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Widespread interest in 5-hydroxytryptamine
(5-HTA) as a biologically active amine and the
close association between this substance and malig-
nant carcinoidosis have led to detailed studies of
the 5-hydroxyindole pathway of tryptophan me-
tabolism in man and experimental animals (1-3).
Tryptophan is apparently hydroxylated to form
the serotonin precursor, 5-hydroxytryptophan
(5-HTP) (1, 4). In the presence of a specific,
pyridoxine-dependent decarboxylase, 5-HTP is
readily decarboxylated in several tissues to form
5-HTA (5). Monoamine oxidase, which is found
principally in gut, lung, liver, kidney and brain,
catalyzes the oxidative deamination of 5-HTA
to form S5-hydroxyindoleacetic acid (5-HIAA)
(6,7). :

Since both 5-HTP decarboxylase and mono-
amine oxidase have been demonstrated in liver
tissue in witro, investigation of 5-hydroxyindole
metabolism in patients with hepatic cirrhosis was
undertaken. The present report summarizes stud-
ies of 5-HTA and 5-HIAA excretion in the urine
following the intravenous administration of vari-
ous 5-hydroxyindole compounds in human sub-
jects with and without hepatic cirrhosis and in
rats.
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MATERIALS AND METHODS

1. Endogenous excretion of 5-HIAA in human subjects.
The urinary excretion of endogenous S-HIAA was
measured in one or more total 24 hour urine collections
obtained from 10 healthy adults, 75 hospitalized patients
without hepatic disease, renal disease or known sprue
syndrome (8), 35 patients hospitalized with hepatic cir-
rhosis and two patients with malignant carcinoidosis.
None of the subjects had clinical evidence of renal dis-
ease. All had 24 hour urine volumes greater than 500
ml. and blood urea nitrogens of less than 20 mg. per cent.
None of the subjects were receiving phenothiazine deriva-
tives (9) or a banana diet (10) during the period of
study.

2. Intravenous administration of 5-hydrozxyindole com-
pounds to human subjects. Studies of the urinary excre-
tion of 5-HTA and 5-HIAA following the intravenous ad-
ministration of various 5-hydroxyindole compounds were
carried out in 21 control subjects, in 20 patients with de-
compensated hepatic cirrhosis and in seven patients with
surgically documented extrahepatic obstruction with no
evidence of significant intrahepatic disease. 5-HTP1
(0.33 mg. of L form per Kg.) or 5-HIAA (0.2 mg. per
Kg.) was diluted in 250 to 300 ml. of isotonic saline and
administered over a period of one hour in the early
morning to subjects in the fasting state. 5-HTA2 (0.2
mg. of 5-HTA base per Kg.) was diluted in 500 to
1,000 ml. of isotonic saline and administered intrave-
nously over a period of two to four hours. At least 48
hours was allowed to elapse between infusions whenever
the same subject received more than one intravenous in-
fusion. The total urinary excretion was collected in six
hour aliquots for at least 24 hours before and after each
intravenous infusion. Results were calculated as per-
centage of the administered 5-hydroxyindole compound
which was recovered in the urine as 5-HIAA or 5-HTA.

3. Studies in rats. The urinary excretion of 5-HIAA
and 5-HTA following the administration of wvarious
5-hydroxyindole compounds was studied in male Sprague-
Dawley rats weighing 300 to 500 Gm. The animals were
maintained on regular laboratory Purina chow and water
ad libitum. Each rat served as his own control. So-
dium orthoaminobenzoate (NaOAB), 1 Gm. per Kg.

1 Administered as 5-hydroxy-pL-tryptophan, supplied
by Abbott Laboratories.

2 Administered as serotonin creatinine sulfate, sup-
plied by Abbott Laboratories,
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TABLE I
The endogenous urinary excretion of 5-hydroxyindoleacetic acid in human subjects

Numberof  Number of
Group subjects determinations Range Average
mg.[24 hrs. mg.[24 hrs.

Healthy adults 10 27 2.2- 6.7 40+ 14
Hospitalized patients without liver or renal

disease 75 132 1.5-12.4 4.3 +24
Hepatic cirrhosis without encephalopathy 19 39 1.9-13.4 6.7 £33
Hepatic cirrhosis with encephalopathy 16 34 2.1-13.7 6.1 £ 3.1
Carcinoid syndrome 2 12 45-360 154- £ 78

body weight, was injected intraperitoneally together with RESULTS

a given 5-hydroxyindole compound. Since NaOAB is
rapidly conjugated to form a glucuronide, excessive
amounts were administered in this study in an attempt
to inhibit competitively the conjugation of serotonin. At
least 48 hours before and again 48 hours after NaOAB
was injected together with the 5-hydroxyindole com-
pound, each rat received the same dose of the 5-hydroxy-
indole compound together with an equivalent amount of
sodium chloride. The 5-hydroxyindoles administered in
this fashion included 5-HTP (25 mg. of the L form per
Kg.), 5-HTA (25 mg. of the base per Kg.) and 5-HIAA
(20 mg. per Kg.). The animals were kept in metabolic
cages and the total urinary excretion was collected
separate from feces for 24 hours after each injection.

4. Methods. Aliquots of all urine specimens were kept
frozen until analyzed. The urinary excretion of 5-HIAA
was measured by the colorimetric method of Udenfriend,
Titus and Weissbach (11). Urine samples containing
more than 25 ug. per ml of 5-HIAA were appropriately
diluted. The 5-HTA content of urine was estimated
fluorimetrically by a modification (12) of the method
of Udenfriend, Weissbach and Clark (13). All deter-
minations were carried out in duplicate and were repeated
whenever the results varied more than 10 per cent in the
duplicate samples. The accuracy of all urine collections
was estimated by measurement of urinary excretion of
creatinine (14). Paper chromatograms of urinary in-
doles were prepared by the method of Jepson (15).

1. Studies in human subjects

Results of the urinary excretion of endogenous
5-HIAA are summarized in Table I. The average
excretion of 5-HIAA in patients with hepatic cir-
rhosis with or without evidence of encephalopathy
was not significantly greater than that observed in
healthy adults or patients without liver disease.
The two subjects with metastatic carcinoid tumors
excreted strikingly increased amounts of 5-HIAA
in the urine. 5-HTA was present in small
amounts in the two carcinoid patients but was
never observed in other subjects unless they had
received intravenous 5-HTP.

When 5-HTP was administered to control sub-
jects an average of 32 per cent (13 to 42 per cent)
of the administered 5-HTP was recovered in the
urine as 5-HIAA (Table II). The recovery of
administered 5-HTP as urinary 5-HIAA averaged
62 per cent (25 to 105 per cent) among cirrhotic
subjects (Table II). The difference between
the two groups is significant (p = < 0.001).
Flapping tremors were noted in all six of the cir-

TABLE II
Summary of studies of 5-hydroxyindole metabolism in human subjects

Percentage of

Compound administered

Number of Compound measured compoun

Group subjects administered in urine in urine

+ S.D
Controls 21 5-HTP 5-HIAA 324+ 53
Cirrhosis 20 5-HTP 5-HIAA 62 4 19.2
Obstruction 7 5-HTP 5-HIAA 31 + 14.0
Controls 9 5-HTP 5-HTA 11 += 4.0
Cirrhosis 8 5-HTP 5-HTA 15+ 7.8
Controls 3 5-HTA S5-HIAA 59 + 10.1
Cirrhosis 3 5-HTA 5-HIAA 60 = 7.1
Controls 7 5-HIAA 5-HIAA 53+ 7.1
Cirrhosis 6 5-HIAA S5-HIAA 64 + 15.5
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TABLE 1II

The effect of sodz

orth ‘o nh,

te (NaOAB) on the recovery of

administered 5-hydroxyindole compounds in rats

% of administered

Additional 5-hydroxyindole
Number of 5-Hydroxyindole substance recovered as U
rats administered administered urinary S-HIAA creatinine
+ S.D. + S.D.
9 5-HTP NaCl 55.2 + 8.8 22.6 & 3.2
9 5-HTP NaOAB 835+ 7.9 23.7 + 4.6
9 5-HTP NaCl 519+ 9.1 23.1 + 3.8
5 5-HTA NaCl 382+ 74 20.8 + 4.3
5 5-HTA NaOAB 68.0 = 10.5 22.6 & 3.9
5 5-HTA NaCl 39.2 + 9.5 209 + 3.6
9 5-HIAA NaCl 76.0 + 11.8 25.0 4.1
9 S5-HIAA NaOAB 71.0 + 12.2 250 £ 29

rhotic subjects in whom the recovery of 5-HTP
as urinary 5-HIAA exceeded 70 per cent. Four
of these subjects were confused or stuporous, and
frank hepatic coma was present in one. The re-
covery of administered 5-HTP as urinary 5-HIAA
in patients with extrahepatic biliary tract obstruc-
tion was not different from that observed in con-
trol subjects (Table II). The differences in re-
coveries in the three groups are summarized in
Figure 1. 5-HTP was administered on more than
one occasion to four control and two cirrhotic sub-
jects. Reproducible recoveries of urinary 5-HIAA
were obtained in each of these subjects. The re-
coveries of administered 5-HTP as urinary 5-HTA
in control subjects did not differ from those ob-
served in patients with hepatic cirrhosis (Table
II). The average urine volume and creatinine
excretion following 5-HTP administration was
not different in the two groups.

The intravenous administration of 5-HTP re-
sulted in mild nausea lasting for 10 to 60 minutes
in nearly all of the subjects studied. A transient
episode of vomiting occurred in only two subjects.
None experienced diarrhea. In the cirrhotic pa-
tients with impending or frank hepatic coma, ad-
ministration of 5-HTP had no obvious clinical ef-
fect on the flapping tremors or mental state.

When 5-HTA was administered to control and
cirrhotic subjects significant amounts of 5-HTA
were not found in the urine. The recoveries of
administered 5-HTA and 5-HIAA as urinary
5-HIAA were not different in the control and
cirrhotic subjects (Table II). Intravenous in-
fusion of 5-HTA resulted in venospasm with local
pain and slowing of the infusion, but produced no
systemic effects.

No consistent differences were observed in pa-
per chromatograms of indolic compounds which
were prepared from the urines of control and
cirrhotic subjects who had received 5-hydroxy-
indole compounds intravenously.

2. Studies in rats

The results of intraperitoneal administration of
S-hydroxyindole compounds to rats together with
NaOAB or sodium chloride as a control are sum-
marized in Table III and in Figure 2. In nine
rats, the administration of NaOAB together with
5-HTP resulted in a significantly (p = < 0.001)
greater excretion of urinary 5-HIAA than was
observed when 5-HTP was administered together
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F16. 2. THE EFFECT oF Sop1uM ORTHOAMINOBENZOATE
(NAOAB) oN THE METABOLISM OF 5-HYDROXYINDOLE
CoMPOUNDS IN RATS

with NaCl. The urinary excretion of 5-HTA
was consistently diminished when NaOAB was
administered together with 5-HTP. Addition of
NaOAB directly to urine did not interfere with
the measurement of 5-HTA or 5-HIAA,

Only five of 21 rats survived the simultaneous
intraperitoneal injection of 5-HTA and NaOAB
or NaCl. In general the combination of 5-HTA
and NaOAB proved fatal more often than 5-HTA
and NaCl. Focal areas of necrosis in the kidneys
and pulmonary edema were regularly observed at
necropsy. In the five surviving rats the adminis-
tration of 5-HTA together with NaOAB -resulted
in a significantly (p < 0.001) greater urinary ex-
cretion of 5-HIAA than was observed following
the injection of 5-HTA with NaCl. Significant
amounts of 5-HTA were not found in the urine.

In nine rats the urinary excretion of 5-HIAA
was not altered when 5-HIAA was administered
intraperitoneally with NaOAB or NaCl. In all
of the rats studied the urinary excretion of cre-
atinine remained constant throughout all the
experiments.

DISCUSSION

No striking alteration was observed in the uri-
nary excretion of endogenous 5-HIAA in the pa-
tients with hepatic cirrhosis whether or not im-
pending or frank hepatic coma was present. It has
been suggested that 5-HIAA excretion might be
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diminished in cirrhotic patients as a result of im-
paired formation of 5-HTP in the liver, and, on
this basis, a deficiency of serotonin has been postu-
lated in the pathogenesis of hepatic coma (16).
The site of tryptophan hydroxylation, however, is
as yet unknown, and there is no evidence that sig-
nificant formation of 5-HTP from tryptophan
occurs in the liver (4). The data presented here
do not support the concept that 5-HIAA excre-
tion may be decreased in patients with hepatic
cirrhosis. Why the urinary excretion of endoge-
nous 5-HIAA is not significantly different in cir-
rhotic and control subjects while the metabolism
of exogenous 5-HTP appears to be altered in
hepatic cirrhosis remains unexplained. It is pos-
sible that the urinary excretion of 5-HIAA after
the administration of 5-HTP may not represent
a true reflection of endogenous 5-hydroxyindole
metabolism in patients with hepatic cirrhosis.

The recoveries of 5-HIAA in the urine of con-
trol subjects following the administration of
5-HTP, 5-HTA and 5-HIAA are similar to those
previously reported in normal humans (3). It
would appear, however, that the metabolism of
exogenous 5-HTP may be altered in patients with
hepatic cirrhosis. When 5-HTP was administered
to a group of cirrhotic patients the resulting ex-
cretion of 5-HIAA in the urine was greater than
that observed in control subjects and in patients
with extrahepatic biliary tract obstruction. The
cirrhotic patients selected for this study were all
hospitalized primarily because of liver disease.
All were jaundiced or had ascites. Although there
was no distinct correlation between the severity of
liver disease and the recovery of administered
5-HTP as urinary 5-HIAA, the six cirrhotic pa-
tients with the greatest urinary excretion of
5-HIAA following 5-HTP administration all
showed clinical evidence of impending or frank
hepatic coma.

There are several possible explanations for the
greater than normal recovery of urinary 5-HIAA
observed in cirrhotic patients after intravenous in-
fusion of 5-HTP. It would appear that 5-HIAA
metabolism is probably not altered in hepatic cir-
rhosis since the recoveries of urinary 5-HIAA af-
ter the administration of exogenous 5-HIAA were
similar in control and cirrhotic subjects. Whether
or not the metabolism of administered 5-HTA is’
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altered in patients with cirrhosis of the liver is not
clear from this study. Because of venous spasm
and pain at the site of infusion, 5-HTA was in-
fused at slow and variable rates to only a few sub-
jects. Since the urinary excretion of 5-HIAA
after 5-HTP administration was similar in control
subjects and patients with extrahepatic biliary
tract obstruction, it seems unlikely that diminished
excretion of 5-hydroxyindole compounds in the
bile would play a role in the altered metabolism of
exogenous 5-HTP observed in patients with he-
patic cirrhosis. Although the p-form of 5-HTP
may be oxidized by p-amine oxidase in vitro (6),
the amount of 5-HIAA which may thus be pro-
duced in vivo from p-5-HTP is as yet unknown.
The possibility exists, nevertheless, that the me-
tabolism of the p form of 5-HTP might be altered
in hepatic decompensation in such a way as to ex-
plain the results obtained in cirrhotic subjects.
The data presented in this study, however, do not
provide evidence for evaluation of this possibility.

Incubation of 5-hydroxyindole compounds with
liver in vitro and chromatographic examination of
urinary indoles excreted by carcinoid patients and
by animals infused with 5-hydroxyindole com-
pounds suggest that 5-HTA may be metabolized
by mechanisms other than oxidative deamination
(2, 4,17-20). In vitro studies have demonstrated
conjugation of 5-HTA in the liver to form seroto-
nin-o-sulfate (17). The formation of serotonin-
o-glucuronide has been demonstrated in vivo in
animals after the administration of 5-HTA
(19, 20).

From the above studies it appears reasonable to
postulate that the greater than normal excretion
of urinary 5-HIAA following the infusion of
5-HTP in hepatic cirrhosis may be a result of im-
paired conjugation of 5-HTA. If hepatic con-
jugation of 5-HTA were impaired, more 5-HTA
might be available for metabolism of 5-HIAA.
The effect of sodium orthoaminobenzoate (Na-
OAB) on the excretion of 5-HIAA following the
administration of 5-HTP or 5-HTA to rats is of
interest in this regard. NaOAB is rapidly con-
jugated to form a glucuronide (21), and when
present in great excess may impair the formation
of other glucuronides. Administration of 1 Gm.
of NaOAB per Kg. body weight to rats results in
a maximal urinary excretion of glucuronic acid
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(22). In vitro studies suggest that the formation
of glucuronide conjugates may be competitively
inhibited by the presence of NaOAB or similar
compounds (23).

The data indicate that in the presence of excess
NaOAB the urinary excretion of 5-HIAA follow-
ing the administration of 5-HTP or 5-HTA is
significantly greater than that observed when
these 5-hydroxyindole compounds are adminis-
tered alone. NaOAB appeared to have no effect
on the metabolism of exogenous 5-HIAA in these
animals. The data presented do not demonstrate
that NaOAB administration results in diminished
hepatic conjugation of 5-HTA, nor has impair-
ment of 5-HTA conjugation been shown in pa-
tients with hepatic cirrhosis. These studies, how-
ever, indirectly support the concept that 5-HTA
conjugation may occur in the liver and are con-
sistent with the hypothesis that with impairment
of 5-HTA conjugation, larger amounts of 5-HTA
may be available for metabolism to 5-HIAA.

SUMMARY

1. The urinary excretion of 5-hydroxyindole-
acetic acid and 5-hydroxytryptamine was studied
in patients with decompensated hepatic cirrhosis,
control subjects and patients with extrahepatic
biliary tract obstruction following the intrave-
nous administration of S-hydroxytryptophan,
S5-hydroxytryptamine and 5-hydroxyindoleacetic
acid. The recovery of administered 5-hydroxy-
tryptophan as urinary 5-hydroxyindoleacetic acid
was significantly greater in patients with cirrhosis
than that observed in control subjects or patients
with biliary tract obstruction.

2. The administration of excesses of sodium
orthoaminobenzoate together with 5-hydroxytryp-
tophan or 5-hydroxytryptamine to rats resulted
in a significantly greater urinary excretion of
5-hydroxyindoleacetic acid than was observed
when these compounds were administered to-
gether with sodium chloride.

3. The data indirectly support the concept that
5-hydroxytryptamine conjugation may occur in
the liver and suggest that in the presence of ex-
cesses of 5-hydroxytryptophan, S5-hydroxytryp-
tamine conjugation may be impaired in hepatic
cirrhosis.
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