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Abstract
AIM: To study an assessment of the number of entero-
chromaffin cells and expression of hydroxyindole-O-
methyltransferase in colonic mucosa and urine excre-
tion of 6-sulfatoxymelatonin in patients with ulcerative 
colitis.

METHODS: The study included 30 healthy subjects 
(group Ⅰ-C), 30 patients with ulcerative proctitis [group 
Ⅱ-ulcerative proctitis (UP)] and 30 patients with ulcer-
ative colitis [group Ⅲ-ulcerative colitis (UC)] in acute 
phases of these diseases. The number of enterochro-
maffin cells (EC) was estimated in rectal and colonic 
mucosa. Bioptates were assembled from many differ-
ent parts of the large intestine. Immunorective cells 

collected from various parts of the colon were counted 
according to the Eurovision DAKO (Dako A/S, Copenha-
gen, Denmark) System in the range of 10 fields in each 
bioptate at × 200 magnification. The level of mRNA ex-
pression of hydroxyindole-O-methyltransferase (HIOMT) 
in colonic mucosa was estimated with RT-PCR. Urine 
6-sulfatoxymelatonin (6-HMS) excretion was deter-
mined immunoenzymatically using an IBL (IBL Interna-
tional GmbH, Hamburg, Germany) kit (RE 54031).

RESULTS: The number of EC cells in healthy subjects 
(C) was 132.40 ± 31.26. In patients of group Ⅱ (UP) 
and group Ⅲ (UC) the number of these cells was higher 
- 225.40 ± 37.35 (P  < 0.001) and - 225.24 ± 40.50 (P  
< 0.001) respectively. Similar differences were related 
to HIOMT expression, which was 1.04 ± 0.36 in group C, 
1.56 ± 0.56 (P  < 0.01) in group UP and 2.00 ± 0.35 (P  
< 0.001) in group UC. Twenty-four hour 6-HMS urinary 
excretion was as follows: C - 16.32 ± 4.95 μg/24 h, UP 
- 26.30 ± 7.29 μg/24 h (P  < 0.01), UC - 42.30 ± 12.56 
μg/24h (P  < 0.001). A correlation between number of 
EC cells and 6-HMS excretion was noted in all groups: 
r = 0.766 in patients with UP, r = 0.703 with UC and r 
= 0.8551 in the control group; the correlation between 
the results is statistically significant. 

CONCLUSION: In the acute phases of both UP and 
UC, proliferation of EC cells and high expression of 
HIOMT and urine excretion of 6-HMS is noted. These 
changes may represent a beneficial response in the 
anti-inflammatory and defense mechanism.
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creted mainly by enterochromaffin cells (EC). It appears 
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that hydroxyindole-O-methyltransferase (HIOMT) is 
enzyme determining melatonin synthesis. This indole-
amine exert, antioxidant, and anti-inflammatory effects. 
Its synthesis can be disturbed by pro-inflammatory 
cytokines. The obtained results noted the proliferation 
of EC cells and the increase of HIOMT expression in 
ulcerative colitis ulcerative colitis (UC). Positive cor-
relation between the amount of EC cells and urinary 
6-sulfatoxymelatonin excretion points to the increase 
of melatonin secretion in the colon, but its beneficial 
anti-inflammatory effect was insufficient. The results 
indicate that the supplementation of melatonin may be 
useful in complex treatment of UC. 
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INTRODUCTION
Ulcerative colitis (UC) is a chronic disease with periods 
of  exacerbation and remission. Its pathogenesis is com-
plex and inflammatory and immune factors, as well as 
toxic forms of  oxygen produced in this condition, play a 
major role in the destruction of  colonic mucosa[1].

The phase of  exacerbation is characterized by, inter 
alia, the increased production of  pro-inflammatory cyto-
kines, cell adhesion molecules and acute-phase proteins. 
In addition, various defense mechanisms are activated, 
including increased production of  specific antibodies and 
antioxidants. Melatonin is also a potent agent in antioxi-
dative defense through its antioxidant and anti-inflamma-
tory properties[2,3]. 

Melatonin (N-acetyl-5-methoxytryptamine) is a 
hormone produced by the cells of  the neuroendocrine 
system located throughout the body amine precursor 
uptake and decarboxylation (APUD). It is produced from 
L-tryptophan, an exogenous amino acid, which is first 
converted in the body into serotonin with the involve-
ment of  tryptophan hydroxylase and 5-hydroxytrypto-
phan decarboxylase. The serotonin is then converted 
to melatonin by arylalkylamine N-acetyltransferase 
(AANAT) and 5-hydroxyindole-O-methyltransferase 
hydroxyindole-O-methyltransferase (HIOMT)[4].

This indoleamine is secreted by pineal cells according 
to circadian rhythms, which are regulated mainly by light 
stimuli[5] and by enterochromaffin cells (EC) which are 
distributed throughout the whole gastrointestinal tract[6]. 
Melatonin from the gut is transported via the portal vein 
to the liver, where it is metabolized to 6-sulfatoxymelato-
nin (6-HMS)[7]. The amounts of  urinary 6-HMS excretion 
are known to be indices of  the synthesis and metabolism 
of  this hormone[8].

Melatonin is secreted from the gastrointestinal tract 
under the influence of  a range of  stimuli, including nu-
tritional factors, but the precise mechanisms regulating its 
release have not been recognized thoroughly. This hor-
mone, released from enterochromaffin cells, fulfils im-
portant enteroprotective functions via the paraendocrine 
mechanism[9].

In inflammatory processes, melatonin inhibits nitric 
oxide and cyclooxygenase-2 synthesis and decreases the 
concentration of  endogenous oxidants[10]. Furthermore, 
it induces other systems which in turn reduce oxygen free 
radicals: Superoxide dismutase and glutathione peroxi-
dase. It also exerts a beneficial effect on microcirculation 
and tissue blood supply by inhibiting COX-2[11].

In experimental colitis in animals, the administration 
of  exogenous melatonin decreased lipid, protein and 
nucleic acid oxidation, and also ameliorated epithelial 
damage and inflammatory infiltration[12,13]. In our studies, 
carried out on patients with ulcerative colitis, melatonin 
was demonstrated to reduce DNA damage and to stimu-
late the repair of  hydrogen-peroxide-induced oxidative 
DNA damage in enterocytes[14]. Melatonin also has an 
influence on beneficial immune processes. Melatonin 
receptors have been identified on immunologically active 
cells. It also stimulates Th lymphocytes to produce IL-2 
and IFN-γ, monocytes to produce IL-1, IL-6 and IL-12 
and decreases TNF-α concentration and the expression 
of  adhesion molecules (ICAM-1, P-selectin and MAd-
CAM-1)[15,16].

All these properties of  melatonin can have a beneficial 
effect on the course of  ulcerative colitis, as the mentioned 
pro-inflammatory factors play a significant role in the 
pathogenesis of  this disease. Melatonin deficiency has 
been suggested to be one of  the causes of  upper diges-
tive tract mucosal defects[17], whereas the results related to 
the colon are not consistent. The amount of  melatonin 
secreted in an organism depends on the number of  EC 
cells and their activity. Spiller et al[18] found an increased 
number of  EC cells in rectal mucosa in patients with diar-
rhea predominant IBS. Similar observations were made by 
Osadchuk et al[19]. However, El-Salhy et al[20] demonstrated 
that patients with constipation-predominant IBS have a 
decreased number of  EC cells in the colonic mucosa. 

Some authors have tried to relate the changes ob-
served in IBS patients to inflammatory bowel diseases 
but no reliable results have been obtained, either. Most 
of  the researchers demonstrated that the number of  EC 
cells increases in colonic mucosa in patients with ulcer-
ative colitis[21-23]. In turn, others have detected a decreased 
number of  EC cells in this group of  patients[24,25]. These 
differences may result from a heterogeneous clinical and 
morphological evaluation of  colonic mucosa. 

The aim of  the present study was to evaluate the 
number of  EC cells, HIOMT expression in colonic mu-
cosa and urinary 6-HMS excretion in patients with acute 
phase of  ulcerative proctitis (UP) and ulcerative colitis 
(UC). 
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MATERIALS AND METHODS
Patients
The study included 30 healthy subjects (control group Ⅰ 
(C)-aged 32.4 ± 9.8 years), 26 patients with an acute 
phase of  ulcerative proctitis [group Ⅱ (UP)-aged 31.9 ± 
11. 6 years] and 30 patients with ulcerative colitis (group 
Ⅲ (UC)-aged 33.0 ± 16.9 years). The severity of  the 
disease was classified according to modified Mayo Clinic 
Score[26]. Bioptates were collected from many different 
parts (10-16) of  the rectum and colon close to erosions 
and ulcerations. Histopathological activity was expressed 
according to the criteria of  truelove and richards[27].

Methods
To determine the number of  enterochromaffin cells in 
the bioptates, an immunohistochemical method was used 
with rabbit polyclonal antibodies (PSE) at a dilution of  1: 
200 (Eurodiagnostica). Immunoreactive cells were count-
ed with a computer according to the Eurovision DAKO 
system, in the range of  10 fields in each bioptate at × 200 
magnification. 

The level of  mRNA expression of  HIOMT was es-
timated with RT-PCR, and for this purpose, 50 mg of  
colonic tissue was used. Total RNA was isolated with 
trizol (Gibco) reagents, and then purified with DNase 
using gigagen RNeasy mini kit. The quantity and quality 
of  RNA was estimated by using spectrophotometry. The 
obtained extract was used as a matrix in analyses of  gene 
expression. cDNA synthesis was performed with Oligo 
(dT) 12-18 in an MJ Research PTG-1000 thermocycler. 
cDNA was obtained in reverse transcription and applied 
as the matrix for a PCR reaction incorporating selected 
fragments of  the analyzed gene. The hypoxanthine phos-
phoribosyltransferase gene was the quantitative marker 
for the evaluation of  the activity of  the selected genes.

The reaction products were first separated on 6%- 
10% polyacrylamide gel stained with ethidium bromide 
and then subjected to densitometry to determine the 
reaction efficacy and the level of  mRNA of  the inves-
tigated genes. The expression of  the investigated genes 
was compared to HPRT gene product to normalize the 
expression. 

The urine concentration of  6-HMS was determined 
immunoenzymatically using an IBL kit (RE54031).

On the day of  testing excretion of  6-HMS through 
the urine, the patients remained in a room in which white 
light was off  at night, and they received condensed liq-
uid meals (Nutridrink-400 mL there times a day) with a 
total energy value of  1800 kcal and drank 1500 mL non-
carbonated isotonic mineral water. After completion of  
24-hour urine collection, the urine was centrifuged and 
the samples were stored at -70  ℃. The 6-HMS concen-
tration of  the urine was determined immunoenzymati-
cally using a Immuno-Biological Laboratories kit (No. 
RE54031). The measurements were performed by pho-
tometry at a wavelength of  450 nm using an Expert 96 
reader (Biogent).

Ethics
The study was conducted in accordance with the Dec-
laration of  Helsinki and the principles of  Good Clinical 
Practice. Written consent was obtained from each patient 
enrolled in the study and the study protocol was ap-
proved by Bioethics Committee of  the Medical Univer-
sity of  Lodz (RNN/242/06/KB). 

Statistical analysis
The non-parametric Krushal-Wallis test was used to 
evaluate the number of  enterochromaffin cells, as well as 
the expression of  HIOMT and urinary 6-HMS excretion 
in the three groups: C, UP and UC. The Mann-Whitney 
Test was used for comparison of  median values. The 
correlation between the number of  EC cells and urinary 
6-HMS extraction was estimated by the determination 
of  Pearson’s correlation coefficient and linear regression 
equation. The differences between the results was re-
garded as significant at a P value 0.05-0.001. Statistica 9.0 
(StatSoft, Inc., United States) and MS Excel 2007 (Micro-
soft Co, United States) were used for statistical analysis.

RESULTS
The mean number of  colonic EC cells in 10 fields of  
view in healthy subjects (group Ⅰ) was 132.40 ± 31.26. 
However, in patients with ulcerative colitis, the number 
was twice as high: 225.40 ± 37.35 (P < 0.001) in the rec-
tal mucosa (group Ⅱ) and - 225.24 ± 40.50 (P < 0.001) 
in patients with pancolitis (group Ⅲ) (Figure 1).

Similar differences were related to HIOMT expres-
sion: 1.04 ± 0.36 in healthy subjects, 1.56 ± 0.56 (P < 
0.01) in proctitis and 2.00 ± 0.35 (P < 0.001) in pancolitis 
(Figure 2). 

Urinary 6-HMS excretion in healthy subjects was 
16.32 ± 4.95 and it was lower than in patients with proc-
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Figure 1  Number of enterochromaffin cells in colonic mucosa in healthy 
subjects (C), patients with ulcerative proctitis and ulcerative colitis. The 
number of enterochromaffin cells was counted in 10 fields in each bioptate at 
× 200 magnification; Healthy subjects [control group (C); n = 30]; Patients with 
acute phase of ulcerative proctitis (UP; n = 30); Patients with acute phase of 
ulcerative colitis (UC; n = 30); Differences between group C and UP bP < 0.01; 
Differences between group C and UC dP < 0.01. EC: Enterochromaffin cells. 
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inflammatory changes in colonic mucosa[21-23]. Additional 
observations found in this group of  patients are firstly, 
an increase of  HIOMT expression in the colon and sec-
ondly, a high level of  urinary 6-HMS excretion. All these 
observations indicate increased activity of  the melatoner-
gic system in patients with ulcerative colitis. The increase 
of  urinary 6-HMS excretion, in particular, is recognized 
to be the correct indicator of  total melatonin production 
and content in the whole organism. 

This pool of  melatonin, which includes both the in-
testinal and pineal components, which representnearly 
the whole amount, is metabolized in the liver. Neverthe-
less, the positive correlation between the number of  EC 
cells and level of  urinary 6-HMS excretion indicates an 
increase of  melatonin production mainly in the colon, as 
confirmed by the high HIOMT expression, compared to 
healthy subjects. However, it should be emphasized that 
melatonin catabolism both in the liver and in the colon 
can be modified by other factors; an excessive increase of  
pro-inflammatory cytokines in the colonic wall can dis-
turb metabolism of  this hormone. 

Furthermore, due to the “consumption” of  melato-

titis - 26.30 ± 7.29 (P < 0.01) and with pancolitis - 42.30 
± 12.56 (P < 0.001; Figure 3).

Urinary 6-HMS excretion was found to be dependent 
on the number of  EC cells in all groups: In healthy sub-
jects, r = 0.855, and in patients with proctitis, r = 0.766 
(Figure 4A). The number of  EC cells was found to have 
a particularly strong positive correlation with urinary 
6-HMS excretion in patients with pancolitis r = 0.703 
(Figure 4B).

DISCUSSION
The obtained results confirm earlier observations, which 
indicate that EC cell proliferation is present in the active 
phase of  ulcerative colitis, regardless of  the location of  
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Figure 2  Expression of hydroxyindole-O-methyltransferase in colonic 
mucosa in healthy subjects (C), patients with ulcerative proctitis and 
ulcerative colitis. Healthy subjects [control group (C); n = 30]; Patients with 
acute phase of ulcerative proctitis (UP; n = 30); Patients with acute phase of 
ulcerative colitis (UC; n = 30); Differences between group C and UP bP < 0.01; 
Differences between group C and UC dP < 0.01. HIOMT: Hydroxyindole-O-
methyltransferase. 
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Figure 3  Urinary excretion of 6-sulfatoxymelatonin in healthy subjects (C) 
and patients with ulcerative proctitis and ulcerative colitis. The number of 
enterochromaffin cells was counted in 10 fields in each bioptate at × 200 magni-
fication; Healthy subjects [control group (C); n = 30]; Patients with acute phase 
of ulcerative proctitis (UP; n = 30); Patients with acute phase of ulcerative colitis 
(UC; n = 30); Differences between group C and UP bP < 0.01; Differences be-
tween group C and UC dP < 0.01. 6-HMS: 6-sulfatoxymelatonin. 
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nin in the reaction with oxygen free radicals at the infec-
tion site, and its metabolism in the cells of  the immune 
system, other metabolites such as 2-hydroxymelatonin, 
3-hydroxymelatonin can be formed[28,29]. In turn, amino 
salicylates and immunosuppressive drugs applied in the 
treatment of  ulcerative colitis exert a hepatotoxic effect 
and can also impair the melatonin metabolism in hepato-
cytes. 

Due to these reasons, and probably also to the pro-
found destruction of  the colonic mucosa, decreased 
urinary 6-HMS excretion was observed in patients with 
severe ulcerative colitis. In less severe forms of  the dis-
ease, these values were higher[30]. Therefore, it should be 
acknowledged that inflammatory processes in the colon 
are accompanied by increased secretion of  enteral mela-
tonin. This hormone plays a crucial enteroprotective role 
and its increase in ulcerative colitis is an important de-
fense mechanism. 

However, these beneficial changes in melatonin ho-
meostasis are not sufficient to inhibit the inflammatory 
process and to obtain spontaneous remission of  the 
disease. Remission requires the administration of  many 
medications, including anti-inflammatory ones and im-
munosuppressants, because the pathogenesis of  ulcer-
ative colitis is complex and conditioned by numerous 
pro-inflammatory factors. 

Serotonin is one such factor. It is secreted by the 
same EC cells and it is the precursor of  melatonin. EC 
cell proliferation can, at the same time, lead to increase 
of  serotonin secretion. The balance between serotonin 
and melatonin depends on the expression of  enzymes 
regulating their synthesis and catabolism. Previous stud-
ies have not given unequivocal results. Carpuso et al[31] 
and Magro et al[32] found decreased serotonin concentra-
tion in colonic mucosa in patients with ulcerative colitis. 
However, in experimental animals with ulcerative colitis, 
a significant increase was observed both of  EC cells and 
serotonin concentration in the colonic mucosa[33,34].

Regardless of  the factors which contribute to the 
maintenance of  the inflammatory process, the increase 
of  melatonin secretion is a beneficial reaction. In our 
earlier studies, exogenous melatonin was also found to 
exert a positive effect on maintaining the remission of  
ulcerative colitis[35], which is the main goal of  pharmaco-
therapy in this disease.

In conclusion, EC proliferation, HIOMT expression 
and increased urine excretion of  6-HMS is seen in the 
acute phases of  ulcerative proctitis and ulcerative colitis. 
Consequently, the increase of  enteral melatonin secretion 
is a beneficial response in antiinflammatory and defense 
mechanisms.
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