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ARTICLE INFO ABSTRACT

Keywords: Purpose: Cystatin C plays an important role in the course of neurodegenerative diseases and has a beneficial
Ovocystatin effect through inhibiting cysteine proteases and amyloid-f aggregation. It also induces proliferation and au-
Cystatin C tophagy. Cystatin isolated from chicken egg white, called ovocystatin, has been widely used in the medical and

Alzheimer’s disease
Cognitive decline
Mice

pharmaceutical research due to its structural and biological similarities to human cystatin C. The aim of this
study was to assess the effect of administering ovocystatin on the development of dementia-specific cognitive
deficits in APP/PS1 transgenic mice.

Materials/methods: The study was conducted on transgenic B6C3-Tg(APPswe,PSEN1dE9)85Dbo/Mmjax mice.
Ovocystatin was administered to four-month-old transgenic (AD) and wild type (NCAR) mice in drinking water
for 24 weeks (at a dose of 40 and 4 pg/ mouse). The locomotor activity and cognitive functions were determined
using an actimeter and the Morris water maze test, respectively.

Results: The results of the study indicate that ovocystatin has a beneficial effect on the cognitive functions in
APP/PS1 transgenic mice. The strongest effects of ovocystatin were found in the group of AD mice, where
ovocystatin was administered in drinking water at a dose of 40 pg/mouse (p < 0.05). Mice from the AD group
swam statistically significantly further in the target zone during the trial in the Morris water maze compared to
the AD (vehiculum) group (p < 0.05).

Conclusions: The obtained results encourage further research into the protective effect, which may be used as an
adjuvant in the treatment of deteriorating cognitive functions.

1. Introduction [4,5]. In addition, mutations in the PSEN1 and PSEN2 genes increase

the production of an amyloidogenic form of A such as Af4, [4,6].

Alzheimer’s disease is a major cause of dementia. It causes pro-
gressive cognitive impairment affecting learning, memory and daily
functioning and may reduce the quality of life, and lead to premature
death [1]. Age is one of the main risk factors for Alzheimer’s disease
patients [2-4]. Mutations in the genes encoding amyloid precursor
protein (APP) and presenilin 1 and 2 (Presenilin 1 gene, PSENI; Pre-
senilin 2 gene, PSEN2) cause Alzheimer’s Disease, leading to an increase
in the production of toxic amyloid-f (AP). These mutations are re-
sponsible for the development of the disease in 50% of patients with
early-onset autosomal dominant Familial Alzheimer’s disease (FAD)

Currently, Alzheimer’s disease is treated symptomatically with choli-
nesterase inhibitors (donepezil, rivastigmine) and the antagonist of the
N-methyl-D-aspartate (NMDA) receptor (memantine) [7,8]. There is on-
going research into new preventive and therapeutic measures in the
course of Alzheimer’s disease. Current studies into new therapeutic
strategies have focused on the so-called “amyloid cascade” hypothesis
[9]. In addition, novel immunomodulatory, neuroprotective (anti-in-
flammatory, anti-oxidative), anti-fibrillization and anti-aggregation
(chelation of metal ions, amyloid binding ligands) therapies are sought
[10].
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Over the past twenty years, the findings of genetic, experimental
and clinical studies have suggested that cystatin C may play a role in
Alzheimer’s disease. Cystatin C is an inhibitor of cysteine proteases, it is
present in all tissues and body fluids and it is encoded by the CST3 gene.
Studies have found that it exhibits a wide range of biological functions.
It modulates the immune response, has an antiviral and antibacterial
function and inhibits tumour metastases [11-14]. Cystatin C co-de-
posits with AP in the brains of patients with Alzheimer’s disease [15].
Studies have found that cystatin C binds to APP, AB; 40 and AB;.42 It
also inhibits fibril formation and oligomerization depending on its
concentration [16,17]. In vivo and in vitro studies have confirmed that
cystatin C binds to soluble AR and prevents its deposition in APP
transgenic mice expressing the CST3 gene. The expression of twice as
much human cystatin C as endogenous mouse cystatin C reduces A
accumulation [18]. in vitro studies indicate that cystatin C protects
hippocampal neurons derived from rat brains against toxic oligomers
and fibrillary forms of AB [19]. Apart from preventing oligomerization
and the formation of (-amyloid fibrils, cystatin C inhibits cysteine
proteins, induces autophagy and stimulates neurogenesis [20].

Ovocystatin, which is the first isolated cystatin, is a type 2 cystatin
and is the most-studied protein from the cystatin family [21]. Ovo-
cystatin is an inhibitor of the C1 family cysteine peptidases, which in-
cludes cathepsins B, H, K, L and S [12,22]. Ovocystatin and human
cystatin C share significant structural similarity. The amino acid se-
quence in ovocystatin is 44% homologous to human cystatin C, and the
proteins share 62-63% structural similarity. The secondary crystal and
solution structure are also similar between the two proteins [23,24].
Due to the fact that the two proteins are orthologous and share similar
biological properties, ovocystatin is currently used in many experi-
mental studies [25]. It has also been reported that ovocystatin is
characterized by relatively low immunogenicity [26]. Moreover, it has
been recently suggested that ovocystatin has protective properties in
young rats [27], as well as may prevent aging-related cognitive im-
pairment [28]. Thus, the present study aims to evaluate the effects of
treatment with ovocystatin on learning impairment and memory in
APP/PS1 transgenic mice.

2. Materials and methods
2.1. Reagents and administration

Ovocystatin was isolated from egg white by means of affinity
chromatography on S-carboxymethylated papain-Sepharose 4B, using a
modification [29] of the method described by Anastasi et al. [21]. The
expression yield and the specific activity of ovocystatin were calculated
based on the antipapain activity and the concentration of the protein in
an egg white homogenate and in the final product. The inhibitory ac-
tivity against papain was measured using Na-Benzoyl-DL-arginine -
naphthylamide (BANA) as a substrate [30,31]. The protein concentra-
tion was determined using a 0.871 extinction coefficient at 280 nm for a
0.1% ovocystatin solution [21]. The purity of ovocystatin was de-
termined by gel filtration on an HPLC system using a Bio Sec-5 column
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(Agilent Technologies), and the purity always exceeded 95% (Fig. 1).
Specific antipapain activity of the purified inhibitor ranged from 20 to
25 U/mg protein. The final product was lyophilized as described by
Gotab et al. [32].

Ovocystatin was administered in drinking water (in glass drinking
tubes) containing 0.1% albumin from bovine serum (Fluka) that acted
as a stabiliser [33,34]. The mice received ovocystatin solutions ac-
cording to the groups described below. The vehiculum groups received
only drinking water containing 0.1% of bovine serum albumin (vehi-
culum). Starting at 17 weeks of age, the animals received the solution
every 24 h. Behavioural tests were carried out after 22 weeks of ovo-
cystatin administration.

2.2. Animals and experimental design

The study was carried out using 17-week-old male B6C3-Tg
(APPswe,PSEN1dE9)85Dbo/J transgenic mice (AD, initial body weight
approximately 25.0 g, n = 27) and wild-type mice (NCAR, initial body
weight approximately 24.5 g, n = 25) (Jackson Laboratory, Bar Harbor,
USA). Transgenic mice express the mouse/human APPg,. (K595N/
M596L) and exon-9 deleted presenilin 1 (deltaE9). In this murine
model, the first AR depositions develop by six months of age [35,36].
The mice were kept (3-4 per cage) in conditions with a 12:12h light-
dark cycle (lights on at 7:00 a.m.) at a temperature of 21 + 2°C and
free access to food and water.

The animals were divided into six groups: 1. AD (vehiculum; n = 9)
2. AD + CYS40 (40pug/mouse; n = 9), 3. AD + CYS4 (4 ug/mouse;
n = 9), 4. NCAR (vehiculum; n = 8). 5. NCAR + CYS40 (40 ug/mouse;
n=9), 6. NCAR + CYS4 (4ug/mouse; n = 8). The animals were
weighed at the beginning of the study and in the first, second, third,
fourth and fifth month of administering the substances as well as before
and after carrying out the behavioural tests.

2.3. Locomotor activity recording

Locomotor activity was assessed using an IR Double IR System for
Mice (PanLab, Spain) actimeter for locomotor activity. The mice were
placed in the actimeter chamber one by one and were observed for
5min. The actimeter chamber was cleaned after each animal with an
alcohol-based agent. SEDACOM software was used to determine slow
movements (PanLab, Spain). Locomotor activity was tested at three
time points: prior to the administration of ovocystatin, 12 weeks after
initiating the therapy and prior to initiating the Morris water maze
(MWM) test in order to rule out any bias caused by age related diseases.

2.4. Morris water maze — spatial learning test

A round white pool 122 cm in diameter with a 25 cm high side wall
was filled with tap water (maintained at 22 °C) up to approximately
21 cm (day 1) and up to 19 cm on the following days (days 2-5) and a
20 cm platform was used. The water was coloured white with UHT milk
for contrast. The water in the pool was drained and replaced daily.
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Fig. 1. Characterization of the final ovocystatin preparation by gel filtration on an HPLC system using a Bio SEC-5 column. The purity of the preparation was greater

than 95%.
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Fig. 2. The influence of administering ovocystatin on locomotor activity. Data
are expressed as mean * SD of slow movements.

Visual cues in the form of flags were erected on each side of the pool
and on the two curtains surrounding the pool. A triangle, square, circle
and two stripes were drawn on the flags to facilitate spatial orientation.
Spatial learning was measured using a system consisting of an A Sony
Color SSC-DC378 P camera and a workstation equipped with version
2.5 of the SMART software (PanLab, Spain).

The test was divided into two parts. The first part consisted of ac-
quisition training (learning phase, day 1-5) while the second part in-
cluded the trial session (test phase, day 6). The test was carried out
according to the protocol reported by Bromley-Brits K. et al. [37]. On
day 1, the animals were habituated to the swimming pool environment
and the platform was placed 1 cm above the water level (visible plat-
form). The length of time it took the animals to find the platform was
recorded, and the visual perception of the animals was evaluated. On
days 2-5, the platform was placed in a fixed position (south-west, SW)
and 1cm below the water level (hidden platform). The following
parameters were analysed: the time taken to find the hidden platform,
Whishaw’s error (a measure of the mean orientation used to assess the
time spent within the “corridor” connecting the starting point with the
goal. If the animal was in the “corridor”, there was a 100% error value)
and the mean velocity.

In the learning phase (day 1-5), five trials were carried out every
day. In those trials, the mice were placed in the pool for one minute in
one of the four starting points (N, W, S, E). If the mice located the
platform, they were allowed to remain on it for five seconds. If the
animal failed to find the platform, it was directed toward the platform,
and then it was placed on it for 20s.

In the probe trial, the platform was removed and an N - drop lo-
cation was established. The mice were placed in the pool individually
for one minute, and the distance travelled and the time in the target
zone (SW) were calculated.

2.5. Statistical analysis

Statistical analysis was carried out using Statistical R (version 3.0.1)
and MedCalc (version 12.7.7) software. Repeated measures ANOVA
was used for variables measured at more than two time points. A post
hoc analysis of multiple comparisons with the Holm correction was
carried out. A classical one way ANOVA was used to statistically ana-
lyse the results obtained on the test day in more than two groups
without the platform (high dose, low dose and placebo group). A post
hoc analysis of multiple comparisons with the Holm correction was also
carried out. Student’s t-test or Welch’s t-test (depending on the results of
the F-test) were used to statistically compare the results of two groups
(placebo subgroups) on the test day. The normal distribution of data
was assessed using the D’Agostino-Pearson test. No significant deviation
from normality was observed. The results were statistically significant
when the p-value equalled 0.05 or less.

2.6. Ethical issues

The experiment was conducted in accordance with the NIH Guide
for the Care and Use of Laboratory Animals and was approved by the
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Ethical Committee on the Animal Research of the Institute of
Immunology and Experimental Therapy Polish Academy of Sciences in
Wroclaw, Poland (no. 58/2010; 2/2012; 8/2012; 9/2012; 27/2012).

3. Results
3.1. Body weight

The body weight of the animals in all the AD and NCAR groups
increased significantly during the 24 weeks from the start of the study
(AD: 24.89 = 2.25g; NCAR: 24.34 + 1.60 g) until its completion (AD:
29.17 £ 2.55g; NCAR: 30.11 £295g.) (AD: Fs;34 = 24.72,
p < 0.001; NCAR: F4 80 = 31.93, p < 0.001). The increase in the body
weight in the AD and NCAR groups receiving ovocystatin was similar to
that in the corresponding vehiculum groups (AD: F.4 = 1.84,
p = 0.180; NCAR: F3 5, = 0.50, p = 0.614) (data not shown).

3.2. Locomotor activity

There was no statistically significant difference in slow movements
between the groups (AD: F; 54 = 0.068, p = 0.934; NCAR: F; 5, = 0.31,
p = 0.739). There was a significant decrease (AD: F; .4 = 16.78,
p < 0.001; NCAR: F; 5> = 25.80, p < 0.001) in motor activity in all the
groups after 12 weeks of administering ovocystatin or the vehicle
substance, which persisted until the 22nd week, when the MWM test
was performed (Fig. 2).

3.3. Morris water maze — spatial learning test

3.3.1. Acquisition training

There was no difference in the latency to target between the AD and
NCAR vehiculum groups in the test with the visible platform (AD (ve-
hiculum) vs. NCAR (vehiculum), p = 0.065). Ovocystatin administered
in both doses did not affect the latency to target in the AD mice
(F2,24 = 0.358, p = 0.703). Wild-type mice that received ovocystatin
(NCAR + CYS4) reached the visible platform faster than the mice from
the NCAR (vehiculum) group and those from the NCAR + CYS40 group
(latency to target 33.31 * 6.80s vs. 38.83 + 7.48s and 33.31 + 6.80s
vs. 42.41 + 7.28s, F, 5, = 3.481, p < 0.05, respectively) (Fig. 3a).

During the 2-5 days of acquisition training, all the AD
(F372 = 14.82, p<0.001) and NCAR (F3g6 = 22.00, p < 0.001)
groups of mice demonstrated shorter latencies to find the hidden plat-
form on the consecutive days. The AD (vehiculum) mice had sig-
nificantly longer swimming latencies than the NCAR (vehiculum) mice
on the 2nd, 3rd, 4th and 5th day of the acquisition trial (F; ;5 = 9.49,
p = 0.008). No significant differences between the groups treated with
ovocystatin and the AD (Fy24=2.29, p=0.123) and NCAR
(F2,22 = 0.20, p = 0.823) vehiculum groups were noted (Fig. 3b).

In addition, the behavioural analysis showed that the mice swam
more accurately from the starting point to the hidden platform on
consecutive days (Wishaw’s Error increased on each day of the acqui-
sition learning) (AD: F3;5 = 4.95, p = 0.004; NCAR: F; 45 = 11.40,
p < 0.001). However, there was no statistically significant difference in
Wishaw’s Error between the AD and the NCAR vehiculum mice
(F1,15 = 0.23, p = 0.642). Similarly, the administration of ovocystatin
did not increase the accuracy with which the AD and NCAR mice lo-
cated the hidden platform (AD: F,.4 = 0.46, p = 0.638; NCAR:
Fa22 = 0.64, p = 0.536) (Fig. 3¢).

There was no statistically significant difference in the mean velocity
among the groups of mice (p > 0.05) (data not shown).

3.3.2. Probe trial session

In the probe trial, memory performance was significantly impaired
in the AD (vehiculum) group compared to the NCAR (vehiculum) group
on the 6™ day, as shown by a decrease in the travelled distance
(Fig. 4a), and prolonged permanence time (Fig. 4b) in the SW zone,
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Fig. 3. Effects of ovocystatin on the acquisition training in the MWM test. Latency to find visible platform (dayl) (a); latency to find hidden platform (b) and
Wishaw’s Error (c) during day 2-5. Data are expressed as mean = SD *p < 0.05 NCAR + CYS4 compared with the NCAR (vehiculum), **p < 0.05 NCAR + CYS4
compared with NCAR + CYS40, # p < 0.05 AD (vehiculum) compared to NCAR (vehiculum).

where the platform was previously hidden (the target zone) (AD (ve-
hiculum) vs. NCAR (vehiculum), p < 0.05). A higher dose of ovocys-
tatin led to a significant increase in the distance travelled by the mice
with AD (AD + CYS40 vs. AD (vehiculum): F5 4 = 4.578, p = 0.021).
In the AD + CYS40 group, the permanence time in the target zone also
increased, but the difference was not statistically significant (AD +
CYS40 vs. AD (vehiculum): F5 54 = 3.105, p = 0.063). The adminis-
tration of a lower dose ovocystatin also caused an increase in the stu-
died parameters, but the differences were not statistically significant.
Ovocystatin did not affect the travelled distance and permanence time
for the NCAR mice.

4. Discussion

The study of the potential protective effect of ovocystatin against
memory loss was carried out using a double-transgenic mouse model,
which expressed the mouse/human amyloid precursor protein con-
taining the K595N/M596L Swedish mutation and mutations in the
presenilin 1 deltakE9 gene, which is an exon-9 deletion responsible for
early onset Alzheimer’s disease [35,36]. The mice were tested in the
MWM, which is used to evaluate learning ability and spatial short and
long-term memory [38,39].

Our results show a significant decrease in the distance travelled in
the target zone by AD mice compared to the NCAR mice in the probe
MWM trial. This indicates that AD mice had impaired spatial memory.
Long-term administration of ovocystatin at 40 ug/mouse reduced
memory impairment caused by an APP overexpression and extended
the distance travelled in the target zone. Due to the fact that ovocystatin
did not affect the physical activity of the mice in the actimeter test, its
beneficial effect in the MWM was not caused by improved motor
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activity.

To the authors’ best knowledge, this is the first study assessing the
effect of ovocystatin on the cognitive function in APP/PS1 transgenic
mice. The obtained results suggest that ovocystatin may have protective
effects and may reduce memory deficits in Alzheimer’s disease. They
confirm that cystatin plays an important role in the development of
Alzheimer’s disease. Moreover, it is consistent with our earlier study
[27], which indicates that ovocystatin administered orally to young rats
may significantly improve memory in the MWM test. Similarly, we also
revealed that ovocystatin delivered intraperitoneally may prevent age-
related cognitive decline, but the obtained results were not statistically
significant [28]. In addition, these results are in accordance with the
study by Hook et al. [40], who found that cysteine protease inhibitors
significantly reduce cognitive deficits in London APP mice. Apart from
an improvement in the animals’ memory tested with the MWM, Hook
et al. [40] noted a reduction of amyloid plaques and a decrease in the [3-
secretase activity in those mice.

Cystatin C can bind to AB and inhibit its oligomerization and
amyloidogenesis [13,41]. Most of the research conducted on transgenic
mouse lines points to an anti-amyloidogenic and neuroprotective role of
cystatin C. Steinhoff et al. [42] found that mice with APP,,. expression
had increased levels of cystatin C in the brain. The expression of human
cystatin C in the mice with a mutation in the APP gene caused a re-
duction in the AP aggregation in the brain through binding of cystatin C
to AP [18,43]. Ghidoni et al. [44] reported that two mutations (PS2
M239I and T122R) in the presenilin 2 gene associated with familial
Alzheimer’s disease resulted in decreased extracellular levels of cy-
statin, which may impair neuroregeneration. However, another study
found that cystatin removal may have a protective effect. Genetic ab-
lation of the CST3 gene encoding cystatin decreased the level of soluble
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Fig. 4. Detailed results of the MWM probe trial session. All results are
mean + SD. Data are expressed as the distance travelled (a) and permanence
time (b) in the SW target zone. * indicates a significant difference compared to
the AD (vehiculum) group (p < 0.05); ** indicates significant difference be-
tween the AD (vehiculum) and NCAR (vehiculum) mice (p < 0.05).

AP and diminished cognitive deficits in the MWM [45].

One important protective mechanism of cystatin C is the inhibition
of cysteine proteases. The concentration of cysteine proteases increases
in response to brain tissue injury. Modified proteolysis caused by an
imbalance between active proteases and endogenous inhibitors may
occur physiologically during aging or pathologically in numerous
neurological disorders, including Alzheimer’s disease [46]. The in-
hibitory function of cystatin C is further confirmed in cystatin C
knockout mice, which have an elevated cathepsin B activity [45]. Other
studies have found that cystatin C and the fibroblast growth factor 2
(FGF-2) may stimulate neurogenesis [47], and that cystatin C secretion
induces the proliferation of neural stem/progenitor cells (NSCP), sti-
mulated by the expression of APP [48]. Furthermore, cystatin C plays a
neuroprotective role through inducing autophagy, which increases the
degradation of long-lived proteins [49]. Similarly, Watanabe et al. [50]
found that cystatin C exhibits neuroprotective effects by inducing au-
tophagy and inhibiting cathepsin B.

Clinical studies also imply the protective effects of cystatin C in
Alzheimer’s disease. Patients with Alzheimer’s disease have low cy-
statin levels. An analysis of serum cystatin C levels revealed that a
decrease in cystatin C precedes the clinical manifestation of Alzheimer’s
disease [51], and may incite the conversion of mild cognitive
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impairment into Alzheimer’s disease [52].

To date, few in vivo studies on the activity of exogenous cystatin
have been carried out. In the study by Nagai et al. [53], cystatin C was
administered directly into the rat hippocampus. Despite neuronal da-
mage in the dentate gyrus, the immunohistochemical analysis revealed
that A was not deposited in the hippocampus following the cystatin C
administration. That finding supports the hypothesis that exogenous
ovocystatin inhibits A oligomerization and deposition, which may
reduce cognitive deterioration and improve cognitive functions. Liu
et al. [54] found that the administration of cystatin C in a rat model of
subarachnoid haemorrhage decreases cognitive deficits, which is in
accordance with the findings of the present study. However, Liu et al.
[54] found an enhancement of learning abilities in the probe MWM
trial, while the authors of the current study found memory improve-
ment in the same type of trial.

This study reports an innovative method of long-term administra-
tion of ovocystatin in drinking water, as well as its use as a protective
and anti-dementia agent. The survival of the mice during the 24 weeks
study period suggests that ovocystatin is safe to use. Toxicological
studies are warranted to confirm this hypothesis. At this stage the au-
thors cannot delineate the molecular mechanisms, in which orally ad-
ministered ovocystatin exerts its protective effects. It is known that
some proteins, including a close homolog of cystatin C — cystatin S —
can, to some extent, pass the jejunal epithelium and reach vascular
compartments [55-59]. The passage of certain proteins through the
blood-brain barrier has also been reported. For example, 0.1% of cir-
culating antibodies can reach the brain at a steady-state concentration
[60]. Generally, few pathways are believed to facilitate protein mole-
cule transport across the blood-brain barrier, and they include receptor-
mediated transcytosis, adsorptive endocytosis and paracellular trans-
port. The passage of cystatin C through this barrier is apparent as 1% of
the protein content in the cerebrospinal fluid is derived from circulation
[61]. Thus, it is conceivable that in the current model, the administered
ovocystatin reached the brain tissue and directly acted on the injured
area by way of its anti-aggregative and anti-inflammatory properties.
Alternatively, the effect of ovocystatin may result from its activity
outside the brain. There is compelling evidence that apart from CNS
inflammation, the peripheral immune response may contribute to the
development of neurodegenerative diseases. Cytokine mediated reg-
ulation of inflammatory signals in the systemic circulation and along
the microbiota-gut-brain axis have been linked to the pathogenesis of
Alzheimer’s disease [62,63]. On the other hand, several studies indicate
profound immunomodulatory and antimicrobial activities of cystatins,
including ovocystatin [64,65]. Due to systemic modulation of the im-
mune system or the alteration of the composition of the gut microbiota
and certain metabolic interactions, ovocystatin may exert its effect via
circulation or via the gastrointestinal tract gut. Further studies are ne-
cessary to evaluate the pharmacokinetics, the stability, the distribution
and the mode of action of this protein in the human body.

In the recent years, there has been growth in the development of
large scale methods of egg white protein preparation. It can soon be
expected that this could lower the future cost of egg protein preparation
for the use in nutraceutics [66].

The obtained results encourage future studies into the use of ovo-
cystatin in Alzheimer’s disease. At the same time, the study had some
limitations. The proposed model only included FAD, a rare form of
Alzheimer’s disease. In addition, an animal model was used to assess the
action of ovocystatin, which may have different mechanisms of action
in humans. Furthermore, the study was conducted only on male mice.
Thus, the authors were unable to assess the influence of gender on the
cognitive behaviour of mice after administering ovocystatin. The dose
of ovocystatin was chosen based on the authors’ preliminary data
(unpublished data). Further studies using different dosages of ovocys-
tatin are warranted. Ovocystatin acquisition is costly and in order to
produce ovocystatin on a large scale, more efficient manufacturing
methods are needed [67]. This study only assessed the effect of
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ovocystatin on cognitive functions. The authors have not evaluated the
effect of oral administration of ovocystatin on the expression of en-
dogenous mouse cystatin C. However, it is known that the inhibitor
belongs to a group of housekeeping proteins that are normally syn-
thetized at a constant level across the entire life-span [11]. Further
morphological, biochemical and immunohistochemical studies should
be carried out on the animal models.

The authors found that ovocystatin has biological properties that
may inhibit the deterioration of cognitive functions. Further research is
needed to confirm the effect of ovocystatin on aging and on Alzheimer’s
disease.

5. Conclusions

In conclusion, our results suggest that ovocystatin may reduce
memory impairment in the course of Alzheimer’s disease. In contrast to
other studies suggesting a positive correlation between the concentra-
tion of cystatin and cognitive deficits, the authors of this study did not
find any effect of cystatin on memory and learning in wild-type mice.
Ovocystatin appears safe in long-term use. Nevertheless, further studies
are needed to determine whether it can be used in the adjuvant treat-
ment of Alzheimer’s disease.

Conflict of interests
The authors declare no conflict of interests.
Financial disclosure

The study was conducted and financed within the framework of the
POIG 01.03.01-00-133/08 “Innovative Technologies of production of
biopreparations based on new generations of eggs (OVOCURA)” - Task
8. Assessing the biological activity of the obtained biopreparations.

The authors contribution

Study Design: Barttomiej Staficzykiewicz, Tadeusz Trziszka, Joanna
Rymaszewska.

Data Collection: Bartlomiej Staficzykiewicz, Marta Jakubik-
Witkowska, Katarzyna. Juszczynska, Jakub Gburek, Krzysztof Gotlab,
Antoni Polanowski.

Statistical Analysis: Bartlomiej Staiczykiewicz,

Data Interpretation: Bartlomiej Staiiczykiewicz.

Manuscript Preparation: Bartlomiej Stafczykiewicz, Maria
Rutkowska, Jakub Gburek, Krzysztof Gotab, Joanna Rymaszewska.

Literature Search: Bartlomiej Stariczykiewicz, Maria Rutkowska,
Jakub Gburek, Krzysztof Gotab.

Funds Collection: Joanna Rymaszewska, Antoni Polanowski, Jakub
Gburek, Tadeusz Trziszka.

References

[1] Mayeux R, Stern Y. Epidemiology of Alzheimer disease. Cold Spring Harb Perspect
Med 2012;2(8):1-18.

Guerreiro R, Bras J. The age factor in Alzheimer’s disease. Genome Med 2015;7:106.
Lobo A, Launer LJ, Fratiglioni L, Andersen K, Di Carlo A, Breteler MM, et al.
Prevalence of dementia and major subtypes in Europe: a collaborative study of
population-based cohorts. Neurology 2000;54(11):54-9.

Selkoe DJ. Alzheimer’s disease: genes, proteins, and therapy. Physiol Rev
2001;81:741-66.

Finckh U, Kuschel C, Anagnostouli M, Patsouris E, Pantes GV, Gatzonis S, et al.
Novel mutations and repeated findings of mutations in familial Alzheimer disease.
Neurogenetics 2005;6(2):85-9.

Jarrett JT, Berger EP, Lansbury Jr. PT. The carboxy terminus of the amyloid protein
is critical for the seeding of amyloid formation: implications for the pathogenesis of
alzheimer’s disease. Biochemistry 1993;32(18):4693-7.

Eleti S. Drugs in Alzheimer’s disease dementia: an overview of current pharmaco-
logical management and future directions. Psychiatr Danub 2016;28(Suppl.
1):136-40.

Thl R, Bunevicius R, Frolich L, Winblad B, Schneider LS, Dubois B. World Federation

[2]
[3]

[4

=

[5

=

[6

[7

i}

[8]

70

[9

[}

[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Advances in Medical Sciences 64 (2019) 65-71

of societies of biological psychiatry guidelines for the pharmacological treatment of
dementias in primary care. Int J Psychiatry Clin Pract 2015;19(1):2-7.

Selkoe DJ. The molecular pathology of Alzheimer’s disease. Neuron
1991;6(4):487-98.

Piau A, Nourhashémi F, Hein C, Caillaud C, Vellas B. Progress in the development of
new drugs in Alzheimer’s disease. J Nutr Health Aging 2011;15(1):45-57.

Ryseck LP, Cohen JB. Cystatins: protease inhibitors, biomarkers, and im-
munomodulators. eBook Academic Collection (EBSCOhost) 2011;1-39:239-48.
Abrahamson M, Alvarez-Fernandez M, Nathanson CM. Cystatins. Biochem Soc
Symp 2003;70:179-99.

Kaur G, Levy E. Cystatin C in Alzheimer’s disease. Front Mol Neurosci
2012;5(79):1-11.

Merops the Peptidase Database. 2017. http://merops.sanger.ac.uk. (Accessed 17
October 2017).

Levy E, Sastre M, Kumar A, Gallo G, Piccardo P, Ghetti B, et al. Codeposition of
cystatin C with amyloid-beta protein in the brain of Alzheimer disease patients. J
Neuropathol Exp Neurol 2001;60(1):94-104.

Sastre M, Calero M, Pawlik M, Mathews PM, Kumar A, Danilov V, et al. Binding of
cystatin C to Alzheimer’s amyloid beta inhibits in vitro amyloid fibril formation.
Neurobiol Aging 2004;25(8):1033-43.

Selenica ML, Wang X, Ostergaard-Pedersen L, Westlind-Danielsson A, Grubb A.
Cystatin C reduces the in vitro formation of soluble Abetal-42 oligomers and pro-
tofibrils. Scand J Clin Lab Invest 2007;67(2):179-90.

Mi W, Pawlik M, Sastre M, Jung SS, Radvinsky DS, Klein AM, et al. Cystatin C
inhibits amyloid-beta deposition in Alzheimer’s disease mouse models. Nat Genet
2007;39(12):1440-2.

Tizon B, Ribe EM, Mi W, Troy CM, Levy E. Cystatin C protects neuronal cells from
amyloid-beta-induced toxicity. J Alzheimers Dis 2010;19(3):885-94.

Gauthier S, Kaur G, Mi W, Tizon B, Levy E. Protective mechanisms by cystatin C in
neurodegenerative diseases. Front Biosci (Schol Ed) 2011;1(3):541-54.

Anastasi A, Brown MA, Kembhavi AA, Nicklin MJH, Sayers CA, Sunter DC, Barrett
AJ. Cystatin, a protein inhibitor of cysteine proteinases. Improved purification from
egg white, characterization, and detection in chicken serum. Biochem J
1983;211(1):129-38.

Mussap M, Plebani M. Biochemistry and clinical role of human cystatin C. Crit Rev
Clin Lab Sci 2004;41(5-6):467-550. 2004.

Bode W, Engh R, Musil D, Thiele U, Huber R, Karshikov A, et al. The 2.0 A X-ray
crystal structure of chicken egg white cystatin and its possible mode of interaction
with cysteine proteinases. EMBO J 1988;7(8):2593-9.

Engh RA, Dieckmann T, Bode W, Auerswald EA, Turk V, Huber R, et al.
Conformational variability of chicken cystatin. Comparison of structures de-
termined by X-ray diffraction and NMR spectroscopy. J Mol Biol
1993;234(4):1060-9.

Konopska B, Gburek J, Gotab K, Warwas M. Influence of aminoglycoside antibiotics
on chicken cystatin binding to renal brush-border membranes. J Pharm Pharmacol
2013;65(7):988-94.

Barrett AJ, Salvesen G, editors. Proteinase inhibitors. Amsterdam: Elsevier; 1986. p.
515-69.

Stanczykiewicz B, Jakubik-Witkowska M, Polanowski A, Trziszka T, Rymaszewska
J. An animal model of the procognitive properties of cysteine protease inhibitor and
immunomodulatory peptides based on colostrum. Adv Clin Exp Med
2017;26(4):563-9.

Stanczykiewicz B, Rutkowska M, Lemieszewska M, Jakubik-Witkowska M, Gburek
J, Golab K, et al. Potential protective effect of ovocystatin on aging-related cogni-
tive impairment in rats. Post Hig Med Dosw 2017;71:1202-8.
Malicka-Blaszkiewicz M, Filipczak N, Gotab K, Juszczyniska K, Sebzda T, Gburek J.
Ovocystatin affects actin cytoskeleton organization and induces proapoptotic ac-
tivity. Acta Biochim Pol 2014;61(4):753-8.

Barrett AJ. A new assay of cathepsin B1 and other thiol proteinases. Anal Biochem
1972;47(1):280-93.

Tombaccini D, Mocali A, Weber E, Paoletti F. A cystatin-based affinity procedure for
the isolation and analysis of papain-like cysteine proteinases from tissue extracts.
Anal Biochem 2001;289(2):231-8.

Gotab K, Gburek J, Juszczynska K, Trziszka T, Polanowski A. Stabilization of
monomeric chicken egg white cystatin. Przem Chem 2012;91(5):741-4. [Article in
Polish].

Cegnar M, Kos J, Kristl J. Cystatin incorporated in poly(lactide-co-glycolide) na-
noparticles: development and fundamental studies on preservation of its activity.
Eur J Pharm Sci 2004;22(5):357-64.

Wang W. Lyophilization and development of solid protein pharmaceuticals. Int J
Pharm 2000;203(1-2):1-60. 2000.

Jankowsky JL, Slunt HH, Ratovitski T, Jenkins NA, Copeland NG, Borchelt DR. Co-
expression of multiple transgenes in mouse CNS: a comparison of strategies. Biomol
Eng 2001;17(6):157-65.

Jankowsky JL, Fadale DJ, Anderson J, Xu GM, Gonzales V, Jenkins NA, et al.
Mutant presenilins specifically elevate the levels of the 42 residue beta-amyloid
peptide in vivo: evidence for augmentation of a 42-specific gamma secretase. Hum
Mol Genet 2014;13(2):159-70.

Bromley-Brits K, Deng Y, Song W. Morris water maze test for learning and memory
deficits in Alzheimer’s disease model mice. J Vis Exp 2011;53. €2920-e2920.
Popik P, Bobula B, Janusz M, Lisowski J, Colostrinin Vetulani J. A polypeptide
isolated from early milk, facilitates learning and memory in rats. Pharmacol
Biochem Behav 1999;64(1):183-9.

Popik P, Galoch Z, Janusz M, Lisowski J, Vetulani J. Cognitive effects of Colostral-
Val nonapeptide in aged rats. Behav Brain Res 2001;118(2):201-8.

Hook VY, Kindy M, Hook G. Inhibitors of cathepsin B improve memory and reduce


http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0005
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0005
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0010
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0015
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0015
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0015
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0020
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0020
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0025
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0025
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0025
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0030
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0030
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0030
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0035
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0035
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0035
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0040
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0040
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0040
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0045
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0045
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0050
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0050
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0055
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0055
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0060
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0060
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0065
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0065
http://merops.sanger.ac.uk
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0075
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0075
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0075
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0080
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0080
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0080
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0085
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0085
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0085
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0090
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0090
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0090
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0095
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0095
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0100
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0100
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0105
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0105
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0105
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0105
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0110
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0110
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0115
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0115
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0115
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0120
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0120
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0120
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0120
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0125
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0125
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0125
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0130
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0130
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0135
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0135
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0135
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0135
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0140
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0140
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0140
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0145
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0145
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0145
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0150
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0150
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0155
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0155
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0155
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0160
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0160
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0160
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0165
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0165
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0165
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0170
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0170
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0175
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0175
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0175
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0180
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0180
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0180
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0180
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0185
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0185
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0190
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0190
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0190
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0195
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0195
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0200

B. Stariczykiewicz, et al.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

beta-amyloid in transgenic Alzheimer disease mice expressing the wild-type, but not
the Swedish mutant, beta-secretase site of the amyloid precursor protein. J Biol
Chem 2008;283(12):7745-53.

Levy E. Cystatin C: a potential target for Alzheimer’s treatment. Expert Rev
Neurother 2008;8(5):687-9.

Steinhoff T, Moritz E, Wollmer MA, Mohajeri MH, Kins S, Nitsch RM. Increased
cystatin C in astrocytes of transgenic mice expressing the K670N-M671L mutation
of the amyloid precursor protein and deposition in brain amyloid plaques.
Neurobiol Dis 2001;8(4):647-54.

Kaeser SA, Herzig MC, Coomaraswamy J, Kilger E, Selenica ML, Winkler DT, et al.
Cystatin C modulates cerebral beta-amyloidosis. Nat Genet 2007;39(12):1437-9.
Ghidoni R, Benussi L, Paterlini A, Missale C, Usardi A, Rossi R, et al. Presenilin 2
mutations alter cystatin C trafficking in mouse primary neurons. Neurobiol Aging
2007;28(3):371-6.

Sun B, Zhou Y, Halabisky B, Lo I, Cho SH, Mueller-Steiner S, et al. Cystatin C-
cathepsin B axis regulates amyloid beta levels and associated neuronal deficits in an
animal model of Alzheimer’s disease. Neuron 2008;60(2):247-57.

Mathews PM, Levy E. Cystatin C in aging and in Alzheimer’s disease. Ageing Res
Rev 2016;32:38-50.

Taupin P, Ray J, Fischer WH, Suhr ST, Hakansson K, Grubb A, et al. FGF-2-re-
sponsive neural stem cell proliferation requires CCg, a novel autocrine/paracrine
cofactor. Neuron 2000;28(2):385-97.

Hu Y, Hung AC, Cui H, Dawkins E, Bolés M, Foa L, et al. Role of cystatin C in
amyloid precursor protein-induced proliferation of neural stem/progenitor cells. J
Biol Chem 2013;288(26):18853-62.

Tizon B, Sahoo S, Yu H, Gauthier S, Kumar AR, Mohan P, et al. Induction of au-
tophagy by cystatin C: a mechanism that protects murine primary cortical neurons
and neuronal cell lines. PLoS One 2010;5(3):e9819.

Watanabe S, Hayakawa T, Wakasugi K, Yamanaka K. Cystatin C protects neuronal
cells against mutant copper-zinc superoxide dismutase-mediated toxicity. Cell
Death Dis 2014;5(10):e1497.

Sundelsf J, Arnlov J, Ingelsson E, Sundstrém J, Basu S, Zethelius B, et al. Serum
cystatin C and the risk of Alzheimer disease in elderly men. Neurology
2008;71(14):1072-9.

Ghidoni R, Benussi L, Glionna M, Desenzani S, Albertini V, Levy E, et al. Plasma
cystatin C and risk of developing Alzheimer’s disease in subjects with mild cognitive
impairment. J Alzheimers Dis 2010;22(3):985-91.

71

[53]

[54]

[55]

[56]

[57]
[58]
[59]
[60]
[61]

[62]

[63]
[64]
[65]

[66]

[67]

Advances in Medical Sciences 64 (2019) 65-71

Nagai A, Ryu JK, Terashima M, Tanigawa Y, Wakabayashi K, McLarnon JG, et al.
Neuronal cell death induced by cystatin C in vivo and in cultured human CNS
neurons is inhibited with cathepsin B. Brain Res 2005;1066(1-2):120-8.

Liu Y, Li J, Wang Z, Yu Z, Chen G. Attenuation of early brain injury and learning
deficits following experimental subarachnoid hemorrhage secondary to cystatin C:
possible involvement of the autophagy pathway. Mol Neurobiol
2014;49(2):1043-54.

Cloutier M, Gingras D, Bendayan M. Internalization and transcytosis of pancreatic
enzymes by the intestinal mucosa. J Histochem Cytochem 2006;54:781-94.
Lukaszyk A, Rafiriska L, Jaroszewski J, Klein P, Stolzmann W, Piescikowska I, et al.
Immunocytochemical observations on the organ distribution of exogenous mono-
meric and dimerized lysozyme. Folia Histochem Cytobiol 2001;39(4):321-4.
Vlassara H, Striker G. Glycotoxins in the diet promote diabetes and diabetic com-
plications. Curr Diab Rep 2007;7:235-41.

Miner-Williams WM, Stevens BR, Moughan PJ. Are intact peptides absorbed from
the healthy gut in the adult human? Nutr Res Rev 2014;27(02):308-29.

Nishiura T, Ishibashi K, Abe K. Translocation of orally administered rat salivary
cystatin into serum and kidney. Arch Oral Biol 1995;40(4):285-91.

Freskgard PO, Urich E. Antibody therapies in CNS diseases. Neuropharmacology
2017;120:38-55.

Reiber H. Dynamics of brain-derived proteins in cerebrospinal fluid. Clin Chim Acta
2001;310(2):173-86.

Zheng X, Zhang X, Kang A, Ran C, Wang G, Hao H. Thinking outside the brain for
cognitive improvement: is peripheral immunomodulation on the way?
Neuropharmacology 2015;96:94-104.

Friedland RP. Mechanisms of molecular mimicry involving the microbiota in neu-
rodegeneration. J Alzheimers Dis 2015;45(2):349-62.

Zavasnik-Bergant T. Cystatin protease inhibitors and immune functions. Front
Biosci 2008;13:4625-37.

Ochieng J, Chaudhuri G. Cystatin superfamily. J Health Care Poor Underserved
2010;21(1):51-70.

Quan L, Cao Q, Li Z, Li N, Li K, Liu F. Highly efficient and low-cost purification of
lysozyme: a novel tris(hydroxymethyl)aminomethane immobilized affinity column.
J Chromatogr B Analyt Technol Biomed Life Sci 2009;877(7):594-8.

Sosnowska A, Trziszka T, Polanowski A, Bubel F. Bioactive substances of hen eggs:
the biomedical importance and technological possibility for production in an in-
dustrial scale. Przem Chem 2011;90(5):174-9. [Article in Polish].


http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0200
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0200
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0200
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0205
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0205
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0210
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0210
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0210
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0210
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0215
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0215
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0220
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0220
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0220
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0225
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0225
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0225
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0230
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0230
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0235
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0235
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0235
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0240
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0240
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0240
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0245
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0245
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0245
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0250
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0250
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0250
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0255
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0255
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0255
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0260
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0260
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0260
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0265
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0265
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0265
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0270
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0270
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0270
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0270
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0275
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0275
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0280
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0280
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0280
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0285
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0285
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0290
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0290
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0295
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0295
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0300
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0300
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0305
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0305
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0310
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0310
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0310
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0315
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0315
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0320
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0320
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0325
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0325
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0330
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0330
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0330
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0335
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0335
http://refhub.elsevier.com/S1896-1126(18)30307-9/sbref0335

	Beneficial effect of ovocystatin on the cognitive decline in APP/PS1 transgenic mice
	Introduction
	Materials and methods
	Reagents and administration
	Animals and experimental design
	Locomotor activity recording
	Morris water maze &#x02013; spatial learning test
	Statistical analysis
	Ethical issues

	Results
	Body weight
	Locomotor activity
	Morris water maze &#x02013; spatial learning test
	Acquisition training
	Probe trial session


	Discussion
	Conclusions
	Conflict of interests
	Financial disclosure
	The authors contribution
	References




