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ABSTRACT Our patented protease A—digested crude
chalaza hydrolysates (CCH) show antioxidant abilities
in vitro. The prophylactic effects of CCH on cognitive
dysfunction and brain oxidative damages were investi-
gated via a D-galactose (DG)—injected mouse model in
this study. Fifty-four mice were randomly divided into
the following: (1) CON, 0.1 mL 0.9% saline (subcutane-
ous injection [SC] on the back)+distilled water (oral
gavage); (2) DG, 100 mg/kg BW /day D-galactose (Bio-
Serv Co., Flemington, NJ, USA) (SC on the back)+
distilled water (oral gavage); (3) DG _LCH, 100 mg/kg
BW /day D-galactose (SC on the back) + 50 mg CCH /kg
BW/day in 0.1 ml distilled water (oral gavage); (4)
DG _MCH, 100 mg/kg BW/day D-galactose (SC on the
back) + 100 mg CCH/kg BW/day (oral gavage); (5)
DG _HCH, 100 mg/kg BW /day D-galactose (SC on the
back) + 200 mg CCH/kg BW/day (oral gavage); (6)

DG _AG, 100 mg/kg BW/day D-galactose (SC on the
back) + 100 mg aminoguanidine hydrochloride/kg BW/
day (oral gavage). The experiment lasted for 84 D. CCH,
containing antioxidant-free amino acids and anserine,
restored (P < 0.05) DG-injected memory injury in the
Morris water maze test and attenuated the neuronal
degenerations and nucleus shrinkages in the dentate
gyrus area. CCH supplementation also reduced amyloid
B-peptide protein levels and accumulation of advanced
glycation end products (AGE) in the brain of DG-
injected mice, whereas the brain antioxidant capacity
was reversed (P < 0.05) by supplementing CCH.
Furthermore, AGE receptor (RAGE), NFkb, IL-6, and
TNF-a gene expressions were downregulated (P < 0.05)
by supplementing CCH. Therefore, CCH show prophy-
lactic effects on the development of oxidative stress-
induced cognitive dysfunction.

Key words: antioxidant /anti-inflammatory capacity, crude chalaza hydrolysate, cognitive dysfunction, D-galactose,
hippocampus morphology

INTRODUCTION

As the global aging population increases rapidly, de-
mentia, the best-known factor of which is aging, has
caused a heavy social burden. Dementia, which is caused
by damages of brain cells, is associated with a decline in
memory or other thinking skills severe enough to inter-
fere with the daily life. Oxidative stress is thought to
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be a main cause of dementia (Pratico, 2008). The reac-
tive oxygen species (ROS) overproduction, which ex-
ceeds the endogenous antioxidant system ability, can
result in oxidative injuries. In addition, the hippocam-
pus, which plays a major role in forming and storing
memories (Phelps, 2004), is one of the first regions in
the brain to suffer oxidative damage, as a result of mem-
ory impairments and cognitive dysfunction (Seib and
Martin-Villalba, 2015).

D-galactose (DG) is a reducing sugar, which can
generate ROS and advanced glycation end products
(AGE) during its metabolism in vivo, which leads to in-
flammatory response and neurodegenerative changes
consequently (Ho et al., 2003). Tt has been reported
that rodents chronically treated with DG show oxidative
damages in the brain and cognitive dysfunction,
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accompanied by several age-related hallmarks such as
mitochondria dysfunction, neuronal apoptosis, and
neuro-inflammation (Cui et al., 2006). Ho et al. (2003)
indicated that the formation of AGE is one of the
possible aging mechanisms in the DG-induced aging
model. Therefore, the DG-induced aging mouse model
has widely been used in brain aging studies and anti-
aging pharmacology research studies. A recent report
revealed that age-dependent changes in NO synthase
(NOS) activity and expression attributed to inducible
NOS (Lourenco et al., 2017). Aminoguanidine hydro-
chloride (AG), a novel inhibitor of inducible NOS, was
proven to ameliorate formation of AGE in DG-treated
mice (Song et al., 1999). Thus, the AG was determined
as a referential positive control agent in this study.

Within recent decades, bioactive effects of food-
derived protein hydrolysates have been attracted an
attention (Chou et al., 2014; Abeyrathne et al., 2015;
Lin et al., 2017). These protein hydrolysates obtained
from plants or animals possess some or better
beneficial bioactivities when compared with their
parent proteins (Kim et al., 2012; Chou et al., 2014;
Yang et al., 2019). In Taiwan, approximately 7 billion
chicken eggs are produced per year, and for the 6%
market share of liquid egg industries (Council of
Agriculture, Executive Yuan, Taiwan 2015), it is esti-
mated that about 400 ton chicken egg chalazae are
produced in the liquid egg industry per year, which are
regarded as byproducts and always abandoned. Our pre-
vious study has indicated that protease A-digested
crude chalaza hydrolysates (CCH) are rich in
antioxidant-free amino acids (i.e. leucine, arginine,
lysine, phenylalanine) and dipeptides (carnosine/
anserine), as well as possess free radical scavenging and
metal ion chelating activities (Yang et al., 2019). More-
over, the administration of CCH exhibits a hepatopro-
tective effect against chronic alcohol consumption via
ameliorating lipid accumulation, enhancing antioxidant
capacities and decreasing the inflammatory cytokine
values in livers. In this study, we aimed to investigate
the prophylactic effects of CCH on cognitive dysfunction
and oxidative damage in the brain of DG-injected mice.
The main analyses in this study included the following;:
(1) the free amino acid profile and carnosine/anserine
contents in raw chalazae and CCH; (2) learning and
memory abilities via Morris water maze; (3) neuron pro-
tective effects in the hippocampus; (4) antioxidant and
anti-inflammatory activities in brains of DG-injected
mice.

MATERIALS AND METHODS

Preparation of Functional CCH and Free
Amino Acid Profile Analyses

The chalazae were collected from the liquid egg pro-
duction of Daiegg Co., Ltd. (Tainan City, Taiwan),
which had passed the certification of Certified Agricul-
tural Standards, and were immediately transported to
our laboratory at —20 C. The CCH were prepared
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according to the previous method from our Taiwan pat-
ent (Chen and Lin, 2017). Briefly, the suitable amount
of CCH powders for this study were manufactured by
protease A (63,000 U/g; Amano Enzyme Ltd., Nagoya,
Japan) digestion and then stored at —20 C for further ex-
periments. The free amino acid contents of lyophilized
crude chalazae and CCH powder were analyzed in the
Food Industry Research and Development Institute
(Hsinchu, Taiwan). The lyophilized chalazae and CCH
were homogenized in 20 mL trichloroacetic acid (7%, v/
v) for 2 min and then filtered. The precipitates were
also homogenized twice with trichloroacetic acid as
described previously. After filtering through the
0.45-pum filtration membrane, free amino acids were iden-
tified and quantified by using an amino acid analyzer
(Hitachi L8800, Hitachi High-Technologies Co., Tokyo,
Japan). The amounts of free amino acids were detected
under 570 nm and 440 nm wavelength and calculated
based on the peak area in comparison with amino acid
and carnosine/anserine standards (Amino acids mixture
standard solution, Type AN-IT and Type B) (Wako Pure
Chemical Industries, Ltd., Osaka, Japan). The data were
presented as milligrams of free amino acids per 100 g
lyophilized chalaza powders and CCH powders.

Animals and Treatments

Fifty-four 8-week-old male Institute of Cancer
Research mice (approximately 28-30 g weight) were pur-
chased from BioLASCO Taiwan Co., Ltd., Taipei,
Taiwan. Three mice with an ear tag (No.l, 2, and 3)
were housed in one cage in an animal room under a condi-
tion of 22 = 2 C, 60 to 80% relatively humidity, and 12/
12 h light—dark cycle. Chow diets (LabDiet 5001, PMI
Nutrition International/Purina Mills LLC, Richmond,
IN, USA) and distilled water were provided ad libitum
for mice during the experimental period. According to
our previous study, the administration of 100 mg CCH/
kg BW/day could pose the hepatoprotective effects in
C57BL/6 mice against chronic alcohol consumption
(Yang et al., 2019). Hence, dosages as 50, 100, and
200 mg CCH/kg BW /day for low, medium, and high dos-
ages, respectively, were given to the DG-treated mice.

After 4 wk of acclimation, 54 12-week-old mice were
randomly divided into 6 groups (n = 9 in each group),
which are as follows: (1) CON, 0.1 ml 0.9% saline (subcu-
taneous injection [SC| on the back) + 0.1 ml distilled water
(oral gavage); (2) DG, 100 mg/kg BW /day D-galactose
(Bio-Serv Co., Flemington, NJ, USA) in 0.1 mL saline
(SC on the back) + 0.1 mL distilled water (oral gavage);
(3) DG_LCH, 100 mg/kg BW/day D-galactose in
0.1 mL saline (SC on the back) + 50 mg CCH/kg BW/
day in 0.1 mL distilled water (oral gavage); (4) DG MCH,
100 mg/kg BW /day D-galactose in 0.1 mL saline (SC on
the back) + 100 mg CCH/kg BW/day in 0.1 mL distilled
water (oral gavage); (5) DG_HCH, 100 mg/kg BW /day
D-galactose in 0.1 mL saline (SC on the back) + 200 mg
CCH/kg BW /day in 0.1 mL distilled water (oral gavage);
and (6) DG_AG, 100 mg/kg BW/day D-galactose in
0.1 mL saline (SC on the back) + 100 mg AG (Sigma-
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Aldrich Co., St. Louis, MO, USA) /kg BW/day in 0.1 mL
distilled water (oral gavage). All mice were received each
treatment for 84 D. On the 78th day of the experiment,
mice were subjected to the behavioral test (Morris water
maze) continuously for 5 D. The animal use and protocol
were reviewed and approved by the Institution Animal
Care and Use Committee (IACUC No.: NTU105-EL-
00163) of National Taiwan University, Taiwan.

Behavioral Test (Morris Water Maze)

The Morris water maze test was started on the 78th
day of the experiment, and the testing procedure was ac-
cording to Tu et al. (2018). A circular water pool (100 cm
in diameter, 80 ¢cm in depth) and a movable escape plat-
form (4.3 cm in diameter, 16 cm in height) were used in
the experiment, as well as the pool was divided into 4
quadrants (z1: right; z2: target; z3: left; z4: opposite)
with 4 different visual cues located above the water sur-
face and placed on each quadrant on the interior side of
the pool. Pool water was equilibrated to room tempera-
ture (23 = 1°C) and mixed with skim milk powder and
food coloring agent (Blue, Ever Style Foodstuff Indus-
trial Co., Ltd., Taipei City, Taiwan) to reduce odor trail
interference and make water opaque. The testing proced-
ures were as follows: (1) Mice were placed into water
gently facing the edge of the pool. If the mice found
the platform in 60 s, they were allowed to stay on the
platform for 15 s, returned to their cage to rest for
60 s, and then received the test again. (2) If the mice
could not find the platform, they were gently guided to
the platform and were allowed to stay on the platform
for 15 s, and they received the test again after resting
in the cage for 60 s. The same testing procedure was
repeated 4 times in a row per day, and the swimming
routs of mice were recorded by the video recorder right
above the pool. All data were analyzed by the animal
behavior monitor software (Singa Trace mouse II, Diag-
nostic & Research Instruments Co., Ltd., Taipei City,
Taiwan). On the 77th day of the experiment (the end
of 11th week experiment), the mice were first transferred
to the test room to acclimatize the environment for at
least 30 min before testing. Then, the escape platform,
which was tied using red rubber bands on the top to in-
crease its visibility, emerged 1 to 1.5 cm above the water
surface and was placed in the middle of the pool for
training for the behavioral test. Mice were placed into
water to search the escape platform. On the starting
day of the reference memory test (78th day), the escape
platform without red rubber bands was hidden in the
midpoint of z2 quadrant while additional water was
added to the pool to submerge the platform to 1 to
1.5 cm below water surface. Then, mice were placed in
the z3 quadrant as the starting quadrant, and the start-
ing quadrant would be changed after 3 D (79th~81st
day) in a counterclockwise direction (z4, z1 to z2). The
escape latency, the period needed to reach the platform,
was recorded in 4 consecutive days (78th~81st day),
and each mouse would be received 4 trials per day.
Meanwhile, the swimming speed per mouse on each
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testing day was also calculated. For the probe test
(82nd day), the escape platform was removed from the
z2 quadrant, and the mice were placed in the z3 quad-
rant to swim freely for 60 s. The searching period in
the target quadrant (The hidden platform was previ-
ously placed in z2 quadrant) and the number of crossing
over the z2 quadrant were recorded in every trial.

Sample Collection and Serum Biochemical
Values

During the experimental period, food and water in-
takes and body weights were recorded weekly. At the
end of the experiment (84th day), mice were fasted over-
night and then sacrificed the next day. The blood sam-
ples were collected through the orbital sinus and kept
at room temperature for 1 h to allow clotting. Then
the sera were collected by centrifugation of the collected
blood samples at 3,000 X gat 4 C for 15 min (Centrifuge
3,700; Kubota Co., Tokyo, Japan) and then stored at
—20°C for further analyses. The brain from each mouse
were removed and weighted individually. To determine
the physiological change by the injection of DG and
the CCH administration, the serum aspartate trans-
ferase, alanine transferase, triglyceride (TG), and total
cholesterol levels were analyzed by using commercial
enzymatic kits with a SPOTCHEMTM EZ SP-4430
automatic dry biochemistry analyzer (ARKRAY Inc.,
Kyoto, Japan).

Assignment of Brain Tissues for Further
Analyses

Three brains from different mice per group (No. 1
mouse in each cage per group) were sectioned by using
the rodent brain matrix (Sunpoint Co., Taoyuan City,
Taiwan); the sectioned brain tissues involved all of the
hippocampus area and most of the cerebral cortex area.
The sectioned brain tissues per treatment group were
placed in 10% formaldehyde solution (Merck Millipore
Co., Darmstadt, Hesse, Germany) for a histopathological
examination. The other 6 sectioned brain tissues per group
were separated into 2 hemispheres. The left hemispheres
were preserved in 1.0 mL RNA later (Qiagen Co., Valen-
cia, CA, USA) at 4°C overnight and then stored at —80°C
for further gene expression analyses, and the right ones
were equally divided into 2 sections where one was stored
in 1.5 mL tube at —80°C for further Western blotting an-
alyses, and the other section was stored in 2.0 mL tube at
—80°C for the preparation of brain homogenates, which
were used for further antioxidative capacity analyses.

Histopathological Sections and Staining

The sectioned brain tissues were fixed in 10% neutral-
buffered formalin solution (Merck Millipore Co., Darm-
stadt, Hesse, Germany) up to 24 h, dehydrated in graded
alcohol (30, 50, 70, 95, and 99.5%; Sigma-Aldrich), cleared
in xylene (Merck Millipore Co., Darmstadt, Hesse, Ger-
many), and embedded in paraffin  wax (Leica
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Microsystems, Singapore) via an embedding plate (Elec-
tron Microscopy Sciences, Hatfield, USA) and a plastic
ware (Simport, Beloeil, Canada) by the Digital Dry Bath
Incubator (Genepure Technology, Taipei, Taiwan) at
63°C. The blocks were then sliced into 5-um-thick slices
by using a microtome (Model#: HM315 R, Thermo Fisher
Scientific, Inc., Waltham, MA, USA), spread out in a wa-
ter bath at 43°C, and dried by electronic heating plate at
35 C. Importantly, all of the slices per sample were in the
same section where the dentate gyrus and Ammon’s
horn of the hippocampus can be observed clearly. For he-
matoxylin and eosin staining, the slides were deparaffi-
nized in xylene for 20 min, rehydrated in graded alcohol,
and stained with hematoxylin (Merck Millipore Co.,
Darmstadt, Hesse, Germany) and eosin (Merck Millipore
Co., Darmstadt, Hesse, Germany) for an optimal period
(20 s for hematoxylin, 20 min for eosin). After dehydration
and mounting, the photomicrographs of each slide were
taken under a LEICA DM500 microscope (Leica Microsys-
tems, Singapore) with THD-4600 camera system (Sage
Vision Co., LTD, New Taipei City, Taiwan) and Toup
View 3.7 software (ToupTek Co., LTD, Hangzhou,
China).

Immunohistochemical Analysis for (3-
Amyloid Accumulation in the Dentate Gyrus

The commercial kit (Mouse IgG, PK-6102) of the
immunochemistry assay was purchased from VECTOR
Laboratories, Inc. (Burlingame, CA, USA), and the pro-
cedure was in accordance with the instruction manual.
First, the slides of each group were deparaffinized and
hydrated by xylene and graded alcohol, and were washed
with tap water and PBS buffer (pH 7.4). Then, antigen
retrieval step was followed for antigen presenting; the
slides were sunk into sodium citrate buffer (10 mM citric
acid [Sigma-Aldrich], 0.05% Tween-20 [Sigma-Aldrich],
pH 6.0) and heated by wusing an autoclave
(120°C~122°C) for 2 min. After cooling the slides
with tap water, endogenous peroxidase activity blocking
procedure was performed using 1% Hy0,/methanol
buffer (Sigma-Aldrich) for 15 min and avidin/biotin
blocking kit (SP-2100; VECTOR. Laboratories, Inc.,
Burlingame, CA, USA) for 30 min. Before antibody incu-
bation, the blocking buffer that contains animal sera was
added on the tissue area for an optimal period (8 h).
Then, the slides were incubated with primary antibody
(anti-Amyloid beta (AP) A4 protein, clone MM26-
2.1.3) (Merck Millipore Co., Darmstadt, Hesse, Ger-
many), which was diluted to an optimal concentration
(1:100) overnight. Next, the diluted biotinylated second-
ary antibody buffer was added for an optimal reaction
period (30 min), and the slides were incubated with
VECTASTAIN Elite ABC reagent for 30 min. Finally,
slides were hybridized with DAB substrate reagent
(Cat. No. SK-4100, VECTOR Laboratories, Inc., Bur-
lingame, CA, USA) for an optimal period (3.5 min) until
desired stain intensity develops, and the slides were
rinsed in tap water immediately. PBS buffer was added
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to wash the slides for 5 min 3 times between different
buffers in the whole experiment. After all the aforemen-
tioned steps, counterstaining with hematoxylin would be
performed. After dehydration and mounting, the photo-
micrographs of each slide were obtained under a LEICA
DM500 microscope (Leica Microsystems, Singapore)
with THD-4600 camera system (Sage Vision Co., LTD,
New Taipei City, Taiwan) and Toup View 3.7 software
(ToupTek Co., LTD Hangzhou, China).

Preparation of Brain Homogenates

The weighted right hemisphere of the brain from the
rest of the mice (No. 2 and 3 mouse in each cage per
group) was homogenized on ice with 9-fold volume of
PBS (pH 7.4, including 0.25 M sucrose) by a homogeniz-
er (Polytron, PT-2100; Kinematica AG, Lucerne,
Switzerland) and centrifuged at 1,000 X g at 4°C for
15 min. The supernatant was collected for further anti-
oxidative analyses. The protein concentration in the su-
pernatant was qualified by a Bio-Rad protein assay kit
(catalog # 500-0006; Bio-Rad Laboratories, Inc.) via us-
ing bovine serum albumin as a standard.

Western Blotting for A3 and AGE Protein in
Brain Tissues

Before Western blotting, the protein extraction of the
brain homogenates had been performed. The brain ho-
mogenate (300 pL) was homogenized in the same
amount of RIPA (Radioimmunoprecipitation assay)
buffer (Merck Millipore Co., Darmstadt, Hesse, Ger-
many) containing protein inhibitors and was incubated
on ice for 30 min. The lysate was then centrifuged
(13,200 X g, 4°C, 15 min), and the supernatants were
collected. All the samples, which was diluted to the
same protein concentration that was measured by using
Bio-Rad protein assay kit (catalog # 500-0006; Bio-Rad
Laboratories, Inc., Hercules, CA, USA) were mixed
with 5X sample buffer containing B-mercaptoethanol
(Amresco, LLC., Solon, OH, USA) to a ratio of 1:4
and heated at 100 C for 10 min. After cooling, the sam-
ples were stored at —80 C for Western blotting. Equal
amounts of proteins (40 pg) with different molecular
mass were separated by 10% sodium dodecyl
sulphate—polyacrylamide gel electrophoresis and then
transferred to the polyvinylidene difluoride membrane
(Amersham Hybond-P, No. RPN303 F, GE Healthcare,
Buckinghamshire, UK) via the TE77XP semidry
blotter (Hoefer, Inc., Richmond, USA) or the Mini
Trans-Blot electrophoretic transfer cell (Bio-Rad Labo-
ratories, Inc.). The membrane was first blocked with 5%
skim milk for 1 h at room temperature and then incu-
bated with primary antibodies against B-actin (1:5000
dilution, Level Biotechnology, Inc., New Taipei City,
Taiwan), AGE polyclonal antibody (bs-1158 R,
1:1,000 dilution, Bioss Inc., Woburn, MA, USA), and
anti-AB A4 protein (clone MM26-2.1.3, 1:1,000 dilution,
Merck Millipore Co., Darmstadt, Hesse, Germany)
overnight at 4 C. After washing with PBST (0.1%
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Tween-20 in PBS) for 5 min 3 times, the membrane was
incubated with conjugated anti-mouse IgG—horseradish
peroxidase (1:10,000 dilution, Thermo Fisher Scientific
Taiwan Co., Ltd., Taipei, Taiwan) at room tempera-
ture for 1 h. The protein bands were detected with
the chemiluminescence kit (Immobilon Western, Milli-
pore Co., Billerica, MA, USA) and analyzed by
MultiGel-21 (TOP BIO CO., New Taipei City,
Taiwan). AGE are known as Amadori, Schiff base,
and Maillard products, which could be of various molec-
ular weight owing to the random site of glycation.
Therefore, the whole bands in each lane were quantified
in this study (Lu et al., 2011). ImageJ software (Na-
tional Institutes of Health, Bethesda, MD, USA) was
used to quantify the optical density of protein bands
with the value of the B-actin band as a reference.

Antioxidative Capacity Analyses in Sera
and Brains

The thiobarbituric acid reactive substances
(TBARS), trolox equivalent antioxidant -capacity
(TEAC) and reduced glutathione (GSH) levels in sera
or brain tissues were measured according to the previous
procedure (Lin et al., 2017). Sixty microliter sera or
brain homogenate (PBS for blank) was mixed with
90 uL. TBA (J.T. Baker; Mallinckrodt Baker, Inc., Phi-
lipsburg, NJ, USA) solution and 510 pL trichloroacetic
acid-hydroxyl chloride reagent (Sigma-Aldrich) in or-
der. The samples were heated in a water bath (95°C)
for 30 min, cooled on ice for 10 min, and centrifuged at
1,000 X gat 4 C for 5 min. The TBARS values of serum
and brain tissue were calculated by considering the
extinction coefficients of malondialdehyde to be
1.56 X 10> M™" em™" at 535 nm. The TEAC value
was measured by the decrease in absorption at 734 nm
after the addition of reactant via a standard curve for
trolox on scavenging 2,2'-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid) (ABTS+) capacity. The decrease
in absorption at 734 nm after the addition of reactant
was used to calculate the TEAC value. The TEAC
values in samples were calculated based on a standard
curve plotted for trolox on scavenging 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) capacity. The
higher TEAC value of a sample results in stronger anti-
oxidative activity. The cycsteine group among reduced
GSH can bind to 5,5'-dithiobis (2-nitrobenzoic acid)
and undergo a color reaction to produce a yellow product
(5-thio-2-nitrobenzoic acid), which can be measured at
the absorption peak of 412 nm wavelength. The reduced
GSH contents in serum and brain tissue were calculated
by taking the extinction coefficients of 5-thio-2-
nitrobenzoic acid to be 1.36 X 10* M~ cm ™" at 412 nm.

The activities of superoxide dismutase (SOD), cata-
lase (CAT), and GSH peroxidase (GPx) in brain tissues
were assayed as per the previous methods (Tu et al.,
2018). The SOD activities of brain tissues were measured
by the inhibition of SOD on pyrogallol autoxidation.
The alteration of absorbance per min under 420 nm
wavelength was calculated to obtain inhibition (%) by
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the following formula: 1-[(sample or standardAA/
min)/(max speedAA /min)|, where max speed was set
to reaction of ddH20 loading, indicating nearly no inhi-
bition of pyrogallol autoxidation. A standard curve was
plotted for SOD, which was used for calculation of activ-
ities of SOD in liver tissues. Regarding the measurement
of CAT, a mixture of 50 pL. brain homogenate and
450 pL PBS (pH 7.4, 0.25 M sucrose) was reacted with
250 uL HyO4 (30 mM). The difference in absorbances be-
tween the initial time period and 60 s were measured at
240 nm wavelength. The CAT activity was calculated by
considering the extinction coefficient of Hy0,
(0.0394 mM ™" cm™"). One unit of CAT was expressed
as the amount of enzyme that decomposed one pmole
H505 in 1 min at 25 C. The enzymatic activity of GPx
was measured by using the RANSEL assay kit (Randox
Laboratories Ltd., Crumlin, UK). The principle of assay
is based on the following: GPx catalyses the oxidation of
GSH by cumene hydroperoxide. In the presence of GSH
reductase and NADPH, the oxidized GSH is immedi-
ately transformed to the reduced form with a concomi-
tant oxidation to NADP'. Four microliter brain
homogenate was mixed with 8 pl. cumene hydroperoxide
and 200 pL reagents. The GPx activities of brain tissues
were calculated by the decrease of absorbance between
the initial time period and 1.5 min at 340 nm
wavelength.

mRNA Expression Analyses

The total RNA in the left hemisphere of brain tissues
of rest of the mice (No. 2 and 3 mouse in each cage per
group) were extracted by using a commercial kit (Trisur-
eTM, Bioline, London, UK), and the cDNA was synthe-
sized from total RNA by a reverse transcriptional
reaction as per the manufacturer’s protocol offered by
GoSript Reverse Transcriptase (Promega Co., Fitch-
burg, WI, USA). As per the principle of quantitative
real-time PCR, all the primers were designed by using
the National Center for Biotechnology Information
primer blast for the specific gene sequences to amplify
the specific ¢DNA fragments: glyceraldehyde 3-
phosphate dehydrogenase (Gapdh, F: 5-AACCTGC
CAAGTATGATGA-3, R: 5-GGAGTTGCTGTTGA
AGTC-3’; Accession No.: NM_001289726.1); receptor
for advanced glycation end-products (Rage, F: 5'-CAG
CATCAGGGTCACAGAAAC-3; R: 5-CGTTTTCGC
CACAGGATAGC-3"; Accession No.: NM 007425.3);
nicotinamide adenine dinucleotide phosphate-oxidase 2
(Noz2, F: 5-AGCTATGAGGTGGTGATGTTAGT
GG-3; R: 5-CACAATATTTGTACCAGACAGACTT
GAG-3'; Accession No.: FJ168469.1); nuclear factor
kappa B (Nfkb, F: 5-TGGGGCCTGCAAAGGT
TATC-3; R: 5-TTTGCAAAGCCAACCACCAT-3,
Accession No.: NM_001276711.1); interleukin 1 beta
(IL-18, F: 5-GCCACCTTTTGACAGTGATG-3'; R:
5-AGTGATACTGCCTGCCTGAA-3’; Accession No.:
NM 008361.3); interleukin 6 (IL-6, F: 5-GCCATTGC
ACAACTCTTTTCTC-3; R: 5- GCCATTGCACAA
CTCTTTTCTC-3'; Accession No.. NM 031168.1);
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tumor necrosis factor alpha ( Tnfo, F: 5-CCCCACTCT
GACCCCTTTAC-3; R: 5-ACTGTCCCAGCATCTT
GTGT-3'; Accession No.: NM  013693.3). The quantita-
tive PCR was performed as per the instructions of ABI
Fast SYBR Green Master Mix (Applied Biosystems;
Thermo Fisher Scientific, Inc., Foster, CA, USA). The
sizes of the reaction products are as follows: Gapdh,
119 bp; Rage, 150 bp; Noz2, 88 bp; Nfkb, 145 bp;
IL-106, 165 bp; IL-6, 149 bp; and Tnfwa, 157 bp. The fluo-
rescence signals of each target gene were detected by
using the StepOne Real time PCR system (Applied Bio-
systems; Thermo Fisher Scientific, Inc.). The mouse
Gapdh gene was used as an internal control, and the
values of all genes in DG, DG_LCH, DG_MCH,
DG_HCH, and DG_AG groups were expressed in
relation to the average value of CON group, which was
set to 1.0.

Statistical Analyses

All of the experimental data were analyzed by SAS 9.4
software (SAS Institute Inc., Cary, NC, USA). When a
significant difference was detected at the 0.05 probabil-
ity level by using an analysis of variance, differences be-
tween treatments were tested by using the Least
Significant Difference test.

RESULTS

Effects of CCH on Growth Performance,
Relative Sizes of Brain, Liver, and Fat
Tissues and Serum Biochemical Values of
DG-Injected Mice

The contents of all free amino acids in functional CCH
used in this study were 11,534.76 mg/100 g dried CCH
powder when compared with the 178.16 mg/100 g of
lyophilized chalazae, which is 64.7 times higher
(Table 1). The major amino acids in CCH are leucine,
arginine, lysine, and phenylalanine, which account for
13.84,11.22,9.92, and 7.78% in the total free amino acids,
respectively. Besides, the histidine-containing dipeptide
(anserine) was not assayed in lyophilized crude chalazae
but in CCH (309.06 mg/100 g dried CCH powder),
whereas carnosine contents were analyzed in neither
lyophilized crude chalazae nor CCH. After 12 wk of exper-
iment, body weights and food and water intakes were not
affected (P> 0.05) among all groups (Table 2). Regarding
serum biochemical values, no (P > 0.05) differences on
serum aspartate transaminase, TG, and total cholesterol
values were recorded among all groups, but lower (P <
0.05) alanine transaminase values were measured in
both the DG HCHand DG __ AG groups than in the other

Table 1. Contents of free amino acids and dipeptides (anserine and carnosine) in lyophi-
lized chalazae and functional chalazae hydrolysates (CCH).

Item

Amino acid

Chalazae (mg/100g dried wt.)

CCH (mg/100 g dried wt.)

Leucine 23.21 = 4.49
Arginine 6.36 = 3.02
Lysine 10.05 £ 2.66
Phenylalanine 9.71 = 1.83
Valine 12.58 £ 6.11
Isoleucine 4.30 = 1.80
Threonine 10.83 = 1.01
Methionine 4.59 = 2.62
Tryptophan N.D.

Histidine N.D.

Total EAA 81.61 = 11.58
Total BCAA 40.09 = 10.61
L-Alanine 10.61 £ 6.85
Asparagine N.D.

Tyrosine 4.26 = 2.25
Glutamic acid 33.36 = 6.54
Serine 4.56 £ 2.78
3-Aminoisobutyric acid N.D.

o-Phosphorserine 4.84 = 0.77
Glycine 6.77 = 2.50
Proline 10.18 = 0.31
B-Alanine 0.67 = 0.06
Aspartic acid 3.63 = 2.48
2-Aminoadipic acid N.D.

o-Phosphoethanolamine N.D.

Ornithine 8.24 = 2.88
Cystine 8.89 = 1.35
Sarcosine N.D.

DL-plus allo-3-Hydroxylsine 0.55 = 0.48
Total NEAA 96.55 + 15.75
Anserine N.D.

Carnosine N.D.

1,596.08 = 81.33
1,204.72 = 83.93
1,144.80 * 64.18
896.92 = 65.81
691.46 = 59.52
641.03 = 42.14
417.06 = 23.37
332.94 = 29.23
323.54 = 49.18
268.40 = 15.38
7,606.95 =+ 500.20
2,928.57 = 182.41
515.83 = 29.25
505.50 = 39.38
464.26 = 45.04
410.70 = 33.95
396.77 = 31.69
388.27 = 151.48
325.35 = 40.66
154.93 = 9.10
146.25 + 11.35
128.74 + 10.44
11052 =  6.76
100.71 + 11.18

94.11 = 945
82.05 x 231
51.33 = 8.35
48.02 £ 5.88

445 021

3,927.81 = 308.60
309.06 £ 26.55
N.D.

Data are given as mean * SEM (n = 3).

Abbreviations: BCAA, branched-chain amino acids; EAA, essential amino acid; N.D., not

detectible; NEAA, non-essential amino acid.
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Table 2. Growth performance, relative sizes of brains, serum biochemical values, and serum and brain antioxidative statuses of the

experimental mice.

Treatment

Parameter CON DG DG_LCH DG_MCH DG_HCH DG_AG
Growth performance

Initial body weight (g) 3744 = 047" 37.60 £ 0.74® 37.39 = 0.59"  38.04 £ 0.56" 36.87 = 0.65" 37.22*x 0.59"

Final body weight (g) 40.81 = 1.98"* 39.94 = 1.36" 4049 = 1.42" 41.60 = 1.46" 40.11 = 1.00 39.84 £ 1.07"

Food intake (g/mouse/day) 717 = 0.20* 761 = 013" 7.12* 0.57" 7.14 = 1.10* 714+ 0.37a  7.06 £ 0.32"

Water intake (g/mouse/day) 6.90 = 0.26" 6.25 = 0.45" 647 £ 0.44" 6.43 = 0.38" 7.04 = 0.22*  6.28 £ 0.27"
Relative size (g/100 g BW)

Brain 1.30 £ 0.07" 1.30 £ 0.06" 1.31 £ 0.04" 1.29 £ 0.06" 1.32 = 0.03" 1.33 £ 0.04*
Serum biochemical value

AST (IU/1) 94.63 £ 4.49" 97.33 £ 11.67" 102.29 * 7.56" 83.75 £ 243"  84.67 = 13.81" 80.33 £ 6.13"

ALT (IU/1) 33.86 = 2.82" 3229+ 4.03" 3378 = 3.16" 2589 + 357" 2243+ 268" 19.80 + 2.15"

TG (mg/dL) 65.63 = 551"  87.43 =10.90" 8543 * 6.41"  80.89 = 532"  83.60 = 6.49" 68.6 £ 6.17"

T-Cho (mg/dL) 13644 = 6.36° 131.78 = 9.51° 139.44 + 7.45% 14225+ 813" 122.00 = 7.69° 131.33 = 10.11*
Serum antioxidative status

TBARS (nmol MDA eq./ml) 28.03 = 1.78° 39.75 = 3.03a 3376+ 1.29° 2957 = 1.30"° 2755+ 1.94° 2413 + 1.32°

TEAC (umol/mL) 845+ 0.24™ 796+ 0.22° 836+ 0.09™ 839+ 015 852=* 0.15° 856+ 0.22°

Reduced GSH (nmol /mL) 7811+ 823"  56.39 = 2.74° 6628 + 536"° 9566 = 547°  94.80 = 6.42* 101.07 = 5.53°
Brain antioxidative status

TBARS (nmol MDA eq./mg protein) ~ 6.45 + 0.37" 734+ 050" 676+ 018" 596+ 011> 552+ 022° 614+ 0.19"¢

TEAC (nmol/mg protein) 463.34 = 16.70™" 385.58 = 11.87° 399.82 = 7.88"¢ 440.84 + 17.00* 445.73 + 11.93" 469.85 + 9.88"

Reduced GSH (nmol/mg protein) 376.34 + 14.06"  359.20 + 16.48" 371.63 + 10.04" 424.58 + 7.94" 42599 + 851" 429.46 + 9.89"

SOD activity (unit/mg protein) 2.87 = 0.20° 1.94 = 0.22° 4.55 = 0.02% 4.25 + 0.23* 4.15 = 0.12% 3.35 = 0.10°

CAT activit (munit/mg protein) 433+ 0.21° 2.88 = 0.23° 3.67* 019 3.96 = 020 445+ 0.10"° 437+ 0.24"

GPx activity (munit/mg protein) 151.85 = 3.79™" 128.38 = 2.79° 139.09 + 4.03"° 158.14 + 7.03* 156.11 = 2.41* 16243 + 5.51*

Data are given as mean * SEM (n = 9, except food intake and water intake, n = 3, as well as brain antioxidative status, n = 6).

““Mean values without the common letter in each test parameter indicate a significant difference (P < 0.05).

Abbreviations: ALT, alanine transferase; AST, aspartate transferase; CAT, catalase; GPx, glutathione peroxidase; GSH, glutathione; MDA, malon-
dialdehyde; SOD, superoxide dismutase; TBARS, trolox equivalent antioxidant capacity; T-Cho, total cholesterol; TEAC, trolox equivalent antioxidant

capacity; TG, triglyceride

groups (Table 2). However, a higher tendency toward
serum TG values in mice with DG injection, except the
cotreatment of aminoguanidine (DG _AG group) than
those without DG injection (CON group) was observed.
Besides, there were no (P > 0.05) differences in the rela-
tive sizes of the brain among all groups (Table 2).

Effects of CCH on Spatial Learning and
Memory Abilities in Morris Water Maze of
DG-Injected Mice

In the reference memory test (Figure 1A), the DG
group exhibited significantly longer (P < 0.05) escape la-
tencies on day 3 and day 4 (day 3: 46.23 = 2.69 s; day 4:
45.45 = 2.90 s) than those of the CON group (day 3:
36.71 * 3.01 s; day 4: 31.25 = 3.04 s). However, the
administration of CCH and aminoguanidine shortened
(P < 0.05) the escape latencies (day 3, DG _LCH:
34.78 £ 3.84 s; DG__MCH: 38.36 = 3.15 s; DG_HCH:
39.07 = 2.69 s; DG_AG: 35.25 *= 3.32 s; day 4,
DG_LCH: 30.37 = 2.90 s; DG_MCH: 33.11 = 3.80 s;
DG _HCH: 32.75 * 3.65 s; DG AG:30.72 * 3.96 s) in
the DG-injected mice (day 3~4), and their escape la-
tencies were similar (P > 0.05) to that in the CON group
(day 2~4). Meanwhile, there were no (P > 0.05) differ-
ences in the swimming speeds among all groups in the
reference memory test (Figure 1B). In the probe test
(Figure 1C), the DG group significantly spent less
(P < 0.05) searching time in the target quadrant
(13.69 = 1.19 s) than that of the CON group (20.21 *

1.82 s), whereas the administration of middle and high
dosages of CCH (100 and 200 mg/kg BW /day) or ami-
noguanidine significantly increased (P < 0.05) the
searching time spent in the target quadrant (DG MCH:
19.75 = 1.23 s; DG_HCH: 18.53 * 2.03 s; DG_AG:
20.62 = 2.27 s) compared with DG group. Besides, no
(P > 0.05) differences in the number of crossing over
the target quadrant were recorded among all groups
(Figure 1C). According to the illustrations of swimming
routes among groups, the DG group swam along the
edge of the pool compared with the control group, but
the DG-and AG-supplemented group swam around the
center of pool (Figure 1D).

Effects of CCH on Histological Pathology
and AQ Depositions in the Hippocampus of
DG-Injected Mice

The morphological features of the dentate gyrus area
in the mouse hippocampus from each group were evalu-
ated by using hematoxylin and eosin staining (Figure 2A
and 2B). In comparison with the CON group, the DG
group exhibited large amounts of contracted neuron
bodies with condensed cytoplasm where the whole neu-
rons were entirely stained by hematoxylin in the granule
cell layer (GCL) and the subgranular zone (SGZ, the
border between the hilus and GCL). These contracted
neuron bodies were referred as dark neurons and were
presented as black triangles. With the increased dosages
of CCH, the dark neurons in the dentate gyrus area were
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Figure 1. Effects of crude chalazae hydrolysates on learning and memory abilities in Morris water maze of D-galactose injected mice. (A) Escape
latency in the reference memory test. Mice were treated with 4 trials per day for continuous 4 D. (B) The average swimming speeds of the experimental
mice during the reference memory test. (C) The spent periods in the target quadrant and the numbers of crossing over the target quadrant in the probe
test (day 5). The hidden platform was previously placed in the target quadrant (z2). (D) The swimming route of each group was recorded in the probe
test (I ~ VI). 'Data are given as mean = SEM (n = 9). *Data points within the same testing day or data bars without the common letter indicate a

significant difference (P < 0.05).

markedly reduced, and the morphological feature of the
dentate gyrus area in the DG_HCH group was quite
similar to that in CON and DG _AG groups. Further-
more, via an immunohistochemical staining of A, the
extracellular depositions of AP in the dentate gyrus
area were stained and observed with brown dye in each
group (Figure 2C). In the DG group, the extracellular
depositions of AP (black arrows) were easily observed
in the dentate gyrus area in comparison with the CON
group, whereas the administration of CCH or aminogua-
nidine did not completely reduce the AB depositions in
the dentate gyrus area. Hence, the AP protein expres-
sions in the mouse brain were further analyzed by using
Western blotting (Figure 2D). Because the anti-Af anti-
body used in this study was suitable for the detection of
different oligomers of AP in tissues as protocol indicated
(Merck Millipore Co., Darmstadt, Hesse, Germany),
several proteins bands for A were illustrated. However,
when DG group exhibited higher (P < 0.05) AP levels in
the brain tissues than in the CON group, the elevated A3
levels were reduced on the increased dosages of CCH ad-
ministrations (Figure 2E). In addition, the high dosage
of CCH (200 mg/kg BW /day) significantly reduced (P
< 0.05) the AP levels in the brains of DG-injected
mice, and the AP levels in the brains of DG__HCH group
were even similar (P > 0.05) to that of the CON group.
Besides, no (P > 0.05) significant reduction of the AP

expression was assayed in aminoguanidine cotreated
group.

Effects of CCH on Serum and Brain
Antioxidant Capacities, and Inflammatory
Responses in the Brains of DG Injected Mice

Serum and brain antioxidant capacities of the experi-
mental mice were demonstrated in Table 2. The
(P < 0.05) serum TBARS value measured in the DG
group was higher than that of the CON group, but the
administration of CCH or aminoguanidine significantly
decreased (P < 0.05) those values in DG-injected mice.
In comparison with the CON group, only a lower ten-
dency toward serum TEAC value was detected in the
DG group, whereas the administration of CCH or amino-
guanidine reversed the depleted values and increased
(P < 0.05) effects were observed in DG_HCH and
DG_AG groups than in the DG group. In addition,
the DG group had the lower (P < 0.05) GSH content
in sera than the CON group, but the cotreatments of
CCH (middle and high dosages) or aminoguanidine
increased (P < 0.05) them. Regarding the brain antiox-
idant capacities, the DG group also exhibited the higher
(P < 0.05) TBARS value than CON group, whereas the
administration of CCH (middle and high dosages) or
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Figure 2. Morphological features of the dentate gyrus area in mouse hippocampus from each group were evaluated by hematoxylin and eosin stain-
ing at 100X (A) and 400X (B) magnifications. The presence of dark neurons characterized by contracted neuron bodies (black triangles). (C) B-am-
yloid accumulations in the dentate gyrus area from each group were shown as brown dye by using DAB-revealed horseradish peroxidase
immunohistochemistry. Brain sections were examined with primary antibody (except negative control) and hematoxylin stained at 400X magnifica-
tion. The black arrows indicate the depositions of B-amyloid. Western blotting analysis (D) and quantification (E) of the relative amounts of f-amyloid
in the mice brains. 'Data bars are given as mean * SEM (n = 6). *Not-sharing the common letter on data bars indicates a significant difference

(P < 0.05).

aminoguanidine reduced (P < 0.05) the elevated values
compared with DG group. In contrast, TEAC values in
the brains were reduced (P < 0.05) in DG group when
compared with the CON group, but no (P > 0.05) differ-
ences on reduced GSH contents in brains were measured
between CON and DG groups. However, the administra-
tion of CCH (middle and high dosages) or aminoguani-
dine increased (P < 0.05) both values. In addition, DG
group showed the lower (P < 0.05) SOD, CAT, and
GPx activities than those of CON group, but the
administration of CCH or aminoguanidine increased
(P < 0.05) those activities except GPx activities in
DG_LCH group (Table 2). To evaluate the effects of
CCH on brain inflammatory responses via AGE/
RAGE/NFkB pathway, the protein expressions of
AGE in mouse brains were analyzed by using the West-
ern blotting method (Figure 3A). DG group exhibited
the higher (P < 0.05) AGE protein expression in the
brains than that of the CON group; the elevated AGE
protein expressions were alleviated (P < 0.05) by the
administration of CCH (middle and high dosages) or
aminoguanidine, and those values were even similar
(P> 0.05) to that of the CON group (Figure 3B). More-
over, the relative expressions of genes related to

inflammatory responses in brains of the experimental
mice were analyzed as well (Figure 3C and 3D). Higher
(P < 0.05) Rage, Noz2 (NADPH oxidase), and Nfkb
gene expressions were detected in the DG group than
in the CON group; however, the CCH or aminoguani-
dine administration indeed downregulated (P < 0.05)
those gene expressions (Figure 3C). Regarding the
expressions of proinflammatory genes, although no
(P > 0.05) differences on the IL-1f gene expressions in
brains were detected among all groups, there was a
tendency toward the lower IL-18 gene expression in
DG-injected mice cotreated with CCH or aminoguani-
dine (Figure 3D). Higher (P < 0.05) IL-6 and Tnfo
gene expressions were observed in the DG group than
in the CON group, but the administration of CCH or
aminoguanidine downregulated (P < 0.05) them except
IL-6 gene expression in the DG _LCH group
(Figure 3D).

DISCUSSION

Oxidative stress is thought to be a main cause of de-
mentia (Pratico, 2008). The ROS overproduction, which
exceeds the endogenous antioxidant system ability, can
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Figure 3. Western blotting analysis (A) and quantification (B) of the relative amounts of advanced glycation end products (AGE) in the mouse
brains. (C) and (D) The relative expression of genes involved in inflammation of brain cells of the experimental mice. Total RNA was isolated and
analyzed by qPCR for the expressions of inflammation relative genes. (C) Rage, Nox2, and NFkb. (D) IL-18, IL-6, and Tnfa. The values of mRNA
were normalized to the value of Gapdh. 'Data are given as mean + SEM (n = 6). *Not-sharing the common letter on data bars indicate a significant

difference (P < 0.05).

result in oxidative injuries. An increasing number of
studies on antioxidant properties of food-derived hydro-
lysates or peptides have been available recently
(Rajapakse et al., 2005; Hsieh et al., 2009; Chou et al.,
2014; Lee et al., 2017). Based on the free amino acid
profile in CCH, some major amino acids including
leucine, phenylalanine, valine, isoleucine, and alanine
all belong to hydrophobic amino acids. After protease
A hydrolyzation, the total amount of hydrophobic
amino acids increased 64.6 folds compared with that in
lyophilized chalazae and accounted for as much as
45.94% in the total free amino acids. It has been
reported that the hydrophobic amino acids can
facilitate interaction with free radicals by increasing
their solubilities in lipids (Qian et al., 2008). Scott and
Bolton (2000) also indicated that arginine can suppress
the brain inflammation and reduce free radical produc-
tion in the experimental allergic encephalomyelitis rat
model. In addition, the aromatic amino acids (phenylal-
anine, tryptophan, histidine, and tyrosine) account for
17.29% in CCH. Besides, aromatic amino acids can
also act as proton donors to scavenge free radicals
(Rajapakse et al., 2005). The amount of acidic amino
acids (glutamic and aspartic acids) can be significantly
increased (14.09 folds) after protease-A hydrolyzation.
Moreover, the contents of total branched-chain amino
acids (BCAA) (leucine, valine, and isoleucine) increased
to 73.05 folds after protease-A hydrolyzation, which

account for 25.39% in the total free amino acids. The
BCAA antioxidative activities have also attracted
more attention and been investigated within recent
years. The administration of BCAA has a prophylactic
effect on liver function in a nonalcoholic steatohepatitis
mouse model by reducing oxidative stress (Tanaka et al.,
2016). On the other hand, histidine-containing dipep-
tides, that is carnosine, anserine, and homocarnosine,
possess peroxyl radical-trapping and metal ion chelating
activities owing to the histidine’s imidazole ring
(Maikhunthod and Intarapichet, 2005). Importantly,
these free amino acids and dipeptides can pass through
the blood—brain barrier via specific transporter proteins
in different transport pathways to contribute to antiox-
idative abilities in the brain (Campos-Bedolla et al.,
2014). Our previous study reported that even an injec-
tion of a high DG dosage (1.2 g/kg BW /day) for 6 wk
does not affect the body weight and food/water intakes
of C57BL/6J mice as well (Chou et al., 2014). Regarding
the tendency towards the higher serum TG values in
DG, DG_LCH, DG_MCH, and DG_HCH groups
than in the CON group in this study, an injection with
500 mg DG/kg BW /day for 7 wk significantly increased
serum TG values of mice which is due to the accumula-
tion of AGE in sera, causing a pathogenic modification of
lipoprotein and a dysfunction to clear lipid from the cir-
culatory system (Zhu et al., 2014). Besides, aminoguani-
dine can be applied as an inhibitor of AGE in DG-
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Figure 4. Protective mechanisms of functional chalaza hydrolysates (CCH) on cognitive dysfunction and oxidative damage in the brain of D-galac-

tose injected mice.

induced mice (Tu et al., 2018). Based on the investiga-
tion of serum biochemical values of Institute of Cancer
Research mice from Charles River Laboratories, Japan
(2013), serum TG values in each group are still within
the normal range. Hence, the administration of DG,
CCH, and aminoguanidine did not have any adverse ef-
fect on physiological manifestation in this study.

The Morris water maze test has played an important
role in the validation of rodent models for neurocogni-
tive disorders and the investigation of possible neurocog-
nitive treatments (Tu et al., 2018). D-galactose has been
frequently used to induce cognitive dysfunction in ro-
dent models. It was reported that a daily injection of
100 mg or 200 mg DG/kg BW to the 12-week-old
C57BL/6 J mice or 8-10-week-old Kunming strain
mice for 8 wk significantly prolongs the escape latencies
in the reference memory test and reduces the searching
time in the target quadrant in the probe test of mice
(Wei et al., 2005). The current results indicated that
the CCH administration significantly ameliorates
impaired spatial learning and memory abilities of
DG-injected mice and has a similarly ameliorative effect
with the administration of aminoguanidine (positive
control). Moreover, as shown in the Figure 1D, in com-
parison with the DG group, which tends to swim around
the whole swimming pool with a directionless search,
CON and CCH/aminoguanidine-administrated groups
primarily swam back and forth in the target quadrant
in the probe test. Besides, no differences in the swim-
ming speeds were observed among all groups in the Mor-
ris water maze test, which indicates no influences of the
motor function in the experimental mice (Figure 1B).
Taken together, the CCH administration significantly

ameliorates (P < 0.05) the cognitive dysfunction of
DG-injected mice in the behavioral test. The hippocam-
pus, located in the medial temporal lobe of the brain, be-
longs to the limbic system and plays an important role
in forming and storing memories (Phelps, 2004). It
was reported that the hippocampus is composed of 2
different neuron cells: (1) the pyramidal neurons form
Ammon’s horn and (2) the granule neurons form den-
tate gyrus. The dentate gyrus area is one of the few re-
gions where neurogenesis takes place and composed of 4
main regions, which include molecular layer, GCL, SGZ,
and hilus (Liaury et al., 2012). A high rate of neurogen-
esis in SGZ increases learning and memory abilities, but
in contrast, a decrease in neurogenesis results in neuro-
degeneration and also shows a deleterious effect on
cognitive function (Shors et al., 2001). It has been well
known that aging and oxidative stress are the greatest
risk factors for neurodegeneration (Seib and Martin-
Villalba, 2015). A daily injection of 100 mg DG/kg
BW to the C57BL/6J mice for 7 wk decreased the pro-
liferation of endogenous progenitor cells in the SGZ and
reduced the migration and survival of new neurons in
the GCL, which leads to cognitive dysfunction in the
Morris water maze test (Cui et al., 2006). In addition,
cells with severe cytoplasmic condensations were
observed in the SGZ and GCL of DG-injected mice.
The contracted cells are also referred to as dark neurons,
which are mainly characterized with the following elec-
tron microscopic characteristics: (1) a marked condensa-
tion of cytoplasm, (2) intact nuclear membrane and
cytoplasmic organelles, (3) mitochondrial swelling, and
(4) an aggregation of the nuclear chromatin (Ooigawa
et al., 2006). The results of hippocampal histology
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indicated that the CCH administration especially in the
highest dosage (200 mg/kg BW/day) could markedly
reduce the large amounts of dark neurons in the SGZ
and GCL of DG-injected mice (Figure 2A and 2B).
Hence, the improved cognitive function of CCH in
DG-injected mice in the Morris water maze test might
be highly corresponding to the reduction of neurodegen-
eration in SGZ and GCL. Moreover, the extracellular
deposition of AP is one of the pathological hallmarks
in the progress of Alzheimer’s disease. AP itself has an
oxidative ability and creates a positive feedback on am-
yloid precursor protein (APP) levels by inducing more
oxidative stress; with time, the accumulation of AP de-
posits in the brain and triggers further oxidative stress
reactions and inflammatory responses, which ultimately
translate into irreversible neurodegeneration of brains’
neurons (Pratico, 2008). It was indicated that the AP
depositions in the hippocampus of 15-month-old human
APP V717 F transgenic mice (with overexpressing
mutant APP) are mainly in diffuse but not compact
form and mostly distributed in the dentate gyrus area
(Reilly et al., 2003). According to aforementioned refer-
ences, the AP depositions in the dentate gyrus area of
DG-injected mice in our study could be confirmed, and
they were supposed to be classified as the diffuse form.
Although the administration of CCH or aminoguanidine
did not obviously reduce the AP depositions in the den-
tate gyrus area, decreased AP levels in the whole brain
tissues could be observed (Figure 2C-2E). In addition,
it was reported that soy isoflavones can reduce the
elevated AP levels in the DG (120 mg/kg BW/day,
50 D)-treated mouse brains via attenuating oxidative
stress in the brains (Hsieh et al., 2009). Hence, the
reduced effects on AP levels in brain tissues of
DG-injected mice by cotreated with CCH might
contribute to their antioxidant capacities. Besides, it
seems that CCH (especially the high dosage) had more
significantly reduced effects on AP protein levels than
by aminoguanidine (Figure 2E). It has been proven
that an arginine-containing small compound (Arg-Arg-
coumarin) could inhibit the formations and aggrega-
tions of 42-residue beta amyloid in vitro (Khaidar
et al., 1994). Accordingly, it is assumed that arginine,
one of the major free amino acids in our CCH, might
take part in reducing A protein levels in mouse brains,
but it still needs further investigation. Moreover, it was
reported that the main damage induced by AB deposi-
tions in the brain is the oxidative stress reaction and in-
flammatory response (Pratico, 2008).

The brain is highly susceptible to oxidative stress
because of the following reasons: (1) The brain consumes
about 20% of the total oxygen consumption for its rela-
tively small weight (2%), but it possesses a relatively
paucity of antioxidant systems compared with other or-
gans; (2) The brain is enriched with polyunsaturated
fatty acids and contains high contents of transition
metals, which act as potent pro-oxidants (Floyd,
1999). Our previous report indicated that a daily injec-
tion of 1.2 g DG/kg BW to the 12-week-old C57BL/6.J
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mice for 6 wk significantly increased serum and brain
TBARS values and decreased brain TEAC values
(Chou et al. 2014). Meanwhile, they reported that the
administration of pepsin-digested chicken liver hydroly-
sates, which possess high contents of antioxidant-free
amino acids and dipeptides, significantly increases
in vivo antioxidative capacities in DG-treated mice.
The similar results from present study should be sup-
posed that the antioxidant-free amino acids (e.g.,
leucine, arginine, lysine, phenylalanine, and valine) and
dipeptides (anserine) in our CCH are able to pass
through the blood—brain barrier via specific transporters
(Campos-Bedolla et al., 2014) to contribute their antiox-
idant capacities and attenuate oxidative stress in brains
caused by DG treatment. Furthermore, the reduced A
protein levels in brains (Figure 2C-2E) and ameliorative
neurodegeneration in the dentate gyrus area (Figure 2A
and 2B) of DG-injected mice cotreated with CCH were
corresponding to the reduction of oxidative stress in
brains. It has been mentioned that the deleterious effects
of AGE in Alzheimer’s disease are attributed to their
pro-oxidant and inflammatory responses, which is
related to AGE/RAGE/NFkB pathway (Ahmed,
2005). The interaction of AGE with the RAGE (the re-
ceptor of AGE) triggers the activation of transcription
factor NF«kB (nuclear factor kappa B), thus leading to
the production of inflammatory promoters such as
tumor necrosis factor o and interleukin 6. Besides,
AGE-RAGE interaction activates NADPH oxidase (a
complex of enzymes which produces superoxide) and in-
creases intracellular oxidative stress that also activate
NFkB (Luevano-Contreras and Chapman-Novakofski,
2010). Moreover, a daily injection of 50 mg DG/kg
BW to the 11-week-old Kunming strain mice for 8 wk
could significantly increase AGE, RAGE, and NF«B
protein levels and the expressions of inflammatory bio-
markers in mouse brains (Lu et al., 2010). In this study,
the administration of CCH reduced the elevated AGE
protein levels in DG-injected mouse brains and further
ameliorated inflammatory responses via inhibiting
AGE/RAGE/NFkB pathway activation (Figure 3C
and 3D). Besides the antioxidant abilities, some major
free amino acids (i.e. arginine and lysine) and dipeptide
(anserine) in our CCH were reported to possess antigly-
cation abilities (Menzel and Reihsner, 1991; Kawasaki
and Kamijo, 2012). Besides, carnosine and anserine can
act as competitive glycation agents in decomposition of
aldose-derived Schiff bases, which are the first intermedi-
ates of the nonenzymatic glycation cascade and lead to
the reduction of AGE formations (Szwergold, 2005).
Hence, it is supposed that the reduced AGE protein
levels in brains of DG-injected mice cotreated with
CCH might be due to the antioxidative and antiglyca-
tion capacities of CCH. Therefore, it could be reasonably
drawn that the reduced effects of CCH on AGE protein
levels of the brain would further ameliorate oxidative
stress and inflammatory responses in brains and reflect
the correlations of improved learning and memory abili-
ties of DG-injected mice.



ANTIOXIDANT CRUDE CHALAZA HYDROLYSATES

CONCLUSION

After protease A hydrolyzation, the total amount of
free amino acids and dipeptides (anserine) dramatically
increased in CCH than in raw materials (lyophilized
chalazae). In the in vivo antioxidant experiment, CCH
exhibited the protective effects on cognitive dysfunction
and oxidative damage in the brain of DG-injected mice
(Figure 4). The administration of CCH (mainly the mid-
dle or high dosage) significantly attenuates oxidative
stress in the brain induced by DG injection, which
further results in decreased AGE and A protein levels
in the brain, downregulates brain inflammation—related
genes via inhibiting AGE/RAGE/NFkB pathway, ame-
liorates neurodegeneration in the dentate gyrus area of
the hippocampus, and enhances cognitive learning and
memory abilities of DG-injected mice. These protective
effects could be attributed to the great amounts of bioac-
tive free amino acids (i.e. leucine, arginine, lysine, and
phenylalanine) and dipeptides (anserine) in the CCH.
In addition, the application of chicken egg chalazae not
only increases the byproducts’ value from liquid egg in-
dustries but also reduces the environmental pollution
caused by its byproduct properties. Taken together,
our CCH can be a potential functional food ingredient
to improve antioxidant effects and combat oxidative
stress—induced brain dysfunction.
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