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AMINO NITROGENCHANGESOF THE BLOOD
IN NEPHRITIS

BY ESBEN KIRK

(From the Hospital of the Rockefeller Institute for Medical Research, New York City)

(Received for publication July 25, 1933)

Amino nitrogen and peptide nitrogen content of the blood in nephritic
patients have been frequently determined since the introduction of suit-
able micro methods. Gasometric determinations of amino nitrogen and
peptide nitrogen of plasma and red blood cells separately have, however,
not yet been done.

That colorimetric analyses of the same blood samples give lower
results for amino acid nitrogen than the gasometric method or the
formaldehyde titration, and that colorimetric recovery of amino acids
added to blood is incomplete, have been reported by Van Slyke and
Kirk (18). The use of different analytical methods may accordingly
explain the conflicting results reported in the literature. Thus most
observers using the colorimetric method of Folin (Berglund (2), Greene,
Sandiford and Ross (6), Schmidt (16), Witts (20), Feinblatt and Shapiro
(5)) found no deviation from the normal in series of patients with
nephritis, including several cases of uremia. Slightly or moderately
increased values of amino nitrogen in uremia were reported with the
colorimetric method by Wowsi and Gelbird (21), and by Looney (11)
in an individual case of mercuric chloride poisoning shortly before death.
Extensive studies have been made in recent years in Volhard's clinic by
Becher and Herrmann (1) with a modification of Folin's colorimetric
technique; increase of free amino nitrogen of whole blood was frequently
observed in patients with severe impairment of the kidney function.
Only in a single case, however, did the method used indicate values
exceeding 10 milligrams per cent.

Most of the work done with the gasometric method is of earlier date.
Using various protein precipitants Bock (3), Okada and Hayashi (14),
and Desqueyroux (4), all found increased amino nitrogen of the blood
in cases of advanced nephritis. In nephritic toxemias of pregnancy, on
the other hand, Losee and Van Slyke (12), and Morse (13) observed no
marked deviation from the normal.

Quantitative determination of peptide nitrogen of blood was first
made with exact methods by Hiller and Van Slyke in 1922 (7) by gaso-
metric determination of blood filtrates before and after hydrolysis with
hydrochloric acid. A similar procedure of acid hydrolysis has been
used by different authors in studies of the peptide nitrogen in nephritis,
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but in most cases other methods were substituted for the gasometric to
determine the amino nitrogen before and after hydrolysis. When com-
paring results both the method of amino nitrogen determination and the
protein precipitant used should be considered. Huilse and Strauss (9),
using the formaldehyde titration method of S0rensen, and Huilse and
Franke (8), using the gasometric method, observed high values for
peptide nitrogen in nephritic patients with hypertension. Jackson, Sher-
wood and Moore (10), Becher and Herrmann (1), and Schlossmann (15),
using the colorimetric method, were, however, unable to find any relation
between the blood pressure and the content of peptide nitrogen in the
blood in nephritis. A definite increase in peptide nitrogen was frequently
seen by Becher and Herrmann (1) in cases of severe renal insufficiency,
the peptide nitrogen even occasionally exceeding the concentration of
free amino nitrogen; increase of peptide nitrogen with normal amino
nitrogen values was sometimes observed.

METHODS

For separate analyses of cells and plasma, oxalated blood was centrifuged
till constant volume of the red blood cells was obtained; plasma was then
syphoned off and the intermediate layer of plasma and cells discarded.
Samples of red blood cells were measured with a calibrated pipette "to con-
tain."

Urea was transformed into ammonia by addition of a urease solution and
phosphate buffer as described by Van Slyke (17). The proteins of plasma or
whole blood were then precipitated by the Folin-Wu method. To plasma or
whole blood one volume of 10 per cent sodium tungstate and one volume of
2/3 N sulfuric acid were added, and the mixture was diluted with water to 10
times the original volume of the sample. For precipitation of the proteins
of the red blood corpuscles two volumes of 10 per cent sodium tungstate and
two volumes of 2/3 N sulfuric acid were used for each volume of cells, but
the sample was finally, as in precipitation of plasma and whole blood, made
up to 10 times its original volume with water. Five cc. of filtrate, therefore,
represented 0.5 cc. of plasma, red blood corpuscles or whole blood. Usually,
however, the filtrate from the red blood corpuscles was again diluted with two
volumes of distilled water to obtain sufficient material for analysis. Because
of the high amino nitrogen content of the red blood cells the dilution did not
diminish the amino nitrogen readings enough to interfere with accuracy.

The ammonia of the filtrates, formed by the splitting of the urea with
urease, was removed by boiling with milk of magnesia and amino nitrogen
afterwards determined by the manometric method of Van Slyke (17).

For determination of peptide nitrogen the urea-and-ammonia-free filtrates
were heated on a water bath for 24 hours with equal volumes of concentrated
hydrochloric acid. After evaporation of the acid in an open dish each residue
was neutralized with a few drops of a saturated solution of sodium acetate and
finally made up to volume (7). It was found unnecessary to subject the
hydrolyzed samples again to boiling with milk of magnesia before the amino
acid determination, as identical results were obtained with and without such
treatment.

For blank analyses a urease solution was prepared, and precipitated, and
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the filtrate was diluted as described by Van Slyke (17, p. 442), or Peters and
Van Slyke (22). The amino nitrogen content of the filtrate was determined
before and after hydrolysis, to obtain the c. correction. Separate blanks were
determined for analyses of plasma and red blood corpuscles.

The normal magnitude and constancy of results obtained with the
above procedure is illustrated by Table I. It gives the results from two
samples of the same blood which were centrifuged and analysed sepa-
rately. The sample of plasma filtrate represented 0.5 cc. of plasma, the
sample of filtrate of red blood cells 0.167 cc. of corpuscles.

TABLE I

Showing reproducibility of measurements
Milligrams per cent amino nitrogen

I II
Plasma, unhydrolyzed ........... 4.10 4.07
Plasma, hydrolyzed ............. 4.10 4.03
R.B.C., unhydrolyzed ........... 12.85 12.91
R.B.C., hydrolyzed ............. 18.89 18.03

Studies of amino nitrogen and peptide nitrogen of the blood were
made in seven uremic patients. (See Tables II and III.)

TABLE II

Amino nitrogen in whole blood during development of uremic coma
Case No. 1, M.J. Hospital No. 7855

Amino nitrogen per
100 cc. Whole blood Whole blood

Date________nonprotein urea nitrogen Urea clearance Condition
Date ~~~~~~~nitrogen per per ioo cc.

PlsaclsWhole 100 cc.

1931 mgm. mgm. mgm. mgm. mgm. per cent of
mean normal

September 27... 18.0 148 118 Uremia
September 28... 13.7 150 119 6 Uremia
October 13

10:00 A.M.1 12.3 171 191 Uremial
9:30 P.M. * 21.4 189 141 Coma

October 29 ..... 28.8 36.7 Coma

CLINICAL NOTES ON UREMIC CASES1

Case No. 1. Hospital No. 7855. M. J., female, 33 years. As a child had
1 The nomenclature followed here for the different types and stages of

Bright's disease is in general that used by Van Slyke, Stillman, et al. (19).
In addition, to distinguish the different conditions near and in coma, the
following terms are used:

Terminal stage uwth nitrogen retention. Nitrogen retention without clinical
symptoms.

Uremia. Nitrogen retention with clinical symptoms, such as nausea and
vomiting, but with normal consciousness.

Semi-comatose condition. Consciousness greatly influenced, but patient
still responds.

Coma. Patient unconscious and does not respond.
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hemorrhagic Bright's disease following tonsillitis. After several years of
active symptoms the patient went into a latent stage, but the renal lesion
became active again during a pregnancy, necessitating abortion. In the
following period of ten years exhibited hypertension and proteinuria. Two
weeks before admission vomiting, edema of feet and dyspnea developed. On
admission (September 25, 1931) was in uremia.

Case No. 2. Hospital No. 8166. E. H., female, 21 years. Two years
before admission had hematuria and hypertension. Visual disturbances,
edema of ankles, vomiting and diarrhea had been present in the last weeks.
On admission (May 28, 1932) was in uremia.

Case No. 3. Hospital No. 8080. J. D., male, 30 years. Ten months
before admission developed tonsillitis, proteinuria and hypertension, followed
by edema and ascites. In the last days had had severe nose bleedings. On
admission (June 28, 1932) was in uremia.

Case No. 4. Hospital No. 7884. E. B., male, 29 years. Nine years before
admission had had respiratory infection with hematuria. Recovered into a
latent stage with proteinuria as only symptom. In the last six months had
had hypertension and severe headache. The patient was observed for several
months during the chronic active stage, and during the last weeks of terminal
uremia.

Case No. 5. Hospital No. 6473. M. W., male, 15 years. Three and a
half years before admission developed generalized edema with proteinuria and
reduced kidney function following an attack of upper respiratory infection.
In the following period gave evidence of activity in the kidney lesion (micro-
scopic hematuria). Immediately before admission (December 3, 1931) suffered
from abnormal sleepiness and attacks of convulsions.

Case No. 6. Hospital No. 7872. M. R., female, 19 years. Four months
before first admission had edema of the legs. On admission (October 21, 1931)
macroscopic hematuria, hypertension and reduced kidney function were
present. In the following 18 months the nephritis progressed through the
chronic active to the terminal stage. Two weeks before last admission (May 4,
1933) reduction of vision and occasional cardiac decompensation were noted.
Death occurred on June 15, 1933, after two days of a semicomatose condition.

Case No. 7. Hospital No. 8342. M. C., male, 19 years. Four years
before admission developed proteinuria (and hematuria ?) following mastoiditis.
Went into a latent stage of hemorrhagic Bright's disease. Three weeks before
admission had had inflammation of the mandibular region, caused by hemolytic
streptococci. In relation to this infection there occurred acute exacerbation of
the nephritis with oliguria, gross nitrogen retention and vomiting. On ad-
mission (November 25, 1932) was in acute uremia, markedly dehydrated.
During the first days in the hospital was at intervals extremely drowsy, but
not comatose.

Following treatment of the dehydration the patient made a quick recovery
to an excellent general condition. The activity of the renal lesion persisted,
however, and the kidney function never exceeded 10 per cent of the average
normal urea clearance.

Amino nitrogen determinations of plasma were made daily for a period of
about three months. The data are presented in Figure 1. The highest value,
38.7 mgm. of amino nitrogen per 100 cc. of plasma, was observed on November
29, 1932, at a time when the patient was very drowsy.

1097



AMINO NITROGEN OF BLOOD

I co o co co o co
0 0 0 00 0zzz zzz

0

%in )0-W4I C114if 14 00
in

t Vs U) r-- m0U4 if)

40

0 0 - U)o0% -
--00 if). 00

-4-4 -I C04 V-

40

w
40
U4-

C,) 4-
b.D ._

Cd *

'O j Dc)@

CA)e c-

00 0 0%Voel
4- . if0 C4C

W- (14 0000 in
o - % o0
t-. iU; C U)

"4. .* *0 0

to C4 C4 00
4 0 el;

oo to o
-4

00
ON

%.4

0o
00

f)* V. 0%

00 el; if ei
V- _- -

c4 4) ~~1U) -V14mt-.V0% if)0 1 0% u

0 OU 00
8 _t- - 00qvo -0

.a t I I I II
r.

o

o
8 o0 0 0ifi) Vifo.f U)_t~0 0% 00

m o

*taAmomW++ m tut ~~~~~~~~mmm+Wo m~~ V")~~"1 4 W4 V4 -if) 4U)U)' 4 -4IfV V U)

ll-_ 6 06C9N Ii .d___, C9___e_6
e 1-4eq V--4e t e eq-- -4e - -C e

4-g,Ooooj~&LC- -.

=1 _ u o oo oo o + b ua +o0 00 4)-I ~~zz~ Z Azzm C z
U

ci.: A

. . . .

_,, . . . . .

.4-1. ^ . .... ....I

a
00Cet E U') ;g 004)

14 0001 c
00
0%4-. 004t- I

1098

4)

4)

w

4)
u

I.0
4)

4)4o

0
0

4)

4i*0
4)

p4

4)

4)

b40

*t

:4.
e.4

4.

4)

0

~4

;I

Q

*.
I

4)

4.
40

I )Q
I)

14-
%Q)

0

4)

(I)

0 9 0 0 0E A 5 c- e4) V
x L8 CA C.



ESBEN KIRK

40ai

..04
I _ 0

PO--B

= mm

I cd
a .4

0= v

.1..

0 )
tO

I val . IU)'
14) 4)
I=. _>

Img ,*6
0C0.

a)'
0

I 0 C8I 1

4-)c
.2 .-

o xo
*i4 ., a)a

1~ cn cf

41^
I o a

b,O 0

000
.a B E

Cd
Q

E) la ao (5 C

g1ermo o 1 X o r > + + W __Nso in L
% . i t)o 00 ' t0..

LO- ' -oo _ CO 7 - Oifii

nIt L _O In > \I t-0I W- ~ m UbW
0 ' f8 ")OU

' in In 00 \ '- 0 q

a
r- oON \0 cl cl_ C4 el; cl

-

*e~ ~ ~~C|q Ln|t s snXos \o

a0 8In)' 0 o ou) ' x U_oo00o ' \0

.0 -qo to \ o 0 r 00\

. E%; o~~~~~o 00
\C0OO.u0.WO.rb o .\

IC~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0~~~~~

o, 0.\iI) 40%E 0\ '0o 's0 0 o 0% 0i0f 0)

0r4 ~ ~ '0C0 ZZC~ '0 C%zr) C~I
_f___l _ - -

0 !E ;_2t ggj:DE

C,
._

(n -

00

C4

C4' a- )

0%C
*' 0

0
0%

r..

'. *
* *'I

00
4. 00

'0
4'.
00
4'.

Cd ct C2V) a)a

1099

I.)

bI~

m (L) 0 t..z
C4 e c- G
C% cd (A oo
t- cn t-.



AMINO NITROGEN OF BLOOD

g
al

m
to
0a-

'0

z
=0
CD

401~~~~~~~~~~~~~~~~-
Hospital No.8342

Uremic case No.7 TI.C.
35----

30. t f
35 - S-20~~~~~~~~~~~~~~

5 1 E / X /

25 30 7 14 2 8 7 14- 1 28 7 14
Nov
1932

Dec. Jan.
1933

Feb.

Uremia:4-Terminal stage of hemorrhagic Bright's disease-_*
with nitrogen retention

FIG. 1. AMINO NITROGENCONTENTOF BLOODPLASMA DURING AND AFTER
RECOVERYFROMACUTE UREMIA

SUMMARYOF RESULTS

In cases of chronic and acute nephritis with more than 40 per cent
of normal urea clearance the plasma amino nitrogen content, determined
gasometrically, was found normal, 4 to 6.5 mgm. per 100 cc.

In more advanced cases, but without uremic symptoms, the plasma
amino nitrogen was sometimes normal and sometimes increased to 8 to
10 mgm. per 100 cc.

In the pre-coma stage, the plasma amino nitrogen was variable, and
might change in 24 hours from practically normal to over 20 mgm. per
100 cc.

In uremic coma, the plasma amino nitrogen was found uniformly
high, from 2 to 7-fold normal.

The amino nitrogen fluctuations in the plasma were more marked
than in the cells, and more regularly related to the condition of the
patients. Significant variations in the plasma peptide nitrogen were not
observed.

CONCLUSIONS

Elevation of plasma amino nitrogen tends to be more frequent as
renal disease becomes more advanced. The correlation between fall in
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renal function and rise in plasma amino nitrogen is irregular, however;
in some cases the renal clearance approaches the coma level (about 5 per
cent of normal clearance) before rise in plasma amino nitrogen occurs.
It appears probable, therefore, that the rise in amino acid content is not
directly due to renal failure, but to a breakdown in the mechanism for
metabolism of the amino acids occurring elsewhere as part of the general
debacle.
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