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The nature of the serum and urinary proteins
in kidney diseases has led to numerous investi-
gations. Leiter (1) suggested that the patho-
genesis of nephrosis " rests upon this one question
-are the urinary and plasma proteins qualita-
tively or biologically different from the normal? "
Widdowson (2) in an attempt to determine
whether protein is altered during passage through
the kidney estimated the Van Slyke distribution
fractions, racemization curves, osmotic pressures,
and specific refractions of serum and urinary pro-
teins from nephritic and nephrotic patients. She
found that both the albumin and globulin of urine
were identical with the corresponding fractions
in serum, which agrees with the earlier studies of
Hewitt (3), and of Cavett and Gibson (4); and
that the serum and urinary proteins isolated from
nephritic patients were identical with normal
serum proteins. In one patient with nephrosis,
however, slight differences in chemical structure
were present although the physical measurements
were the same. Since the chemical differences
were represented by variations in the ammonia
nitrogen fraction of 1.0 per cent for albumin and
2.0 per cent for globulin, and by differences in
the basic nitrogen fractions of 2.0 per cent, and
since only one patient was studied, little signifi-
cance was attached to the results. She concluded
that serum albumin and globulin were not altered
by passage through the kidney in nephritis and
nephrosis.

Early immunological studies were likewise in-
terpreted to indicate that serum and urinary pro-
teins were identical in composition. Mertens (5)
prepared an antiserum to protein isolated from
human urine and obtained a precipitate when this
antiserum was mixed with human serum, while
no precipitate was formed with rabbit serum or
with rabbit urine containing protein. Erben (6)
fractionated urinary protein and made an anti-
serum with the globulin fraction, which also threw
down a precipitate with normal serum. By

means of precipitin and other serological studies,
F. Muller (7) was unable to demonstrate the
presence of a foreign protein in the urine of
nephrotic patients, and concluded that the pro-
teins of urine and serum were identical in com-
position. Recent immunological studies have led
to the opposite conclusion. Welker, Thomas and
coworkers (8) presented evidence on the basis of
precipitin studies, that the urine of nephrotic
patients contains a relatively non-toxic peptone
combined with or absorbed by normal serum pro-
teins, as well as a highly toxic blood protein in
an extremely fine state of dispersion. During
the early stages of experimental nephritis in dogs
urinary protein was found to consist largely of
tissue proteins, especially liver, while in the later
stages it was composed mostly of serum proteins.
These workers proposed the theory that albu-
minuria was a highly protective mechanism in
detoxication of poisonous tissue proteoses. Cowie
and Magee (9) recently were unable to obtain
confirmation of tissue specificity. They produced
antisera in rabbits against liver, spleen, kidney,
and serum from human cadavers and found that
each of these antisera was precipitated equally
well by all of the antigens. In none of the above
studies were the precipitin tests done quantita-
tively.

The present study developed in the course of
an investigation of the albumin: globulin ratios
of serum, urine, and transudates in nephrosis and
nephritis by means of the quantitative precipitin
method (10). By this method transudates can
be analyzed which are so low in total protein that
chemical analysis is inaccurate and the ordinary
fractionation into albumin and globulin impossi-
ble. Previous studies (10) with edematous dogs
indicated that it was justifiable to compare the al-
bumin: globulin ratio of a transudate with the
ratio of the serum obtained simultaneously.

Albumin and globulin were isolated from pooled
human sera of normal individuals, and antisera
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FIG. 1. STANDARDIZATION

were developed in rabbits with each fraction in a
manner previously described (10). Each anti-
serum was standardized against pooled normal
human sera, yielding the standardization curves
shown in Figure 1. Serum, urine, and transu-
dates obtained from patients on the same day
were analyzed both by Howe's method (11) and
by the precipitin method (10). The data obtained
on a few patients with edema from causes other
than nephrosis or nephritis are presented in Table
I. Agreement between the two methods is close
for serum as well as for transudates, and in Baby
C. analysis of the serum by the precipitin method
gave reliable results both during the edematous
stage and after edema had disappeared. These
data, summarized in Table I, corroborate studies
carried out previously on the sera of normal and
edematous dogs (10), and further demonstrate
the close correlatiop between results obtained by
the two methods when edema was present or when
it was absent.

The first patient with nephrosis available for
study was D. L., a 20-months-old girl, admitted
to Babies Hospital on May 4, 1934, during her
initial attack of edema. Serum, urine, and edema
fluid were obtained shortly after admission and
analyzed by Howe's method. When the serum

TIG6EN
r CURVESOF THE ANTISERA.

was analyzed by the precipitin method, it was ap-
parent at once from the small amount of precipi-
tate thrown down that neither the albumin nor
the globulin was reacting with the respective anti-
serum as completely as normal serum proteins
react. Analysis of the precipitates for total ni-
trogen confirmed this observation. The amount
of albumin estimated by the precipitin method was
found to be only thirteen per cent of the value
obtained by Howe's method; the value for globu-
lin was approximately half that obtained on salt-
ing out the proteins. Another sample of serum
obtained a few days later yielded similar results.
Since the cholesterol content of the nephrotic
serum was high, it seemed possible that the failure
to obtain complete reaction between the antigen
and the antiserum might be due to the lipoid. At-
tempts to clear the serum with ether, chloroform,
or acetone resulted in no change in the serological
reaction. Ethylene chloride proved to be a more
satisfactory reagent for removing cholesterol, and
after extraction the serum was clear, with un-
altered total protein and a low cholesterol value.
There was no change, however, in the reaction
with the antisera. Therefore the inability to pre-
cipitate the nephrotic proteins could not be
ascribed to the high cholesterol content. It was
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TABLE I

Analyses of sera and transudates from patients with edema from other causes than nephritis or nephrosis.
Comparison of Howe's method and the precipitin method

Patient Date Sample Method Al- Glob- Total Albumin Remarksbumin ulin protein Globulin

grams grams grams
per per Per

100 cc. 100 cc. 100 cc.
E. G. March 29, 1934 Serum Howe 3.19 2.23 5.42 1.43 Rheumatic pancarditis. Generalized

anasarca
Precipitin 3.03 2.73 5.76 1.11 Fluids removed immediately after

death
Edema Howe 0.43 0.24 0.67 1.79

fluid Precipitin 0.49 0.27 0.76 1.81
Ascitic Howe 0.84 0.55 1.39 1.53

fluid Precipitin 0.87 0.57 1.44 1.53
Pleural Howe 0.53 0.32 0.85 1.66

fluid Precipitin 0.58 0.32 0.90 1.81
Baby W. March 31, 1934 Serum Howe 3.76 1.99 5.75 1.89 Edema neonatorum

Precipitin 3.65 1.92 5.57 1.90 Edema present
Edema Howe

fluid Precipitin 0.70 0.22 0.92 3.18
Baby C. November 26, 1934 Serum Howe 2.91 1.53 4.44 1.90 Edema neonatorum

Precipitin 2.74 1.57 4.31 1.75 Edema present
Edema Howe

fluid Precipitin 0.76 0.33 1.09 2.30
December 7, 1934 Serum Howe 5.61 Edema-free

Precipitin 3.32 2.34 5.66 1.42
A. S. March 13, 1935 Serum Howe 1.96 1.04 3.00 1.88 Intestinal intoxication

Precipitin 1.71 0.85 2.56 2.01 Edema following continuous intra-
Edema Howe 0.23 venous infusion with physiological

fluid Precipitin 0.16 0.04 0.20 4.00 salt solution
E. G. April 15, 1935 Serum Howe 4.43 1.87 6.30 2.37 Normal adult

Precipitin 4.20 1.78 5.98 2.36

TABLE II
Analyses of serum from a case of nephrosis (D. L., 20 months of age).

Comparison of Howe's method and the precipitin method

Days
follow- Al- Glob- Total Albumin

Date ing Method bumin ulin protein Globulin Remarks
admis-

sion

grams grams grams
per per Per

100 cc. 100 cc. 100 cc.

May 5, 1934 ............ 1I Howe 1.47 2.79 4.26 0.53 Generalized anasarca
Precipitin 0.19 1.43 1.62 0.13

May 10, 1934 ............ 6 Howe Generalized anasarca
Precipitin 0.07 1.45 1.52 0.05

May 21, 1934. ........... 17 Howe 1.39 2.84 4.23 0.49 Diuresis in progress
Precipitin 0.34 2.22 2.56 0.15 Edema and ascites still present

May 26, 1934 ............ 22 Howe .1.99 2.74 4.73 0.73 Diuresis in progress
Precipitin 0.43 2.80 3.23 0.15 Edema and ascites still present

June 7, 1934 ............ 34 Howe 2.24 3.10 5.34 0.72 Edema-free
Precipitin 1.50 3.04 4.54 0.49

June 20, 1934 ............ 47 Howe 2.75 3.15 5.90 0.87 Edema-free
Precipitin 1.93 2.93 4.86 0.66

July 11, 1934 ............ 68 Howe 2.94 3.38 6.32 0.87 Discharged home June 28, 1934
Precipitin 2.18 3.20 5.38 0.68 Edema-free

August 9, 1934 ............ 97 Howe 3.69 2.76 6.45 1.34 Edema-free
Precipitin 3.35 3.24 6.59 1.03

October 24, 1934 ............173 Howe 3.97 2.28 6.25 1.74 Edema-free
Precipitin 3.82 2.11 5.93 1.81

December 5, 1934 ............ 215 Howe 4.20 2.10 6.30 2.00 Edema-free
Precipitin 4.01 1.99 6.00 2.02

June 26, 1935 ............ 418 Howe 3.96 2.05 6.01 1.93 Occasional slight puffiness of eye-
Precipitin 3.73 1.71 5.44 2.18 lids in the morning
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The hatched areas show the deficits of the serum albumin and globulin determined by the precipitin method.
The upper points of both hatched areas represent the values obtained by Howe's method, the lower points those
obtained by the precipitin method.

further determined that addition of the nephrotic
serum to normal serum caused no interference
with the predicted precipitation of the normal
proteins. Subsequent analyses of the serum of
this patient are presented in Table II and the
clinical course is indicated in Figure 2. Following
diuresis and the disappearance of the edema, the
globulin fraction rapidly regained its ability to
precipitate the antiserum completely. The albu-
min fraction recovered its normal serological re-

sponse more slowly over a period of several
months long after the patient had been discharged
from the hospital. Transfusions had little or no

effect on the determination by the precipitin
method provided the serum for analysis was with-
drawn several days following the transfusion.

It was possible to confirm the above findings by
studies on several other patients with nephrosis.
Similar results were obtained on an older child,
J. F., a boy five years of age who was admitted
to the Babies Hospital on June 21, 1934, with

generalized anasarca during his third attack of
nephrotic edema. The data are presented in
Table III, and in Figure 3 the clinical course is
outlined. One or more observations were made
on six other patients with nephrosis, and the data
are summarized in Table IV. It will be noted
that the serum of all of these patients showed the
same phenomenon of incomplete precipitation by
specific antisera. During convalescence in one
patient the serological behavior of both fractions
became normal; in one other patient, in whom
prolonged study was possible, both albumin and
globulin changed in the direction of a return to
the normal serological response.

Several patients with acute glomerular nephritis
were then studied to determine whether the serum
proteins in this disease show the same incomplete
precipitation with the antisera. Most of the pa-
tients were edematous, and in two of them, C. P.
and N. V., the albumin: globulin ratio was in-
verted, although the total protein was higher than
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TABLE III
Analyses of serum from a case of nephrosis (J. F., 5 years of age).

Comparison of Howe's method and the precipitin method

Date in, Method Albumin Globulin ot lbuin Remars
hospital poenGoui eak

grams per grams per grams per
100 cc. 100 cc. 100 cc.

June 22, 1934 ........ 1I Howe 1.17 2.60 3.77 0.45 Generalized anasarca
Precipitin 0.20 0.88 1.08 0.23

June 27, 1934 ........ 6 Howe 1.01 2.71 3.72 0.37 Generalized anasarca
Precipitin 0.26 1.03 1.29 0.25

July 9, 1934 ........ 18 Howe 1.27 2.81 4.08 0.45 Generalized anasarca
Precipitin 0.33 1.01 1.34 0.33

July 14, 1934 ........ 23 Howe 1.30 2.30 3.60 0.57 Generalized anasarca
Precipitin 0.27 0.84 1.11 0.32

October 8, 1934 ........109 Howe 0.91 2.31 3.22 0.39 Transferred to Rockefeller
Precipitin 0.22 1.17 1.39 0.19 Hospital, October 25, 1934

December 13, 1934* . . 175 Howe 2.75 2.57 5.32 1.07 Edema-free
Precipitin 2.33 1.76 4.09 1.32

January 28, 1935*. 218 Howe 3.10 2.09 5.19 1.48 Edema-free
Precipitin 2.63 1.48 4.11 1.78

February 25, 1935*. 246 Howe 2.86 2.20 5.06 1.30 Edema-free
Precipitin 2.50 1.10 3.60 2.27

May 14, 1935*. 324 Howe 3.87 2.24 6.11 1.73 Edema-free
Precipitin 3.56 1.07 4.63 3.33

* These sera were obtained through the kindness of Dr. L. Farr of Rockefeller Hospital.

*A OF OBSERVATIOII
FIG. 3. CLINICAL COURSEIN PATIENT J. F.

The hatched areas show the deficits of the serum albumin and globulin determined by the precipitin
method. The upper points of both hatched areas represent the values obtained by Howe's method, the
lower points those obtained by the precipitin method.

177



E. GOETTSCHAND E. B. REEVES

TABLE IV

Analyses of sera from cases of nephritis and nephrosis. Comparison of Howe's method and the precipitin method

Name Age Date Disease Method bumin Gulib pro Globulin
Ib u G

February 19, 1935

March 18, 1935

March 20, 1935

March 26, 1935

April 17, 1935

April 17, 1935

November27, 1934

May 18, 1935

May 27, 1935

June

May

June

June

March

March

April

April

April

April

April

11, 1935

28, 1935

5, 1935

17, 1935

8, 1935

27, 1935

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephrosis

Nephritis

Nephritis

5, 1935 Nephritis

5, 1935 1 Nephritis

11, 1935

20, 1935

20, 1935

Nephritis

Nephritis

Nephritis

Howe
Precipitin
Howe
Precipitin
Howe
Precipitin
Howe
Precipitin
Howe
Precipitin
Howe
Precipitin
Howe
Precipitin
Howe
Precipitin
Howe
Precipitin

Howe
Precipitin
Howe
Precipitin
Howe
Precipitin
Howe
Precipitin
Howe
Precipitin
Howe
Precipitin

Howe
Precipitin

Howe
Precipitin

Howe
Precipitin
Howe
Precipitin
Howe
Precipitin

grams
per

100 cc.

1.22
0.41
1.11
0.40
0.93
0.34
1.06
0.31
2.56
2.05
1.69
1.17
1.24
0.28
1.35
0.27
1.51
0.46

1.11
0.19
1.77
0.84
1.51
0.27
1.63
0.68
3.57
2.88
3.77
3.25

4.56
3.94

2.77
1.76

2.83
2.15
3.57
2.39
3.62
2.01

grams
per

100 cc.
2.13
0.87
2.66
2.42
2.64
2.54
2.50
1.97
2.43
0.27
2.30
1.12
2.03
1.00
2.23
0.30
2.34
0.40

1.49
0.39
2.02
0.27
2.26
1.05
2.32
1.03
4.17
5.36
1.71
1.53
2.09
1.96

2.90
3.45

2.61
2.72
2.36
2.01
3.03
3.80

grams
per

100 cc.
3.35
1.28
3.77
2.82
3.57
2.88
3.56
2.28
4.99
2.32
3.99
2.29
3.27
1.28
3.58
0.57
3.85
0.86

2.60
0.58
3.79
1.11
3.77
1.32
3.95
1.71
7.74
8.24
5.48
4.78

6.65
5.90

5.67
5.21

5.44
4.87
5.93
4.38
6.65
5.81

0.57
0.47
0.42
0.17
0.35
0.13
0.42
0.16
1.05
7.59
0.74
1.04
0.61
0.28
0.61
0.90
0.65
1.15

0.75
0.49
0.88
3.11
0.67
0.26
0.70
0.66
0.86
0.54
2.20
2.12

2.18
2.01

0.95
0.51

1.08
0.79
1.51
1.19
1.20
0.53

* This serum was obtained through the kindness of Dr. H. Koenig of NewYork Hospital.

Generalized anasarca

Generalized anasarca

Generalized anasarca

Generalized anasarca

Fluctuating mild
edema

Mild edema

Generalized anasarca

Generalized anasarca

Generalized anasarca
6 days following
transfusion

Generalized anasarca.
Postmortem

Edema of face and
extremities

Edemaof extremities
and ascites

Edemaof extremities
and ascites

No edema

Facial edema and pit-
ting edema of the
extremities

No edema

Facial edema with
slight edema of the
extremities

Edema of eyelids

Edema of eyelids

Slight pitting edema
of the extremities

in the nephrotic group. From the data included
in Table IV it is evident that marked deficits in
the amount of albumin and globulin precipitated
did not occur.

Since both of the antigens used to prepare the
antisera were composed of various subfractions,
which are antigenically distinct and which vary
in their ability to evoke antibody formation, it was

expected that estimation by the precipitin method
would fail where wide deviations from the normal

distribution of these subfractions occurred. Ex-
amination of the data, summarized in Table V,
shows that in the serum of a patient with kala-
azar the high euglobulin content resulted in a

high value for globulin by the precipitin method.
Two patients with nephritis, M. K. and C. P.,
with high euglobulin fractions confirm this find-

ing. However, deviation from the normal dis-

tribution of globulin subfractions does not ex-

plain the deficit in precipitation found in nephrotic

K. F.

W. MCC.*

H. H.

R. C.

B. G.

H. S.

C. P.

G. deL.

N. V.

R. O.

M. K.

years

31

S

20

2

2

3

7

7

months
10

years
10

5
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TABLE V

Relationship of the various globulin fradions to the amount of globulin determined by the precipitin method

Pseudo- Pseudo- Total Normal Nephrotic
Patient Date Disease Euglobulin globulin globulin globulin globulin globulin
I1gb antiserum antiserum

grams per grams per grams per grams per grams per grams Per
100 cc. 100 cc. 100 cc. 100 cc. 100 cc. 100 cc.

Y. G. November 1, 1934 Kala azar 2.21 1.18 0.77 4.16 5.85
November 21, 1934 Kala azar 1.91 1.20 0.63 3.74 5.25

G. deL. March 27, 1935 Nephritis 0.10 0.84 0.77 1.71 1.53 1.34
N. V. April 5, 1935 Nephritis 0.45 1.52 0.93 2.90 3.45
R. 0. April 11, 1935 Nephritis 0.48 1.15 0.98 2.61 2.72

April 20, 1935 Nephritis 0.40 0.95 1.01 2.36 2.01
M. K. April 20, 1935 Nephritis 0.72 1.66 0.65 3.03 3.80
C. P. March 8, 1935 Nephritis 1.21 1.82 1.14 4.17 5.36
D. L. December 5, 1934 Nephrosis 0.18 0.85 1.07 2.10 1.99

June 26, 1935 Nephrosis 0.16 0.82 1.07 2.05 1.71 2.20
J. F. December 13, 1934 Nephrosis 0.25 0.70 1.62 2.57 1.76

February 25,1935 Nephrosis 2.20 1.10 2.05
May 14,1935 Nephrosis 2.24 1.07 2.08

K. F. February 19, 1935 Nephrosis 0.15 0.80 1.18 2.13 0.87 2.13
March 18,1935 Nephrosis 2.66 2.42 2.66
March 20, 1935 Nephrosis 0.42 1.34 0.88 2.64 2.54 2.77

H. H. April 1, 1935 Nephrosis 0.10 0.82 1.38 2.30 1.12 2.24
W. McC. April 17, 1935 Nephrosis 2.43 0.27
B. G. May 18, 1935 Nephrosis 0.06 0.27 1.90 2.23 0.30 2.06

May 27, 1935 Nephrosis 2.34 0.40
June 11, 1935 Nephrosis 0.11 0.41 0.97 1.49 0.39

H. S. May 28, 1935 Nephrosis 0.11 0.70 1.21 2.02 0.27 2.32
June 5, 1935 Nephrosis 2.26 1.05 2.29
J une 17, 1935 Nephrosis 2.32 1.03

Z. W. February 28 1935 Normal 0.27 0.98 0.60 1.85 1.86
E. G. April 15, 1935 Normal 0.15 1.07 0.65 1.87 1.78

sera. A comparison of the analysis of the serum
from a patient who had recovered from nephrosis,
D. L.-December 5, 1934, with that from a pa-
tient in the edematous stage, K. F.-February 19,
1935, reveals practically the same subfractions in
each, and yet the one, D. L., precipitated com-
pletely while the other, K. F., showed a large def-
icit.

It seemed important to determine whether the
nephrotic serum proteins might serve as antigens
for the production of antisera with which the
serum and transudates of nephrotic patients could
be analyzed by the quantitative precipitin method.
Because of the small quantity of serum available,
only the globulin fraction was obtained in suf-
ficient quantity for the immunization of a few
rabbits. The nephrotic serum was cleared with
ethylene chloride to remove most of the lipoid,
and the globulin was precipitated at half satura-
tion with ammonium sulphate as usual. Rabbits
were immunized with the nephrofic globulin and
the antiserum produced was standardized against
the original nephrotic globulin antigen; the curve
is included in Figure 1. The results of analyses

of sera
normal

from nephrotic patients with both the
globulin antiserum and the nephrotic

globulin antiserum are shown in Table V. The
globulin could be correctly estimated by the pre-
cipitin method whenever the nephrotic globulin
antiserum was used, although the usual deficit was
recorded in all but one case when the normal
globulin antiserum was used. In this patient,
K. F., the nephrotic globulin antiserum was effec-
tive at all times; however, the normal globulin
antiserum failed to precipitate the globulin on
February 19, 1935, and was effective a month later
after a radical change in the globulin subfractions
had occurred. Unfortunately, the lack of suf-
ficient nephrotic globulin antiserum precluded
further studies for the time being.

Studies of the urine from most of the patients
were carried out. Protein was precipitated with
trichloracetic acid, the precipitate was analyzed
for nitrogen, and the customary factor 6.25 was
employed to calculate the total protein. Precipi-
tin analyses were set up at the usual dilutions.
In nephrosis when edema was present, it was
possible by means of the precipitin method to re-
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cover consistently a larger fraction of the urinary
proteins than of the serum proteins. A few char-
acteristic analyses are presented in Table VI

TABLE VI

Analyses of sera and urine from edematous nephrotic
patients by chemical methods and the

precipitin method

Total
protein

NameSmple ethod Al- Glob- Total recovered
Name Sample Method bumin ulin protein by

precipitin
method

grams grams grams
per per per per cent

100 cc. 100 cc. 100 cc.
D. L. Urine Chemical 1.77

Precipitin 1.04 0.03 1.07 60.4
Serum Howe 1.47 2.79 4.26

Precipitin 0.19 1.43 1.62 38.0
B. G. Urine Chemical 0.82

Precipitin 0.37 trace 0.37 45.1
Serum Howe 1.35 2.23 3.58

Precipitin 0.27 0.30 0.57 15.9
K. F. Urine Chemical 2.14

Precipitin 1.17 0.39 1.56 72.9
Serum Howe 1.22 2.13 3.35

Precipitin 0.41 0.87 1.28 38.2
J. F. Urine Chemical 1.55

Precipitin 0.85 0.18 1.03 66.4
Serum Howe 1.30 2.30 3.60

Precipitin 0.27 0.84 1.11 30.8

which demonstrate this fact. The findings sug-

gest that the protein which is excreted during the
edematous stage is not the serum protein which
shows serological changes.

SUMMARY

1. Data obtained by the quantitative precipitin
method indicate that during the edematous stage
of nephrosis the serum proteins differ immuno-
logically from normal serum proteins, in that both
albumin and globulin fail to precipitate completely
with antisera developed against normal serum al-
bumin and normal serum globulin. During con-

valescence after edema has disappeared, both al-
bumin and globulin gradually recover their normal
serological behavior.

2. The serum proteins of patients with acute
hemorrhagic nephritis do not show similar changes.

3. Neither the high cholesterol content of
nephrotic serum nor the abnormal distribution of
the subfractions, in the case of the globulin, is
the cause of the incomplete precipitation.

4. Globulin isolated from nephrotic serum is
capable of stimulating antibody response in rab-
bits, and the antiserum formed is not identical
with that formed against globulin obtained from
normal serum.
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