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Serotonin, (5-hydroxytryptamine, 5-HT, enter-
amine) is widely distributed in animal tissues and
has been shown to have marked pharmacologic
effects upon the gastrointestinal tract and cardio-
vascular system (1-4). Indirect evidence sug-
gests that serotonin may play an important role
in cerebral function, but, as yet, no direct connec-
tion has been established between serotonin and
cerebral disease (5). Previous reports (6) and
personal observations have shown a low normal
excretion of 5-hydroxyindoleacetic acid, the end
product of serotonin metabolism, in liver disease.
The precursor of the serotonin of brain is ap-
parently 5-hydroxytryptophan. In view of these
facts, the possibility that severe liver disease by, in
some way, affecting the production of 5-hydroxy-
tryptophan, might alter brain function, was in-
vestigated by the following series of experiments.'

MATERIALS AND METHODS

Ten to 23 mg. of 5-hydroxy-DL-tryptophan (5-HTP)
sterilized by dry heating at 100° for one hour and dis-
solved in 100 ml. of 0.85 per cent saline solution was given
intravenously over a 30 minute period to four patients in
severe hepatic coma, to three patients with abnormal
electroencephalograms but not in hepatic coma, and to
one normal individual. Electroencephalograms were re-
corded before, during and after infusion. Where possible,
24 hour urine specimens were collected in 6 hour frac-
tions, just prior to, and immediately after, 5-HTP infu-
sion, and analyzed for 5-hydroxyindoleacetic acid (5-
HIAA) by the procedure of Udenfriend, Titus and Weiss-
bach (8). Platelet 5-HT content was determined by the
butanol extraction procedure of Udenfriend, Weissbach
and Clark (9) just prior to and one, two, and three
hours after 5-HTP infusion. Blood ammonia levels were
determined by the method of Seligson and Seligson (10)
as modified in this laboratory.2

* Supported by grants from the Heart Association of
Maryland and from the National Institutes of Health
(B-1365), United States Public Health Service.

'A preliminary report (7) of this work has appeared.
2Mimeographed copies of the modification will be

supplied upon request to Dr. Bessman.

RESULTS

The electroencephalograms of all patients with
hepatic failure exhibited the usual diffuse slow ac-
tivity. During infusion of 5-HTP, all four pa-
tients (Table I) showed a diminution of the slow
activity and an increase of fast activity, represent-
ing a change in the record toward a more normal
pattern. However, none of the patients developed
a completely normal pattern. Figure 1 shows sam-
ples of tracings from Patient M. B. before and
during infusion. These changes lasted for two
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FIG. 1. ELECTROENCEPHALOGRAMBEFOREAND AFTER
5-HYDROXYTRYPTOPHAN(5-HTP) INFUSION

Calibration, 100 mV. and 1 second.
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FIG. 2. INCREASED EXCRETION OF 5-HYDROXYINDOLE-
ACETIC ACID (5-HIAA) FOLLOWIING INTRAVENOUS5-Hy-
DROXYTRYPTOPHAN(5-HTP)

Dots represent high and low ranges. The bar is av-
erage excretion per six hour fractions.

hours in this patient and for about three hours in
the remaining patients with hepatic insufficiency.
In the three controls with abnormal electroen-
cephalograms there was no change in the tracings
on administration of 5-HTP, even though their
tracings all showed markedly slowed activity bi-
laterally. In a normal individual, W. C., the ad-
ministration of 5-HTP produced no changes in the
electroencephalogram.

Figure 2 indicates the increased excretion of
5-HIAA following intravenously administered
5-HTP. Calculated on the assumption that only
the 1-isomer is metabolized, the average in-
creased excretion in the first six hours represents
a 46 per cent recovery of the administered dose of
5-HTP. If the excretion of the remaining 18
hours, in excess of the control period, is added to
the first six hour excretion, a 52 per cent recovery
is realized in 24 hours. The average 24 hour ex-
cretion of 5-HIAA was 3.1 mg. in the patients
with hepatic coma and 2.4 mg. in the control pa-
tients. There was no significant difference in
these values, which lie in the low normal range.
In the case of Patient J. K., with liver failure sec-
ondary to extensive Hodgkin's disease involve-
ment of the liver, spleen and retroperitoneal soft
tissues, we had the opportunity to observe the ef-
fects of a diuretic on 5-HTP metabolism. Just

prior to the administration of 40.4 mg. of 5-HTP,
2 ml. of mercaptomerin sodium was administered
inadvertently. The urine resulting from the co-
pious diuresis was collected in the indicated time
intervals. In the first two hours (1,541 ml. urine
volume) the 2.38 mg. of 5-HIAA excreted equaled
the previous 24 hour 2.34 mg. of 5-HIAA. A
single specimen containing the next 22 hours' ex-
cretion (4,780 ml.) of 8.08 mg. represented a 46
per cent recovery of administered 5-HTP in ex-
cess of the previous 24 hour control period. The
diuresis apparently had no effect on the metabo-
lism or excretion of 5-HIAA because these fig-
ures are similar to the data on all of the other pa-
tients in the study. The unusually low blood
5-HTP level probably reflects the thrombopenia
secondary to nitrogen mustard therapy. There
was no significant change in platelet serotonin
levels.

Figure 3 indicates the average change in plate-
let 5-HT content during the three hours following
>-HTP injection. Although there is a terminal
rise, this is just outside our range of error for
5-HT measurement. Such equivocal results may
be explained by our low (0.1 to 0.3 mg. per Kg.)
5-HTP dosage as compared with animal experi-
ments (11) where 400 to 1,000 times (60 to 150
mg. per Kg.) as much 5-HTP was given, produc-

BEFORE HR 2HR 3HR.
5 HTP AFTER 5HTP IV.

FIG. 3. RESPONSEOF BLOOD (PLATELET) 5-HYDROXY-
TRYPTAMINE TO 5-HYDROXYTRPTOPHAN (5-HTP) IN-
FUSION

Blocks represent ranges; dots, average.
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ing a fourfold increase in blood 5-HT associated
with markedly toxic central nervous system dis-
turbances. These data confirm the statement
made by Davidson, Sjoerdsma, Loomis and Uden-
friend (12) that this dosage level of 5-HTP pro-
duced no effect on the blood serotonin in animals.

CLINICAL OBSERVATIONS

In the patients with hepatic insufficiency there
was no change in tremors, mental confusion or
reflex activity during the administration of 5-HTP,
or for a three hour follow-up period. Patient

H H
C-C-C -COOH
H I

NH2
N

TRYPTOPHAN

Hydroxylose

HO- ~~H
H-C -COOH

H I

NHI

5-HYDROXYTRYPTOPHAN

Decarboxylose

HC-HHO -X 3 C _C H1

NIH2
N'

5-HYDROXYTRYPTAMIN E
(S e r o t o n n)

Amine Oxidose

H

HO-: C -CC-OO H

IH

5-HYDROXYINDOLEACETIC ACID

FIG. 4. METABOLIC PATHWAYOF 5-HYDROXYTRYPTAMINE
(5-HT)

M. B., however, stated that she felt "quiet and
restful" but demonstrated no improvement in her
restlessness. Three patients (M. B., M. C. and
P. H.) had significant increases in pulse rate
which subsided following the 30 minute injection
period. Two patients (A. F. and L. C.) demon-
strated significant (average, 26/25) rises in blood
pressure which subsided within 5 to 10 minutes

after cessation of I. V. 5-HTP. The only con-
sistent observation was that of increased peristal-
sis, observed in four patients (V. O., P. H., A. F.
and L. C.), with three of these complaining of
abdominal discomfort (cramps and burning). In-
terestingly, J. K., who received four times the
usual dose, displayed none of these effects. 5-HTP
injection was not felt to contribute to the demise
of the three patients dying three to seven hours
following injection, since all three patients were
extremely ill and were chosen for this reason as
initial subjects.

DISCUSSION

Severe liver failure is frequently associated
with serious disturbances of consciousness. This
study was undertaken to determine whether the
liver played any role in metabolism of serotonin
and whether such metabolism might be deranged
by liver failure. Figure 4 indicates the normal
pathway of serotonin formation with its breakdown
to 5-hydroxyindoleacetic acid. All of these steps
have been demonstrated in animal tissues except
the conversion of tryptophan into 5-hydroxytryp-
tophan (13). As yet, the site of formation of this
intermediate has not been demonstrated. It is
quite clear from animal experiments that parentally
injected 5-hydroxytryptamine is not able to enter
the brain, whereas 5-hydroxytryptophan does en-
ter the brain and causes a marked increase in the
level of serotonin in that organ (11). It is most
likely that the source of serotonin in the brain is
5-HTP formed elsewhere in the body. The con-
version of tryptophan to 5-HTP is the type of re-
action which is known to occur in the liver, the
site of most hydroxylations. If the formation of
5-HTP were a function of the liver, one could ex-
pect that in severe liver failure there might be a
defect in serotonin metabolism. The average 24
hour excretion of 5-HIAA for both groups (he-
patic coma, 3.2 mg.; controls, 2.4 mg.) is in the
low normal range when compared with 21 nor-
mal adults (average, 4.7 mg.; range, 2.3 to 9.7 mg.
per 24 hours). The experiments herein reported
do show that in severe liver disease 5-HTP can
be converted to 5-HIAA, presumably by going
through the 5-HT step.

The fact that only patients with liver disease
show an effect of 5-HTP upon the electroen-
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cephalogram suggests the possibility that within
the brain a deficiency of serotonin exists, resulting
from the inability of the patient with hepatic coma
to convert tryptophan to 5-HTP. According to
these results it appears as if there is some defect
in serotonin formation in liver disease prior to
5-HTP (see Figure 4). Another possibility is
that the observed electroencephalogram changes
following infused 5-HTP simply represent a phar-
macologic effect upon the brain akin to changes
recorded in the gastrointestinal tract. Were this
the case, however, it should have appeared in the
controls.

SUMMARY

5-Hydroxytryptophan (5-HTP), 10 to 40 mg.,
was given intravenously to nine patients while elec-
troencephalograms were recorded. In all five pa-
tients with hepatic coma, the slow activity dimin-
ished and the fast activity increased, altering the
record in the direction of normal. In three pa-
tients with coma, not due to liver failure, and in
one normal individual, there were no alterations
in the electroencephalogram. Twenty-four hour
urinary excretion of 5-hydroxyindoleacetic acid
(5-HIAA) accounted for 52 per cent of the 5-hy-
droxy-L-tryptophan administered. No definite de-
fect was observed in the ability of patients with
liver disease to metabolize 5-hydroxytryptophan
as compared with a control group.

At the dosage levels utilized, infused 5-hydroxy-
tryptophan produced no effect on blood serotonin.

In patients with hepatic insufficiency, there was
no change in tremors, mental confusion or re-
flex activity. Abdominal discomfort and increased
peristalsis were frequent.
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