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(From the Metabolic Research Facility, U. S. Naval Hospital, Oakland, Calif.)
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Studies of renal clearance of individual amino
acids have been comparatively few in number.
With the exception of those of Sheffner, Kirsner,
and Palmer (1) such investigations have been per-
formed solely on experimental animals and in cer-
tain respects the results which they have yielded
have been conflicting. In part, the conflict has
arisen because of the limited specificity of the
analytical methods which the earlier investigators
were forced to employ (2-7). Beyer and his as-
sociates (8-12), and Kamin and Handler (13),
using the more specific methods of microbiological
assay, were able to define these areas of conflict
as well as to confirm and extend certain of the
earlier findings. The most important findings of
these previous investigations and the present state
of knowledge on this subject might be summar-
ized as follows:

1. In the fasting state the reabsorption of amino
acids from the glomerular filtrate is almost com-
plete.

2. When the filtered loads are increased, both
the amounts of amino acid excreted and those
which are reabsorbed are also increased.

3. Maximal reabsorptive capacities for amino
acids, if attainable at all, are achieved by a mecha-
nism different from that which governs the reab-
sorption of glucose.

4. There exists between certain individual and
groups of amino acids a competition for reabsorp-
tion which is more obvious and aggressive than
any such phenomenon which has heretofore been
implied or demonstrated for other substances
normally found in the tubular filtrate.

In view of the basic physiological importance

'The opinions or assertions contained herein are the
private ones of the authors and are not to be construed
as official or reflecting the views of the Navy Depart-
ment or the Naval Service at large.

2Lieutenant, Medical Corps, United States Navy.
8 Present address: Brookhaven National Laboratory,

Associated Universities, Inc., Upton, L. I., N. Y.

of these findings and the interest demonstrated in
recent years in various amino-acidurias, an inves-
tigation of the renal handling of individual amino
acids by normal human subjects has been under-
taken.

The proper utilization of a single amino acid
depends on the simultaneous presence of a mix-
ture of other amino acids in optimal concentra-
tions; consequently, an attempt was made in these
experiments to satisfy these requirements for
amino acid utilization by infusing a solution which
contained the eight amino acids shown by Rose
(14) to be essential to the maintenance of nitrogen
balance in normal human subjects. These "essen-
tial" amino acids were present in the same relative
concentrations as suggested by Rose, and supple-
mental amounts of other amino acids were added
to furnish additional nitrogen. During the infu-
sion the clearances of 16 natural amino acids and 1
unnatural amino acid were measured. This ap-
proach to the problem requires the administration
of a solution in which the individual amino acids
are present in concentrations relative to one an-
other that differ widely from those found in the
plasma of fasting normal subjects. From this
standpoint, the solution does not reproduce the
usual circumstances under which the kidney deals
with amino acids. To prepare a solution which
would closely resemble normal plasma in the con-
centration of amino acids relative to one another
is, however, not feasible because the sparingly
soluble amino acids limit the amounts of the more
soluble ones which could otherwise be used. It
is recognized that an additional difficulty con-
nected with the use of any mixture containing indi-
vidual amino acids in different concentrations is
that it makes comparison and interpretation of
their renal clearances more difficult. This diffi-
culty could be overcome by the infusion of a solu-
tion containing only one or possibly two amino
acids but as has already been pointed out such an
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experiment may not be considered an entirely
justifiable procedure from a physiological stand-
point and at least with respect to lysine, arginine
(11) and glycine (15), it has been shown that
there is a quantitative difference in the renal ex-
cretion of these amino acids when infused alone,
as compared to that which occurs when they are
infused as a component of an amino acid mix-
ture. In addition, it does not appear in any of
the pathological conditions which have been stud-
ied that the renal reabsorptive defect is confined
to a single amino acid (16). Infusions of single

TABLE I

Composition of infusion mixture

AIZIO acid Aido Acids Solution Nwc
Lot v-ill Iot 17

Ipalmnine 20.2 11.6

l-arginin. 17.8 17.8

Ioaartic acid 0.65 0.90

I-pystine 0.004 0.09

Lo.glutamic acid 2.59 3.54

L-glutamin 1.51

Glycine 317 312

l-biutidine 64.5 31.6

L-isolucine 112 104

Llolucine n11 105

L-lysine 82.2 69.2

L-methionine 31.5 27.5

DI-mthionine 1 32.2 32.2

1-phacylalanine 55.8 31.5

DL-ph.n.ylalanin. 9.7 9.7

L-prolin. 30.4 23.5

L-s.rin. 76.2 19.1

L-thr.onine 13.4 16.1

DL-tbr.onin.1 22.9 22.9

L-tra7ptophn 3.87 4.26

DL-tryptopban 5.88 5.88

L.tyroine 2.71 2.15

L_Valne 59.0 55.6

* The supplies of amino acids solution were generously
provided by Merck & Co., Inc.

+ The osmolarity of this solution was 978 milliosmols
per liter.

# Supplements to original amino acid solution as sup-
plied by Merck.

amino acids, although easier to work with, thus
induce an element of artificiality which seriously
limits any induction into clinical terms.

METHODS

Four clearance studies were performed in three nor-
mal individuals. Two were young, healthy Navy per-
sonnel-WB (wt. 150 lb., ht. 73 in., age 22) and DNW
(wt. 190 lb., ht. 72.5 in., age 21). The other subject,
WL (wt. 145 lb., ht. 67 in., age 60) had his left leg am-
putated years earlier. He originally volunteered to
serve as a control for similar studies being performed
on a 50-year-old nephrotic and since he was normal in
all other respects, he is included in the present report.

Urine collection periods of 15 to 20 min. were used.
The bladder was rinsed with 15 ml. of saline followed
by 15 ml. of air. In the first three clearances, urine flow
rates during amino acid infusion of 3 to 4 ml. per min.
were used because it was felt that excessive dilution
might interfere with the amino acid analyses. Sub-
sequently, it was found that the analyses were reproduci-
ble within a wide dilution range so that in later experi-
ments, larger urine flows were maintained (6 to 12 ml.
per min.). The glomerular filtration rate was measured
by means of inulin clearance (17). The values given
are uncorrected for surface area. After three control
periods, 100 ml. of an amino acid mixture (Table I) were
injected as a priming dose. A constant infusion of this
solution was then started and after a 15-minute equili-
bration period, three more clearance periods were per-
formed. In the first two studies the inulin and amino
acid infusions were given at rates of 3 to 4 ml. per min.
by means of a gravity drip. In the last two experi-
ments, they were given at rates of 4.4 (WB) and 4.1
(DNW) ml. per min. by means of a constant infusion
pump (Bowman).

The blood levels of the amino acids remained reason-
ably constant throughout the period of study but the
variation in level obtained for any particular amino acid
among different subjects was rather unpredictable. Since
the individual amino acids are present in the infusion
mixture in widely different concentrations (Table I) and
are substances which are rapidly metabolized, the rela-
tive constancy in serum concentrations which were ob-
tained was considered very satisfactory. Venous blood
samples were taken at the midpoint of the control periods
and at the beginning and end of each period during the
infusion of both inulin and the amino acid solutions. No
attempt at correction for renal dead space was made.

Seventeen natural amino acids were measured by
microbiological assay using methods previously described
(18). One unnatural amino acid, D-methionine, was
measured by difference, using Lactobacillus fermenti to
measure DL-methionine and Leuconostoc mesenteroides
to measure L-methionine. Since the infusion mixture
contains only free amino acids, only these forms were
measured. No attempt was made to determine combined
amino acids by comparison of values obtained before and
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TABLE II

Plasma concentration, filtered load and excretion values of the individual amino acids during a typical experiment on
subject WB

Plame concentration
ir-

Filterod loan _orotion
Fatn eidatr1aT~Fasting Period after loading Fasting eroafr loadingF^atlng Perioti after 108d F^)Ix Period after lodn F'asting eriw after o

1 2 3 (112)4 l(L2l)+ 2(137)+ 3(L25)+ 2 3

M. /100 mi. --- --- --
2 Mfo--/>

28.1 41.b 41.6 39.3 39.3 31.5 50.4 55.4 49.2 0.28 0.08 0.15 0.09

16.1 28.8 28.8 28.8 27.0 18.1 35.1 39.7 34.5 nil 0.38 0.45 0.54
9.0 8.9 7.7 8.1 7.6 10.1 10.1 10.8 9.8 0.20 0.44 0.41 0.41

52.7 56.9 56.2 56.2 60.3 58.9 68.5 76.7 72.6 0.58 1.13 0.98 0.84
26.7 150.6 117.3 120.0 125.3 29.9 162.6 162.6 153.3 1.07 52.3 49.9 444

8.8 20.3 19.0 17.1 16.1 9.9 23.8 24.8 20.7 0.55 3.87 3.87 3.55
9.2 50.4 48.1 48.1 50.4 10.2 59.6 65.7 61.8 nil 0.21 0.23 0.21

14.5 71.8 70.2 73.3 74.8 16.3 86.3 98.5 92.4 0.04 0.38 0.30 0.29
16.4 56.9 53.4 50.7 45.2 18.4 66.4 71.2 60.3 0.03 0.49 0.53 0.47

3.36 16.6 17.2 18.7 18.8 0.38 20.3 246 23.4 0.013 0.89 0.99 0.94
nil 17.5 17.5 16.1 22.8 nil 21.1 23.0 24.6 nil 8.7 11.1 10.7
9.4 20.9 19.7 19.4 18.5 10.6 24.7 26.9 23.7 0.07 0.36 0.45 0.4.2

14.8 29.6 27.8 26.1 27.0 16.5 34.7 37.0 33.1 0.04 0.12 0.31 0.10
14.3 22.9 21.9 23.8 23.8 16.0 27.2 31.3 29.8 0.21 2.98 3.2b 3.21
12.6 22.7 22.7 21.0 21.9 14.1 27.5 30.1 27.0 0.08 1.41 1.59 1.44

5.9 11.7 12.0 12.2 12.4 6.6 14.2 16.5 15.3 0.10 0.35 0.34 0.34
4.42 7.2 6.6 6.6 6.6 5.0 8.3 9.1 83 0.10 0.11 0.13 0.11

24.8 59.8 63.3 65.0 67.5 27.8 74.4 88.0 82.9 0.03 0.19 0.20 0.21

* Blood amino acid concentrations were determined at the beginning and end of each collection
period.

+ Glomerular filtration rates.

after hydrolysis. The overall precision of microbiological
assays is 10 per cent. Alanine and arginine are diffi-
cult to measure with the same degree of reproducibility
obtainable with the other amino acids. Aspartic and
glutamic acids were also measured during these studies
but because of the extremely small amounts normally
present in the urine and plasma and since the infusion
mixture had been rendered virtually free of both, the
changes observed were considered of dubious significance
and are not included. The results for cysteine/cystine
have been reported arbitrarily in terms of cystine.

RESULTS

Endogenous clearance and response to load L-g&utasine
L-argirine

In Table II the results of a typical experiment Lttr.ooniza
on subject WBare given. It will be noted that LO.Phenrl1a1.
the fasting excretion or endogenous clearance of Ltrytopha
each amino acid is extremely low, indicating al- lp.ae

most complete tubular reabsorption. With gly- '
cine and histidine somewhat less of the filtered
loads, 96 and 94 per cent, respectively, were reab-
sorbed. In an earlier study in which the basal

TABLE III

Endogenous clearances of the individual amino acids

Amino acid SubJect
.~~~~~I B M M

____ al./ain. _ _

0.19 024 0.04 0.11 0.12

nu 0.40 nil 0.35 0.19

0.13 0*29 0.32 0133 0.22

0.28 0.21 0.15 0.2.4 0.22

0.21 0.26 0.23 0.36 0.27

044 nil 0.06 0.87 0.34

0.27 1.0 0.48 0.26 0.50

0.56 141 0.63 0*38 0.67

2.45 nil 0.13 0.48 0.71

0.50 0.6U 1.43 0.61 0.79

0.24 0*71 1.26 1.00 0.80

1.18 1*67 1.5'7 0.67 1.27

1.20 1.47 2.07 1.25 1*50

1.29 2.40 1.65 1.21 1.65

1.96 2.20 2.21 2e23 2.15

6.3 4.0 5.4 4.8 5.12

6*1 6*3 8.5 4.6 6*38

Amino acids

L-a.Lanine

L-rginine

1-eystine
L.glutaaie
G.yoine
L.bistiiine

L-isoleuoire

Lleucin.

L-lysine
L,aethionine

-methionine
I,.phenylalanino
1o.proline
L-serine

L-threonin

L-tryptophan
Lo-tyroine

L-valine
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excretion of amino acids was measured in 22 nor-
mal male subjects it was found that glycine, histi-
dine and glutamine were excreted in the largest
amounts (18, 19). In Table III the endogenous
clearances for the individual amino acids in each
of the present experiments and the average values
are listed. It will be noted that histidine and gly-
cine are also cleared in the largest amounts but
that the clearance of histidine exceeds that of
glycine. In the case of glutamine which, as men-
tioned, has a large basal excretion it will be noted
that the endogenous clearance is quite small.

When the blood levels and filtered loads were
increased there were increases in the amounts ex-
creted. The increase in the amount excreted
varied among individual amino acids and in this
particular study tyrosine showed no significant
increase. Other experiments have shown that
tyrosine shares in this typical response. In any

event the total amount of amino acid excreted
represents only a very small part of that adminis-
tered (< 4 per cent). The most significant
event, quantitatively speaking, was an increase
in the amount of amino acid reabsorbed per min-
ute. Despite definite and in some instances
marked elevations in serum concentrations, only
five natural amino acids were ever excreted at a
rate greater than 0.5 mg. per min., glycine >
histidine > serine > threonine and on one occa-
sion, lysine.

Comparison of individual clearances
In Table IV are listed for each subject the mean

elevations in plasma concentrations obtained after
amino acid loading, expressed as multiples of the
fasting values, together with the grand mean for
all subjects. The general pattern is as expected
in that those amino acids present in the largest

TABLE IV

Elevations in concentration of the amino acids in the plasma expressed as
multiples of the fasting values

WL IB WB DNW
_ Meak_ _ __ Grand no

I-cyatine

Z#glutaiine

J.btyro&uka

frlenlaine

LJ.tbreonino

l,.serine

lptryptophan

Jr.proline

J,-argizine

l,-hibtidine

Ie-valizie

IFphaylalnin

L-Klouun
Ipleiwn

*cin

JptbOuiibS

0.99 0.89 0.86 0.93 0.92

1.10

1.76

1.51

1.08

1.52

1.4

1.10

1.35

1.97

1.17

1.28

1.60

2.14 l.75 1.73 1.43

1.62 1.61 1.76 2.04

2.06 2.04 1.89 1.62

2.40 1.85 2.22 1.40

1.61 1.76 2.4 2.32

2.50 2.05 2.70 2.09

2.53 2.58 2.96 l.93

4.15 2.09 2.98 1.88

5.00 3.14

5.04 5.33

5.26

7.33

17.5

4.98

470

5.31

1.1

1.48

1.63

1.76

1.76

1.90

1.97

2.03

2.34

2.50

2.78

2.89 2.37 3.35

4*62 3.75 4.69

4.73 4.09 4.77

6.49 5.29 5.95

10.9 5.56 9.2

* The values found for methionine are of doubtful significance because of
the extremely small amounts normally present in the plasma.

Ano acid
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TABLE V

Clearances of amino acids during an infusion of a mixture of amino acids

Subject
---- Mean --------- --- Grand mear

___ ml*/Mi. _ _

L-proline

Lpvaline

1-isoleucine

L-alanine

I-leucine

1-arginine

L-glutamine

I-phenylalanine

L-tyrosine

.-lysine

L-tryptophan

LFeystine

Ij"methionine

Lthreonine

.-bhistidine

D-athiLonine

Glycine

0.58 0.41 0.48 0.54 0.50

0.70 0.31 0.47 0.57 0.51

0.62 0.44 0.56 1.03 0.66

1.76 0.26 0.77 0.29 0.77

0.85 0.45 0.97 1.09 0.84

2.02 1.62 1.36 1.08 1.52

2.82 1.73 2.83 1.89 2.32

2.10 2.09 2.71 2.77 2.42

4.00 1.73 3.19 1.04 2.49

2.25 0.97 4.35 3.70 2.82

3.78 2.97 4.63 1.97 3.34

4.03 5.21 7.39 5.81 5.61

4.60 5.27 6.16 9.31 6.34

1.7 6.7 16.7 7.1 11.3

21.7 13.7 34.8 24.3 21.1

20.8

57

39

39.4

47

62

28.7

56

63

30.3

52

55

amounts in the mixture are also those which ex-

hibited greatest elevations of concentration in the
plasma. In Table V the mean clearance achieved
during the infusion of amino acids for each of the
four experiments, as well as the grand mean, are

listed. Glycine, D-methionine, histidine, serine,
and threonine have the largest clearances under
load. However, the amount of plasma cleared of
a given amino acid was not predictable merely
from the rise in the concentration of this amino
acid which was produced in the plasma as a re-

sult of the infusion. This implies that there is a

considerable variation among different amino
acids in the selectivity with which these sub-
stances are reabsorbed by the renal tubules.

Changes in glomerular filtration rate during amino
acid infusion
In two of the four experiments, subjects WB

and DNW,a moderate increase in glomerular fil-

tration rate was observed. In Table II the values
obtained in subject WBare given. In the other
subject (DNW) in whom an increase in GFR
was also observed the values obtained during the
control period were 145 and 155, and during the
amino acid infusion periods, 168, 175, and 168 ml.
per min. Since there was a considerable varia-
tion from subject to subject in the plasma concen-

trations produced by the amino acid infusion, it
is not possible to state from the present data to
what extent the alterations in filtration rate in-
fluenced the amino acid clearances. Additional
studies are currently in progress in an attempt to
define more exactly the effect of amino acid infu-
sions on renal hemodynamics.

Clearances of D- and L-methionine
The clearances of the D- and L-forms of methi-

onine were specifically compared (Table V) since
an earlier study in this laboratory had shown a

Amino acid

32.2

49

54
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TABLE VI

Comparison of the clearances of the D- and L- forms of methionine and the
effect of water diuresis (Subject, WB)

PERIODS

4 5 6 7 8

----------- ml. /min. ------------------

Urine flow 5.0 5.0 5.3 13.3 22.9

Clearance

D-methionine 49. 50. 55. 79. 77.

L-methionine 4.6 4.0 4.3 3.0 2.8

greater excretion of the D-form (20). It was

noted in the present study that the clearances of
the D-form were substantially higher (47 to 57
ml. per min.) than those of the L-form (4.6 to 9.3
ml. per min.).

In the above studies the effect of urine flow on

the reabsorption of the two forms was not studied.
In subject WB, a water load was administered
at a time when a similar clearance study was being
performed after nine days of intravenous ACTH
therapy which, incidentally, did not alter the reab-

FILTERED LOADFasting
11.6
8.2
8.1

22.1
9.7

12.6
1.70

3.05
26.3
72.9
13.8
20.3
19.8

29.7
/9.3
17.8
47.2

31.3

sorption of amino acids in normal subjects (21).
The results are reproduced in Table VI, where
it will be noted that a significant increase in clear-
ance of the D-form occurred with the onset of di-
uresis. These findings are similar to those which
Crampton and Smyth demonstrated in the cat and
which led them to conclude that the unnatural
enantiomorphs of amino acids were reabsorbed
passively while the natural forms were reab-
sorbed, at least in part, by an active mechanism
(22). Dent, Senior, and Walshe have recently

EXCRETION

I Cystine El
Tryptophon [

Tyrosine
Z Arginine E

Phenylolonine
Histidine

md-Methionine E

mMethionine E

eaLysine ..

Glutomine

Isoleucine
Leucine

Threonine E
Voline

Proline
Serine

Alonine

Glycine

166 80 60 40 20 0
|1

2 4 6 8 10
INCREASE OVER FASTING VALUES, MICROMOLESPER MINUTE

FIGURE 1

Fasting

0.21

0.09
0.10
0.17
0.07
0.65
0.04
0.01
0.04
0.39
0.04
0.05
0.13
0.03
0.03
0.22
0.17

m 1.29
J
76
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shown that in normal subjects the excretion of
the D-form of cystine is much greater than that
of the L-form (23).

DISCUSSION

In the fasting state the reabsorption of amino
acids from the glomerular filtrate was almost com-
plete. However, during a continuous infusion of
an amino acid solution so that both the plasma
level and the filtered loads are significantly in-
creased, there was an increase in both the amounts
reabsorbed and those excreted. The increase in
the amounts reabsorbed far outweighed that ex-
creted so that during the entire infusion period
less than 4 per cent of the administered amino
acids was excreted.

Because of this pattern of renal excretion and
because of the differences in the degree to which
the concentration of each amino acid was in-
creased in the plasma, it is not possible with these
data to derive a valid mathematical expression
for the manner in which the individual amino acids
were cleared relative to one another. The en-
dogenous clearance, per cent excretion and/or
per cent reabsorption are of dubious value as
reference points.

Although the individual amino acids still can-
not be compared, in the strict sense, an attempt
has been made in Figure 1 to present the accumu-
lated data in such a manner that certain general
concepts concerning renal mechanisms for the ex-
cretion of amino acids can be gained. Figure 1
was prepared as follows: The columns headed
"fasting" represent the mean value of the four
subjects for the filtered load or excretion, re-
spectively, of each amino acid in the fasting state.
Similar mean values were then calculated for all
of the experiments performed after infusion of
the amino acid mixture, and horizontal bars used
to represent the differences between the first (fast-
ing) and second (load) set of mean values. It
should be noted that the scale designating the
amounts of amino acids excreted is 10 times
larger than that referring to the amounts filtered.
The individual amino acids are listed in Figure 1
in order of increasing molecular weight but no
relationship of molecular weight per se to the ab-
solute or relative amounts of amino acid excreted
was apparent.

Despite significant and in some instances strik-
ing increases in the filtered loads of leucine, isoleu-
cine, valine, alanine, arginine, proline, lysine,
L-methionine, and phenylalanine, the amounts ex-
creted remained extremely low indicating that
they were reabsorbed by a mechanism or mechan-
isms which were still highly efficient. The data
would also imply that whenever these amino acids
are excreted in large amounts, it is more likely due
to an impairment of the normal reabsorption
mechanism than a saturation phenomenon. Chem-
ically, this group of amino acids is heterogeneous.
being composed of neutral acids of aliphatic, aro-
matic, heterocyclic and sulfur-containing types, as
well as two basic amino acids.

The amounts of histidine, serine, threonine, and
glycine excreted did rise significantly under load,
indicating less complete reabsorption. These are
the amino acids for which it might be anticipated
that maximal reabsorptive capacities could be dem-
onstrated and such work is currently in progress.
Chemically, the group consists of three neutral
monamino monocarboxylic aliphatic acids and one
basic heterocyclic acid.

Earlier work in this laboratory, as well as that
of other investigators, has shown that histidine
( 17, 18, 24-26) and glycine ( 17, 18, 26) are
among those amino acids normally excreted in
the largest amounts. It also should be mentioned
that Eckhardt and Davidson found a proportion-
ately larger excretion of threonine and histidine
following intravenous infusion of the same amino
acid solution used in this study than of any other
of the amino acids studied (25). Kamin and
Handler have called attention to the fact that the
excretion of histidine and threonine are most fre-
quently increased by the infusion of another single
amino acid and postulated this as a possible ex-
planation for the large excretions of these two
amino acids in a variety of normal and abnormal
states (13).

Interpretation of the increases in excretion of
glutamine, tyrosine and tryptophan is rendered
difficult by the small increases in the amounts
filtered during the load period. Glutamine may
occupy a position intermediate between the first
two groups of amino acids.

The increase in excretion of cystine in the ab-
sence of any increase in filtered load is noteworthy.
Pitts (5, 6), Beyer and his co-workers (9), and
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Kamin and Handler (13) have all presented evi-
dence that in the experimental animal there exists
a competition between individual amino acids for
reabsorption. Corroborating evidence is available
in the present studies in the case of cystine. There
was virtually no cystine in the mixture of amino
acids which was infused and there was no signifi-
cant change in the concentration of cystine in the
plasma in any of the four experiments. Despite
this, the average clearance of cystine during the
infusion periods was 5.6 ml. per min. whereas the
endogenous clearance in the four experiments
were 2.2, 2.2, 2.2, and 2.0 ml. per min. This in-
dicates that one or more amino acids were reab-
sorbed at the expense of cystine. The results
could not have been due to changes in urine flow
for no correlation has been demonstrated in these
experiments between urine flow and cystine clear-
ance. Although it is conceivable that something
in addition to cystine was being measured in the
urine, we have no evidence for such an explanation
and seriously doubt that its additive effect would
be great enough to account for the results obtained.
In earlier work in this laboratory it was found
that homocystine, cystathionine, and homolanthi-
onine failed to support the growth of the test or-
ganism and the activity of glutathione was always
less than 20 per cent of its cysteine content (27).
To what extent, if any, other amino acids were
involved in such a competitive phenomenon can-
not be stated on the basis of the present data, but
it is a reasonable assumption that the phenome-
non is not limited to cystine. The finding was ac-
tually somewhat unexpected for, in earlier stud-
ies wherein a single injection of different amino
acid mixtures was administered and their excre-
tion measured in a three-hour specimen, no sig-
nificant change in cystine excretion was observed
(19). However, in those studies lower concen-
trations of amino acids in the plasma were ob-
tained and the urine collection period was pro-
longed beyond the point where acute changes
would be detected. It should also be mentioned
that Dent, Senior, and Walshe were unable to
demonstrate in a normal subject any competition
for reabsorption between cystine and lysine,
ornithine, and arginine (23).

The infusion of this particular type of amino
acid solution, a solution which is both hypertonic
and acidic, was associated on two occasions with

an increase in glomerular filtration rate. Whether
this is a pharmacological effect attributable to the
solution or a physiological response to the eleva-
tion in the concentrations of amino acids in the
plasma remains to be determined. Other factors,
such as alterations in the body fluid compartments
may possibly have been operative. Pitts infused
single amino acids or combinations of amino acids
into dogs and observed an initial increase and
subsequent decrease in glomerular filtration rate
(5, 6). On the other hand, Wright (10) and
Russo (12) noted no significant effect on either
filtration rate or renal blood flow with the infu-
sion of single amino acids or combinations thereof,
or when an acid hydrolysate of casein was in-
fused. To what extent the increase in filtration
rate influenced the results obtained cannot be
stated. It is interesting, however, to note that
the increased excretion of histidine which is found
in pregnancy has been ascribed largely to the nor-
mal increase in glomerular filtration rate which
occurs during most of the period of pregnancy
(28).

SUMMARY

1. The renal clearances of 18 individual amino
acids have been studied in three normal human
subjects by the simultaneous measurement of inu-
lin and amino acid excretion during periods of
fasting as well as during the infusion of an amino
acid mixture.

2. Excretion during fasting, i.e., the endogenous
clearance of each amino acid measured, was ex-
tremely low, indicating that the reabsorption of
amino acids from the glomerular filtrate was al-
most complete at the plasma levels which prevail
in the fasting state.

3. During a continuous infusion of an amino
acid solution, there was an increase in the amounts
of amino acids reabsorbed as well as those ex-
creted. However, even under these conditions of
loading, less than 4 per cent of the administered
amino acids was excreted.

4. The excretion of isoleucine, leucine, valine,
proline, alanine, methionine, arginine, phenylala-
nine, and lysine remained small despite significant
and in some instances striking elevations in plasma
concentrations. Histidine, serine, glycine, and
threonine were excreted in larger amounts when
the plasma levels were increased.
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5. Evidence for competition between individual
amino acids for tubular reabsorption was obtained
in the case of cystine.

6. The clearance of the unnatural D-isomer of
methionine was much higher than that of the nat-
ural, L-form. In the presence of a diuresis in-
duced by a water load, a significant increase in
clearance of the D-form occurred while that of
the L-form decreased. This is taken as evi-
dence for passive reabsorption of the D-form.
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