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Objective(s):		Both	caloric	restriction	(CR)	and	resveratrol	(RSV)	have	been	shown	to	improve	learning	
and	memory,	 but	 their	 potential	 effects	 in	 juvenile	 animals	were	 unknown.	 Here,	 we	 evaluated	 the	
effects	 of	 RSV	 and	 CR	 on	 learning	 and	memory	 function	 in	 juvenile	mice	 and	 investigated	 potential	
molecular	mechanisms.	
Methods: Six‐week‐old	C57BL/6J	mice	were	assigned	to	one	of	three	different	dietary	groups:	normal	
control	 (stock	 diet)	 (n=12),	 CR	 diet	 (30%	 caloric	 reduction	 diet)	 (n=12),	 and	 RSV	 diet	 (stock	 diet	
supplemented	 with	 18.6	 mg/kg	 RSV)	 (n=12),	 for	 6	 months.	 Body	 weight	 and	 blood	 glucose	 were	
measured	 every	 4	 weeks.	 Serum	 cholesterol	 and	 serum	 triglyceride	 levels	 were	 examined	 using	
biochemical	 methods.	 Serum	 insulin	 and	 insulin‐like	 growth	 factor	 1	 (IGF‐1)	 levels	 were	 evaluated	
using	 enzyme	 linked	 immunosorbant	 assay	 (ELISA),	 and	 protein	 expression	 of	 silent	 mating	 type	
information	regulation	2	homology	1	(SIRT1),	p53,	p16,	peroxisome	proliferator‐activated	receptor	γ	
(PPARγ),	 phosphatidylinositol‐4,5‐bisphosphate	 3‐kinase	 (PI3K),	 phosphorylated‐cAMP	 response	
element‐binding	protein	(p‐CREB),	and	IGF‐1	were	examined	with	immunohistochemistry.	

Results:	Although	long‐term	CR	diet	did	not	alter	physiological	conditions	in	 juvenile	mice	relative	to	
control,	 RSV	 supplementation	 slightly	 elevated	 blood	 glucose,	 serum	 triglyceride,	 and	 serum	 insulin	
levels.	 Both	 CR	 and	 RSV	 improved	 learning	 and	 memory	 function,	 although	 the	 effect	 of	 CR	 was	
significantly	greater.	Both	CR	and	RSV	downregulated	p53	and	upregulated	IGF‐1	in	hippocampal	CA1	
region	of	mice.	
Conclusion:	We	demonstrate	that	CR	and	RSV	may	improve	learning	and	memory	by	downregulating	
p53	and	upregulating	IGF‐1	in	hippocampal	CA1	region	of	juvenile	mice. 
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Introduction	
Impairment	 in	 learning	 and	 memory	 processes	

are	 common	 clinical	 problems	 in	 the	 elderly	 and	 in	
patients	 with	 neurodegenerative	 disorders	 such	 as	
Alzheimer’s	 and	 Parkinson’s	 disease	 (1).	 Caloric	
restriction	 (CR)	 by	 decreasing	 dietary	 intake	 has	
been	shown	to	slow	aging,	prevent	neuronal	damage,	
and	 protect	 against	 neurodegeneration	 (2).	 CR	may	
even	 improve	 learning	ability	 and	memory	 function	
in	mice	 (3,	4)	 and	 in	early	old	 rats	 (5).	The	 insulin‐
PI3K/Akt	 signaling	 pathway	 has	 been	 implicated																	
in	 these	 processes	 (3),	 although	 the	 precise	
underlying	mechanisms	are	still	poorly	understood.	

The	 benefits	 of	 resveratrol	 (RSV),	 a	 natural	
compound	 found	 in	 grapes,	 red	 wine,	 peanuts	 and

cranberries,	 as	 a	 dietary	 supplement	 are	 well	
documented	 regarding	 the	 prevention	 of	
cardiovascular,	cerebral,	and	metabolic	diseases	and	
cancer	 (6,	 7).	 RSV,	 like	 CR,	 improves	 learning	 and	
memory	 in	 adult	 mice	 (8).	 However,	 its	 role	 in	
neuroprotection	 is	 controversial.	 Recently,	 it	 is	
reported	 that	 RSV	 treatment	 did	 not	 reverse	
scopolamine‐induced	deficits	in	cognitive	function	in	
mice	(9),	suggesting	that	RSV	is	likely	not	universally	
neuroprotective.	 To	 date,	 the	 effects	 of	 RSV	 on	
learning	and	memory	in	juvenile	mice	have	not	been	
fully	clarified.	

RSV,	 a	 well‐known	 silent	mating	 type	 information	
regulation	 2	 homology	 1	 (SIRT1)	 activator,	 induces	
various	biological	actions	via	activation	of	SIRT1	(10).	
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SIRT1,	 the	 most	 extensively	 studied	 sirtuin	 family	
protein,	 plays	 an	 essential	 role	 in	 regulating																									
brain	 function	 (11).	 SIRT1	 regulates	 the	 expression																		
of	several	downstream	effectors	implicated	in	synaptic	
plasticity,	 including	p53,	p16,	peroxisome	proliferator‐
activated	 receptor	 γ	 (PPARγ),	 nuclear	 factor	 kappa																				
B,	 forkhead	 box	 O,	 and	 liver	 X	 receptor	 (11).																							
Another	 signaling	 pathway	 important	 for	 neuronal	
function	 is	 the	 insulin/insulin‐like	growth	 factor	 (IGF‐
1)/	 phosphatidylinositol‐4,5‐bisphosphate	 3‐kinase	
(PI3K)/protein	kinase	B	(Akt)	pathway.	Dysfunction	of	
the	 insulin	 and	 its	 downstream	 targets	 have	 been	
linked	to	synaptic	dysfunction	and	cognitive	decline	in	
neurodegenerative	 disorder	 such	 as	 Alzheimer’s	
disease	(12).		

Based	on	these	studies,	we	hypothesized	that	CR	
and	 RSV	 would	 improve	 learning	 and	 memory	
function	 in	 juvenile	 mice,	 perhaps	 via	 the	 SIRT1	
and/or	 insulin‐IGF‐1‐PI3K	 signaling	 pathways.	 Our	
findings	 may	 provide	 valuable	 insight	 for	 the	
development	 of	 novel	 pharmacological	 targets	 for	
the	treatment	of	deficits	in	learning	and	memory.	
	
Materials	and	Methods		
Animals	

In	 total,	 36	 male	 and	 female	 C57BL/6J	 mice																		
(6	 week‐old,	 weight	 range,	 16.1‐25.1	 g,	 provided	
from	 Laboratory	 Animal	 Center	 of	 the	 Academy	 of	
Military	 Medical	 Sciences,	 China)	 were	 used	 in	 this	
study.	Animals	were	housed	under	specific	pathogen	
free	 (SPF)	 conditions	 and	 maintained	 at	 constant	
temperature	(23±2	°C)	and	humidity	(55±5%)	with	a	
12	 hr	 light	 dark	 cycle.	 All	 mice	 had	 free	 access	 to	
water	and	were	adapted	to	the	housing	condition	for	
2	 weeks	 prior	 to	 the	 start	 of	 experimentation.	 The	
animal	studies	were	approved	by	the	Animal	Ethical	
Committee	of	Xuanwu	Hospital,	Beijing,	China.	

	
Diets	and	experimental	assignments	

Animals	were	randomly	assigned	to	one	of	 three	
dietary	groups:	control	(n=12),	CR	group	(n=12),	and	
RSV	(n=12).	Mice	in	the	control	group	were	fed	SPF‐
level	 stock	 diet	 (Laboratory	 Animal	 Center	 of	 the	
Academy	 of	 Military	 Medical	 Sciences).	 The	 diet	 of	
CR	 mice	 consisted	 of	 58%	 stock	 diet,	 34%	 dietary	
fiber,	and	8%	isolated	soy	protein,	 leading	to	a	30%	
caloric	 reduction	 (13).	Mice	 in	 the	 RSV	 group	were	
fed	 the	 stock	 diet	 supplemented	 with	 18.6	 mg/kg	
(equal	 to	 30	 mg/kg/day)	 RSV	 (99.9%	 purification;	
Beijing	Puhuashi	 Technology	Development	 Co.,	 Ltd.,	
Beijing,	China)	(14,	15).	All	mice	were	maintained	on	
the	 diet	 for	 6	 months.	 During	 the	 experimental	
period,	 animal	 body	 weight	 and	 fasting	 blood‐
glucose	level	were	measured	every	4	weeks.	

	
Serological	test	

Serum	 IGF‐1	 and	 insulin	 levels	 were	 measured	
using	 specific	 enzyme	 linked	 immunosorbant	 assay	
(ELISA)	 kits	 in	 accordance	 of	 the	 manufacturer’s	

instructions	 (Nanjing	 Jiancheng	 Bioengineering	
Institute,	Nanjing,	Jiangsu,	China).	Serum	cholesterol	
and	 serum	 triglyceride	 levels	 were	 also	 examined	
using	biochemical	methods.	

	
Morris	water	maze	test	

The	Morris	water	maze	 task	was	 used	 to	 assess	
learning	 and	 memory	 function	 of	 animals	 fed	
different	 diets	 (16).	 The	 Morris	 water	 maze	
apparatus	 (provided	 by	 the	 Institute	 of	 Materia	
Medica,	 Chinese	 Academy	 of	 Medical	 Sciences,	
Beijing,	 China)	 consisted	 of	 a	 circular	 pool	 of	water	
(24	°C	+	1	°C)	with	a	diameter	of	120	cm	and	a	height	
of	 30	 cm.	 The	 water	 pool	 was	 divided	 into	 four	
quadrants:	 northeast,	 northwest,	 southeast,	 and	
southwest	 quadrant.	 In	 the	 northeast	 quadrant,	 a	
platform	was	submerged	2.0	cm	below	of	the	surface	
of	 the	 water,	 which	 was	 made	 invisible	 with	 the	
addition	of	dry	milk.	During	 training,	 the	mice	were	
physically	 placed	 onto	 the	 platform,	 where	 they	
remained	for	30	sec.	On	Day	1,	mice	were	placed	 in	
the	 southwest	 quadrant	 and	 were	 given	 60	 sec	 to	
find	 the	 hidden	 platform.	 If	 unsuccessful	within	 the	
allotted	 time	 period,	 they	 were	 guided	 to	 the	
platform.	 Place	 navigation	 test	was	 conducted	 from	
Day	 2	 to	 Day	 5,	 and	 the	 escape	 latency	 and	 the	
overall	 swimming	 distance	 were	 recorded.	 If	 a	
mouse	 was	 unsuccessful	 in	 finding	 the	 platform	
within	 the	 allotted	 time	 period,	 they	 were	 given	 a	
score	of	60	sec.	

	
Immunohistochemical	analysis	

Tissue	samples	from	CA1	regions	of	hippocampus	
were	 fixed	 in	 4%	 paraformaldehyde	 overnight,	
dehydrated	 in	 an	 ethanol	 series	 (50%,	 70%,																			
80%,	 90%,	 95%,	 and	 100%),	 cleared	 in	 xylene,																											
and	 embedded	 in	 paraffin.	 Paraffin‐embedded	
tissues	 were	 sectioned	 with	 an	 automatic	 tissue	
processor	(Leica,	Wetzlar,	Germany)	into	5	μm	thick	
coronal	 sections.	 Sections	 were	 incubated	 in																									
3%	 hydrogen	 peroxide	 solution	 for	 30	 min	 to	
inactivate	 the	 peroxidase.	 After	 sections	 were	
washed	 three	 times	with	 phosphate	 buffered	 saline	
(PBS),	 sections	 were	 probed	 with	 rabbit	 primary	
antibody	 (1:	 1000	 dilution)	 and	 goat	 anti‐rabbit	
biotin‐labeled	secondary	antibody	(1	 :	300	dilution)	
(Beijing	 Zhong	 Shan	 Golden	 Bridge	 Biological	
Technology	 Co.,	 Ltd,	 Beijing,	 China).	 Primary	
antibodies,	 including	 anti‐IGF‐1,	 anti‐PI3K,	 anti‐
phosphorylated‐cAMP	 response	 element‐binding	
protein	 (p‐CREB),	 anti‐SIRT1,	 anti‐p16,	 anti‐PPARγ	
and	 anti‐p53,	 were	 synthesized	 in	 the	 Bioactive	
Peptides	 Laboratory	 of	 Xuanwu	 Hospital	 (Beijing,	
China).	 Immunoreactivity	was	 visualized	with	 3,	 3′‐
diaminobenzidine	 tetrahydrochloride	 (DAB)	 kit	
according	to	the	manufacturer’s	instructions	(Beijing	
Zhong	Shan	Golden	Bridge	Biological	Technology	Co.,	
Ltd).	 After	 washing,	 samples	 were	 further	 stained	
with	 hematoxylin.	 For	 a	 negative	 control,	 PBS	 was	
used	in	place	of	primary	antibody	(data	not	shown).	
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The	 number	 of	 immunopositive	 neurons	 was	
analyzed	 using	 Image‐Pro	 Plus	 software.	 For	
quantification,	 three	 slices	 were	 chosen	 at	 random	
from	each	animal	 and	 from	 those,	 three	 fields	were	
randomly	selected	under	400X	magnification.		

	
Statistical	analysis	

All	data	were	analyzed	using	SPSS	17.0	software	
(Chicago,	 IL,	 USA)	 and	 were	 expressed	 as	 mean±	
standard	 deviation	 (SD).	 Statistical	 significance	was	
determined	 using	 one‐way	 analysis	 of	 variance	
(ANOVA).	For	comparison	of	the	body	weight,	blood	
glucose	 level,	 escape	 latency,	 speed,	 and	 swimming	
distances	 in	 the	 three	 groups	 of	 animal,	 repeated	
measures	 two‐way	 ANOVA	 was	 used.	 P<0.05	 or																	
P<0.01	was	considered	statistically	significant.	

	
Results	

Effects	 of	 resveratrol	 and	 CR	 on	 physiological	
indicators.	

First,	we	examined	the	effect	of	CR	and	RSV	diets	
on	 physiological	 conditions	 in	 juvenile	 C57BL/6J	
mice.	Animal	body	weight	gradually	increased	during	
the	 experimental	 period	 (24	 weeks)	 in	 all	 three	
groups	 (Figure	 1A).	 Compared	 to	 mice	 fed	 control	
diet,	 CR	 attenuated	 the	 increase	 in	 animal	 body	
weight	 significantly	 (P<0.05).	 At	 8	 and	 12	weeks	 of	
treatment,	 body	 weight	 in	 the	 RSV	 group	 was	
significantly	 higher	 than	 the	 CR	 group	 (P<0.01).	
There	 was	 no	 significant	 difference	 in	 the	 level	 of	
blood	 glucose	 between	 control	 and	 CR,	 whereas	 in	
the	 RSV	 group,	 blood	 glucose	 level	 was	 elevated	
starting	at	1	month	after	onset	of	treatment	(P<0.01	
compared	with	other	groups)	(Figure	1B).	The	serum	
levels	 of	 cholesterol,	 triglyceride,	 insulin,	 and	 IGF‐1	
were	not	affected	by	CR	 treatment	 (P>0.05)	 (Figure	
1C).	 However,	 serum	 levels	 of	 triglyceride	 and	
insulin	were	significantly	elevated	 in	 the	RSV	group	
(P<0.05)	 (Figure	 1C).	 These	 results	 demonstrated	
that	 long‐term	 CR	 diet	 did	 not	 alter	 physiological	
conditions,	 whereas	 30	 mg/kg/day	 RSV	 elevated	
blood	glucose,	serum	triglyceride,	and	serum	insulin	
levels	in	juvenile	mice.	

	
Effects	 of	 RSV	 and	 CR	 on	 learning	 and	 memory	
ability	in	mice	

The	Morris	water	maze	task	is	a	well‐established	
behavioral	 test	 to	 evaluate	 learning	 and	memory	 in	
rodents.	Here,	we	examined	the	effect	of	CR	and	RSV	
on	 learning	 and	 memory	 function	 in	 mice.	 No	
significant	 difference	 was	 found	 in	 the	 speed	 of	
animals	 in	 three	 experimental	 groups	 (P>0.05),	
indicating	that	motor	function	or	physical	conditions	
was	 no	 different	 among	 the	 groups.	 Therefore,	 the	
escape	 latency	 and	 the	 overall	 swimming	 distance	
were	 used	 to	 determine	 cognitive	 function	 of	mice.	
As	 shown	 in	 Figure	 2,	 both	 escape	 latency	 and																		
the	 overall	 swimming	 distance	 decreased	 over																	
the	course	of	the	5	day	test	period.	CR	significantly		

	

	
	
	
Figure	1.	Physiological	changes	in	mice	fed	caloric	restriction	(CR)	
or	resveratrol	(RSV)	diet.	Mice	were	fed	normal,	CR	or	RSV	diet	for	
6	months.	Animal	body	weight	(A),	blood	glucose	level	(B),	serum	
cholesterol,	serum	triglyceride	(TG),	serum	insulin,	or	serum	IGF‐1	
levels	 (C)	 are	 shown.	 *P<0.05,	 **P<0.01	 compared	 with	 control;	
##P<0.01	compared	with	CR.	N=6	for	each	group	
	
reduced	 escape	 latency	 and	 swimming	 distance	
relative	to	control	by	Day	3	(escape	latency,	P<0.05).	
With	 RSV	 treatment,	 escape	 latency	 and	 the	
swimming	distance	tended	to	decrease	on	Days	2,	3,	
and	 5.	 Relative	 to	 RSV,	 CR	 was	 more	 effective	 for	
improving	learning	and	memory	function	in	mice.	

	
SIRT1	signaling	pathway	in	mice	fed	different	diets	

In	 order	 to	 understand	 the	 molecular	
mechanisms	 underlying	 CR‐	 and	 RSV‐mediated	
improvement	in	learning	and	memory,	we	measured	
the	expression	levels	of	SIRT1	and	its	substrates	p53,		
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Figure	2.	Learning	and	memory	function	of	mice	as	assessed	with	the	Morris	water	maze	test.	Escape	latency	(A)	and	swimming	distance	
(B)	of	mice	in	normal	control,	CR,	and	RSV	groups	are	shown.	*P<0.05	compared	with	control;	#P<0.05,	##P	<0.01	compared	with	LC.	N=	
12	for	each	group	

 
 

p16,	and	PPARγ	in	CA1	of	hippocampus.	We	found	no	
significant	 difference	 in	 the	 number	 of	 SIRT1‐
positive	 neurons	 among	 the	 three	 groups	 (P>0.05),	
whereas	 CR	 and	 RSV	 treatment	 significantly	
downregulated	the	expression	of	p53	in	hippocampal	
CA1	 region	 relative	 to	 control	 (P<0.01)	 (Figure	 3).	
There	was	also	no	difference	 in	 the	number	of	p16‐
positive	 neurons	 in	 CR	 or	 RSV	 group	 as	 compared	
with	 control	 (P>0.05).	These	 findings	 indicated	 that	
CR	 and	RSV	may	 improve	 learning	and	memory	via	
downregulation	of	p53	in	hippocampal	CA1	region.	

	
IGF‐1‐PI3K‐p‐CREB	 signal	 pathway	 in	 mice	 fed	
with	different	diets	

The	 role	 of	 the	 IGF‐1‐PI3K‐p‐CREB	 signaling	
pathway	 was	 also	 investigated	 on	 CR‐	 and	 RSV‐
mediated	improvement	in	learning	and	memory.	The	
expression	 of	 PI3K	 in	 hippocampal	 CA1	 region	was	
not	 significantly	 different	 in	 either	 the	 CR	 or	 RSV	
groups	 relative	 to	 control	 (P>0.05)	 (Figure	 3).	
Regarding	p‐CREB,	it	was	significantly	upregulated	in	
the	CR	group	(P<0.01).	In	addition,	although	both	CR	
and	RSV	significantly	elevated	 the	number	of	 IGF‐1‐
positive	neurons	in	hippocampal	CA1	region	(P<	0.01	
compared	 with	 control),	 the	 upregulation	 was	
greater	in	the	RSV	group	(P<0.05	compared	with	CR).	
These	results	revealed	that	CR	and	RSV	may	improve	
learning	 and	 memory	 via	 upregulation	 of	 IGF‐1	 in	
hippocampal	CA1	region.	

	
Discussion	

In	 this	 study,	 we	 examined	 the	 effects	 of	 long‐
term	 CR	 and	 RSV	 diet	 on	 learning	 and	 memory	
abilities	 in	 juvenile	C57BL/6J	mice.	We	found	that	a	
30	 mg/kg/day	 RSV	 regimen	 for	 6	 months	 elevated	
blood	glucose,	serum	triglyceride,	and	serum	insulin	
levels,	 although	 the	 blood	 glucose	 level	 was	 below	
the	 lower	 critical	 value	 for	 diabetes.	 Previously,	 a	
study	demonstrated	 that	administration	of	5	mg/kg	
RSV	 for	 42	 days	 had	 no	 effect	 on	 animal	 blood	
glucose	 level	 (17),	 whereas	 another	 study	 showed	
that	RSV	reduced	blood	glucose	levels	in	diabetic	rats		

	
	
Figure	 3.	 Expression	 of	 SIRT1	 and	 insulin	 signaling	 pathway	
regulators.	 (A)	 The	 protein	 expressions	 of	 SIRT1,	 p53,	 p16,	 PPARγ,	
PI3K,	p‐CREB,	and	IGF‐1	were	assessed	using	immunohistochemistry.	
Magnification		x400.	(B)	The	number	of	immunopositive	neurons	per	
area	 in	 hippocampal	 CA1	 region	 is	 shown.	 **P<0.01	 compared	with	
control;	#P<0.05,	##P	<0.01	compared	with	CR.	N=6	for	each	group	

	
(18).	This	discrepancy	may	be	due	 to	differences	 in	
species,	 dose	 of	 RSV,	 or	 duration	 of	 RSV	 diet;	 and	
further	studies	are	needed	to	determine	the	reason.	
It	 is	 important	 to	 note	 that	 CR	 did	 not	 alter	
physiological	 conditions,	 which	 is	 consistent	with	 a	
previous	 report	 that	 demonstrated	 that	 CR	 did	 not	
significantly	alter	blood	glucose	or	triglyceride	levels	
in	young	rhesus	monkeys	(19).		

			According	to	the	Morris	water	maze	test	results,	
both	CR	and	RSV	improved	 learning	and	memory	in	
mice,	where	 the	 effect	 of	 CR	was	 greater	 than	 RSV.	
Previously,	it	was	shown	that	CR	prevented	cognitive	
decline	 in	old	F344Xbn	mice,	whereas	no	significant	
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difference	was	found	in	CR‐fed	or	control	middle	age	
mice	 (20).	Here,	we	 showed	 that	 CR	 could	 improve	
learning	 and	 memory	 in	 juvenile	 C57BL/6J	 mice.	
However,	 neuroprotection	 by	 RSV	 is	 controversial.	
Although	Zhao	et	al	reported	improved	learning	and	
memory	function	in	normally	aged	mice	fed	with	RSV	
(8),	another	study	found	that	RSV	treatment	could	not	
reverse	 scopolamine‐induced	 deficit	 in	 cognitive	
functions	in	mice	(9).	We	observed	a	moderate	effect	of	
RSV	diet	on	the	learning	and	memory	improvement	in	
juvenile	mice,	but	the	efficacy	was	significantly	smaller	
than	that	by	CR.	

			SIRT1	 plays	 a	 critical	 role	 in	 longevity	 and	
regulates	a	key	pathway	regulating	senescence	(21).	In	
order	 to	 understand	 the	 potential	 involvement	 of	 the	
SIRT1	 signaling	 pathway	 in	 CR‐	 and	 RSV‐mediated	
neuroprotection,	 SIRT1	 in	 addition	 to	 its	 downstream	
targets	p53,	p16	and	PPARγ	were	studied.	Among	these	
regulators,	 the	 number	 of	 p53‐positive	 neurons	 in	
hippocampal	CA1	region	after	CR	or	RSV	treatment	was	
significantly	 reduced.	 Accordingly,	 it	 has	 been	
suggested	that	p53	is	the	common	downstream	effector	
of	 both	 the	 SIRT1	 and	 the	 target	 of	 rapamycin	 (TOR)	
pathway	 to	 mediate	 CR‐induced	 longevity	 of	
mammalian	 cells	 and	 organisms	 (22).	 p53	 is	 a	 well	
characterized	tumor	suppressor	gene	(23).	Genetically	
engineered	 mice	 with	 elevated	 p53	 activity	 exhibited	
premature	loss	of	neurogenic	capacity	and	accelerated	
organismal	aging	(24).	Perhaps	 the	downregulation	of	
p53	 expression	 in	 hippocampal	 CA1	 region	 by	 CR	 or	
RSV	 diet	 in	 our	 study	 was	 responsible	 for	 the	
improvement	of	learning	and	memory	abilities	in	mice.	
Moreover,	 other	 regulators	 in	 addition	 to	 SIRT1	may	
regulate	the	activity	of	p53	in	this	process.	

			The	insulin	signaling	pathway	has	been	implicated	
in	 regulation	 of	 hippocampus‐dependent	 spatial	
learning	and	memory	(25,	26).	Therefore,	we	measured	
the	expressions	of	IGF‐1,	PI3K,	and	p‐CREB,	all	of	which	
are	key	regulators	 in	 the	 insulin	signaling	pathway,	 in	
hippocampal	CA1	region.	Only	the	expression	of	 IGF‐1	
was	significantly	changed,	as	both	CR	and	RSV	greatly	
upregulated	 IGF‐1	 level	 in	 hippocampal	 CA1	 region.	
Compared	 to	 CR,	 RSV	 was	 more	 effective	 at	
upregulating	 IGF‐1	 level	 in	hippocampus.	Finding	of	a	
study	 showed	 that	 the	 reduction	 in	 serum	 IGF‐1	 level	
was	 closely	 related	 to	 the	 impairment	 in	 cognitive	
performance	 in	 the	 elderly	 (27).	 Consistent	 with	 our	
findings,	 it	 was	 shown	 that	 RSV	 improved	 cognitive	
function	 by	 increasing	 expression	 of	 IGF‐1	 in	 the	
hippocampus	 (28).	 However,	 there	was	 no	 significant	
change	 in	 the	 levels	 of	 PI3K	 or	 p‐CREB.	 We	 did	 not	
examine	the	expression	of	phosphorylated	Akt	(p‐Akt),	
so	 we	 could	 not	 rule	 out	 the	 possibility	 that	 the	
PI3K/Akt	pathway	was	activated.	Collectively,	we	have	
shown	that	CR	and	RSV	may	protect	brain	function	via	
upregulation	 of	 IGF‐1	 expression.	 The	 downstream	
regulators	 involved	 in	 the	 insulin‐IGF‐1	 signal	 remain	
to	be	elucidated.	

Conclusion	
In	this	study,	we	found	that	CR	and	RSV	improved	

learning	and	memory	 function	 in	 juvenile	C57BL/6J	
mice.	Compared	to	RSV,	CR	was	more	effective	in	this	
process.	 The	 improvement	 in	 learning	 and	memory	
induced	 by	 CR	 and	 RSV	 may	 be	 exerted	 through	
downregulating	 p53	 and	 upregulating	 IGF‐1	 in	
hippocampal	 CA1	 region.	 Our	 findings	 add	 to	 a	
growing	 body	 of	 evidence	 suggesting	 that	 CR	 and	
RSV	may	be	beneficial	clinically	for	treating	learning	
and	memory	deficits.	
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