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Abstract: Alzheimer’s disease (AD) is a devastating neurodegenerative disease with limited treatments and no cure. 
Neurotropin (NTP) is an analgesic drug widely prescribed for neuropathic pain. Increasing evidence suggests that 
NTP may also protect against neurodegeneration, but NTP’s treatment potential against memory impairments of AD 
remains to be explored. APP/PS1 mice, which model AD, were given NTP for three months then cognitively tested 
with the Morris water maze. Their Aβ burden, microglial and astrocytic activation, and BDNF levels were compared 
to untreated controls using immunofluorescent staining. Expression of pro-inflammatory cytokines (IL-1β, IL-6 and 
TNF-α) and NF-κB pathway related proteins (p65 and IκB-α) were examined by ELISA or Western blots in vivo and in 
vitro in the microglia cell line. Lastly, BV-2 cells were pre-treated with the selective BDNF inhibitor ANA-12 and with 
NTP to examine mechanistic pathways. Taken together, NTP treatment reduced cognitive impairment, Aβ deposits, 
and glial activation in cortex and hippocampus APP/PS1 mice. IL-1β, IL-6 and TNF-α also decreased after NTP treat-
ment in vivo and in vitro, and BDNF levels rose. Also, NTP reduced p65 and IκB-α activation and the effect of NTP on 
pro-inflammatory cytokines and NF-κB pathway related proteins was abolished by BDNF inhibitor. Our results indi-
cate that NTP reduces neuroinflammation and improves the cognitive deficits in APP/PS1 mice possibly via BDNF/
NF-κB pathway. NTP may be a new promising drug candidate for patients with AD.
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Introduction

Alzheimer’s disease (AD) is the most preval- 
ent cause of dementia, which affects 1 in 10 
people over 65 years of age [1, 2]. AD charac-
teristically causes extracellular accumulation 
of amyloid β (Aβ) [3], which forms plaques. 
There is convincing evidence that Aβ binds to 
inflammatory receptors (such as TNFR1 and 
IL-1R) and activates inflammation during AD. 

Immune-related receptors play an important 
role on learning and memory formation and 
excessive neuroinflammation can result in 
direct cognition impairment [4]. Importantly, 
synaptic pruning can be regulated by inflamma-
tory signals [5] and chronic neuroinflammation 
can lead to synaptic-associated proteins loss. 
Also, it was reported that microglia caused  
synaptic pruning dysfunction and synaptic loss 
[6, 7].
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As projected lifespans increase worldwide, tre- 
ating AD has become an urgent international 
health priority [8]. The two main AD drugs cur-
rently available are donepezil, a cholinesterase 
inhibitor that increases synaptic acetylcholine 
(Ach) to enhance cognition in mild AD, and 
memantine, an N-methyl-D-aspartate receptor 
(NMDAR) antagonist that reduces excitotoxic 
neuroinflammation in severe AD. Neither drug 
stops the progressive cognitive decline, and 
since 2003 no new drugs have been approved 
by the Food and Drug Administration (FDA) [9].

Neurotropin (NTP) is a well-known analgesic 
derived from inflamed rabbit skin inoculated 
with vaccinia virus [10]. For the past 50 years, 
NTP has been prescribed for neuropathic pain, 
and its safety is well-established [11-13]. More 
recent animal experiments suggest it may have 
significant neuroprotective effects as well. 
Three months of NTP treatment rescued the 
spatial cognitive impairment of Ts65Dn mice, a 
Downs Syndrome model with triplication of 
65% of human trisomy-21 genes [14]. NTP tre- 
atment also reduced the volume of infarcted 
lesions, brain edema, and the resulting neuro-
logical deficits, and enhanced spatial learning 
in C57BL/6J mice [15]. Our recent work showed 
that NTP could alleviate oxidative stress in APP/
PS1 mice, an AD model, and inhibits neuroin-
flammation in BV-2 cells [10, 16]. However, 
NTP’s treatment potential in memory impair-
ment and neuroinflammation during AD has not 
yet been evaluated.

BDNF plays a pivotal role in modulation of syn-
aptic plasticity, neuronal maintenance, cell sur-
vival, neurotransmitter and neurogenesis, and 
thus in the maintenance of learning and memo-
ry [17]. Patients with Alzheimer’s disease often 
have reduced BDNF concentration in their 
blood and cerebrospinal fluid [18]. Evidence 
showed that the analgesic effect of NTP proba-
bly involved the descending pain inhibitory sys-
tem via the induction of BDNF [11]. Also, grow- 
ing evidence has shown that BDNF has mo- 
dulatory functions on neuroinflammation [17]. 
NF-κB is a ubiquitous transcriptional factor and 
it can modulate the expression of inflammatory 
molecules by translocating into the nucleus 
and triggering transcription of target genes 
[19]. There is evidence that responsive sites for 
immune-related transcriptional factors includ-
ing NF-κB are in the regulatory promoter region 

of the genes controlling the expression of APP 
[20]. In a mice experiment, genetic knockout  
of the TNF receptor reduces β-secretase 1 
(BACE1) expression which is mediated by NF- 
κB. Interestingly, this process is also associat-
ed with reduced Aβ and enhanced cognitive 
function [21].

This study evaluates NTP’s effects on cognitive 
dysfunction and neuroinflammation in an AD 
transgenic mouse model, and examines molec-
ular mechanisms involved.

Materials and methods

Mice and drug administration

APPswe/PS1dE9 (APP/PS1) double transgenic 
mice were purchased from the Model Animal 
Research Center of Nanjing University (Nanjing, 
China). These mice model AD through the chi-
meric insertion of human amyloid precursor 
protein (APP) and human presenilin 1 (PS1) 
genes, which are overexpressed in patients 
with early-onset AD. 24 6-month-old APP/PS1 
males and 24 wild-type litter-mate controls 
were housed in specific pathogen free (SPF) 
conditions on a 12 h light/dark cycle with free 
access to food and water, and all were handled 
according to the protocols of the Institutional 
Animal Care and Use Committee of Sun Yat-sen 
University, Guangzhou, China. Half of the mice 
from each genotype were randomly chosen to 
receive 200 NU/kg NTP or 0.9% NaCl placebo, 
given by daily oral gavage for three months 
(n=12 in each group). After treatment, when 
they were 9 months old, the mice were behav-
iorally tested and then sacrificed to analyse 
biochemically.

Cell culture

Immortal BV-2 murine microglial cells, a gift 
from Dr. Ying Chen of Sun Yat-sen Memorial 
Hospital, Sun Yat-sen University were cultured 
as described [16]. BV-2 cultures were treated 
with 0.1 NU/mL NTP, then given lipopolysac-
charides (1000 ng/mL, LotL2880, O55:B5, 
Sigma-Aldrich, St. Louis, MO, USA) 12 h later. 
Some cultures were pre-treated with 10 uM of 
selective non-competitive BDNF receptor ago-
nist ANA-12 (Sigma-Aldrich) 1 h before NTP, to 
demonstrate NTP’s action through BDNF path-
ways [22, 23].
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Morris water maze (MWM)

After three months of NTP or vehicle treatment, 
the mice were tested for spatial learning and 
memory in the Morris water maze as previously 
described [24]. Briefly, they were given four 
consecutive trials per day, starting in a differ-
ent quadrant for each trial. Trials lasted 90 sec-
onds and ended when the mice successfully 
reached the platform and stayed there for 5 s. 
If mice could not find the platform in 90 s, the 
experimenter manually set them there and let 
them stay for 20 s.

Each mouse’s time to find the platform on the 
first day was normalized at 1, then used to nor-
malize the and platform times on subsequent 
days were normalized to the previous day 
(latency day n/latency day n-1), to calculate a 
learning trend. The relative escape latencies in 
the following training day to that of the first day 
were analyzed (escape latency in the following 
day/escape latency in the first day) and labeled 
as learning trend. The probe trial was conduct-
ed 24 h after the end of the acquisition trial 
when the platform was removed. In our experi-
ment, the latency to the primary target site, the 
time spent in the target quadrant, and the num-
bers of platform-site crossovers within 60 s 
were recorded.

Bielschowsky silver staining and immunofluo-
rescent staining

Bielschowsky silver staining and immunofluo-
rescent staining were performed on fixed  
sections as described previously [25, 26]. 
Bielschowsky silver staining was used to 
assess Aβ and immunofluorescence was used 
to evaluate levels of Aβ deposits, BDNF expres-
sion, and the area of GFAP+ and Iba1+ cells in 
the hippocampus and cortex of each group. The 
primary antibodies used in immunofluorescent 
staining were as following: rabbit anti-Aβ 
(1:100, Abcam, MA, USA), rabbit anti-BDNF 
(1:500; Millipore, MA, USA), goat anti-GFAP 
(1:1000; Abcam, MA, USA), goat anti-Iba1 
(1:500; Abcam, MA, USA). DAPI (Invitrogen, CA, 
USA) was used to detect nuclei. Images were 
acquired from a fluorescent microscope. The 
area of Aβ plaques, GFAP+ cells, and Iba1+ 
cells in the cortex and hippocampus in each 
image were quantified by Image J (National 
Institutes of Health, MD, USA).

Enzyme-linked immunosorbent assay (ELISA)

The brain samples (separated into the cortex 
and the hippocampus) were stored at -80°C till 
analysis. We measured the concentration of 
Aβ1-40, Aβ1-42, BDNF, NGF, NT-3, IL-1β, IL-6 and 
TNF-α with the ELISA method at 9 months of 
age, which have been administrated with NTP 
for 3 months [16]. The assays were performed 
using commercially available ELISA kits (Invit- 
rogen for Aβ1-40, Aβ1-42, IL-6, IL-1β and TNF-α, 
Promega for BDNF, and CUSABIO for NGF and 
NT-3) according to the manufacturer’s instruc-
tions. The total protein concentration was de- 
termined using the BCA Protein Assay kit (Th- 
ermo Scientific, USA). Absorbance of the sam-
ples was detected with a multifunctional micro-
plate reader (SpectraMax M5, Sunnyvale, CA, 
USA).

Western blot analysis

Western blotting and semi-quantitative analy-
ses were performed following previously des- 
cribed procedures [27]. In brief, proteins in ce- 
rebral cortex and hippocampus were extracted 
with lysis buffer for 30 min, followed by centrif-
ugation at 14,000 rpm for 15 min at 4°C to 
obtain the supernatant for western blot analy-
sis. Primary antibodies and dilution rates used 
were listed as follow: NF-κB (p65), 1:1000; p- 
IκBα, 1:500 and β-actin, 1:1000. Primary anti-
bodies against NF-κB (p65), p-IκBα and β-actin 
were purchased from Cell Signaling Technolo- 
gy Inc (MA, USA). Horseradish peroxidase-con-
jugated secondary antibodies were used, and 
the bands were fixed and visualized by an ECL 
advanced kit. β-actin was utilized as an inter- 
nal control for protein loading and transfer effi-
ciency. Western blot assay results reported 
here are representative of at least 3 experi-
ments. The quantification of protein expression 
was analyzed by Image J (National Institutes of 
Health, MD, USA).

CCK-8 assay for cell viability

The effects of ANA-12 on BV-2 cells viability 
were detected by CCK-8 assay [22]. In brief, 
cells were cultured on a 96-well plate at a den-
sity of 1 × 104 per well for 24 h and then admin-
istrated with ANA12 (5 uM, 10 uM, 15 uM) for 
another 24 h. Then the cells were incubated at 
37 C for 2 h and the absorbance values of the 
samples were measured at 450 nm by a multi-
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functional microplate reader (SpectraMax M5, 
Sunnyvale, CA, USA).

Statistical analysis

SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, 
USA) was used to carry out the statistical analy-
ses. Two-way analysis of variance (ANOVA) with 
repeated measures was used to analyze the 
MWM data. Other statistical tests were con-
ducted using one-way ANOVA and Student’s 
t-test for comparisons between groups. The 

data were expressed as the mean ± SE, and 
differences were considered statistical signifi-
cance at P < 0.05.

Results

Chronic NTP treatment attenuates cognitive 
def﻿﻿icits of APP/PS1 mice in the Morris water 
maze

Morris water maze test was performed to evalu-
ate whether NTP could attenuate the cognitive 

Figure 1. Neurotropin attenuates cognitive impairment of APP/PS1 mice. A. The escape latencies of the mice in 
each group of mice. B. The normalized escape latencies of each group of mice. C. Representative path images of 
the mice finding the platform. D. The average distances of the mice swimming to find the platform. E. The times of 
the mice swimming across the target quadrants. The results are presented as mean ± SE from at least eight mice 
in each group. **P < 0.01, and NS, nonsignificant.
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deficits in the APP/PS1 transgenic mice at 9 
months of age (Figure 1). The NTP-treated APP/
PS1 mice were administrated with NTP at 6 
months of age for 3 months by oral gavage 
delivery. The control APP/PS1 mice were admin-
istrated with saline (0.9% NaCl). During the hid-
den platform tests, control WT mice showed 
progressively decreased in the escape laten-
cies over the consecutive 5 days of training. 
Control APP/PS1 mice had a slight decline in 
the escape latencies during the entire training 
periods, but there was a significant extent in 
escape latency time compared with WT mice (P 
< 0.01, Figure 1A). To control individual differ-
ences in swimming speed, we also normalized 
the escape latencies of each group in the first 
trial day to 1.0 (Figure 1B). Compared with WT 
mice, control APP/PS1 mice still show a failure 
in learning trend, indicating impaired learning 
ability (P < 0.01, Figure 1B). In contrast, NTP-
treated APP/PS1 mice exhibited a comparable 
learning trend with WT mice. Similar to the 
escape latencies, NTP-treated APP/PS1 mice 
showed progressively decreased in the swim-
ming length compared with control APP/PS1 
mice (P < 0.01, Figure 1C and 1D). In the probe 
test, NTP-treated APP/PS1 mice tended to con-
centrate in the target area of the pool and cross 
over the target quadrant more times than con-
trol APP/PS1 mice (P < 0.01, Figure 1E). NTP-
treated mice were similar to control WT mice 
and no significant differences were observed in 
escape latencies, path length, and numbers of 
platform area crossings. These results demon-
strate that chronic NTP treatment can improve 
cognitive deficits in APP/PS1 mice.

Chronic NTP treatment reduces Aβ burden in 
APP/PS1 mice

To examine the potential function of NTP treat-
ment on Aβ aggregation and to observe the 
morphologic changes after NTP treatment, the 
slices of the cortex and hippocampus of four 
groups of mice were stained using both 
Bielschowsky silver staining and immunofluo-
rescent staining (Figure 2A and 2B). Quan- 
tification analysis revealed that the APP/PS1 

mice treated with NTP showed significantly 
lower amyloid plaques in both the cortical and 
hippocampal areas than the control APP/PS1 
mice (P < 0.01, Figure 2C and 2D). Moreover, 
previous studies have shown that APP/PS1 
mice have age-related increased levels in both 
soluble and insoluble Aβ1-40 and Aβ1-42 [19, 20]. 
Consistent with decreased Aβ burden, ELISA 
analysis demonstrated that NTP-treated APP/
PS1 mice showed a significant decline in both 
soluble Aβ1-40 and Aβ1-42 levels compared with 
that in both the hippocampus and cortex of 
APP/PS1 mice (P < 0.05, Figure 2E, 2F). For 
insoluble Aβ1-40 and Aβ1-42, we also found a sig-
nificant decrease in NTP-treated APP/PS1 mice 
(P < 0.05, Figure 2G, 2H). These results sug-
gest that chronic treatment with NTP may be 
able to have an inhibitory effect on the genera-
tion and accumulation of Aβ plaques in the 
brain of APP/PS1 mice.

Chronic NTP treatment inhibits glial activation 
in APP/PS1 mice

Activated microglia and astrocytes have been 
shown to be associated with Aβ accumulation, 
and they can promote the production of pro-
inflammatory cytokines, resulting in synaptic 
dysfunction, neuronal death, and neurodegen-
eration. Therefore, we examined whether NTP 
treatment might alter glial activation in the 
cerebral cortex and hippocampus of APP/PS1 
mice at 9 months of age, using immunofluores-
cent staining with antibodies against ionized 
calcium-binding adaptor molecule 1 (Iba-1) and 
glial fibrillary acidic protein (GFAP) to reveal 
changes in microgliosis and astrogliosis. We 
found that Αβ plaques were surrounded by 
Iba-1 immunoreactivity (IR) microglia (Figure 
3A) and GFAP-IR astrocytes (Figure 3B), indi-
cating both microglial and astrocytic activation 
in the cortex and the hippocampus of control 
APP/PS1 mice. In contrast, significant decreas-
es in the area percentage of Iba-1-IR microglia 
astrocytes was observed accompanied with 
reduced Αβ burden in NTP-treated APP/PS1 
mice (P < 0.01, Figure 3C). Consistently, the 
area percentage of GFAP-IR astrocytes also 

Figure 2. Neurotropin decreases Aβ accumulation of APP/PS1 mice. A. Aβ plaques were detected by Bielschowsky 
silver staining in the cortex and hippocampus. B. Aβ plaques were detected with immunofluorescent staining in 
the cortex and hippocampus. C. Quantification of Aβ plaque load using Bielschowsky silver staining. D. Statistical 
analysis of Aβ plaque burden with immunofluorescent staining. E and G. Soluble and insoluble Aβ1-40 in the brain of 
TG and TG+NTP mice. F and H. Soluble and insoluble Aβ1-42 in the brain of TG mice and TG+NTP mice. The results 
presented as means ± SE from six independent experiments. *P < 0.05 and **P < 0.01 versus TG mice.
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Figure 3. Neurotropin alleviates astrocyte activation with attenuation of reactive gliosis and neuroinflammation. The 
coronal sections of the cortex and hippocampus in TG group and TG+NTP group of the mice were stained for (A). Aβ, 
Iba1 and DAPI, (B) Aβ, GFAP and DAPI. The percentage of the areas of microglial (C) and astrocytes (D) in the cortex 
and hippocampus. Analysis of the levels of IL-1β (E), IL-6 (F), and TNF (G) in the cortex and hippocampus of each 
group by ELISA. Data are presented as mean ± SE from six mice in each group. *P < 0.05, and **P < 0.01.

reduced after NTP treatment (P < 0.01, Figure 
3D). These results show that chronic NTP treat-
ment may suppress glial activation in APP/PS1 
mice.

NTP treatment decreases pro-inflammatory 
cytokines in APP/PS1 mice

Persistent activated microglia and astrocytes 
can mediate neuroinflammation via releasing 
pro-inflammatory cytokines and facilitate Aβ 
deposition, leading to inflammatory neuronal 
damage. Furthermore, previous evidence has 
suggested that NTP was able to suppress in- 
flammatory cytokine expression in hepatocy- 
tes. Thus, to explore whether chronic treatment 
with NTP could affect the production of inflam-
matory factors in 9-month APP/PS1 mice, we 

examined the levels of pro-inflammation cyto-
kines including interleukin-1 beta (IL-1β), inter-
leukin-6 (IL-6) and tumor necrosis factor-alpha 
(TNF-α) using ELISA tests. We observed that 
APP/PS1 mice had markedly higher levels of 
IL-1β than NTP-treated APP/PS1 mice (P < 0.05, 
Figure 3E). After NTP treatment, APP/PS1 mice 
showed decreased IL-6 level (P < 0.05, Figure 
3F). Additionally, the level of TNF-α was lower in 
NTP-treated group when compared with APP/
PS1 mice without NTP treatment (P < 0.05, 
Figure 3G). There was no difference in levels  
of IL-1β, IL-6 and TNF-α between WT and NTP-
treated WT mice. These results demonstrate 
that NTP may effectively reduce inflammatory 
reaction, ameliorating neuroinflammation in 
APP/PS1 mice.
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NTP treatment promotes BDNF expression in 
APP/PS1 mice

Brain-derived neurotrophic factor (BDNF), a 
member of the neurotrophin family, is vital for 

synaptic plasticity and neuronal survival, and it 
is critical for learning and memory. It has come 
to light that BDNF was able to attenuate proin-
flammatory cytokines production, demonstrat-
ing that BDNF may be correlated with homeo-

Figure 4. Neurotropin enhances levels of BDNF in APP/PS1 mice. BDNF was detected with immunofluorescent 
staining in the cortex (A) and the hippocampus (B) of each group. Analysis of the levels of BDNF (C), NGF (D), and 
NT-3 (E) in the cortex and the hippocampus with ELISA. Data are presented as mean ± SE from six mice in each 
group. *P < 0.05, **P < 0.01, and N.S., nonsignificant.
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static maintenance during neuroinflammation 
[17]. Thus, we further explored the changes of 
BDNF expression in each group of mice by 
immunostaining (Figure 4A and 4B) and ELISA 
(P < 0.01, Figure 4C).

The results showed that 9-month old APP/PS1 
mice had significantly lower levels of BDNF in 
both the cerebral cortex and hippocampus 
when compared to WT mice. In contrast, BDNF 
levels were significantly enhanced in the cortex 

and hippocampus of NTP-treated APP/PS1 
mice compared with control APP/PS1 mice (P < 
0.01, Figure 4A-C). In addition, upregulated lev-
els of NGF were observed in the hippocampus 
but not the cortex of NTP-treated APP/PS1 mice 
compared with control APP/PS1 mice (P < 0.05, 
Figure 4D). However, we found that levels of 
neurotrophin-3 (NT-3) remained unchanged 
among all the groups of mice (P > 0.05, Figure 
4E). Together, these findings reveal that chronic 
NTP treatment could markedly promote the 
expression of BDNF in the brain of APP/PS1 
mice.

NTP regulates NF-κB pathway in vivo and in 
vitro

To further explore the underlying mechanism, 
we assessed the expression of NF-κB path- 
ways related proteins by Western blot analysis. 
We found that protein expression p-p65 and 
p-IκB-α were significantly up-regulated in APP/
PS1 mice when compared with the WT group. 
After NTP treatment, p-p65 and p-IκB-α in the 
APP/PS1 mice were significantly down-regulat-
ed (Figure 5). It suggests that NTP may inhibit 
neuroinflammation and improve cognitive im- 
pairment via BDNF/NF-κB pathway.

To verify this mechanism, we used LPS to 
induce inflammation in BV-2 cell. It is shown 
that IL-1β, IL-6 and TNF-α were found highly 
expressed after LPS treatment (1000 ng/mL) 
by comparing with control group (Figure 6A). To 
further explore the link between BDNF and 
NF-κB, we used a selective, non-competitive 
BDNF receptor antagonist, ANA12, to inhibit 
BDNF pathway. As is shown in the Figure 6A, 
the expression of IL-1β, IL-6 and TNF-α de- 
creased after NTP treatment but increased 
after ANA12 administration. Cell viability was 
assayed by CCK8 after treatment with ANA12 
and there was no difference after ANA12 treat-
ment at the concentration of 5 uM, 10 uM and 
15 uM (Figure 6B). Additionally, BDNF level was 
detected after NTP and ANA12 treatment. LPS 
reduced BDNF level while NTP increased BD- 
NF level. The effect of NTP on BDNF was abol-
ished by ANA12 (Figure 6C). We also examined 
the expression of p-p65 and p-IκB-α on LPS-
stimulated cells. Consistently, we found that 
both p-p65 and p-IκB-α were activated by LPS 
and reduced by NTP. Interestingly, the activa-
tion of p-P65 and p-IκB-α were shown to be 

Figure 5. Chronic Neurotropin treatment regulates 
NF-κB pathways in APP/PS1 mice. A. Western blot 
analyses of the levels of p-65 and p-IκB. B and C. 
The relative levels of p-P65, p-IκB-α, and β-actin as 
a loading control in each group of mice, were quanti-
fied. Data are presented as mean ± SE from at least 
three mice in each group. *P < 0.05, and **P < 0.01. 
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abolished by ANA-12 (Figure 6D). Taken togeth-
er, our results demonstrated that NTP regulat-
ed BDNF/NF-κB pathways in vivo and in vitro.

Discussion

Neurotropin, a non-protein extract isolated 
from the inflamed skin of rabbits inoculated 
with vaccinia virus, is a widely used analgesic 
drug for the treatment of intractable neuropath-
ic pain [25]. Recently, the potential therapeutic 
effects of NTP are rapidly expanding [28]. NTP 
showed capability of protecting the brain 
against ischemic stroke, accelerates the remy-
elination in demyelination disease and reduced 
muscular mechanical hyperalgesia [29, 30]. 
However, there is still no evidence for the role of 
NTP play on cognitive function and inflamma-

tion in mouse model of AD, which is a multifac-
torial neurodegenerative disease without effec-
tive treatment.

NTP was demonstrated to have function of 
enhancing spatial learning of C57BL/6J mice 
[15]. In addition, NTP was found to facilitate 
cognitive improvement of Ts65Dn mice, a Down 
Syndrome mouse model [14]. However, there is 
still no evidence that NTP can have any influ-
ence on Alzheimer’s disease. Our study shown 
that chronic NTP treatment was sufficiently to 
improve cognitive deficits in APP/PS1 mice, 
which was assessed by Morris water maze test.

Neuroinflammation is a critical feature of AD 
[31] and activation of microglia and astrocytes 
by Aβ may promote the production of proinflam-

Figure 6. The effect of NTP on BV-2 cells was abolished by BDNF inhibitor. A-C. IL-1β, IL-6 and TNF-α were found 
highly expressed after LPS treatment by comparing with control group. IL-1β, IL-6 and TNF-α increased after a selec-
tive, non-competitive BDNF receptor antagonist, ANA12, administration. D. Cell viability was assayed by CCK8 after 
treatment with ANA12. E. BDNF level was detected after NTP and ANA12 treatment. F-H. Both p-p65 and p-IκB-α 
were activated by LPS and inactivated by NTP. The activation of p-p65 and p-IκB-α was abolished by ANA12.
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matory cytokines, enhancing neuroinflamma-
tion reactions [32]. In this study, we chose APP/
PS1 mice as our AD transgenic model since this 
model steadily mimic the behavioral and patho-
logical changes of AD and has been widely 
used in AD researches [33, 34]. The present 
study highlighted the inhibition of NTP on neu-
roinflammation including microgliosis, astrogli-
osis, and pro-inflammation cytokines (IL-1β, 
IL-6, and TNF-α) in APP/PS1 mice.

In the present study, we observed that NTP 
treatment significantly increased the expres-
sion of BDNF and inhibitor of BDNF receptor 
could abolish this effect. It suggests that NTP 
may play the neuroprotective role in a BDNF 
dependent manner. Bdnf gene expression has 
been demonstrated to be regulated by physical 
activity or pathological stimuli like stress, trau-
ma, infection and aging [35]. BDNF levels are 
reduced in plasma of patients with AD [17]. 
Normally, BDNF is translated as pro-neuro-
trophin (pro-BDNF) that can be cleaved into 
mature BDNF by endoproteases or metallopro-
teinases [36]. BDNF can be secreted and bind 
to the two different kinds of receptors, low 
affinity p75 neurotrophin receptor (p75NTR) 
and high-affinity receptor tyrosine kinase B 
(TrkB). Binding to these two different receptors 
potentially activates different pathways and 
leads to either cell death or survival [37]. 
However, the concentration of pro-BDNF was 
reported to be ten times lower than mature 
BDNF in animal model [37]. Therefore, we 
detected mature BDNF and used the TrkB 
inhibitor to block the BDNF pathway in the pres-
ent study.

Microglia participate actively in the develop-
ment of pathological neuroinflammatory pro-
cess, which plays an important role in AD 
pathogenesis [38]. In this study, our results 
showed that chronic NTP treatment inhibited 
glial activation and decreased pro-inflammato-
ry cytokines in APP/PS1 mice. In the nervous 
system, the main factor of neuronal inflamma-
tory activation is NF-κB, a regulator of apopto-
sis, proliferation, and maturation of immune 
cells. NF-κB (p65) is bound to IκB as an inactive 
p65/IκB complex existing in the cytoplasm 
before its activation [39]. It is reported that 
activated NF-κB is found surrounding amyloid 
plaques in AD brain [40]. Frede and colleagues 
observed that bacterial LPS was able to induce 
NF-κB up-regulation [41]. In agreement, our 

recent studies have demonstrated that NTP 
can suppress the expression of NF-κB in lipo-
polysaccharide-stimulated BV2 cells [16]. 
Consistently, present results exhibited that 
supplementation of NTP markedly decreased 
the activation of p-p65 and p-IκB-α in APP/PS1 
mouse model. However, it is reported that bind-
ing of BDNF to the TrkB could also induce the 
expression of NF-κB. NF-κB stimulated by BDNF 
might activate PLC-γ/PKC signaling via the 
kinases IKKα and IKKβ, which subsequently 
phosphorylates the NF-κB inhibitory unit IκBα. 
Consequently, binding of ubiquitin and degra-
dation of IκBα by proteasomes induces the 
release of the NF-κB [42].

Qirui Bi et al. showed that venenum bufonis 
triggers neuroinflammation through NF-κB 
pathways, leading to an ultimate decrease in 
BDNF, but they did not directly link NF-κB cyto-
kines with BDNF [43]. Cai et al. report that 
BDNF protects against IL-1β stimulation by 
modulating NF-κB signaling [44]. We used a 
specific BDNF receptor inhibitor, ANA12, to 
block the BDNF pathway in vitro [22]. This pre-
treatment abolished NTP’s neuroprotective 
effects against LPS-stimulated inflammation, 
supporting the notion that NTP may protect the 
neuroinflammation via BDNF/NF-κB pathway.

However, the exact mechanism of BDNF func-
tions on NF-κB still remains to be explored. 
Casein kinase II (CK2) is a highly conserved ubi- 
quitous serine/threonine protein kinase which 
have been proved to activate NF-κB [45-47]. It 
is reported that BDNF upregulated NF-κB by 
CK2. Also, BDNF was demonstrated to produ- 
ce neuroprotective effect via ERK1/2 signaling 
which is consistent with our previous research-
es [48]. BDNF activate NF-κB via CK2, which 
seems to be independent of ERK1/2 and PI3K 
[49]. As is shown by our previous research, NTP 
cloud decrease the translocation of p65 from 
cytoplasm to nuclear, which might be a novel 
mechanism for BDNF to regulate NF-κB activa-
tion [16]. Further research needs to be con- 
ducted to fully understand the mechanism of 
BDNF on NF-κB pathway.

Conclusions

These intriguing findings suggest that NTP can 
counteract neuroinflammation and rescue cog-
nitive deficits of APP/PS1 mice by enhancing 
through the BDNF/NF-κB pathway. The results 
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provide further insight into the interactions of 
NTP and neuroinflammation. NTP may be a new 
promising drug candidate for patients with AD. 
In addition, although NTP has established safe 
profiles in humans, it still requires large-scale 
clinical trials for further confirmation of its neu-
roprotective capability in both sporadic and 
familial AD.
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