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ABSTRACT	 	
For	 humans,	 eating	 control	 is	 crucial.	 When	 metabolic	 homeostasis	 can	 be	 maintained,	 feeding	 function	
involves	the	hypothalamus	and	brain	stem.	When	food	intake	exceeds	metabolic	homeostasis,	reward	system	
is	 involved	such	as	dopamine	neurons	 from	the	ventral	 tegmental	area,	 the	nucleus	accumbens,	and	 limbic	
system	 and	 to	 the	 neocortex.	 Physiological	 effects	 of	 Glucagon-Like	 Peptide	 1	 (GLP-1)	 include	 improving	
glucose	metabolism,	delaying	gastric	emptying,	and	suppressing	appetite.	GLP-1	receptor	agonist	(GLP-1RA)	is	
supposed	to	cross	the	blood	brain	barrier	(BBB)	and	act	on	the	central	nervous	system	(CNS),	associated	with	
weight	reduction	effect,	delaying	gastric	emptying	via	the	vagus	nerve	system.		
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Recently,	 metabolic	 syndrome	 (Met-S),	 diabetes	 and	 obesity	 have	 been	more	 prevalent	 internationally.	 In	
actual	 medical	 practice	 for	 type	 2	 diabetes	mellitus	 (T2DM)	 and	 obesity,	 nutritional	 therapy	 such	 as	 low	
carbohydrate	diet	(LCD)	has	been	known	to	be	effective	[1].	Current	pharmacological	topics	include	the	efficacy	
of	Glucagon-Like	Peptide	1	receptor	agonist	(GLP-1RA)	for	diabetes	[2,3].	Furthermore,	the	weight-reduction	
effect	of	GLP-1RA	on	obesity	is	now	attracting	attention	[4].	This	article	describes	basically	the	mechanism	of	
Glucagon-Like	Peptide	1	(GLP-1)	on	eating	and	clinically	the	effect	of	GLP-1RA	for	obesity.		
	
For	humans,	eating	control	of	the	brain	is	a	crucial	mechanism.	To	the	extent	that	metabolic	homeostasis	can	
be	maintained,	 feeding	 function	 involves	 the	 hypothalamus	 and	 brain	 stem.	 On	 the	 other	 hand,	when	 the	
amount	of	food	intake	exceeds	metabolic	homeostasis,	some	mechanisms	are	involved	in	the	controls	of	the	
reward	system,	such	as	dopamine	neurons	from	the	ventral	tegmental	area,	the	nucleus	accumbens	(striatum),	
limbic	system	and	to	the	neocortex	[5xx].		
	
For	pathological	condition	of	obesity,	inflammation	in	the	hypothalamus	causes	abnormalities	in	the	reward	
system,	resulting	in	disruption	of	feeding	regulation	[6].	The	physiological	effects	of	GLP-1	include	improving	
glucose	metabolism,	delaying	gastric	emptying,	and	suppressing	appetite	in	the	central	nervous	system	(CNS)	
[7].	Among	them,	the	GLP-1	receptor	suppresses	appetite	by	being	expressed	in	many	parts	of	the	CNS	involved	
in	the	regulation	of	feeding.		As	regard	to	this,	two	mechanisms	may	exist.		
	
Firstly,	GLP-1	produced	 in	 the	gastrointestinal	 (GI)	 tract	 activates	 the	vagal	 afferents.	Then,	by	 conducting	
electrical	stimulation	to	the	solitary	tract	nucleus	of	the	medulla	oblongata,	physiological	signal	is	transmitted	
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to	neurons	toward	the	hypothalamus	[8].	As	a	result,	there	is	a	mechanism	by	which	appetite	is	suppressed.	
Secondly,	GLP-1	is	produced	in	neurons	of	the	solitary	tract	nucleus	of	the	medulla	oblongata.	Then,	GLP-1	acts	
on	the	hypothalamus	of	the	projection	destination.	As	a	result,	an	appetite-suppressing	effect	can	be	found	[9].	
However,	considering	the	half-life	of	GLP-1	in	the	blood,	it	is	very	short	which	is	approximately	several	minutes.	
Therefore,	it	is	unlikely	that	GLP-1	produced	in	the	GI	tract	crosses	the	blood-brain	barrier	(BBB)	and	acts	on	
the	CNS. 		
	
GLP-1RA	has	introduced	to	medical	practice	as	a	therapeutic	agent	for	T2DM.	GLP-1RA	has	been	reported	to	
cross	the	BBB	and	act	directly,	at	least	in	part,	on	the	CNS	[10].	In	addition	to	this	effect,	a	weight	reduction	
effect	is	found	as	well	as	the	effect	of	delaying	gastric	emptying	via	the	vagus	nerve	system.	It	has	been	reported	
that	 predecessor	 administration	 of	 liraglutide	 or	 semaglutide	 suppresses	 appetite.	 For	 this	 mechanism,	
activation	of	preproglucagon	neurons	that	produce	GLP-1	in	the	solitary	tract	would	be	also	involved	[11].		
	
Furthermore,	the	function	of	inducing	vomiting	in	GLP-1	receptor-expressing	neurons	has	also	been	reported.	
Genome-related	analysis	of	T2DM	revealed	that	Japanese	have	a	variant	of	the	GLP-1	receptor.	Therefore,	it	is	
expected	that	the	effect	of	GLP-1	agonists	on	Japanese	people	is	higher	than	others,	and	that	the	elucidation	of	
the	feeding	regulation	peculiar	to	Japanese	people	[12].		
	
To	date,	several	types	of	GLP-1RAs	for	the	treatment	of	T2DM	are	found	[13].	Each	has	a	different	molecular	
weight	and	duration	of	action.	There	are	differences	in	administration	method	and	diabetic	agents	that	can	be	
used	in	combination.	When	divided	according	to	the	administration	method,	four	types	are	in	the	following.	
They	 are	 i)	 exenatide	 subcutaneously	 injected	 twice	 daily,	 ii)	 lixisenatide	 and	 liraglutide	 subcutaneously	
injected	once	daily,	iii)	exenatide,	duraglutide	and	semaglutide	once	weekly	subcutaneously	injected,	iv)	oral	
type	of	semaglutide,	which	was	examined	in	the	PIONEER	study.	Then,	the	same	or	better	hypoglycemic	effect	
and	 weight	 reduction	 effect	 of	 semaglutide	 were	 observed	 for	 T2DM	 as	 compared	 with	 the	 injectable	
preparation.	A	domestic	phase	3	clinical	trial	was	conducted.	As	the	results	at	26	weeks	after	administration	
for	oral	semaglutide,	weight	reduction	was	observed	for	1	kg	with	7	mg	and	2.2	kg	with	14	mg	[14].	Oral	agent	
of	semaglutide	for	7	mg	and	14	mg	of	the	oral	drug	semaglutide	have	been	used	in	clinical	practice.		
	
In	 the	United	States	 (US),	 liraglutide	3	mg	 is	approved	as	an	anti-obesity	drug	and	has	been	used	 for	non-
diabetic	patients	[15].	The	weight-loss	effect	of	subcutaneous	injections	of	semaglutide	was	investigated	in	16	
countries	in	Asia,	Europe	and	US.	The	subjects	were	1961	obese	adults	with	a	body	mass	index	(BMI)	of	30	or	
more,	with	an	average	body	weight	of	104	kg	and	an	average	BMI	of	38.	Randomly	assigned,	the	active	group	
was	injected	subcutaneously	at	2.4	mg	once	weekly.	All	patients	and	the	placebo	group	were	provided	with	
face-to-face	or	telephone	counseling,	dietary	and	exercise	guidance,	and	motivation	with	a	dietitian.	
	
A	 68-week	 intervention	 was	 performed.	 As	 a	 result,	 a	 14.9%	 (15.3	 kg)	 reduction	 was	 achieved	 in	 the	
semaglutide-administered	group.	This	was	 found	to	have	a	 large	effect	similar	 to	 that	of	weight	reduction/	
metabolism	 improvement	 surgery	 [16].	 The	 average	 weight	 reduction	 in	 the	 placebo	 group	 was	 2.6	 kg.	
Temporary	 nausea	 and	 diarrhea	 were	 observed	 in	 40%	 of	 the	 semaglutide	 group,	 of	 which	 7%	 in	 the	
semaglutide	 group	 and	 0.75%	 in	 the	 placebo	 group	 had	 discontinuation	 of	 treatment.	 Gallbladder-related	
disorders,	such	as	the	development	of	gallstones	that	may	be	associated	with	weight	loss,	were	observed	in	3%	
of	the	semaglutide	and	1%	of	the	placebo	group.	In	the	future,	long-term	effects	and	safety	will	be	clarified,	and	
it	is	expected	as	an	option	for	the	treatment	of	obesity	and	severe	obesity. 	
	
In	addition	to	GLP-1RA,	some	anti-obesity	agents	have	been	developed.	They	include	growth	differentiation	
factor	15	(GDF-15)	[17],	peptide	YY	(PYY)	[18],	cholecystokinin	(CCK)	[19]	and	glucagon	[20]	which	are	related	
to	gastrointestinal	(GI)	hormones.	Regarding	ghrelin	which	brings	appetite	promotion,	 two	agents	with	the	
opposite	 function	 have	 been	 found.	 They	 are	 i)	 enhancing	 the	 action	 of	 ghrelin	 inhibitor	 liver-expressed	
antimicrobial	peptide	2	(LEAP-2)	[21],	and	ii)	reducing	the	action	of	ghrelin.	
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