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New Metabolites of Serotonin 
in Carcinoid Urine 

5-Hydroxyindoleacetic acid, the only 
metabolite of serotonin so far identified, 
represents less than 20 percent of an 

exogenous dose of serotonin (1). The 

reported presence of other unidentified 
indole derivatives in carcinoid urines 

(2) and rat liver perfusates (3), how- 

ever, is indicative that metabolic reac- 
tions other than deamination occur. Sug- 
gestive evidence has also been presented 
that free serotonin is present in normal 
urine (4). Now it has been found that 
carcinoid urine is much more oxytocic 
than normal urine (personal observa- 

tion) and it was thought that, if in this 

syndrome there was an increase in the 
excretion of the known metabolite, there 
would also be an increase in the un- 
known metabolites. 

By an adaptation of the method de- 
scribed by Bumpus and Page (4), the 
indoles were extracted from 3 gal of 
carcinoid urine from one patient which 
contained 350 mg of 5-hydroxyindole- 
acetic acid as assayed by the method of 

Udenfriend, Titus, and Weissbach (5). 
Removal of excess urea and a partial 
fractionation of indoles was accom- 

plished by using a cellulose column and 
a single phase solvent of n-propanol/ 
ammonia. 

Paper chromatography of the concen- 
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Table 1. RF values, oxytocic activity, and fluorescent spectra of metabolites of serotonin 
and the normally occurring urinary indican. 

Fluorescent spectra RF in solvent* 
(m) t 

Oxytocict 
Metabolite Oxytocict 

~~Metabolite ^activity Activa- Fluo- 
A B C tion rescent pH 

(max.) (max.) 

Serotonin creatinine sulphate 0.48 0.64 0.86 +-H 295 540 2 
5-Hydroxyindoleacetic acid 0.15 0.80 0.03 300 355 7 
5-Hydroxyindoleaceturic acid 0.23 0.84 
N-acetyl serotonin 0.75 0.81 0.86 + 310 370 7 
Indican 0.40 0.43 0.56 300 400 7 

* Blue spots were obtained when sprayed with p-dimethylaminobenzaldehyde in 1.5N HCl. Solvent systems 
used: A, propan-1-ol saturated with ammonia; B, n butanol-acetic acid-water (4:1:5); C, ethyl methyl 
ketone-2N ammonia (2:1). 
t Oxytocic activity was determined on an eoestrus rat uterus. Activity was antagonized by brom-lysergic 
acid diethylamide. 
+ Fluorescent spectra were determined with an Aminco Bowman spectrophotofluorometer. 

Table 1. RF values, oxytocic activity, and fluorescent spectra of metabolites of serotonin 
and the normally occurring urinary indican. 

Fluorescent spectra RF in solvent* 
(m) t 

Oxytocict 
Metabolite Oxytocict 

~~Metabolite ^activity Activa- Fluo- 
A B C tion rescent pH 

(max.) (max.) 

Serotonin creatinine sulphate 0.48 0.64 0.86 +-H 295 540 2 
5-Hydroxyindoleacetic acid 0.15 0.80 0.03 300 355 7 
5-Hydroxyindoleaceturic acid 0.23 0.84 
N-acetyl serotonin 0.75 0.81 0.86 + 310 370 7 
Indican 0.40 0.43 0.56 300 400 7 

* Blue spots were obtained when sprayed with p-dimethylaminobenzaldehyde in 1.5N HCl. Solvent systems 
used: A, propan-1-ol saturated with ammonia; B, n butanol-acetic acid-water (4:1:5); C, ethyl methyl 
ketone-2N ammonia (2:1). 
t Oxytocic activity was determined on an eoestrus rat uterus. Activity was antagonized by brom-lysergic 
acid diethylamide. 
+ Fluorescent spectra were determined with an Aminco Bowman spectrophotofluorometer. 

Table 1. RF values, oxytocic activity, and fluorescent spectra of metabolites of serotonin 
and the normally occurring urinary indican. 

Fluorescent spectra RF in solvent* 
(m) t 

Oxytocict 
Metabolite Oxytocict 

~~Metabolite ^activity Activa- Fluo- 
A B C tion rescent pH 

(max.) (max.) 

Serotonin creatinine sulphate 0.48 0.64 0.86 +-H 295 540 2 
5-Hydroxyindoleacetic acid 0.15 0.80 0.03 300 355 7 
5-Hydroxyindoleaceturic acid 0.23 0.84 
N-acetyl serotonin 0.75 0.81 0.86 + 310 370 7 
Indican 0.40 0.43 0.56 300 400 7 

* Blue spots were obtained when sprayed with p-dimethylaminobenzaldehyde in 1.5N HCl. Solvent systems 
used: A, propan-1-ol saturated with ammonia; B, n butanol-acetic acid-water (4:1:5); C, ethyl methyl 
ketone-2N ammonia (2:1). 
t Oxytocic activity was determined on an eoestrus rat uterus. Activity was antagonized by brom-lysergic 
acid diethylamide. 
+ Fluorescent spectra were determined with an Aminco Bowman spectrophotofluorometer. 

oxytocic activity, and fluorescent spectra 
(see Table 1). One of these proved to be 
the normally occurring urinary indican, 
but the other four-5-hydroxyindoleace- 
tic acid, 5-hydroxyindoleaceturic acid, 
5-hydroxytryptamine and N-acetyl 5-hy- 
droxytryptamine-were evidently metab- 
olites by serotonin. The 5-hydroxyindole- 
aceturic acid was further characterized 
by enzymic hydrolysis of an eluate with 
chymotrypsin, to yield 5-hydroxyindole- 
acetic acid and glycine. 

The metabolism of endogenous sero- 
tonin in carcinoid patients therefore ap- 
pears to be very similar to that of exo- 
genous serotonin in experimental ani- 
mals which we have studied (6). Auto- 
radiographs obtained from urinary ex- 
tracts of rats and rabbits given radioac- 
tive serotonin have shown the presence 
of the same four metabolites with the 
addition of two other minor metabolites. 
One of these has been identified as the 
glucuronide of serotonin since it gave a 
positive indole test but did not give a 
blue color with 2:6 dichloroquinone- 
chloroimide, indicating that the hydroxyl 
group was not free. An eluate of this 
compound gave a positive naphthore- 
sorcinol reaction, confirming that it was 
an ether glucuronide. Quantitative esti- 
mations of glucuronic acid and ethereal 
sulfate excretion after administration of 
serotonin have also shown that some con- 
jugation does take place. 

Oxidation of serotonin in vivo is a 
theoretical possibility, and it was thought 
that the other minor metabolite might 
represent the product of such a reaction, 
though so far no definite experimental 
confirmation has been obtained since it 
is present in such small quantities. 

No evidence has been found in these 
experiments to suggest that methylation 
of serotonin might occur. 

The normal metabolic fate of sero- 
tonin therefore appears to be (i) deami- 
nation to 5-hydroxyindoleacetic acid 
with (ii) some subsequent glycine con- 

jugation to form the aceturic acid, (iii) 
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jugation to form the aceturic acid, (iii) 

N-acetylation, (iv) conjugation with glu- 
curonic acid, (v) excretion unchanged 
and (vi) possible oxidation. 

Preliminary studies have shown that, 
although great amounts of serotonin are 
metabolized by carcinoid patients, there 
appears to be no qualitative difference 
from the normal mode of metabolism. 

WILLIAM M. M ISAAC 
IRVINE H. PAGE 

Research Division, Cleveland Clinic 
Foundation, and Frank E. Bunts, 
Educational Institute, Cleveland, Ohio 
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Spontaneous Changes in 

Corn Endosperm Tissue Cultures 

Spontaneous changes in the character- 
istics of plant tissue cultures are known to 
occur from time to time. The best docu- 
mented change is that which occurs in 
connection with the isolation of habitu- 
ated tissues (1). Habituated tissues are 
independent of exogenous auxin, in con- 
trast to the normal tissues from which 
they are derived. The latter tissues re- 

quire external supplies of auxin for 
growth in vitro. Another change which 
has been observed to arise is the appear- 
ance of a purely parenchymatous tissue 
from woody tissue cultures (2). Reinert 

(3) and Torrey (4) have described irre- 
versible changes from compact calli to 
cultures of very loose masses of cells from 
Picea and pea root callus, respectively. 
The latter changes, however, were as- 
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