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Soluble epoxide hydrolase
inhibition Promotes White
Matter Integrity and Long-Term
e Functional Recovery after chronic
e hypoperfusion in mice

Yuxue Chen?, Hao Tian?, EnshengYao?, Yeye Tian?, Huaqiu Zhang?, Li Xu3, ZhiyvanYu'?,
- Yongkang Fang', Wei Wang*?, Peng Du* & Minjie Xie*?

Chronic cerebral hypoperfusion induced cerebrovascular white matter lesions (WMLs) are closely
associated with cognitive impairment and other neurological deficits. The mechanism of demyelination
in response to hypoperfusion has not yet been fully clarified. Soluble epoxide hydrolase (sEH) is an
endogenous key enzyme in the metabolic conversion and degradation of P450 eicosanoids called

. epoxyeicosatrienoic acids. Inhibition of sEH has been suggested to represent a prototype “combination

. therapy” targeting multiple mechanisms of stroke injury with a single agent. However, its role in the
pathological process after WMLs has not been clarified. The present study was to investigate the role
of a potent sEH inhibitor, 1-trifluoromethoxyphenyl-3-(1-propionylpiperidin-4-yl) urea (TPPU), on

. multiple elements in white matter of mice brain after chronic hypoperfusion. Adult male C57BL/6 mice

: were subjected to bilateral carotid artery stenosis (BCAS) to induce WMLs. Administration of TPPU

. significantly inhibited microglia activation and inflammatory response, increased M2 polarization of
microglial cells, enhanced oligodendrogenesis and differentiation of oligodendrocytes, promoted white

. matter integrity and remyelination following chronic hypoperfusion. Moreover, these cellular changes

. were translated into a remarkable functional restoration. The results suggest that sEH inhibition could

. exert multi-target protective effects and alleviate cognitive impairment after chronic hypoperfusion
induced WMLs in mice.

Small vessel diseases are mainly lesions located in the subcortical structures such as lacunar infarcts and white
° matter lesions (WMLs), which constitute one of the major causes of vascular cognitive impairment (VCI)2.
. White matter is mainly composed of axonal fibers, oligodendrocytes (OLs), and other glial cells, which is par-
. ticularly susceptible to ischemic injury®. The pathogenic bases of WMLs include hypoperfusion, oxidative stress
and inflammation, which in turn lead to endothelial damage, blood-brain barrier (BBB) breakdown, activation
of innate immunity and disruption of trophic coupling between vessels and brain cells*. Multiple players are
involved in the highly complex pathophysiologic responses after stroke. Therefore, therapeutic approaches that

. target multiple elements of the damage cascade hold considerable promise for the treatment of stroke™®.
Epoxyeicosatrienoic acids (EETs), which are synthesized by cytochrome P450 (CYP) epoxygenases from
arachidonic acid, have potent angiogenic, anti-inflammatory, anti-apoptotic, anti-thrombotic, and anti-oxidant
effects”®. In the brain, EETs exert cytoprotective effects upon several individual components of the neurovascular
unit under simulated ischemic conditions in vitro®~!!. Once formed, EETs are rapidly converted by soluble epoxide
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hydrolase (sEH), to their corresponding less potent diols known as dihydroxyeicosatrienoic acids (DHETs)!2.
Inhibition of sEH has been demonstrated to have neuroprotective effects against experimental ischemic brain
injury'*-1°. Meanwhile, sEH inhibition has been suggested to represent a prototype “combination therapy” tar-
geting multiple mechanisms of stroke injury with a single agent!”. However, the roles of sEH inhibition in the
pathophysiology of chronic cerebral hypoperfusion induced WMLSs remain to be determined.

In the present study, we characterized the distribution of sEH expression in the white matter of mice brain.
Moreover, the neuroprotective effects of 1-trifluoromethoxyphenyl-3-(1- propionylpiperidin-4-yl) urea (TPPU),
anovel potent sEH inhibitor which can cross the BBB'* %, on white matter integrity and functional recovery after
chronic hypoperfusion in mice were investigated. Our results showed that TPPU could exert multi-target protec-
tive effects and alleviate cognitive impairment after chronic hypoperfusion.

Results

Demyelination, axonal loss and cognitive function impairment after BCAS. We examined the
white matter integrity damage in the corpus callosum (CC) using immunofluorescent labeling for MAG, MBP,
and SMI32, respectively. The loss of MBP and MAG immunoreactivity were detected while the abnormal increase
of SMI32 expression was observed after BCAS (Fig. 1A). Western blot analysis confirmed the protein expression
changes as revealed by immunofluorescent staining (Fig. 1C-F). Next we used LFB staining to evaluate the degree
of white matter demyelination at 4 weeks after BCAS. Compared with sham control, the myelinated fibers were
disorganized, and vacuoles were frequently observed in the neuropil (Fig. 1B). With respect to their distribution,
WM lesions were the most intense in the middle part of corpus callosum (CCm) (1.38£0.74 vs 040, P<0.01);
were moderate in the paramedian part of the corpus callosum (CCp) (1.00£0.76 vs 0+ 0, P < 0.01), and fiber
bundles of the caudoputamen (CPu) (0.88 £0.64 vs 0+ 0, P < 0.01); were less severe in the anterior commissure
(AC) (0.50+0.76 vs 00, P < 0.05), and the internal capsule (IC) (0.63 0.74 vs 040, P < 0.05) in BCAS group
compared with sham-operated mice at 4 weeks after BCAS. To investigate whether chronic hypoperfusion could
affect the myelin thickness and neuronal fiber integrity, an ultra-structural electron microscopy was carried out.
The BCAS mice exhibited significant ultrastructural alterations in myelin and axons, such as collapsed myelin
layers, reduced thickness of the myelin sheath, and absence of myelin lamellar pattern (Fig. 1G). A key measure
of white matter health is the G-ratio, which showed a significant increase in the CC at 4 weeks after hypoperfu-
sion whereas the axonal diameter showed no significant changes (Fig. 1H-]). The results revealed that there exist
demyelination and reduction of myelin thickness in mice after BCAS injury.

Then, we used an eight-arm radial maze to investigate neurological functions at 4 weeks after BCAS. BCAS
mice performed much worse in working memory task compared with sham-operated group (Fig. 1K,L; P < 0.05).
Whereas, no significant difference was showed between the two groups in the reference memory test (Fig. 1M;
P>0.05).

Expression of sEH in white matter of normal and hypoperfusion injured brain. Under normal
condition, we found wide distribution of sEH in the CC area of mice brain. Double immunofluorescence staining
demonstrated that sEH immunoreactivity co-localized with CD31 positive vascular endothelium, GFAP posi-
tive astrocytes and NG2 positive oligodendrocyte progenitor cells (OPCs) in the CC area. Meanwhile, a part of
Ibal-positive microglia also showed sEH - immunoreactivity (Fig. 2A).

Subsequently, we investigated the protein expression changes of sEH after BCAS. Immunofluorescence stain-
ing revealed that the sSEH immunoreactivity was relatively low in sham-operated mice. After BCAS injury, the
sEH immunoreactivity began to increase from 3 days following hypoperfusion (Fig. 2B). Consistent with the
immunofluorescence staining result, western blot analysis showed that the expression of sEH increased signifi-
cantly on day 3, remarkably elevated at week 2, peaked on week 4, minor decreased on week 8, but still remained
higher compared with the sham-operated group (Fig. 2C,D; P < 0.05). After administration with TPPU, the
sEH expression was decreased significantly at 4 weeks after operation compared with vehicle control (Fig. 2E,F;
P<0.05).

TPPU attenuates BCAS-induced white matter damage and promotes functional recovery. In
our preliminary study, we first investigated the effects of TPPU with various concentrations (0.3, 1.0, or 3.0 mg/
kg) at 4 weeks after operation. The results showed that TPPU at each concentration tested could attenuate the
white matter injury at different degrees. However, TPPU (0.3 mg/kg) administration induced the most remark-
able protective effects (see Supplementary Fig. S1). Therefore, we chose 0.3 mg/kg TPPU concentration in the
following experiments.

Next, we explored whether TPPU treatment could reverse the white matter degradation after BCAS.
Compared with vehicle group, administration of TPPU could improve the maintenance of axon-glia integrity
assessed by the increase of MAG expression and alleviate the axonal injury indicated by the decreased SMI32
expression at 4 weeks after operation (Fig. 3A-C, E; Supplementary Fig. S2; P < 0.05). However, the expression
of MBP was not ameliorated significantly after TPPU treatment in comparison with vehicle group (Fig. 3A, B, D;
Supplementary Fig. S2; P> 0.05). The results indicated that TPPU treatment could effectively protect axon integ-
rity following prolonged cerebral hypoperfusion.

The protective effect of TPPU on white matter demyelination was firstly determined by LFB staining after 4
weeks of chronic hypoperfusion. As shown in Fig. 3F, the white matter demyelination was most intense in CCm
post BCAS injury (1.38 £ 0.74). However, TPPU treatment partially attenuated the white matter demyelination
(0.25+0.46) (P < 0.05 vs vehicle group). Furthermore, we used an electron microscopy to determine whether
TPPU rescued myelination abnormalities caused by chronic cerebral hypoperfusion. The mice challenged with
BCAS showed evident reduction of myelin thickness measured by an increase of G-ratio at weeks 4 after BCAS,
and these changes were significantly attenuated by TPPU treatment (Fig. 3G-I; P < 0.05). However, the axon
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Figure 1. Demyelination, axonal loss and cognitive function impairment after bilateral carotid artery stenosis
(BCAS). (A) Representative immunofluorescent staining of myelin associated glycoprotein (MAG, red), myelin
basic protein (MBP, green), and non-phosphorylated neurofilaments (SMI32, red) in the corpus callosum (CC)
of mice in the sham and BCAS groups from days 3 to weeks 8 after operation, n =4/group. Scale bar represents
100 pm. (B) Representative LFB staining in the CC of sham and BCAS groups. LFB staining in the sham group
exhibited labeling intensity and characteristic of normal myelination, whereas it was lighter and there were
many vacuoles in the BCAS group at 4 weeks after operation, n=8/group. Scale bar represents 50 pm. (C-F)
Representative images and statistical analysis of western blots of MAG, MBP, SMI32 and (3-actin expression

in the CC of sham and BCAS mice at 4 weeks after operation, n=4/group. (G) Representative electron
micrographs of white matter in the CC from sham and BCAS animals at 4 weeks after operation. Scale bar
represents 1 pm. (H-J) Statistical analysis of axon diameter/fiber diameter (G-ratio) and fiber diameter in the
sham and BCAS groups, n = 4/group. (K-M) The eight-arm radial maze test (Revisiting errors, Different arm
choices in the first 8 entries, and Reference errors) was performed to measure cognitive deficits at 4 weeks after
BCAS operation, n = 10/group. Values are expressed as mean &= SEM. *P < 0.05, **P < 0.01 vs sham group.
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Figure 2. Expression of soluble epoxide hydrolase (sEH) in white matter of normal and hypoperfusion
injured brain. (A) Double immunofluorescent staining of sSEH (red), CD31/NG2/Ibal/GFAP (green), and
merge of CD31/NG2/Ibal/GFAP and sEH in the corpus callosum (CC) section. Scale bar represents 20 pm.
(B) Immunofluorescence of sEH in the CC of mice in sham and bilateral carotid artery stenosis (BCAS) group
from days 3 to weeks 8 after operation. Scale bar represents 20 pm. (C) Representative western blots of sEH
and (3-actin expression in the CC of sham and BCAS mice at 4 weeks after operation. (D) Statistical analysis
of western blots of sEH in the CC of sham and BCAS mice, n = 5/group. (E) Representative western blots of
sEH and (3-actin expression in the CC of sham, vehicle and TPPU treatment groups at 4 weeks after operation.
(F) Statistical analysis of western blots of sEH in the CC of sham, vehicle, and TPPU treatment groups at 4
weeks after operation, n = 5/group. Values are expressed as mean + SEM. *P < 0.05, **P < 0.01, vs sham group.
#P<0.05, P < 0.01, vs vehicle group.

| 7: 7758 | DOI:10.1038/s41598-017-08227-z



www.nature.com/scientificreports/

B

@)

sham vehicle TPPU

shamvehicleTPPU
MAG R -
MBP "
SMI32 = = —
B-actin

MAG!/ B-actin

sham vehicle TPPU

o
t

-=l 2
mo. El,
E ‘750.
*""sham vehic **“sham_vehicle TPPU
ASh:.m
.0 :Y;P:l}c
9
814
T 2
6
S
4
& 0 051.01.52.0
Axon diameter(um)
J
1.
o
T
£ o
E
3o
i
é 0.
sham vehicle TPPU ’ sham  vehicle TPPU
5
K £ L s M -
o == vol
£2 % 8 515 T
= £ >
& 1S £ 7 ]‘: s 10
& 26 I
g1 : =
P ]}‘25 g s
3 * <4 g
r B I §
01234567 201234567 % 01234567809
Days 2 Days Days

Figure 3. TPPU attenuates bilateral carotid artery stenosis (BCAS) induced white matter damage and promotes
functional recovery. (A) Representative immunofluorescent staining of myelin associated glycoprotein (MAG,
red), myelin basic protein (MBP, green), and non-phosphorylated neurofilaments (SMI32, red) in the corpus
callosum (CC) of mice in sham, vehicle and TPPU treatment mice at 4 weeks after operation, n = 5/group. Scale
bar represents 100 pm. (B-E) Representative and statistical analysis of western blots of MAG, MBP, SMI32,

and (-actin expression in the CC of sham, vehicle and TPPU treatment groups 4 weeks after operation, n=>5/
group. (F) Representative LFB staining in the CC of sham, vehicle and TPPU treatment groups at 4 weeks after
operation, n=5/group. Scale bar represents 50 pm. (G) Representative electron micrographs of white matter

in the CC from sham, vehicle and TPPU treatment groups at 4 weeks after operation, n = 4/group. Scale bar
represents 1 pm. (H-J) Statistical analysis of axon diameter/fiber diameter (G-ratio) and fiber diameter in the
sham, vehicle and TPPU treatment groups at 4 weeks after operation. (K-M) The eight-arm radial maze test
(Revisiting errors, Different arm choices in the first 8 entries, and Reference errors) was performed to measure
cognitive deficits at 4 weeks in sham, vehicle and TPPU treatment groups, n = 10/group. Values are expressed as
mean £ SEM *P < 0.05, **P < 0.01, vs sham group. *P < 0.05, **P < 0.01, vs vehicle group.

diameter did not change significantly among sham, vehicle and TPPU treatment groups (Fig. 3]). We further
studied whether the beneficial effects of TPPU were translated into enhancing neurological function after chronic
cerebral hypoperfusion. Administration of TPPU significantly improved the working memory after 4 weeks of
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Figure 4. The effects of TPPU on cerebral blood flow (CBF) after BCAS. (A) Representative image of CBF
measured by laser speckle flowmetry at different time points. (B) Statistical analysis of CBF in each group.
Values are expressed as mean &= SEM (n =4/group). **P < 0.01, *P < 0.05, vs sham group.

BCAS, as demonstrated by a decreased number of revisiting errors and an increased number of different arm
choices in the first eight entries compared with the vehicle group (Fig. 3K, L; P < 0.05). However, no significant
difference was found in the reference memory task among all groups (Fig. 3M; P > 0.05). These findings demon-
strated that TPPU ameliorated the impairment of working memory after BCAS.

Meanwhile, we used the laser speckle flowmetry to examine the temporal changes in cerebral blood flow
(CBF) (Fig. 4A). Compared with the sham-operated mice, the CBF values (ratio to the preoperative baseline)
in the BCAS group decreased significantly after operation (P < 0.05). At day 1, the CBF values began to recover
but remained significantly lower in comparison to the sham group (P < 0.05). However, the CBF values at any
time intervals did not change significantly after TPPU treatment compared with vehicle mice (Fig. 4B; P> 0.05).
Furthermore, we have performed immunofluorescence staining of CD31 to determine the effects of TPPU on
microvascular changes in the white matter and found that the number of vascular also showed no significant
changes after TPPU treatment (see Supplementary Fig. S3).

TPPU regulates microglia activation, M2 phenotype polarization and inflammatory factors
expression. Microglial activation-mediated inflammatory responses may exacerbate ischemic injury. We
investigated the effect of TPPU on microglia activation and inflammatory factors expression. Increased number
of activated microglia was observed with hypertrophy of cell body as well as thick branches from 3 days after
hypoperfusion in the CC. Administration with TPPU remarkably decreased the number of Ibal-positive and
CD68/Ibal positive activated microglia compared with the vehicle groups (Fig. 5A-D; P < 0.05).

Pro-inflammatory cytokines including TNF-o and IL-1f3 contribute to the impaired remyelination in models
of demyelination®* 2. Western blot analysis showed that BCAS induced a significant up-regulation of TNF-a.and
IL-13 proteins in the CC at 4 weeks after BCAS injury, which were significantly attenuated by TPPU treatment
(Fig. 5E-G; P< 0.05).

Microglia are highly plastic cells that can assume different phenotypes in response to microenvironmental
signals. M2 type microglia polarization is essential for efficient remyelination, which may present a therapeutic
target of ischemic stroke?’. To investigate whether TPPU would affect the microglia phenotype within the CC
after BCAS, representative M1-associated marker CD16/32 or M2-associated marker CD206 were analyzed by
double staining with the microglia/macrophage marker Ibal at 4 weeks after BCAS (Fig. 6A). The number of both
M1 and M2 type microglia increased after BCAS compared with sham control. TPPU inhibited the number of M1
type microglia but further promoted the increase of M2 type microglia compared with vehicle control (Fig. 6A-C;
P<0.05).

TPPU enhances oligodendrogenesis and differentiation of OLs following chronic cerebral
hypoperfusion. Regeneration of mature myelinating OLs is essential for remyelination and functional
recovery after cerebral ischemia. TPPU treatment contributed to oligodendrocyte lineage development after
BCAS, thereby facilitating white matter restoration (see Supplementary Fig. S4). Staining of the OPC marker
NG2 indicated a progressively increase of positive cells at 4 weeks after BCAS, which was partially reversed by
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Figure 5. TPPU reduces the microglia activation and inflammatory response after bilateral carotid artery
stenosis (BCAS). (A) Representative immunofluorescent staining of Ibal (red) in the corpus callosum (CC) of
mice in sham, vehicle and TPPU treatment groups from days 3 to weeks 8 after operation. Scale bar represents
50 pm. (B) Representative immunofluorescent staining of Ibal (red) and CD68 (green) in the corpus callosum
(CC) of mice in sham, vehicle and TPPU treatment groups at 4 weeks after operation. Scale bar represents 50
pm. (C) Statistical analysis of Ibal labeled microglia in the CC areas at weeks 2 and weeks 4 were expressed as
cells/mm?, n=5/group. (D) Statistical analysis of Ibal/CD68 labeled microglia in the CC areas at weeks 4 were
expressed as cells/mm?, n=5/group. (E) Representative western blots of TNF-q, IL-18, and 3-actin expression
in the CC of sham, vehicle and TPPU treatment groups at 4 weeks after operation. (F-G) Statistical analysis of
western blots signals of TNF-acand IL-1 in the CC of sham, vehicle and TPPU treatment groups, n = 5/group.
Values are expressed as mean & SEM. *P < 0.05, **P < 0.01, vs sham group. *P < 0.05, **P < 0.01, vs vehicle

group.
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Figure 6. TPPU regulates M2 phenotype polarization occurred in microglia after bilateral carotid artery
stenosis (BCAS). (A) M1 type microglia in the corpus callosum (CC) at 4 weeks was detected by double staining
of CD16/32 (green) and Ibal (red) in sham, vehicle and TPPU treatment groups. M2 phenotype was detected by
double staining of CD206 (red) and Ibal (green) in sham, vehicle and TPPU treatment groups at 4 weeks. Scale
bar represents 50 um. (B,C) Statistical analysis of immunofluorescent staining of CD16/32/Ibal and CD206/
Ibal in the CC of sham, vehicle and TPPU treatment groups at 4 weeks, expressed as cells/mm?, n = 5/group.
Values are expressed as mean & SEM. *P < 0.05, **P < 0.01, vs sham group. *P < 0.05, **P < 0.01, vs vehicle

group.

TPPU (Fig. 7A,B; P < 0.05). Coincidence with that increase in NG2-positive cells, the numbers of GST-w-positive
mature OLs and olig2-positive total oligodendrocyte lineage cells were dramatically reduced. Administration of
TPPU attenuated the reduction of GST-r-positive mature OLs and olig2-positive cells (Fig. 7A, C, D; P < 0.05).

To determine whether TPPU treatment could facilitate oligodendrogenesis proliferation in chronic cerebral
hypoperfusion, BrdU incorporation assay was performed. As shown in Fig. 7A, ischemia stimulated oligoden-
drogenesis spontaneous proliferation in the CC, as reflected by increased numbers of BrdU-incorporated cells in
vehicle-treated group compared with the sham control group. TPPU treatment inhibited the increase of OPCs,
as revealed by decreased numbers of BrdU/NG2 double-labeled cells (Fig. 7A, E; P < 0.05). Furthermore, TPPU
treatment further augmented oligodendrocyte replacement or differentiation, as evidenced by much more colo-
calization of BrdU/GST-m new mature OLs (Fig. 7A, G; P < 0.05). However, TPPU treatment did not change
the number of new total OL lineage cells labeled by BrdU/olig2 (Fig. 7A, F; P> 0.05). These data indicated that
treatment with TPPU enhanced the development of OL-lineage cells by promoting the differentiation of OPCs
into mature OLs at 4 weeks after chronic cerebral hypoperfusion.

Discussion

Approximately one quarter of all strokes in humans occur in white matter?, and the progressive nature of
white matter lesions (WMLs) often results in severe physical and mental disability. WMLs are characterized by
myelin sheath loss and deformation, BBB disruption and glial activation®. Traditional studies of WMLs have
been focused on the oligodendrocytic death and axonal damage. However, multiple cell types and intercellular
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Figure 7. TPPU enhances Oligodendrogenesis and promotes differentiation of oligodendrocytes after bilateral
carotid artery stenosis (BCAS). (A) Representative image showing the colocalization of bromodeoxyuridine
(BrdU; green) and NG2/0lig2/GST- (red) staining in the corpus callosum (CC) of mice in sham, vehicle and
TPPU treatment groups at 4 weeks after operation. Scale bar represents 50 pm. (B-D) Numbers of NG2 labeled
oligodendrocyte progenitor cells (OPCs), olig2 labeled the oligodendrocyte (OL) lineage cells and GST-w
labeled mature OLs in the CC were expressed as cells/mm?, n=5/group. (E-G) Numbers of BrdU/NG2-dual
labeled OPCs, BrdU/olig2-dual labeled the OL lineage cells, and BrdU/ GST-= labeled mature OLs in CC areas
were expressed cells/mm?, n=>5/group. Values are expressed as mean + SEM. *P < 0.05, **P < 0.01, vs sham
group. *P < 0.05, **P < 0.01, vs vehicle group.

signaling cascades contribute to the maintenance of WM integrity and connectivity®. Thus, further investiga-
tions of WMLs should emphasize cellular networks rather than solely focusing on oligodendrocytes and axons.
Combinational protective therapy that targets multiple cellular elements of the oligovascular niche is urgently
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needed for ameliorating chronic cerebral hypoperfusion induced WMLs?. In the present study, we found that
sEH inhibition could exert multiple cellular protective effects after chronic cerebral hypoperfusion.

Epoxyeicosatrienoic acids (EETS) are synthesized by cytochrome P450 epoxygenases from arachidonic acid,
which have multiple biological effects such as angiogenic, neuroprotection, anti-inflammatory, anti-apoptotic,
anti-thrombotic, and anti-oxidant”® 7. EETs in the brain have been shown to exert cytoprotective effects in sev-
eral components of the neurovascular unit under ischemic conditions® 2”25, However, EETs can be metabolized
rapidly by sEH into the corresponding inactive dihydroxyeicosatrienoic acids (DHETs), which possess fewer
biological activities. A body of evidence shows that inhibition of sEH is a potential therapeutic target for the
treatment of brain ischemia®>2% 3%, TPPU is one of the most recently synthesized, stable, BBB permeable potent
sEH inhibitors, which has been shown to stabilize EETs in vivo'® 3. Here we provide the first in vivo evidence
showing that sEH inhibitor TPPU could promote white matter integrity and remyelination, regulate microglia
activation and inflammatory response, and promote oligodendrogenesis and remyelination following chronic
cerebral hypoperfusion. Moreover, these cellular changes were translated into a remarkable functional restora-
tion. The data suggest that sEH inhibition is a promising multi-mechanism therapeutic target for the treatment of
demyelinating diseases including ischemic WMLs.

Accumulating evidence indicates an active role of microglia in the demyelination/remyelination during
ischemic white matter injury?®**3>. Microglia activation is a prominent feature of demyelinated lesions observed
in chronic demyelinating disease of the CNS*. Microglia may present diverse phenotypes and play dualistic
roles in brain injury and recovery. Classically activated M1 microglia/macrophages are pro-inflammatory and
exert detrimental effects on the ischemic brain, whereas alternatively activated M2 microglia/macrophages are
anti-inflammatory and protective*”’. M2 polarization of microglia is essential for efficient remyelination in CNS
regeneration®. Promoted white matter integrity was observed after cerebral ischemia by facilitating micro-
glial polarization toward the beneficial M2 phenotype®. EETs signaling has been shown to possess potent
anti-inflammatory effects. Pharmacological inhibition or deletion of the gene of sEH decreases inflammatory
response to lipopolysaccharide and ischemic insult**-*!. We previously have shown that administration of sSEH
inhibitor significantly suppresses microglia activation and alleviates white matter injury after spinal cord injury?.
Consistent with these studies, we demonstrated that sEH inhibitor TPPU significantly attenuated microglia
activation and the expression of pro-inflammatory cytokines. Moreover, administration of TPPU dramatically
increased the M2 phenotype of microglia, which could alleviate inflammatory reaction and help to tissue repair
and remodeling by clearing up debris and producing anti-inflammatory cytokines and growth factors® 2. The
dominant M2 type microglial cells observed in this study might be attributed to the direct effect of the TPPU to
microglia as well as the results of milder white matter lesion and less inflammation in the white matter after TPPU
treatment. However, microglia may exert their multiple effects on demyelination/remyelination after white matter
damage which might not act by solely M1/M2 phenotype transition. Owing to the dual-faced role of microglia,
our results suggest that TPPU induced microglial reactivity changes which may create an favorable environment
for remyelination in white matter after chronic cerebral hypoperfusion.

As the myelin-producing cells in the CNS, OLs and its precursor cells are known to be highly susceptible to
ischemic injury*’. Furthermore, their loss causes demyelination, impairment of axonal conduction, and ultimately
axon death, which are pathologic hallmarks of ischemic white-matter disease associated with VCI*%. Successful
regeneration of OLs is essential for remyelination and axonal preservation after brain injuries*. However, just
a small number of OPCs can develop into mature OLs, resulting in insufficient remyelination and unsuccessful
white matter repair®. The therapeutic approaches that can stimulate and protect endogenous oligodendrogene-
sis have been used to promote WM reorganization*®. Our previous study has showed that sEH inhibition can help
to facilitate remyelination in white matter after spinal injury®. In this study, the number of mature OLs decreased
following chronic cerebral hypoperfusion. Treatment with TPPU promoted the percentage of OLs and OPCs in
the OL lineage. We found that the numbers of BrdU/NG2, BrdU/olig2 and BrdU/GST- cells increased in the
CC after chronic cerebral hypoperfusion. TPPU treatment further augmented oligodendrocyte replacement, as
evidenced by smaller colocation of BrdU/NG2 OPCs and greater colocalization of BrdU/GST-w new mature OLs.
Finally, numbers of newborn cells labeled with the pan-OL lineage marker olig2 and BrdU were not changed by
TPPU, suggesting that the observed changes reflected a shift in cell numbers towards a mature state rather than
an overall loss of cells in the OL lineage. TPPU treatment enhanced generation of new OLs from progenitor cells,
which are critical for the control of the oligodendrogenesis and maturation. These findings suggest a robust pro-
cess of OLs regeneration and a potential partial reparative response with the treatment of TPPU following chronic
cerebral hypoperfusion induced white matter injury.

Meanwhile, EETs are best known for their role as potent vasodilators, including in the cerebral circulation** .
The effect of sEH inhibition on the improvement of CBF after ischemic injury is controversial*~'%5!. In this study,
the CBF values measured by using the laser speckle flowmetry at any time intervals did not ameliorate signifi-
cantly after TPPU treatment compared with vehicle mice. Moreover, the number 