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Abstract

Background: Carcinoid tumors have a neuroendocrine origine and endocrine activity is typical for
them.
Objectives: The main objective of the present study was to determine differences in the levels of an
endogenous somatostatine, a neuron specific enolase in serum and excretion of 5-HIAA in the urine in
patients with carcinoid tumors and also to determine the changes of these parameters during the treat-
ment with long acting somatostatine analogue � lanreotide.
Subjects and methods: 30 pts with carcinoid tumors (20 pts with metastatic disease, 10 pts after resec-
tion of the primary tumor without known metastases at the time of the investigation) and 12 healthy
probands were included in the study. Circadian rhythm of endogenous somatostatine in all groups was
performed. Levels of neuron specific enolase in the serum and the excretion of 5-HIAA in the urine in
pts with carcinoid tumors were done. The estimation of these parameters were repeated in the group
of pts with advanced metastatic disease during the treatment with the lanreotide.
Results: We confirmed the existence of the circadian rhythm of endogenous somatostatine in all groups.
Chronogram of somatostatine in pts without known metastases shows the same characteristics as the
chronogram of healthy volunteers. The chronogram of pts with metastatic carcinoid disease shows a
statistically significant differences in comparison with healthy volunteers � higher mesor and later
acrophase of 24-hour rhythm (p<0.05). During the therapy with lanreotide lower mesor was observed
(p<0.05). The amount of the 5-hydroxyindolacetate acid in urine in pts with metastatic carcinoid was
statistically significant higher than in the pts without metastases (p<0.001). During therapy with the
lanreotide the decrease in the 5-HIAA in the urine (p<0.05) was observed. Neuron specific enolase in
the serum was higher in group with the metastatic disease (p<0.001).
Conclusion: Abnormalities in the somatostatine secretion and the concentration of the neuron specific
enolase in serum are useful markers for the differential diagnosis and might distinguish the carcinoid
patients with and without metastases. Urine excretion of 5-HIAA is a good marker of endocrine activ-
ity of the carcinoid tumor. (Fig. 4, Tab. 3, Ref. 22.)
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Carcinoid tumors are slow growing tumors arising from the
neuroendocrine cells that are dispersed in the body. Most fre-
quently they occur in the gastrointestinal tract (about 74 %), in
the lungs and bronchi. The occurrence is about (10�15 %). They
can also be found in such locations as the thymus, breast, kid-
ney, ovary or thyroid gland (Memon et al, 1997). The overall
incidence of these tumors in the USA has been estimated to be
1�2 cases per year. A Swedish study in a single geographic
location reported the incidence calculated on surgical specimens
and autopsies 8.4 cases per 100 000 people. For the carcinoid
tumors production of serotonin is typical. The rate limiting step
in the synthesis of serotonin is the conversion of tryptophan to

5-hydroxytryptophan. This is than rapidly converted to seroto-
nin by the enzym dopa decarboxylase. Serotonin is stored in
secretory granules of platelets, rest is converted into 5-hydroxy-
indolacetic acid (5-HIAA) by monoamine oxydase and aldehyd
dehydrogenase. This metabolit is excreted in the urine. Mea-
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surement of the serotonin metabolite 5-HIAA in a 24 hour urine
collection may be useful in confirming the diagnosis and in sub-
sequent monitoring of patients with metastatic carcinoid tumors
(Kulke et al, 1999). In one study involving primarily patients
with metastatic carcinoid disease, elevated urinary 5-HIAA ex-
cretion predicted the presence of carcinoid tumor with a sensi-
tivity of 73 percent and specificity of 100 percent (Feldman et
al, 1986). Neuron specific enolase (NSE) is one of markers of
the neuroendocrine tissue. Plasmatic level of NSE can be useful
in follow-up patients with malignant carcinoid (Eriksson et al,
2000). Somatostatine (SMS) is a paracrine hormone that is known
to regulate the growth and secretion of a number of endocrine
cells. SMS is a tetradecapaptid with potent inhibitory actions
that inhibits syntesis and release of a brode range of hormones
including growth hormone, insulin, glucagon and gastrin. It acts
by binding to somatostatine receptors. They are expressed on
more than 80% of carcinoid tumrs (Corleto et al, 2000). The
circadian rhythm of somatostatine was reported in several arti-
cles (Buzzeli et al, 1990; Strazzula et al, 1990; Payer et al, 1994).

Subjects and methods

The patients group comprised 30 patients (14 women, 16
men). First group A comprised 20 patients (12 men, 8 women)
with a median of age 65.5 years (confidence int. 45�71) with
metastatic carcinoid disease. 10 of them (5 men, 5 women) were
treated with a long acting analogue of somatostatine � lanreotide.
Group B have 10 pts (4 men, 6 women) with a median of age 33
years (20�54) after the resection of the carcinoid tumor with-
out known metastases at the time of the examination.

The control group consisted of 12 healthy subjects (7 men, 5
women) with a median age 31 years (21�54).

In all patients and control group we estimated the circadian
rhythm of endogenous somatostatine. All subjects had a normal
sleeping routine one week before the investigation. Blood spe-
cimens were taken into the EDTA test tube from cubital vein at
8:00 a.m., 12:00 a.m., 04:00 p.m., 08:00 p.m., 12:00 p.m., 04:00
a.m., 08:00 a.m. After the centrifugation the serum was fresh

frozen and stored by -20 °C. The serum levels of somatostatine
were estimated by radioimmunoassay (RIA) method with ALI-
MA, USA. In ten pts with metastatic carcinoid disease we start-
ed the treatment with long acting analogue of somatostatine �
lanreotide. Patients received lanreotide � Somatuline 30 mg
(Ipsen Beaufour International) every 14 days intramuscularly.
After third dosis of lanreotide we stated the circadian rhythm of
somatostatine in same conditions as in previous examination.

In all patients the 24 hours urine excretion of 5-HIAA
(5-hydroxyindoacetic acid) was measured. Patients were in-
formed about the nutrition conditions and 3 days before and dur-
ing the estimation the foods with a high contents of the serotonin
(f.e. bananas, kiwi, blue cheese, avocados, nuts) were avoided.
Patients didn�t received any medication that could influenced
the urine excretion of 5-HIAA. The collection of the urine started
at 6:00 a.m. on the first day and stoped at 6:00 a.m. on the next
day. 5-HIAA was determined spectrophotometrically. In patients
treated with the lanreotide we repeated the collection 7 days af-
ter third dose of the lanreotide (supposed maximum effect of
SMS).

Serum levels of the neuron specific enolase as a marker of
neuroendocrine tumors were determined in 5 ml blood speci-
mens in the morning samples of fasting patients. For the estima-
tion we used the RIA method CIES, France.

Statistical analysis: all values obtained in this study are ex-
pressed as median and confidential intervals 95 %. The data were
analysed using one-way nonparametric analysis � Kruskal
Wallis test and Friedman nonparametric two ways analysis of
dispersion. For the chronogram of the somatostatine we used
Fisher�s periodogram and Halberg�s cosinor analysis (Mikulecký
1993).

Results

Chronogram of somatostatin (SMS) in healthy subjects shows
characteristics of circadian rhythm with maximum at 12 a.m.
and minimum at 4:30 a.m. (Fig. 1). Chronogram of somatostatin
in the group B of patients after surgical resection of carcinoid
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Fig. 1. Chronogram of the somatostatin in the group of healthy vo-
lunteers.

Fig. 2. Chronogram of the somatostatine in the group B of pts with
carcinoid without metastases.
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and without known metastases shows characteristics of the same
circadiam rhythm as the chronogram of healthy volunteers
(Fig. 2). Chronogram of SMS in the group A of pts with metastatic
carcinoid disease shows also characteristics of circadian rhythm
with maximum at 8:00 p.m. and mininum at 3:30 a.m. (Fig. 3).
This group has higher mesor and later acrophase of 24-hour
rhythm than the group A without metastases (p<0.05). During
therapy with somatostatin analogue � lanreotid keep the soma-
tostatin characteristics of circadian rhythm with maximum at 5:30
p.m. and minimum at 2:00 a.m. (Fig. 4). Lower mesor was ob-
served during the therapy (p<0.05).

The amount of 5-HIAA in urine in the group A of pts with
metastatic disease shows statistically significant difference (high-
er values) in the comparison with group B without metastases
(p<0.001) (Tab. 1). During the treatment with lanreotide a statis-
tically significant decrease in the 5-HIAA urine excretion was
observed (p<0.05) (Tab. 2).

By the comparision of the plasmatic levels of the neuron
specific enolase which is a marker of the tumors arising from the
neuroendocrine tissue in both group of patients we found higher
levels in group A of pts with metastatic disease (p<0.001) (Tab. 3).

Discussion

Somatostatin is synthesized by several cells in the human
body (central nervous system, thyroid gland, suprarenal gland,
pancreas, D-cells in the gastrointestinal tract, placenta, urinary
tract). The existence of somatostatin receptors on the cell sur-

face of carcinoid tumors was confirmed (Krenning et al, 1995;
Jais et al, 1997). The aim of our study was to estimate the status
of the endogenous somatostatine in patients with carcinoid tu-
mors. We confirmed the existence of the circadian rhythmicity
in the group of healthy subjects (Fig. 1). This was also found in
other authors (Buzzeli et al, 1990; Strazulla et al, 1990; Payer et
al, 1993). In the group of patients after surgical resection of the
primary carcinoid tumors without known metastases we found
the circadian rhythm of somatostatine with the same charac-
teristics like in the healthy subjects with the maximum at 12:00
a.m. and minimum at 4:30 a.m. (Fig. 2). In the group of patients
with the metastatic carcinoid disease somatostatine has charac-
teristics of circadian rhythm with the maximum at 8:00 p.m. and
minimum at 3:30 a.m. In these pts we found higher mesor than
in previous two groups. We supposed that the chronabnormali-
ties of the somatostatine in patients with metastatic carcinoid
disease are a reflection of the protective function of the human
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Fig. 4. Chronogram of the somatostatine in the group A of pts with
malignant carcinoid during the therapy with lanreotide.

Fig. 3. Chronogram of the somatostatine in the group A of pts with
malignant carcinoid.

Parameter Patients A group Patients B group

Number of investigated 20 10
5-HIAA (µmol/24 h) 174.66 (57.6-257.2)* 24.85 (19.2-29.8)

Data are calculated as median and confidential intervals, *p<0.001

Tab. 1. Urine excretion of the 5-HIAA in the group of patients with
metastatic carcinoid disease (A) and in the group of patients witho-
ut metastases (B).

Parameter Patients before Patients during
treatment (BT) treatment (DT)

Number of investigated 10 10
5-HIAA (µmol/24 h) 151.6 (97.8-1150.2)* 96.2 (67.2-630.6)

Data are calculated as median and confidential intervals, *p<0.05

Tab. 2. Urine excretion of the 5-HIAA in the group of patients with
metastatic carcinoid disease before the treatment (BT) and during
the treatment (DT) with lanreotide.

Parameter Patients A group Patients B group

Number of investigated 20 10
NSE (ng/ml) 10.6 (9.1-12.95)* 5.1 (3.15-6.35)

Data are calculated as median and confidential intervals, *p<0.001

Tab. 3. Plasmatic levels of the neuron specific enolase (NSE) in the
group of patients with metastatic carcinoid disease (A) and in group
of patients without metastases (B).
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body to the proliferation of tumor cells. Somatostatin and its
analogs are used in the treatment of patients with the advance
carcinoid disease. Rationale for the somatostatin analog therapy
is based on the observation that symptoms produces by carcino-
id are due to secretion of peptides and amines from tumor cells.
SMS and its analogs not only supress the release of these me-
diators but also inhibit their action on target tissue. For this rea-
son, the decrease in number of symptoms is more profound that
can be accounted for by the degree of suppresion or release of
the mediator peptide (Anthony et al, 1993; Eriksson et al, 1997;
Lamberts, 1997; Jais et al, 1997). In our patients treated with a
long acting analog of somatostatine � lanreotide we we esti-
mated one change in the chronogram of somatostatine, decrease
of the mesor (Fig. 4). Interpretation of this fenomenon is not
easy, but we suppose, that the decrease is caused by the mecha-
nism of the feedback reaction of exogenously adminestered so-
matostatin.

The classic biochemical identification of carcinoid tumors
involves quantifying the excretion of 5-HIAA in a 24 hour urine
sample. Normal values range between 10 to 35 µmol/per 24 h
period. Therapy with somatostatine analogs improve symptoms
in 70 to 88 % of patients and decreases 5-HIAA excretion in
urine sample in 50 to 72 % of patients but without significant
tumor mass reduction. The largest clinical experience is report-
ed by Kvols from the Mayo Clinic. In 66 pts with carcinoide
syndrome refractory to other forms of therapy treated with oct-
reotide, complete or non complete control of diarhoe was ob-
tained in 77 %, of flushing in 87 % and a 50 % or more reduction
in urinary 5-HIAA was achieved in some 77 %. Several other
smaller studies reported similar findings (Kvols, 1986; Rubin et
al, 1999; Ducreux et al, 2000; Kiòová et al, 1999, 2001). In our
study we found higher levels of 5-HIAA in urine in the group of
pts with metastatic carcinoid (Tab. 1). During the treatment with
lanreotide we estimated a decrease in amount of 5-HIAA in the
urine (Tab. 2) what correspondes with other authors.

Neuron specific enolase is a specific marker of tumors aris-
ing from the neuroendocrine tissue (D�Allesandro et al, 1992;
Memon et al, 1997). Higher levels of NSE were found in malig-
nant neuroendocrine tumors. We found a statistical significant
higher levels of NSE in patients with metastases of carcinoid
(Tab. 3). The NSE is useful in the differential diagnosis of endo-
crine and nonendocrine tumors and for the follow up of patients
with endocrine tumors.
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NEW BOOKS

Mark Grant: Galen on Food and Diet. Routledge, London and New York 2000, 214 pp

English classicist Mark Grant, who, as he writes in the ac-
knowledgements, comes from a physician family, published in
2000 in a renowned publishing house Routledge book dedicated
to Galen�s opinions about food and nutrition. The book contains
a historical introduction into Galen and dietetics and a transla-
tion of shorter Galen�s writings De atra bile (On Black Bile),
De inaequali intemperie (On Uneven Bad Temperament), De
causis morborum, (On the Causes of Diseases), De ptisana (On
Barley Soup), Pseudogalenic treatise De humoribus (On the
Humours) and basic work De alimentorum facultatibus (On the
Powers of Foods) as well. At first sight this is about two topics,
ancient humoral theory and dietetics, which are put together into
one publication, but they are connected with each other never-
theless. Since the ancient dietetics was always followed by the
temperament (= humours proportion) of the patient, the diet is
recommended according to this. Commentaries to Hippocratic
dietetic works and the treatise De victu attenuante (On Diet Pro-
ductive of Thin Humour) choice are not included into the book.

It is well known, that the ancient medicine was divided into
three parts. The first one was �dietetike�, healing by means of
regimen, second one �farmakeutike�, healing by means of drugs
and the third one �cheirurgia�, healing by means of hand (work).
The dietetics is quoted in the first place, it means, preference
was given to this one and only when it was not successfull, the
physician proceeded to the next possibilities. As the author writes
in the introduction, the food played important role in the dietet-
ics, since food could cause disease or restore the health. By Ga-
len the more foods had been cooked, the more could be digested
in the body easily. In another passage Galen remarks, that a tasty
meal is digested easier than less tasty one, though it could be
equally healthy. This remark reminds of aphorism of his great
idol, Hippocrates: �Food or drink which, though slightly inferior,
is more palatable, is preferable to that which is superior but less
palatable� (II,38). Besides Galen quoted directly Hippocrates,
when he says �In food medicine� (On Food,19).

In the name of his basic work On the Powers of Foods Galen
used the greek word dynamis, which could be widely translated
as capacity, power, faculty, function, even remedy or remedy
effect. About these food qualities in details Galen explains in
three books with nearly three hundred pages of monumental
Kühn�s edition Opera omnia (6th. volumen from 1823). In the
introduction to the first book author reminds, that it is essential
to examine not only the temperament of men, but of food as
well, e.g. barley is cold and moist, cabbage is dry, fungi are full
of phlegm and cold as well, lambs have moist and phlegmatic
flesh. The temperament could be adjusted by food, i.e. dryer
temperament should get moister food and vice versa according
to slogan contraria contrariis. The next criteria for food are nu-
tritional value (nourishing are e.g. wheats, pork, wine, little nour-
ishing are olives and plums), digestibility (difficult to digest are
e.g. flax and flesh of elder animal), the next one is whether the
food is adstringent (e.g. apple) or laxative (e.g. lentils), flatulent
(e.g. beans) or diuretic (e.g. cucumber). Author widely discuss-
es single kinds of grains, legumes, fruits, vegetables and flesh.
Some of Galen�s  statements provoke surprise ( with approval or
rejection), e.g. watermelon is excellent for kidneys troubled by
stones, continuous use of milk is harmful to teeth, because it
makes the teeth liable do decay, fish from rivers flowing through
the big cities and therefore containing rubbish, is the worst and
the best one is from the clean sea. Galen declares, that the flesh
of man is similar to the pig one in taste and smell, because some
people have eaten unawares human meat instead of pork.

The book is completed by notes to the introduction and trans-
lation, glossary of plant names occuring in the translation, bibli-
ography and index. It is a valuable contribution to the better
knowledge of Galen as these treatises have never been trans-
lated before into English. Galen�s doctrines in original form can
be introduced by this translation especially to the people who
cannot read Greek.
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