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1 | INTRODUCTION

Summary

Aims: The main purpose was to verify the potent capacity of Neurotropin® against
neuronal damage in hippocampus and to explore its underlying mechanisms.
Methods: HT22 cells were treated with 40 pmol/L AB, 5 in the presence of various
concentrations of Neurotropin® or in its absence. The cell viability was assessed with
a CCK-8 assay, and flow cytometry was used to measure cell apoptosis, intracellular
ROS levels, and mitochondrial membrane potential. Ap plagues were examined by
Bielschowsky silver staining, and the activities of antioxidants were detected in hip-
pocampus of APP/PS1 mice after Neurotropin® treatment. The expression of pro-
teins, including HIF-1«, Bcl-2, Bax, and MAPKSs signaling molecules was evaluated by
Western blot.

Results: Neurotropin® significantly reversed the cell injury induced by A, .. through
increasing cell viability and mitochondrial membrane potential, decreasing intracellular
ROS and cell apoptosis of HT22 cells (P<.05). Furthermore, Neurotropin® markedly
reduced the formation of AB plaques and upregulated the activities of antioxidants
(P<.05). Additionally, the protein expression of HIF-1a, p-ERK1/2, p-JNK, and p-P38
was significantly inhibited in hippocampus of APP/PS1 mice.

Conclusions: Neurotropin® exhibited a potent neuroprotective effect on inhibiting
Ap-induced oxidative damage and alleviating Ap deposition in hippocampus via modu-
lation of HIF-1a/MAPK signaling pathway.

KEYWORDS
Alzheimer’s disease, HIF-1a/MAPK signaling, neuroprotective effect, neurotropin®

In China, the number is expected to rise over 16 million by 2030.!

Clearly, the prevalence of dementia results in huge impacts on peo-

According to the 2016 World Alzheimer Report, the global population
is aging at a rapid pace due to rising life expectancy. It is reported that
there are 47 million people living with dementia worldwide, and the

number is projected to increase over more than 131 million by 2050.

The first two authors contributed equally to this work.

ple’s life quality and economy.

Alzheimer's disease (AD) is the most common progressive demen-
tia among the elderly. Up to date, there are no effective antidementia
drugs available for the management of AD due to its complex mecha-
nisms. What's more, it is known that it will require enormous research

costs and efforts for the discovery, development, and clinical trials for
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a new antidementia drug. For example, the search for Alzheimer’s drug
solanezumab ended in failure after spending millions on late-stage tri-
als recently. Therefore, it is pretty necessary to reassess a promising
current drug to halt the progressive cognitive dysfunctions with an
established safety profile for AD.

Neurotropin® (NTP), a nonprotein extract from inflamed rabbit
skin inoculated with vaccinia virus, is a well-known analgesic drug
for treatment of chronic pain, such as low back pain, postherpetic
neuralgia, neck-shoulder-arm syndrome, hyperesthesia of subacute
myelo-optic neuropathy (SMON), and ﬁbromya\lgia.2'5 Recently, it is
reported that NTP-stimulated BDNF expression in SH-SY5Y cells, and
repeated oral administration of NTP (200 NU/kg/d for 3 months) in-
hibited the decline of hippocampal BDNF expression, accompanied by
improvement in spatial cognition of Ts65Dn mice, a model of Down
syndrome.6 Furthermore, Nakajo et al.” demonstrated that chronic
NTP treatment reduced the volumes of infracted lesions, brain edema,
and the extent of the neurological deficits, and also enhanced spa-
tial learning of C57BL/6J mice. A pilot study for clinical applications
of NTP had shown that NTP was capable of improving clinical symp-
toms of senile patients with dementia.? Besides, it is found by Hoshino
etal.’” that NTP demonstrated cytoprotective effects against hydro-
gen peroxide and cigarette smoke through elevating the expression
of redox-regulating molecules, glutathione peroxidase, and catalase
and, especially, thioredoxin-1. NTP also increased the cellular thiore-
doxin-1 content and regulated thioredoxin-1 release from cells, sup-
pressing intracellular oxidative activity. Nevertheless, the potential
antioxidative effect of NTP against neuronal damage remains to be
determined. Besides, oxidative stress plays a crucial role in the patho-
genetic mechanism for AD. Thus, we investigated the antioxidative ca-
pabilities of NTP on HT22 cells and APP/PS1 mice to obtain evidence
for the administration of NTP for the treatment of AD.

In this study, we used immortalized murine hippocampal neurons
(HT22 cells) as a cell model to explore whether NTP had potential ca-
pability to alleviate Ap,; ;5-induced neuronal damage. As reported,
AB,s_ 55 is the shortest active fragment with similar neurotoxicity effect
to a full-length AB.'® In addition, Ap,s 5 can be easily synthesized and
has been widely used in scientific researches.'*™*® Thus, we choose
this fragment in our research. In vivo, we examined the alterations
of the activities of antioxidants and Af deposition in hippocampus of
APP/PS1 mice after administration of NTP and further investigated
the potential underlying mechanisms.

2 | MATERIALS AND METHODS

2.1 | Materials

Neurotropin® was provided from Nippon Zoki Pharmaceutical Co.Ltd.
(Osaka, Japan). Ap,; ;5 was synthesized by Shanghai Sangon Biological
Engineering Technology & Services Co. (Shanghai, China). Fetal bovine
serum (FBS), medium (DMEM), neurobasal medium, and N2 supple-
ment were obtained from Gibco (New York, NY, USA). A cell counting
kit-8 (CCK-8) was acquired from Dojin Kagaku (Kumamoto, Kyushu,
Japan). Apoptosis detection kit was purchased from eBioscience (San

Diego, CA, USA). A ROS detection kit and mitochondrial membrane
potential assay kit with JC-1 were purchased from the Beyotime
Institute of Biotechnology (Shanghai, China). Hoechst 33342 and pro-
pidium iodide (P1) were procured from Invitrogen/Life Technologies
(Carlsbad, CA, USA). SOD, GSH, MDA, and CAT kits were supplied by
Jiancheng Bioengineering Institute (Nanjing, China).The following pri-
mary antibodies against p-ERK1/2, p-P38, p-JNK, ERK1/2, P38, JNK,
Bcl-2, Bax, and secondary antibody horseradish peroxidase (HRP)-
conjugated goat antirabbit IgG were obtained from Cell Signaling
Technology (Danvers, MA, USA). The primary antibody against HIF-1a
was obtained from Abcam (Cambridge, MA, USA), and the primary an-
tibody against A, ,, was purchased from Sigma-Aldrich (St. Louis,
MO, USA). The chemiluminescent horseradish peroxidase substrate
was purchased from Millipore (Billerica, MA, USA). All other routine
experimental supplies and reagents were acquired from Thermo

Fisher, Invitrogen, and MR Biotech.

2.2 | Cell culture, differentiation, Af,. ..
preparation, and treatment

The methods used for the culture and differentiation of HT22 cells
have been previously described in detail.'*!° Briefly, HT22 cells were
cultured in DMEM media supplemented with 10% FBS, 100 U/mL
penicillin, and 100 pg/mL streptomycin, and differentiated in neu-
robasal medium with N2 supplement for 24 hours before treatment.
AP, 45 was diluted in sterile saline at a concentration of 0.5 mmol/L
and was maintained at 37°C for 7 days to preage the peptide.
According to our previous study,13 the viabilities of HT22 cells could
significantly decrease when the cells were exposed to 40 pmol/L
AB,s_55 for 24 hours. Thus, we selected 40 pmol/L as the optimal con-
centration of Ap,s 55 for our subsequent research. HT22 cells were
preconditioned with specified doses of NTP for 16 hours and subse-

quently treated with or without 40 pmol/L A, .. for 24 hours.

2.3 | Cytotoxicity assays

A CCK-8 assay was applied to assess the viabilities of HT22 cells.
Briefly, following different treatment interventions, 10 uL/well of
CCK-8 reagent was added to the cells, after which HT22 cells were
incubated for 1.5 hours at 37°C and 5% CO, in dark conditions.
Absorbance of the samples was detected at 450 nm with a multifunc-
tional microplate reader (SpectraMax M5, Sunnyvale, CA, USA).

2.4 | Apoptosis assay by flow cytometry (FCM)

Apoptotic cell death of HT22 cells was measured by flow cytometric
analysis with annexin V-FITC and Pl apoptosis detection kit as detailed
previously.® Briefly, HT22 cells were washed twice using phosphate-
buffered saline (PBS) and incubated with annexin V-FITC and PI in
binding buffer after 24-hour exposure to AB,s 55 in the presence or
absence of NTP. The cell suspension was applied for flow cytometric
analysis with a flow cytometer (FACSCalibur; BD, Franklin Lakes, NJ,
USA). Ten thousand cells per sample were measured. In parallel with
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the flow cytometric analysis, Hoechst 33342 and PI staining were per-
formed for morphological assessment. The HT22 cells were fixed with
4% paraformaldehyde for 10 minutes. After three rinses with PBS, the
cells were stained with 5 mg/L Hoechst 33342 and 1 mg/L PI. Cells
were observed under a fluorescent microscope (BX51WI, Olympus,
Tokyo, Japan).

2.5 | Measurement of intracellular ROS generation

Intracellular ROS were measured by an oxidation-sensitive fluo-
rescent probe (DCFH-DA) as reported previously.'® In brief, HT22
cells were pretreated with NTP for 16 hours and then exposed to
40 pmol/L A, 55 for 24 hours. After treatment, cells were collected
by pipetting, washed twice with PBS, and incubated with 10 umol/L
DCFH-DA at 37°C for 20 minutes. Ten thousand cells per sample
were detected using a FACSCalibur flow cytometer. The geomean
fluorescence intensity in positive cells represents the level of ROS. In
addition, the DCF fluorescence intensity was also observed under a

fluorescent microscope.

2.6 | Estimation of the mitochondrial membrane
potential (MMP, A¥m,)

MMP was estimated using a mitochondrial membrane potential
assay kit with JC-1 according to the manufacturer’s instructions.
After treated, cells were washed twice with PBS and then stained
with 5 uL/mL JC-1 for 20 minutes at 37°C. After two rinses with
JC-1 staining buffer, the cell suspension was collected, and MMP
was monitored using a flow cytometer. Approximately 10 000 events
from each sample were used for flow cytometric analysis.

2.7 | Animals and drug administration

Six-month-old male APP/PS1 transgenic mice were obtained from
Jackson Laboratory (Bar Harbor, ME, USA) and were maintained with
free access to food and water. All mice used in this study were han-
dled according to the protocols approved by the Institutional Animal
Care and Use Committee of Sun Yat-sen University. The subjects in
this study consisted of six-month-old APP/PS1 transgenic mice (TG,
n=16) and wild-type littermates (WT, n=8). Animals were randomly
assigned into three groups: NTP-treated (TG+NTP), control (TG) APP/
PS1 transgenic mice, and control wild-type (WT) mice. Treated mice
received daily administration of NTP (200 NU/kg/d) for 3 months by
oral gavage delivery. The remaining mice were treated with saline
(0.9% NaCl) as placebo control.

2.8 | Measurements of SOD, MDA, GSH, and CAT

The activities of superoxide dismutase (SOD), glutathione (GSH), and
catalase (CAT), as well as the contents of malondialdehyde (MDA)
were determined using the commercial kits according to the manufac-
turer’s instructions. The tissues of hippocampus were homogenized
by sonication in cold 0.9% NaCl (9 mL), centrifuged at 4000 g for

10 minutes at 4°C, and the supernatants were collected and stored at
80°C for the subsequent analysis. Protein concentration in the super-

natant was assessed using micro BCA protein assay kit.

2.9 | Bielschowsky silver staining and
immunohistochemistry

Bielschowsky silver staining was performed on fixed sections using
the previously published method.'”*® For immunohistochemical stain-
ing, the mice brain sections were stained with DAB kit according to
the instructions of the manufacturer for peroxidase labeling. Images
were acquired from a fluorescent microscope. The primary antibody
used in immunohistochemical staining was mouse anti-HIF-1a (1:800;
Abcam, MA, USA). The surface area of the senile plaques and HIF-1a
positive cells were measured and compared as percentage of the hip-

pocampus with Image J software (NIH, Bethesda, MD, USA).

2.10 | Western blot analysis

After treatment, HT22 cells were lysed with an appropriate amount
of boiling, denaturing lysate buffer (1% SDS, 1 mmol/L sodium ortho-
vanadate, 10 mmol/L Tris-Cl, pH 7.4) supplemented with a protease
inhibitor cocktai. Sample proteins of mouse hippocampus were ex-
tracted in rapid immunoprecipitation assay buffer (50 mmol/L Tris [pH
7.4], 150 mmol/L NaCl, 1% Triton X-100, 1% sodium deoxycholate,
0.1% sodium dodecyl sulfate [SDS]). Western blotting and semiquan-
titative analyses were performed by previously described proce-
dures.*> Primary antibodies and dilution rates used were listed as
follow: HIF-1a, 1:2000; Bcl-2, 1:1000; Bax, 1:1000; A, _,,, 1:1000; p-
JNK, 1:500; p-P38, 1:500; p-ERK1/2, 1:500; JNK, 1:1000; P38, 1:500;
ERK1/2, 1:2000; and B-actin,1:1000.

2.11 | Statistical analysis

All data were expressed as mean+SE, and all statistical analyses were
carried out using the SPSS 16.0 software (SPSS Inc., Chicago, IL,
USA). One-way analysis of variance (ANOVA) with post hoc tests was
used between groups, and differences between groups were com-
pared using Student’s t test. Differences were considered statistically
significant at P<.05.

3 | RESULTS

3.1 | Invitro neuroprotection by neurotropin®

As shownin Figure 1, pretreatment with NTP at various concentrations
from 0.001 to 0.1 UN/mL suppressed cytotoxicity induced by AB,;.
35 (P<.05). Flow cytometric analysis of cell apoptosis demonstrated
that the administration of NTP from 0.001 to 0.1 UN/mL could sig-
nificantly inhibit cell apoptosis caused by Ap, .. (P<.05; Figure 2A-F).
A similar effect was observed by fluorescent microscopy in Hoechst
33342 and PI staining (Figure 2G-K). We next explored whether NTP
alleviated ROS levels. NTP treatment decreased the geomean DCF
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FIGURE 1 Neurotropin® (NTP) inhibited Ap,._,.-induced
decrease in cell viability. HT22 cells were coincubated with 40 pmol/L
AB,s_55 for 24 h after pretreatment with various concentrations of
NTP for 16 h, following the evaluation of cell viability with CCK8
assays. Data were represented as relative percentage to the control
group and shown as mean=SE (n=6). #P<.01 versus control, *P<.05
and **P<.01 versus AP, 5. group

fluorescence, and the effect was markedly significant at the concen-
trations of 0.001 and 0.01 UN/mL, but no significant differences of
ROS generation were observed at the dose of 0.1 UN/mL, suggesting
that high concentration of NTP may have no effect on suppressing
intracellular ROS generation (Figure 3A-F). The observation of ROS
level by fluorescent microscopy was consistent with the results ob-
tained from flow cytometry (Figure 3G-K). Moreover, JC-1 staining
revealed that mitochondrial membrane potential was attenuated by
0.01 NU/mL NTP compared to the AB, 55 group (Figure 4A-D).

3.2 | Invitro neurotropin® regulation of HIF-1a and
apoptosis-related molecules

To further explore the mechanism of the neuroprotective capacity of
NTP against AB,s 55 in HT22 cells, we then measured the protein ex-
pression of HIF-1a, Bcl-2, and Bax. As shown in Figure 4E, Western
blot analysis revealed that NTP significantly enhanced the expression
of Bcl-2. In contrast to Bcl-2 induction, NTP suppressed the expres-
sion of HIF-1« and Bax (P<.01).

3.3 | Invivo antioxidative effect by neurotropin®

Oxidative stress markers were assessed in the hippocampus of APP/
PS1 mice treated with NTP. Compared with the control APP/PS1
mice group, the administration of NTP increased levels of superox-
ide dismutase (SOD), catalase (CAT), glutathione (GSH) (P<.01, P<.05,
P<.05, respectively), and decreased Malondialdehyde (MDA) content
in hippocampus of NTP-treated APP/PS1 mice (P<.01; Figure 5), sug-
gesting that NTP exhibited a capability of regulating the balance of
antioxidant system.
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3.4 | Invivo neurotropin® inhibition of ap deposition
in hippocampus

To investigate the potential effect of NTP treatment on Af depo-
sition in hippocampus of APP/PS1 mice, the coronal sections of
hippocampus of control wide-type mice, control, and NTP-treated
APP/PS1 mice were determined using Bielschowsky silver stain-
ing, and hippocampal tissues were collected for the measure-
ment of AP protein level. Quantification analysis showed that
the surface area of AP plaque deposits decreased significantly
in the NTP-treated group compared to the APP/PS1 mice group
(Figure 6A; P<.01). In accordance with this result, we observed a
reduced level of AB, ,, protein in hippocampus of NTP-treated
group (Figure 6C).

3.5 | Invivo suppression of HIF-1a and MAPK family
activation by neurotropin®

To further investigate the underlying mechanisms of the neuropro-
tective effects of NTP, we first detected the expression of HIF-1a in
hippocampus by immunohistochemistry and Western blot. Results
showed that HIF-1a expression was inhibited in NTP-treated mice
(Figure 6B; P<.05). As shown in Figure 6C, we also examined the ac-
tivation of mitogen-activated protein kinase (MAPK) pathways using
Western blot analysis. Compared to the wide-type group, we found
that the phosphorylation of ERK1/2, JNK, and P38 was promoted in
APP/PS1 mice. However, NTP treatment markedly decreased the ex-
pression of p-ERK1/2, p-JNK, and p-P38 (P<.01).

4 | DISCUSSION

Neurotropin® is an analgesic drug clinically applied for the treatment
of several series of chronic pain. Recently, NTP had been reported to
facilitate the improvement in spatial cognition of Ts65Dn mice and
protect the brain from ischemic injuries, along with properties that
improve spatial learning in C57BL/6J mice.®” As NTP is a mixture of
nonprotein molecules originating from inflamed rabbit tissue, it is sup-
posed that it may contain antioxidative molecules for modulation of
oxidative responses. Moreover, Hoshino et al. demonstrated that NTP
enhanced lung thioredoxin (TRX) expression and reduced intracellular
oxidative activity in lungs of mice.” Therefore, we investigated the po-
tential neuroprotective effects of NTP as a radical scavenger against
neuronal damage in HT22 cells and APP/PS1 mice and explored the
potential underlying mechanisms.

Central nervous system is particularly vulnerable to oxidative
damage known as oxidative stress due to the relatively high oxygen
consumption, metal cations, and lipid concentrations, but low levels
of cellular antioxidants.?° Growing evidence indicated that in the pro-
cess of aging and neurodegenerative diseases, abnormal antioxidant
defense mechanisms increased oxidative damage to the brain.?! It is
reported that ROS were capable to modify crucial molecules involved

in neurodegenerative diseases.??
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0.01, 0.1 UN/mL) for 16 h. Cell apoptosis was assessed by flow cytometry. (F) Statistical results of cell apoptotic rates. (G-K) HT22 cells were
stained with Hoechst 33342 and propidium iodide (Pl) and observed under a fluoroscent microscope after treatment. As demonstrated in the
pictures, AB, 55 induced apoptosis was characterized by condensed, intensely fluorescent nuclei. Neurotropin® markedly reduced the number
of apoptotic cells. Values were represented as relative percentage to the control group and shown as mean+SE (n=6). #p<.01 versus control,

*P<.05 and **P<.01 versus A, _,. group



FANG ET AL | 433
CNS Neuroscience & l'horapcu[ics*Wl LEY
(A) (B) ©)
250
200 4 P2 150 P2 0 4 B2
£ 150 = Ef
3 3 100 3
O 100 b o . O O 100
50 L 20 50
g . e ) O v 0 < e S
10! 10 10° 104 10° 10! 102 10? 109 105 10! 102 103 104 10%
FITC-A FITC-A FITC-A
(D) (E) (F)  Bew
@
250 | @
P2 150 P2 5
200 g a0
= € &
5 150 | 5 100 o
3 \ 2 =
“ 100 | 9 S 200
o c
50 2 g
- o et
0 VO —— . . — 0 - ] Control | 0001 001 0.1
10! 10 10* 10 10° 101 102 10? 104 108 T
FITC-A FITC-A 40 pmolil AR 55 35

FIGURE 3 Neurotropin® (NTP) ameliorated AB,s.55-induced intracellular ROS level. (A) Control group. (B) HT22 cells were treated with

40 pmol/L AB,s_55 for 24 h. (C-E) HT22 cells were coincubated with 40 pmol/L AB,s_55 for 24 h after pretreatment with various concentrations
of NTP (0.001, 0.01, 0.1 UN/mL) for 16 h. Cells were stained with H2DCFDA for 20 min, and cellular green fluorescence was measured using a
flow cytometer. (F) Statistical results of DCF fluorescence intensity. (G-K) HT22 cells were stained with H2DCFDA for 20 min, and cellular green
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In healthy cells, ROS are byproducts of oxidative phosphoryla-
tion in the mitochondria’s electron transport chain, and there are
several endogenous antioxidant molecules existing for the modula-
tion of oxidative balance, including SOD, CAT, and GSH. These anti-
oxidants can coordinate to facilitate the dismutation of superoxide
into oxygen and water to effectively mitigate ROS damage.?®?°
However, when ROS levels break the protection of endogenous
antioxidants or antioxidants are oxidized by ROS in persistence,
homeostasis becomes hard to maintain, which can promote mito-
chondrial membrane permeability, activate cell death signals and

other disorders in cells.?® In AD, one possible vehicle for Ap plaque

formation is ROS production, due to either mitochondrial dysfunc-
tion, age, or both.?” Reduced antioxidant activity is a hallmark of
AD, and it is found that the activities of antioxidants were markedly
reduced in AD brains, which could even result in the formation of
AB plaques.?®??

Accumulating evidence indicates that hypoxia inducible factor-1a
(HIF-1a) is essential for cellular oxygen balance. Under physiological
conditions, HIF-1a levels are low but increase dramatically under hy-
poxia. It has been found that an upregulation of HIF-1a enhanced ex-
pression of BACE1, while the HIF-1a knock-out mouse demonstrated
a downregulation in BACE1 expression in hippocampus.®° Recently,
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another investigation reported that high glucose-induced oxidative between HIF-1la and AB formation under oxidative conditions.®*
stress condition stimulated Af production in ZDF rats through HIF- However, whether NTP plays an important role in the regulation of

la-dependent direct expression of BACE1, indicating a close link HIF-1« requires further investigation.
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FIGURE 6 Neurotropin® (NTP) suppressed AB deposition and activation of HIF-1a/MAPK pathway. (A) Ap plaques were detected by
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Our results from in vitro experimentation provided direct evi-
dence of NTP protection against AB,; ,.-induced oxidative damage
and cell death. ROS levels and HIF-1a were significantly decreased
in HT22 cells. Simultaneously, mitochondrial membrane potential was
increased. In fact, mitochondrial function had been recognized as a
pivotal role in AD pathogenesis. Mitochondria accumulate membrane
damage could assist increased ROS production in cells and in an AD
mouse model. Mitochondrial dysfunction was found to begin as early
as 3 months.®? In particular, chen et al. demonstrated that mitochon-

drial injury induced by oxidative and nitrative stress could trigger the

caspase cascades via the release of cytochrome c, leading to cell apop-
tosis in hippocampus.®3*

The findings from in vivo study showed us that NTP exerted a pro-
tective effect on enhancing the activities of antioxidants and reducing
the formation of AB deposition. For further study of the mechanism
of NTP, we investigated the expression of HIF-1a and stress-related
mitogen-activated protein kinase (MAPK) signals. The MAPKs, a fam-
ily of serine/threonine protein kinases, are key signaling pathways in
modulation of cell growth, differentiation, and cell death.®’ Ap-induced

oxidative stress could alter these cellular signaling pathways and
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induce phosphorylation responses in cells. An upregulation of activa-
tion of JNK and P38 had been implicated in AD brains, and the MAPK
signaling pathways could be activated in response to Ap accumula-
tion.%® Guo et al. observed that MAPKs signals could be activated by
anisomycin and induce intracellular Ap production in neuroblastoma
cells.®” Therefore, the dysregulation of MAPK cascades further sup-
ports the pathological association between Af and oxidative stress in
AD. In this present study, we found an increased activation of ERK1/2,
JNK, and P38 in APP/PS1 mice. However, activation of the MAPKs
was reduced in NTP-treated APP/PS1 mice, indicating that the phos-
phorylation responses could be suppressed by NTP.

Taken together, our results demonstrated that Ap,; 55 could induce
hippocampal neuronal injury including the upregulation of ROS levels,
the downregulation of mitochondrial membrane potential, and the pro-
motion of cell apoptosis. In contrast, NTP treatment could reverse the
damage mediated by AB,; 5= in HT22 cells. Furthermore, NTP could ame-
liorate the deposition of Ap plaques in hippocampus of APP/PS1 mice and
modify the activities of antioxidants. The neuroprotective capability of
NTP is likely to be associated with the suppression of HIF-1a and MAPK
signaling pathways. In brief, NTP may act as a radical scavenger to be ap-
plied for the prevention and treatment of AD in the future. However, the
optimal concentration of NTP is crucial for therapeutic use, and further
investigation is warranted for the determination of appropriate dose.
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