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Abbreviations

AB  : Amyloid Beta

FEH  : Fibroin Enzymatic Hydrolysate

BDNF  : Brain-Derived Neurotrophic Factor

DO  : Donepezil

TNF-α	 	 :	Tumor	Necrosis	Factor-Alpha

IL   : Interleukin

Ach  : Acetylcholine

AchE  : Acetyl cholinesterase

(NF-κB)	 	 :	Nuclear	Factor-kappa	B

(TrkB)	 	 :	Tropomyosin	receptor	Kinase	B

(PI3K)	 	 :	Phosphatidylinositol	3-Kinase

(AKT)	 	 :	Protein	Kinase	B

(P-AKT)	 	 :	Phosphorylated	Protein	Kinase	B

(mTOR)	 	 :	mammalian	Target	Of	Rapamycin

[cAMP]  : cyclic Adenosine Monophosphate 

(CREB)	 	 :	Response	Element-Binding	Protein

(JNK)	 	 :	c-Jun	N-Terminal	Kinase

(p-ERK	1/2)	 :	 phosphorylated	Extracellular	Signal-Regulated	
Kinase	½	P75

(TRAF6)		 :	TNF	Receptor-Associated	Factor	6

(Bcl2)	 	 :	B-Cell	Lymphoma	2

(Bax)	 	 :	Bcl2-associated	X	protein

(PSD	95)		 :	Postsynaptic	Density	Protein	95
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Beneficial and Mechanistic Ef-
fects of a Fibroin Enzymatic 
Hydrolysate on Memory Im-
pairment Induced by Amyloid 
Beta in Mice

Abstract
Alzheimer’s disease is characterized by the deposition of amyloid 
plaques and subsequent formation of neuro-fibrillary tangles in the 
brain. A lack of safe and effective treatments exists to slow pro-
gression and prevents neurodegenerative diseases. In this study, 
amyloid beta (AB)(2 μg/3 μL) was injected (intrahippocampal) into 
mice to induce memory loss to investigate the beneficial effects of a 
silk fibroin enzymatic hydrolysate (FEH) with an average molecular 
weight of 2700 Daltons on memory and learning impairment which 
were assessed using the Morris water maze, passive avoidance, 
and Y-maze tests. Protein expression of BDNF-associated and 
p75 apoptotic signaling pathways were determined to investigate 
mechanistic effects of FEH. Oral FEH supplementation (10 mg/kg) 
significantly ameliorated AB-induced memory and learning impair-
ment with higher doses producing small, additional increases. FEH 
treatment increased the levels of brain-derived neurotrophic factor 
(BNDF) and reduced the levels of pro-inflammatory cytokines (tumor 
necrosis factor-α (TNF-α), interleukin-1β (IL-1β) and IL-6) in brain 
hippocampal tissues of AB-treated mice.FEH stimulated the BDNF/
tropomyosin receptor kinase B/phosphatidylinositol 3-kinase/protein 
kinase B/mammalian target of rapamycin/postsynaptic density pro-
tein 95 pathway and suppressed the expression of proteins of the 

p75 apoptotic signaling pathway, including tumor necrosis recep-
tor-associated factor 6, B-cell lymphoma 2 (Bcl2)/Bcl2-associated X 
protein, caspase-3, and nuclear factor-kappa B (NF-κB) in the brain 
hippocampus of amyloid beta-administered mice. These results sup-
port previous human studies indicating the potential of FEH supple-
mentation to prevent memory and learning impairment, and provide 
data concerning its underlying mechanism of action.
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Introduction
 Alzheimer’s	disease	is	the	most	common	cause	of	dementia	in	the	
elderly,	and	is	characterized	by	the	loss	of	memory	and	other	cogni-
tive	abilities	[1].	One	of	the	major	distinguishing	pathological	features	
and	biomarkers	of	Alzheimer’s	disease	is	extracellular	deposition	of	
Amyloid	Beta	 (AB)	peptide	 into	plaques	 in	 the	brain	 [2].	Amyloid	
beta	is	a	peptide	with	an	average	of	36-43	amino	acids.	Accumulation	
of	amyloid	plaques	enhances	the	formation	of	neuro-fibrillary	tangles	
which	are	associated	with	the	loss	of	neurons	by	neuronal	inflamma-
tion,	oxidative	stress	and	apoptosis	[3].

 In	a	study	by	Peng	et	al.,	[4]	AB	was	shown	to	decrease	cortical	
Brain-Derived	Neurotrophic	Factor	 (BDNF)	mRNA	levels	 in	mice.	
Since	BDNF	plays	a	critical	role	in	neuronal	survival	and	function,	
it is important to understand this AB-induced BDNF reduction to 
elucidate	the	mechanisms	of	Alzheimer’s	disease	pathogenesis	[5,6].	
BDNF	 stimulates	 the	 activation	 and	phosphorylation	of	proteins	 in	
the	phosphatidylinositol	3-kinase/protein	kinase	B/mammalian	target	
of	rapamycin	(PI3K/AKT/mTOR)	pathway	by	binding	to	the	receptor	
Tropomyosin	Receptor	Kinase	B	(TrkB)	with	high	affinity,	inducing	
the	phosphorylation	of	the	transcription	factor	cyclic	Adenosine	Mo-
nophosphate	[cAMP]	response	element-binding	protein	(CREB)	[6].	
However,	BDNF	also	binds	to	the	p75	neurotrophin	receptor	with	low	
affinity,	mediating	apoptosis	via	the	c-Jun	N-Terminal	Kinase	(JNK)	
or	 Nuclear-Factor	 Kappa	 B	 (NF-kB)	 cascades	 [6,7].	 Thus,	 BDNF	
plays	a	variety	of	roles	 in	neuronal	survival	and	is	one	of	 the	most	
important	biomarkers	 for	memory	and	 learning	disorders	 including	
Alzheimer’s	disease	[5-7].

 There	is	a	lack	of	effective	treatments	to	slow	the	progression	and	
prevent	neurodegenerative	diseases	[8].	Cholinesterase	inhibitors	are	
used	in	the	treatment	of	dementia	including	Alzheimer’s	disease	[9].	
Donepezil	(DO)	is	a	commonly	used	cholinesterase	inhibitor	world-
wide,	but	has	numerous	side	effects	including	nausea,	diarrhea,	vom-
iting,	muscle	cramps	and	heart	disease	[9,10].	Thus,	there	is	a	great	
need	to	identify	novel	therapies	that	focus	on	the	cascade	of	events	
which	lead	to	the	accumulation	of	toxic	amyloid	aggregates	[11].

 A previous study has shown that a silk Fibroin Enzymatic Hydro-
lysate	(FEH)	given	orally	to	healthy	humans	for	three	weeks	dose-de-
pendently	increased	the	memory	quotient,	learning	gradient,	retrieval	
efficiency	and	number	of	words	remembered	[12].The	current	study	
investigated	the	effect	of	FEH	on	AB-induced	memory	and	learning	
impairment	in	mice.	This	study	aimed	to	provide	additional	evidence	
of	the	beneficial	effects	of	silk	peptides	on	memory	and	learning	im-
pairment	 and	 to	 identify	 the	 mechanisms	 underlying	 these	 effects,	
evaluating	the	involvement	of	the	BNDF	signaling	pathway.

Materials and Methods
FEH treatment and amyloid beta administration

 The study was conducted in the Brain Research Laboratory, De-
partment	 of	 Oriental	 Medicinal	 Sciences,	 Kyung	 Hee	 University,	
Seoul	02447,	Republic	of	Korea,	and	the	experimental	protocol	was	
approved	May	29,	2019	by	the	Kyung	HeeUniversity’s	Institutional	
Animal	Care	and	Use	Review	Committee.	FEH	were	obtained	from	
Sunbio	 Corporation	 (Long	 Beach,	 CA,USA)	 which	 had	 been	 pre-
pared	by	protease	hydrolysis	and	consists	of	polypeptides	with	molec-
ular	weights	of	between	500	to	5000	Daltons	[12].	The	major	amino	
acids	found	in	the	peptide	components	include	glycine	(42.5	%),	ala-
nine	(28.2	%)	and	serine	(9.4	%).	Amyloid	Beta	(AB)	and	Donepezil	 

(DO)	were	procured	from	Sigma	Chemical	Co.	The	molecular	weight	
of	AB	was	4514	g/mol.

 C57BL/6M	mice	were	obtained	from	Searon-bio	(Uiwang-si,	Ko-
rea)	and	were	housed	8	animals	per	cage	(temperature	of	22	±	2℃,	
humidity	of	55	±	5%,	and	a	12-h	light/dark	cycle),	fed	an	AIN	93G	
diet	and	allowed	water	ad	libitum	for	an	adaptation	period	of	7	days.

 The	animals	were	randomly	assigned	into	five	groups	with	8	mice	
per	group:	normal	control,	Amyloid	Beta	(AB)	control	(single	bilat-
eral	intrahippocampal	[IHP]	injection	of	amyloid	beta	at	2	μg/3	μL),	
Donepezil	[DO]	(positive	control,	IHP	injection	of	AB	2	μg/3	μL	+	
DO	2	mg/kg,	p.o.),	FEH	10	(IHP	injection	of	AB	2	μg/3	μL	+	FEH	
10	mg/kg	b.w.,	p.o.),	FEH	50	(IHP	injection	of	AB	2	μg/3	μL	+	FEH	
50	mg/kg	b.w,,	p.o.)	and	FEH	150	(IHP	injection	of	AB	2	μg/3	μL	+	
FEH	150	mg/kg	b.w,,	p.o.).	DO	is	an	acetylcholine	esterase	inhibitor	
that	has	been	shown	to	enhance	memory	and	learning	in	rodents,	and	
was	used	as	a	positive	control	[13]	All	animals	were	treated	daily	with	
FEH	or	DO	for	three	weeks	at	which	time	the	memory	and	learning	
abilities	of	the	mice	were	tested,	and	the	animals	were	sacrificed	by	
cervical	dislocation.

Morris water maze

 The	water	maze	was	a	circular	pool	(180	cm	in	diameter	and	45	
cm	in	height)	that	was	filled	with	water	(23	±	1℃,	25	cm	in	depth).	
The	studies	were	conducted	on	all	animals	in	each	group	according	
to	 the	procedure	of	Hagaki	et	al.,	 [14]	and	summarized	as	 follows.	
Visual	cues	were	placed	on	the	edge	of	the	pool.	The	pool	was	divided	
into	four	quadrants	and	the	escape	platform	was	placed	in	the	middle	
of	one	quadrant,	1.0	cm	below	the	surface	of	the	water.	Treatments	
were	administered	for	a	total	of	4	weeks.

 Mice	were	trained	for	5	days	with	4	training	sessions	per	mouse	
located	in	different	regions	of	the	pool.	During	training,	the	time	taken	
for	 the	mouse	 to	 locate	 the	platform	(the	escape	 latency)	was	mea-
sured	within	60	s.	If	a	mouse	failed	to	reach	the	platform	within	60	
s,	 it	was	guided	to	 the	platform.	On	the	sixth	day,	a	probe	test	was	
conducted	whereby	mice	were	allowed	to	swim	freely	for	90	seconds	
in	the	water	tank	in	which	the	platform	had	been	removed.	Behavioral	
experiments	were	conducted	for	a	total	of	9	days.	The	escape	latency	
and	the	time	spent	in	the	target	quadrant	were	analyzed	using	Smart	
System	3.0	video	tracking	software	(Eurofins	Panlab	Inc.,St.	Charles,	
MO	USA).

Passive avoidance test

 This	test	was	conducted	according	to	the	procedure	of	Malikow-
sha	et	al.,	[15]	on	all	8	animals	in	each	of	the	five	groups.	After	three	
weeks	of	treatment,	mice	were	placed	in	a	250	mm	X	250	mm	shuttle	
box	with	a	small	dark	chamber	and	a	bright	chamber	(Scitech	Korea	
Inc,	Seoul,	Republic	of	Korea).	In	summary,	the	guillotine	door	was	
opened	and	after	the	mouse	entered	the	dark	compartment,	the	door	
closed	automatically.	 In	 the	dark	compartment,	 the	mouse	 received	
a	 low-intensity	 electric	 shock	 (75V,	 0.5	mA	50	Hz)	 to	 induce	 fear	
conditioning.	After	24	hours,	the	experimental	animal	was	placed	in	
the	bright	chamber,	and	the	time	taken	for	it	to	enter	the	dark	chamber	
was	measured	and	quantified.

Y-maze test

 The	Y-maze	 test	 was	 conducted	 according	 to	 the	 procedure	 of	
Kraeuter	et	al.,	[16]	on	all	8	of	the	animals	in	each	of	the	five	groups.	 
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The	Y-maze	(350	mm	X	80	mm)	consisted	of	 three	plastic	arms	at	
a	120º	angle	 from	each	other.	After	 three	weeks	of	 treatment,	each	
mouse	was	randomly	placed	in	one	arm	and	allowed	to	move	freely	
for	10	min.	Alternations	were	defined	as	sequential	entries	into	each	
of	the	three	arms.	The	spontaneous	alternation	percentage	was	calcu-
lated	as	the	percentage	of	actual	alternations	among	the	total	number	
of	possible	arm	entries.

Measurement of brain acetylcholine, acetyl cholinesterase, 
BNDF and cytokines (tumor necrosis factor-alpha, inter-
leukin-1β and interleukin-6) levels

 Hippocampal	brain	samples	were	obtained	from	all	mice	in	each	
group,	and	ELISA	kits	were	used	for	determination	of	Ach	and	AchE	
(BioVision	Inc.,	Milpitas,	CA	USA);	BNDF	(MyBioSource	Inc.,	San	
Diego,	CA	USA);	TNF-α,	IL-1β	and	IL-6	(R&D	Systems,	Minneapo-
lis,	MN	USA)	according	to	the	manufacturer’s	instructions.

Western blot Analyses

 Hippocampal	brain	tissues	from	all	mice	was	placed	in	radio	im-
mune	 precipitation	 assay	 buffer	 (Sigma-Aldrich	 Korea,	 Seoul,	 Re-
public	of	Korea)	and	centrifuged	for	20	min	at	124,000	×	g	at	4℃.	
The	proteins	were	resolved	using	sodium	dodecyl	sulfate-polyacryl-
amide	gel	electrophoresis	(SDS-PAGE,	10%)	and	transferred	onto	a	
polyvinylidene	difluoride	membrane.	After	incubation	with	blocking	
buffer	for	1	hour,	membranes	were	incubated	overnight	at	4℃	with	
primary	antibodies	against	BDNF,	TrkB,	PI3K,	p-PI3K,	AKT,	phos-
phorylated	AKT	 (p-AKT),	mTOR,	 postsynaptic	 density	 protein	 95	
(PSD95),	 phosphorylated	 extracellular	 signal-regulated	 kinase	 1/2	
(p-ERK	1/2),	P75,	TNF	receptor-associated	factor	6	(TRAF6),	B-cell	
lymphoma	2	(Bcl2),	Bcl2-associated	X	protein	(Bax),	Caspase-3,	NF-
kB,	 phosphorylated	 NF-kB	 (p-NF-kB)	 and	 β-actin	 (Cell	 Signaling	
Technology,	Beverly,	MA,	USA).	The	membranes	were	then	incubat-
ed	for	2	hours	with	a	secondary	antibody	(Cell	Signaling	Technology)	
at	 room	 temperature.	 The	 immunoreactive	 protein	 bands	 were	 de-
tected	using	enhanced	chemiluminescence	western	blotting	detection	
reagents	(Ez-Capture	II,	ATTO,	Tokyo,	Japan),	andCS	Analyzer	3.0	
software	(ATTO)	was	used	for	quantification.

Immunohistochemistry

 Hippocampal	brain	tissues	of	all	mice	in	each	group	were	fixed	in	
10%	buffered	formalin	and	embedded	in	paraffin.	The	paraffin	blocks	
were	cut	into	4	μm-thick	sections,	and	sections	were	stained	with	rab-
bit	 anti-BNDF	 antibody	 (Abcam,	Cambridge,	UK).	 Image	 analysis	
was	performed	by	microscope	to	detect	color	changes.

Statistical analysis

 All	data	were	expressed	as	mean	±	standard	deviation	(SD)	and	
statistical	analyses	were	conducted	using	one-way	ANOVA	and	t-tests	
using	SPSS	 software	 (SPSS	PASW	Statistics	 23.0,	 SPSS	 Inc.	Chi-
cago,	 IL,	USA).	Duncan’s	multiple	 range	 test	was	 used	 to	 analyze	
differences	between	groups.	A	P-value	<	0.05	was	considered	statisti-
cally	significant.

Results
Effect of FEH on Amyloid Beta (AB)-induced memory im-
pairment

 The	Morris	water	maze	test	was	used	to	measure	the	effect	of	FEH	
on	AB-induced	 memory	 impairment	 in	 mice.	 Figure	 1A	 provides	 

representative	tracking	maps	to	reach	the	target	under	the	various	
experimental	 conditions.	 AB-administration	 via	 a	 single	 bilateral	
Intra-Hippocampal	 [IHP]	 injection	doubled	 the	escape	 latency	 time	
(Figure	1B)	while	significantly	(P<0.05)	decreasing	time	spent	in	the	
target	quadrant	(Figure	1C)	compared	to	the	normal	placebo	control	
mice.	However,	oral	 administration	of	 the	positive	control	DO	and	
FEH	to	AB-treated	mice	significantly	ameliorated	memory	and	learn-
ing	 impairment	 compared	 to	 the	AB	only	control	group	 (P	<	0.05)	
(Figures	1B,1C).	A	small	FEH	dose	response	effect	was	observed,	but	
the	differences	were	not	significant.

 Passive	avoidance	and	Y-maze	tests	were	also	performed.	The	ad-
ministration	of	AB	significantly	decreased	 the	 step-through	 latency	
in	the	passive	avoidance	test	(Figure	2A)	and	the	spontaneous	alter-
ation	percentage	 in	 the	Y-maze	 test	 (Figure	2B).	Administration	of	
oral	FEH	daily	for	three	weeks	significantly	decreased	the	effects	of	
AB	on	these	two	tests.	Again,	a	small	FEH	dose	response	effect	was	
observed,	but	the	differences	between	doses	were	not	significant.

Effect of FEH on AB-induced BNDF reduction and inflam-
mation in the brain

 The	 administration	 of	AB	 significantly	 (P<0.05)	 decreased	Ach	
and BDNF levels and increased AchE levels in the brain (hippocam-
pus)	(Figure	3A-C).	Oral	administration	of	DO	and	FEH	to	AB-treat-
ed	mice	did	not	affect	Ach	 levels	 (Figure	3A),	but	 significantly	 in-
creased	BNDF	(Figure	3B)	and	decreased	AchE	(Figure	3C)	levels	in	
the	hippocampal	tissue	(P	<	0.05).

 The	 administration	 of	AB	 also	 induced	 significant	 (P<0.05)	 in-
creases	in	the	levels	of	the	inflammatory	cytokines	IL-1β	TNF-α	and	
IL-6	 (Figure	 3D-F)	 in	 brain	 hippocampus	 compared	 to	 the	 normal	
placebo	control	group.	However,	oral	administration	of	DO	and	FEH	
resulted	 in	 significant	 decreases	 in	 the	 levels	 of	 IL-1β,	TNF-α	 and	
IL-6	 compared	 to	 the	AB	 control	 group	 (P	 <	 0.05).	 FEH	 dose-re-
sponse	effects	were	observed	for	the	three	cytokines.

Figure 1:	Effect	of	Fibroin	Enzymatic	Hydrolysate	(FEH)	on	the	Morris	
water	maze	test	results	of	AB-treated	mice.

The	mice	were	divided	into	the	following	treatment	groups:	normal	control,	
AB-treated	control,	DOES	positive	control,	and	FEH-treated.	(A)-Repre-
sentative	tracking	maps	to	reach	the	target;	(B)-Escape	latency	time	(sec);	
and	(C)-Time	spent	in	target	quadrant	(sec).	Data	are	presented	as	mean	±	
SD	(n=8).	Values	with	non-identical	superscript	letters	indicate	significant	
differences	(P<0.05)	as	determined	by	Duncan’s	multiple	range	test.
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Effect of FEH on the BDNF/TrkB/PI3K/AKT/mTOR/
PSD95 pathway in AB-administered mice

 Protein	expression	of	components	of	the	TrkB/PI3K/Akt/mTOR/
PSD9	 pathway	 was	 assessed	 by	 western	 blotting	 to	 elucidate	 the	
possible	molecular	mechanisms	underlying	 the	protective	effects	of	 

FEH	 (Figure	 4).	 The	 results	 demonstrated	 that	 AB-administration	
decreased	BDNF	protein	expression	in	the	brain	hippocampus,	simi-
lar	to	the	results	shown	in	Figure	2C.	In	addition,	AB-administration	
inhibited	the	protein	expression	of	the	TrkB/PI3K/Akt/mTOR/PSD9	
pathway	 in	 the	 hippocampus.	However,	 oral	 administration	 of	DO	
and	FEH	increased	 the	protein	expression	of	all	components	of	 the	
TrkB/PI3K/Akt/mTOR/PSD9	pathway	in	AB-treated	mice	(P	<	0.05).

Effect of FEH on the p75 apoptotic signaling pathway in 
AB-administered mice

 The	 binding	 of	 BDNF	 to	 the	 p75	 neurotrophin	 receptor	 causes	
a	reduction	in	Trk	receptor	signaling	and	plays	an	important	role	in	
apoptosis	(6).	Thus,	the	protein	expression	of	the	p75	apoptotic	sig-
naling	pathway	including	TRAF6,	Bcl2/Bax,	Caspase-3	and	NF-kB	
in	 the	brain	hippocampal	 tissue	of	 amyloid	beta-administered	mice	
were	determined	(Figure	5).	AB-administration	increased	the	protein	
expression	of	the	p75	apoptotic	signaling	pathway,	while	oral	admin-
istration	of	DO	and	FEH	resulted	in	significant	decreases	in	protein	
expression	compared	to	the	AB-treated	control	group	(P	<	0.05).

 The	 expression	 of	BDNF	 in	 the	mouse	 brain	 hippocampus	was	
also	 determined	 immunohistochemically.	 AB-administration	 sup-
pressed	BDNF	expression,	while	oral	administration	of	DO	and	FEH	
to	AB-treated	 animals	 increased	BDNF	 expression	 in	 hippocampal	
tissues	(Figure	6).

Discussion

 The	accumulation	of	 amyloid	plaques	 in	 the	brain	plays	 an	 im-
portant	 role	 in	 the	 pathogenesis	 of	Alzheimer’s	 disease	 and	 results	
in	synaptic	dysfunction,	synaptic	 loss,	and	neuronal	apoptosis	 [17].	 

Figure 2:	Effect	of	Fibroin	Enzymatic	Hydrolysate	(FEH)	on:	(A)-passive	
avoidance	test,	and	(B)-Y-maze	test	in	AB-treated	mice.

The	mice	were	divided	into	the	following	treatment	groups:	normal	con-
trol,	AB-treated	control,	DO	positive	control,	and	FEH-treated	(3	doses).	
Values	are	presented	as	mean	±	SD	(n=8).	Values	with	non-identical	su-
perscript	letters	indicate	significant	differences	(P<0.05)	as	determined	by	
Duncan’s	multiple	range	test.

Figure 4:	Effect	of	Fibroin	Enzymatic	Hydrolysate	(FEH)	on	hippocampal	
protein	express	of	the	BDNF/TrkB/PI3K/AKT/mTOR/PSD95	pathway	in	
AB-treated	mice.

Mice	were	divided	 into	 the	 following	 treatment	groups:	 normal	 control,	
AB-treated	control,	DO	positive	control,	and	FEH-treated	(3	doses).	West-
ern	blotting	was	used	to	evaluate	the	levels	of	each	protein	in	mouse	brain.	
The	Figure	is	representative	of	the	data	from	random	animals	in	each	ex-
perimental	group.

Figure 3:	 Effect	 of	 Fibroin	 Enzymatic	Hydrolysate	 (FEH)	 on:(A)-Ace-
tylcholine	 [Ach],	 (B)-Acetyl	 cholinesterase	 [AChE],	 (C)-Brain-Derived	
Neurotrophic	 Factor	 [BDNF],	 (D)-tumor	 necrosis	 factor-alpha	 [TNF-α],	
(E)-Interleukin-6	 [IL-6],	 and	 (F)	 -Nterleukin-1β	 [IL-1β]	 levels	 inhippo-
campal	brain	tissue	from	AB-treated	mice.

The	mice	were	divided	into	the	following	treatment	groups:	normal	con-
trol,	AB-treated	control,	DOES	positive	control,	and	FEH-treated.	West-
ern	blotting	was	used	 to	evaluate	 the	 levels	 in	mouse	brains.	Values	are	
presented	as	mean	±	SD	(n=8).	Values	with	non-identical	letters	represent	
significant	differences	(P<0.05)	as	determined	by	Duncan’s	multiple	range	
test.
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The	intra-hippocampal	injection	of	AB	into	the	brains	of	mice	induces	
the	development	of	memory	and	learning	impairment	[18-20].	In	this	
study,	we	investigated	the	effect	of	FEH	on	AB-induced	memory	and	
learning	impairment	to	provide	further	evidence	of	the	beneficial	ef-
fects	of	FEH	and	to	identify	the	mechanisms	underlying	these	effects.

 AB-administration	 induced	 the	 development	 of	 memory	 and	
learning	impairment	as	determined	by	the	Morris	water	maze,	passive	
avoidance	 and	Y-maze	 tests	 (Figures	 1	&	 2).	AB-induced	memory	
impairment	was	associated	with	the	production	of	pro-inflammatory	
cytokines	(IL-1β,	TNF-α	and	IL-6)	in	the	brain	hippocampus	(Figure	
3)	confirming	that	AB	induces	the	production	of	neuro-inflammatory	
molecules	which	contribute	to	the	pathogenesis	of	neurodegenerative	
diseases	including	Alzheimer’s	[18-20].

 Pro-inflammatory	 cytokines	 attenuate	 NF-κB-dependent	 mi-
croglial	 phagocytosis,	 thereby	 hindering	 efficient	 plaque	 removal	
by	 resident	 microglia	 [20].	 These	 researchers	 therefore	 suggested	
the	potential	use	of	anti-inflammatory	therapies	for	the	treatment	of	
Alzheimer’s	disease	[20].	More	recently,	Agnihotri	and	Aruoma	[21]	
reviewed	the	roles	of	inflammatory	processes	and	oxidative	stress	on	
neurodegenerative	diseases,	and	the	beneficial	effects	of	nutrigenom-
ics	 and	 personalized	 health	management.	Theresults	 of	 the	 current	
study	demonstrated	 the	 inhibitory	 effects	 of	FEH	 treatment	 against	 

memory	 and	 learning	 impairment	 and	 pro-inflammatory	 cytokine	
production	(Figures	1-3)	Furthermore,	it	provided	evidence	for	a	rela-
tionship	between	AB,	inflammatory	factors	and	memory	and	learning,	
and	the	beneficial	effects	of	FEH.

 Murer	et	 al.,	 [22]	 studied	 the	brains	of	 individuals	with	Alzhei-
mer’s	disease	and	demonstrated	that	neurons	containing	neurofibril-
lary	 tangles	 did	 not	 contain	 BDNF-immunoreactive	 material,	 sug-
gesting	a	neuroprotective	action	of	BDNF.	BDNF	is	a	neurotrophic	
molecule	with	pleiotropic	effects	on	the	nervous	system	[22,23].	The	
injection	of	AB	significantly	decreased	BDNF	expression	in	mouse	
brain hippocampal tissue, but BDNF increased in hippocampal tissue 
from	AB-treated	mice	that	received	FEH	daily	(Figure	6).

 BDNF-associated	 pathways	 were	 investigated	 to	 elucidate	 the	
possible	molecular	mechanisms	underlying	 the	 inhibitory	effects	of	
FEH	on	memory	 and	 learning	 impairment.	BDNF	binds	with	 high	
affinity	to	its	target	receptor	TrkB,	triggering	the	activation	of	three	
signaling	cascades,	namely	the	PI3K/Akt/mTOR,	Ras/ERK	and	phos-
pholipase	C	gamma	pathways	[24-27].	These	pathways	are	related	to	
the	ability	of	BDNF	to	activate	the	transcription	factor	CREB	which	
further	stimulates	the	expression	of	BDNF	and	is	associated	with	hip-
pocampal	 neurogenesis	 [26,27].	 AB-administration	 suppressed	 the	
expression	of	proteins	in	the	BDNF/TrkB/PI3K/AKT/mTOR/PSD95	
pathway	in	mouse	brain	(Figure	4).	However,	FEH	treatment	stimu-
lated	the	p-PI3K/p-AKT/mTOR/PSD95	pathway	and	the	expression	
of	p-ERK	in	AB-treated	mice.

 BDNF	can	also	bind	to	the	p75	neurotrophin	receptor,	a	member	
of	the	tumor	necrosis	factor	family	of	receptors,	with	low	affinity	to	
mediate	diverse	cellular	processes	including	neurite	outgrowth,	syn-
aptic	plasticity	and	inflammation	and	cell	death	[28].	By	BDNF	stim-
ulates	the	pro-survival	NF-kB	and	pro-apoptotic	Jun	kinase	signaling	
cascades	[28].	In	our	study,	AB	injection	increased	the	expression	of	
proteins	 in	 the	 p75	 apoptotic	 signaling	 pathway	 including	TRAF6,	
Bcl2/Bax,	Caspase-3	and	NF-kB	(Figure	5).	However,	FEH	treatment	
suppressed	protein	expression	in	the	p75	apoptotic	signaling	pathway.	
These	 results	 suggest	 that	FEH	 inhibited	memory	and	 learning	 im-
pairment	through	stimulation	of	the	BDNF/TrkB/PI3K/AKT/mTOR/
PSD95	pathway	and	inhibition	of	 the	p75	apoptotic	signaling	path-
way.

 The	results	of	this	study	provided	evidence	of	the	beneficial	effects	
of	FEH	as	well	as	information	regarding	the	mechanisms	underlying	
these	effects	via	stimulation	of	BDNF	expression	in	the	hippocampus.	
The	results	support	the	use	of	FEH	in	the	treatment	of	memory	and	
learning	impairment.
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Figure 5:	Effect	of	Fibroin	Enzymatic	Hydrolysate	(FEH)	on	protein	ex-
pression	of	the	p75	apoptotic	signaling	pathway	in	hippocampal	brain	tis-
sue	from	AB-treated	mice.

Figure 6:	Effect	of	fibroin	enzymatic	hydrolysate	(FEH)	on	BDNF	expres-
sion	in	hippocampal	brain	tissue	from	AB-treated	mice.

The	mice	were	divided	into	the	following	treatment	groups:	normal	con-
trol,	AB-treated	control,	DO	positive	control,	and	FEH-treated	(3	doses).	
The	expression	of	BDNF	in	the	mouse	brain	was	evaluated	immunohisto-
chemically.	The	Figure	is	representative	of	the	data	from	random	animals	
in	each	experimental	group.
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