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Increased urinary excretion of certain aromatic
metabolites of tryptophan has been described in
a wide variety of pathologic conditions: pyridox-
ine deficiency either primary or secondary to
isoniazid or deoxypyridoxine (1) ; metabolic dis-
eases such as in phenylketonuria (2), porphyria
(3, 4), and Hartnup’s disease (5); a variety of
malignancies—metastatic malignant carcinoid (6),
bladder carcinoma (4, 7), leukemia (8), and
lymphoma (8) ; mental disorders (4) ; pregnancy
(9, 10); and collagen vascular diseases (4, 11).

Recently, elevated urinary levels of 5-hydroxy-
indoleacetic acid and indole-3-acetic acid have been
found in symptomatic, untreated adult celiac dis-
ease with subsequent fall to normal during clini-
cal and biochemical remission (12, 13). To
study this abnormality further, we measured six
urinary metabolites of tryptophan simultaneously
in patients with adult celiac disease in various
stages of their illness both before and after tryp-
tophan loading. Also assessed was the role of
vitamin Bg deficiency in the abnormal tryptophan
metabolism of this disease.
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Methods

Analytic procedures. The methods for the determina-
tion of urinary S5-hydroxyindoleacetic acid (SHIAA),
total indole-3-acetic acid (IAA), indican (Ind), ky-
nurenine (Kyn), kynurenic acid (KA), and xanthurenic
acid (XA) have been previously described (14-18). A
Zeiss M4011 spectrophotometer with a fluorimetric at-
tachment using filter E was used for the quantitative
fluorescent determinations of XA and KA. The uri-
nary metabolites were further identified by two-dimen-
sional paper chromatography according to Jepson (19),
after which Erhlich’s acidic p-dimethylaminobenzalde-
hyde in acetone was used to identify IAA, Ind, and
SHIAA; XA, KA, and Kyn were identified by their
characteristic fluorescence under ultraviolet light. KA
and Kyn were further identified by Ninhydrin-pyridine
and XA by the sulfanilic acid reagent (19). From these
studies, we were certain that the metabolites determined
were actually present in the samples and that other sub-
stances that might give a specious color response were
not present. :

The above determinations were done on three con-
secutive 8-hour collections of urine for the following
24-hour periods: control, after loading with 4.0 g
L-tryptophan in orange juice, and after reloading with
4.0 g L-tryptophan plus 180 mg vitamin B, intramuscularly
(90 mg im on 2 consecutive days). A repeat tryptophan
load was performed on 2 untreated celiacs at the end of 1
week of oral tetracycline therapy (500 mg four times
daily) to determine the effect of partial gut sterilization
on the excretion of these metabolites.

Subjects. The study group consisted of 10 normal
subjects and 21 patients with adult celiac disease; 5 of
these patients were untreated, and 16 were studied on a
gluten-free diet. All of the latter were in clinical re-
mission, but only 3 had normal fat excretion at the time
of the study.

The diagnosis of adult celiac disease was established in
17 patients with steatorrhea by the characteristic jejunal
biopsies (“subtotal” villous atrophy), together with dimin-
ished p-xylose absorption, abnormal small bowel series,
and salutary response to the gluten-free diet. Four pa-
tients who were not biopsied satisfied all of the other
criteria. All studies were done on a metabolic ward.
Each patient was carefully instructed in the method of
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urine collections. During these periods bananas, to-
matoes, avocados, eggplant, and prunes were excluded
from their diets (20). All medications were withheld 48
hours before collection of specimens of urine and during
the study period (21). The patients who were already
on gluten-free diets continued their diets during the
study.

Mean and standard deviation of the mean were cal-
culated by standard statistical formulas. Statistical eval-
uation by means of a ¢ test was made by comparing the
levels of excretion of tryptophan metabolites of the nor-
mal subjects with those of the patient groups during
the first 8 hours of excretion. Probabilities less than
0.05 were considered to indicate a statistically significant
difference.

Results

The mean = SD, expressed in milligrams for
each consecutive 8-hour excretion of Ind, TAA,
SHIAA, Kyn, XA, and KA before and after
tryptophan loading, is shown in Tables I to IV for
the control subjects and the patients with adult
celiac diseases. The patient group is further sub-
divided into untreated patients (Table II), pa-
tients treated with a gluten-free diet but still ex-
creting excessive fecal fat (Table III), and
treated patients without steatorrhea on the diet
(Table IV). Included in the tables are the mean
levels of the various metabolites studied during
the control period, after the ingestion of 4 g of
L-tryptophan, and after 4 g of L-tryptophan plus
180 mg of vitamin Bg (90 mg intramuscularly
on 2 consecutive days).

Since the major changes in the excretion pat-
tern of the various metabolites after the trypto-
phan load were noted in the first 8-hour collec-
tion, all reported results will refer primarily to
this period.

Normal subjects and untreated adult celiac pa-
tients. The mean excretion during the first 8-hour
control period by the normal subjects for Ind,
TAA, SHIAA, Kyn, XA, and KA was 30.3 = 16.0,
3630, 1.6x06, 04=0.15 22=1.1, and
4.1 = 2.3 mg, respectively. The excretion of these
metabolites by the untreated patients in the first
8 hours of their control period was significantly
higher, being 55.9 =+ 25.3 mg (0.05> p> 0.025),
7.6 +42 mg (005> p >0.025), 3.2+0.6 mg
(p <0.001), 0.8 =04 mg (0.02>p >001), 7.3
=14 mg (p <0.001), and 140+=21 mg (p
<0.001), respectively. After 4 g of L-tryptophan,
there was an increase in all of the metabolites
studied, but the increases in SHIAA, Kyn, XA,
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and KA were highly significant in the patients,
being 4.7 =0.9 mg (0.05> p >0.025), 74.8 =
40.1 mg (0.01> p >0.005), 59.3 = 21.1 mg (p
<0.001), and 75.7 =320 mg (p <0.001), re-
spectively. After the im injection of vitamin Be,
the levels of Kyn, XA, and KA fell to 26.6 =
14.8, 99 =26, and 154 =79 mg, respectively,
which are statistically not significant. The mean
SHIAA excretion after tryptophan plus vitamin
Bg was still significantly elevated, being 4.8 = 0.3
mg (0.01> p >0.005).

Patients on gluten-free diet with steatorrhea.
The first 8-hour control excretion levels of Ind,
TAA, and SHIAA were significantly higher than
those of the normal subjects, being 48.1 = 20.2
mg (0.05> p >0.025), 6.4 =24 mg (0.025> p
>0.02), and 3.7 =09 mg (p <0.001), respec-
tively. Kyn excretion was statistically the same
as the normal subjects (0.20> p >0.10), whereas
XA and KA were significantly higher, being 5.3
=25 mg (p <0.001) and 104 =29 mg (p
<0.001), respectively. After tryptophan loading,
a significant increase in SHIAA, Kyn, XA, and
KA excretion was noted, being 4.9 * 1.8 mg
(0.005> p >0.001), 82.1 = 36.4 mg (p <0.001),
414 = 10.5 mg (p <0.001), and 61.9 = 14.8 mg
(p <0.001), respectively. The repeat load of
tryptophan plus vitamin Be demonstrated a return
to normal mean excretion levels of Kyn, XA, and
KA, being 30.2=*122 mg (0.20> p >0.10),
77 =26 mg (020> p >0.10), and 14.8 mg
*+ 4.0 mg (0.10> p >0.05), respectively. SHIAA
excretion was still elevated after the repeat tryp-
tophan load with vitamin Bs, being 5.4 = 1.0 mg
(0.005> p >0.001).

Patients on gluten-free diet without steatorrhea.
The mean excretion during the first 8-hour con-
trol period of Ind, IAA, SHIAA, and Kyn was
statistically similar to the normal subjects, being
156 +=1.7 mg (0.20> p >0.10), 3.9 =*=0.7 mg
(p >090), 2.3 =04 mg (p >0.05), and 0.4 =
0.05 mg (p >0.9), respectively. The XA and
KA excretions were significantly higher than the
normal subjects, being 4.5+ 08 mg (0.01> p
>0.005) and 19.1 = 3.5 mg (p <0.001), respec-
tively. Statistically significant increases in Kyn,
XA, and KA were observed after the tryptophan
load, the levels being 134.8 = 23.1 mg (p <0.001),
464 =9.0 mg (p >0.001), and 93.6 = 15.0 mg
(p <0.001), respectively, with a prompt decrease
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to 39.5+=70 mg (0.10> p >005), 7.8 +1.2
mg (0.40> p >0.30), and 11.5 = 4.0 mg (0.40>
p >0.30), respectively, after the repeat trypto-
phan load with added Be.

Effects of tetracycline on the excretion of tryp-
tophan metabolites in untreated patients. When
2 untreated patients were reloaded with 4 g of
L-tryptophan while on 500 mg of tetracycline four
times daily for 1 week, the Ind excretion fell to
zero for each consecutive 8-hour period, whereas
IAA excretion fell from an average of 51.7 to
36.7 mg during the first 8 hours. There was no
decrease, however, in the excretion of Kyn, KA,
XA, and 5HIAA after the tryptophan load in
these individuals (Table V).

Discussion

The present quantitative results show that pa-
tients with untreated adult celiac disease as well
as the treated patients with steatorrhea excrete in-
creased amounts of indican, indole-3-acetic acid,
5-hydroxyindoleacetic acid, kynurenine, kynu-
renic acid, and xanthurenic acid. Patients who
are treated with a gluten-free diet and who are
in clinical and biochemical remission as judged
by absence of steatorrhea, return of xylose ab-
sorption to normal, and evidence of regeneration
of the mucosal villi of the jejunum, excrete Ind,
IAA, SHIAA, and Kyn normally ; however, their
KA and XA levels remain elevated. On the
other hand, when patients are loaded with 4 g
of L-tryptophan orally, regardless of the stage of
their disease, the excretion of XA, KA, and Kyn
rises markedly.

The previously reported elevated base-line levels
of urinary SHIAA and TAA and indican in the
untreated and treated symptomatic adult celiac
patients have been confirmed in these studies (12,
13). It is of great interest that the patients on
the gluten-free diet who are still having steator-
rhea continue to excrete these substances abnor-
mally. The increased excretion of IAA and IND
is not specific for adult celiac disease, for we
as well as others have observed increased levels
of these metabolites of tryptophan in a variety of
malabsorptive states, both intestinal and pan-
‘creatogenous (13).

The urinary indoxyl derivatives presumably are
final excretory products formed in the liver from
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indole absorbed from the gut (22). In these
patients it probably arises from coexistent altera-
tion in gut bacterial flora and increased intra-
luminal amounts of protein and peptides contain-
ing tryptophan, both from undigested food and
from protein weeping into the gut. The complete
absence of indoxyl sulfate excretion by suppres-
sion of the gut flora by 1 week of tetracycline
therapy despite feeding L-tryptophan speaks for
alteration of a pathway involving action of bac-
teria. Of note, the indicanuria returns to its high
level a few days after cessation of the antibiotics
(Table V). A change in the bacterial flora seems
the most likely mechanism in view of the return
to normal levels in patients who are in clinical
and biochemical remission on a gluten-free diet
and who no longer have stasis or distension.

IAA excretion is clearly elevated in patients
with untreated celiac disease as well as the pa-
tients on gluten-free diet who still have steator-
rhea. Part of this abnormal excretion, like in-
dican, may well be related to abnormal gut flora
as evidenced by the decrease in IAA after tetra-
cycline when tryptophan is added. That the IAA
did not fall to zero suggests that the metabolism
of tryptophan to IAA is not purely dependent
on altered bacterial flora but that other pathways
are also utilized and is also related to abnormal
metabolism of absorbed tryptophan by the tissues
(15).

SHIAA excretion is elevated in patients with
adult celiac disease in the untreated and treated
states with steatorrhea; these elevated levels re-
turn to normal with the clinical and biochemical
remission that may follow elimination of gluten.
Administration of tetracycline, however, does not
affect these increased levels, suggesting that they
are not solely dependent on bacterial action. As
seen in Tables I and IV, after loading with 4 g of
L-tryptophan, both the normal subjects and the
adult celiac patients on a gluten-free diet without
steatorrhea show a similar increase in SHIAA
excretion (p >0.25). However, there is a sig-
nificant increase in the excretion of SHIAA after
tryptophan loading in the untreated celiac patients
and the treated patients with steatorrhea (0.005>
p >0.001) (Tables I and III). Scriver (23),
using D-L-tryptophan and a semiquantitative tech-
nique, demonstrated a 100% increase in SHIAA
excretion after the bp-L-tryptophan load in a
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patient with adult celiac disease. SHIAA can also
arise from D-5-hydroxytryptophan by the action
of p-amino acid oxidase forming the keto acid,
5-hydroxyindolepyruvic acid, which could then be
decarboxylated to 5-hydroxyindoleacetic acid.
Defective transamination or conjugation of the
keto acid from p-5-hydroxytryptophan could thus
result in a higher percentage of conversion of 5-
hydroxyindoleacetic acid and thus account for
Scriver’s findings. Our observations indicate that
adult celiac patients with steatorrhea have an aug-
mented shunt of the serotonin to SHIAA path-
way after L-tryptophan loading.

Vitamin Bg is required for the enzymatic con-
version of 5-hydroxytryptophan to S5-hydroxy-
tryptamine (serotonin) by 5-hydroxytryptophan
decarboxylase (Figure-1). In view ‘of this re-
quirement, one would expect a lowered base-line
excretion of 5-hydroxyindoleacetic acid in Bg-
deficient subjects (24). Our studies demonstrate
an increased excretion of SHIAA in the un-
treated and treated celiac patients with steator-
rhea, which is further increased by the oral in-
gestion of L-tryptophan. When im Bg is given
with a repeat tryptophan load to the same group
of patients, there is a significant increase in the
excretion of SHIAA. These findings suggest that
if these patients did not have a Bg deficiency, the
base-line SHIAA excretion might have been
greater.

Under normal circumstances, kynurenine and

5-0H TRYPTAMINE (SEROTONIN)

1 Bg
5-OH TRYPTOPHAN

)

INDlOLE «—— TRYPTOPHAN B—6> TRYPTAMINE

INDICAN I
FORMYLKYNURENINE

O. D. KOWLESSAR, L. J. HAEFFNER, AND G. D. BENSON

hydroxykynurenine are cleaved by the enzyme
kynureninase to alanine plus anthranilic or 3-
hydroxyanthranilic acid, respectively (Figure 1).
Because pyridoxal phosphate (Bg) is required
for action of this enzyme, the metabolism of both
kynurenine and hydroxykynurenine is altered in
pyridoxine deficiency. These compounds appear
to be shunted through the kynurenine transami-
nase pathway with the formation of the corres-
ponding alpha-keto acids. These cyclize spon-
taneously to kynurenic acid and xanthurenic acid,
as is evidenced by the finding in the urine of
pyridoxine-deficient animals of large amounts of
Kyn, KA, and XA, as well as other tryptophan
metabolites (25).

The results obtained in these studies indicate
that patients with adult celiac disease, whether
treated or not, fail to metabolize an oral L-tryp-
tophan load normally. This metabolic failure is
characterized by increased excretion of Kyn, XA,
and KA, findings that might be expected in ani-
mals and human subjects with a deficiency of Be.
This viewpoint is further strengthened by the re-
turn to near normal levels of these urinary metab-
olites after large doses of im Bg are administered
simultaneously with the repeat tryptophan load.

The question arises as to the mechanism re-
sponsible for the deranged tryptophan metabolism
in adult celiac disease. The calculated value of
daily intake of Bg in the subjects under study is
approximately 2.5 mg (26), whereas the daily re-

—> 5-OH INDOLE ACETIC ACID

INDOLE PYRUVIC ACID ——— NDOLE

ACETIC AclD

B B .
KYNURENIC ACID «—8 KYMUREMINE —8 5 ANTHRANILIC ACID

l

B B
XANTHURENIC <—2—  3.0H KYNURENINE —2—> 3-OH ANTHRANILIC ACID
AC/D
NICOTINIC ACID
NICOTINAMIDE
PYRIDONE
Fic. 1. MAIN METABOLIC PATHWAYS OF TRYPTOPHAN. The underlined metabolites were

those studied. Pyridoxine (Bs), in the form of pyridoxal phosphate, has been reported to
function in the areas indicated on the metabolic map.
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quirement for normal adults is estimated to be
1.5 mg (27). Perhaps this approximated oral
intake of Bg may be inadequate for a patient with
malabsorption secondary to adult celiac disease.
This explanation may suffice for the patients with
obvious malabsorption, but it does not explain
why the three patients in clinical and biochemical
remission are also deficient in B¢, as judged by
their failure to metabolize a tryptophan load nor-
mally. Either the requirement for Bg continues
to be excessive in spite of remission, or Bg con-
tinues to be malabsorbed. Although 4 g of L-
tryptophan probably represents about six times
the routine daily intake of this amino acid for
any of the patients studied, Wachstein and Loebel
(28) have suggested that a relative pyridoxine de-
ficiency may be made manifest after a tryptophan
load test by stressing a number of enzyme-co-
enzyme systems in tryptophan metabolism.

Failure of Bg to be incorporated in the enzyme
systems required for normal tryptophan metabo-
lism may contribute to its abnormal metabolism.
However, when pyridoxine was administered in-
tramuscularly to our patients, biochemical re-
sponse to tryptophan loading was normal, indicat-
ing that availability of Be was the limiting factor
for normal tryptophan metabolism in the patients
with adult celiac disease.

All of the celiac patients in the untreated group,
as well as some of the patients on the gluten-free
diet who were still having steatorrhea, demon-
strated superficial scaling of the skin and lesions
around the eyes and mouth, with fissures at the
angles of the mouth, lateral canthi of the eyes, and
sore, reddened tongues. These findings can be
seen in vitamin Bg deficiency but are also present
as manifestations of other B complex deficiencies
(29). Dramatic relief of these symptoms was
obtained in many of these patients after admin-
istration of vitamin Bg parenterally during the
repeat tryptophan load and orally (10 mg daily)
for a few weeks thereafter. Many of the other
manifestations of Bg deficiency were absent, but
it is known from experimentally induced human
pyridoxine deficiency that biochemical abnormali-
ties, particularly the response to tryptophan load-
ing, can be demonstrated before symptoms have
become manifest.

If the thesis is acceptable that patients who
fail to metabolize a tryptophan load normally are
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Bg deficient, then the results of this study are the
first clear-cut evidence of Bg deficiency in adult
celiac disease. These findings do not agree with
the observations of Girdwood (30), who noted
normal absorption of B complex vitamins, in-
cluding Bs, in celiac disease. Recently, however,
Booth, Brain, and Stewart (31) have shown that
some patients with celiac disease may malabsorb
tritium-labeled pyridoxine.

Finally, it is possible that Price’s explanation
(4) for the finding of abnormal tryptophan me-
tabolism in patients with bladder tumors is ap-
plicable to our findings, namely that patients with
adult celiac disease may have an abnormal re-
quirement for vitamin Bg related to unknown
genetic factors. This may be quite pertinent, in
view of the observations of Boyer and Andersen
(32) and Carter, Sheldon, and Walker (33) that
celiac disease is an inheritable disorder.

Regardless of the mechanism of the abnormal
response of these patients to a tryptophan load, it
would appear justifiable to suggest that they be
treated with Bg in addition to the gluten-free diet.
Furthermore, Fletcher and McCririck (34) have
raised the interesting question whether the gluten-
free diet prescribed for patients with adult celiac
disease may not be lacking, especially if intake of
milk is inadequate, in essential nutrients such as
members of the B complex family.

Summary

The excretion of the metabolites of tryptophan
—>5-hydroxyindoleacetic acid, indole-3-acetic acid,
indican, kynurenine, xanthurenic acid, and kynu-
renic acid—was quantitatively determined in 10
normal subjects and in 21 patients wtih adult
celiac disease. Five of the latter group were
untreated, and 16 were studied on a gluten-free
diet. The determinations were done on three con-
secutive 8-hour collections of urine for the fol-
lowing 24-hour periods: control, after loading
with 4 g L-tryptophan, and after reloading with 4
g L-tryptophan plus 180 mg vitamin Bg intramus-
cularly (90 mg im on 2 consecutive days).

Elevated urinary levels of 5-hydroxyindole-
acetic acid, indole-3-acetic acid, and indican were
found in the untreated and treated celiac patients
with steatorrhea, whereas normal levels of these
metabolites were obtained in the treated patients
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without steatorrhea. Furthermore, after loading
with L-tryptophan the untreated and treated pa-
tients with steatorrhea showed a significant in-
crease in their 5-hydroxyindoleacetic acid excre-
tion, suggesting that this group of patients has an
augmented shunt of the serotonin to 5-hydroxy-
indoleacetic acid pathway.

Tetracycline eliminated the elevated levels of
indican excretion in 2 untreated patients with
celiac disease, even after the tryptophan load, sug-
gesting that these elevated levels were due to the
increased breakdown of tryptophan by gut bac-
teria.

Patients with adult celiac disease regardless of

the stage of their disease fail to metabolize an
oral tryptophan load normally. This metabolic
failure is characterized by significant increases in
the excretion of kynurenine, xanthurenic acid, and
kynurenic acid, findings seen in human subjects
with a deficiency of vitamin Bg. This is the first
clear-cut evidence for Bg deficiency in adult celiac
disease, and our results suggest that these pa-
tients should be given supplementary vitamin Be.
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