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Aim: To investigate the change of nitric oxide (NO) in rat colitis and its inhibition by melatonin in vivo and
in vitro.
Methods: In vivo, rat colitis was established intracolonically with trinitrobenzenesulphonic acid (TNBS) and
ethanol. The animals were randomised into five groups: control group, model group, melatonin group
(2.5, 5.0, 10.0 mg/kg), and treated intracolonically with saline, saline and melatonin respectively (once a
day, from day 7 after colitis was established to day 28). After the end of the experiment, the mucosal
damage index (CMDI) and histology score (HS) were evaluated and the level of myeloperoxidase (MPO)
and malondiadehyde (MDA) and NO in the colon tissue were measured. In vitro, the co-culture model of
the inflamed colon mucosa (from the colitis) with lipopolysaccharide (LPS), and the colonocytes oxidative
injury model by hydroxyl radical, were designed respectively to elucidate the inhibition of NO by
melatonin.
Results: After treated with TNBS/ethanol, the extent of CMDI and HS, the levels of MPO, MDA, and NO in
the model group, were higher than that in the control group; melatonin ameliorated these parameters
effectively. The stimulation of LPS increased the level of NO and MPO and MDA in the co-culture model of
inflamed colon mucosa, and melatonin significantly reduced the level of MPO, MDA, and NO. In the
coloncyte oxidative injury model by hydroxyl radical, the contents of LDH, MDA, and NO were increased;
melatonin reversed this oxidative injury considerably.
Conclusion: This study showed that TNBS/ethanol induced colitis was pharmacologically controlled by
melatonin in vivo and in vitro.

I
ncreased production of reactive metabolites of nitrogen has
a significant pathophysiological role in the development of
inflammation. Animal models of intestinal inflammation1 2

and human inflammatory bowel disease (IBD)3–6 are char-
acterised by the increased production of nitric oxide (NO)
and the increased expression of the inducible isoform of NO
synthase (iNOS).7 For example, iNOS is expressed in colon
epithelial cells response to proinflammatory stimuli.8–10 In an
inflammatory focus, NO may react with superoxide anion,
resulting in oxidative tissue damage through production of
peroxynitrite,11 which is believed to mediate many of the
destructive effects of NO in colon inflammation.12 There are
many reports showing that longstanding inflammation of the
colon can be ameliorated by the inhibition of iNOS in
experimental colitis.7

Melatonin, the major product of the pineal gland, plays a
fundamental part in the neuroimmunoendocrine system. It
was reported that melatonin and melatonin binding sites are
found highly concentrated within the intestine.13

Furthermore, it has been suggested that the intestine is the
major site for extrapineal melatonin activity in the gut.
Recently, it was shown that melatonin is a free radical
scavenger14–17 and protects cells against the damage induced
by several oxidative agents including paraquat18 and carbon
tetrachloride.19 Melatonin inhibits the production of NO, and
is also a scavenger of peroxynitrite, which is a toxic oxidant
formed from the reaction of superoxide and NO under
conditions of inflammation.20 21 As a strong antioxidant,
melatonin has been reported to play a protective part against
colonic mucosal injury.22 23 In murine and rat models of
colitis, melatonin also blocked several parameters of gut
injury in chemically induced models of colitis.24 25

To investigate the role of the NO production in the
pathophysiology of experimental colitis, especially the

inhibition of this change by melatonin, we designed this
study to elucidate the molecular pathways that lead to the
protection of melatonin against colitis.

METHODS
Animals
Male Sprague-Dawley rats (mean (SD) 280 (20) g,
Experimental Animal Centre of Anhui Medical University,
China) were kept in a controlled environment (20¡1) C̊ and
light/dark (12 h:12 h) cycle for one week and provided with
standard rodent chow and water.

Reagents and chemicals
Melatonin, MTT, lipopolysaccharide (LPS), N-1-naphthyle-
nediamine hydrochloride, O-dianisidine, hexadecyltrimethy-
lammonium bromide, 2,4,6-trinitrobenzene sulphonic acid
(TNBS), collagenase were purchased from Sigma Co (USA).
Thiobarbituric acid (TBA) and 1,1,3,3-tetraethoxypropane
(TEP) were purchased from Fluka (Switzerland). Tripsin,
dithiothreitol (DTT), and trypan blue were provided by Hua-
Mei Biotech (China). Bovine serum albumin (BSA) was
provided by Bang-Ding Biotech (China). Pronase was
provided by Serva. RPMI-1640 medium was provided by
Gibco (USA). All other reagents and compounds were
purchased from Sigma (USA).

Abbreviations: NO, nitric oxide; TNBS, trinitrobenzenesulphonic acid;
IBD, inflammatory bowel disease; CMDI, colon mucosal damage index;
MPO, myeloperoxidase; MDA, malondiadehyde; iNOS, isoform of NO
synthase; LPS, lipopolysaccharide; TBA, thiobarbituris acid; HBSS,
Hank’s balanced salt solution
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In vivo experiment
Experiment protocol
In the TNBS/ethanol induced colitis, rats were randomly
divided into five groups: control group, model group, and
melatonin groups (2.5, 5.0, 10.0 mg/kg). Melatonin dissolved
in ethanol/saline(1/100, v/v) was given daily as an intraco-
lonic solution of 2.5, 5.0, and 10.0 mg/kg respectively from
day 7 after colitis was established to day 28. In the control
and model group of rats, ethanol/saline was given instead of
melatonin, respectively.

Induction of colit is
TNBS/ethanol induced colitis in the rat was established
according to Elson et al.26 After an overnight fast, each rat was
lightly anaesthetised with diethyl ether, and a polyethylene
cannula (diameter 4 mm) was inserted into the lumen of the
colon. The cannula was advanced so that the tip was 8 cm
proximal to the anus. Initially, each rat was lavaged with
2 ml of saline for enema followed by manual palpation of the
abdomen to remove any fecal matter. Next, TNBS (100 mg/
kg) dissolved in 50% ethanol (v/v) was instilled into the colon
lumen through the rubber catheter (the final volume
0.25 ml), and the rat was maintained in a head-down
position for 20 seconds to limit expulsion of the solution.
In the control group rats, 50% ethanol was instilled as
control.

Assessment of the colitis severity
At the end of experiment, the tissue of colon 10 cm proximal
to the anus was excised, opened longitudinally, washed in
saline buffer, and pinned out on a wax block. Each colon was
examined and evaluated by two independent observers. Then
colon tissue samples were quickly excised for histological
examination and other measurements.
Macroscopic colon damage was scored by two independent

observers, described as colonic mucosal damage index
(CMDI), according to the following morphological criteria27

0=no damage; 1=mild hyperaemia and oedema, no erosion
or ulcer existing in the mucosa surface; 2=moderate
hyperaemia and oedema, erosion existing in the mucosa
surface; 3= severe hyperaemia and oedema, necrosis and
inflammation and ulcer existing in the mucosa surface, area
of the major ulceration extending less than 1 cm; 4= severe
hyperaemia and oedema, necrosis and ulcer on mucosa, area
of the major ulceration extending more than 1 cm.
The colon tissue samples taken for histological examina-

tion were fixed overnight in 4% neutral buffered formalin,
processed and sectioned (4 mm thick), and stained with
haematoxylin and eosin. Each colon was examined and
evaluated by two independent observers. The assessment
criteria of the histopathological score (HS) were modified
according to Dieleman et al28 using a scoring system: 1—the

infiltration of inflammatory cells (0–3: none, slight, moder-
ate, severe); 2—epithelial damage (0–3:none, mucosal,
mucosal and submucosal, transmural); 3—the deposition of
fibrotin protein (0–1: negative, positive); 4—the submucosa
oedema (0–2: no, moderate, severe); 5—the epithelium
necrosis (0–2: no, moderate, severe); 6—the epithelium ulcer
(0–1: negative, positive).

In vitro experiment
Experimental protocol and the co-culture model of
the inflamed colon mucosa strips from coli t is rats29

Experimental protocol was divided into control group (co-
culture of the inflamed colon mucosa strips and vehicle for
two hours, then without LPS for 24 hours), model group (co-
culture of the inflamed colon mucosa strips and vehicle for
two hours, then with LPS for 24 hours), melatonin pretreat-
ment group (co-culture of the inflamed colon mucosa strips
and melatonin for two hours, then with LPS for 24 hours,
melatonin concentration 0.01, 0.1, 1.0 mmol/l). Colon
mucosa strips were obtained from rats with TNBS induced
colitis, melatonin dissolved in vehicle (ethanol/saline, 1/100,
v/v) at a concentration of 0.01, 0.1, 1.0 mmol/l were added to
the culture medium and vehicle was also added as control
before LPS stimulation.
One week after TNBS/ethanol administration, rat colon

was obtained as described before. Colon mucosal specimens
were scraped from the marked inflamed part, avoiding
ulcerative areas by means of sharp scissors and forceps, the
tissue was gently washed and weighed (about 100 mg), and
placed in calcium and magnesium free Hank’s balanced salt
solution (HBSS) supplemented with 100 IU/ml penicillin and
100 mg/ml streptomycin, 0.01 mg/ml trypsin, 10 mmol/l
EDTA, 50 mmol/l HEPES at 4 C̊ for 30 minutes. After
collection, they were then placed in 24 well tissue culture
plates in 2 ml of RPMI 1640 culture medium for two hours
before stimulation with or without 100 mg/ml LPS (at a final
concentration of 10 mg). Melatonin (0.01, 0.1, 1.0 mmol/l)

Table 1 Effects of melatonin on the value of the colon mucosa damage index (CMDI) and
histology score (HS) and the myeloperoxidase (MPO) activity and the malondialdehyde
(MDA) concentrations in rat colitis

Group Dose (mg/kg) CMDI HS MPO (U/g) tissue MDA (nmol/g) tissue

Control – 0.0 (0.0)** 0.7 (1.2)** 28.7 (20.4)** 26.5 (9.2)**
Model – 3.1 (1.1) 9.7 (0.5) 191.3 (32.7) 82.0 (21.2)
Melatonin 2.5 2.3 (0.5) 4.5 (3.2)** 175.8 (10.6) 72.2 (12.0)

5.0 1.7 (0.8)* 3.3 (0.8)** 139.3 (37.1)** 63.5 (12.4)*
10.0 1.7 (0.8)* 2.1 (0.8)** 117.2 (28.0)** 39.2 (8.2)**

Colonic damage was scored by two independent observers as described in the text. The MPO activity and the MDA
concentrations were significantly increased in the model group in comparison with the control group. Melatonin
(2.5, 5.0, 10.0 mg/kg, once daily) was given intracolonically to the colitis rats (day 7 after the intracolinc TNBS/
ethanol for 21 days). Melatonin treated rats showed a significant reduction in CMDI and HS and MPO activity and
MDA concentrations. Values are mean (SD) of data obtained from eight rats in each group. **p,0.01, *p,0.05,
compared with the model group.

Table 2 Effects of melatonin on the content of nitric
oxide (NO) in rat colitis

Group Dose (mg/kg) NO2
-/NO3

- (mmol/g) tissue

Control – 0.28 (0.06)**
Model – 0.53 (0.06)
Melatonin 2.5 0.40 (0.04)**

5.0 0.38 (0.02)**
10.0 0.34 (0.01)**

The treatments were the same as described in table 1. The content of nitric
oxide (NO) was measured using a modification of the standard Griess
assay and absorbance was read at 540 nm in a spectrophotometer.
Values are mean (SD) of data obtained from eight rats in each group.
**p,0.01 compared with the model group.
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was also added into the culture medium before exposed to
LPS. After 24 hours in culture at 37 C̊ in a humidified 5%
CO2, 95% air atmosphere, the tissues were homogenised and
the homogenates were centrifuged at 3000 rpm for 10 min-
utes, and the supernatant and pellet were saved on ice. The
contents of NO, MDA, and MPO in supernatant were
detected as described above.

Experimental protocol and the colonocytes oxidative
injury model by hydroxyl radical
Experimental30 protocol was divided into control group (co-
culture of the colonocyte with vehicle for two hours, then
without FeSO4 and H2O2 for three hours), model group (co-
culture of the colonocyte with vehicle for two hours, then
with FeSO4 and H2O2 for three hours), melatonin pretreat-
ment group (co-culture of the colonocyte with melatonin for
two hours, then with FeSO4 and H2O2 for three hours,
melatonin concentration 0.01, 0.1, 1.0 mmol/l). The colono-
cytes were obtained from normal rats and resuspended in 24
well tissue culture plates at a final concentration of 16106/ml
in a culture medium with or without injury by Fenton
reaction for two hours, at 37 C̊ in a humidified 5% CO2, 95%
air atmosphere. Melatonin dissolved in vehicle (ethanol/
saline, 1/100, v/v) at a concentration of 0.01, 0.1, 1.0 mmol/l
was also added to the culture medium before injury by
Fenton reaction and vehicle was also added as control.
Fenton reaction was exaggerated by supplementation with
FeSO4 20 ml and H2O2 20 ml (final concentration was
10 mmol/l, total medium volume was 2.0 ml) for three
hours, then centrifuged at 1000 rpm for three minutes at
4 C̊, and the supernatant was saved on ice for the dectection
of the contents of NO, the lactate dehydrogenase (LDH) and
MDA in supernant was detected as described above.
Colonocytes were isolated according to reference with

modification.31–33 Briefly, the normal rat colon was excised,
washed with oxygenated calcium and magnesium free HBSS
supplemented with 100 IU/ml penicillin and 100 mg/ml
streptomycin. Colon mucosal specimens were scraped and
cut into pieces(1 mm3) by sharp scissors and forceps, and
placed immediately in oxygenated calcium and magnesium
free HBSS supplemented with 5 mmol/l DTT at 4 C̊, then
centrifuged at 3000 rpm for three minutes, and placed in a
conical flask with calcium and magnesium free HBSS
(containing 1 g/l pronase, 0.01 g/l trypsin, 5 mmol/l EDTA,
50 mmol/l HEPES (pH 7.4)) for 20 minutes at 37 C̊ in a
waterbath with shaking at 50 cycles/min, the buffer was
saturated with O2/CO2 (95%:5%), then stopped by adding ice
cold HBSS. After filtering to remove connective tissue and
undigested mucosal mass, the buffer centrifuged at 1000 rpm
for three minutes at 4 C̊. The pellet was collected and
digested with 0.1 g/l collagenase again as described above,
filtered (gauge in 300–400 mm) and centrifuged and washed,
then resuspended in 24 well tissue culture plates at a final
concentration of 16106/ml in a culture medium RPMI

1640 with 2.5 g/l BSA, 2 mmol L-glutamine, 100 IU/ml
penicillin, and 100 mg/ml streptomycin) for two hours at
37 C̊ in a humidified 5% CO2, 95% air atmosphere. Viability of
cells was measured by trypan blue dye exclusion as well as by
assay of LDHS/LDHT value.34 Cell viability estimated was
always greater than 97%. LDHS was expressed as the LDH
content of a 0.1 ml suspension from the culture medium,
LDHT was expressed as the LDH content of a 0.1 ml
suspension from the colonocytes homogenates.

Myeloperoxidase (MPO) activity
MPO activity was determined as an indicator of polymorpho-
nuclear leucocyte accumulation. The colon tissue samples
taken for the detection of MPO were homogenised (50 g/l) in
ice cold 50 mmol/l potassium phosphate buffer (pH 6.0)
containing 0.5% hexadecyltrimethylammonium bromide. The
homogenate was frozen and thawed three times, then
centrifuged at 4000 g for 20 minutes at 4 C̊. The level of
MPO in supernatant was measured using the O-dianisidine
method according to Daniel et al.35 The rate of change in
absorbance was measured spectrophotometrically at 460 nm.
MPO activity was expressed in units per gram weight of wet
tissue.

Nitric oxide (NO)
The colon tissue samples were homogenised in ice cold
phosphate buffer saline (PBS) (pH 7.4). The homogenates
were centrifuged at 4000 g at 4 C̊ for 30 minutes, and the
supernatant was stored at 280 C̊ until determination for NO.
The content of NO was assessed by colorimetry.36

Malondialdehyde (MDA) measurement
The levels of MDA in the colon were determined as an
indicator of lipid peroxidation. The rat colons were rinsed
with cold PBS, weighed, and homogenised in 1.15% KCl
solution using a tissue homogeniser. The supernatants were
obtained by centrifugation at 3500 g of colon homogenates.
An aliquot (500 ml) of the supernatants was added to a
reaction mixture containing 200 ml of 8.1% sodium dodecyl
sulphate, 1500 ml of 15% w/w trichloroacetic acid, 1500 ml of
0.67% thiobarbituric acid, and 300 ml of distilled water. The
resulting mixture was boiled for one hour at 95 C̊ and then
cooled on ice for 15 minutes, the samples were centrifuged at
3000 g for 10 minutes. Absorbance of the supernatant was
measured spectrophotometrically at 535 nm. TEP was as
working standard.37

Data analysis
Data were expressed as means (SD), the difference between
the means of two groups was evaluated with one way
analysis of variance and a p value of less than 0.05 was
considered significant.

Table 3 Effects of melatonin in vitro on the content of NO, MPO, and MDA in the
inflamed colon from rat colitis with or without stimulation of LPS

Group Dose (mmol/l) MPO (U/ml) MDA (mmol/l) NO2
-/NO3

- (mmol/l)

Control – 4.5 (0.7)** 0.6 (0.1)** 48.9 (2.7)**
Model – 28.0 (1.0) 5.6 (0.7) 156.5 (47.0)
Melatonin 0.01 26.3 (0.8)* 3.7 (0.2)** 126.9 (1.9)

0.1 21.1 (1.3)** 2.5 (0.1)** 110.7 (6.5)
1.0 19.0 (0.3)** 1.5 (0.4)** 64.5 (1.2)**

Experimental protocol as described in the text. A colonic segment obtained from rats with TNBS induced colitis was
isolated and cultured with LPS. Melatonin at a concentration of 0.01, 0.1, and 1.0 mmol/l caused a significant
reduction of the MPO and MDA levels, melatonin (1.0 mmol/l) significantly inhibited the NO production.Values
are mean (SD) of data obtained from four rats in each group. **p,0.01, *p,0.05, compared with the model
group.
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RESULTS
Effects of melatonin on the macroscopic damage score
and the microscopic histological score in rat colitis
The macroscopic features of rat colitis showed that the
lines-like ulcers were surrounded by thickening in-
flammed oedema mucosa and seemed to down-develop
into the serosal layers. The whole colon wall was becoming
severely thickened. The microscopic features of colon
included the transmural infiltration of acute and chronic
inflammatory cells, noticeable oedema in the submucosa
layer, and occurrence of necrosis and ulceration. All these
profiles were very similar to the clinical changes of human
IBD.
The CMDI and HS in the model group (3.1 (1.1) and 9.7

(0.5), respectively) were all higher than that in the
control group (0.0 (0.0) and 0.7 (1.2), respectively).
Administration with melatonin intracolon at different
doses (2.5, 5.0, 10.0 mg/kg) inhibited the extent of inflam-
mation and prevented the mucosa injury, minimised the
ulceration area, and alleviated the colitis symptoms. It
was supported by the reduction of the values of CMDI and
HS in colon (table 1).

Effects of melatonin on the MPO activity and the MDA
concentrations in rat colit is
Colitis caused by TNBS/ethanol was also characterised by an
increase in MPO activity (191.3 (32.7) U/g tissue in the model
group compared with 28.7 (20.4) U/g tissue in the control
group, respectively). Colonic mucosal MPO activity of rats
treated with melatonin showed a significant decrease in a
dose dependent fashion compared with the model group
(72.2 (12.0), 63.5 (12.4), 39.2 (8.2) U/g tissue, respectively).
Correspondingly with the increase in colon MPO activity, the
increase of MDA concentrations showed an increase in the
colon lipid peroxidation (26.5 (9.2) nmol/g tissue in the
model group compared with 82.0 (21.2) nmol/g tissue in the
control group, respectively). Intracolonic instillation of
melatonin in a dose of 2.5, 5.0, and 10.0 mg/kg daily
inhibited the colon mucosal oxidative injury effectively
(72.2 (12.0), 63.5 (12.4), 39.2 (8.2) nmol/g tissue, respec-
tively) (table 1).

Effects of melatonin on the content of NO in rat colitis
A striking increase in the content of NO was seen in the
inflamed colon (0.28 (0.06) mmol/g tissue in the model group
compared with 0.53 (0.06) mmol/g tissue in the control group,
respectively). This overproduction of NO has been proposed
strongly as a pathogenic factor in colitis. Administration with
melatonin (2.5, 5.0, and 10.0 mg/kg) intracolonically sup-
pressed the increase of NO completely (0.40 (0.04), 0.38
(0.02), 0.34 (0.01) mmol/g tissue, respectively), and inhibited
the extent of the colonic inflammation and prevented the
colon mucosa injury (table 2).

Effects of melatonin in vitro on the content of NO in
the inflamed colonic mucosa from rat colitis
stimulated by LPS
A colonic segment obtained from rats with TNBS induced
colitis was isolated and cultured with LPS for determination
of the NO, MPO, and MDA production. The stimulation of
LPS elicited an inflammatory response that was characterised
by increased level of NO, MPO, and MDA (48.9 (2.7) mmol/l,
4.5 (0.7) U/ml, 0.6 (0.1) mmol/l respectively in the control
group, compared with 156.5 (47.0) mmol/l, 28.0 (1.0) U/ml,
5.6 (0.7) mmol/l respectively in the model group). Melatonin
treatment at dose of 0.01, 0.1, 1.0 mmol/l also caused a
significant reduction of the MPO levels (26.3 (0.8), 21.1 (1.3),
19.0 (0.3) U/ml, respectively) and the MDA levels (3.7 (0.2),
2.5 (0.1), 1.5 (0.4) mmol/l, respectively), melatonin
(1.0 mmol/l) significant inhibited the NO levels, this result
was accordance with the results showed in vivo study
(table 3).

Effects of melatonin on the content of NO in the
coloncyte oxidative injury model caused by hydroxyl
radical generated from the Fenton reaction
A large amount of hydroxyl radical, which was produced by
supplemented FeSO4 and H2O2, directly injured the coloncyte
from normal rats. It was noted that the value of LDHS/LDHT

and the MDA level, was 71.1 (7.2)% and 2.43 (0.15) mmol/l in
the model group respectively, and was more higher than that
in the control group (26.3 (5.6)% and 0.50 (0.06) mmol/l,
respectively). This showed that the formation of NO by
coloncyte was associated with the diminished cell viability,
and was shown with the evidence of the increased content of
LDH and MDA in this model. Pretreatment with melatonin
reversed this change in the coloncyte oxidative injury model
(table 4).

DISCUSSION
Although the precise aetiology and the pathogenesis of IBD
remains to be elucidated, there is a growing body of both
experimental and clinical evidence to suggest that long-
standing gut inflammation is associated with increased
production of reactive metabolites of nitrogen and increased
expression of the iNOS.4 7 38 39 Increased NO synthesis by the
iNOS in the inflamed colon may play a key part in the
aggravation of the inflammation and the tissue injury.
Melatonin has been regarded as a strong antioxidant, also
as a peroxynitrite scavenger, and its anti-inflammatory
properties have been shown in a variety of experimental
models.22 23 Our aim in this study was to investigate the anti-
inflammatory effects of melatonin in experimental colitis
induced by TNBS/ethanol.
In this study, chronic immunological colitis was induced by

intracolonic administration of TNBS in 50% ethanol—this
was a well established model of experimental colitis. Our
results showed that melatonin dose dependently decreased

Table 4 Effects of melatonin in vitro on the value of LDHS/LDHT and the level of MDA and
NO in the coloncyte oxidative injury model caused by hydroxyl radical generated from the
Fenton reaction

Group Dose (mmol/l) LDHS/LDHT MDA(mmol/l) NO2
-/NO3

- (mmol/l)

Control – 26.3 (5.6)** 0.50 (0.06)** 37.0 (1.5)**
Model – 71.1 (7.2) 2.43 (0.15) 64.8 (0.7)
Melatonin 0.01 58.9 (2.4)** 1.77 (0.03)** 56.2 (1.3)**

0.1 43.7 (5.4)** 1.33 (0.04)** 52.3 (0.6)**
1.0 41.2 (4.4)** 1.17 (0.02)** 48.2 (1.5)**

Experimental protocol designed as described in the text. The coloncyte oxidative injury model caused by hydroxyl
radical generated from the Fenton reaction was established. Pretreatment with melatonin reversed this change in
the coloncyte oxidative injury model by the reduced content of NO, LDH, and MDA. Values are mean (SD) of data
obtained from four rats in each group. **p,0.01 compared with the model group.
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macroscopic and microscopic colonic damage, reduced the
severity of colitis such as the neutrophil infiltration, and the
oedema formation. Also melatonin noticeably suppressed the
MPO activity in colon mucosa and inhibited the neutrophil
mediated mucosal injury in the gut.
Meanwhile, these results showed that the development of

colon inflammation was closely associated with increased NO
production and neutrophil granulocyte infiltration.
Melatonin restored the nitrate and the lipid peroxide
malondialdehyde towards normal levels. Our findings were
consistent with several studies showing attenuated colonic
injury by melatonin in different models of IBD.22 23 The
observed anti-inflammatory effect of the melatonin may be
attributed partly to its antioxidant property such as eliminat-
ing NO effectively in the inflamed colon.
On the other hand, the source of the raised NO generation

in the colonic mucosa has not been exactly identified. There
is some evidence that macrophages, endothelial cells, and
epithelial cells may also contribute to the NO generation in
inflamed tissues.38–40 In accordance with these findings, we
designed and constructed the co-culture model of the
inflamed colon mucosa tissues to investigate the effect of
melatonin on the NO production. This model was composed
with the colon epithelial cells and the endothelial cells and
the macrophages, representing the important sources of NO
and other potentially injurious free radicals. After triggered
by LPS, the production of the NO, MPO, and MDA were the
manifestations of the colon inflammation, melatonin treat-
ment also caused a significant reduction of the MPO activity
and lipid peroxidation and inhibited NO levels in the co-
culture model of the inflamed colon mucosa stimulated by
LPS.
A combination of NO with superoxide anion may yield the

highly toxic species, peroxynitrite. Gilad et al showed that
melatonin dose dependently inhibits the peroxynitrite
mediated oxidant processes. This action may contribute to
the antioxidant and anti-inflammatory effects of melatonin
in various pathophysiological conditions.20 Pretreatment with
melatonin reduced the coloncyte oxidative injury by inhibit-
ing NO production and peroxynitrite formation in vitro.43 So
we established the coloncyte oxidative injury model caused
by hydroxyl radical generated from the Fenton reaction, and
showed that NO may react with superoxide anions, leading to
the coloncytes oxidative injury. Pretreatment with melatonin
reduced this change effectively. These results suggested that
NO and the peroxynitrite were also likely to affect the colon
epithelial function. Blocking the formation of NO and the
peroxynitrite by melatonin was helpful to afford the
coloncyte protection.
So in this study, we evaluated the anti-injury effect of

melatonin in two models in vitro including the co-culture
model of the inflamed colon mucosa from colitis rats and the
coloncyte oxidative injury model by hydroxyl radical. Part of
these anti-injury effects of melatonin may be commonly
related to an inhibition of NO production, while another part
may be related to scavenging oxyradical and peroxynitrite.
Therefore, inhibition of NO production serves as a novel
experimental approach to treat gut inflammation.
In conclusion, there are increasingly amounts of both

experimental and clinical data showing that longstanding
colon inflammation is associated with the increased produc-
tion of NO. We showed that melatonin attenuates the colon
injury macroscopically and microscopically, reduces the MPO
activity, and ameliorates the degree of lipid peroxidation of
the colon in the colitis models. Melatonin was an effective
scavenger of the hydroxyl radical and the peroxyl radical,44

and stimulated some important antioxidative enzymes such
as superoxide dismutase.22 23 Melatonin also acted as a
peroxynitrite scavenger and protected the cultured colon

cells in vitro. So the mechanism of the observed anti-
inflammatory effects of melatonin theoretically may be
related to eliminated NO, oxyradicals, or a combination of
these. These findings support the view that melatonin exert
potent anti-inflammatory effects and that this agent may be
useful in the treatment of IBD.
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CORRECTION

doi: 10.1136/pgmj.2004.030825corr1

There were some editorial errors in this article
by Dr Guo and others (2005;81:526–9). The
data for the second to last row in table 2
should have read for column T/T 7 (36.9 [not
2 (10.5)]; for column C/C 2 (10.5) [not 7
(36.9)]; for column T 24 (63.2) [not 14
(36.8)]; and for column C 14 (36.8) [not 24
(63.2)]. The data for the last row should have
read for column T/T 15 (34.1) [not 2 (4.5)];
for column C/C 2 (4.5) [not 15 (34.1)]; for
column T 57 (64.8) [not 31 (35.2)]; and for
column C 31 (35.2) [not 57 (64.8)].

CORRECTION

doi: 10.1136/pgmj.2004.024463corr1

An author’s error occurred in this review by
Dr Bycroft and others (2005;81:232–5). The
name of the third author should have read E
A L Chung [not E A L Choong].
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