
10	 A.	Triantafillidis,	J.K.	Triantafillidis

xx	xx	
x	xx	x	

Editorial

	 ANNALS OF GASTROENTEROLOGY 2009, 22(1):10-12

Melatonin: A potent antioxidant agent  
with anti-inflammatory and anti-apoptotic effects  
that might be useful in the treatment of IBD patients
A.	Triantafillidis1,	J.K.	Triantafillidis2

INTRODUCTION

Inflammatory	bowel	disease	[Crohn’s	disease	and	ul-
cerative	colitis],	is	a	chronic	relapsing	disorder	of	gre-
at	significance	for	both	society	and	patients	as	well.	The	
exact	pathogenesis	of	the	disease	is	not	fully	understood,	
although	interaction	between	immune	factors,	genetic	sus-
pectibility	and	the	environment	seem	to	be	the	most	im-
portant	ones.	

Melatonin	(5-methoxy-N-acetyltryptamine),	a	deriva-
tive	of	the	essential	amino	acid	tryptophan,	is	an	indola-
mine	hormone	secreted	throughout	the	day.	This	hormonal	
molecule	is	produced	mainly	in	the	pineal	gland	although	
various	other	tissues	including	the	gastrointestinal	tract	are	
sites	of	production.	Melatonin	is	an	agent	that	promotes	
sleep	produced	mainly	at	night.	It	is	secreted	in	the	retina,	
salivary	glands,	thyroid,	liver	and	intestine,	thus	playing	
a	fundamental	role	in	the	neuroimmuno-	endocrine	sys-
tem	of	the	organism.	In	the	intestine,	locally	synthesized	
melatonin	is	released	by	enterochromaffin	cells	in	much	
larger	amounts	than	in	the	pineal	gland.	Melatonin	has	a	
circadian	entrainment	and	is	excreted	in	the	bile	partici-
pating	in	the	entero-hepatic	circulation.	

Mechanism of action
The	mechanisms	of	the	protective	effects	of	melatonin	

have	not	been	fully	elucidated.	Melatonin	seems	to	partic-
ipate	in	various	defence	mechanisms	against	colonic	in-
flammatory	processes	because;	it	improves	the	gut	blood	
flow,	stimulates	the	immune	system,	preserves	the	impor-
tant	endogenous	antioxidant	reserve	of	GSH,	prevents	lys-
osomal enzyme disruption, reduces the levels of TNF-α, 
inhibits	the	enhanced	myeloperoxidase	activity,	decreas-
es	the	free	radical	levels,	reduces	the	bacterial	translocation	
levels	and	induces	the	apoptotic	processes,	thus	reducing	
the	extent	of	colonic	damage.1

Stimulation of the immune system
Melatonin	can	protect	gastrointestinal	mucosa	against	

damage	by	stimulating	the	immune	system	and	fostering	
microcirculation	and	epithelial	regeneration2,3.	Although	
there	is	no	direct	evidence	that	the	effect	of	melatonin	on	
the	immune	response	is	enhanced	in	the	gastrointestinal	
tract,	indirect	evidence	indicates	that	administration	of	
melatonin	in	rats	significantly	increases	the	number	and	
size	of	Peyer’s	patches.	

Decrease of free radical levels
A	growing	body	of	data	indicates	that	oxygen-derived	

free	radicals	and	nitrogen	species	could	act	as	mediators	
of	the	disruption	of	the	intestinal	barrier	in	IBD.	The	in-
volvement	of	melatonin	in	oxygen	radical	pathophysiology	
has	been	confirmed	in	various	colitis	models.	Because	re-
active	oxygen	species	seem	to	play	a	significant	role	in	the	
pathogenesis	of	ulcerative	colitis,	melatonin	may	explain	its	
protective	effect	because	of	its	antioxidant	effect.	Melatonin	
also	decreases	free	radical	levels	by	stumilating	the	activiti-
es	of	enzymes	involved	in	antioxidative	defense.4	

It	has	been	shown	in	the	TNBS	model	of	experimental	
colitis	that	the	extent	of	mucosal	damage	index	and	his-
tology	score,	and	the	levels	of	myeloperoxidase	malondi-
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adehyde	and	nitric	oxide	were	higher	than	in	the	control	
group	and	that	melatonin	ameliorated	these	parameters.	
The	stimulation	of	lipopolysaccharide	increases	the	lev-
el	of	nitric	oxide	and	myeloperoxidase,	malondiadehyde	
and	melatonin	reduces	the	level	of	malondiadehyde	and	
nitric	oxide.	On	the	other	hand,	in	the	colonocyte	oxida-
tive	injury	model	melatonin	reverses	the	oxidative	injury	
considerably.	So,	in	the	TNBS	model	of	colitis,	melatonin	
could	control	inflammation	both	in vivo	and	in vitro.	The	
protective	effect	of	melatonin	in	the	acetic	acid	and	TNBS	
model	of	colitis	is	probably	mediated	via	local	inhibition	
of	iNOS	and	COX-2	expression	in	colonic	mucosa.5	

Reduction of Tumor Necrosis Factor-alpha 
(TNF-α) levels

TNF-α is a very important cytokine produced mainly by 
activated	monocytes	and	macrophages.	It	has	been	shown	
experimentally	that	melatonin	prevents	circulatory	failure	in	
rats with endotoxemia by inhibiting the release of TNF-α6.	
Worledge et al7	reported	that	administration	of	TNF-a	anti-
bodies	can	effectively	treat	experimental	rat	colitis.	Trian-
tafillidis	et	al8	also	showed	that	subcutaneous	administrati-
on of infliximab (the chimeric antibody against TNF-α) can 
successfully	ameliorate	experimental	colitis	in	rats.	

Several	data	indicate	that	Matrix	metalloproteinases	
play	an	important	role	in	the	pathogenesis	of	colitis.	Mel-
atonin	reduced	pro	metalloproteinases-9	and	metallopro-
teinases-2	activities	that	were	induced	in	the	colon	of	rats	
with	experimental	colitis.	Reduced	metalloproteinases-9	
and	metalloproteinases-2	activities	were	associated	with	
reduced	expression	of	TNF-alpha.9	It	seems	that	melato-
nin’s	ability	to	ameliorate	DNBS-induced	colitis	in	rats	is	
related	to	a	reduction	in	pro	metalloproteinases-9	and	me-
talloproteinases-2	activities	and	expression.

Reduction of bacterial translocation and 
induction of apoptosis

Melatonin	could	exert	protective	effects	on	colonic	in-
flammation	via	reduction	of	bacterial	translocation.	Mela-
tonin	attenuates	bacterial	translocation	and	apoptosis	as	
it	could	be	supported	by	the	lower	serum	levels	of	TNF-
a	and	endotoxin,	and	the	reduced	colonic	tissue	oxidative	
stress	and	caspase	levels	in	experimental	models.

In	colitis,	the	frequency	of	apoptosis	is	considerably	in-
creased	and	loss	of	epithelial	cells	appears	to	occur	main-
ly	due	to	apoptosis.	In	an	experimental	study	of	colitis	in	
rats	it	was	shown	that	colonic	caspase-3	activity	was	signi-
ficantly	higher	in	the	TNBS	model	compared	to	the	control	
group	and	treatment	with	melatonin	significantly	decrea-
sed	the	caspase-3	activity.	Again	it	was	found	that	melato-

nin	inhibits	hepatic	caspase-3	activities	and	attenuates	DNA	
fragmentation	in	D-galactosamine-lipopolysaccharid-trea-
ted	mice.10	The	available	data	indicate	that	the	protective	
effects	of	melatonin	against	TNBS-	induced	colitis	might	
be,	at	least	in	part,	mediated	by	its	anti-apoptotic	effects.11	
Other	data	indicate	that	melatonin	may	exert	therapeutic	
activity	in	IBD	through	its	ability	to	inhibit	NF-kappaB	
dependent	induction	of	MAdCAM-1.12	

However,	in	an	experimental	model	of	colitis	it	was	
shown	that	short-term	administration	of	melatonin	is	pro-
tective	while	in	the	long	term	it	negatively	influences	evo-
lution	of	inflammatory	colitis;	therefore,	the	immunostim-
ulatory	effect	of	melatonin	in	some	situations	when	given	
chronically,	such	as	during	inflammatory	bowel	disease	
could	have	negative	consequences.13	

Possible therapeutic application in human 
IBD

Melatonin	certainly	plays	an	important	role	in	regu-
lating	epithelial	functions	as	well	as	significant	anti-in-
flammatory	and	anti-apoptotic	effects.	Melatonin	redu-
ces	bacterial	translocation	and	its	anti-apoptotic	effect	and	
therefore	it	can	reduce	the	extent	of	mucosal	damage.	It	
seems	that	melatonin	could	exert	a	beneficial	role	in	human	
IBD	through	reduction	of	the	TNF-a	levels.	However,	fur-
ther	studies	are	required	to	clarify	whether	melatonin	is	an	
effective	and	above	all	safe	therapy	for	human	IBD.	
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