds the separation of which may not be possible by
other routine methods. It also affords new possibilities of analysis using
radioactive isotopes such as 59Feor r3l1and is suitable for the determination
of isoelectric points.
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