
The Role of Secretase Pathway in Long-term Brain Inflammation
and Cognitive Impairment in an Animal Model of Severe Sepsis

Cleonice Michelon1
& Monique Michels1 & Mariane Abatti1 & Andriele Vieira1 & Heloisa Borges1 & Diogo Dominguini1 &

Tatiana Barichello1,2
& Felipe Dal-Pizzol1

Received: 17 March 2019 /Accepted: 30 September 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Inflammatory cytokines are related to impaired learning and memory processes in the central nervous system, contributing to the
cognitive dysfunction present in sepsis survivors. In sepsis, brain of survivors presented increased deposition of amyloid-beta (Aβ)
peptide and this was associated with cognitive impairment. However, it is not known if the upregulation of secretase pathway is
involved the deposition of Aβ peptide and consequent development of cognitive impairment in survivors. The aim of the study is to
evaluate the effects of secretase inhibitors on behavioral, Aβ accumulation, and neuroinflammatory parameters in rats submitted to
sepsis. Sepsis was induced by cecal ligation and perforation inWistar rats, and the activity of alpha-, beta-, and gamma-secretases was
determined in the hippocampus and prefrontal at different times. Additionally, in a different cohort of animal’s epigallocatechin gallate,
a beta-secretase inhibitor or a gamma-secretase inhibitor was administrated once a day for three consecutive days. Fifteen or 30 days
after sepsis induction, Aβ content, TNF-α, IL-1β, and IL-6 and cognitive performance were determined. There was no increase in
alpha-secretase activity. Both beta- and gamma-secretase activities increased, mainly late after sepsis. The inhibition of beta- or gamma-
secretases improved cognitive performance 10 days after sepsis induction, and beta-secretase inhibition improved cognitive perfor-
mance up to 30 days after sepsis induction. Furthermore, beta-secretase inhibition decreased IL-1β and Aβ brain levels. It was
demonstrated that during sepsis development there was an increase in the amyloidogenic route, and the inhibition of this pathway
promoted attenuation of neuroinflammation, Aβ peptide content, and improvement of cognitive impairment.
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Introduction

Sepsis can be defined as the life-threatening organ dysfunction
due to a dysregulated host response to infection [1]. Acute
systemic inflammation can activate the innate immune sys-
tem, launching a cascade of physiological changes ultimately
affecting the central nervous system (CNS) [2]. The CNS is

particularly vulnerable to damage, mediated by microglia ac-
tivation [3, 4], in response to systemic inflammation [5]. The
reactive microglia can cause neuronal dysfunction and dam-
age through the release of inflammatory cytokines and reac-
tive oxygen species [3, 6]. A role for pro-inflammatory cyto-
kines in cognitive decline has been proposed in a variety of
models for acute and chronic diseases [2, 6–8]. Inflammatory
cytokines and the pro-inflammatory environment are related
to impaired learning and memory processes in the CNS, con-
tributing to the transient, longer lasting, and in some cases
permanent cognitive dysfunction present in sepsis survivors
[2, 7]. Some of these CNS alterations resemble the pathophys-
iological mechanisms of neurodegenerative diseases [9].
Alzheimer’s disease (AD) is characterized by extracellular
amyloid-beta (Aβ) peptide deposition, which activates mi-
croglia, induces neuroinflammation, and drives neurodegen-
eration [10]. In sepsis induced by cecal ligation and puncture
(CLP), brain of survivor animals presented increased deposi-
tion of Aβ peptide and this was associated with cognitive
impairment, supporting the hypothesis that Aβ accumulation
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in brains of sepsis survivors is related with long-term cogni-
tive dysfunction [11]. This can be more relevant in the hippo-
campus and prefrontal due to the vulnerability of these regions
[12]. Additionally, it is known that the density of resident
microglia varies in brain regions but predominates in gray
matter of the hippocampus and prefrontal cortex [13].
However, it is not known if the upregulation of secretase-beta
pathway is involved the deposition of Aβ peptide and con-
sequent development of cognitive impairment in sepsis
survivors.

In this context, the aim of this study was to evaluate the
effects of secretase inhibitors on behavioral, Aβ accumula-
tion, and neuroinflammatory parameters in rats submitted to
sepsis.

Materials and Methods

Drugs

Epigallocatechin gallate (EGCG)-ECGC 4524 was purchased
from Tocris Bioscience. EGCG was reported to inhibit Aβ
fibrillization and redirect Aβ aggregation into unstructured,
off-pathway oligomers [14].

β-secretase inhibitor I–7501 (H-Lys-Thr-Glu-Glu-Ile-Ser-
Glu-Val-Asn-Stat-Val-Ala-Glu-Phe-OH) was purchased from
BioVision.

γ-Secretase inhibitor–SCP0004-(N-benzyloxycarbonyl-
Leu-Leu-norleucinal) was purchased from Sigma-Aldrich.

All drugs were purchased based in literature and datasheet
information [14, 29, 39, 41, 42].

Ethics

The experimental procedures involving animals were per-
formed in accordance with the National Institutes of Health
(Bethesda, MD, USA) Guide for Care and Use of Laboratory
Animals and with the approval of our institutional ethics com-
mittee. Protocol number: 041/2016-1

Animals

Adult male Wistar rats (220 to 300 g) were obtained from
our breeding colony. They were housed five to a cage
with food and water available ad libitum and were main-
tained on a 12-h light/dark cycle (lights on at 7 a.m.).
Behavioral procedures were conducted between 8 a.m.
and noon.

Sepsis Induction—Cecal Ligation and Perforation
Model

Rats were subjected to CLP as previously described by Fink
and Heard (1990) [15]. Briefly, animals were anesthetized
using a mixture of ketamine (80 mg/kg) and xylazine (10
mg/kg), given intraperitoneally. Under aseptic conditions, a
3-cm midline laparotomy was performed to expose the cecum
and adjoining intestine. The cecum was ligated with a 3.0 silk
suture at its base, below the ileocecal valve, and was perforat-
ed once with a 14-gauge needle. The cecum was then
squeezed gently to extrude a small amount of feces through
the perforation site. The cecum was then returned to the peri-
toneal cavity, and the laparotomy was closed with 4.0 silk
sutures. Animals were resuscitated with regular saline (30
mL/kg) subcutaneously (s.c.) immediately after and 12 h after
CLP. All animals received antibiotic (ceftriaxone at 30 mg/kg)
every 6 h s.c. for a maximum of 3 days. In sham operated
group, rats were subjected to all surgical procedures, but the
cecum was neither ligated nor perforated. To minimize vari-
ability between different experiments, the CLP procedure was
always performed by the same investigator. The mortality of
this model is around 40% that is consistent with severe sepsis.
We extensively characterized long-term cognitive impairment
using this animal model [16–18].

Treatment with Secretase Inhibitors
or Epigallocatechin Gallate

The animals were treated with a β-secretase inhibitor (1 μg/
rat), a γ-secretase inhibitor (5 μg/rat), or EGCG (1 μg/rat) by
intrathecal injection [19, 20]. These treatments were adminis-
trated once a day for three consecutive days (7, 8, and 9 days
after sepsis induction). These time points were chosen based
on kinetics studies demonstrating that secretase activities
peaked at 10 days after sepsis. So, it was decided to inhibit
secretase activities just before this time point.

Secretase Activity

After sepsis induction the activity ofα,β, and γ-secretase was
determined in the hippocampus and prefrontal cortex at dif-
ferent times (24 h, 72 h, 10 days, and 30 days).

Samples were homogenized in PBS buffer PH 7.0, centri-
fuged 5000 rpm for 3 min, and 100 μL of supernatant was
used for each assay. The activity of α (cod FP001) and γ-
secretase (cod. FP003) was determined by commercial fluo-
rometric assay kit (R&D System), and the activity of β-
secretase was determined by commercial fluorometric assay
kit (ABCAM–cod. ab65357). All assay types were enzyme
activity. Secretase activities were expressed by relative fluo-
rescence units/mg protein. Five animals for each group were
used for the determination of secretase activity.
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Cytokine Levels

Samples were homogenized in PBS buffer PH 7.0, centrifuged
5000 rpm for 3 min, and 100 μL of supernatant was used for
each assay. Concentrations of hippocampal TNF-α (cod.
DY510), IL-1β (cod. DY501), and IL-6 (cod. DY506) were
determined by ELISA on a microplate reader using a commer-
cial kit (R&D System) 10 and 30 days after sepsis induction
surgery. Five animals for each group were used for the deter-
mination of cytokine levels.

β-Amyloid Content

Aβ content was determined by Western blotting in samples
from hippocampus and prefrontal cortex. Briefly, samples
were homogenized in Laemmli-sample buffer (62.5 mM
Tris–HCl, pH 6.8, 1 % (w/v) SDS, and 10 % (v/v) glycerol)
and equal amounts of protein (30 μg/well) were fractionated
by SDS-PAGE and electro-blotted onto nitrocellulose mem-
branes. Protein loading and electro-blotting efficiency were
verified through Ponceau S staining, and the membrane was
blocked in Tween–Tris-buffered saline (TTBS; 100 mM Tris–
HCl, pH 7.5, containing 0.9 % NaCl and 0.1 % Tween-20)
containing 5 % albumin. Membranes were incubated over-
night at 4 °C with primary antibody diluted at 1:1000 in
TTBS (1:1000; anti-Aβ 68896 Abcam®-USA) and washed
with TTBS. Anti-IgG from mouse or rabbit (according the
species that originated the primary antibody) linked to a per-
oxidase was incubated with the membrane for additional 2 h at
room temperature (1:5000 dilution range), the membrane was
washed, and the immunoreactivity was detected by enhanced
chemiluminescence using ECL Chemiluminescence kit.
Densitometric analysis of the films was performed with
ImageJ software. Blots were developed to be linear in the
range used for densitometry.

Behavior Test

The animals were subjected to inhibitory avoidance test 10
and 30 days after sepsis induction. All behavioral tests were
performed by the same person who was blind to the animal
group. For each behavioral task, a total of 10 animals per
group was used.

The inhibitory avoidance procedure was described in a pre-
vious report [15]. The apparatus was an acrylic box (50 × 25 ×
25 cm) whose floor consisted of parallel-caliber stainless-steel
bars (1-mm diameter) spaced 1 cm apart and a platform that
was 7 cm wide and 2.5 cm high. Animals were placed on the
platform, and their latency to step down on the grid with all
four paws was measured with an automatic device. Training
sessions were performed 10 or 30 days after surgery.
Immediately after stepping down on the grid, animals received
a foot shock of 0.3 mA for 2 s. In test sessions carried out 24 h

after training, no foot shock was given and the step-down
latency (maximum of 180 s) was used as a measure of mem-
ory retention.

Statistical Analysis

Data from secretase activity, Aβ-peptide, and inflammation
were analyzed by one-way analysis of variance (ANOVA)
followed by Tukey post hoc test and expressed as the mean
± standard deviation. Data from the inhibitory avoidance task
was reported as median and interquartile ranges, and compar-
isons among groups were performed using Mann–Whitney U
tests. The differences within individual groups (training and
test) were analyzed byWilcoxon tests. In all, comparisons p <
0.05 indicated statistical significance.

Results

Amiloidogenic Secretase Activity Is Increased Late
After Sepsis

To evaluate the pathway involved in the enzymatic cleavage
of amyloid precursor protein (APP) the activity ofα,β, and γ-
secretase was measured at 24 h, 72 h, 10 days, and 30 days
after sepsis induction. There was no increase in the α-
secretase activity in any of the brain structures in the evaluated
times (Fig. 1a, b). In the prefrontal cortex, a significant in-
crease was found for β-secretase 24 h, 10 days, and 30 days
after sepsis (Fig. 1c), and for γ-secretase activity at 10 days
and 30 days (Fig. 1e). In the hippocampus it was observed a
significantly increase in bothβ and γ-secretase activity 10 and
30 days after sepsis (Fig. 1d, f), when compared with sham.
These results support the hypothesis that systemic inflamma-
tion stimulates APP degradation by the amyloidogenic
pathway.

Secretase Inhibitor and Epigallocatechin Gallate
Treatment Prevents Long-term Cognitive Impairment

Since late after sepsis induction, when animals were
completely free of infection and recovered from the acute
phase (12-14), the enzymes related to the amyloidogenic
pathway were upregulated it was assessed the effect of
secretase inhibitors and EGCG on cognitive impairment
associated with sepsis (10 days after CLP). Animals were
treated for 3 days (7, 8, and 9 days after sepsis induction)
just before the observed increase in secretase activity (at
day 10). In the test section the animals treated with inhib-
itors or EGCG showed a significant increase in the laten-
cy time in relation to the training section, and this was not
observed in the untreated CLP group (Fig. 2). The pro-
tective effect is more pronounced by the inhibition of
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β-secretase, since the latency time in the training test
was significative higher when compared with both γ-
secretase inhibitor and EGCG. In this context it was
also determined the effect of β-secretase inhibition lon-
ger after sepsis induction. Animals received the three
doses of the inhibitor (7, 8, and 9 days after induction
of sepsis), and inhibitory avoidance test was performed

30 days after sepsis. In the test section there was a
significant increase in latency time both in sham and
treated group, but not CLP untreated animals demon-
strating that inhibitor treatment attenuated cognitive im-
pairment (Fig. 3). These results demonstrate that cogni-
tive impairment can be minimized by secretase
inhibitors.

Sham
 24

h 

CLP 24
h 

Sham
 72

h 

CLP 72
h

Sham
 10

d

CLP 10
d

Sham
 30

d

CLP 30
 d

0

50

100

150

200

Pr
e-

fro
nt

al
al

ph
a 

se
cr

et
as

e 
ac

tiv
ity

Sham
 24

h 

CLP 24
h 

Sham
 72

h 

CLP 72
h

Sham
 10

d

CLP 10
d

Sham
 30

d

CLP 30
 d

0

1000

2000

3000

Pr
e-

fro
nt

al
be

ta
 s

ec
re

ta
se

 a
ct

iv
ity

*
*

*

Sham
 24

h 

CLP 24
h 

Sham
 72

h 

CLP 72
h

Sham
 10

d

CLP 10
d

Sham
 30

d

CLP 30
 d

0

50

100

150

Pr
e-

fro
nt

al
ga

m
m

a 
se

cr
et

as
e 

ac
tiv

ity

* *

Sham
 24

h 

CLP 24
h 

Sham
 72

h 

CLP 72
h

Sham
 10

d

CLP 10
d

Sham
 30

d

CLP 30
 d

0

50

100

150

Hi
pp

oc
am

pu
s

al
ph

a 
se

cr
et

as
e 

ac
tiv

ity

Sham
 24

h 

CLP 24
h 

Sham
 72

h 

CLP 72
h

Sham
 10

d

CLP 10
d

Sham
 30

d

CLP 30
 d

0

1000

2000

3000

4000

Hi
pp

oc
am

pu
s

be
ta

 s
ec

re
ta

se
 a

ct
iv

ity *
*

Sham
 24

h 

CLP 24
h 

Sham
 72

h 

CLP 72
h

Sham
 10

d

CLP 10
d

Sham
 30

d

CLP 30
 d

0

50

100

150

Hi
pp

oc
am

pu
s

ga
m

m
a 

se
cr

et
as

e 
ac

tiv
ity

*
*

a b

c d

e f

Fig. 1 Secretase activity in prefrontal cortex and hippocampus of rats
submitted to sepsis. Sepsis was induced by cecal ligation and
perforation (CLP), and the activity of alpha (a, b), beta (c, d), and

gamma-secretases (e, f) was measured in the prefrontal cortex (a, c, e)
and hippocampus (b, d, f) 24 h, 72 h, 10 days, and 30 days after surgery. n
= 5. *Statistically different from sham, same time point
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Secretase Inhibitors and Epigallocatechin Gallate
Treatment Reduced Brain Proinflammatory Cytokine
Levels

To investigate the protective effects of secretase inhibitors
and EGCG in brain inflammation, it was measured the

levels of TNF-α, IL-1β, and IL-6 in the hippocampus
and prefrontal cortex, 10 (Fig. 4) and 30 (Fig. 5) days after
sepsis induction.

Ten days after sepsis TNF-α levels did not have any sig-
nificant variation between groups in the evaluated brain struc-
tures (Fig. 4a, b). The levels of IL-1β were significantly
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Fig. 2 Effect of secretase inhibitors or epigallocatechin gallate in long-
term cognitive impairment in submitted to sepsis. Sepsis was induced by
cecal ligation and perforation (CLP), and animals were treated on the 7th,
8th, and 9th day after induction with gamma-secretase inhibitor, beta-
secretase inhibitor, or epigallocatechin gallate (EGCG). Ten days after

sepsis induction animals were submitted to the inhibitory avoidance test.
Data are presented as median ± interquartile range of 8–12 animals per
group *Different from the training section. &Different from CLP (test
section); #Different from CLP+EGCG and from CLP+ gamma-
secretase inhibitor (test section)
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Fig. 3 Effect of beta-secretase
inhibitor in long-term cognitive
impairment in submitted to sepsis.
Sepsis was induced by cecal liga-
tion and perforation (CLP), and
animals were treated on the 7th,
8th, and 9th day after induction
with beta-secretase inhibitor.
Thirty days after sepsis, induction
animals were submitted to the in-
hibitory avoidance test. Data are
presented as median ± interquar-
tile range of 8–12 animals per
group. *Different from the train-
ing section. &Different from CLP
(test section)
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increased in CLPwhen compared with the sham group both in
the hippocampus and prefrontal cortex 10 days after sepsis
(Fig. 4c, d). In the prefrontal cortex β and γ-secretase inhib-
itors significantly reduced IL-1β levels when compared with

the CLP group (Fig. 4c). In the hippocampus, there was an
increase of IL-1β after CLP, and this was not observed in
animals treated with secretase inhibitors or EGCG (Fig. 4d);
however, there were no significant differences between CLP
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Fig. 4 Effect of secretase
inhibitors or epigallocatechin
gallate in the levels of cytokines
in the brain of rats submitted to
sepsis. Sepsis was induced by
cecal ligation and perforation
(CLP), and animals were treated
on the 7th, 8th, and 9th day after
induction with gamma-secretase
inhibitor, beta-secretase inhibitor,
or epigallocatechin gallate
(EGCG). Eleven days after TNF-
α (a, b), IL-1β (c, d), and IL-6 (e,
f) were measured in pre-frontal
cortex (a, c, e) and hippocampus
(b, d, f). Data were expressed as
pg/mL and expressed as mean ±
SD, n = 5 each group, measures
were performed in duplicate.
*Different from sham. #Different
from CLP
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untreated and treated animals. This same pattern was observed
to IL-6 levels in both structures (Fig. 4e, f).

Brain cytokines were also measured 30 days after sepsis
induction in animals treated with a β-secretase inhibitor (Fig.
5). Treatment with β-secretase inhibitor promoted a signifi-
cant reduction of IL-1β (Fig. 5a, b), but not IL-6 (Fig. 5c, d) or
TNF-α levels (Fig. 5e, f).

β-Secretase Inhibitor Reduces Aβ Levels in Brain
Structures Late After Sepsis Induction

It has been previously shown that animals subjected to sepsis
had increased Aβ peptide expression in brain structures [9, 11,
21] from 15 to 30 days, but not 10 days, after sepsis. Animals
treated with beta-secretase inhibitor had lower levels of Aβ
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Fig. 5 Effect of beta-secretase
inhibitor in the levels of cytokines
in the brain of rats submitted to
sepsis. Sepsis was induced by ce-
cal ligation and perforation
(CLP), and animals were treated
on the 7th, 8th, and 9th day after
induction with a beta-secretase
inhibitor. Thirty days after IL-1β
(a, b), IL-6 (c, d), and TNF-α (e,
f) were measured in pre-frontal
cortex (a, c, e) and hippocampus
(b, d, f). Data were expressed as
pg/mL and expressed as mean ±
SD, n = 5 each group, measures
were performed in duplicate.
*Different from CLP
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peptide only in the hippocampus at 15 days (Fig. 6b). There
was a trend (p = 0.09) to a reduction of Aβ peptide levels in
prefrontal cortex 30 days after sepsis induction (Fig. 6a).

Discussion

The findings of the present study suggest that inhibition of
secretases of the amyloidogenic pathway prior to formation
of the Aβ peptide during sepsis may lead to reduced brain
cytokines and Aβ peptide levels and attenuation of long-
term cognitive deficits in sepsis-surviving animals.

Our group demonstrated previously that during sepsis there
was an increase Aβ peptide deposition in the prefrontal cortex
and hippocampus 30 days after sepsis induction and this was
associated with cognitive impairment in sepsis survivor animals
[9]. Release of neurotoxic forms Aβ peptide results from the
proteolytic processing from a large type I trans-membrane pro-
tein, the APP, by sequential cleavage of precursor by β and γ-

secretase, whereas α-secretase prevents its generation by cleav-
ing within the middle of the amyloid domain [22]. In our study, it
was observed an increase in β and γ-secretase activity in pre-
frontal cortex and hippocampus 10 and 30 days after induction of
sepsis, demonstrating activation of the amyloidogenic degrada-
tion pathway of the APP late after sepsis development, which
results in generation of Aβ peptide showed in hippocampus and
prefrontal cortex of survivor’s animals.

The Aβ peptide is produced naturally in small amounts
throughout life, being found in the brain and CSF of healthy
individuals [23, 24], but over-production or alterations of expres-
sion or processing ofAPP [25] under pathological conditions can
lead to aggregation, forming Aβ oligomers that induce neuronal
damage, including plasticity and synaptic structures and activa-
tion of caspases [25], related to cognitive and behavioral dys-
function. Critical illnesses, including sepsis, are related to signif-
icant cognitive impairment months to years after intensive care
unit discharge, including alterations in memory, attention, con-
centration, and/or global loss of cognitive function [26–29]. We

Fig. 6 Effect of beta-secretase
inhibitor in the levels of Aβ pep-
tide in the brain of rats submitted
to sepsis. Sepsis was induced by
cecal ligation and perforation
(CLP), and animals were treated
on the 7th, 8th, and 9th day after
induction with a beta-secretase
inhibitor. Fifteen and 30 days after
Aβ peptide levels were measured
in pre-frontal cortex (a) and hip-
pocampus (b). Data were
expressed as mean ± SD, n = 5
each group
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supposed that such dysfunctions may be in some way associated
with the deposition of the Aβ peptide in the brain; thus, it was
hypothesized that inhibiting the enzymes involved in its release
could reverse the damage. β-secretase enzyme has been consid-
ered an important therapeutic target, presenting advantages over
other anti-amyloid strategies, since its inhibition does not only
reduce Aβ peptide levels but also prevent the generation of other
APP metabolites as carboxy-terminal fragments (APP- βCTF)
and soluble derivatives (sAPPβ) [22] associated with high neu-
rotoxicity [30–32]. InAD and other neurodegenerative disorders,
small oligomers of Aβ peptide, pre-fibrillar diffusible assemblies
are now considered primary neurotoxic species [33]. Jiang &
cols (2010) findings that APP-βCTF increased are linked by
endocytic dysfunction and cholinergic neurodegeneration in
Down syndrome and AD [34]. Amyloid oligomers are prone
to form pore-like assemblies in the plasma membrane of brain
cells; these annular protofibrils, formed by Aβ peptide, were
recognized as a new type of “amyloid” assembly and referred
to as “amyloid pores” [21]. Joshi et al (2013) demonstrated by
in vitro study that reactive microglial cells release microvesicles
that can promote formation of soluble Aβ species from extracel-
lular insoluble aggregates [10], and this soluble forms are most
toxic forms ofAβ, being associatedwith neuronal injury and loss
of synapses [21, 22]. Possibly, this mechanism leading to cell
dysfunction is also involved in the neurodegeneration and cog-
nitive dysfunction observed in septic patients. In this context, we
had previously demonstrated that the blockade of Aβ-RAGE
pathway improved long-term cognitive deficits observed in sep-
tic survivors’ animals [21].

The results using inhibitors of amyloidogenic pathway en-
zymes demonstrated a benefit in cognitive dysfunction evaluated
by the inhibitory avoidance test when compared with the group
that did not receive treatment. Huang and colleagues (2014)
using a γ-secretase inhibitor in septic rats also demonstrated
improvement of cognitive impairment, as well as reduced
TNF-α release and decreased apoptosis of hippocampal neurons
[35]. In present study, animals treated with secretase inhibitors
had a significative decrease only in IL-1β, but not IL-6 or TNF-α
levels, 10 and 30 days after sepsis. The reduction in the levels of
proinflammatory cytokines promoted by the treatments can con-
tribute to a reduction in Aβ peptide generation, since studies
suggest that the inflammation stimulates both β and γ-
secretase [36, 37] thus promoting acceleration in Aβ peptide
formation, which in turn appears to induce the increase of β-
secretase itself [37], generating a vicious cycle. Memory im-
provement in animals treated with secretase inhibitors may be
related to reduced neuroinflammation. This observation is based
on the fact that proinflammatory cytokines, notably IL-1β, are
indicated as mediators of long-term cognitive and behavioral
changes in sepsis [38]. Additionally, IL-1β was associated with
delirium occurrence in critically ill patients [39, 40], and some
inflammation-related markers were associated with long-term
cognitive impairment after critical illness [41, 42].

Ours results show that the use ofβ-secretase inhibitor prior
to the formation of Aβ peptide in sepsis course promoted a
partial reduction in Aβ peptide deposition. Lai & cols. (2012)
observed in preclinical and clinical studies that a β-secretase
inhibitor decreased the levels of Aβ in the CSF and/or plasma
in healthy volunteers [43]. Another study evaluating a β-
secretase inhibitor (NB-360) also demonstrated a significant
reduction in Aβ peptide deposition in brain structures of both
rats and dogs, suggesting that the findings related to inhibitor
use are translational among species and could be extrapolated
to humans [44]. Our demonstration that the β-secretase inhib-
itor reduces cognitive decline in septic animals, supports to
previous evidence that elevation of Aβ peptide and other Aβ
fragments can be associated by neurodegenerative damage.
Jiang et al. (2016), in an animal model of Down syndrome,
demonstrated that partial genetic reduction of β-secretase
prevented AD-related pathological features such as endocytic
abnormalities and cholinergic neurodegeneration by reducing
APP-βCTF levels [45]. These results reinforce that observed
in the present study that in addition to the reduction in Aβ
levels and inflammation, there was a partial protection from
long-term memory damage in the animals treated with β-
secretase inhibitor.

In present study, treatment with β-secretase inhibitor pro-
moted reduction of IL-1β 30 days after induction of sepsis,
demonstrating the benefit of the use of treatment on sepsis-
induced long-term neuroinflammation. In a study conducted
with NB-360, Neumann and colleagues (2015) demonstrated
a substantial reduction in the activation of microglial cells in
the cerebral cortex, showing that the inhibitor contributed to
the reduction of neuroinflammation [44]. Evidence suggests
that Aβ fragments activate innate immunity by promoting re-
lease of proinflammatory cytokines that contribute to injury,
dysfunction, and probably neuronal death [38, 41, 46]. The
structural similarity between Aβ fragments and bacterial extra-
cellular protein components present in enterobacteria adhesion
fimbriae could explain the strong recognition of Aβ fragments
as harmful by the immune system [47].

Some limitations must be pointed regarding the results pre-
sented here. First, inhibition of secretase pathway did not
completely reversed brain inflammation and long-term cogni-
tive deficits. Since one of the main pathways related to Aβ
toxicity is the activation of RAGE [48], and several molecules
besides Aβ could bind RAGE, this can partially explain our
results. In fact, it was previously demonstrated that RAGE
neutralization completely reversed cognitive impairment and
brain inflammation in an animal model of sepsis [21]. This
was similar to the neutralization of another RAGE ligand,
HMGB1 [49]. Second, it is possible that the pharmacological
inhibition of secretase pathway was not complete, or the dose
regimen of drug administration was not enough to completely
reverse Aβ formation, and this could also explain the partial
protection. Third, only male rats were included in this study,
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and it is recognized that this could represent a scientific gap in
animal studies. However, gonadal steroids modulate immune
responses and sepsis severity [50]; thus, it is critical to under-
stand how to incorporate females in future studies. Fourth,
secretase inhibitors were administered via intracerebroventric-
ular injection. While these limit the clinical translation of our
results, from a mechanistic point of view, it decreases the
probability of a systemic, non-specific effect.

In conclusion, it was demonstrated that during sepsis de-
velopment there was an increase in the degradation of APP by
the amyloidogenic route, and the inhibition of this pathway
promoted attenuation of neuroinflammation, Aβ peptide con-
tent, and of cognitive impairment.
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