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Abstract
BACKGROUND
Patients with neuroendocrine tumors (NETs) of the gastrointestinal tract suffer
frequently from chronic diarrhea. A well characterized medical advice containing
zeolite (Detoxsan® powder) was applied to patients suffered from therapy-
refractory diarrhea either by its frequency or by watery stool, despite receiving
standard pharmacotherapy according to the guidelines for carcinoid syndrome
and comorbidities. Detoxsan® powder acts as an adsorbent and might reduce
significantly symptoms of diarrhea in patients suffering from NETs.

AIM
To overcome the therapy-refractory diarrhea of patients with NETs by the zeolite
containing medical advice Detoxsan® powder.

METHODS
A total of 20 patients (12 female and 8 male) suffering from diarrhea either by its
frequency or from watery stool caused by NETs were included. In each patient,
the diagnosis had been confirmed by histology and somatostatin receptors
expression proven by positron emission tomography/computed tomography
using Ga-68-labeled somatostatin analogs. All patients received standard-of-care
pharmacotherapy and were additionally given Detoxsan® powder as an
extemporaneous drug containing 90% natural Cuban zeolite and 10% magnesium
aspartate. Recommended daily dosage ranges between 3 g once to three times per
day. Each day dose and bowel movements were documented by the patients
themselves in a pre-defined table. Additionally to the bowel movements
quantitative determinations of serotonin, urea, creatinine and single ions were
performed within the serum of the patients by commercially available equipment
used as a matter of routine in the clinic.
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RESULTS
All patients enrolled in this pilot study did not only suffer from NETs, but also
from comorbidities and treatment-resistant diarrhea. There was insufficient
control of diarrhea, most probably due to the secretion of hormones like
serotonin produced by the slowly growing and highly differentiated NETs. All
patients only took Detoxsan® powder as an antidiarrheal drug. In general,
response effects need several days to become perceptible and require an intake of
Detoxsan® powder for an extended time period or intermittently, if persisting
stabilization of bowel movements could not be achieved. A correlation between
NET grade, part and size of bowel resection and functionality of the tumor could
not be demonstrated. Therefore, diarrhea seemed to be based on the metabolic
activity of the well-differentiated NETs, which eventually led to treatment
resistance. In summary, 14 out of the 20 patients (70%) declared to be very
content with using Detoxsan® powder and observed a significant reduction of
diarrhea, while the effective dose and intake period that resulted in a symptom
relief varied individually.

CONCLUSION
Detoxsan® powder is able to reduce significantly symptoms of NET-related
diarrhea in the majority of patients. The duration of taking Detoxsan® powder
and its dosage vary individually.

Key words: Neuroendocrine tumor; Diarrhea; Carcinoid syndrome; Treatment;
Clinoptilolite; Mordenite; Zeolite
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Core tip: A well characterized zeolite (Detoxsan® powder) was applied to patients with
neuroendocrine tumors (NETs) of the gastrointestinal tract suffered from therapy-
refractory diarrhea either by its frequency or by watery stool, despite receiving standard
pharmacotherapy according to the guidelines for carcinoid syndrome and comorbidities.
In 14 of 20 patients (70%) bowel movement rate could be normalized. Thus, Detoxsan®

powder acts as an adsorbent and is able to reduce significantly symptoms of diarrhea in
patients suffering from NETs. However, dose and period of intake have to be
individually adjusted.

Citation: Langbein T, Dathe W, Deuerling A, Baum RP. Efficacy of Detoxsan® powder on
diarrhea caused by gastrointestinal neuroendocrine tumors. World J Gastroenterol 2019;
25(17): 2133-2143
URL: https://www.wjgnet.com/1007-9327/full/v25/i17/2133.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i17.2133

INTRODUCTION
There  are  diverse  etiologies  of  diarrhea  due  to  different  or  tissue-dependent
mechanisms[1]. Chronic diarrhea can be caused by neuroendocrine tumors (NETs) of
the gastrointestinal tract (previously called “carcinoids”), which lead to significantly
reduced quality of life. Application of synthetic analogues of somatostatin[2] is one of
the established treatment options to control characteristic symptoms like flushing and
diarrhea as well as to inhibit tumor growth. A significant proportion of patients might
stop responding to somatostatin analogue therapy or this treatment alone might not
achieve adequate symptom relief. Therefore, new and active substances are certainly
required to alleviate relevant symptom burden like diarrhea. A prospective phase III
clinical  study using Telotristat  Etiprate (XermeloTM),  a  novel  serotonin synthesis
inhibitor,  reported  a  significant  decrease  in  daily  bowel  movements  frequency,
decrease in serotonin production and increase in quality of life[3,4]. Telotristat Etiprate
is  a  tryptophan  hydroxylase  inhibitor,  and  thereby  reduces  the  production  of
serotonin and diminishes daily bowel movements. Since 2017, XermeloTM is approved
in by the FDA as well as by EMA for the treatment of carcinoid syndrome-related
diarrhea in combination with somatostatin analog therapy[5]. It implies that the most
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recently approved drug is based on the inhibition of the production of serotonin.
Serotonin or 5-hydroxytryptamine (5-HT) is well known as the cerebral ‘hormone

of happiness’, while the enteric 5-HT is a polyfunctional signaling molecule, acting as
a paracrine factor, an endocrine hormone or a growth factor, which is important in
gastrointestinal  motility,  enteric  neurogenesis  and  intestinal  inflammation[6].
Approximately 95% of 5-HT is synthesized in the gastrointestinal tract,  stored in
mucosal  enterochromaffin  cells  and  released  by  mechanical  and  chemical
stimulations[7]. Spohn and Mawe[8] could show that bacteria within the lumen of the
bowel  influence  serotonin  synthesis  and  release  by  enterochromaffin  cells.
Furthermore,  colon epithelial  cells  directly  exposed to  serotonin  are  primed for
inflammatory reactions. Thus, the elevated serotonin level seems to be an important
innate  immune  response,  induces  inflammatory  genes  in  the  gut  and  may  be
responsible  at  least  partially  for  5-HT-mediated  pathogenesis  in  patients  with
inflammatory bowel disease[9]. On the other hand, the amino acid tryptophan acting as
the precursor of both serotonin and niacin (vitamin B3), which may induce niacin
deficiency by uncontrolled serotonin production as reviewed[10]. The clinical complex
appearance of NETs – the so called “carcinoid syndrome” – is most frequently based
on serotonin overproduction and involves severe diarrhea and flushing as well as
bronchial obstruction, wheezing muscle wasting as well as proximal myopathy and
may  lead  to  carcinoid  heart  disease  consisting  of  a  secondary  tricuspid  valve
insufficiency due to endocardial fibrosis[10]. Thus, serotonin downregulation within
the gastrointestinal tract might cause reduction of bowel movements.

Natural zeolites are characterized by attractive properties such as adsorption, ion-
exchange and molecular sieving. Due to the lattice structure of the aluminosilicates
with channels and cavities, they possess an excellent binding capacity for ions, toxins
and other harmful substances,  which privilege them for medical  and biomedical
applications.  Therefore,  they  are  widely  used  in  dietary  supplements,  as  active
ingredients in drugs or carriers for drugs, adjuvants in anticancer therapy and several
other  applications[11-15].  In  particular,  the  natural  zeolite  clinoptilolite  has  been
traditionally used in a large number of biomedical applications, due to its physico-
chemical stability and biological compatibility. It has proven to be an effective anti-
diarrheic drug[16].  Furthermore, a majority of the patients suffering from irritable
bowel  syndrome  with  diarrhea  responded  effectively  to  artificially  enhanced
clinoptilolite[17]. The natural Cuban zeolite used in this study is already available in
Germany as an extemporaneous mixture (Detoxsan® Pulver) and is composed of two
types of zeolite structures having different pore sizes: clinoptilolite, a medium-pore
10-membered ring zeolite and mordenite, a large-pore 12-membered ring zeolite[18].
Moreover, this Cuban zeolite is able to adsorb remarkable amounts of the biogenic
amine histamine and water[18-20].  It  has been applied for the first  time to patients
suffering from severe diarrhea caused by NETs. In diarrhea related to medullary
thyroid cancer, montmorillonite clay had been applied successfully in 10 patients as a
pilot study[21]. Montmorillonite clay belongs to the layered aluminium silicates while
zeolites used in this study are characterized by 3-dimensional crystal lattices with
different characteristics[22,23].

MATERIALS AND METHODS

Patients
In the present study, a total of 20 patients (12 female and 8 male) suffering from
diarrhea either by its frequency or from watery stool caused by NET were included,
age ranged from 39 and 83 years (mean age of 64.1 years) (Table 1). In each patient,
the diagnosis had been confirmed by histology and somatostatin receptors expression
proven  by  positron  emission  tomography/computed  tomography  using  Ga-68-
labeled  somatostatin  analogs[24].  All  patients  received  standard-of-care  phar-
macotherapy (Table 2) and were additionally given Detoxsan® powder (Detoxsan®

Puder)  as  an  extemporaneous  drug  containing  90%  natural  Cuban  zeolite
(clinoptilolite and mordenite) and 10% magnesium aspartate. Intake of Detoxsan®

powder was commenced with low doses of 3 × 1 g/d or 2 × 2 g/d and increased up to
3 × 3 g/d or 3 to 5 g every 4 h if necessary, as recommended in the literature about
common non-infectious diarrhea for few days only[16]. Individually tailored dose of
Detoxsan® powder will be mentioned in detail in the ‘Results’ section. Each day dose
and bowel movements were documented by the patients themselves in a pre-defined
table.
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Table 1  Patient cohort

Patient Female Male Age (yr) Grading Functionality Resection (cm) HBP Others

1 X 55 G2 yes, WD IL, 62 + CC, 4 X

2 X 68 G2 yes, WD IL, 40 X X

3 X 72 G2 yes, WD IL, 56 + CO, 11 X X

4 X 79 G1 yes, WD ileocecal X

IL + jejunum, 150

5 X 60 G1 yes, WD hemicolectomy X X

6 X 65 G2 yes, WD hemicolectomy X

7 X 47 G2 yes, WD hemicolectomy, 220 X

8 X 77 G1 yes, WD hemicolectomy, 120 X

9 X 43 G2 no, WD no X

10 X 61 G2 MD, Serotonin ileocecal, 40 X

11 X 73 G1 yes, WD hemicolectomy, IL X

12 X 57 G1 yes, WD mid IL X

13 X 63 G2 yes, WD IL segments X X

14 X 48 G2 yes, WD IL, 23 + CO, 31 X X

15 X 64 G2 yes, WD IL, 70 X

16 X 77 unknown WD, Chromogranin IL, 64 X

17 X 74 G2 yes, WD IL, 18 X

18 X 78 unknown yes, WD no X X

19 X 83 G1 Chromogranin no X

20 X 39 G1 no, well diff. no X X

Total 12 8

Average age 61.1 68.7 64.1

Grading:  Of  neuroendocrine  tumors  according  to  WHO classification[29];  WD:  Well-differentiated  neuroendocrine  neoplasm;  MD:  Moderately-
differentiated neuroendocrine neoplasm; CC: Coecum; CO: Colon; IL: Ileum; HBP: Hypertension or high blood pressure.

Biochemical determinations
Serum  serotonin  levels  were  measured  by  a  commercially  available  ELISA  kit
(Serotonin FAST ELISA, DRG Instruments GmbH, Marburg, Germany) according to
instructions given by the company. Incubation was performed at room temperature
for 15 min and the antigen antibody complex containing serotonin was determined at
450 nm. Urea had been quantified by a kinetic assay using urease and glutamate
dehydrogenase.  In the first  step urea is  split  by urease into ammonia and in the
second  enzymatic  reaction  the  released  ammonia  forms  L-glutamate  from  2-
oxoglutate  using NADH. The rate  of  decrease  of  NADH measured at  340  nm is
directly proportional to the concentration of urea in the assay[25]. Determination of
single  ions  was  performed  by  ion-selective  electrode  (ISE)  using  commercially
available  equipment  (Tecan’s  Sunrise  absorbance  microplate  reader).  The
electrochemical  sensors  are  helpful  tools  for  qualitative  and  quantitative  ion
measurements[26]. Therefore, ISE serves as the standard method in our laboratory.

RESULTS
All patients enrolled in this pilot study did not only suffer from NETs, but also from
comorbidities  and  treatment-resistant  diarrhea  (Table  1).  They  took  Detoxsan®

powder as an antidiarrheal drug, moreover, the intake of loperamide, which is a
commercially available antidiarrheal drug, was recommended as well (See Table 2).
Nevertheless, in the predefined table documented by the patients themselves, we
could not found the intake of loperamide by the patients.

The individual dose of Detoxsan® powder was adapted by patients themselves with
an increase until a significant reduction of bowel movements was reached (Figure 1)
or a decrease if bowel movements frequency declined (Figure 2). In general, response
effects need several days to become perceptible and require an intake of Detoxsan®

powder for an extended time period or intermittently, if persisting stabilization of
bowel movements could not be achieved (Figure 3). However, the use of Detoxsan®
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Table 2  Clinical parameters of the patients

Patie
nt Nutricion Somatostat

in
Dosag

e Interval Loperamid
e1

Diseas
e NET type Primar

y
Metastas

es in PRR
T

consultati
on

analog stage Liver Lymp
h

Bone Lung Peritoneu
m

1 yes OCT 30 mg 4 wk if required IV functional midgut x x x 2nd

2 yes OCT 20 mg 4 wk if required IIIb functional midgut x x x 3rd

3 yes OCT 30 mg 4 wk no IV functional midgut x x x x 2nd

4 yes LAN 120 mg 6 wk no IV functional midgut x x x x 2nd

5 yes LAN 120 mg 3 wk no IV functional midgut x x 2nd

6 yes OCT 30 mg 4 wk no IIIb functional midgut x x 4th

7 yes OCT 30 mg 4 wk no IIIb functional midgut x x 3rd

8 yes LAN 120 mg 4 wk if required IV functional midgut x x 2nd

9 yes no no IV nonfunctio
nal

pancrea
s

x x x 1st

10 yes OCT 30 mg 4 wk no IV functional midgut x x x 3rd

OCT s.c. + 100
µg

if
required

11 yes OCT 30 mg 4 wk no IIIb functional midgut x x 1st

12 yes LAN 120 mg 4 wk if required IV functional midgut x 2nd

13 yes OCT 30 mg 4 wk if required IV functional midgut x 3rd

14 yes LAN 120 mg 4 wk no IV functional appendi
x

x 2nd

15 yes OCT 30 mg 4 wk no IV functional midgut x x x 3rd

16 yes OCT 20 mg 4 wk if required IV functional midgut x x 2nd

17 yes LAN 120 mg 4 wk if required IIIb functional midgut x x x 2nd

18 yes OCT 30 mg 3 wk if required IV functional CUP x x 3rd

19 yes OCT 30 mg 4 wk no IV nonfunctio
nal

pancrea
s

x x x 1st

20 yes OCT 30 mg 4 wk no IV functional CUP x x 3rd

1During treatment with Detoxsan® powder. OCT: Octreotide (Sandostatin LAR); LAN: Lanreotide (Somatuline Autogel); CUP: Unknown primary with
suspicion of midgut primary; PRRT: Peptide receptor radionuclide therapy as treatment line. Determination of the disease stage according to the WHO
classification[29].

powder did not satisfy every patient or could reduce bowel movements (Tables 3 and
4). Three patients could not benefit even at a higher concentration and stopped daily
intake ahead of schedule. Three patients reached only partial reduction of diarrhea. In
general,  response rates  of  Detoxsan®  powder appears  to  correlate  with patient’s
nutrition, e.g. raw salad, fatty food and sauerkraut were reported to have negative
effects on diarrhea despite intake of the powder.

In summary, 14 out of the 20 patients (70%) declared to be very content with using
Detoxsan®  powder  and  observed  a  significant  reduction  of  diarrhea,  while  the
effective dose and intake period that resulted in a symptom relief varied individually
(Table 3). Moreover, some patients stopped oral application when bowel movement
became regular,  whereas  other  patients  extended intake in  order  to  keep bowel
movements at a low tolerable level. Apparently, that individual decision seemed to be
dependent on the tolerance of patients with the number of bowel movements and
stool consistency, in which a variance could be observed. A correlation between NET
grade, part and size of bowel resection and functionality of the tumor could not be
demonstrated (Tables 1-3). Therefore, diarrhea seemed to be based on the metabolic
activity of the well-differentiated NETs, which eventually led to treatment resistance.

The serum serotonin level appears to be one of the major factors responsible for
diarrhea  in  NETs[3-5],  which  is  why  blood  serotonin  level  was  determined  and
recorded on follow-up (Table 5).  Only in 6 patients (patients 4,  5,  10,  14,  19,  20),
serotonin level  was measured in a  short  time interval  before and after  intake of
Detoxsan® powder. Independent of the potential wide range of level of this biogenic
amine, there was a significant decrease in the serotonin level during the period of
intake in all that cases. To evaluate if other commonly detected laboratory parameters
are affected by Detoxsan® powder intake, we determined exemplarily the levels of
creatinine and urea as well as the cations sodium (Na), potassium (K) and calcium
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Figure 1

Figure 1  Application of Detoxsan® powder and frequency of bowel movement of a 77-year-old male patient.

(Ca) in the blood (Table 5). In the creatinine and urea levels only a slight increase was
measured during the use of Detoxsan® powder while the investigated electrolytes did
not exhibit any significant changes of their level.

DISCUSSION
All the patients enrolled in this pilot study did not only suffer from NETs, but also
from comorbidities  and  treatment-resistant  diarrhea  due  to  reduced  resorption
capacity of the bowl with a consequent intestinal failure (Table 1)[27,28]. Grading and
differentiation  of  NETs  were  categorized  according  to  the  recent  WHO
classification[29]. Length of bowel resection was included in the characterization of
patient status. Principally, patients were treated according to the Theranostic concept
for  NETs based on national  and international  guidelines[24].  However,  there was
insufficient control of diarrhea, most probably due to the secretion of hormones like
serotonin produced by the slowly growing and highly differentiated NETs[2].

Whether the serotonin level decrease in 6 patients is based on the adsorption of
serotonin by the zeolite – similar to the histamine uptake – or the decline of  the
chemically-labile  serotonin is  caused by other  mechanisms is  still  the  subject  of
ongoing investigations[18,19]. Nevertheless, these 6 patients were part of the satisfied
ones with respect to the bowel movements (Table 2) corresponding to correlation of
serotonin level and diarrhea[3-5]. For further investigations it is worth to determine the
level of 5-hydroxyindoleacetic acid in a 24-h urine collection. It is a stable metabolite
of serotonin and by this way its level can be determined indirectly[30]. It was not done
in our present research.

Despite  the  known  facts  that  enteric  serotonin  is  a  polyfunctional  signaling
molecule, an essential component of the gastrointestinal inflammatory response and a
bioactive component in developing and mature animals, the effect of this amine on
diarrhea is  still  not  comprehensively understood[6].  In  weaning mice e.g.,  stress-
induced diarrhea is considered to be caused by deregulation of the mucosal immune
system  (among  others).  Interestingly,  mucosal  immunity  was  decreased  in  the
duodenum and jejunum without being affected in the ileum and colon[31,32]. Given the
fact that the intestinal tract is the largest immune organ of the human body, serotonin
might  be  therefore  considered  to  be  a  link  between  the  gut  and  the  immune
regulation[33,34]. Moreover, histamine is one of the most important biogenic amines and
strongly involved in immunological reactions. It has been described as ‘an undercover
agent in multiple rare diseases’, because many pathological inflammatory processes
are involved with histamine as well[35].

The positive effect of zeolite on treatment-resistant diarrhea caused by NETs might
be related to several origins. High adsorption capacity for histamine and possibly
other biogenic amines like serotonin, the antiphlogistic effect of this mineral as well as
its  high water  uptake capacity  are  potentially  responsible  for  reducing diarrhea
complaints[18-20]. This kind of treatment differs significantly from all other drugs in the
field because Detoxsan® powder acts only via its inherent adsorption properties within
the gastrointestinal  tract;  neither does it  penetrate into the blood circulation nor
directly  influence  regulation  processes.  Furthermore,  it  is  noteworthy  that  the
histamine uptake of the Cuban zeolite (and possibly of other biogenic amines) is
significantly higher compared to other zeolites containing only clinoptilolite and no
additional mordenite[19]. The clinical treatment of patients with NETs with regard to
their functional complaints is recently focused to the application of somatostatin
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Figure 2

Figure 2  Application of Detoxsan® powder to a 64-year-old male patient.

receptor  inhibitors[36].  Thus,  the  aim of  both  methods  appears  similar  while  the
pharmacological approach is quite different. The slight increase of the creatinine and
urea  levels  during the  use  of  Detoxsan®  powder  might  be  interpreted as  a  mild
decrease in the kidney filtration process while the metabolic liver function seems to be
unaffected.

In conclusion, the contemporaneous mixture Detoxsan® powder is able to reduce
significantly symptoms of NET-related diarrhea in the majority of patients. The effect
of  this  zeolite  seems to be due to its  high capacity to bind water,  histamine and
possibly serotonin,  too,  within the gastrointestinal  tract  and to removal of  those
compounds via  stool.  The duration and dose of  Detoxsan®  powder intake varies
individually.  In  some  patients  the  normalization  of  bowel  movement  could  be
observed within a few weeks while some patients need to use it permanently in order
to maintain acceptable quality of life without diarrhea. Recommended daily dosage
requires an individual adaptation and ranges between 3 g once to three times per day.
The clinical reduction of the diarrhea symptoms by Detoxsan® powder comes without
a relevant negative influence on other biochemical parameters.
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Table 3  Effect of Detoxsan® powder on the bowel movements as evaluated by patients

Patient Empirical evaluation of the patients Intake time (d) Dose (g/d) Bowel movement

Satisfied Uncertain Non-satisfied (frequency per day)

1 X 41 4 x 5 9 to 12

2 X 10 6 x 3 8 to 11

3 X 160 1 x 3 1 to 3

4 X 118 3 x 3 2 to 3

5 X 201 3 x 3 3 to 5

6 X 106 3 x 3 1 to 3

7 X 215 2 x 2 3

8 X 605 2 x 2 1 to 3

9 X 21 3 x 1 1 to 2

10 X 134 2 x 2 3 to 5

11 X 220 3 x 1 2 to 3

12 X 427 2 x 3 2 to 3

13 X 138 2 x 2 1 to 2

14 X 31 2 x 3 2 to 4

15 X 21 1 x 3 1 to 2

16 X 31 1 x 5 1

17 X 20 2 x 3 6 to 7

18 X 62 2 x 3 3 to 4

19 X 31 1 x 3 1 to 2

20 X 31 2 x 3 1 to 3

Total 15 3 3

Percentage 70.0 15.0 15.0

Responses were categorized as: Satisfied-bowel movements significantly reduced, uncertain-bowel movements not permanently reduced and non-
satisfied-no improvement of defecation number.

Table 4  Diary of a 57-year-old male patient using Detoxsan® powder over 3 mo

Detoxsan® powder intake (d) days Dose (g/d) Bowel movements (frequency per day)
Empirical evaluation, daily

Satisfied Non-satisfied

1 to 2 2 x 2 5 to 8 2

3 to 8 2 x 2 1 to 4 6

9 to 11 2 x 2 5 to 8 3

12 to 13 2 x 3 5 to 8 2

14 to 26 2 x 2 1 to 4 13

27 to 28 2 x 2 5 to 8 2

29 to 31 2 x 2 1 to 4 3

32 to 43 2 x 3 1 to 4 12

44 to 49 2 x 3 5 to 8 6

50 to 75 2 x 3 1 to 4 26

76 to 79 2 x 3 5 to 8 4

80 to 87 2 x 3 1 to 4 8

88 to 91 2 x 3 5 to 8 4

92 to 120 2 x 3 1 to 4 28

Sum of days 96 23

The dose of Detoxsan® powder was individually adjusted. The treatment effect was assessed by the patient himself.
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Table 5  Blood parameters determined before (in brackets) and after the application of Detoxsan® powder

Patient Serotonin (µg/L) Creatinine (µmol/L) Urea (mmol/L) Sodium (mmol/L) Potassium (mmol/L) Calcium (mmol/L)

1 (1.554) 2.442 (58.0) 62.4 (3.1) 2.7 (139) 134 (3.7) 5.2 (2.3) 2.2

2 (ND) 940 (126.7) 142.3 (5.5) 7.3 (139) 142 (4.0) 4.2 (2.4) 2.4

3 (289) 530 (59.0) 69.8 (4.1) 5.2 (138) 133 (4.9) 4.4 (2.3) 2.2

4 (919) 718 (75.0) 92.1 (4.0) 4.8 (134) 140 (3.9) 4.0 (2.2) 2.3

5 (1.834) 1.330 (57.9) 91.9 (4.4) 5.4 (144) 145 (4.2) 3.9 (2.3) 2.3

6 (398) 540 (72.8) 91.8 (7.8) 10.4 (141) 137 (4.3) 4.1 (2.0) 2.1

7 (ND) 318 (53.0) 46.0 (3.1) 3.1 (139) 139 (3.9) 3.4 (2.3) 2.1

8 (946) 399 (167.5) 204.7 (4.7) 9.9 (142) 145 (4.2) 5.0 (2.3) 2.1

9 (394) 575 (73.2) 66.9 (3,7) 5.1 (136) 138 (4.3) 4.4 (2.3) 2.3

10 (2.500) 688 (60.5) 83.7 (3.6) 3.8 (146) 142 (3.8) 4.5 (2.3) 2.3

11 (263) 1.939 (59.3) 93.8 (6.8) 6.5 (144) 142 (4.3) 4.2 (2.1) 2.0

12 (1.102) 1.025 (85.6) 70,6 (4.1) 3.4 (143) 142 (3.9) 3.2 (2.2) 2.2

13 (1.230) 708 (70.0) 69.5 (5.4) 3.5 (144) 145 (4.0) 4.3 (2.4) 2.5

14 (1.967) 775 (46,9) 54,9 (2.6) 3.2 (142) 143 (4.4) 4.3 (2.3) 2.3

15 (2.052) 2.500 (75.1) 110.7 (4.6) 6.3 (137) 141 (3.9) 3.8 (2.3) 2.3

16 (477) 353 (58.6) 55.9 (5.8) 7.0 (144) 146 (4.2) 4.8 (2.2) 2.4

17 (1.224) 1.446 (50.3) 48.3 (3.5) 3.9 (143) 142 (4.0) 4.0 (2.3) 2.3

18 (1.185) 2.500 (52.7) 61.6 (3.5) 3.4 (143) 140 (4.2) 4.3 (2.3) 2.3

19 95 (63) (155.0) 171.5 (8.2) 13.9 (133) 137 (4.1) 4.6 (2.3) 2.3

20 68 (64) (75.5) 74.3 (5.3) 5.8 (144) 142 (4.5) 4.1 (2.4) 2.4

Bold values indicate that parameters were determined within a short time interval (< 30 d) before and after using Detoxsan® powder, respectively.

Figure 3

Figure 3  Application of Detoxsan® powder to a 63-year-old male patient.

ARTICLE HIGHLIGHTS
Research background
Therapy-refractory diarrhea in neuroendocrine tumor (NET) patients reduces quality of life,
strongly restricts their daily routine and is therefore a highly clinical unmet need.

Research motivation
Motivation of this investigation was reduce bowel movements in chronic diarrhea patients and
by this to achieve a significant improvement in their quality of life.

Research objectives
To overcome the therapy-refractory diarrhea of patients with NETs by the zeolite containing
medical advice Detoxsan® powder.

Research methods
For this purpose, patients were offered a well characterized zeolite product which is known to
adsorb biogenic amines and water in large extent and it does not enter into the blood stream. The
patients have been informed in detail about the product, the individual adaptation of the dosage
and the  documentation in  a  predefined table.  Due to  the  fact  that  diarrhea syndrome is  a
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disturbance  of  the  daily  routine  the  patients  enrolled  in  this  clinical  trial  respected  these
recommendations and showed an excellent compliance.  In addition to the clinical trial,  we
determined some biochemical parameters in order to monitor if some undesired changes occur.

Research results
It is the first time that a well characterized zeolite product is able to reduce bowel movements in
patients suffered by therapy-refractory diarrhea caused by NETs over a long time. In 14 of 20
patients (70%) enrolled in the trial bowel movement rate could be normalized. The application
time to reach an acceptable bowel movement oscillated between few weeks up to a permanent or
intermittent use. Also the dosage oscillated between 3 g per day up to three times 3 g per day.
All of the 14 responder patients appreciated the normalization of the bowel movements in spite
of the individual adaptation of dosage and time. There were no side effects. However, it is not
clear which factors influence the reduction of diarrhea. At least one component namely serotonin
seems to be involved in this physiological process. Therefore, the adsorption of this biogenic
amine by this type of zeolite is under investigation. Furthermore, the serotonin metabolite 5-
hydroxyindoleacetic acid should be determined in a 24-h urine collection. Using this method the
natural serotonin secretion can be determined indirectly.

Research conclusions
The new finding of this study is the effective application of a well characterized zeolite product
in patients suffered by therapy-refractory diarrhea caused by NETs. The attractive properties of
the lattice structure of this mineral for excellent binding capacity for water, amines and harmful
substances seem to possess a key function in overcome diarrhea symptoms in both temporary
application and long term use. The individual dosage and period of application in order to
receive the best reduction of diarrhea indicate that the physiological process of these symptoms
is  not  fully  understood  and  requires  further  investigations.  For  the  clinical  practice  it  is
important to accept the individuality of  this  treatment to overcome patient’s  diarrhea and
improve their daily routine.

Research perspectives
We observed that a well characterized natural zeolite is able to overcome therapy-refractory
diarrhea caused by NETs via passing the gastrointestinal tract only. However not all effects could
be answered satisfactorily. Therefore, future research should be focused on the one hand to the
adsorption of serotonin and other trigger substances for diarrhea by this zeolite. On the other
hand the clinical treatment of NETs patients requires the determination of the biochemical
factors in both blood and faeces in correlation the resected bowel part and the effect of this
zeolite. The aim of these investigations should be the selective dosage of the mineral product on
the basis of biochemical values and/or surgical data.
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