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INTRODUCTION 

History and Definitions 

Human blood serum contains an extremely complex mixture of 

proteins - ••simple" proteins, lipoproteins, glucoproteins - and

probably hundreds of distinct protein components (52). Consider­

able time and effort have been expended to produce a rapid and 

reliable method usable for general clinical studies for the frac­

tionation of serum proteins. Those procedures or their combina­

tions have resolved this very large and exceedingly complex system 

of components into a relatively few arbitrary fractions, satisfy­

ing only certain criteria inherent in the method employed (36). 

By general agreement serum proteins are subdivided into four main 

categories as separated by electrophoretic fractionation. Those 

four electrophoretic fractions are not pure. All contain lipid 

and carbohydrate materials which probably are combined as pros­

thetic groups (5, 18). Albumin fractions also apparently contain 

bi Ji rubi n and it has been estimated that at least fifty percent 

of the lipid and carbohydrate content of serum is bound to the 

albumin and gamma globulin fractions. ln addition substances 

like calcium, phosphorous and sulfonamide drugs are also bound 

to the albumin fractions (14). It has been observed that the car­

bohydrate content of the various protein fractions differs not 

only from fraction to fraction but also from disease to disease (63). 

By refinement of methods, several subfractions have been identified 
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in addition to the main fractions albumin, alpha globulin, beta

globulin, gamma globulins. (For instance the alpha globulins have 

been separated on paper electrophoresis into two groups.) So far 

no general agreement has been reached in the designation of the 

minor component whose mobility is intermediate between the normal 

beta and gamma globulins. Some authors refer to this fraction as 

beta
2 

globulins, but equal Justification exists to nane this minor 

fraction gamma) globulin and the normally occuring large gamma 

globulin fraction, gamma
2 

globulin (27). A new subdivision is 

discussed by Aly (2) who mentions 11tryptophanreiches praealbumln", 

the nature of which is not definitely identified. One also con­

siders that some of the known beta globulin anomalies, are due to 

the beta1 lipoproteins of Oncley (14). From this we can deduce

that the whole concept of purity of protein is relative and not 

absolute, it has no meaning other than as a reference to. the meth­

od employed and to the assumptions necessary in studying the sub• 

stance under description. The nomenclature of serum proteins is 

determined by convention, and depends on the method employed to 

break down the serum proteins into various fractions. Those frac­

tions are su11111arizeq in Table I. 

The principal chemophysical methods for characterization of 

proteins are (10, 18, 19, 36, 37, 71, 73), 

I). Neutral salts (Na
2
so4 - Howe, Na2s04 - Wolfson, CohQ,

K
2
S04 - Butler) 
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TABLE I. 

TERMINOLOGY OF SERUM PROTEINS OF VARIOUS METHODS OF FRACTIONATION 

Boundary Paper c NH so 

Electrophoresis Electrophoresis Minor 

Albumin Albumin V I V-4, S4.5 Albumin 
VI 

Alpha- Alpha - IV-1 I S.4 .• 5 pseudo- euglobu 11 n 
Globulin GlobJ Ii n 111 globulin 

111-Q

Alpha - IV•l V 54-SGlobaJi n IV•4 YI 

Beta Globulin Beta Globulin 111-0 four fractions euglobu Ii n 

Garrma1 {,a
.,

) 111-1 11+111 5
19 s, euglobu Ii n pseudo-

Globu Ii n globu 11 n 

Gam1a Globulin Ganma
2 

11 s., 58• 1 I
pseudo- euglobulin 

G lobu Ii n globulin 

Based on 5, IO , 19 , 21 , 27 , 36.



2). Water miscible organic precipitation (Ethanol - Cohn, 

Methanol - Pillemer) 

3). E lectrophor-esi s 

4). Ultracentrifugation 

5). lnmunochemical techniques 

6). lnmunoelectrophoretic techniques 

Electrophoresis can be subdivided into boundary electrophoresis 

and zone electrophoresis. In boundary electrophoresis the move­

ment and separation of boundaries are observed by optical or anal­

ytical methods (68). This was first described by Tiselius in 1937 

(67). Zone elec:trophoresis is that method in which the fractions 

migrate as separate zones which are stabilized by a supporting 

medium against convection (68). Filter paper electrophoresis uses 

filter paper as a suporting medium. 

Paper el�ctrophoresis has proved to be the method of choice 

in the clinical separation of serllll proteins. It has several ad­

vantages over the Classical Tiselius Technique (23). 

1). The inexpensive, robust apparatus occupies little space. 

2). Only microquantlties of serum are required. 

3). No preparation of serum is necessary. 

Huch progress has been made since the introduction of this 

method by Koenig in 1937. Paper electrophoresis was first used 

for the separation of a protein mixture by Klobusitsky and Koenig 

in 1939, in attempting to extract a yellow pigment from snake ven-



om (7). This work attracted relatively little attention until 

about ten years later several laboratories independently devel­

oped various methods of paper electrophoresis (6, 12, 16, 30, 43, 

48, 69, 70). Those methods were enthusiastically received and 

various pathological variations of serWII analyzed before the meth­

odical basis of the system was worked out satisfactorily. 

Grassmann was the first who made paper electrophoresis quantita­

tive by direct photo-electric scanning of dyed paper electrophor­

esis patterns of serum (31, 32). This, as well as the elution 

technique of quantification were described In 1951. Paper electro­

phoresis in its �linical aspects has expanded at a remarkable rate 

and the use of the technique has grown so phenomenally that this 

procedure has moved into the front rank of important tools in bio­

chemistry and clinical chemical research (49). Huch of the pub• 

Jished data are not subject to quantitative comparison however; 

the reason for this wi 11 be discussed later. 

At the present time three distinct types of filter paper 

apparatuses are utilized in different laboratories. 

1). Inverted V types - Durrum 1950, Flynn 1951 - (16, 23) 

2). Horizontal type - Wieland 1948, Cremer• Tiselius 1950 -

{12, 70) 

3). Vertical type - Grassmann 1950 - (30) 

Those paper electrophoretic analyses separate the various protein 

fraction only by their raobi Jlty in an electric field (23, 34, 36). 

Hany variables influence this property. 



Variables of Method 

The physical chemistry of paper electrophoresis is complex. 

Many different phenomena influence the fractionation and quantifi­

cation. It is important to understand the variables in order to 

get a satisfactory grasp of the problem involved. Some of the fac­

tors which play an important part in the resolution and distribu• 

tion of the migrating ion and the quantification of the various 

protein fractions on paper electrophoresis will be mentioned. This 

should give insight into the problem of why it Is absolutely neces· 

sary to follow a well established method for quantitative evaluation 

of any electrophoretic pattern. 

Characteristics 2f. the Ion. The Ions In solutions have dif­

ferent net electric charges. At a pH of 8.6 the serum proteins be­

have as anions and move at a differential velocity toward the anode 

(23, 27, 36, 68). The various names applied to normal serum com­

ponents refer, as mentioned, to the relative position of the pro­

tein fractions after electrophoresis. The apparently homogenous 

peaks may consist of molecules of various sizes, shapes, and chem­

ical composition (36). Their biological significance has Inherent­

ly no influence on the naming of those fractions. In addition it 

must be realized that the function of mobility Is not only depen· 

dent on the properties, concentration and environment of a compo• 

nent, but Is an integral function of the mobilities and concentra• 

tions of all fractions of the system (7, 36). Even the absolute 
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concentration of protein in a specimen may effect the final dif• 

ferentiation pattern and may alter the mobilities and therefore the 

apparent percentages (21). Pathological serum fractions may migrate 

to positions intermediate to the expected normal h01109enous peaks, 

or the abnormal peaks may be superimposed on normal fractions. It 

is also important to realize that proteins have a tendency for as­

sociations, dissociations and araphoteric behavior. 

Characteristics .2.f.!h! apparatus .!rut.!!!!. three !!!in. phases 

2f. electrophoresis. Pezold (55), after detai Jed comparative studies, 

came to the conclusion that Durrum 1 s inverted V method has several 

advantages in comparison to the horizontal method of other authors. 

He mentions that hydrostatic forces help in the fractionation. 

This is especially noticeable in the ganna globulin fraction which 

has a tendency to move toward the �athode because of the electro• 

endosmotic flow (23, 55). Also the sagging of the fl lter paper is 

prevented. The size of the chamber is important in that the buffer 

solution must reach the proper equilibrium between evaporation and 

condensation. This brings us to the three physiochemical phases 

involved in this system (66). 

I). The porous hydrophylic water insoluable filter paper. 

2). The electrolytic wetting solution. 

3). The gas-vapor phase adjacent to the filter paper strip. 

The filter paper matrix must be evenly matched, be of high 

wet strength,.chemically inert to the substance to be measured, and 
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must keep the electroendosmotic forces low (42, 47, 68). If the 

paper has a tendency to absorb proteins in its fibers, a tailing 

factor wi 11 resu It. This has been found to be three to five per 

cent of the albumin concentration (38, 55, 60, 68). Various cor­

rection factors have been suggested but specific pre-preparation 

of the paper itself appears most satisfactory (7, 42). The type 

of buffer and its ionic strength is of major importance and was 

one of the earliest variables controlled in paper electrophoresis. 

The 1110bi lity is increased with decreasing ionic strength (36, 68). 

Buffer at a pH of less than 8.5 will result in poorer separation 

of albumin from alpha1 globulins (36, 44), than buffer above a pH

of 8.5. At a pH 4.0, albumin will separate Into two fractions 

(21). If calcium is added to the solution in a specific concen­

tration the resolution of beta globulins from gamma globulins is 

improved, but the separation of gamma
1 

,globulins from gamma2 glo­

bulins is decreased (44). This brings us to the third physiochem­

ical phase, that between vapor, gas and paper. Increased tempera­

ture wi 11 produce _increased vapor pressure. 

Characteristics 2f. !b.!_ applied field. Increased voltage 

produces increased temperature which will increase the evaporation 

and therefore influence the phase interaction mentioned above (23). 

Applying smaller amount of voltage will prolong the amount of time 

required for proper resolution of the various protein fractions (7, 

44, 47, 61). 
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Characteristics 2f.. guantitation. Distortion of protein 

patterns during the drying stage by excessive amount of liquid on 

both dependent ends has been reported (72). Several steps have 

been instituted to avoid this pitfall. Those steps include the 

application of a wick and rapid drying procedures in an oven above 

110° c. (7). The selection of the proper dye is of maximal impor• 

tance. Kuch detailed and excellent work has been done in this area 

(7, 38, 42, 45, 47, 53, 55). The quantitative aspects of the in­

teraction between denatured proteins and the dyes and the measure• 

ment of dye uptake has given repeated difficulties in interpreta· 

tion, since no stoichiometric relationship exists. The rate of dye 

absorption varies for the different protein fractions and also de­

pends on the duration of heat denaturation of the protein, the 

length of staining, and the amount of rinse. The simplified stain· 

ing procedure of Connerty (10) changes the oven drying step without 

testing its effect on pathological sera. The most cOR1110nly used 

dye�today is bromphenol blue, introduced by Durrum in 1949. This 

is the only dye found to be homogenous on paper chrometography, 

which can be completely eluded from protein free filter paper, and 

sti 11 has excellent drying oven ptoperties (7, 53, 55). Turba in­

troduced Azocarmine Bin 1950, and Grassmann Amidoschwarz 10 Bin 

1951. None of the latter two colors has the three excellent char­

acteristics mentioned for bromphenol blue. 

Correction factors have been proposed not only for the var-
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ious dyes but also for the various methods. None of those are 

acceptable, because those correction factors are only applicable 

for a definite period of staining, a definite concentration of 

dyes and for the biochemically pure protein fraction. However, 

e1ectrophoretica11y homogenous peaks of resolved serm proteins 

are chemically or biochemically not necessarily the same, and cor­

rection factors applicable to normal sera do not necessarily hold 

true for pathological samples (7, 42, 47, 55). It has been obser· 

ved that albumin binds more dye than globulin (38). Also at a 

higher concentration of albumin, den�eters fail to follow Beer's 

law and no linear logrittvnic relation is achieved unless a spec­

ific absorption filter is utilized (7, 13, 38, 76). In case of 

bromphenol blue the optimal wave length is 590 lambda. Various 

denspeters have been utilized and the results differ very sig­

nificantly. Some use monochromatic light, some have integratars 

built in, others require the planimetric measurements of the pat­

tern by hand. In most it is necessary to make the filter paper 

transparent but not in all. According to Pieper (56) the avai 1-

able automatic machines show more unreliability in repeated meas­

ures and their integrator is less precise in the calculation of 

the per cents of each component. Another variable is the area 

under the peak. According to McDonald (SO) the perpendicular meth­

od may differ as much as 7.5% relative to the extended curve method 

in the determination of the area under the peak • 

-9-



From this discussion it can be deduced that it is of utmost 

importance to use a strict technique and to establish agreement on 

the method used, In order to obtain consistent results in the var­

ious laboratories. Much of the published data of normal values and 

other numerical relationships which do not follow the same multiple 

step procedure may not be subject to quantitative comparison, see 

Table II (7, 8, 17, 25, 29, 37, 39, 45, 55, 61+, 68). Therefore, 

only after agreement as to the detai Jed procedure has been achie• 

ved can the great practical diagnostic and prognostic value of 

paper electrophoresis on human serum be utilized to its maximum. 
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Ouanfit ative Comparison of Normal Serum Prof eins 
. 

, 
. 

' . . 
� 

Melt-iocl No. Alpha Alpha
2 Befq Gamma 

of Alb'-'min 
Globulin G/obLJlin 

References Employed S<Lra Globulin Globulin 
¾ % % ¾ 

Gr01ssmann + 
25 61.3 4-. I 8. I

. 
IJ.O 15. 5 GrossmC11nn Hannig 

Gr-Qu-mann + 
200 5 4-.3 ±: 4-.7 6.2 :t I.S 7.5±1.'I- J J.3 ± l.S 20.6:t:3.S 

�is Fwc.hs 

Modil'ieod 

26 51. I :t 4-.3 5.8 ± I.If- 9. 't- ± /.7 IZ.7± 1.a 21. ',--±2.5 Svnde.rmanr,
G,-Q..,mann -t-

,.,.,,,,jg 

Amir,co -Go.-Jon 37 56.� :r 2., 5.7 ±0.1 9.3 ± J.?, /4-.7± 1.6 I 4-. I ±2.6 Gordon 

' T IM'l»Cl .. En<1.t1k.&/ 200 
� 

61.11: 3.1 5.5 ±o.r 6.8 ±0.9 9.2±1.0 / 6.7 ±2,.'t- Fuchs 

Durrum 185 68.9 ± lt-.2 Z.9 ±os 7.3 :t 1.5 9.0 ± 1.9 / 2,.0±2..5 Jene.ks

Dvrrum I I 62.5±5.Z 4-.5 ±0.6 9.2 +z.2 9.5 !'2.4- / 1+-.3 ±2., Link .. 

'
I•·

�
CX1 

r­
,,, 



Statement of Purpose 

As shown in the foregoing discussion quantitative comparison 

of paper electrophoresis requires conformity as to the detai1s of 

the multiple st•P pr.ocedure. Since in the past conformity was rare, 

quantification of the data cou1d not be utilized. The only excep­

tion was the ratio of the concentration of albumin relative to the 

concentration of globu1in in the blood eerum. A reversal of this 

ratio expressed as Jess than 1.0 is a relative1y wel1 established 

i'.ndex (I, 52) and is used as a measure of the health of the patient 

or the progression of his disease. However, this a1bumin/g1obulin 

ratio is simply a summation of a complex pattern of changes of 

serum proteins, without the need for identification of the specif­

ic physiological or pathological reasons responsible. Abdel (I) 

makes the suggestion that severa1 such ratios may be worked out 

and, found more successful and efficient in following certain dis­

eases. Such another ratio had been suggested by Gilliland and 

Stanton (26) in 1954, at which time they reported that a albumin/ 

alpha
2 

globulin ratio below 3.0 is suggestive of anyloid changes 

in the kidney and rather diagnostic for diabetes. An increase 

above 3.0 was felt by those investigators to be indicative of rheu• 

matic fever. 

Established indexes of this nature could be of value in the 

direct evaluation of quantitative paper electrophoresis without 

reference to total proteins and their chemi.cal determination. 
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This paper is a review of 466 electrophoretic patterns. 

Eighty-nine were selected in which paper electrophoresis has dem­

onstrated a reversal of the concentration of the albumin relative 

to the concentration of globulin. In addition to the two ratios 

mentioned above, it will consider eleven other ratios and evalu­

ate their significance by statistical means and. point out their 

values, if any. 
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MATERIALS AND METHODS 

The electrophoretic separation of serum proteins and their 

staining were made using the operating instructions of the Splnco 

Division of the Beckman Instrument Campany (62). A Durrum type 

electrophoretic cell, regulated power supply and a calibrated re­

cording densiUlffleter and automatic integrater were employed
_. 

For a

summary of pertinent details see below: 

A). FRACTIONATION 

Cabinet: Ourrum type e1ectrophoretlc cell 
(Hodel·R, Series C) 

Serum: 6 lambda; Schleicher and Schuell 
filter paper strips (2043 A-mgl) 

Buffer: pH 8.6; ionic strength 0.075; 
16 hours; 85 volts; 2.5 milliampere. 

B). PROCESSING 

Dye: gm Bromphenol blue/ 1 liter methanol 

Drying: 

Rinse: 

electric oven at 250° F. (121° C.) 

5% glacial acetic acid 

C). MEASUREMENTS 

Dens i tameter: 
- Analytrol calibrated recorder (Hodel RA)

Integrator: 

The Durrum type chamber was used for the electrophoretic mi­

gration. The chamber contains two wicks of Schleicher and Schuell 

300-029 (2 3/32 x 12½ inches) filter paper and 8 filter strips,

(Schleicher and Schue11 2043 mg-1, 3.0 x 3.6 cm). This system was 
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saturated and equilibrated with 2.76 gm. diethyl barbituric acid 

and 15.-40 gm. sodiwn diethyl barbiturate. The buffer was tested 

with a Beckman pH Heter model GS, and whenever necessary, adjusted 

with concentrated sodium hydroxide to a pH of 8.6 and an ionic 

strength of 0.075. The 6 lambda of serum were applied to the fil• 

ter paper strips with minimal break of equilibration. The actual 

separation was performed in a cupboard of an air-conditioned con­

trolled room at a temperature of 24.5° C, away from any possible 

drafts or air current. A direct current of 85 volts and 2.5 milli­

amperes was applied for 16 hours. After removal of the paper strips 

from the Durrum cell, they were placed in a preheated oven for 30 

minutes, at a temperature of 250° F. (121° C.). This was followed 

by a prerinsing for 6 minutes in methanol. The staining was per­

formed with bromphenol blue (0.1% by weight) in methanol. The fil­

ter strips were then rinsed in three different solutions of 5% by 

volume glacial acetic acid for 6 minutes each. The filter strips 

were reintroduced into the drying oven for 15 minutes at above temp­

erature. The colors were Intensified by a 15-mlnute exposure to 

ammonium vapors. The "Analytrol", which was warmed for at least 

15 minutes, recorded and integrated the stained, nontranslucent fil­

ter strips. The perpendicular Jines were dropped from the troughs 

between the peaks and the base line. 

The complete procedure of fractionation, processing, measur-

Ing and recording was performed by the sane two technicians, during 

all of the two-year period. 
-14-



RESULTS 

During a two-year period 22,097 patients entered the hospi­

tal; of those patients, 466 (2.1%) had their serum protein distribu• 

tion analyzed by paper electrophoretlc distribution. The cases in 

which the protein distribution revealed less than 50% albumin were 

selected. Those 89 cases (18.5% of all patients tested) were anal­

yzed using statistical methods. It may be seen from Table Ill and 

IV that nearly one out of two patients who had an albumin/globulin 

ratio reversal had either a neoplastic condition or an infection. 

One out of five patients had multiple myeloma. leukemia or lymphoma. 

This differs from the connective tissue diseases ("collagen dls­

e•ses'1 in which only one out of twelve patients with reversal of 

the albt.111in/globulin ratio were identified as such. It is important 

to note that in one out of twelve patients with this reversal, no 

significant disorder was identified; even so the patient was hospi­

talized and careful clinical and laboratory studies were perfo.-.ed. 

The analysis of the protein electrophoretlc patterns ex­

presses its results in terms of percent of total proteins. Percents 

are the units given directly from the electrophoretic strip with the 

help of a densitometer and integrator. In this way possible errors 

resulting from the attempt of seeking for a universal constant or 

equating electrophoretic fractions with fractions achieved by other 

methods, have been avoided. 
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TABLE 111. 

DISTRIBUTION OF 89 CASES WITH ALBUMIN - GLOBULIN RATIO REVERSALS 

A). Neoplastic Diseases - 22 

I. Multiple Myeloma -- 8
2. Leukemia 6 
3. Hodgkin's Disease -

Lymphosarccma 4 
4. CA of Pancreas I 
5. CA of Stomach I 
6. Angiosarcoma 1 
]. Fibroid Uterus I 

B). Infections, Wound Healing - 20 

I. Wound Healing, Local
Infection, Gangrene -- 10

2. Pneumonia 6 
3. Infectious Mono-

nucleosis 2 
4. Boeck 1 s Sarcoidosis I 

5. Infectious Poly­
neuritis

C). Hepatic, Biliary Diseases - 10 

I • 

2. 
3. 
4. 

Cirrhosis 
Hepatitis 
Cholelithiasis 
Cholelithiasis with 

Hepatitis 

D). Renal Diseases - 8 

-- 4 

-- 4 

2 

1. Nephrotic Syndrome -- 4
2. Glomerulonephritis -- 4

E). Collagen Diseases - 7 

1. Rheumatoid Arthritis 3 
2. Periarteritis Nodosa 2 
3. Lupus Erythematosus l 
4. Acute Rheumatic Fever - J

F). Endocrine Diseases - 6 

1. Diabetes Mellitus
2. Addison's Disease
3. Diabetes lnsipidus

3 
2 
1 

G). Cardiovascular Diseases - 5 

I • Arteriosclerosis 5 

H). Miscellaneous - 4 

1. Urethral Stricture
2. Epilepsy
3. Ganglion (Cyst)
4. Pernicious Anemia

I). No Significant 
Abnormalities - 7 



I • 

2. 

3. 

4. 

s. 

TABLE IV. 

CONDITIONS WITH ALBUMIN - GLOBULIN RATIO REVERSALS 

(N - 89) 

Neoplastic 24.7% 6. No Significant

Infection 22.5% 
Abnormalities 7.9% 

]. Endocrine 6.7% Hepatic, Biliary I J .2% 

a. Cardiovascular 5.6% Renal 9.0% 
9. Ml scel laneous 4.5% Col Jagen 7 .9% 



It has been pointed out previously that correction factors 

are not universally applicable to all types of serum, and that the 

attempt of comparing various methods may introduce gross errors. 

Nevertheless one must realize that results expressed in terms of 

percentage have one peculiar property. A change in one fraction 

will lead to a complimentary change in the percentage distribution 

of all other fractions. If the percentage change varies with dif· 

ferent diseases in the different fractions and if this change is of 

statistical significance this could be picked up by various ratios. 

The data was statistically analyzed with the following as­

sumption. The distribution of various normal protein components 

follows the normal Gaussian curve. The arithmatic mean of each 

ratio was calculated and the standard deviation was expressed, us­

ing small sample techniques. To determine the significance between 

the differences of the means of each ratio, the standard error of 

the difference between two means was considered. The significance 

of this comparison was measured by the t·test and the probability 

of chance occurance of equal or greater value was expressed by p• 

scores. 

Of the thirteen ratios analyzed (Table V), six can be con­

sidered to be of no value in terms of diagnostic separ,tion of any 

of the diseasesunder consideration. The albumin/alpha2 and gamma 

globulin ratio appears in its diagnostic significance very similar 

to the albumin/globulin ratio, except that the standard deviation 
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Mean and Standard Deviation of fhirfeen Elecfrophorefic Indices 
- --

I 

Ratio Normal N-5.A. 
Multiple 

Leukemici Hod9llins Infection t-heumoni<i Cirrhosis 
�lomeru!o- Collagen Arf-erio-

Nephrosis Diabetes Mye (ol'TlQ nephritis Di�eases stferosi� 

Albumir(GJobvlin 1.7:t.5 o_gz .I 0.5±.z 0.7±.2 0.7-:t.2 0.8±.2 0..8:t.2 0.7±.3 0.6±.2 0.8±.� 0.7± .I 0.6±.z 0.8±_2 

Albumin/Befo,..Gamma GI 2.7±,., 1.5 ± .1 0.8:t.6 1.3 ±.6 /./±.4- /.?,±.3 1.z :t:3 /.0±.5 /.6±.2 l.2 ± .4- /.3± .4- 0.9±.3 /.3±.2

Albumin/Alf>haz. Globulin 7.4-:t'3.o 3.6r .4- 3.Z±1.1t- 3.1 .± /.0 2.6±1./ 2.9±.9 3.4-±1.1 5.6±1.3 I.'+-± .9 3.2±/.4- ZB± .9 /.9±.4- 3.'f-±,8

Albumin/Gammo Globulin 4-.5 :±1.0 Z.4-t..2 J.3±.S Z.0± 1.1 /.7±.6 Z.4-t..9 /.7± .7 /.4-i.8 ZB=.5 1.8 :t .7 /.5:t .4- J.7±.6 Z.3±.7

Albumin/Al�a1 +Be+a GI. 3.6±1.4- /.9±.3 1.8;: ,8 /.6±.$ l.lr±,5 /.6±.5 l.8±.4- l.O±.4- /.0:t .5 1.8 ± .7 /.5-:t .4- 0.9:t.3 /.6±.3

Albumin/Alpha, +-AlphaL GI. Lt,;g ±1,5 Z.3±.3 2.J�.s /.9±.8 1.8 ± .8 2./±. 5 Z.4-±.B 3.6±/.3 /.2:.t.7 2.1 ±1.0 Z.0±.7 JS:r.'3 2.3±,4-

Albumin+ Alpha ,.JGamma 5.5±1.1 3.5±,4- 2J±z.o 32±1.9 28:tl.O 3.6±1.i Z.5�1.0 /.8 :t ,., 6.0±2.1 2.7± ,fJ 2.3:t .8 2.9±.7 '3.2±.8

Al buminfa/phaa. +Gamma GI 2.7±.7 /.5� .I 0.8± .4- J.J ± ,3 0.9:t.3 /.3± .4- J.2± .3 /.O±,s 0.9±.lf. I. I ±. .?» /.2±.5 0.9±.2 /. 't-±.'t-

�lpha1
1-Befa/Gamma GJ. 1.3±.3 1.3±.3 o.s� .9 /.3±.7 /.5±..6 /.6±.7 /.0±.4- 0.6:!:,lt- 35±1.7 I.Jt:.4- /.0±: .4- /.9±.lf- /.Lt±.3

Befa GJ./Gamma GI. 0.7±.2 0.6±.2 04-± .3 0.5±.z 0.5±.6 07±.4- 01/-±.2 Q',-±.z 0.8±.I D.5±: .2. 0.4-±.J 10�.2 0.7±.3

Alpha ,.,.+Be fa/Gamma GI. /.6�.3 /.7± .4- 1.2 ± ,., 1.7±1.0 /.7:t.9 2.0 -t= .8 LZ=A· 0.8±-.4- 4-.0±v, /.4, ± .5' 1.2±.5 2,.1 ±.4- 1.7±.5

Gamma GI./Alpha1. GI. /.6:t::.S /.5±.2 5./ -:tS.l 2.0±/.� J.8:tJ.5 /.'-f-±.8 2.Z:t .8 2.'f ±/.2. 0.5±.3 J.9±.8 2.0%.7 /./±.3 1.5±.2

Bef a +Gamma/Alpha,.,. /.8 ±.+ /.6:t.2 3.8:U.I /.8± .9 l.8± /.2 /.6 :t'. 6 Z2±.6 6.Br.� 0.8±.4- /.8!-.6 /.6 ".!:, 4- /.7:f:.3 /.8±.2















of the various conditions appears significantly larger and there• 

fore gives Jess reliability than the well established index. It is 

interesting to notice that an albumin concentration of less than 

50% only appears to influence those ratios in which the albumin con­

centration is used as one of the factors. In five ratios in which 

the albumin concentration has been excluded, no significant differ­

ence can be found between the normal group and the so-called "norm 

group. 11 In the so-called normal group the albumin percent range in 

95% of the cases is between 52.1 - 72.9%. The 11norm group" are 

those cases in which albumin was below 50% even so no significant 

abnorma Ji ty cou Id be identified. This so-ca 11 ed 11norm group" wi 11 

be utilized for comparison with the other cases in which an albumin/ 

globulin ratio reversal has occurred. Having excluded seven of the 

indices due to obvious insufficient separation of the various dis­

eased conditions, let us concentrate on the six remaining ratios. 

(See Table VI to Table XI.) It can be seen from those tables that 

the expression of a statistical significant difference between the 

disease and the unorm group" is of importance, but not necessarily 

diagnostic. This concept can be expressed �re adequately by the 

calculation of sensitivity and specificity of the various ratios. 

By sensitivity we have a measure of the percent of cases positively 

identified with a specific disease. In contrast, specificity ex­

presses the percent of cases which, not having the disease under 

question, wi 11 be excluded by this ratio. As an example, let us 
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consider the albumin/a1pha2 globulin ratio in which the difference

between the "norm" and the diabetic group is statistically highly 

significant at a p•value of .001. Nevertheless, this ratio does 

not separate diabetes from nephrosis 1 collagen diseases, glomerulo· 

nephritis, Hodgkin's disease, infections and leukemia. This can be 

expressed by a 10% sensitivity for organic diseases and a 95% spec­

ificity for excluding normal cases. This type of sensitivity ap­

pears to be of little clinical value. On the other hand, we are 

able to find a statistically significant ratio between normal and 

cirrhotic on one hand and the other cases with albumin/globulin 

ratio reversal. At a dividing point of 4.5, 80% of the normal and 

cirrhotic patients will be above, while 80% of the organic disease 

with albumin and globulin ratio reversals were below this point. 

The different tables refer to the various relationships of the re­

maining six ratios, and Table XIII sumnarizes the data.

The change in concentration of the various serum protein 

fractions in the 89 cases is shown in Table XII 1. Again the "norm 

group11 has been used as a reference point, and only those changes 

are recorded in which the mean of the disease group falls outside 

of two standard deviations of the 0norm group11
• It can be seen 

that in the differential diagnosis of glomerulonephritis and neph­

rosis the electrophoretic pattern may be helpful. The marked in­

crease of alphiiz globulins and the decrease in ganwna globulins is 

distinctive. Similarly in cirrhosis the marked decrease in a1pha2
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TABLE XII. 

Normal 

Distribution Curve of Cases with�50% of Albumin on Utilization 

of the Albumin/Alpha2 Ratio.

Normc:1/ 

Oil.&,- 0r-,,1n;c. 
t>iieoie1, 

Cirrhosis 

-zs.D.

Distribution Curve of Cases with,50% of Albumin on Utilization 

of the Beta+ Ganma Globulin/Alpha
1
&2 Globulin Ratio. 

-

(This ratio does not appear to change in cases with Albumin >50%.) 

---



-

). 

2. 

3. 

4. 

5. 

TABLE X 111 • 

DIAGNOSTIC DIVIDING POINTS OF VARIOUS ELECTROPHORETIC INDICES 

in 89 cases with albumin less than 50% of total serum proteins. 

Ratio 

Albumin 
G lobu Ii n 

§anna § !2bu Ii n
A1pha2 Globulin

Beta, Gaimaa GI. 
Alpha

1
,2 GJ.

Aleh!2, Bet! GI. 
Gamta G 1 obu Ji n 

Albumin 
Alpha2 Globu 1 in

Dividing Condition Sensitivity Specificity 
Point 

�- ,•0 _ not di ognos!,i c 

� organic disease

=-/o- multiel e 11xeloo,a
· not diagnostic

-o:- organic di sease

cirrhosis 

=
-,,_\_multi e le mxeloma

not diagnostic 
- 'f- organic disease

�-iz- ne2hro1i1 
� not diagnostic 

'lf'.5 - �����si s 
- I.S - not di agnostl C 

.., nephrosi s 

20% 

50% 

10% 

95% 
40% 

10% 

55% 

80% 

55% 

90% 

95% 

95% 

95% 
95% 

95% 

95% 

80% 

80% 

95% A1phe1 s. a Beta GI. �-;8_nephrosis 
6. Gamma Globulin [J � not diagnostic 

Key: not diagnostic 

organic disease 

diagnostic 



TABLE XlV. 

CHANGES IN PROTEIN FRACTIONS IN VARIOUS DISEASES 

in 89 cases of albumin concentration less than 50%. 

Condition Albumin Alpha
1
-G 1. Alpha2-G I. Beta GI. Gamma GJ. 

N.S.A. ("Norm groupu) 
(Hean ! 2 S. DJ 44.0-51.6 l+.4-10.0 )1.3-15.3 6.0-17.6 )6.2-23.l.i 

------· ..,_. ___ --- �--- ------

Glomerulonephritis ,l, - - - 1' 

Nephrosis J, - 1t - .J, 

Arteriosclerosis - - - - -

Infection J, - t - -

Pneumonia .J., - - - t 

Cirrhosis J, - u - t 

Multiple Nyeloma .J.J., - - - 1 � 
-

Diabetes u - tt t -

Leukemia J, - - - 1' 

Hodgkin's � - t - t

Col Jagen 
� 

- - -

t
Disease 

Key: 

1). Single arrow - Mean of disease group outside of two standard 
deviations of 11norm" group. (50% of disease group outside the 
rante of 98% of "norm group") 

2). Douple arrow - Hean! S.D. of disease group outside of two 
standard deviations of "norm" group. (84% of disease group 
outside the range of 98% of "norm group") 



globulins and the increase In ganma globulins appear to be specif­

ic for this condition. The changes in multiple myeloma and certain 

types of diabetes also appear to be highly significant in relation 

to the "norm group". The other alterations appear to be significant 

but not specific for the disease under question. 
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DISCUSSION 

In various disease conditions changes in the serum protein 

pattern, as ana I yzed by paper elect rophores i s, may man i fest an i·n· 

crease or a decrease in the concentration of the normal components; 

this is known as disproteinemia. It may also reveal serum proteins 

which are not seen under normal conditions; this is known as para· 

proteinemia (21). It is generally recognized that the most signif­

icant information gained from paper electrophoretic analysis of 

serum proteins reveals the severity or the prognosis of a specific 

disease (39, 57). Its use as a diagnostic instrument is somewhat 

more limited. 

Albumin concentration is rarely increased except in cases 

of acute dehydration or shock. The most conmon disproteinemla is 

a decrease in the albumin concentration of the serum protein. 

This was the factor used in selection of the cases under discussion. 

This decrease may have three main physiological reasons (26, 52, 57, 

77). 

I). Deficient intake of proteins. 

An absolute deficiency of albumin and other proteins exists 

in cases of malabsorption syndromes, such as sprue, cystic fibros­

is, celiac disease, and in cases of starvation. 

A relative deficiency may occur in cases in which the need 

is greater than normal, such as may be seen in pregnancy, lactation, 

growth, hyperthyroidism and diabetes mellitus. 

-20-



2). Deficient synthesis of albumin. 

This may occur in liver diseases. 

3). Excessive loss of albumin. 

This may be found in the nephrotie syndrome, severe hemor­

rhage, and thermal burns (52, 57). 

From this we can see that a reversal of the albumin/globulin 

ratio may be due to a decreased albumin concentration, while the 

globulin concentration may be slightly decreased, normal or increased. 

It also may occur that the albumin concentration is normal, while 

the globulin concentration is increased to such an extent as to re­

verse the albumin/globulin ratio. This is seen in multiple myeloma. 

The alpha1 globulin is relatively constant in most cases (77).

This was found in the cases analyzed in this paper. Even so, a few 

reports 111entioned an increase of alpha
1 

globulins in osteomye1itis, 

Hodgkin's disease, and rheumatoid arthritis; they also refer to a 

decrease in alpha
1 

globulins in lycnphatic leukemia and chl"Onic hep• 

atitis. Quantitative examination and statistical evaluation have 

shown that those conditions appear to be nonspecific. 

Alpha2 globulins may increase in many conditions, but a sig·

nificant decrease was only found in cirrhosis (39, 64, 77). This 

was found to be most significantly the case in the 89 cases anal­

yzed. The increase In alpha
2 

globulins is often associated with 

inflammation and tissue destruction and has been found to correlate 

with the concentration of g1ycoproteins in the ser1.111 and the sedi-
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mentation rate (24, 39). 

The beta globulins are also frequently increased, especially 

in nephrosis. In this condition the concentration of lipoproteins 

appears also increased (39). In cirrhosis with jaundice the increase 

in beta globulins appears to parallel thymol turbidity, if there is 

an increase in phospholipids and cholesterol (24). In the cases dis­

cussed, an increase in beta globulins was found in diabetes. 

An increase in gamma globulins occurs frequently in cases 

with chronic infection, connective tissue diseases as well as liver 

diseases (24, 39). A decrease in this component was only found in 

the nephrotic syndrome and in cases of hypogannaglobulinemia. (39, 

64). Those changes have been essentially the sane In the cases 

mentioned in this paper. 

The protein patterns which have been observed in most dis­

eases have been found to be nonspecific changes in the various se­

rum protein fractions. Usually the changes appear to be proportion­

al to the severity and the progression of the disease, as mentioned 

previously. Only in five conditions were the serum protein changes 

found to be pathognomic. 

1). Multiple myeloma: 

In this condition there appears to be a paraproteinemia in 

which the component has a mobility close to beta and ganma globulins 

in 70-80% of the cases, but may advance as far as the alb1.111in frac­

tion (11, 15, 52, 57). Not in all cases of multiple myeloma can a 
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qualitative and quantitative change in the serum protein pattern 

by paper electrophoresis be detected (9, 21). In this disease the 

remarkable variability of the protein pattern appears to have lit­

tle or no relation to the severity of the clinical symptonas (57). 

The variant mobility mentioned above, produces a wide spread of the 

standard deviation of many of the indices considered in this paper. 

2). Nephrosis: 

This condition reveals a highly atypical pattern which has 

been generally substantiated (21, 24, 39, 57, 64, 77). There is a 

marked decrease in albumin, a marked increase in alpha globulins. 

Occasionally e1ectrophoretic fractionation is unable to completely 

resolve the alpha2 and beta globulins because of the high concentra­

tion of lipoproteins (2J, 39, 57). It also has been found that a 

decrease in gamma globulins is part of the pattern usually found 

(15, 39, 64, 77). The marked increase in alpha
2 

globulins and the 

decrease in albumin and gamma globulin has been found in this anal­

ysis. 

3). Hypogammaglobulinemia: 

This disease was first described in 1952 (46). Today, close 

to 100 cases have been reported (28). This syndrome is character­

ized by extreme suggestibility to ;nfection and a deficiency of 

ser1.1n gamma globulins (28, 46, 78). The condition is subdivided 

into congenital, acquired, and transient, with each having� dis­

tinct age level and sex incidence (28). The half-life of adminis-
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tered gamma globulins in this condition appears to average 36 days 

(46, 57). 

4). Cirrhosis: 

We find a decrease in albumin, a marked decrease in alpha
2 

globulins and an increase in gamma globulins. These findings are 

similar to those in the modern literature (8, 15, 64), but are at 

variance with the older reports relying on boundary electrophore­

sis (52). 

5). Hypoalbuminemia: 

This extremely rare abnormality has been referred to by 

Grassmann (33) and Gitlin (28). This condition appears to be fana­

ilial, and is characterized by edema of unknown origin, increased 

sedimentation rate in an otherwise healthy individual. No case of 

this condition has been found in this survey. 

Nonspecific changes in serum proteins were found in most 

other conditions (21). The most characteristic change in connec­

tive tissue diseases is a decrease in albumin and an increase in 

gamma globulin (52, 64). The specific protein for L. E. cell phen· 

omena, was associated with the gapna globulin fraction (23). In 

addition a minor increase of alpha
2 

globulins has been reported 

(24, 57). This increase was not found to be significant in our 

series. In rheumatoid arthritis there appears to be general agree­

ment that the albumin is decreased and the alpha
2 

and gamma globulin 

is increased (39, 52, 59). Endocrine disorders also reveal changes 

-24-



in the protein patterns mostly nonspecific. Only in some cases of 

diabetes is the protein pattern similar to nephrosis except for the 

nonspecific changes in gamma globulin. In the average case well un­

der control the protein patterns should be near normal (57). In 

other conditions the administration of ACTH or steroids should not 

only produce a leukopenia but an increase of beta and gamma glob• 

ulins. Leukentias demonstrate a nonspecific reaction and the changes 

appear proportional to the severity and progression of the disease 

(3, 21, 57, 58). A few case reports of chronic lymphocytic leukemia 

with agammaglobulinentia have been reported (40). In Hodgkin's and 

Jymphosarcoma the various reports (3, 15, 21, 39, 57, 77), appear 

to vary from each other, thus pointing to the nonspecific response 

of the systentlc reaction produced by those diseases. In addition, 

clinical and 1110rphological transition forms occur between IYfflPhatic 

tumors and plasmacytomas (4, 15). In infectious and inflammatory 

diseases the decrease in albumin and increase in globulins have been 

demonstrated indirectly by the sedimentation rate (21). It appears 

to be debatable from the literature whether the concept of increased 

a1pha2 globulins in acute conditions and increased gan111a globulins 

in chronic conditions has scientific basis. It appears more likely 

that those changes depend more on the nature of the disease (15, 24, 

52, 64). In the 89 cases discussed, the alpha
2 

globulins were in• 

creased in general tissue infections while the ganwna globulins were 

increased in pneumonia. Glomerulonephritis appears to reveal non-
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specific changes, but th�se nonspecific changes are in distinct 

opposition to the findings in nephrosis. Arteriosclerosis, malig­

nancies and malnutrition (8, 21, 39, 51, 52), show variable features 

and the changes are not diagnostic. 

Serum electrophoretic pattern analysis with the somewhat 

more elaborate filter paper system capable of quantitation of pro• 

tein components by scanning with a photodensiometer and automatic· 

ally plotting the peaks with an integrator, ts rapidly gaining favor 

and replacing chemical fractionation (15, 59). In addition, the 

determination of lipoproteins and glucoproteins is gaining in im­

portance (33). Those methods must be considered as important lab• 

oratory tools available to the physician. They are not only of 

value in the diagnosis of various diseases, but give an indication 

of the severity and prognosis of the patient's condition. This 

test measures the changes of the protein fractions in a more direct 

manner than the sedimentation rate, thymol-turbidity, and cephalin 

flocculation. 
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SUMMARY 

After a short discussion on the history and methods of serum 

protein fractionation, it was pointed out that it is necessary to 

have agreement on the multiple step procedure on paper electrophor­

etic analysis of serum proteins, before quantitative measure from 

one laboratory to the next can be compared. The pattern of human 

serum proteins has been determined by paper electrophoresis in 466 

cases representing various pathological conditions. Eighty-nine 

cases in which the concentration of albumin was less than 50% were 

selected and statistically analyzed. Nearly 50% of the patients 

with albumin/globulin ratio reversal had either a neoplastic condi­

tion or an infection. Thirteen different ratios were analyzed and 

their significance determined. In addition, the percentage changes 

of the various protein fractions were reported if they were found 

to be of significance. It was discussed that paper electrophoresis 

was diagnostic for nephrosis in which a decrease in albumin and gan­

ma globulin and a marked increase in alpha
2 

globulins occured. This 

was most reliably expressed in the ratio of alpha
2 

and beta globu· 

lins/gamma globulins ratio. A quantitative dividing point of 3.2 

revealed a sensitivity of 55% and a specificity of 95%. In cirrho• 

sis a decrease in albumin and a marked decrease in alpha
2 

globulins 

with an increase in ganma globulins were noted. The ratio found to 

be most reliable was beta and ga11111a globulins/alpha
1 

and alpha
2 

glo­

nlins. The quantitative dividing point was found to be 4.5 At 
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this point excluding multiple myeloma, the sensitivity for cirrho­

sis was 95%, the specificity also was 95%. Multiple mye1oma was 

characterized by its variable globulin peak, in addition to a de· 

creased albumin concentration. The ratio most diagnostic was gan­

ma globu1in/alpha2 
globulin. At a dividing point of 5.0 the sen­

sitivity was 50%, specificity 95°'• A short discussion over the 

various nonspecific changes in the serum protein fractions was 

given. 
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CONCLUSION 

I). Eighty-nine cases in which the concentration of albumin was 

Jess than 50% were selected from 466 paper electrophoretic 

patterns. Thirteen different ratios as well as variations 

in each fraction are analyzed and their significance is eval­

uated. 

2). The changes in the serum protein fractions of multiple myeloma, 

cirrhosis and nephrosis are specific. 

3). Multiple myeloma is characterized by its variable globulin 

peak and a decreased albumin concentration. The index of 

ganrna globulin/a1pha2 globulin at a quantitative dividing

point of 5.0 shows a sensitivity of 50% and a specificity 

of 95% for multiple myeloma. 

4). Cirrhosis is characterized by a decrease in albumin concen­

tration, a marked decrease in alpha2 globulin, and an increase

in gamma globulin. The Index, beta and gamma globulins/alpha1

and alpha2 globulins at a quantitative dividing point of 4.5

shows a sensitivity of 95% and a specificity of 95°/4 for this 

disease if multiple myeloma is excluded. 

5). Nephrosis is characterized by a decrease in albumin and ganwna 

globulin concentration in addition to a marked increase in 
alpha2 globulins. The index, alpha

2 
and beta globulins/gamma

globulins at a quantitative dividing point of 3.2 shows a 

seASitivity of 55% and a specificity of 95% for this disease.
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A P P E N D I C E S 



APPEND IX I 

SERUM PROTE IN DISTRIBUT ION ANO CONCENTRAT ION IN PERSONS WITH NO 
SIGN IFICANT ABNORMALITIES 

~· 

Hospital Age Sex Albumin Alpha Alpha Beta Ganvna 
G lobu Ii n Globufin Globulin Globuli11 

Number (%) (%) (%) (%) {%) 

63334 40 F 49.4 4.4 11.8 13.2 21.2 

63403 17 F 46.3 6.9 14. l 11. 1 21.5 

63994 28 F 49.7 7.2 14. I 9.8 19.2 

64028 55 F 48.3 8.4 12.6 10 .7 19.9 

64387 17 F 46 . 2 8.6 14. I I 1. I 20.0 

64615 53 F 45.1 7. 1 13.9 17 .7 16.2 

65050 33 M 49.6 7.8 12.5 9.3 20.8 

Mean 47.8 7.2 13.3 11.8 19.8 

Standard Deviation± 1.9 l.4 1.0 2.9 1 .8 

Mean¼ 2 S. D. J,.4-.o-51 . 6 4-. lf- 10 .0 11.3 - 15,3 6.0 -17. 6 /6.2.-23.4 

SERUM PROTEIN DISTR IBUTION AND CONCENTRATION IN PERSONS WITH 
GLOMERULONEPHR ITIS 

Hospital Age Sex Albumin Alpha Alpha Beta Gc,\nma 
G lobu Ii n Globuiin G lobu Ii n Globulin 

Number {%) {%) {%) {%) {%) 
46164 45 M 42.7 6.8 14.5 10 . 3 25 . 6 

47143 11 M 49 .0 4.9 9.4 8.9 27 .9 

51894 53 M 29 . 6 10.5 16.3 15.0 28.6 

64674 31 M 47.5 6.9 16 .6 11.8 I 7. 3 

Mean 42.2 7.3 14.2 11.5 24.9 

Standard Deviation¼ 8.8 2.4 3-3 2.7 s.2 
Mean .i. 2 S. D. 2.4-- 6 - 4'9. 8 Z.,S- /2 .I ?'-6-2.0.8 6.1- /6.9 Jl#-. S-35,3 
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SERUM PROTEIN DISTRIBUTION ANO CONCENTRATION IN PERSONS WITH 

NEPHROTIC SYNDROME 

Hospital Age Sex Albumin Alphaj Alphaf Beta Ganma 
Globu in Globu in Globulin Globulin 

Number (%) (%) (%) (%} {%) 

47860 46 M 41.6 3.7 24.2 13.3 17. 3 
' 53757 5 F 27.0 7.8 46 .o 7.9 11.3 

59700 65 F 33.9 7.9 38.5 10.2 9.6 

60221 2½ F 47.7 5.3 18.8 11. 7 16.4 

Mean 37 .6 6.2 31.9 10.8 13.7 

Standard Deviation¼ 9.0 2.0 12.6 2.3 3.8 

Mean i 2 S. D. 19.G-S-5'.6 l..Z- /0.2 6:7 -S'J.J 6.2 -IS.Ir 6.1-2.1.3 

SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH 

ARTERIOSCLEROSIS 

Hospital Age Sex Albumin Alpha) Alpha Beta Ganma 
Globu in Globuiin Globulin Globulin 

Number {%} {%) (%) (%) (%} 

51249 49 F 36.5 6.4 16.6 15.2 25.4 

154985 50 M 48 ,5 4.8 12.9 16.6 17. 2 

01977 52 F 48.4 4.8 14.9 9.9 22.0 

03248 39 M 47 .5 8.2 11.2 17 .4 15.6 

6624o 79 F 45. l 4.6 13.3 13.0 24.o 

Mean 45.2 5.8 13.7 14.4 20.8 

Standard Deviation¼ 5. l 2.0 2. I 2.7 3.8 

. 

Mean i 2 s. D. '3,5.0-S?;.lf /.8-9.8 9.5-17-9 9,0 - 19.8 ,s.z-zs.4 
. ;} I 



SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH 

WOUND HEALING, LOCAL INFECTIONS, OR GANGRENE 

Hospital Age Sex Albumin A1pha1 A1phai Beta Ganma 
G 1obu Ii n G1obu in G lobu1 in G 1obu Ii n 

Number (%) (%) (%) (%) (%) 

46080 44 M 36.8 6.2 I 7. I 13.5 26.5 

50784 69 M 49.0 5.9 15.7 17 .6 11.8 

53033 33 F 47.8 5.7 17.0 I 3. l 16.4 

53334 45 M 33.9 7. 1 22.9 19.5 16.6 

57977 35 M 48.6 6. l 13.5 14.2 17 .6 

60843 16 M 39.9 9.4 19,5 14.4 l6.7 

62055 20 F 41.7 I I. 1 16.4 11.4 19.3 

62927 28 F 37.0 4.8 10. 2 11.0 37.0 

65050 33 M 49.6 7.8 12.5 9.3 20 .8 

65061 37 F 49 .2 6.6 12.6 9.9 21.8 

Mean 43.4 7. I 15.7 13.4 20.5 

Standard Deviation! 6. 1 1.9 3-7 3.3 7.0 

Mean i 2 S. D. J,./,2, SS:6 3. -10.9 8 .. '3-2."3.I o.s-2,0.0 6.5"-34-.5 
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--

SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH 

PNEUMONIA 

Hospital Age Sex Albumin Alpha1 Alpha Beta Gamma 
Globulin Globuiin Globu Ii n G Jobu Jin 

Number (%) {%) {%) (%) {%) 

52174 18 F 32.6 4.4 14.3 8.7 40.0 

52607 63 F 38.4 4.7 14.2 8.9 33.8 

52691 44 F 47 .4 3.5 8.9 11.2 29.0 

56892 42 F 43.0 5.0 16.2 11.6 24.2 

64428 32 M 48.0 5.0 12.5 10.8 23.6 

64499 37 F 48.2 7.9 13.2 13.8 16.9 

Mean 42 .9 5. 1 13.2 10.8 27 .9 

Standard Deviation± 6.3 1.5 2.5 1.9 8.2 

Mean i 2 S. D. ~o;~-.ss.s Z./ - (s./ 8.2.-18 .2, 7.o-111-.6 IJ.s-11-4.3 

SERUM PROTEIN DISTRIBUTION ANO CONCENTRATION IN PERSONS WITH 

CIRRHOSIS 

Hospital Age Sex Albumin Alpha Alpha Beta Ganvna 
G Jobu L n Globuiin G lobu 1 in Globulin 

Number (%) (%) (%) (%) (%) 

51883 48 M 49.7 4.6 11.3 12.0 22.4 

53709 53 M 46.5 4.8 9-7 12.2 26.8 

54925 50 M 21.0 0.9 2.9 10.8 64.4 
63636 44 F 40.9 8. 1 6.9 11.8 32.4 

Mean 39,5 4.6 7.7 11. 7 36.5 

Standard Deviation! 12.9 3.0 3.7 o.6 19.0 

Mean i 2 S. D. /3.?'-65:1 0 .0-10.6 O,S- /lf,9 /0.5'- /Z.9 0,O-7'1:S 
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SERUM PROTEIN DISTR IBUT ION AND CONCENTRAT ION IN PERSONS WITH 

MULTIPLE MYELOMA 

' Hospital Age Sex Albumin Alphal Alphaf Beta Gamma 
Globu in Globu in Globulin Globulin 

Number (%) (%) (%) (%) (%) 

51742 81 F 27 .7 8.4 21.8 I 7. 3 24.8 

54316 67 M 24 .9 3,8 13 .4 8. 1 
I 49.8 

57332 44 F 32.6 s.4 11.7 . 50.3 . 

59333 46 M '+7 . 2 10 .0 20 .9 9. I 12.7 

60794 58 F 24.o 2.4 4.9 3.7 65.1 

60917 62 F 26 .8 3. I 5.3 4.0 60 .8 

62577 67 M 37.0 4.8 10.2 11.0 37.0 

45858 71 F 46.3 5.2 13. I 13 .8 21.7 

Mean 33.3 5.4 12.7 48.9 

Standard Deviation! 9.3 2.6 6. 3 15.0 

Mean i 2 S. D. /'f..7-S/. 9 0.2- 10 .6 D.l ·-2.S,3 18-9 - -- 78.'f 

SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH 

DIABETES 

Hospital Age Sex A1bumi n Alpha, A_lphai Beta Ganvna 
Globu in Globu in Globulin G lobu Ii n 

Number (%) (%) (%) (%) (%) 

49093 77 M 28.2 7. I 19.6 24 .0 21.2 

50090 23 M 41. 5 4.5 19.0 17. 5 17. 5 

54634 65 M 36.0 4. I 17,8 17 . 5 24.6 

Mean 35.2 5.2 18.8 19.7 21.1 

Standard Deviation± 6.7 1.6 0.9 3.8 3.5 

Mean i 2 S. D. 21.8-4-8,6 2..0- 8 .i.;- i?',0-'2.,0.6 IZ. l -27.3 14.1-2.8. I 
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SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH 
LEUKEMIA 

Hospital Age Sex Albumin Alpha) Alphai Beta Gamma 
Globu in Globu in G 1obu Ii n Globulin 

Number (%) (%) (%) (%) (%) 

41935 65 M 43.5 5.2 8. 1 9.3 34.0 
50393 73 M 37.5 5.4 13.6 12.6 31.0 
59333 46 M 47 .2 10.0 20.9 9. 1 12.7 
62165 76 F 45.3 10.2 17. 2 12.3 14.9 
63139 5 M 45. 1 8.6 12.6 10.9 22.8 
65034 53 F 28. l 11.9 15.6 15.2 29.3 

Mean 41.1 8.6 14.7 11.6 24.1 

Standard Deviation i 7.2 2.7 4 .4 2.3 8.8 . 
Meant 2 S. D. Zl,,7-S"S.5 '3 .Z-14-.0 5//-2'3.S- o/.O- /6.2. b,S-4,J.7 

SERUM PROTEIN DISTRIBUTION ~ND CONCENTRATION IN PERSONS WITH 
HODGKINS ANO LYMPHOSARCOMA 

Hospital Age Sex ~lbumin, Alphal Alpha Beta Garrma 
Globu in Globuiin G lobu 1 in G lobu Ii n 

Number (%) (%) (%) (%) (%) 

56808 70 F 37.3 3.4 9.3 11.3 38 . 7 

59365 43 M 43 .0 7.3 18.5 10.4 20.8 

164877 21 F 26.1 15.3 23.6 15. l 19.9 
165170 62 M 45. 1 6. 1 15.9 12.2 20.7 

t1ean 37.9 8.o 16.8 12.3 25.0 

Standard Deviation t 7.4 4.4 5.2 1.8 7.9 

Mean i 2 S. D. 2?:.,/-S2.? 0 .0-16,8 /,;.'f -z 7. 2. 8.7-/S.9 Cf.2.-ifO.S 



SERUM PROTEIN DISTRIBUTION ANO CONCENTRATION IN PERSONS WITH 

COLLAGEN DISEASES 
.◄ 

Hospital Age Sex Albumin Alpha} Alphaf Beta Ganvna 
Globu in Globu in Globulin Globulin 

Number {%) {%) (%) (%) (%) 

46767 47 F 41.5 2.7 9.7 13.9 32.2 
4660) 53 F 37.8 6.2 13.5 13.5 29.0 
62588 61 F 44.8 6.3 13.2 6.8 28.8 
46733 73 F 34.o 5.1 17 .4 12.7 30.9 
64208 18 M 39.8 9.5 21.4 l l • l 18.2 
51774 13 F 45.5 7.9 14.9 8.9 22.8 
45608 22 M 34. I 5.5 16. 1 11.8 32.4 

Mean 39.6 6.2 15.2 l l. 2 27 .8 

Standard Deviation~ 4. 7 2.2 3.0 2.6 5.3 

Mean i 2 S. D. 30.2.-J+l/.O /.8- /0.6 q_z-21.2 6.0-/6.4- /7. 2, - 38 ... 'I-

SERUM PROTEIN DISTRI BUTION AND CONCENTRATION IN PERSONS WITH 

MISCELLANEOUS DISEASES 

Hospital Age Sex Albumin Alphaf Aloha Beta Ganvna 
Globu in Gl~bufin Globulin Globulin 

Number (%) (%) (%) (%) (%) 

52911 48 M 40.4 4.7 14.0 8.6 32.4 
53200 54 F 49. l 4.9 11. 5 16. 1 18. 4 
62076 20 M 45.8 8.6 15.2 12. 1 18.2 
63054 44 M 40.0 8. I 15. l 12.0 24.8 
50616 58 F 40.5 8.o J0.6 13.8 27. J 
45527 

... 
77 41.7 4.7 13.9 9.3 30.5 M 

59292 59 M 36.9 7.0 J 5. I 13.0 28.0 
65181 91 M 46.9 7,0 17 .5 11.8 16.7 
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APPENDIX 11 

STATISTICAL METHODS* 

Ari thmet i c Mean 

Standard Deviation for Small Samples 

Standard Error of Mean 

Standard Error of Difference 

between two Means 

Probability of Occurance of 

deviations not greater than p 

(twas changed top with help of 

t == x, - X.i. 
Si - X I ~ 

t-table.) 

* Arkin, H. and Colton, R.R., An Outline of Statistical Methods. 
4th Edition, pp. 11-18, 29-42; 113-128. Barnes & Noble, 
Inc., New York, 1950. 

Fisher, R. A., Statistical Methods for Research Workers. 
8th Edition, pp. 112-140; 185-197. Oliver & Boyd, 
Edinburgh, 1932. 



APPENDIX Ill 

ACKNOWLEDGEMENT 

I would like to express my.sincere appreciation to 

Doctor Miles E. Foster, my advisor, without whose help this 

thesis-could not have been written. I also wish to express 

my gratitude to the Hisses Beverly Joos and Kary Ann 

Steinreuf for their work in fractionation, processing, meas­

uring and recording of the. serum proteins. Thanks also go

to the Medical Record Staff of the Bishop.Clarkson Memorial 

Hospital for their friendly aid in the collection of the 

clinical information. 

-38-



BIBLIOGRAPHY 

1. Abdel-Wahab, E. M., et al: Evaluation of the Albumin-Globulin
Ratio of Blood Plasma or Serum by Paper Electrophoresis. (In:
Wolstenholme, G. E. w., Ed. and others, Ciba Foundation Symposium
on Paper Electrophoresis, Little, Brown� Co., Boston, 1956).

2. Aly, F. w., and Niederhellmann, K. H.: Untersuchungen Zum
Praalbumin in Henschlichen Serum. Klin. Wschr. 36:954-959, 1958.

3. Arend, T., et al: Serum Proteins in Hodgkin's Disease and
Malignant Lymphoma. hn. J. Med., 16:833-841, 1954.

4. Azar, H. A., et al: Malignant Lymphoma and Lymphatic Leukemia
Associated with Myeloma•Type Serum Proteins. Pin. J. Med 23:
239-249, 1957.

5. Best, C. H. and Taylor, N. B.: The Physiological Basis of
Medi cal Practice, 6th Edition, The WI II lams and Wi lklns Co.,
Baltimore, 1955. pp. 4-7.

6. Biserte, G.: Oisposltif d1 electrophorese sur papier. Biochem.
et Biophys. Acta, 4:416-421, 1950.

7. Block, R. J., et al: A Manual of Paper Chromatography and
Paper Electrophoresis. Academic Press Inc. Publishers, New
York, 1955.

8. Brante, G.: Paper Electrophoresis in the Diagnostics of Liver
and Bile Duct Disease. Scand. J. Clin. & Lab. Invest. 4;293-
306, 1952. 

9. Burtin, P., et al: Etudes sur Les Proteines du Hyelome. Rev.
franc etudes clln. et biol. 1:17•28, 1956.

10. Connerty, H. v., et al: Simplified Rapid Method for the Fixation
of Paper Electrophoretograms. Pin. J. Cltn. Path. 30:4, 1958.

11. Conn, H. o., and Klatskin, G.: Fl lter Paper Electrophoretic
Patterns of Serum in Multiple Hyeloma. Ml. J. Med. 16:822-832,
1954.

12. Cremer, H. o., and Tise1ius, A •• Electrophoresis of Proteins
on Filter Paper. Biochem. Z. 320, 273, 283, 1950.

13. Crook, E. M., et- al: Continuous Direct Photometry of Dyed
Materials in Filter Paper with Special Reference to the Estima­
tion of Proteins Separated by Electrophoresis. Biochem. J. 56:
434-444, 1954.



14. Crook, E. M., et al: Factors Involved in the Formation of the
Beta Anomaly During the Electrophoresis of Human Serum Proteins.
Bioehern. J. 57:VII, 1954.

Cross, R. J., (Edited by): Multiple MyelOllla. 
Clinics, Columbia Univ. & Presbyterian Hosp. 
283-309, 1957.

Canblned Staff 
!vn. J. Ked. 23: 

16. Durrum, E. L.: Laboratory Aids to Diagnosis and Therapy.
(Paper Chromotography and Electrophoresis) Annual Review of
Medicine, 9:451-460, 1958.

17. Ourrum, E.
Technique.

l,: A Microelectrophoretic and Mlcroionophoretic 
J. Am. Chem. Soc. 72:2943·8, 1950.

18. Eder, H. A.: The Lipoproteins of Human Serum. lvn. J. Med.

23:269-282, 1957.

19. Edsall, J. T.: The Plasma Proteins and Their Fractionation.
Advances in Prot. Chem. 3:383, 1947.

20. Eriksen, N., et al: Serum Protein Analysis by Electrophoresis
and by the Wolfson-Cohn Chemical Method. Clin. Chern. 2:334•346,
)956.

21. Fisher, B.: Recent Contributions of Electrophoresis to
Clinical Pathology: A Review. Am. J. Clin. Path. 23:246-262,
1953.

22. Fisher, G. S.: Paper Electropboretic Patterns in Malnutrition.
The Grace Hospital Bulletin, 26:3, 1958.

23. Flynn, F. Y., and De Mayo, P.: Micro-electrophoresis of Protein
on Filter Paper. Lancet 261:235-237, 1951.

24. ______ , Electrophoretic Patterns of the Serum Proteins
in Health and Disease. Proc. Roy. Soc. Ned. 47:827-831, 1954.

25. Fuchs, W., and Andreas, F.: Uber die Normalwerte der
Papierelectrophorese in der Auswetung nach Grassnaann und Hannig
sowie nach Turba und Enenkel und uber die Vergleichsmoglichkeit
beider Hethoden. KIin. Wschr. 33:903•906, 1955.

26. Gilliland, I. C., and Stanton, E.: Protein and Protein-bound
Polysacch�ride Abnormalities in the Diagnosis of Amyloid and
Allied Disorders by Paper-Electrophoresis. J. Clin. Path. 7:

172-173, 1954.

27. Gitlin, o., et al: The Ganna Globulins and Their Clinical
Significance. I. Chemistry, Immunology and Metabolism. New
Engl. J. Ned. 260:21-27, 1959.

15.



28. ___ , et al: The Ganwna Globulins and Their Clinical
Significance. II. Hypogannaglobulinemia. New Engl. J. Ned.
260:72·76� 1959.

29. Gordon, R. S.: Observations on Electrophoretic Analysis of
Normal Human Serum. Clin. Chem. 2:31-34, 1956.

30. Grassmann, w., and Hannig, K.: A Simple Process for Analysis
of Serum Proteins and Other Protein Mixtures. Naturwissen­
schaften 37:496-7, 1950.

31. ---• et al: Ueber ein Verfahren zur electrophoretischen
Bestimmungen der Serumproteine auf Fi ltrierpapier. Oeut. Ned.
Wochschr. 76:333-336, 1951.

32. ---• and Hannig, K.: Ein quantitatives Verfahren zur
Analyse der Serumproteine durch Papierelectrophorese. Ztschr.
Physiol. Chem. 290: 1·27, 1952.

33. ____ ,: General Methods of Paper Electrophoresis with
Exanples of its Use in Medical and Biochemical Problems.

(In: Wolstenholme, Ed., Ciba Foundation Symposium on Paper Electro­
phoresis, Little Brown & Co., 1956. pp. 2·21. 

34. Gronwa1I, A.: On Paper Electrophoresis in the Clinical Labor•
atory, Scand. J. Clin. & L.ab. Invest. 4:270-280, 1952.

35. Gross, P. A., et al: The Ganwna Globulins and Their Clinical
Significance. New Engl. J. Ned. 260: 121-125, 1959.

36. Gutman, A. B.: The Plasma Proteins in Disease. Advances in
Prot. Chem. 4:155, 1948.

37. Hansen, K. B.: Some Clinical Experiences with Electrophoresis.
Acta Med. Scandinav. 147:447·453, 1954.

38. Jencks, W. P., et al: Paper Electrophoresis as a Q.uantitatlve
Method - Serum Proteins. Blochem. J. 60:205-215, 1955.

39. ___ , et al: The Clinical Significance of the Analysis of
Serum Protein Distribution by Filter Paper Electrophoresis.
/w. J. Med. 21:387-405, 1956.

40. Jim, R. T. S., and Reinhard, E. H.: Aganwnaglobulinemia and
Chronic Lymphocytic Leukemia. Ann. Int. Med. 44:790•795, 1956.

41. Kabat, E. A., and Hayer, H. M.: Experimental lmmuno-Chemistry.
Editor, Charles C. Thomas, Springfield, 111., 1948.



42. Koiw, E.: Paper Electrophoresis. (In: Wolstenholme, G. E. w.,

Ed. Ciba Foundation Symposium on Paper Electrophoresis, Little
Brown & Co., 1956. pp. 79-85.

43. Kunkel, H. G., and Tiselius, A.: Electrophoresis of Protein
on Fi,lter Paper. J. Gen. Physio1. 35:89-118, 1951.

44. Laurell, C. 8., et al: Buffer Composltion in Paper Electro­
phoresis. Clin. Chem. 2:99-111, 1956.

45. Levin, B., and Oberholzer, V. G.: Paper Electrophoresis of
Serum Proteins. /Jin. J. Clin. Path. 23:205-217, 1953.

46. Hartin, C. H,, et al: Acquired Hypoganmaglobulinemia in an
Adult. New Engl. J. Med. 254:449-456, 1956.

47. Hartin, N. F., and Franglen, G. T.: The Use and Limitations
of Filter-Paper Electrophoresis. J. Clin. Path. 7:87-105,
1954.

48. McDonald, H. J., et al: Measurement of Ion Migration on Paper
in Electric Field: Transference Numbers of Nickel and Copper
Sulfates. Science, 112:227·9, 1950.

. 

___ ,,.

Chicago: 
lonography Electrophoresis in Stabi Ii zed Media •

Year Book Publ, X, 1955. p. 268. 

50. ___ ,: Area under Peaks: Dropping Perpendiculars Versus
Extending Curves to the Baseline. (In: Wolstenholme, G. E. W.,
Ed., Ciba Foundation Symposium on Paper Electrophoresis, Little
Brown & Co., 1956. pp. 149•150.

51. Hider, G. B., et al: The Effect of Neoplastic and Allied
Diseases on the Concentration of the Plasma Proteins. Cancer
3: 56-65, 1950.

52. Hiller, S. E.: A Textbook of Clinical Pathology. 5th Ed.,
Baltimore, The Williams & Wilkins Co., 1955. pp. 394-401 -
Serum Proteins.

53. Moncke, C.: Zur Stabilitat bei der Papierelektrophorese
verwendeter Farbstoffe in Alkalischer Losungen. Klin. Wsehr.
3/4, 1956. p. 100.

54. 

55. 

Owen, and Rider, 
Protein Pattern. 

: Hye I omatos i s wi th the II Type'' of Se rum 
The Journal of Hematology XIII, No. 5, 1958. 

Pezold, F. A.: Kritische Bemerkungen zur Anwendung der 
Papierelektrophorese in der arztlichen Diagnostik. Arzt. Wschr. 
13:129-133, 1958. 

49.



56. Pieper, Josef: Beitrage zur Quantitativen Auswertung von
Papier•E1ectropherogr...-nen. Klin. Wschr. 36:605·9, 1958.

57. Reiner, Miriam: The Role of Electrophoresis in Medicine.
International Record of Medicine. Vol. 170, No. 7, 1957.

58. Rundles, R. W., et al: SerUnt Proteins in Leukemia. PIii. J.
Hed. 16:842-853, 1954.

59. Salt, H. B.: Serum Globulin Fractions in Chronic Rheumatic
Diseases (An E1ectrophoretic Study). Clin. Chem. 2:35-44,
1956.

60. Scheurlen, P. G.: Beitrag zur Auswertung der Papierelektro·
phoresestreifen mit Integration geraten. Klin. Wschr. 9:
485, 1957.

61. Sonmerfelt, S. Chr.: Reproducibility with Paper Electrophoresis
of Serum Proteins. Scan. J. Clin. & Lab. Invest. 4:307•310,
1952.

62. Spinco Division, Beckman Instrument Company - Operating
Instruction for Spinco Hodel - R, Paper Electrophoresis
System Pamphlet, O, R-1.

63. Sudhof, H.: Ein Beitrag zur Bestimmung des Kohlenhydratantalls
inner halb der einzelnen serumeiweiss fractionen. Klin. Wschr.
36:536-538, 1958.

64. Sunderman, F. W. Jr., and Sunderman, F. W.: Clinical Applica­
tions of the Fractionation of Serum Proteins by Paper Electro•
phoresis. Pin. J. Clin. Path. 27: 125-158, 1957.

65. ___ , et al: Studies of the Serum Proteins, PIii. J. Clin.
Path. 30:2, 1958.

66. Svensson, H.: Physicochemical Aspects and Their Relationship
to the Design of Apparatus. (In: Wolstenholme, G. E., Ed.,
Ciba Foundation Symposium on Paper Electrophoresis, Little
Brown & Co., Boston, 1956. pp. 86-104.

67. Tiselius, A.: A New Apparatus for Electrophoretic Analysis
of Colloldal Mixtures. Tr. Faraday Soc. 33:524-531, 1937.

68. __ _, A., and Flodin
Prot. Chem. 8:461, 1953.

Zone Electrophoresis. Advances 

69. Turba, F. and Enenkel, H. J.: Electrophoresis on Filter Paper.

Naturwi ssenschafen.:,. 37:93. 1950.



70. Wieland, T., and Fischer, E.; Electrophoresis on Filter
Paper. Naturwissenschaften 35:29-30, 1948.

]1. Williams, C. A. Jr., and Grabar, P.: lnmunoelectrophoretic 
Studies on Serum Protein. J. lnmunol. 74: 158-168, 397·493, 
404-410, 1955.

72. Wi I li ams, F. G. Jr. , et a 1: 
Electrophoresis Technique.

Improved Hanging-Strip Paper 
Science 121:829, 1955. 

73. Wolfson, W. Q., et al: Studies in Serum Proteins. Ptn. J.
Clin. Path. 18:723•730, 19Jf8.

74. Wolstenholme, G. E. W., and Killer, E. C. P. (Ed.): Paper
Electrophoresis. Ciba Foundation Symposium, J. & A. Churchi 11,
Ltd., London, England, 1956. p. 224.

75. Wunderly, Ch.: Erfahrungen mit dem Polymin·Standard als
Kontrolle fur die Proteinfarbung nach Papierelectrophorese.
Klin. Wschr. 41/42: 1123, 1956.

76. Wurm, K., and Epstein, F.
Serum Proteins on Paper.

H.: Quantitative Electrophoresis of 
Clin. Chem. 2:303-319, 1956. 

77. Young, E. G., and Webber, R. V.: Origin of Human Plasma
Proteins: Electrophoretic Analyses in Selected Pathologic
States. Canad. J. M. Sc. 31:45•63, 1953.

78. Young, I. I., et al: Studies in Serum Proteins - Aganna­
globulinemia in the Adult. Pm. J. Med. 19:222·230, 1955.


	Statistical analysis of paper electrophoretic patterns in 89 cases of albumin and globulin ratio reversals
	Recommended Citation

	tmp.1686084123.pdf.dC0qM

