
4. For details of the apparatus see H. Leibowitz, 
N. Myen, and P. Chinetti, J. Expd. Psychol. 
50, 15 (1955). 

5. C. H. Graham, in Handbook of Experimental 
Psychology, S. S .  Stevens, Ed. (Wiley, New 
York, 1951). Chap. 23; for a review of the 
literature see also R. S. Woodworth and H. 
Schlosberg, Experimental Psychology (Holt, 
New York, rev. ed., 1954), Chap. 15 and 16. 
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Studies on Tryptophan and 
Serotonin in patients with 
Malignant Carcinoid 

This is a report of an abnormality of 
tryptophan metabolism in patients with 
metastatic malignant carcinoid, a rela- 
tively rare disease that Thorson et al. 
showed to be associated with an unusual 
syndrome consisting of intestinal hyper- 
motility, bronchospasm, vasomotor dis- 
turbances, and cardiac lesions ( I  ) . The 
demonstration of the presence of the 
pharmacologically active agent, serotonin 
(5-hydroxytryptamine), in carcinoid tu- 
mors (2) implicated it in the pathogene- 
sis of this disorder. Since Thorson's re- 
port many additional patients with this 
disease have been reported. 

A preliminary report from this labo- 
ratory indicated that the urinary excre- 
tion of 5-hydroxyindoleacetic acid 
(5HIAA), the major metabolite of sero- 
tonin, was greatly increased in patielits 
with malignant carcinoid (3). Since pre- 
vious animal studies had shown trypto- 
phan to be the dietary precursor of sero- 
tonin (4), an investiga60n of tryptophan 
metabolism was undertaken in ~atients 
with this disorder (5). 

Blood levels of serotonin were found 
to range from 0.6 to 3.0 wg/ml in car- 
cinoid patients as compared with 0.1 to 
0.3 @/ml in normals. A tremendously 
elevated excretion of urinary JHIAA, 70 
to 800 mg/day in carcinoid patients as 
compared with 2 to 9 mg/day in con- 
trols, was found to be diagnostic of this 
condition (3). 

The excretion of labeled 5HIAA fol- 
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Fig. 1. The effect of variations in trypto- 
phan intake on nitrogen balance and 
urinary excretion of 5-hydroxyindole com- 
pounds. 

lowing the administration of 2-C14 DL- 

tryptophan to three of the patients 
demonstrated that in human beings 
tryptophan is the precursor of serotonin 
and its metabolites. A quantitative esti- 
mate of the defect in tryptophan metabo- 
lism in this disorder was shown in the 
following experiment. One patient was 
fed a diet that gave a basic daily intake 
of 500 mg of tryptophan, and at various 
intervals the tryptophan intake was in- 
creased. The daily excretion of -total 
5-hydroxyindoles and of 5HIAA was 
measured and nitrogen balance was de- 
termined, as shown in Fig. 1. The urinary 
excretion of 5-hydroxyindoles increased 
when the tryptophan intake was in- 
creased and returned to control levels 
when the original intake was resumed. 
At a daily intake of 500 mg, as much as 
60 percent of the dietary trytophan was 
converted to 5-hydroxyindoles. In nor- 
mals only about 1 percent is metabolized 
in this way. The normal requirement of 
tryptophan has been estimated by Rose 
to be 150 to 200 mg/day (6).  If this is 
correct, then this patient was just main- 
tained in nitrogen balance at an intake 
of 500 mn. " 

It is apparent that the carcinoid tumor 
is parasitic upon the tryptophan stores of 
the patient and, as a result, less of this 
amino acid may be available for forma- 
tion of other metabolites, such as protein 
and niacin. Weight loss and hypoprotein- 
emia are common features of the condi- 
tion, and pellagra has been reported in 
several cases. The complex manifesta- 
tions of this disorder may be related to 
both a serotonin excess and a tryptophan 
deficiency. 

The conversion of what is normally a 
minor pathway of tryptophan metabolism 
into a predominant route of metabolism 
may make patients with malignant car- 
cinoid useful in further studies on the 
biochemistry and physiology of serotonin. 

Details of these studies will be pub- 
lished elsewhere (7). 
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Elastase Production 

in the Canine Pancreas 

In 1950 Balo and Banga ( I  ) reported 
the action of an extract of beef pancreas 
on pure elastin. The active substance, in 
view of its specificity, was termed "elas- 
tase." This work has been confirmed 
many times, and in addition these authors 
have re~orted that in human atheroscler- 
osis the quantity of elastase extractable 
from the pancreas diminishes (2).  Pep- 
ler and Brandt (3) demonstrated the ac- 
tion of elastase on the ground substance 
of aorta; the possibility of this enzyme's 
playing a part in the development of 
atherosclerosis has been noted further re- 
cently (4). 

The following observations have been 
made concerning the production of elas- 
tase in dog pancreas. Pancreatic func- 
tion in healthy mongrel dogs was modi- 
fied by the following procedures. 

1 ) Alloxan destruction of beta cells in 
the pancreatic islets. Two doses of al- 
loxan (75 mg/kg. body weight) were 
given intravenously at 24-hour intervals. 
The animals were sacrificed 24 hours 
after the last dose. The loss of granules 
in the beta cells was demonstrated his- 
tologically. 

2) Destruction of both alpha and beta 
cells in the pancreatic islets. Two doses 
of alloxan were given as before; follow- 
ing the last dose, 300 mg of cobalt chlo- 
ride in 25 ml of water were given in- 
travenously at hourly intervals for three 
doses. The animals were sacrificed 1 hour 
after the last dose. Complete lysis of 
both alpha and beta cells was demon- 
strated histologically. 

3 )  Destruction of the pancreatic acinar 
tissue. Progressive destruction by fibrosis 
was produced by gradual occlusion of the 
pancreatic duct by a magnesium band 
placed about the duct. The technique, 
described elsewhere (5),  provides both 
fibrosed and normal pancreatic tissue for 
assay in the same animal. 

Elastase assays of residual pancreatic 
tissue were made by the method of Hall 
and Gardiner (6), over an incubation 
time of 18 to 20 hours, after preparation 
of the extracts by the method of Balo 
and Banga ( I  ) . 

The elastolytic activity of pancreatic 
extracts varies a little with the elastin 
preparation and the results shown here 
in group 1 and groups 2a and 2b repre- 
sent experiments carried out on three 
separate preparations of elastin. 

Group l a  (control). Thirty-one assays 
of normal pancreatic tissue had an aver- 
age elastolytic activity of 0.51 mg of elas- 
tin per hour (S.D. = 0.12). 

Group I b (experiment ) . Sixteen as- 
says of pancreatic tissue m0dified.b~ the 
administration of alloxan (method 1 ) 
showed an average elastolytic activity of 
0.31 mg per hour (S.D.=0.112). 
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