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Studies on the Metabolism of 5-Hydroxytryptamine (Serotonin), I. Effect of 
Starvation and Thiamine Deficiency. (26314) 

E. M. GAL AND P. A. L)REWF;S (Introduced by R. E. Smith) 
dY(.iiroclird,,iical Rcscarrlil Laborulory, V.A .H. S rpu lv rdu ,  am1 D e p t .  Plznrmacology, University o f  

Calif  orniu Mrclical School, Los Angsles ,  Cal i f .  

In  spite of the sjgnificant number of im- 
portant papers related to the metabolism of 
5-hydroxytryptaniine (5.-H’I’) the effect of 
certain stresses notably tho,se of starvation, 
dietary deficiencies anld of obesity, are 
scarcely explored. An exceptiojn is the 
studies on the effect of Vit. B(;-deficiency 
which were shown to lead to reduced levels 
of 5-HT in the spleen( l ) ,  possibly through 
impairment of 5-hydroxy tryp tophan de- 
carboxylase ( 2  ) , and B2-,deficiency with con- 
comitant reduction of rnolnoamine oxidase 
(MAO) activity of the liver(3). The ob- 
served metabolic disturbances which appear 
during starvation (4) and thiamine deficiency 
(5,6) were considered tor evoke possible 
changes in metabolism of 5-HT, a substance 
involved in functional control of the central 
nervous system. This paper derives from a 
research program colncerninF the influence of 
dietary stresses on certain aspects of 5-HT 
metabolism. 

Methods cznd materials. Sprague-Dawley 
male rats were divided into 3 groups. The 
first 2 groups were kept on thiamine sufficient 
and deficient diet respectively for 4,J/2 weeks 
as described elsewhere( 7 ) .  The third group 
of rats was maintained on a daily ration of 
2 g of Purina standard rat chow for the first 
3 days. then starved for 4 days with only 1 
ml of soluble vitamin mixture (“Berocca-C”, 
Hoffmann-LaRoche, Inc.) and water given ad 
Zibituuz. The animals were mechanically 
stunned and, after withdrawal of 1 ml of 
cardiac blood with a heparinized needle, 
killed by decapitation. Blood and tissues 

were immediately worked up for 5-HT con- 
tent according to the method of Bogdanski 
et al . (8) .  In  the experiments aimed a t  de- 
termining (MAO) activity the tissues were 
removed immediately and, with the excess 
blood blotted, chilled and worked up to iso- 
late the mitochondria1 fraction by the method 
of Schneider et d. (9 ) .  Mitochondrial frac- 
tion of the spleen was obtained by pooling 
samples from several animals. Measurement 
of M A 0  activity was carried out mano- 
metrically ( 10). The main compartment of 
the vessels contained 0.3 nil of 0.5 M phos- 
phate buffer pH 7.3, 1 ml of mitochondrial 
suspension in 0.25 31 sucrose, 0.1 ml of 3 X 
10 31 KCN solution and water to bring 
the volume to 3 ml, while the side arm had 
0.4 ml of 0.05 M S-HT solution adjusted to 
pH 7.4. The inner well colntained filter pa- 
per, 0.2 ml of a 1:1 mixture of 20-7& KOH 
and 1 N l  KCN. Each experimental flask had 
a control in which the side arm had 0.4 ml 
of water instead of 5-HT. This served to 
correct for any oxidation in absence of sub- 
strate. The gas phase was and tempera- 
ture 37°C. After 10 minutes of oxygenation 
and equilibration the contents of the side 
arms were tipped in. At the end of each ex- 
periment the content of main compartment 
was withdrawn for pH determination (aver- 
age varied between pH 7.5 to 7.8). Enzyme 
activity is expressed as Q o p ( N )  and was cal- 
culated from the linear period of oxidation. 
Mitochondria1 nitrogen was determined by 
micro-Kjeldahl method. 

Results. Ejl”Prt of  starvation and thiamine 
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defirirw?l on in vivo levels of 5-HT. (‘on- 
centration of 5-HT recovered in the blood, 
brain, small intestine and spleen of rats un- 
der the specified dietary conditions is repre- 
sented in Table I. It is of interest that cei- 
ther starvation nor thiamine deficiency af- 
fected levels of 5-HT of the brain while 
there was a statistically significant increase 
of 5-HT concentration in the spleen of 
stressed animals. Among the organs ana- 
lyzed, only the weight of the spleen of the 
deficient and starved animals displayed 
marked dift’erence from that of control ani- 
mals. Although weight of the spleen oif 
these animals was 40% less per hundred g 
of body weight than the splenic weight of 
controls, the absolute amount of 5-HT was 
nevertheless twice as much in the spleen of 
the stressed animals. Degree of decrease in 
5-HT concentration of the blood and small 
intestine was significant ( p  < .Or) only in 
thiamine deficient animals. I t  should be 
pointed out that 5-HT values of rat blood 
indicated here are 3 to 4 times of those pre- 
viously reported by others( 8 ) . Recent 
analyses of others have confirmed the blood 
values reported in these studies (private com- 
munication by H. Weisbach) . 

Effect of starvution and thiamine deficiency 
on 5-HT oxidasc nctivity of rat tissues. The 

oxidation 5-HT by the mitochondria of liver, 
kidney and brain of normal rats as measured 
by the colorimetric method ( 1 1 ) was earlier 
demonstrated by Sjoerdsma et aZ.( 1 2 ) .  Re- 
sults of the manometric assays reported here 
seem to be in good agreement with respect to 
relative rate of oxidation of 5-HT found in 
those tissues of normal rats by the colori- 
metric method. There is significant differ- 
ence in M A 0  activity of the brain and small 
intestine between control and the starved as 
well as the thiamine deficient animals (Table 
11).  In the other tissues studied, notably 
liver, kidneys and spleen, no1 difference in 
3IAO activity between control and experi- 
mental groups was detectable. In  spite of 
the more than 40% loss of liver protein dur- 
ing starvation ( 13) the mitochondria1 enzyme 
protein responsible for AIAO activity doles 
not seem to be impaired either in starvation 
or in thiamine deficiency. Earlier Sourkes 
(14) using 5-HT as substrate demonstrated 
the 3JAO activity of the liver of B(;-deficient 
rats was normal or occasionally even ele- 
vated. The results were qualitatively simi- 
lar with tyramine as substrate. The  com- 
parison of the M A 0  values based oln mg of 
mitochondria1 nitrogen rather than wet 
weight of tissue increases their validity as a 
true measure of difference between the 3 
groups. 

T A 4  R T J ;  IT. Mitochondria1 ~~onoainirie-Oxidase Ac- 
tivity of Ra t  Tissues with 5-HT a s  Substrate. 

Q02(N)* 
Thiamine- 
sufficient Thianiine- 

Tissue Starved (control) deficient 

* Expressed as pul of 0, consixmed/mg mitoclion- 

t Stand. error. 
$ Each assay rcprcserits pooled tissues of 2 ni i i -  

t l  rial rritrogcn/lir. 

tti;tls. No. o f  :css:rys is givcii in  lurchiithescs. 
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Discussion. Acute starvation and thia- 
mine deficiency , while n on-speci fic stresses, 
provoke in the adrenals and thymus a definite 
response which is quite different from the ef- 
fects of riboflavin and &,-deficiencies. These 
latter fail to produce adaptation syndrome 
although in B,-deficiency the atrophy of 
thymus is observable as a possible conse- 
quence of inadequate protein synthesis ( 5 ) .  
With this in mind it was expected that the 
effects of starvation and thiamine deficiency 
through adrenal involvement would be re- 
flected in changes ir, the metabolism of 5-HT. 
Furthernmre, thiamine deficiency causes 
anemia by affecting the haemopoietic system 
(15)  while starvation in rats produces a con- 
centrating effect through body weight loss 
and dehydration ( 16) without apparent ef- 
fect on haemopoesis. Of course such effect 
would also be operative in the ensuing inani- 
tion during the final stages of thiamine de- 
ficiency. The increased 5-HT levels of the 
spleen in the starved and deficient animals is 
therefore suggestive of platelet destruction 
and consequent release of serotonin as a re- 
sult of inanition and concentrating effect of 
the spleen. However, the lowered 5-HT 
values of the blood and small intestine in the 
thiamine deficient animals might be related 
both to an increased release of 5-HT from 
the intestine to other organs only during 
chronic inanition like B1-deficiency and to an 
increased M A 0  activity of the small intes- 
tine as shown in Table 11. 

The reason for the increased MA0 activ- 
ity of the brain and small intestine is difficult 
to interpret, particularly with respect to the 
starved animals. The loss of considerable 
protein from the intestines during starvation 
( 13) and the significant decrease in number 
of cells in the duodenal mucosa( 17) would 
indicate an imbalance in favor of protein ca- 
tabolism which should tend to decrease en- 
zymatic activity. On the colntrary, it is ob- 
vious from the results that the enzyme pro- 

tein of M A 0  was not adversely affected by 
either acute starvation or a 4 week period of 
thiamine deficiency in  any of the tissues 
studied. 

Blood and small intestine of 
thiamine deficient rats showed reduced levels 
of 5-HT while 5-HT content of the spleen 
of both starved and deficient animals was 
elevated. Mitochondria1 monoamine oxidase 
activity was increased in the brain and small 
intestine during starvation and B1 -deficiency 
without any detectab'le change in that of the 
liver, spleen and kidney. 

Summary. 
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