212
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Although urinary taurine excretion varies
widely in the general population, some mon-
goloids excrete significantly less taurine than
any subjects free of disease studied in our
laboratories or elsewhere(1,2). Sufficient mon-
goloids and normals have been studied to
permit tentative separation of discrete classes
of taurine excretors in either population. For
the present study, “low” excretors are pro-
visionally defined as those excreting in their
first morning urine less than 20 mg of taurine
per gram creatinine. Such values have been
found in only 109 of normal subjects but
comprised 57% of mongoloids studied(3).
“Intermediate” excretors are defined as those
excreting 20-70 mg taurine per gram creati-
nine and include the lowest excretors (about
599%) among the normal population, 37% of
mongoloids studied and 14 of 18 non-mon-
goloid institutionalized retardates. ‘“High”
excretors are defined as those excreting more
than 70 mg taurine per gram creatinine. This
class includes about 309 of normal individ-
uals, 6% of mongoloids and 3 of the 18 in-
stitutionalized non-mongoloid retardates. Sup-
port for designation of a class of low excretors
among mongoloids is provided by the fact
that urinary taurine excretion does not in-
crease significantly in the low excretor groups
after ingestion of large amounts of protein
rich in methionine and cystine, whereas the
other mongoloid groups and control subjects
show a several-fold increase after eating such
taurine precursors. Similar results are ob-
tained after the administration of taurine
itself(2). No group differences have been
found in plasma taurine levels.

The purpose of the present work was to
determine the fate of S* taurine adminis-
tered to mongoloid and normal individuals.

* This work was supported in part by grants
07233 and 08050 frcm NIAMD, NIH, USP.HS.

t Recipients of Research Career Development
Awards, NIH.

The results indicate that the aforementioned
differences reflect differences in rate or degree,
rather than kind, of taurine metabolism.

Materials and methods. S*° taurine, given
in doses of 0.5 microcuries/kg, was purchased
from Volk Radiochemical Co. Taurine de-
rived from natural sources was purchased
from Nutritional Biochemicals Corp. Radio-
active samples were counted in a gel suspen-
sion medium(4) wusing a Nuclear Chicago
liquid scintillation counter. Paper strip chro-
matograms were assayed in a RSC 365 scan-
ner from Atomic Accessories.

Of the 18 mongoloid subjects, most were
chosen from the previously studied institu-
tionalized group of 47 whose taurine excre-
tion was known, but several were outpatients.
The 12 normal individuals were in 8 cases
parents of mongoloids. In early experiments
S5 taurine was given at convenient times
during the day in doses of from 20-50 uc per
individual, given intravenously (carrier free)
or orally with carrier taurine, depending on
the purpose of the experiment. In later ex-
periments 2 protocols were followed. In the
first protocol, overnight-fasted individuals
were injected with a tracer dose of S taurine
before breakfast and fasting continued for
one hour. Urine and blood samples were col-
lected and a meal consisting of 2 eggs, bacon,
toast and milk was eaten. Urine was collected
at the third and fourth hours following in-
jection and at the fourth hour, taurine (4
mg/kg body weight) was taken orally by the
subjects. Urine collection continued for the
next 3 hours. In the second protocol, fast-
ing individuals were given a tracer dose of
S35 taurine with carrier taurine (4 mg/kg
body weight) orally. Urine was collected
hourly for 4 hours and blood was collected
30 minutes and 60 minutes after administra-
tion of taurine.

Urine samples were assayed for radioac-
tivity by counting 0.5 ml aliquots in 10 ml
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of gel suspension as described above. Plasma
samples were counted by adding to the gel
either 0.2 ml untreated plasma or 0.5 ml
of a protein-free supernatant of plasma pre-
pared by adding 3 ml of 1% sulfosalicylic
acid to 1 ml of plasma. Internal standards
of $3% taurine were used for quench correction.

For paper chromatograms, urine was
treated as follows: 5 ml was passed through
a5 X 1 cm Dowex S0 W X 4 (H*) column.
The column was washed with 5 ml of water
and the combined effluents were rotary-evap-
orated to dryness at 80°, 5 ml of water added
and redried. The residue was dissolved in
1 ml of water and aliquots spotted on strips
of Whatman No. 1 paper. The strips were
ascended for 18 hours in m-butanol, acetic
acid and water (12:3:5), then radioassayed.

Percentage radioactivity present in urine as
inorganic sulfate was determined by adding
a known amount of carrier sulfate to the
urine and then precipitating sulfates as the
barium salt. The radioactivity of the BaSO,
was measured as previously described(5) and,
after appropriate corrections, compared to the
total activity of the urine.

Aliquots of untreated urine were analyzed
for taurine in a Technicon Amino Acid Auto-
analyzer, using pH 2.875 citrate buffer for
eluant. It had been shown that all the radio-
activity emerged at or before taurine. Twenty-
five 2.5-minute fractions of the column efflu-
ent were collected after having passed through
the analytical system and 0.50 ml aliquots
counted. Plasma samples were deproteinized
(1 ml plasma plus 3 ml 3% sulfosalicylic
acid) before adding the equivalent of 0.75
m] plasma to the column.

Results. Fig. 1 shows representative radio-
chromatograms obtained on mongoloids, both
low excretors and those excreting more than
20 mg taurine/g creatinine, 2 hours after
intravenous tracer doses of S35 taurine. Vir-
tually no radioactive taurine is demonstrable
in urine of low excretors but at least 2 non-
taurine peaks are present, whereas the paper
chromatograms of normal excretors always
exhibit a taurine peak and, depending on
the time since the last meal, may show non-
taurine peaks of varying magnitude and with
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FIG. 1. Paper and column radiograms of urine
from normal and mongoloid individuals. Both
methods demonstrate the difference between the
patterns obtained from normal individuals and the
low excretors. The positions of taurine and non-
taurine peaks are indicated. In the column radio-
grams all nontaurine radioactivity emerged imme-
diately after one void volume. In the paper radio-
grams, more than one nontaurine peak is often
seen.

the same chromatographic behavior on column
and paper. .

In normal individuals the nontaurine peaks
decrease as a source of taurine (either dietary
protein or taurine itself) is supplied. The
decrease in the nontaurine peaks is not simply
relative since the total amount of taurine ex-
creted after a meal may not significantly
increase. The urinary taurine does increase
greatly in normal individuals after ingestion
of 4 mg taurine/kg and in these cases the
shift in radioactivity is so nearly complete
that it is difficult to ascertain whether the
decrease in the nontaurine radioactivity is
relative or absolute.

On the other hand S3° taurine could be
detected in significant quantities in the urine
of a low excretor only when large amounts
of carrier taurine were given; for example,
in one case in which 20 mg taurine/kg body
weight was given to a very low excretor (usu-
ally less than 5 mg urinary taurine/g creati-
nine), little nontaurine radioactivity was
found. Patterns from the intermediate and
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TABLE I. Urinary Taurine and Nontaurine Radioactivity Following Injection of 8* Taurine.*

Fraction of Taurine 4 nontaurine
Taurine excretion radioactivity radioactivity
Subject mg/g ercatinine as taurine mg/g ereatinine
P.W.—Mongoloid 9.5 139 68
T.M.—Mongoloid 3.8 143 26
P.H.—Mongoloid 4.2 .145 29
A M.—Mongoloid 73.7 416 177
A .L.-—Mongoloid 27.1 150 181
A.W.—Non-mongoloid 57.1 .530 115
F.W.—Non-mongoloid 58.7 .495 120
(fasting)
F.W.—Non-mongoloid 46.6 625 75
(post meal)
P.B.—Non-mongoloid 42.6 .233 182
(fasting)
P.B.—Non-mongoloid 51.2 696 73
(3 hr post meal)
P.B.—Non-mongoloid 216.0 .866 251

(4 hr post taurine)

* Values are from fasting (pre-breakfast) urines unless otherwise indieated. The taurine
values were determined by amino acid analysis. The fraction of radioactivity as taurine was
determined from aliquots of column fractions and the taurine plus nontaurine values in the
last column were caleulated assuming that the specific activity of the nontaurine radioactivity

was the same as the taurine activity.

high excretors among mongols were similar
to those obtained from non-mongoloid indi-
viduals; i.e., the higher excretors tend to
excrete more taurine than nontaurine radio-
activity.

The paper and column radiochromatograms
represent two independent methods of deter-
mining the fate of the S taurine adminis-
tered. Both methods show that low excretors
have virtually no urinary taurine and non-
taurine peaks are ninhydrin negative. The
data from the column are more precise and
quantitative, since the urine is untreated and
total activity is recovered, but all nontaurine
radioactivity emerges unresolved with the
column front (which suggests that the me-
tabolites are either neutral or strongly acid).
Paper chromatography demonstrates the
presence of more than one radioactive non-
taurine peak.

Since in the above experiments no carrier
taurine was given, the data for total radio-
activity excreted do not necessarily reflect
the amount of either changed or unchanged
taurine excreted. If it is assumed that the
specific activity of taurine products is equal
to that of taurine, one can estimate the total
amount of taurine plus taurine intermediates
excreted. Such data are shown in Table I
It appears that the low excretors indeed ex-

crete less taurine plus metabolites than do
the intermediates and high excretors.

The identity of the nontaurine radioactiv-
ity is as yet unknown. The per cent of total
activity appearing as inorganic S?*Q, ranges
from about 10-30% of the total activity of
the urine with no apparent pattern of differ-
ence between the various types of taurine
excretors.

No useful information was obtained from
a comparison of the radioactivity of plasma
and urine in the above cases. This was
mainly the result of low activities in the
plasma which precluded determination of ac-
tivity after amino acid analysis in most cases.
Also, the plasma radioactivity is in a dynamic
state, capable of continuous change, whereas
the urinary activity is static. However, some
useful information on taurine absorption was
obtained from the radioassays of plasma de-
scribed below.

Data obtained from individuals given oral
doses of S% taurine plus carrier taurine are
shown in Table II. It can be seen that the
intermediate and high groups excrete much
more taurine than the low excretors. The
difference in the groups is not ascribable to
intestinal absorption since there is little dif-
ference in plasma taurine (which is markedly
elevated, normal levels being 88.6 -+ 30.8
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TABLE II. Taurine Exeretion Following Oral Dose of 8 Taurine Plus Carrier Taurine.*
% radio- % Urinary Plasma taurine
activity urinary taurine at Min
excreted activity 2 hrs mg/g after CPM/ml
Subject Exeretor status in 4 hrs as taurine creatinine dose  umole/1  plasma
W.M. Low 4.7 50 45 30 189 652
60 160 645
G.S. Low 7.2 75 117
AR. Intermediate 10.6 75.5 166 30 133 553
60 146 498
D.W. Intermediate 15.8 84 184 30 130 604
60 130 494
AL Intermediate 18.2 88 364 30 150 651
60 145 710
H.G. Non-mongoloid, high 20.0 95 200 60 160

* All subjects with the exception of G.S. were given 4 mg of taurine/kg body weight. G.S. was given

16 mg/kg body weight.

(st. dev.) pmoles/l) or in plasma radioac-
tivity. Less than 2% of the total radioac-
tivity was recovered in the feces collected for
38 hours after administration of S% taurine.

Discussion. Several factors are known to
influence the urinary excretion of taurine.
Thus, after surgery or after administration
of certain drugs urinary taurine may increase
greatly (6,7). Also, numerous amino acids are
known to hinder renal tubular reabsorption
of taurine in mice and therefore cause in-
creased excretion(8). Recently high excretion
levels of taurine have been noted in certain
types of mental disorders(9). Decreased tau-
rine excretion has been found thus far only
during fasts and in cases of pyridoxine de-
ficiency (10,11). Pyridoxine is required for
the synthesis of taurine from cysteine. Some
preliminary experiments reported elsewhere
(2) indicate that in some cases the adminis-
tration of pyridoxine to low excretors results
in greatly increased taurine excretion.

The chromatograms of low excretors re-
semble those of higher excretors when the
latter are fasting. Also, the low excretors
excrete less taurine plus taurine metabolites
than do higher excretors under both normal
conditions and when given a load of taurine.
The low excretors therefore act as though
depleted of body taurine. The fact that blood
levels remain in the normal range has analogy
to the experiments in pyridoxine deficiency in
which urinary taurine greatly decreased but
brain taurine remained high(11). There may

be some mechanism of maintaining blood tau-
rine at the expense of urinary excretion and
also taurine in the tissues.

Superficially, a direct approach to the prob-
lem would seem to be the study of taurine
synthesis from S3 cystine. However, the
problem is one of logistics. 1) Only about
1% of cystine is excreted as taurine in
normal individuals(12) and thus at least 100
times the radioactivity would have to be
given (this was confirmed experimentally);
2) also, the metabolic products of cystine
are more varied than those of taurine and
some of these products (which behave chro-
matographically similar to taurine) may in-
terfere with the measurement of taurine; 3)
finally, to compare the synthesis of taurine
from cystine in low and high excretors re-
quires measurement of specific activities.
Since the urine of the low excretors may have
so little taurine, the only reliable measure-
ments would be obtained from plasma. This
requires even greater levels of radioactivity
as described above. At the present time the
use of such high doses of radioactivity (e.g.,
about 1-5 millicuries per individual) is being
avoided, and would be impracticably expen-
sive.

Experiments on the effects of pyridoxine
on taurine excretion under normal conditions
and when given loads of cysteine are now
being performed and should help elucidate
the reasons for the low excretion.

The nontaurine nonsulfate radioactivity
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after administration of S?% taurine probably
represents normal metabolites of taurine such
as taurocyamine and carbamyl taurine(13,
14). The identity of these products is of
interest but, since they are found in the
urine of fasting individuals in relatively large
amounts, they probably reflect the low level
of body taurine rather than the synthesis of
unique metabolites. The reason for the in-
creased excretion of taurine metabolites in
fasting states remains unknown.

Summary. The metabolism of S% taurine
has been studied in normal individuals and
mongols. The latter contains a group that
excretes very low amounts of urinary taurine
and urine from these individuals yields radio-
grams similar to those obtained from fasting
normal individuals. These radiograms are
characterized by the appearance of taurine
metabolites in relatively greater amounts than
taurine itself. In contrast, normal individu-
als after a meal produce patterns character-
ized by large taurine peaks compared to
taurine metabolites. When administered loads
of taurine, the low excretors among the mon-
gols excrete much less of the load than do
higher excretors. The low excretors behave
as if deficient in body taurine.
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Development of Kidney in Adjuvant Nephritis in Rats *t
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The production of a nephritis in rats by
immunization with homologous kidney in ad-
juvant was first reported in 1959(1). After
6-8 intraperitoneal injections of homologous
kidney in complete Freund’s adjuvant, rats
developed a disease very similar to the human
nephrotic syndrome with hyperlipemia, re-
versal of albumin-globulin ratios and massive
proteinuria. In spite of considerable study

* This is publication 136 from Division of Experi-
mental Pathology, Scripps Clinic and Research Foun-
dation, La Jolla, Calif.

t This study was supported by USPHS grant Al
03897 and AEC Contract AT (04-3)-0410.

(2-6), the etiologic and pathogenetic mecha-
nisms operative in this disease have still not
been defined; and therefore, the name “kid-
ney in adjuvant nephritis” rather than “auto-
immune nephritis” with its pathogenetic im-
plications has been used here.

The experiments to be reported were un-
dertaken in an attempt to define more clearly
some of the factors important in the induc-
tion of this disease. First, the immunization
procedures were altered by increasing the
frequency of injections and by altering the
components of the adjuvant. Second, the role
of the host animal was assessed by immuniz-



