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Kirk (1) reviewed the literature concerning
liver dysfunction in relation to amino acid me-
tabolism following the ingestion of glycine or
mixtures of amino acids, and, in addition, re-
ported his own experiments. Using the nitrous
acid method of Van Slyke, he determined the
amino acid N concentration in plasma, before and
after the ingestion of 25 grams of glycine, in
patients with hepatitis, liver cirrhosis, and ob-
structive jaundice. He concluded that no definite
reduction in the deamination of the amino acids
was demonstrable in patients with liver disease
and that the glycine tolerance test under the
conditions of his experiments was not suitable for
the diagnosis of liver dysfunction. He also
studied the urinary excretion of amino acids be-
fore and after the ingestion of glycine and re-
ported that essentially the same amino acid ex-
cretion was observed in normal individuals as
in patients with liver disease. Kitamura (2)
demonstrated a retention of plasma amino acids
following an intravenous injection of certain
amino acids in rabbits with livers damaged by
chloroform and similar poisons. From the plasma
amino acid curves obtained after the intravenous
injection of glycine in patients with liver disease,
Horejsi (3) stated that little information could
be gained by such methods unless severe liver
destruction was present. Weicker (4) studied
the behavior of blood amino acid levels following
the ingestion of a mixture of equal parts by
weight of glycine, leucine, asparagine, and tyro-
sine. He found that in some of the patients with
liver disease, the retention of whole blood amino
acids persisted longer but that the maximum
values obtained were not higher than those ob-
tained in normal controls.

1Aided by funds from the Emeny Gift and from the
Williams-Waterman Fund of the Research Corporation.

Weech (5) found a progressive fall in the
ability of the liver to excrete bilirubin, early in the
course of a dog fed a protein deficient diet, and,
at autopsy, in some dogs similarly fed, histological
evidence of liver damage. Elman (6) confirmed
and elaborated on these findings, presenting evi-
dence that morphological damage paralleled liver
-dysfunction as determined by the excretion of
iso-iodeikon. Since liver damage occurs in the
hypoproteinemic dog, this experimental animal
provided the basis for study in this laboratory
(7) of the relation between liver impairment and
the clearance of amino acids from the plasma.
Retention 2 of plasma amino acids following an
intravenous injection of casein hydrolysate was
observed in the hypoproteinemic dog early in the
course of deproteinization, as shown in Figure 1,
and the plasma amino acid retention increased as
hypoproteinemia advanced. Evidence that this
behavior was probably caused by delay in the rate
of deamination was cited.

In nephrosis, Farr and MacFadyen (8) found
chronic hypoaminoacidemia and at times, with or
without peritoneal infection, a sharp critical drop
in the level of plasma amino acid. Also, in
nephrosis, it is generally conceded that a defect
in the synthesis of plasma protein exists.
The present paper reports investigations of the

reactions of nephrotic children to injections of
casein hydrolysate and the rate at which the ma-
terial was metabolized. In addition, similar stud-
ies were carried out on patients with liver disease
and normal renal function, and conversely, on
patients with kidney disease and unimpaired liver
function, in an attempt to evaluate if possible the

2Retention will be used throughout the paper to con-
note increased plasma values of amino acid N above the
highest value found in the controls at any time interval
following the injection of casein hydrolysate.
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FIG. 1. THE PROGRESSIVE RETENTION OF PLASMA AMINO Acm N Arm INTRAVENOUS
INJECTIONS OF CASEIN HYDROLYSATE IN THE DOG AS HYPOPROTEINEMIA PROGRESSES
The curve marked "normal" represents the reaction while on a normal diet. The curve

marked "saline" represents the reaction to a control intravenous injection of 5 per cent
glucose in saline, with a normal diet.

part played by each of these important organs in
the deamination and disposition of amino acids.

PROCEDURE

Amino acid loading curves were carried out in normal
controls and in the patients selected for study. In the
earlier experiments on children 8 to 10 years of age, 40
cc. of 10 per cent solution of casein hydrolysate,8 diluted
with 40 cc. of 5 per cent glucose in saline, were injected
to fasting patients within 4 to 5 minutes. Later, when
small children and infants were included, 2 cc. of the
hydrolysate per kilo, diluted with an equal volume of 5
per cent glucose in saline, were given. This represented
about 12 mgm. amino acid N per kilo of body weight,
enough to raise the plasma amino acid N level about
30 mgm. per 100 cc. if no amino acid were removed from
the plasma. Blood samples were taken before and at 5
minutes, 15 minutes, 35 minutes, and 95 minutes after the
completion of the injection. Urea N was determined on
whole blood. The volume of packed red cells was meas-
ured and the plasma was analyzed for alpha amino acid
N4 and proteins. In addition, in some patients, the

8 Kindly furnished by Mead Johnson and Company.
4Throughout the paper, plasma amino acid N refers to

alpha amino acid N as determined by the ninhydrin
method.

urinary excretion of end-products of the metabolism of
casein hydrolysate, given intravenously, was studied.
When possible, urine was collected so that one or more
control periods were obtained before the intravenous
mjection and several periods thereafter. Catheterization
was avoided so urine collections were not always obtained
at the desired intervals. The urine was analyzed for
ammonia N, amino acid N, urea N, protein N, and total
N, and in some instances, the pH was determined by
glass electrode. Methods have been previously described
(7). From these data, the urea and amino acid clear-
ances could be calculated.

A. PLASMA AMINO ACID LOADING CURVES

Results in normal children
The children selected as controls, being con-

valescent hospital patients, cannot be considered
ideally normal but clinically they were free from
obvious liver or renal disease. Casein hydroly-
sate was injected intravenously and the behavior
of the plasma amino acids and blood urea was
observed. The plasma amino acid loading curves
in 9 normal children are shown in Figure 2 and
the complete pertinent data from one of them are
presented in Table I. As examination of the
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chart shows, wide variation of fasting levels of
plasma amino acid N in these normal children
was observed. The plasma amino acid N level
reached the initial value 35 minutes after the in-
jection in one third of the group, and in all of
the controls, the preinjection value was reached in
95 minutes. In 2 of the controls, the final value
fell below the preinjection level. This unex-
plained phenomenon had also been observed in

normal dogs, Figure 1. Thus, no retention of
amino acid was noted in any normal control 95
minutes after a load of intravenous amino acid.
Blood urea levels remained essentially unchanged
and shifts in hematocrit were slight, usually with
a decrease immediately following the injection.
The average plasma amino acid N level in

normal fasting individuals has been reported to
be 4.5 mgm. per 100 cc. In a series of 31 de-

TIM! IN INUTS
FIG. 2. BEHAVIOR OF PLASMA AMINO Acm N BEFORi AND AFnR THE

INJECTION OF CASEIN HYDROLYSATE IN NoRMAL CHILDREN AND IN PATIENTS
WITH NEPHROSIS AND POIRTAL CIHOSIS

Retention becomes apparent if one places a guide line at the preinjection
level for each curve.
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terminations in 30 normal adults and children,
Farr, McCarthy, and Francis (9) stated that the
plasma amino acid N values ranged from 3.75 to
5.56 mgm. per 100 cc. with a standard deviation
of 0.46. In our, hands, using the ninhydrin
method of Van Slyke et al. (10), the values for
45 normal hospital children ranged from 2.92 to
4.63 mgm. per 100 cc. The mean was located at
3.60 mgm. per 100 cc.; the median at 3.53, with
quartiles at 3.24 and 3.92 mgm. per 100 cc.

Results in patients with liver disease and good
renal function

Some support was given to' the assumption that
retention of plasma amino acids indicates liver
injury, by studies on 4 patients with portal cir-
rhosis and unimpaired renal function. The
clinical diagnosis was verified by microscopic ex-

amination of liver tissue, obtained either by biopsy
or at necropsy. The amino acid loading curves

in 3 of these patients, included in Figure 2, showed
a significant delay in clearing the blood of amino
acids after the injection of casein hydrolysate.
In the fourth patient, E. M. B., studies carried
out early in the course of the disease demonstrated
considerable retention in 35 minutes even though
the preinjection level was reached in 95 minutes.
Hence, in all of the patients with portal cirrhosis,
plasma amino acid retention was noted.

In a group of 6 patients with hepatomegaly of
other etiology than cirrhosis, plasma amino acid
retention was shown in 2 instances, Table II. In
one case of subsiding acute catarrhal jaundice,
J. J., the retention was minimal and in one case of
glycogen storage disease, T. S., there was moder-
ate retention. To facilitate comparison, other

conventional liver function tests are presented in
the table. For the sake of brevity, the data are

interpreted in qualitative terms.

Results in patients with nephrosis and good renal
function

Nine patients with nephrosis were studied in a

similar fashion. With 4 of these patients, one or

more curves were repeated at intervals as the
opportunity presented itself. Figure 2 shows the
amino acid loading curves on patient C. C. in the
active stage of nephrosis. This patient had
moderate edema, the serum albumin was 2 grams

per 100 cc. and kidney function, as determined by
the concentration test and by urea clearance, was

normal. Four curves made during a period of
2 months were almost identical, and in all, the
plasma amino acid level had returned to the
original level within 95 minutes.

Another patient with nephrosis, R. F., had
more extensive edema, a serum albumin of 1.6
grams per 100 cc., and a urea clearance of 113
per cent of the normal when the studies were

begun. The complete data from this patient are

included in Table I. He was under observation
for one year, without remission of his disease,
during which the clinical course was progressively
downhill. The serum albumin fell to 1.1 grams

per 100 cc., edema increased, and renal function
suffered progressive impairment. The urea clear-
ance at the end of the year had fallen to 45 per

cent of normal. No enlargement of the liver was

noted. During the year, 8 amino acid loading
curves were made. All were within normal limits
and at no time was retention of plasma amino
acids found, in spite of the moderately severe

TABLE II

Results of various liver function tests in patients with hepatomegaly. The quantitative tests are
interpreted in a qualitative fashion and + to ++++ indicates deviation from the normal

Lrver function test

D.T. R.H. T.M. E.M.B. S.A. F.B. J.J. F.T. T.B. W.M.

Diagnosis Cirrhosis Cirrhosis Cirrhosi Cirrhois Hepato- Hepato- Catarrhal Diabetes; he- Glycogen Glycogen
megaly spleno- jaundice patomegaly storage storage

megaly dieas dsae
Bromsfalein ++++ ++++ Nornmal ++++ ++++ Normal
Galactose tolerance ++++ 4 +++ Normal ++++ ++ + Normal Normal
Cholestrol ratio i Normal ++++ Nornal Normal + + Normal ++++ ++++
Bilirubin clearane + i : 1 ++++ ++++ Normal
Conjugation Normal +++ +++ Normal
Amino acid retention ++++ +++ +++ + Normal Normal + Normal + Normal
Seum albumin 3.97 2.68 3.46 4.58 4.16 488 4.70 4.24 4.60 4.27
8 globulin 3.17 2.61 1.87 2.15 4.68 2.23 2.41 256 3.05 2.37
8 birubin 0Q78 0.60 0.82 0.52 5.82 5.56 1.01 0.50
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I= R mm
FIG. 3. BEHAVIOR OF PLASMA AMINO Acm N BEFORE AND AFTER

THE INJETON OF CASEIN HYDROLYSATE IN PATINTS WITH IMPAID
RENAL FUNCTION

impairment of kidney function. Here again it
was possible to duplicate the curve repeatedly
during a period of 12 months and the type of
curve was similar to those found in the control
group (Table I). Curves on 6 other nephrotic
patients likewise showed no significant difference
from those obtained in the controls. The only
exception observed was in patient J. S. in whom
slight plasma amino acid retention at 95 minutes
was observed on one occasion and was not present
later in the course of his disease. We can con-
clude from these somewhat limited studies that
the nephrotic child handles an intravenous load of
amino acids in approximately the same manner as
a normal child.

Results in patients with kidney disease and
impaired renal function

A few tests were carried out on 2 patients with
chronic glomerulonephritis. Both children had

been under close observation for many years.
Neither had ever developed a nephrotic com-
ponent of the disease, i.e., massive edema or low
serum proteins with a reversal of the albumin/
globulin ratio. In M. H., the urea clearance had
fallen to 14 per cent, in E. B., to 35 per cent of
the normal. No enlargement of the liver was
evident on clinical examination in either patient.
The amino acid loading curves shown in Figure 3
did not deviate significantly from the curves ob-
tained in normal children, which suggests that
severe kidney injury causes no delay in the clear-
ance of amino acids from the blood stream after
an intravenous load.

Patient D. G.5 was first seen on January 13,

5Whether pure nephrosis exists or is a form of
glomerulonephritis is an unsettled question and need not
concern us here. To the writers, nephrosis is a distinct
entity. A certain number of children with nephrosis
have clinical glomerulonephritis superimposed, yet not
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1939, with all the findings indicative of pure
nephrosis. During the first year, he had numer-
ous severe infections, namely, 6 episodes of bac-
teremia and 3 attacks of peritonitis, proven by
bacterial cultures, from which he recovered with
relatively short periods of chemotherapy. After
6 months of observation, hematuria appeared and
nitrogen retention developed and persisted, the
blood urea N being as high as 66 mgm. per 100
cc. It was thought that glomerular nephritis had
been superimposed on the nephrosis. Marked
hepatomegaly and splenomegaly developed. The
etiology of the hepatomegaly was not clear but
one may speculate that lipoid deposition, circu-
latory difficulties, and infection, all took part.
The first loading curve was made on March 4,
1940, when hepatomegaly was present (Table I
and Figure 3). The liver edge was palpated 5
cm. below the costal margin and the spleen, 4 cm.
By this time, the blood urea N had fallen to 23
mgm. per 100 cc., and the urea clearance was
62 per cent of the normal. Serum albumin was
recorded as 1.03 grams per 100 cc., and massive
edema was present. As Figure 3 shows, the
fasting plasma amino acid N was low in the
nephrotic range. Following the injection, the
plasma amiino acid N rose sharply to 9.6 mgm.
per 100 cc., a level much higher than had oc-
curred in any control, and at 95 minutes, some
retention persisted. Ten months later, on January
21, 1941, a second curve was made. Clinically,
the child had had no severe infections since De-
cember 8, 1939, and had been free from edema
since March 19, 1940. The liver edge could be
palpated 2 cm. below the costal margin, the
spleen, 1 cm., and kidney function had not
changed. Serum albumin had risen to 4.42 grams
per 100 cc. The fasting plasma amino acid N
value was still low, but the rise following injection
was less marked than that shown on the first
curve and the final retention was about the same.
Ten months after the second curve, October 2,
1941, the liver and spleen were barely palpable
and physical examination indicated clinical recov-
ery. However, the blood urea N remained slightly
all of these patients die in uremia. Some heal com-
pletely and remain healed, an outcome which is not com-
patible with a diagnosis of true chronic glomerulonephri-
tis. A few die in uremia with anatomical findings
characteristic of chronic glomerulonephritis.

elevated, at 27.4 mgm. per 100 cc., and the urea
clearance was still only 61 per cent of normal.
At this time, the fasting plasma amino acid N
level was within normal limits and the loading
curve was likewise normal. In this patient, the
plasma amino acid N retention seemed to be cor-
related more closely with hepatomegaly and pos-
sible liver dysfunction than with renal impairment.

Results in patients with nephrocalcinosis
In 2 patients with nephrocalcinosis, without

clinical evidence of hepatic disease, the amino acid
loading curves were normal. In one of these
patients, the urea clearance indicated moderate
impairment, in the other, renal function was good
(Table I).

B. URINARY EXCRETION STUDIES

In addition to the determination of the plasma
amino acid N levels following the intravenous
injection of casein hydrolysate, the urinary excre-
tion of the end products of its metabolism was
studied in some of the patients, to obtain, if pos-
sible, an insight into the rate of deamination. The
data obtained enabled estimations to be made of
the effect of injections of casein hydrolysate on
renal urea and amino acid clearances as well.
Pertinent results are presented in Table III.

Certain features were similar in all of the chil-
dren examined, including the controls. No sig-
nificant increase in urea clearance was observed
following the injection. Only small amounts of
amino acid were excreted so that the renal amino
acid clearance remained minimal. The ratio of
(NH.N + urea N) to total N.P.N. remained
constant before and after the injection, so it was
inferred that the casein hydrolysate was utilized
as a metabolic protein.

Results in normal children
In 4 of the normal controls, urinary studies were

carried out. In 3 of these children, during the
period of observation following the injection of
casein hydrolysate, the rate of ammonia and urea
excretion was doubled. In one other control,
during forced diuresis with a urine volume of 6 to
7 cc. per minute, the increase in ammonia and
urea per hour was slight (11). In this patient,
it is possible that the transient oliguria (a de-
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crease in volume from 6 to 7 cc. to .0.9 cc. per
minute) which resulted from the injection of
casein hydrolysate masked the findings.

Results in patients wvith kidney disease

Four patients with nephrosis in whom kidney
function was normal were studied. As in the
normal controls, the rate of ammonia excretion
was increased two- or threefold but, in contrast
to the controls, only a slight increase in the rate
of urea excretion was observed.
The manner in which one patient with nephro-

sis, R. F., metabolized the casein hydrolysate was
studied repeatedly. The data from 2 of the studies
appear in Table III. As previously described,
urinary studies carried out on October 28, 1940,
when renal function was good, demonstrated a
twofold increase in the rate of ammonia excretion
and a slight increase in urea excretion per unit
of time. On April 3, 1941, the study was re-
peated. The clinical course was progressively
downhill and at this time, the urea clearance had
decreased to 31 per cent of the normal. Following
the injection of casein hydrolysate, there was no
increase in the amount of ammonia excreted in
unit time, while the rate of urea excretion actually
diminished. These results were confirmed on 2
subsequent occasions. Thus, this patient when
first studied was able to respond to the injection
of casein hydrolysate with an increased rate in
the excretion of ammonia. Later, as might be
expected with diminished kidney function, this
ability was lost.

In 2 patients, E. B. and M. H., with chronic
glomerulonephritis and severely impaired renal
function, with clearances of 35 per cent and 14
per cent of the normal, respectively, as might be
predicted, no increase in the rate of ammonia or
urea excretion was noted following the injection
of casein hydrolysate.

Results in patients with liver disease and good
renal function

Two patients with portal cirrhosis and plasma
amino acid retention were available for urinary
studies. Before hypoproteinemia had developed,
patient D. T. showed a moderate increase in the
rate of urea and ammonia excretion after the
injection of casein hydrolysate. In patient R. H.,
with severe hypoproteinemia in the later stages

of cirrhosis, only a slight increase in the rate of
urea and ammonia excretion was observed, which
suggested a reduction of deamination.

In patient, J. J., with catarrhal jaundice, in
whom moderate plasma amino acid retention had
been observed, there was no increase in the rate
of ammonia excretion and a considerable lag in
the rate of urea excretion. In 2 jaundiced pa-
tients, S. A. and F. B., with hepatomegaly of un-
known origin, in whom no plasma retention had
occurred, a lag in the rate of urea excretion was
noted in one but not in the other. In neither
patient was there an increase in the rate of am-
monia excretion. Thus, 3 jaundiced patients with
greatly enlarged livers and no disease of the
kidney failed to show any increase in the rate
of ammonia excretion above the catabolic level.
The data from 2 of these patients suggested a
reduction in the rate of deamination; but in only
one, J. J., was plasma amino acid retention found.

In patient F. T., with marked hepatomegaly
associated with poorly regulated diabetes, in whom
the conventional liver function tests were normal,
the rates of ammonia and urea excretion were
moderately increased.

DISCUSSION

A common denominator between the experi-
mental dog and the nephrotic patient is hypo-
proteinemia, even though the etiology of the hy-
poalbuminemia is not the same. The nephrotic
child remains in positive nitrogen balance when
fed protein but is unable to replenish his depleted
serum proteins (12), while the experimental dog,
with intact ability to generate serum proteins,
fails to do so because protein is withheld from the
diet. It is commonly assumed that the liver is an
essential organ for the synthesis of serum pro-
teins. Since the nephrotic patient can maintain
neither adequate serum proteins nor normal
plasma amino acid N levels, it seemed logical to
study the metabolism of amino acids in these
patients with a view to uncovering possible liver
dysfunction.
The manner in which normal children handle

an intravenous load of casein hydrolysate was de-
termined. Most of the injected amino acid was
removed from the blood stream immediately by
diffusion into the tissues, the plasma amino acid
N rose to twice the normal level 5 minutes after
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completion of the injection, and within 95 minutes,
the preinjection level was regained in all patients.
Loading curves in the nephrotic patients were
similar to those obtained in the normal controls.

In contrast, loading curves in 4 patients with
portal cirrhosis showed plasma amino acid reten-
tion. In 2 patients, hypoalbuminemia was pres-
ent. In 3, most of the conventional liver function
tests indicated severe impairment; in one patient
with minimal retention, seen early in the course
of the disease, most of the conventional tests were
still normal. All of the patients had normal
kidney function. In other words, no plasma
amino acid retention was found in the normal dog,
the normal child, or the hypoproteinemic child
with pure nephrosis; while retention was ob-
served in the hypoproteinemic dog with liver in-
jury and in the patients with portal cirrhosis.

In the children with kidney disease and no
clinical evidence of liver disease, the loading
curves showed no plasma amino acid retention.
Hence, it seemed that kidney impairment, even of
severe degree, did not interfere with the removal
of plasma amino acid when a load was placed on
the mechanism. Of passing interest was the fact
that the patient with renal glycosuria did not
excrete significantly larger amounts of amino acid
than the normal controls or other patients.

In the group of patients with hepatomegaly,
retention of plasma amino acid following an in-
jection of casein hydrolysate could not be corre-
lated with other tests of liver function to the same
degree as in the patients with liver cirrhosis, nor
did the additional test of ability to dispose of a
load of intravenous amino acids offer a solution
to those in search of an infallible test of liver im-
pairment. Actually, the numerous functions of
the liver may be selectively impaired as are the
functions of the kidney.

In one patient with hepatosplenomegaly and
kidney impairment, moderate plasma amino acid
retention was found when the liver and spleen
were enlarged and disappeared as recovery en-
sued, even though some impairment of kidney
function persisted. In contrast, in chronic glo-
merulonephritis with severely impaired renal func-
tion without liver involvement, no tendency to
retention was observed.

In the hypoproteinemic dog, studies of urinary
excretion of ammonia, urea, and amino acid, fol-

lowing an intravenous injection of casein hydroly-
state under standard conditions, suggested that
the plasma amino acid retention was probably due
largely to a reduction in the rate of deamination.

In the normal child, following intravenous in-
jection of 12 mgm. amino acid N per kilo, the
forces of diffusion into the tissues and deamination
were such that the preinjection plasma amino
acid N level was reached between 35 and 95
minutes. Most of the amino acid diffused rapidly
into all of the tissues and subsequently reached
the liver where it was rapidly deaminized to form
ammonia, which in turn was synthesized to urea.6
At normal urine flows in 3 control children, the
rates of ammonia and urea excretion per hour
were doubled within the period of observation fol-
lowing the injection. Loss of amino acid through
the kidney during the injection was minimal.
During the period of observation, blood urea levels
did not vary significantly, which indicated that
the equilibratory mechanism for maintenance of
normal blood urea values was not strained by the
amount of amino acid given. The observed in-
crease in the rates of ammonia and urea excretion,
above the level of catabolism in the absence of
acidosis, was considered to represent the balanced
response of a normal liver and normal kidneys,
in a child, to the injection of 12 mgm. of amino
acid N per kilo.

Interpretation of the metabolism studies in the
patients was more difficult than in the experi-
mental dog. In the normal dog, the substantial
increase in the rate of urea excretion above the
catabolic level, immediately following an injection
of amino acid, was considered an indication of the
speed of deamination. As hypoproteinemia was
induced, the decrease in the rate of urea excretion
was thought to represent (a) immediate utiliza-
tion of amino acids to replenish depleted tissues,
and (b) a decreased rate of deamination of the
remaining fraction which in spite of (a) was
sufficient to produce plasma amino acid retention.
In the experimental dog, presumably no serious
interference with kidney function had occurred,

6 At the present time, it is commonly accepted that
practically all deamination occurs in the liver unless
base depletion creates an unusual demand for ammonia
formation by the kidney (13 to 15). If renal deamina-
tion occurs, the chances on the basis of organ size in-
dicate that it will prove to be of relatively small quan-
titative importance (1).
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since the urea clearance did not vary significantly
throughout the period of deproteinization and was
only slightly lower than when the dog was fed
protein (7); the urine remained normal to micro-
scopic examination throughout the course; and no
evidence of morphological injury to the kidney
was found post mortem. Obviously, in patients
with impaired renal function, the rate of urea
excretion could not be used to estimate the speed
of deamination. Hence, evaluation of interfer-
ence with deamination could be attempted only
in those patients with good renal function. In the
series reported here, this was limited to patients
with pure nephrosis and liver disease.

In 4 patients with nephrosis and no plasma
amino acid retention, in whom urinary studies
were made, the rate of urea excretion was slightly
increased, but much less so than in the normal
controls. This may be interpreted as a slight
reduction in deamination, but it is clear that if
reduction in deamination occurred, it was not
sufficient to result in plasma amino acid retention.

In only one of 2 patients with portal cirrhosis,
in whom urinary studies were made, did the fail-
ure to excrete urea above the catabolic level sug-
gest a reduction in deamination. In 2 out of 3
jaundiced patients, there was a lag in the urea
excretion suggesting delay in deamination but in
only one of them was plasma amino acid retention
observed. Although urinary studies in patients
with hepatomegaly in whom plasma amino acid
retention was observed were too limited in num-
ber to permit a definite conclusion, the data ob-
tained are compatible with the suggestion that
deamination is delayed.
Nash and Benedict in 1921 (16) proved by a

series of ingenious experiments that urinary am-
monia is formed only in the kidney. Bliss (17)
demonstrated that certain amino acids can serve
as the precursors for ammonia formation in the
kidney of acidotic dogs. The subject of ammonia
formation and transport in the blood stream is
still controversial and has been reviewed recently
(1, 18, 19). The data obtained in normal chil-
dren and in patients with kidney disease are com-
patible with the theory of ammonia formation pro-
posed by Nash and Benedict. In contrast, the
patients with liver disease and unimpaired kidney
function, as judged by urea clearance, failed to
excrete ammonia at the expected rate, even though

an acidosis was present. Present knowledge of-
fers no satisfactory explanation of the observed
fact.

SUMMARY

In 45 normal hospital children, the fasting
plasma amino acid N ranged from 2.92 to 4.63
mgm. per 100 cc.

Intravenous injections of casein hydrolysate
were given to normal children, and to patients
with nephrosis, nephritis, and liver disease. In
4 children with portal cirrhosis, a delay in clear-
ing the plasma of amino acids was observed fol-
lowing the injection. In 2 of 7 patients with liver
disease other than cirrhosis, a moderate delay was
noted. In one patient with hepatosplenomegaly
and impaired renal function, retention of plasma
amino acid was noted, which disappeared when
the enlargement of liver and spleen abated.
On the other' hand, 8 of 9 patients with nephro-

sis, 2 patients with chronic glomerular nephritis,
and 3 patients with various other types of kidney
disease cleared the plasma of amino acid as quickly
as the normal controls. Severe impairment of
renal function offered no obstacle to the rapid
clearing of injected amino acid from the plasma,
while delay in plasma clearance could be related
to liver dysfunction.

Urinary excretion studies were carried out in
some of the patients following the injection. Rep-
resentative patients of each of the above groups
showed no significant increase in urea clearance.
Only small amounts of amino acid were excreted
so that the amino acid clearance was low, a few
cc. per minute per sq. M.
The rate of urea excretion in nephrotic and cir-

rhotic patients and in those 'with other forms of
liver disease, although increased slightly above
the catabolic level, was not so great as that ob-
served in the controls. This might indicate a
reduction in deamination.
The rate of ammonia excretion in normal con-

trols and in patients with nephrosis was doubled
immediately after the injection. In 5 patients
with severe impairment of renal function, no in-
crease in the rate of ammonia excretion was noted.
Although 2 patients with cirrhosis showed a slight
increase in ammonia excretion, 3 jaundiced pa-
tients with marked hepatomegaly and normal
renal function failed to excrete ammonia above the
catabolic level.
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