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Cystinuria is manifested by cystine calculi and
high urinary excretion of cystine (2), lysine, ar-
ginine (3), and ornithine (4). Abnormally low
plasma levels have been established for cystine
(5, 6), lysine (7), arginine, and ornithine (5, 8).
Several investigators have previously demonstrated
increased renal clearances for cystine, lysine, argi-
nine, and ornithine (7-11).

These four amino acids each have two amino
groups separated by 4 to 6 carbon atoms. This
led Dent and Rose to suggest that a common en-
zymatic mechanism for their renal tubular reab-
sorption is missing in cystinuria (11). Further
support for this hypothesis was provided by the
demonstration that intravenous infusion of lysine
produced increased excretion of cystine and argi-
nine in nomal individuals but not in those with
cystinuria (7, 10).

In addition to the four amino acids previously
mentioned, studies in this laboratory have re-
cently demonstrated that significant amounts of
the asymmetrical disulfide of L-cysteine and L-ho-
mocysteine were excreted by all of 10 patients
with classical cystinuria (12). This substance
was recorded by Stein as a peak in the isoleucine
area of the ion-exchange chromatogram (4).
He determined the relative molar excretion of
cystine, arginine, lysine, and ornithine in the urine
of five patients with cystinuria, without reference,
however, to plasma concentrations or renal func-

*This study was supported in part by Grant no.
H-8418 of the National Institutes of Health, U. S. Public
Health Service; by a grant from the Kidney Disease
Foundation of New York; and by a grant from The Na-
tional Foundation, Inc. Part of this work has appeared
in abstract form (1).

t Senior Research Fellow, New York Heart Associ-
ation.

t Present address: Department of Medicine, Royal
Victoria Hospital, Montreal, Canada.

tion (4). A more accurate description of the re-
nal tubular defect in cystinuria would be provided
by the measurement of renal clearances of cystine,
lysine, arginine, and ornithine in specimens of
plasma and urine from the same clearance period,
by a single accurate sensitive technique that would
permit measurement of the amino acids at their
endogenous concentrations. The present study
emphasizes column chromatography on ion-ex-
change resins with the use of the automatic re-
cording apparatus of Spackman, Stein and Moore
(13) to relate amino acid clearances to the inulin
clearance. Unexpected data were obtained in one
patient and these are discussed in detail.

METHODS

Patients. Four patients with classical cystinuria were
studied. None of these patients had a family history of
cystinuria, and no increased amino acid excretion was
founa in those relatives whose urine was examined by
paper or column chromatography, or both. Because
large amounts of amino acids were excreted by these
patients, it seems probable that they are homozygous for
the cystinuric trait. All had experienced renal calculi
in the past, and all had had stones removed operatively.
All patients were studied on a metabolic ward in the
New York Hospital. At the time of the study the pa-
tients had no clinical or roentgenological evidence of
calculi and none had urinary tract infection as deter-
mined by examination of the urinary sediment and cul-
ture for bacteria. All patients, except F.C., had been
maintained for several months on a diet calculated to
contain a restricted amount of methionine per day. The
patients were on a constant low methionine diet in the
hospital for 3 days prior to the clearance study. Alkali
had been administered in the past, but was discontinued
for 3 days prior to the study. Fluid intake varied with
the conditions of the study. In those patients in whom
the clearance study was begun with a low urine flow,
fluid intake was restricted after 9 p.m. on the evening
before the study. Clinical data are summarized in
Table I.

Clearance procedures. Clearances of inulin and amino
acids were performed in the fasting state. Adequate
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TABLE I

Abbreviated clinical data on four patients studied

Operative Inulin
Patient Sex Age procedures Methionine diet clearances*

mg/day
M.F. I 9 26 3 486 105

II 105
J.L. 6" 26 2 523 128
F.C. 21 2 No restriction 141
I.H. 9 27 2 486 101

* Per 1.73 m2 body surface area.

urine collections were assured by the use of a multi-hole
indwelling catheter and air washout. In addition, urine
flow was augmented by administering an oral water
load. In some studies urine flow was increased in a
stepwise fashion in order to examine the effects of urine
flow on the amino acid clearances. In other studies a
high rate of urine flow was sustained throughout the
urine collection periods. After a priming dose, inulin
in isotonic saline was administered into an antecubital
vein with a constant infusion pump. Blood specimens were
obtained at the midpoint of the urine collection periods.
To avoid stasis and hemolysis, 50-ml aliquots of blood were
drawn through a 16 gauge indwelling needle into a sili-
conized syringe. It has been established in our labora-
tory that plasma amino acid concentrations in patients
with cystinuria are identical in brachial arterial and
antecubital venous blood specimens. Therefore, the
concentration of amino acids in antecubital venous blood
can be taken to be equal to that of the renal arterial
blood. Inulin concentrations in plasma and urine were
measured in triplicate by the method of Schreiner (14).

Preparation of blood specimens. Blood was expressed
from the siliconized syringe into a siliconized Erlenmeyer
flask containing 0.1 mg of dried sodium heparin per 10
ml of blood. The plasma was immediately separated by
centrifugation, 15 or 20 ml of plasma was pipetted off,
and the plasma proteins were precipitated with 1 per
cent picric acid (15). The picric acid was removed by
the method of Stein and Moore (16). The method was
modified for larger aliquots of plasma by increasing the
amounts of plasma and picric acid proportionately. The
final volume, after evaporation, was maintained at 10 ml
of buffered filtrate for analysis so that the peaks of the
amino acids in question would be more prominent, thus
facilitating measurement. Preparation of plasma in this
way results in oxidation of cysteine to cystine and the
subsequent chromatographic determination of both as
cystine (16, 17). Because plasma contains both the
-S-S- and -SH forms (17), and because of the unusual
data obtained by the oxidation method in one case, blood
and urine in one study were prepared for analysis for
cystine and cysteine by the method of Brigham, Stein
and Moore (17). In this method the whole blood is
added to a volumetric flask containing ethylenediamine
tetraacetate (EDTA) and buffered iodoacetate. The
latter combines with cysteine to form S-carboxymethyl

cysteine which is determined on the same resin column
as cystine.

Preparation of urine specimens. Immediately after
collection and measurement, an 8.0 ml aliquot was pipetted
into a 10 ml volumetric flask and the pH was reduced to
3 with a few drops of 2 N HCl (a capillary glass stirring
rod was used to apply a minute amount of the solution to
pH-sensitive paper), and the specimen was brought up to
volume with pH 2.2, 0.2 N sodium citrate buffer. In
the study in which blood specimens were prepared by
both the oxidizing and iodoacetate methods, urine speci-
mens were similarly treated with iodoacetate. Urine and
plasma specimens thus processed were stored at - 240 C.

Amino acid analysis. The automatic recording ion-
exchange column chromatographic apparatus of Spack-
man and associates was used (13). The 150 cm column
was operated with pH 3.25 buffer at 300 C, with a
change to pH 4.25 at 50° C after 11 hours and 40 min-
utes. This procedure has been recommended for the de-
termination of the acidic and neutral amino acids, in-
cluding cystine, in physiological fluids (13). The 50
cm column with pH 4.26 buffer throughout, with tem-
perature change from 30° to 50° C at 14 hours, as recom-
mended for physiological fluids, was used for the basic
amino acids (13). No attempt was made to analyze all
the specimens collected for amino acids. Rather, after
review of the inulin clearance data, representative periods
were chosen for each range of urine flow. For each
period analyzed, plasma, then urine specimens were first
run on the 50 cm column on successive days, and then on
the 150 cm column on successive days. In this manner,
any change in "color factor" due to the slow but pro-
gressive deterioration of the stored ninhydrin reagent is
kept to an incalculable minimum. The purity of the
cystine, ornithine, lysine, and arginine peaks was deter-
mined in urine from two patients by splitting the effluent
stream at the bottom of the columns and diverting 90
per cent of the effluent to a fraction collector (18).
One-ml fractions were collected, and those corresponding
to the recorded peaks for cystine, ornithine, lysine, and
arginine were pooled and desalted (19). Two-dimensional
paper chromatography with butanol: pyridine: H2O
(1: 1: 1) vs phenol: NH3: H2O (160: 0.5: 40) revealed
single spots that were identical in position to standards
(20). Peaks characteristic of pure compounds only were
encountered in the present study.
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TABLE II

Venous plasma amino acid concentrations

Patients
Normal

M.F. J.L. F.C. I.H. range (16, 17)

mg/100 ml mg/100 ml mg/100 ml
Cystine + cysteine 0.32 0.79 0.79 0.71 1.08-1.30
Cystine 0.26 0.71-0.97
Cysteine 0.09 0.14-0.54
Ornithine 0.36 0.43 0.50 0.43 0.69-0.76
Lysine 1.56 2.18 2.36 1.82 2.51-3.02
Arginine 0.51 1.02 1.03 0.42 1.22-1.93
Taurine 1.02 1.53 2.99 1.22 0.41-0.82
Aspartic acid 0.06 0.10 0.14 0.08
Threonine 0.86 1.71 1.81 1.16 1.18-1.72
Serine 0.61 1.46 1.31 0.87 0.69-1.25
Asparagine} 4.83 7.69 10.0 5.10
GlutamineJ
Proline 1.27 2.23 2.70 1.84 1.84-3.34
Glutamic acid 0.45 1.36 1.68 1.13 0.42-1.15
Glycine 1.04 2.00 1.58 1.35 1.12-1.73
Alanine 1.21 3.34 3.26 1.67 2.38-3.73
a-Amino-n-butyric acid 0.19 0.25 0.29 0.30 0.18-0.35
Valine 1.44 1.87 2.69 1.67 2.24-3.71
Methionine 0.16 0.23 0.32 0.10 0.17-0.43
Isoleucine 0.56 0.86 0.98 0.54 0.69-1.28
Leucine 1.24 1.23 2.05 1.08 1.42-2.30
Tyrosine 0.60 0.73 1.06 0.74 0.81-1.45
Phenylalanine 0.57 0.58 0.93 0.66 0.69-0.95
Histidine 1.04 0.88 1.76 1.46 0.79-1.48

TABLE III

Per cent of filtered amino acid reabsorbed

Patients

J.L. F.C. I.H. Normal

Period: 1 4 5 10* 1 4 10 2 1 5

Urine flow 1.4 8.7 12.0 17.5 0.7 8.0 14.0 12.0 2.5 14.6
CID 75 116 105 111 154 137 123 83 128 128
Cystine + cysteinet 0 0 t 17 26 18 0 16 99 100
Ornithinet 41 50 47 55 69 68 63 68 100 100
Lysinet 15 24 28 35 52 39 44 47 99 99
Argininel 30 39 t 55 33 19 15 59 100 100
Glycine 96 96 96 96 99 98 97 94 97 97
Taurine 97 91 96 98 99 99 95 94 92 94
Aspartic acid 86 81 83 94 97 88 82
Threonine 98 99 98 98 99 99 99 99 99 99
Serine 97 97 97 97 99 98 97 99 97 98
Glutamine 99 99 99 99 99 99 99 99 99 99
Asparagine)
Proline 100 100 100
Glutamic acid 99 99 100 99 100
Alanine 99 99 99 99 99 99 99 99 99
a-Amino-n-butyric acid 99 96 t 99 99 99
Valine 99 99 t 99 100 98 100
Methionine 98 99 t 92 99
Isoleucine 99 99 t 99 99 99 100
Leucine 99 100 t 100 100 100 99 100
Tyrosine 97 98 t 98 99 99 98 98 99
Phenylalanine 98 99 t 99 99 99 99 99 100
Histidine 87 91 90 89 96 90 92 94 94 93

* High flow rate was obtained in this period after administration of aminophylline and meralluride 40 minutes previ-
ously.

t Complete spectrum of amino acid figures was not obtained due to technical difficulties with the apparatus.
I See also Tables IV and V.
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TABLE IV

Detailed data for Patient A. F.

Clearance Urine
period flow Cin

ml/min ml/min
1 13.7 130
2 10.6 96
3 11.4 95.5

Amino acid analysis for Period 3

Plasma Filt. Excr. Reab. Reab.

Asmoles/min ,umoles/min %
Cystine + cysteine 0.026 2.48 4.20 -1.72 -41.0
Cystine 0.022 2.10 4.20 -2.10 -50.0
Cysteine 0.004
Ornithine 0.05 4.75 2.27 2.48 52.2
Lysine 0.13 12.4 7.72 4.63 37.3
Arginine 0.05 4.75 4.54 0.21 4.42
Glycine 0.31 29.5 8.06 21.4 72.7
Taurine 0.05 4.75 0.09 4.66 98.1
Aspartic acid 0.005 0.48 0 0.48 100
Threonine 0.25 23.8 0.57 23.2 97.5
Serine 0.15 14.3 0.80 13.5 94.3
Glutamine 0.73 69.4 1.02 68.4 98.5
Asparaginej
Proline 0.32 30.4 0 30.4 100
Glutamic acid 0.04 3.80 0.05 3.72 97.9
Alanine 0.39 37.1 0.23 36.9 99.4J
a-Amino-n-butyric acid 0.03 2.85 0 2.85 100
Valine 0.21 20.0 0 20.0 100
Isoleucine 0.06 5.70 0.03 5.67 99.5
Leucine 0.11 10.45 0 10.5 100
Tyrosine 0.05 4.75 0.11 4.64 97.7
Phenylalanine 0.04 3.80 0 3.80 100
Histidine 0.08 7.60 1.02 6.58 86.6

Calculations. It has been assumed in these studies that
the plasma amino acids are filtered at the renal glo-
merulus. The validity of this assumption is based on
the 100 per cent recovery of amino acids (except tryp-
tophan) from plasma and the free ultrafiltration of plasma
amino acids through cellophane membranes (21, 22).
Thus, the concentration of amino acids in the glomerular
filtrate was assumed to be the same as the concentration
in plasma water. The filtered load was taken to be the
product of the plasma concentration and the inulin clear-
ance. The amount of amino acids excreted was obtained
by multiplying the urinary concentration times the urine
flow. The per cent reabsorbed was calculated by di-
viding the difference between the filtered load and the
amount excreted by the filtered load.

RESULTS

Plasma concentrations. Multiple blood speci-
mens were collected from the patients, and the
concentrations of the amino acids did not vary
significantly throughout the period of the study.
In Table II the venous plasma amino acid con-
centrations from these four patients are presented.

Per cent reabsorbed. The per cent of each
amino acid reabsorbed was calculated at each flow
rate for each patient and in one control subject
at two rates of flow. These data are summarized
in Tables III and IV. In some instances data for
the complete spectrum of amino acids could not be
calculated because peaks of sufficient magnitude
for accurate calculation were not obtained.

The data fail to indicate any clear relationship
between the urinary excretion of cystine, ornithine,
lysine, and arginine, and the rate of urine flow.
The figures for the first clearance period on Pa-
tient J.L. may be misleading because of the ap-
parently low inulin clearance during this period.
In this patient there was not much change in renal
tubular reabsorption over the flow rate 1.4 to 12.0
ml per minute. In the last period, a flow rate of
17.5 ml per minute was achieved after the adminis-
tration of meralluride following aminophylline.
The figures for this period indicate that more of
all the amino acids was reabsorbed at the high
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urine flow rate. In contrast, with Patient F.C.
renal tubular reabsorption apparently decreased
progressively with an increase in flow rate. How-
ever, there was a progressive fall in the inulin
clearance during this study. The results on I.H.
are similar to those on the other patients, with the
exception that this patient seemed to reabsorb
more cystine and more arginine than the others.
The only exception was the instance in which
meralluride was administered to J.L.

Clearance ratios. In some instances there was

apparently more amino acid excreted than was

filtered. The urine to plasma concentration ratio
of amino acid was divided by the urine to plasma
concentration ratio of inulin (clearance ratio).
A ratio greater than unity suggests amino acid
secretion. These data are presented in Table V.

The studies on Patient M.F. (Tables IV and V)
indicate addition of cystine to the glomerular fil-
trate as it flows through the urinary tract. This
patient was studied first, and it was felt that the
results must have been erroneous. The three
other patients were then studied before Patient
M.F. would submit to a repeat study. In the
repeat study 7 months later similar figures were

obtained (Table IV), which indicated tubular se-

cretion of cystine. It was of great interest that
there also appeared to be a tubular defect to reab-
sorption of glycine not seen in the other patients,
and this was nearly identical in the second study.
In the second study on M.F. (Table IV), the
iodoacetate method was used for determination of
cysteine and cystine as well as the method for
oxidation and determination of both as cystine,
as had been done previously. No cysteine was

found in the urine, and very little in the plasma.
There was a small peak for S-carboxymethyl-
cysteine in the plasma, and calculation for cystine

was slightly lower than the paired specimen pre-

pared by oxidation (Table II).

DISCUSSION

Increased excretion of cystine, lysine, arginine,
and ornithine as a result of reduced renal tubular
reabsorption of these amino acids has been amply
demonstrated in patients with cystinuria (2-11).
It has been theorized that there is an enzymatic de-
fect in cystinuria which results in a reduced renal
tubular reabsorption of the diamino amino acids
(11). There is considerable evidence that these
amino acids share a common transport mechanism.
Robsen and Rose (10) and Doolan, Harper,
Hutchin and Alpen (7) have shown that intra-
venous infusion of lysine into normal subjects re-

sulted in increased excretion of cystine and of
arginine and ornithine.

In considering the renal "clearance" of cystine,
several factors must be kept in mind: 1) Although
both cystine and cysteine apparently exist free
in the plasma, cystine with only a trace of cysteine
is found in the urine (17). Weinfused L-cysteine
into normal dogs during water diuresis. This re-

sulted in elevation of plasma cysteine and, to a les-
ser extent, of cystine. However urinary cystine
concentrations under this circumstance may be so

high as to cause precipitation of cystine crystals.
[Precipitation of cystine crystals during infusion
of cysteine was also noted by Webber, Brown
and Pitts (22).] The amount of cystine found,
even when collected under oil and directly into
iodoacetate, could not have been transferred di-
rectly from plasma by filtration, tubular secretion,
or both. Therefore, this type of experiment also
suggests an oxidation of the -SH to the -S-S-
form somewhere in the nephron or urinary tract.

TABLE V

Clearance ratios of amino acid: inulin

M.F. I M.F. II J.L. F.C. I.H. Normal

Period: 1 2 3 1 4 5 10* 1 4 10 2 2 5

Glycine 0.22 0.23 0.28 0.04 0.04 0.04 0.04 0.02 0.02 0.02 0.03 0.03 0.03
Cystine + cysteine 2.4 2.5 1.6 1.0 1.0 0.90 0.79 0.82 1.1 0.85 0.004
Cystine (only) 2.0
Ornithine 0.67 0.51 0.58 0.56 0.54 0.45 0.33 0.33 0.38 0.33
Lysine 0.79 0.61 0.85 0.77 0.71 0.65 0.51 0.63 0.56 0.53 0.003
Arginine 1.39 1.0 0.70 0.57 0.46 0.71 0.83 0.85 0.42

* After aminophylline and meralluride.
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Some other mechanism may be possible, of course,
since such an oxidation has not been proven.
However, an oxidation reaction seems most likely
on the basis of currently available data. The low
plasma values for both cysteine and cystine in
cystinuria are compatible with this concept. 2)
Neither the intratubular concentrations of the re-
duced and oxidized form nor the details of trans-
port across the tubular cell are known. Hence, it
is necessary to consider cystine and cysteine to-
gether. 3) The occurrence of the mixed disulfide
of L-cysteine and L-homocysteine in the urine of
patients with cystinuria has been established in
this laboratory (12).1 Significant amounts of
this compound have been found in the urine, al-
though its origin has not been determined. It is
not known whether previous investigators meas-
ured this compound as cystine or not at all. It
has been found in our laboratory that the com-
pound is unstable in alkaline solutions, particu-
larly under conditions that favor oxidation, and
appears to break down to yield cystine and homo-
cystine, apparently through disulfide interchange.
Dent, Senior and Walshe noted that column chro-
matography gave consistently lower values than
did polarographic determinations for cystine on
the same specimens of urine (9). It is possible
that some plasma cysteine enters into the forma-
tion of the mixed disulfide, and this may further
complicate the issue. In spite of the difficulty
imposed by the problem of cystine measurement
and consideration of a "cystine clearance," cer-
tain statements can be made.

Plasma amino acid concentrations. The finding
of low plasma concentrations of cystine, ornithine,
lysine, and arginine confirms the reports of others
(5-8). Also, in one patient (M.F.) the low con-
centration of cysteine, noted by Brigham, Stein
and Moore (17), is confirmed. The somewhat
low plasma glycine in Patient M.F. is of interest
in regard to the elevated clearance (decreased re-
absorption) of this amino acid (see below). The
plasma cystine of Patient M.F. is the lowest of the
four patients, and must be considered in relation
to the apparent high clearance of cystine in this
patient. A similarly low value of 0.30 ml per

1 At the time the abstract on this work was submitted,
there was evidence that this compound was peptide in
nature (1). However, since then, positive identification
has been established (12).

100 ml was found in one other patient, not included
in this study, whose urine to plasma concentra-
tion ratios were considered meaningless because
he was passing cystine gravel.

There are other occasional values in the plasma
of these patients that are beyond the normal range.
This "normal range" is taken from the data of
Stein and Moore with five subjects and the data
of Brigham and co-workers on five subjects (cys-
teine, cystine, and cysteine plus cystine only in one
of these last five) (16, 17). It has been our ex-
perience that plasma specimens frequently show
deviation beyond this "normal range." Taurine
levels in plasma from "normal" subjects in our
laboratory have ranged from 0.45 to 3.47 ml per
100 ml. (Plasma taurine concentrations in vari-
ous disease states have varied inconsistently in
our laboratory.) There is some precedent for
this finding in the literature-Brigham and as-
sociates reported plasma taurine levels of 0.67
and 1.50 mg per 100 ml in two patients with
Fanconi syndrome (17). The four patients with
cystinuria, who form the basis for the present
paper, all had plasma taurine levels higher than
the "normal range."

Arrow and Westall, who used ion-exchange
chromatography, listed a plasma taurine concen-
tration range of 0.4 to 1.87 mg per 100 ml, but the
data are grouped under "other amino acids" and
it is not possible to distinguish plasmas from pa-
tients with cystinuria from normal plasmas (8).
The significance of the plasma taurine levels found
in the present study is unknown.

Some of the other plasma amino acid levels
appear to be outside the "normal range." Pa-
tients M.F., J.L., and I.H. tend to have occasion-
ally low values. These patients had been main-
tained for several months on a low methionine,
and therefore, a low protein diet. It seems pos-
sible that this accounts for the low concentrations.
However, detailed study of the long-term effects
of a low protein diet on individual plasma free
amino acid concentrations has not been published.

Amino acids reabsorbed. In the normal sub-
ject, there was 97 to 100 per cent reabsorption of
most amino acids. The data in Tables III and
IV clearly indicate that in cystinuria there is
considerably less reabsorption of cystine, ornithine,
lysine, and arginine. These observations, in gen-
eral, confirm the observations of previous investi-
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gators (7-1 1). In the two patients in whom
urinary flow was gradually increased, there was no
consistent change in renal tubular reabsorption
of these amino acids. In one patient reabsorption
of amino acids tended to increase with flow; in
another patient, reabsorption tended to decrease
with increasing flow. It is difficult to predict the
effect of the organic mercurial on cystinuria in
view of its known ability to bind sulfhydryl
groups. However, the trend toward increased
reabsorption with increased flow continued.

Amino acid-inulin clearance ratios. Patient
M.F. was clearly unique in that the clearance ratio
of cystine to inulin (Table V) was consistently
greater than 1.0, indicating addition of this amino
acid to that filtered at the glomeruli. An obvious
cause for this type of result would be calculus dis-
solution. However, this patient was scrutinized
very carefully by repeated urinalyses and by in-
travenous pyelography, and no evidence for calculi
was found. Furthermore, this patient had a high
clearance ratio for arginine, which was 1.3 on the
first study and 1.0 on the second. Her clearance
ratios for ornithine and lysine were always high,
although not consistently higher than those of
some of the other patients. In addition, the per-
sistent reabsorptive defect to glycine would tend
to confirm the fact that the manifestations of the
disease were somewhat different in this patient.
When the method of Brigham and co-workers
(17) was used to bind plasma cysteine in the sec-
ond study, the clearance ratio was 2.0 for cystine
alone, and 1.6 when plasma cystine and cysteine
were determined as cystine. The complete data
for the second inulin-amino acid clearance study
for this patient are presented in Table IV. This
patient had good renal function as determined by
phenolsulfonthalein excretion, urea clearance, and
inulin clearance. Studies of concentrating ability
were not attempted because of the danger of cal-
culus formation. However, it is conceivable that
repeated attacks of renal colic, usually due to ure-
teral calculi and possibly accompanied by infec-
tion, and operative removal of calculi on three oc-
casions in the past had aggravated the inability to
reabsorb amino acids properly. The selection of
glycine alone, however, in addition to the 4 di-
amino amino acids makes this a somewhat un-
likely explanation. Equally unlikely is the pos-
sibility that she has two disorders, a defect to

glycine reabsorption accompanied by tubular se-
cretion of cystine, in addition to the classical
cystinuria.

Webber and associates noted that infusion of
lysine, arginine, ornithine, cysteine, and histidine
into normal dogs resulted in a decrease in the re-
absorption of glycine of the same order noted in
Patient M.F. (22). This suggests that the gly-
cine abnormality may be related to the amino acid
transport defect of cystinuria in some manner, or
that it is secondary to the high renal tubular
luminal or renal tubular cell concentrations of the
basic amino acids.

Webber and colleagues also noted apparent
amino acid secretion on occasion in their experi-
ments, and considered possible mechanisms of
this phenomenon (22). One of these would be
that there is normally bidirectional movement of
amino acids across the tubular cell. Secretion
might be detected if reabsorption were defective.
Another possibility proposed by these authors is
that there might be a linked exchange of the
"highly concentrated amino acid in the tubular
fluid for another amino acid within the cells" (22).

Still another possibility, at least in the case of
cystine, is that the substance might be formed in
part in the tubular cells. Thus, the amino-aciduria
might be a reflection of a metabolic abnormality
within the renal tubular cell quite apart from the
transport defect. This is suggested by the fact
that plasma cysteine is apparently excreted as
cystine, and also by our finding of the disulfide of
cysteine and homocysteine in the urine of patients
with cystinuria.

The origin of this amino acid, which to date has
been found only in the urine of patients with cystin-
uria, is not presently known. It seems unlikely
that it is formed simply because of the high con-
centrations of cystine (and perhaps cysteine) in
the tubular fluid. When cysteine was infused into
a normal dog, large amounts of cysteine and cys-
tine appeared in the urine. However, the mixed
disulfide was not present. Whether the mixed
disulfide is formed outside of the kidney cannot be
definitely stated. Although it has not been identi-
fied in the plasma of patients with cystinuria, it
may be present in quantities not detectable by
current methods. Thus, it is possible that the uri-
nary cystine in cystinuria is in part secondary to
some metabolic defect within the renal tubular
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cell, and the high excretions of the basic amino
acids may be directly related in some unknown
way. However, the augmented excretion of these
basic amino acids may be secondary to the large
luminal concentrations of cystine.

SUMMARYAND CONCLUSIONS

1. Simultaneous inulin and endogenous amino
acid renal clearances were studied in four patients
with classical cystinuria. Although the reab-
sorption of basic amino acids was abnormal in all,
there was considerable variability between patients
in the fraction of filtered cystine, arginine, lysine,
and ornithine reabsorbed. In general, the reab-
sorptive defect was greatest for cystine, somewhat
less for lysine and arginine, and least for ornithine.
In this respect, the results were similar to the re-
ports of previous workers.

2. Increasing urine flow during the inulin clear-
ance in two patients had an inconstant effect of
relatively small magnitude.

3. In one patient, apparent tubular secretion
of cystine was seen on repeated examinations, as
well as possible tubular secretion of arginine.
This patient also had a renal tubular reabsorptive
defect for glycine. The data are interpreted as
suggesting that cystinuria may represent a com-
plex metabolic abnormality of the renal tubule,
rather than a simple block of tubular reabsorption.
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