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Blocking pro‑inflammatory 
platelet‑activating factor receptors 
and activating cell survival pathways: 
A novel therapeutic strategy in 
experimental ischemic stroke
Ludmila Belayev1, Andre Obenaus2, Pranab K. Mukherjee1, Eric J. Knott1, 
Larissa Khoutorova1, Madigan M. Reid1, Cassia R. Roque1,3, Lawrence Nguyen2, 
Jeong Bin Lee2, Nicos A. Petasis4, Reinaldo B. Oria1,3, Nicolas G. Bazan1

Abstract:
OBJECTIVE:  Acute  ischemic  stroke  triggers  complex  neurovascular,  neuroinflammatory,  and 
synaptic alterations. This study explores whether blocking pro‑inflammatory platelet‑activating factor 
receptor (PAF‑R) plus selected docosanoids after middle cerebral artery occlusion (MCAo) would 
lead to neurological recovery. The following small molecules were investigated: (a) LAU‑0901, a 
PAF‑R antagonist that blocks pro‑inflammatory signaling; and (b) derivatives of docosahexaenoic 
acid (DHA), neuroprotectin D1 (NPD1), and aspirin‑triggered NPD1 (AT‑NPD1), which activates cell 
survival pathways and are exert potent anti‑inflammatory activity in the brain.
MATERIALS AND METHODS: Sprague‑Dawley  rats  received 2 h MCAo and LAU‑0901  (30 or 
60 mg/kg, 2 h after stroke), NPD1, and AT‑NPD1 (333 μg/kg), DHA (5 mg/kg), and their combination were 
administered intravenous at 3 h after stroke. Behavior testing and ex vivo magnetic resonance imaging 
were conducted on day 3 or 14 to assess lesion characteristics and lipidomic analysis on day 1. Series 
1 (LAU‑0901 + NPD1, 14d), Series 2 (LAU‑0901 + AT‑NPD1, 3d), and Series 3 (LAU‑0901 + DHA, 1d).
RESULTS: All combinatory groups improved behavior compared to NPD1, AT‑NPD1, or DHA treatments 
alone. Total lesion volumes were reduced with LAU‑0901 + NPD1 by 62% and LAU‑0901 + AT‑NPD1 
by 90% treatments versus vehicle groups. LAU‑0901 and LAU‑0901 + DHA increased the production of 
vasoactive lipid mediators (prostaglandins: PGE2, PGF2‑α, 6‑keto‑PGF1‑α, and PGD2) as well an inflammatory 
regulating mediator hydroxyoctadecadienoic acid. In contrast, LAU‑0901 and LAU‑0901 + DHA decreased 
the production of 12‑hydroxyeicosatetraenoic acid, a pro‑inflammatory mediator.
CONCLUSION: Combination therapy with LAU‑0901 and selected docosanoids is more effective 
than the single therapy, affording synergistic neuroprotection, with restored pro‑homeostatic lipid 
mediators and  improved neurological  recovery. Altogether, our findings support  the combinatory 
therapy as the basis for future therapeutics for ischemic stroke.
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Docosanoids,  ischemia/reperfusion,  magnetic  resonance  imaging,  neuroinflammation, 
platelet‑activating factor‑receptors antagonist
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Introduction

Ischemic stroke is a leading cause of death and the 
primary cause of permanent disability. Current 

therapeutic options are limited and do not address the 
associated immune response and acute inflammation that 
occur at the site of cerebral ischemia. Ischemia‑reperfusion 
injury is associated with dysregulation of multiple 
neuroinflammatory pathways[1,2] and disruption of 
neuronal circuits, which, in turn, results in many of 
the pathologies affecting stroke survivors.[3] We are 
introducing a novel approach to pharmacologically 
target and resolve neuroinflammatory disruptions 
to attain sustained neuronal network integrity and 
neurologic recovery. To address the multifaceted 
pathogenic components of stroke, we proposed a 
combination therapy to block pro‑inflammatory events[1,4] 
while simultaneously promoting neuroprotection and 
inflammation resolution.[4,5]

A robust suppression of pro‑inflammatory signaling has 
been achieved by the use of LAU‑0901 (2,4,6‑trimethyl‑1, 
4‑dihydro‑pyridine‑3, 5‑dicarboxylic acid), a small 
molecule antagonist of the platelet‑activating factor 
receptor (PAF‑R).[6] Platelet‑activating factor (PAF; 
1‑Oalkyl‑2‑acyl‑sn‑3‑phosphocholine) release may lead 
to substantial cerebral injury by enhancing intracellular 
calcium, disrupting the blood–brain barrier, reducing 
cerebral blood flow, and activating leukocytes.[6] 
Excessive activated immune cell PAF release triggers 
neuronal injury, and inhibition of this process plays a 
critical role in a neuronal survival and prevention of 
ischemic brain injury.[7,8] LAU‑0901, a highly potent and 
selective PAF‑R antagonist, has been examined in models 
of focal cerebral ischemia in rats and mice.[9] LAU‑0901 
improved behavioral deficits and reduced infarct 
volumes when administered 2 h after middle cerebral 
artery occlusion (MCAo).[9,10] In addition, LAU‑0901 
conferred enduring neuroprotection in animals allowed 
to survive for several weeks after stroke.[11]

Neuroprotective effects and hastening of inflammatory 
resolution have been achieved by administration of 
bioactive docosanoids, endogenous lipid mediators 
derived from docosahexaenoic acid (DHA), a major 
omega‑3 fatty acid in the brain following brain 
ischemia‑reperfusion. Neuroprotectin D1 (NPD1) and 
aspirin‑triggered NPD1 are synthetic docosanoids that 
have been previously studied by our group. They have 
been found to promote neuronal cell survival with 
important anti‑inflammatory activity.[12‑14] The biological 
activity of NPD1 and AT‑NPD1 has been attributed to 
specific activation or modulation of signaling pathways 
associated with the immune system, inflammation, cell 
survival, and/or cell–cell interactions.[5,14]

Increasing evidence suggests that resolution of 
inflammation is not a passive process due to exhaustion of 
the signaling per se, but rather an orchestrated interaction 
of a large number of mediators, which actively suppress 
the inflammatory response.[2] Major steps in the process 
include the removal of dead cells, the development of 
an anti‑inflammatory environment, and the generation 
of prosurvival factors fostering tissue reconstruction 
and repair.[2] The modulation of eicosanoid pathways 
and lipid mediators has been addressed by combining 
LAU‑0901 with DHA, which activates cell survival 
pathways with anti‑inflammatory and neuroprotective 
activity in the brain.[15]

Therefore, in this study, the therapeutic efficacy 
of LAU‑0901 combinatory therapy with selected 
docosanoids (DHA, NPD1, and AT‑NPD1) was 
investigated using a well‑established rat model of 
transient ischemia,[16] with the aid of multimodal 
magnetic resonance imaging (MRI), neurobehavioral 
assays, and lipidomic analysis. No prior studies have 
used this novel combinatory approach for the treatment 
of ischemic stroke.

Materials and Methods

Animals
All studies were approved by the Institutional Animal 
Care and Use Committee of the Louisiana State 
University Health Sciences Center New Orleans. Male 
Sprague‑Dawley rats (280–370 g) obtained from Charles 
River Laboratories (Wilmington, MA) were used in all 
studies. Anesthesia was induced with 3% isoflurane in 
a mixture of 70% nitrous oxide and 30% oxygen. All rats 
were orally intubated and mechanically ventilated. The 
catheters were implanted into the right femoral artery 
and vein for the blood sampling and infusion of drugs. 
Serial analyses of arterial blood gases, plasma glucose, 
hematocrit, and arterial blood pressure were conducted 
before and during a surgical procedure. Rectal (CMA/150 
Temperature Controller, CMA/Microdialysis AB, 
Stockholm, Sweden) and cranial (temporalis muscle; 
Omega Engineering, Stamford, CT) temperatures were 
maintained at 36°C to 37°C before, during, and after 
MCAo. Rectal temperature and body weight were 
monitored daily during the survival period.

In vivo ischemia model: Transient middle cerebral 
artery occlusion
Rats underwent 2 h of right MCAo by an intraluminal 
filament, as previously described.[16] A 3–0 monofilament 
coated with poly‑L‑lysine was advanced through the 
external carotid artery to the MCA until mild resistance 
was felt. Animals were allowed to awaken from 
anesthesia and at 60 min of MCAo were tested on a 
standardized neurobehavioral battery to confirm the 
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presence of a high‑grade neurological deficit.[16] After 
2 h of MCAo, rats were reanesthetized with the same 
anesthetic combination. Temperature probes were 
reinserted, intraluminal sutures were carefully removed, 
and the animals were allowed to survive for 1, 3, 7, or 
14 days according to experimental design with free access 
to food and water.

Treatments and experimental protocols
Rats were randomly assigned to LAU‑0901 (IP, 30 
or 60 mg/kg, at 2 h after onset of stroke), (NPD1; 
333 μg/kg), aspirin‑triggered (AT‑NPD; 333 μg/kg), 
docosahexanoic acid (DHA; 5 mg/kg) or vehicle (0.9% 
saline) treatment groups. NPD1, AT‑NPD1, and DHA 
were administered intravenously 3 h after the onset of 
MCAo at a constant rate over 3 min using an infusion 
pump. All treatments were administered by researchers 
blinded to the treatment groups.

Three study protocols were applied: Series 1, Effect of 
LAU‑0901 + NPD1: LAU‑0901 (30 mg/kg) and NPD1 alone 
or in combination; behavior was evaluated on days 1, 2, 
3, 7, and 14, followed by ex vivo MRI on day 14. Series 2, 
effect of LAU‑0901 + AT‑NPD1: LAU‑0901 (60 mg/kg) and 
AT‑NPD1 alone or in combination; behavior was evaluated 
on days 1, 2, and 3, followed by ex vivo MRI on day 3. Series 
3, effect of LAU‑0901 + DHA: LAU‑0901 (60 mg/kg) and 
DHA alone or in combination; behavior was evaluated at 
4 h and day 1, followed by lipidomic analyses on day 1.

Behavioral assessments
The primary behavioral end point was the composite 
neurological score (0–12 points, 0 = normal, and 
12 = maximal deficit) as we previously described.[16] 
The battery consisted of two tests to assess various 
aspects of neurologic function: (1) the postural reflex 
test, to examine upper body posture while the animal is 
suspended by the tail and (2) the forelimb placing test, 
to examine sensorimotor integration in forelimb placing 
responses to visual, tactile, and proprioceptive stimuli. 
Rats that did not demonstrate high‑grade contralateral 
deficit (score, 10–11) were excluded from further study. 
Tests were performed by an observer blinded to the 
treatment groups at 60 min (during MCAo) and then on 
days 1, 2, 3, 7, or 14 after MCAo.

Magnetic  resonance  imaging  acquisition  and 
analysis  of  total  lesion,  core,  and  penumbra 
volumes
High‑resolution ex vivo MRI was performed on 4% 
paraformaldehyde‑fixed brains at day 3 or 14 using 
an 11.7T Bruker Advance 8.9 cm horizontal bore 
instrument equipped with an 89 mm (ID) receiver 
coil (Bruker Biospin, Billerica, MA). T2‑weighted 
image (T2WI) and T2 relaxation maps were computed 
as we previously described.[17] We used hierarchical 

region splitting (HRS) to automatically identify core and 
penumbra volumes (total lesion = core + penumbra) from 
T2 relaxation maps.[17] Our core and penumbral tissue 
determination using HRS (implemented in Matlab) was 
validated previously by the use of perfusion‑weighted 
imaging/diffusion‑weighted imaging subtractions 
at each brain level.[17] The penumbra from HRS was 
defined using T2 values (ms), which were between 
normal‑appearing brain tissue and ischemic core. Data 
from each modality were summarized per group.

Brain sampling and lipidomic analysis
Rats were sacrificed on day 1 to investigate the effect 
of LAU‑0901 plus DHA on the expression of different 
lipid mediators in the ischemic core and penumbra. 
The brains were removed, divided into right and 
left hemispheres, and the penumbra (cortex) and 
core (subcortex) were dissected at bregma level − 0.3 
mm for lipidomic analysis. The following lipids were 
extracted: prostaglandins (PGE2, PGF2‑

α, 6‑keto‑PGF1‑
α, 

PGD2), hydroxyoctadecadienoic acid (HODE), 
11‑dehydro‑thromboxane B2, thromboxane B2 (TXB2), 
12‑hydroxyeicosatetraenoic acid (12‑HETE). They were 
characterized by liquid chromatography‑photodiode 
array detection‑electrospray ionization‑tandem mass 
spectrometry (MS/MS) using a TSQ quantum ultra 
performance liquid chromatography‑MS/MS triple 
stage tandem mass spectrometer from Thermo Electronic 
Company, Inc., at SRM mode, and results were 
normalized to total sample protein.[ 13]

Statistical analysis
Values are reported as means ± standard error of the 
mean two‑tailed Student’s t‑test were used for two‑group 
comparisons. For multiple group comparisons, repeated 
measures analysis of variance, followed by Bonferroni 
tests, were performed. A value of P < 0.05 was regarded 
as statistically significant.

Results

Physiological variables and mortality
Rectal and cranial (temporalis muscle) temperatures, 
arterial blood gases, and plasma glucose showed no 
significant differences between all groups. There were no 
adverse behavioral side effects observed after LAU‑0901, 
NPD1, AT‑NPD1, or DHA administration in all groups. 
No animals died during this study.

LAU‑0901+neuroprotectin  D1  improved 
behavioral  function  and  attenuated  ischemic 
brain damage 14 days after middle cerebral artery 
occlusion
We investigated whether treatments with LAU‑0901 
and NPD1 alone as well as combination treatment with 
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LAU‑0901 + NPD1 affect behavior and infarct size after 
brain ischemia 14 days posttherapy. Experimental design 
presented in Figure 1a. LAU‑0901 and NPD1 treatments 
alone improved behavioral scores beginning on day 1 
by 16% and 37%, which persisted through day 14 by 
26% and 40% compared to vehicle group [Figure 1b]. 
The neuroprotective effect was enhanced using the 
LAU‑0901 + NPD1, which resulted in improved 
behavioral scores up to 54% on day 14 [Figure 1b]. 
Behavioral score was significantly different between 
LAU‑0901 + NPD1 and LAU‑0901, but not between 
LAU‑0901 + NPD1 and NPD1 treatments alone. 
Combinatory and NPD1 – alone treatments remarkably 
improved time courses for recovery of visual sideways, 
tactile dorsal, and lateral contralateral forelimb reactions 
at days 2–14 [Figure 1c‑e].

Ischemic core, penumbra, and total lesion volumes 
computed from T2 maps on day 14 presented in Figure 2. 
T2WI revealed large lesions and T2 hyperintensities, 
which were observed in the ischemic core and penumbra 
of vehicle‑treated rats, consistent with edema formation. 
In contrast, all treatments, especially NPD1 and 

LAU‑0901 + NPD1, had smaller lesion volumes that 
were visible only in a small portion of the cortex and 
subcortical areas. Three‑dimensional lesion volumes were 
dramatically reduced by NPD1 and LAU‑0901 + NPD1 
treatments compared to vehicle group [Figure 2b]. 
Quantitative total, core, and penumbra T2WI lesion 
volumes were significantly reduced by all treatments 
compared to vehicle‑treated group [Figure 2c]. 
Combinatory treatment was significantly different from 
LAU‑0901 treatment alone on the reduction of lesions in 
the ischemic core [Figure 2c].

LAU‑0901  + AT‑neuroprotectin D1  provided 
superior  neuroprotection  3  days  after middle 
cerebral artery occlusion
Experimental design is presented in Figure 3a. 
Treatments with LAU‑0901 and AT‑NPD1 alone 
improved total neurological score beginning on day 
1, which persisted through day 3 by 33% and 27% 
compared to vehicle group [Figure 3b]. Combinatory 
treatment with LAU‑0901 + AT‑NPD1 improved 
behavioral score up to 54% on day 3 [Figure 3b]. 
Total lesion volumes (computed from T2 maps) were 

Figure 1: LAU‑0901 plus neuroprotectin D1 improves behavior 14 days after stroke. (a) Experimental design. (b) total neurological score (normal = 0, max = 12) and (c‑e) 
time course of recovery forelimb reactions. P < 0.05, *Vehicle versus all treatments; n = 5‑6/group

a

b

d

c

e
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reduced by all treatments [Figure 3c]. Combinatory 
treatment reduced total lesion volume compared to 
LAU‑0901‑alone group [Figure 3c]. Representative 
T2WI, pseudo‑colored images, and 3D volumes illustrate 
that all treatments reduced lesion in ischemic core and 
penumbra compared to vehicle [Figure 3d‑f]. Lesions 
were dramatically reduced by combinatory treatment 
with LAU‑0901 + NPD1 and were primarily restricted 
to subcortical areas.

LAU‑0901  +  docosahexaenoic  acid modulates 
regulation of cerebral blood flow and inflammatory 
signaling, which leads to neurological recovery 
1 day after middle cerebral artery occlusion
We investigated the effect of treatment with LAU‑0901 
and DHA alone and in combination on behavior as well 
as the expression of different lipid mediators 1 day 
after ischemic stroke. Experimental design presented 

Figure 2: LAU-0901 plus neuroprotectin D1 reduces magnetic resonance imaging -derived stroke lesion volumes. (a) Representative T2-weighted image, core/penumbra, 
and (b) Three‑dimensional lesion volumes computed from T2 maps on day 14. Core (red) and penumbral (blue) tissues were automatically identified. (c) Ischemic core, 

penumbra, and total lesion volumes. P < 0.05, *Vehicle versus all treatments; **LAU‑0901 versus LAU‑0901+ neuroprotectin D1, n = 5‑6/group

a
b

c
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in Figure 4a. LAU‑0901 and DHA treatments alone 
improved behavioral scores compared to vehicle 
groups by 30%–35% [Figure 4b]. The neuroprotective 
effect was enhanced using the LAU‑0901 + DHA by 
47% on day 1.

Expression of  prostaglandins (PGE 2,  PGF 2‑α, 
6‑keto‑PGF1‑α, and PGD2), HODE, and 12‑HETE 
from the ipsilateral ischemic core and penumbra are 
presented in Figure 4c‑h. The highest upregulation 
was observed in penumbra regions by LAU‑0901 
alone and in combination with DHA. The appearance 
of prostaglandins when treated with LAU‑0901 alone 
increased 18‑fold for PGE2, 47‑fold for PGF2‑α, 10 fold for 

6‑keto‑PGF1‑α, and 25‑fold for PGD2. When treated with 
LAU‑0901 + DHA, an increase 6‑fold for PGE2, 13‑fold 
for PGF2‑α, 6‑fold for 6‑keto‑PGF1‑α, and 14‑fold for PGD2 
was observed compared to vehicle [Figure 4c‑f]. HODE 
expression increased 5‑fold with LAU‑0901 treatment 
alone and 4‑fold with LAU‑0910 + DHA [Figure 4g]. 
Expression of 12‑HETE was reduced by DHA, 
LAU‑0901, and LAU‑0901 + DHA (83, 67, 72%, 
respectively) [Figure 4h].

Discussion

In this study, we examined the therapeutic efficacy of 
LAU‑0901, a PAF‑R antagonist, in combination with 

Figure 3: LAU‑0901 plus aspirin‑triggered neuroprotectin D1 is protective 3 days after stroke. (a) experimental design. (b) total neurological score (normal = 0, max = 12). 
(c) Total, core, and penumbra lesion volumes computed from T2 maps. (d) Representative T2‑weighted image, (e) pseudo‑colored T2 images, and (f) collapsed 3D lesion 

volumes (red) superimposed on T2-weighted image. P < 0.05, *Vehicle versus all treatments; **LAU‑0901+ neuroprotectin D1 versus aspirin‑triggered neuroprotectin D1 or 
LAU-0901, n = 5‑7/group

a

b c
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NPD1, AT‑NPD1, and DHA following MCAo in rats. 
We have shown here for the first time that LAU‑0901 
in combination with the various docosanoids reduced 
ischemic brain injury, promoted functional recovery, and 
restored our pro‑homeostatic lipid mediator pathway 
after experimental ischemic stroke.

Our results demonstrate that LAU‑0901 in combination 
with NPD1 and AT‑NPD1 significantly reduced 
infarct volume and improved neurological score 
when compared to LAU‑0901 alone. This indicates the 
superior therapeutic efficacy of combinatory treatment 
following ischemic stroke. LAU‑0901 was used to 

Figure 4: LAU‑0901 plus DHA improves behavior and modulates inflammatory response 1 day after stroke. (a) Experimental design. (b) Total neurological score.(c‑h). 
Quantitative analysis of lipid extracts after middle cerebral artery occlusion from the ischemic core and penumbra. P < 0.05, *All treatments versus vehicle (penumbra); **All 

treatments versus vehicle (core), n = 3‑4/group
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b
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e
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inhibit pro‑inflammatory signaling by PAF, which 
accumulates in response to cell injury including cerebral 
ischemia‑reperfusion. During ischemia, PAF increases 
and then becomes a pro‑inflammatory messenger 
as well as a mediator of neurotoxicity that drives 
neuronal damage.[10,18] We have previously shown that 
LAU‑0901 provides robust neuroprotection when used 
in experimental ischemic stroke, reducing the volume of 
cerebral infarction and improving neurological scores.[10]

NPD1 is DHA‑derived lipid mediator, which promotes 
cell survival under uncompensated oxidative stress, an 
early event during neuronal cell death.[19] Enzymatic 
lipoxygenation of DHA in experimental ischemic stroke 
results in NPD1 formation, which then counteracts 
pro‑inflammatory bioactivity and contributes to sustained 
neuroprotection.[20,21] NPD1 is protective following 
ischemic stroke by reducing infarct volume, improving 
neurological score, and has been shown to attenuate 
polymorphonuclear leukocyte infiltration, inhibit 
ischemia induction by cyclooxygenase‑2 and nuclear 
factor κB activation.[21‑23] AT‑NPD1 is a novel endogenous 
DHA‑derived lipid mediator generated through 
aspirin‑acetylated COX‑2. When delivered at 3 h after 
stroke onset, it provides sustained neurobehavioral 
recovery, reduces brain infarction and brain edema, 
improves tissue matrix, and protects white matter.[13] 
Both combinatory treatment with LAU‑0901 + NPD1 and 
LAU‑0901 + AT‑NPD1 improved neurological recovery 
better than any of the treatments alone, supporting the 
therapeutic efficacy of their synergistic neuroprotection.

Combinatory treatment with LAU‑0901 + DHA and 
LAU‑0901 alone elicited an increased expression of 
prostaglandins, PGE2, PGF2‑α, 6‑keto‑PGF1‑α, and PGD2, 
compared to vehicle animals. Prostaglandins are bioactive 
lipids derived from the metabolism of arachidonic acid. 
They sustain homeostatic functions and mediate pathogenic 
mechanisms including inflammatory response.[24,25] The 
increased expression of these metabolites indicates that 
the tissue maintained its ability to regulate cerebral blood 
flow and modulate the inflammatory process, which 
previous studies have shown to improve functional 
outcomes following stroke.[26,27] Cerebral ischemia initiates 
a cascade of events that stimulates the release of free fatty 
acids from cell membranes, particularly arachidonic acid 
and DHA. These bioactive lipid messengers, in turn, give 
rise to several downstream lipid messengers such as 
PAF and eicosanoids (prostaglandins and leukotrienes). 
These molecules may have either neuroprotective or 
neurodegenerative effects on post‑stroke brain tissue; 
therefore, they largely contribute to the outcome and 
recovery from stroke.

PGE2, PGF2‑α, 6‑keto‑PGF1‑α, and PGD2 all exhibit vasoactive 
bioactivity and have been shown to improve poststroke 

outcomes. PGE2 exerts a variety of functions by binding 
primarily to four membrane receptors known as E‑prostanoid 
1, 2, 3, and 4 having varied effects physiologically.[28] 
Genetic knockout of the EP2 receptor has been shown to 
significantly increase lesion volume at 24 h in mice subjected 
to cerebral ischemia, and the activation of this receptor 
has been shown to protect against excitotoxic and anoxic 
injury following MCAo.[28,29] 6‑keto‑PGF1‑α is a metabolite 
derived from prostacyclin; it has been shown that targeting 
the prostaglandin I2 prostanoid receptor following MCAo 
reduces cerebral ischemic injury and promotes long‑term 
neurological recovery following ischemic stroke.[30] PGD2 
is the most abundant prostaglandin in the brain and acts as 
a modulator of the neuroinflammatory process. PGD2 acts 
primarily on the DP1 receptors, which have a beneficial effect 
on stroke outcomes when activated, minimizing excitotoxic 
and ischemic brain damage.[27,29]

An increase in the expression of HODE in rats treated with 
LAU‑0901 and LAU‑0901 + DHA, as well as a decrease 
in the expression of 12‑HETE was also observed in our 
study. HODE, a derivative of linoleic acid, is thought 
to be involved in the regulation of neurotransmission 
and inflammation in response to brain injury, reducing 
glutamate excitotoxicity.[31,32] 12‑HETE, a derivative of 
arachidonic acid, is a bioactive lipid formed by the action 
of 12‑lipoxygenase enzyme, which is upregulated in 
hypoxic conditions. 12‑HETE is a pro‑inflammatory lipid 
mediator, which can further ischemic damage due to 
increased inflammatory signaling and cell death. Inhibition 
of 12‑HETE has previously been shown to reduce infarct 
size and improve behavioral parameters.[33] Our results 
indicate that treatment with LAU‑0901 regulates the 
presence of metabolites that act to reduce inflammation 
and excitotoxicity‑driven neuronal damage. The presence 
of markers observed in rats treated with LAU‑0901 and 
LAU‑0901 + DHA is likely the result of modulating 
perfusion by increasing cerebral blood flow through 
vasoactive prostaglandins, as well as suppression of 
pro‑inflammatory signaling through the decreased 
expression of 12‑HETE and increased expression of HODE, 
as well as the action of LAU‑0901 inhibiting PAF.

Conclusion

Altogether our findings support our prediction 
that therapeutic efficacy would be enhanced using 
a combination of a PAF inhibitor, LAU‑0901, with 
selected docosanoids, as well as providing synergistic 
neuroprotection in the postischemic brain. This compound 
therapy restored pro‑homeostatic lipid mediators with 
improved neurological recovery and may hold promise for 
future therapeutics development against ischemic stroke.
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