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Abstract

Purpose Interleukin (IL)-18 can activate glial cells to trig-
ger neuroinflammation and neurodegeneration. Lower
omega (n)-3 polyunsaturated fatty acids (PUFAs) and lower
n-3/n-6 PUFA ratios occur in the brain of patients with Alz-
heimer’s disease (AD). We have previously reported that
an n-3 PUFA, eicosapentaenoic acid (EPA), can improve
memory and attenuate neurodegeneration-like changes in
animal models of AD. However, whether and how EPA
modulates glial cell activity and functions remains unclear.
The aim of this study was to test the hypothesis that EPA
may attenuate neuroinflammation by inhibiting micro-
glial activation and microglia-produced proinflammatory
cytokines, and by enhancing the expression of astrocytes-
produced neurotrophins and their receptors.
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Methods Male Long-Evans rats were fed either palm oil
supplemented diet or EPA supplemented diet for 42 days.
On day 36 of diet feeding, rats received an intracerebroven-
tricular injection of IL-18 or saline for 7 days. The glial
activation, the expression of amyloid precursor protein
(APP), calcium-dependent phospholipase (cPL) A2, brain-
derived neurotrophic factor (BDNF) and its receptor, and
PUFA profile in the hippocampus were analyzed.

Results 1L-1P elevated biomarkers of microglial CD11b and
astrocyte GFAP expression, increased the expression of APP,
tumor-necrosis factor (TNF)-a, but reduced BDNF and its
receptor (TrKB). IL-1B also lowered n-3 EPA and docosap-
entaenoic acid concentrations but increased n-6 PUFAs and
cPLA2 activity in the hippocampus. EPA supplement nor-
malized the n-3 and n-6 PUFA profiles and cPLA2 levels,
inhibited glial activation, reduced APP and TNF-a expres-
sion, as well as up-regulated BDNF and TrKB.

Conclusion Supplementation with EPA appear to have
potential effects on improving glial over-activation, n3/n6
imbalance and BDNF down-regulation, which contribute
to anti-inflammatory and may provide beneficial effects on
inflammation-associated disease such as AD.

Keywords Eicosapentaenoic acid - IL-1f - Inflammation -
Brain-derived neurotrophic factor - Proinflammatory
cytokine

Abbreviations

AA Arachidonic acid

AD Alzheimer’s disease

APP Amyloid precursor protein

BDNF Brain-derived neurotrophic factor
cPLA2  Calcium-dependent phospholipase A2
DHA Docosahexaenoic acid

DPA Docosapentaenoic acid
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EPA Eicosapentaenoic acid

GC Gas chromatography

GFAP Glial fibrillary acidic protein
IL-18 Interleukin- 18

LA Linoleic acids

MAPK  Mitogen-activated protein kinase
p75NTR  p75 neurotrophin receptor
PUFAs  Polyunsaturated fatty acids

ROS Reactive oxygen species

TNF-a Tumor-necrosis factor-o

TrkB Tyrosine receptor kinase B
Introduction

Although the causes for the onset and progress of neuro-
degenerative diseases, such as Alzheimer’s disease (AD)
remain poorly understood, increasing evidence suggests that
neuroinflammation plays a crucial role in neurodegeneration
[1]. Inflammation occurs in pathologically vulnerable brain
regions of the neurodegenerative disease, with increased
activated glial cells and proinflammatory cytokine levels,
usually not observed in the normal brain [2, 3]. Two types
of brain glial cells, microglia and astrocytes, are responsi-
ble for the inflammatory response and neuroprotection [4].
Over-activation of microglia-produced excessive proinflam-
matory cytokines and free radicals can induce neuronal
dysfunction and even death [5]. In contrast, astrocytes are
involved in neurogenesis and produce neurotrophins and
anti-inflammatory mediators [6]. Proinflammatory fac-
tors from activated microglia may decrease the secretion of
neurotrophins from astrocytes, such as brain-derived neu-
rotrophic factor (BDNF) [7]. BDNF is a critical neurotro-
phin for neuronal differentiation and survival, exerting its
biological effects by binding to either tyrosine kinase (Trk)
B receptor or p75SNTR receptor. Reduced levels of BDNF
in the brain [8] and serum correlate with clinical severity of
AD [9], whereas intrahippocampal administration of BDNF
in rats protects against neuronal loss by inhibiting the acti-
vation of microglia and astrocytes [10]. Furthermore, intra-
nasal BDNF-induced neuroprotection is associated with
down-regulation of proinflammatory (TNF-a) and up-regu-
lation of anti-inflammatory (IL-10) cytokines [11]. Because
current treatments for neurodegenerative diseases are often
ineffective and have numerous side-effects [12], anti-inflam-
matory/BDNF-augmenting treatments may represent new
candidates for the future therapy.

We have previously reported that an omega (n)-3 poly-
unsaturated essential fatty acid (PUFAs) can reduce inflam-
mation and up-regulate neurotrophins [13—15]. n-3 PUFAs
synthesized from dietary precursors are important com-
ponents of membrane phospholipids in both neurons and
immune cells. Therefore, they are critical for the modulation
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of both brain and immune functions [16]. n-3 PUFAs
include «-linolenicacid, eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). They are potent activators
of peroxisome proliferator-activated receptors, which can
inhibit inflammation. Phospholipids including linoleic acids
(LA) can be utilized by phospholipase (PL)A2 to produce
arachidonic acid (AA), which is converted into eicosanoid.
Eicosanoids are the precursor of proinflammatory media-
tors, such as prostaglandin (PG) E2 and thromboxane A2
by COX2 [17-19]. Therefore, increased intake of n-6 FAs
may raise the risk of inflammatory and neurodegenerative
diseases, while protective effects of n-3 fatty acids supple-
mentation have been demonstrated in experimental animal
models of AD [20, 21]. Although EPA is far less abundant
in the brain than DHA, it is highly neuroactive [22], and
may be more effective than DHA in the treatment of psychi-
atric disorders [23]. However, whether and how EPA mod-
ulates glial cell activity and functions remains unknown.
Previously, we have reported that EPA markedly attenuated
IL-1B-induced decrease in the nerve growth factor and ace-
tylcholine release, as well as improved spatial and working
memory [14, 24]. Thus, we hypothesize that (1) EPA can
attenuate neuroinflammation by inhibiting microglial acti-
vation, which reduces the production of proinflammatory
cytokines; (2) EPA may enhance the expression of astro-
cyte-produced neurotrophins and their receptors; and (3)
EPA effects may be related to increased n-3, but reduced
n-6, PUFA in the brain. The pathway from IL-1 administra-
tion to cell death and possible targets of EPA on microglia
and astrocytes are presented in Fig. 1.

Because IL-1PB, a potent proinflammatory cytokine, is
increased in AD human or mouse brain [25], it can evoke
many AD-like changes, such as triggering microglial activa-
tion, enhancing the expression of amyloid precursor protein
(APP) and impairing cognitive function. The present study
used a rat model of AD induced by central administration of
IL-1B [13, 15]. The hippocampal samples were collected from
rats fed normal or EPA diet with or without IL-1p administra-
tion and the expression of microglial marker CD11b, astrocyte
marker glial fibrillary acidic protein (GFAP), BDNFEBDNF
receptors Trk B and P75, TNF-a as well as APP were meas-
ured in the hippocampus. The calcium-dependent (c) PLA2
and PUFA profile were also studied.

Methods

Animals and surgery

Forty male Long-Evans rats (4-8 weeks, 200-220 g) were
purchased from Charles River, Montreal, Canada and ran-

domly divided into 4 groups (n = 10). Animals were housed
2 per cage at 22 &+ 1 °C, with a 12-h light-dark cycle, and free
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access to food and water at all times. Animals were handled
daily (5 min, thrice per day). After acclimation for 5 days,
animals were anesthetized with ketamine (100 mg/kg) and
xylazine (20 mg/kg) and placed in a stereotaxic apparatus.
Guide cannulae for saline or IL-1p intracerebroventricular
(i.c.v.) administration were located over the right lateral ven-
tricle (AP = 1 mm, L = 1.6 mm, 1 mm depth). Following
surgery, the rats were allowed to recover for 14 days. The
animal protocol was approved by the animal care committee
of the University of Prince Edward Island, Canada, and com-
plied with the University of Prince Edward Island guidelines
for the care and use of laboratory animals. The experiments
were conducted in a blinded fashion.

Diet
After recovery, animals were divided into four
groups (n = 10) as follows: PS (palm oil supple-

mented diet + saline injection); ES (EPA supple-
mented diet + saline injection); PI (palm oil supple-
mented diet + IL-1p injection); EI (EPA supplemented
diet + IL-1f injection). Rats were fed a diet consisting
of regular chow powder (PMI® Richmond, Indiana, US)
mixed with 0.8% ethyl (E)-EPA (99% pure) (Amarin Neu-
roscience Ltd, UK), or 0.8% palm oil (Sigma, Canada) as
described previously [13, 14]. Palm oil was chosen as the
control diet since it ensured comparable caloric values,
contains low amounts of n-6 fatty acids and negligible
amounts of n-3 fatty acids [15]. The diet was fed to rats
(25-30 g per rat/day) before the light turning off and last
for 12 h. Feeding period was 42 days. For preparation of
the diet, the master bottle of E-EPA (oil) was taken from
—20 °C freezer and aliquoted to Falcon tubes that were
flushed with nitrogen gas to prevent oxidation. The EPA
diets were prepared every 3 days and flushed with nitrogen,
sealed and stored in 4 °C to prevent oxidation. To monitor
EPA oxidization during feeding time, peroxide value (PV)
was tested by the Peroxysafe kit (M.P. Biomedicals LLC,

receptor dysfunction

Solon, Ohio, USA) before and 12 h after the diet expos-
ing to the food container. Briefly, calibration curve was set
up by transferring 200 WL of each calibrator and control
reagents into the corresponding labeled test tube. Follow-
ing gentle swirl of the tubes, 1 aliquot of peroxide reagents
A, B, C and control was dispensed into every calibrator
and control test tube, respectively. After vortexing and sta-
bilizing at the rocker for 10 min, calibration was carried
out according to the instruction on the SafTest™ Analyzer.
Duplicated diet samples were labeled and above mentioned
reagents A—C were added, respectively. After reading the
results from the analyzer, the PV value was adjusted by
dilution factor and expressed as milliequivalents of perox-
ide per kilogram of sample. The PV was 0.2 meq/kg in the
fresh diet and increased to 3.76 meq/kg after exposing to
the feeding containers for 12 h.

L.c.v. saline or IL-1p injection

The i.c.v. injection of IL-1f or saline started on day 36 of
diet feeding and continued for 7 days [11, 12]. To minimize
handling/procedural stress, rats with implanted cannulae
were gently handled and restricted in a soft cotton towel
(3 min) daily for 14 days before the injection. On the injec-
tion day, 10 ng IL-1p8 or saline (a total 5 pl) were taken
into a 4.2-mm internal needle connected to PES0 polyeth-
ylene tube [6, 13, 15]. The rats were gently restricted in the
towel under waking state and the cap of the guide cannula
was gently unscrewed. The needle was then inserted into
the guide cannula, and IL-1f or saline was slowly infused
into the brain over a period of 1 min. The injection needle
was allowed to remain inside the guide cannula for another
1 min, and then slowly removed [6, 13, 15]. Injections were
repeated daily, for 7 days. One day after the last injection,
animals were deeply anesthetized by isoflurane inhalation,
and decapitated. The brain was removed and dissected on
ice, and hippocampi collected for further analyses.
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Lipid extraction and gas chromatography (GC)

Lipid extraction and gas chromatography (GC) analyses
were utilized to analyze FAs as described previously [26].
Briefly, hippocampal tissue was homogenized with chlo-
roform: methanol solution (2:1). The lower phase contain-
ing lipids was dried under a nitrogen stream. The dried
samples incubated in a water bath with ethanolic KOH,
and then NaCl and hexane were added to make the phase
separation; HCI has been added in the low layer to adjust
pH, followed by hexane. After the separation, the top layer
was dried under a nitrogen stream. Methanolic HC1 was
added to dry fatty acids, and then NaCl and hexane were
added, to make the phase separation again, the top layer
containing FAME (fatty acidmethyl ester) was collected for
GC analysis. FAME was analyzed by GC using a Hewlett
Packard (Palo Alto, CA) 6890 equipped with a flame ioni-
zation detector. The FAME was separated on a 60 m Agi-
lent 122-2361 DB-23 capillary column using helium at a
flow rate of 1.8 ml/min. The inlet and detector temperatures
were constant at 225 °C. Peaks were identified by compar-
ing retention times with external FAME standard mixtures
(Nu-Chek-Prep, GLC-NESTLE-37) and DPA PUFA stand-
ard (Nu-Chek-Prep, U-101-M).

Western blot

Hippocampal samples were homogenized in lysis buffer
(150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate,
0.1% SDS, 5 mM ethylenediamine tetraacetic acid, 50 mM
Tris—Hcl, pH 8.0) supplemented with protease inhibitor
cocktail (Pierce Biotechnology, Rockford, IL, USA), then
centrifuged at 12,000 rpm for 15 min at 4 °C, the super-
natant was collected and protein concentration was esti-
mated by BCA Protein Assay Kit (Pierce Biotechnology).
30-50 g protein was loaded onto a 10% gradient poly-
acrylamide gel, electrophoretically transferred to PVDF
membrane, after incubation for 2 h at room temperature
with 5% non-fat milk, membranes were then incubated
with primary antibodies: anti-CD11b (1:1000), anti-GFAP
(1:1000), anti-TNF-o (1:1000) anti-BDNF (1:1000), anti-
TrkB (1:1000), anti-p75SNTR (1:1000), anti-APP(1:1000),
and anti-f-actin (1:2000) overnight at 4 °C. After washing,
the membranes were incubated with goat radish peroxi-
dase-conjugated secondary antibody (1:5000), followed by
detection using enhanced chemiluminescence (Pierce Bio-
technology). Band intensities were quantified using Image-
Pro Express 4.0 software (Media Cybernetics Inc. Rock-
ville, MD, USA). BDNF, TrkB and p75NTR antibody was
purchased from Abcam (England). CD11b, GFAP, TNF-q,
APP and B-actin antibody was purchased from Proteintech
(Chicago, IL, USA).
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Real-time PCR

The total RNA was extracted from hippocampal samples
using Trizol reagent according to the manufacturer’s proto-
col (Gibco BRL, Rockville, MD). The first stranded cDNA
was synthesized from 1 pg of total RNA using the Omin-
iscript RT kit according to the manufacturer’s instructions
(Qiagen Inc., Valencia, CA). The PCR sequence was run by
Corbett Life Science (Sydney, Australia) Rotor-Gene 6000
system with SYBR Green fluorescence (Qiagen). PCR
reactions were carried out in a reaction mixture consisting
of 7.5 ul SYBR Green Mix, 0.5 wl each primer (10 nM),
1 wl cDNA, and 6 pl RNase-free water. Amplification was
performed using an initial 15-min step at 95 °C to activate
the HotStarTaq DNA polymerase, followed by 45 cycles
with 94 °C for 15 s (denaturing), 59 °C for 30 s (anneal-
ing) and 72 °C for 30 s (extension). All reactions were
performed in triplicate for each sample. Gene expression
levels were quantified by normalizing Ct values of target
genes to Ct values of the reference gene (beta actin) with
the AACt method (24). The primers (Invitrogen, Carlsbad,
CA, USA) used to measure the target gene expression are
listed in Table 1.

cPLA2 measurement

Hippocumpal samples were homogenized in ice-cold
Tris buffer (PH 7.8). The protein concentration was
determined in the homogenates with a Coomassie Plus
Protein Assay Kit (Pierce), and the cPLA2 activity was
measured with a commercial assay kit (Cayman Chemi-
cals) according to the manufacturer’s protocols. Briefly,
1.5 mm arachidonoyl thio-PC in the kit was used as a

Table 1 Real-time PCR Primers used in this study

Target/control gene Primer sequences

BDNF F 5'-CAAAAGGCCAACTGAAGC-3’

R 5’-CGCCAGCCAATTCTCTTT-3'
CDl11b F 5-CAAGGAGTGTGTTTGCGTGT-3’

R 5-AGAAGGCTCGGACAACTGAG-3'
GFAP F 5'-CCAAGATGAAACCAACCT-3'

R 5-CGCTGTGAGGTCTGGCTT-3’
p75NTR F 5"-TGCTCCATTTCCATCTCAG-3’

R 5'-GATAGGTCCGTAATCCTCTTC-3'
TNF-a F 5'-TCATTCCTGCTCGTGGCGGG-3'

R 5’-CGGCTGACGGTGGGGTGAG-3’
TrkB F 5'-GGCTTATGCTTGCTGGTC-3’

R 5-CTGGGTCAATGCTGTTAGGT-3'

APP F 5'-CGGTGTCCATTTATAGAATA-3'

R 5-GAGAGATAGAATACATTACTGA-3’
F 5'-GTCGTACCACTGGCATTGTG-3'

R 5-CTCTCAGCTGTGGTGGTGAA-3’

B-Actin
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Fig. 2 Effects of IL-1p admin-
istrations in-vitro on mRNA
expressions of microglial
marker CD11b, astrocyte
marker glial fibrillary acidic
protein (GFAP), and inflamma-
tory factor TNF-a in the rat hip-
pocampus. CD11b (a), GFAP
(b) and TNF-a (c) were signifi-
cantly increased by IL-1p, while
E-EPA attenuated this effect.
Data from PCR were normal-
ized by taking the value of con-
trol group as 1. **P < 0.01, PS
versus PI; *P < 0.05, EI versus
PI; 2P < 0.01, ES versus PS

Fatty acid contents are expressed as mg/g tissue in each group. Data represent mean += SEM
PS palm oil+saline, ES EPA+saline, PI palm oil+IL-1, EI EPA+IL-1
#P < 0.05, **P < 0.01, PS versus PL; *P < 0.05, P < 0.01 EI versus P; “P < 0.05, P < 0.01, ES versus
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synthetic substrate to detect PLA2 activity. Cytosolic
fractions were obtained by centrifuging at 18,000g for
15 min at 4 °C. cPLA2 activity was determined in the
cytosolic fractions with the presence of the iPLA2-spe-
cific inhibitor bromoenol lactone (10 M) and the sPLA2-
specific inhibitor thioetheramide-PC (50 M), which were
incubated with the samples for 20 min at 25 °C before
the assay. According to our protocol [27], the assay was
repeated and verified in the presence of 50 mol/L cPLA2-
specific inhibitor arachidonyl trifluoromethyl ketone to
confirm the reliability of this assay for cPLA2.

Statistical analysis

Data are presented as mean + SEM and analyzed by two-way
analyses of variance (ANOVA) for factors DIET and IL-18
treatments with post hoc Bonferroni-corrected ¢ tests for sig-
nificant ANOVA data. Significance was set at P < 0.05.

Results
Omega-3 FA profiles in the hippocampus

GC data show that the EPA content was significantly
increased in both EPA group and EPA with IL-1f group
(PS versus ES, P < 0.01; PI versus EI, P < 0.01) (Table 2).
The docosapentaenoic acid (DPA) content was also sig-
nificantly increased in ES and EI group (PS versus ES,
P <0.01, EI versus PI, P < 0.01) (Table 2), but not in a-LA
(Table 2) and DHA content (Table 2).

Omega-6 FA profiles in the hippocampus

GC analyses show that LA (Table 2) and AA (Table 2) con-
centrations were significantly increased in animals which
received IL-1p (PS versus PI, P < 0.05 for LA and P < 0.01
for AA). However, these effects were attenuated by EPA
feeding (EI versus PI, both P < 0.05).

Changes in glial cell activation and TNF-« expression

As shown in Fig. 2, CD11b and GFAP mRNA expression
was increased in PI group compared to PS group (P < 0.01
for both CD11 and GFAP). EPA partially but significantly
attenuated the up-regulation of CD11b and GFAP in the
IL-1P group (EI versus PI: P < 0.05 for CD11, and P < 0.05
for GFAP). Paralleling the gene expression data, western
blot analyses showed a significantly increased CD11b and
GFAP protein expressions in PI compared to PS group
(both P < 0.01), while EPA supplementation significantly
ameliorated this effect (both P < 0.01, EI versus PI, Fig. 3).
At the protein expression level, the IL-1f administration
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Fig. 3 Effects of IL-1f administrations on protein expressions of
microglial marker CD11b, astrocyte marker GFAP, and TNF-a in the
rat hippocampus, assessed by western blot (a) and quantified by den-
sitometry (b). Data from western blot were normalized by taking the
value of control group as 1. **P < 0.01, PS versus PI; #P <0.01, El
versus PI; 2P < 0.05, ES versus PS

strongly up-regulated TNF-a (PS versus PI, P < 0.01),
whereas EPA significantly down-regulated TNF-a expres-
sion in the IL-1 group (EI versus PI, P < 0.01) or in EPA
with saline group (ES versus PS, P < 0.05) (Fig. 3). Fur-
thermore, IL-1f significantly increased the expression of
TNF-oo mRNA (PS versus PI, P < 0.01), which was attenu-
ated by the EPA diet (EI versus PI, P < 0.05) (Fig. 2c¢).

Hippocampal expressions of BDNF, Trk B and p7SNTR
receptor

At the qPCR level, IL-1f significantly down-regulated
BDNF mRNA expression (PS versus PI, P < 0.01, Fig. 4a),
and the down-regulation of BDNF expression induced by
IL-1B was significantly attenuated by EPA supplemen-
tation (EI versus PI, P < 0.01). Similar to BDNF, IL-1p
administration down-regulated Trk B mRNA expression
(PS versus PI, P <0.01, Fig. 4b), and EPA supplementation



Eur J Nutr (2018) 57:1781-1791

1787

Fig. 4 Effects of IL-1p admin-
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markedly attenuated these effects (EI versus PI, P < 0.01).
In contrast, IL-1p up-regulated p7SNTR expression (PS
versus PI, P < 0.01, Fig. 4c), which was reversed by EPA
treatment (PI versus EI, P < 0.01). Western blot analysis
(Fig. 5) confirmed the PCR findings, showing that the pro-
tein expression of BDNF and TrkB was decreased, and
p75NTR increased, in the PS versus PI group (P < 0.01
for BDNF, TrkB and p75), but was reversed in EI versus
PI groups (P < 0.01 for BDNF and TrkB, P < 0.05 for
p75). The present results also demonstrated that EPA by
itself up-regulated the BDNF and TrkB protein expression
(PS versus ES, P < 0.05, respectively, Fig. 5), but down-
regulated the p7SNTR protein expression (PS versus ES,
P <0.01, Fig. 5).

APP expressions and cPLA?2 activity

Both PCR and western blot data demonstrated that
APP expression was significantly increased by IL-1
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administration (PS versus PI, P < 0.01), which was mark-
edly reversed by EPA treatment (EI versus PI, P < 0.01 for
both PCR and western blot) (Fig. 6a, ¢, d). The hippocam-
pal activity of cPLA2 was also increased by IL-1 (PS ver-
sus PI, P < 0.01), but returned to the normal level in the
EPA group with IL-linjection (PI versus EI, P < 0.01)
(Fig. 6b).

Discussion

This study demonstrated that central IL-1 administration
activated both microglial and astrocyte markers CD11b
and GFAP, enhanced the expression of TNF-a, p75SNTR
and APP, but decreased BDNF and TrkB receptor expres-
sion. These changes were associated with robustly elevated
activity of cPLA2 and major n-6 PUFA AA. The 6-week
EPA diet significantly increased brain EPA and DPA,
but not DHA, and prevented IL-1f-induced increases in
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cPLA2, AA and LA, attenuated IL-1B-induced glial acti-
vation and up-regulations of APP and TNF-a. Further-
more, EPA supplementation up-regulated the expression of
BDNF and its TrKB receptor, and down-regulated the P75
receptor expression.

IL-1B, a pluripotent proinflammatory cytokine, can
stimulate microglia to generate proinflammatory cytokines,
reactive oxygen species (ROS) and nitric oxide, which can
directly or indirectly damage neurons and cause neurode-
generation [28, 29]. In the present study, IL-1 induced up-
regulation of CD11b and GFAP, as well as TNF-a expres-
sion, were all attenuated by the EPA diet, supporting our
first hypothesis that EPA supplementation may indeed ame-
liorate neuroinflammation by modulating glial activity.

Previously, we have reported that microglial activation
could affect astrocyte functions, thereby changing the sys-
tem of neurotrophins [24, 30]. Astrocytes-produced neuro-
trophins, such as BDNF, can suppress neuroinflammation
and protect neurons. Decreased BDNF levels were reported
in the brain or blood of patients with neurodegenerative
diseases (8). The biological effects of BDNF are medi-
ated through the high-affinity (Trk B) and the low-affinity
(p75NTR) receptors. Binding to high-affinity TrkB recep-
tors activates several intracellular pathways, including the
mitogen-activated protein kinase (MAPK) pathway, and the
phosphoinositide 3-kinase (PI3 K)/Akt/Bcl2 pathway [31],
which promotes neuronal survival, differentiation and regu-
lates synaptic transmission [32]. However, Trk B reduction
can trigger p75NTR receptor expression, thereby induc-
ing neuron apoptosis [33]. The present study on one hand
showed that EPA up-regulated BDNF and TrkB expres-
sion in control group, and prevents the down-regulation of
BDNF and TrkB receptor in the IL-18 group. On the other
hand, EPA down-regulated the p75NTR receptor expres-
sion in control animals, and reversed the up-regulation of
p75NTR receptor in IL-1f group. Thus, these results sup-
port our second hypothesis that EPA may exert neuropro-
tective functions by modulating BDNF and neurotrophin
receptors. Although the exact mechanisms by which EPA
regulates neurotrophin function remain unknown, n-3 fatty
acids can modify the activity of several membrane-bound
enzymes, including protein kinase C [34], which is linked
to BDNF transcription [35].

The mechanism by which sub-acute IL-1p increased
n-6 PUFA also remains unclear. However, it is known
that cellular stress induced by administration of IL-18
can activate pathways involved in fatty acid synthesis
and turnover [36]. Since AA is a precursor of inflamma-
tory mediators under the action of cPLA2 [37], increased
the enzyme activity further supports that IL-1p can trig-
ger an inflammation-associated FA profile in hippocampal
neuronal membranes. More interestingly, increased con-
tents of AA and PLA2 were reported in human amyloid
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Fig. 5 Effects of IL-18 administration on protein expressions of
BDNF and its receptor in the rat hippocampus, assessed by west-
ern blot (a) and quantified by densitometry (b). Data from west-
ern blot were normalized by taking the value of control group as
1. *P < 0.01, PS versus PL; *P < 0.05, #¥P < 0.01, EI versus PI;
AP <0.05, 24P < 0.01, PS versus ES

precursor protein (hAPP) transgenic mice and AD patients
[38], while B-amyloid can activate PLA2 and increase
AA contents [38]. In the present study, up-regulation of
APP was found in the hippocampus of rats received IL-18
which is consistent with our previous report [16]. Col-
lectively, these findings may suggest an important link
between neuroinflammation and APP; likely mediated by
APP-induced activation of PLA2 and AA.

Following the EPA diet with or without IL-1f injec-
tions, the EPA and DPA rose, while cPLA2, AA and LA
decreased, associated with reduced glial activation as
well as APP and TNF-a expression, and up-regulated
BDNF and TrKB receptor expression. Thus, these results
seem to support the last hypothesis that EPA exerts anti-
inflammatory and neuroprotective effects by increasing
n-3, but reducing n-6, in the brain.

The last important finding from this study was that an
n-3 PUFA, DPA, was increased, while DHA was unaffected
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Fig. 6 Hippocampal APP
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after EPA feeding, which is consistent with data from
another group [39]. Accumulated evidence shows that EPA
and DHA may be synthesized separately or through differ-
ent ways. Igarashi et al. reported that the liver is a major
site of DHA synthesis from a-LNA and can maintain a nor-
mal concentration of DHA in the brain by this synthesis
even if there is no DHA in the diet [40]. This finding is sup-
ported by Bourre et al who reported that a dietary absence
DHA did not decrease the concentration of brain DHA in
animals [41]. Similarly, using mice engineered to carry a
fat-1 gene, which can convert n-6 PUFAs into n-3 PUFAs,
Siegert et al. reported that a significant increase in EPA but
not DHA levels was found in the brain of fat-1 mice com-
pared to wt littermates [42]. Therefore, the finding from the
present study that DHA levels were not affected by EPA
administration is unsurprised. Taken together, these data
suggest that the effects of EPA on glial cells and the neu-
rotrophic system were not via DHA synthesis per se, but
rather due to EPA own function, either directly or via its
metabolite (DPA). Since the function of DPA in the brain
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is poorly understood, this possibility warrants further
investigation.

In summary, the present results suggest that IL-1§,
by triggering glial activation and increasing n-6 PUFA,
induces neuroinflammation and APP expression, but sup-
presses neurotrophin BDNF function, in rat hippocampus.
EPA treatment restored the n-3 and n-6 PUFA concentra-
tions in the hippocampus, and normalized glial cell activity
and BDNF signaling, thereby inducing anti-inflammation
in IL-1B-injected animals. Thus, EPA may provide benefi-
cial effects on neurodegenerative diseases such as AD.
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