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Abstract
Statins, in addition to their well-known lipid-lowering effects, have also shown a wide range of
neuroprotective effects in recent years. We previously found that simvastatin effectively attenuated
intracerebral hemorrhage (ICH)-induced secondary brain injury in rats. This study aims to elucidate the
underlying mechanism. The animal model was established in adult male Sprague–Dawley rats by an
injection of autologous blood, then randomly treated with simvastatin or vehicle. Then, a series of
experiments were conducted to investigate the involvement of lipoxin A4 (LXA4) / formyl-peptide receptor
2 (FPR2) / p38 MAPK signaling pathway in simvastatin-triggered neutrophil apoptosis. Results show that
simvastatin signi�cantly elevated the level of LXA4 (an endogenous FPR2 agonist) in plasm in early
stage of ICH. Exogenous LXA4 administration effectively promoted circulating neutrophil apoptosis,
reduced the neutrophil count in both peripheral blood and perihematomal area, as well as ameliorated
neuroin�ammation and brain injury after ICH, which in line with the effect of simvastatin. Moreover,
similar to simvastatin, the exogenous LXA4 markedly down-regulated the phosphorylation level of p38
and the Mcl-1/Bax ratio (the decreased ratio represents pro-apoptosis) in circulating neutrophils of ICH
rat. Notably, all above effects of simvastatin on ICH were signi�cantly abolished by Boc-2, a selective
antagonist for FPR2. Moreover, simvastatin led to a similar reduction of Mcl-1/Bax ratio as SB203580
(p38 MAPK inhibitor), but it was abolished by P79350 (p38 MAPK agonist). Collectively, these results
suggest that simvastatin boosts neutrophils apoptosis and alleviates subsequent neuroin�ammation
following ICH may via upregulating LXA4 in plasma through the FPR2/p38 MAPK signaling pathway.

Introduction
Intracerebral hemorrhage (ICH) is a life-threatening illness of global importance, with a poor prognosis
and few proven treatments. One in three patients die within the �rst month of onset, and survivors have
varying degrees of residual disability and high risk of recurrent ICH.[1, 2] More and more studies have
provided evidence for supporting the key role of neuroin�ammation in secondary brain injury following
ICH.[3] However, most of the current researches focus on the richest microglia in the central nervous
system, while ignore the importance of peripheral in�ammatory cells.

Recently, clinical reports indicate that early peripheral blood polymorph nuclear neutrophils (PMNs)
elevation is closely related to the poor prognosis of patients with ICH, which is often accompanied by
heavier brain edema and larger hematoma.[4–7] To understand the relationship between the elevated
PMNs and poor prognosis among ICH patients, we performed a con�rmatory experiment in a rat model of
ICH.[8] The results show that the ICH rat showed a signi�cant increase of PMNs in peripheral blood at an
early stage, which is consistent with the clinical phenomenon. Interestingly, the increased PMNs count
returned to normal level when pretreated with simvastatin. In addition, brain neutrophil-invading,
neuroin�ammation, brain edema and neurological dysfunction in ICH rats were markedly ameliorated
after treated with simvastatin. Subsequent research reveals that, through breaking the balance between
pro-apoptotic proteins and anti-apoptotic proteins in PMNs, simvastatin promoted the apoptosis of PMNs
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and lowered the circulating PMNs count following ICH.[8] However, to date, the related signal pathways
and molecular mechanisms of simvastatin in apoptotic regulation is not clear.

Lipoxin A4 (LXA4) is an important endogenous lipid that be synthesized by 5-lipoxygenase and exerts
potent anti-in�ammatory effect via the inhibition of PMNs in�ltration and pro-in�ammatory cytokines
release.[9] In recent years, studies have reported that LXA4 exerts a notably anti-in�ammatory
neuroprotective effect by speci�cally activating its receptor formyl peptide receptor 2 (FPR2) in animal
models of ischemia stroke and subarachnoid hemorrhage.[10, 11] LXA4 exerted these biological
functions through down-regulating the activities of p38 mitogen-activated protein kinase (MAPK), which
was mediated by FPR2.[11, 12] Recently, Gonzalez et al.[13] found that simvastatin can assist
cyclooxygenase-2 (COX-2) to induce the conversion of arachidonic acid to LXA4 and exert anti-
in�ammatory effects. Furthermore, El Kebir et al.[14] found that LXA4 can effectively promote PMNs
apoptosis and reduce subsequent PMNs in�ltration around the respiratory tract, through accelerating the
degradation of myeloid cellleukemia 1 (mcl-1), a key anti-apoptotic protein.

The above researches suggest that simvastatin may activate FPR2 by up-regulating the endogenous
ligand LXA4, thus exerting pro-apoptosis and anti-in�ammatory effects on rat of ICH. Therefore, we
speculate that simvastatin promotes PMNs apoptosis may in part by regulating the LXA4/FPR2/p38
MAPK signaling pathway. Therefore, in this study, we investigated the involvement of LXA4/FPR2/p38
MAPK pathway with regard to the regulatory effects of simvastatin on peripheral PMN apoptosis and
neuroin�ammation in a rat model of ICH.

Materials And Methods
Animals and ICH model

The Institutional Animal Care and Use Committee at the Third Military Medical University approved this
study (SCXK-PLA-20120011) and the procedures followed were in accordance with institutional
guidelines. Two hundred and eighty-�ve adult male Sprague-Dawley rats (250–350 g) were used. ICH
model establishment was refer to our previous studies.[15, 16]  Brie�y, nonanticoagulant whole blood was
taken from the femoral artery of the rats. Then, the autologous blood was microinjected into the right
caudate nucleus in 10 min. The coordinates is 0.2 mm anterior, 5.5 mm ventral, and 3.5 mm lateral to the
bregma. The sham groups received only needle injection.

Experimental protocol

In the present study, the following three separate experiments were conducted:

Experiment 1

To determine simvastatin-induced changes of LXA4 levels in plasma after ICH, 24 rats were randomly
divided into three groups: sham, ICH + Veh (ICH + saline), ICH + Simva (ICH + simvastatin). The levels of
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LXA4 in plasm were assessed by Enzyme-Linked Immunosorbent Assays (ELISA) at 24hr and 72hr
following blood injection, respectively (n = 4 per group, at each time point). 

Experiment 2

To validate the involvement of the LXA4/FPR2 pathway in simvastatin-mediated peripheral PMNs
apoptosis promotion and subsequent neuroin�ammation alleviation after ICH, we randomized 141 rats
into the following �ve groups: Sham, ICH + Veh, ICH + LXA4 (an endogenous FPR2 agonist), ICH + Simva,
ICH + Simva + Boc-2 (a selective FPR2 antagonist). Because our previous study has shown some
corresponding data about the sham group, in present experiment, the sham group just undergo the
measurements of PMNs count and proin�ammatory factors protein level. Flow cytometric analysis of
peripheral PMNs apoptosis (n = 6 per group), routine blood counts and immuno�uorescence of MPO (n =
6 per group), Western blotting analysis of proin�ammatory factors (n = 3 per group) were carried out 24hr
after ICH induction. Brain water content measurement (n = 6 per group), Modi�ed Neurological Severity
Scores (mNSS, n = 6 per group) and corner test (n = 6 per group) were assessed at 1, 3 and/or 7 days
after ICH.

Experiment 3

P38 MAPK, the potential downstream signaling pathway of FPR2-mediated PMNs apoptosis, was
evaluated in PMNs isolated from circulating blood of ICH rats. First, 12 rats were randomly divided into
four groups: ICH + Veh, ICH + LXA4 (an endogenous FPR2 agonist), ICH + Simva, ICH + Simva + Boc-2 (a
FPR2 selective antagonist). Western blotting analysis for p38, pp38, Mcl-1, Bax and Mcl-1/Bax ratio (n = 3
per group) were conducted at 24hr after ICH. Second, another 12 rats were randomly divided as the
following four groups: ICH + Veh, ICH + SB203580 (p38 MAPK pathway inhibitor), ICH + Simva, ICH +
Simva + P79350 (p38 MAPK pathway agonist). Western blotting analysis for Mcl-1, Bax and Mcl-1/Bax
ratio (n = 3 per group) were conducted at 24hr after ICH.

Drug Administration

Firstly, the simvastatin was prepared as a 4mg/ml solution according to our previous study. [8] This
simvastatin stock was stored at −80°C and diluted with triple volume of sterile saline immediately before
use. Animals received simvastatin injection (2 mg/kg/d, i.p) from �ve days before ICH until sacri�ced. 

Routine blood counts 

Routine blood counts were conducted as previously described.[8] First, 4 ml circulation blood were
sampled from the heart of rat with the EDTA-anticoagulated tube. Then, give it a good shake. Next, 200 µl
of sample was moved to an eppendorf tube and tested on the bench-top analyzer (Hemavet 950,
Shandong excellent science instrument co. LTD., CHN). 

PMNs isolation
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As our previous described[8], the collected anticoagulated whole blood from rats was deal follow the
instructions for density gradient centrifugation. Then, the PMNs cells were collected from the PMN-rich
layer between Histopaque1083 and Histopaque1119. Next, the cells viability was examined with Trypan
blue dye. The purity of isolated PMNs were tested with Wright-Giemsa staining. More than 95% of
viability and purity were detected among these isolated PMNs. 

PMNs apoptotic ratio detection 

The apoptotic ratio of PMNs were detected refer to the previous method.[8] The D-Hanks-washed cells
were incubated on ice with 10 μl propidium iodide (PI) solution and 5 μl Annexin V-�uorescein
isothiocyanate (FITC) solution for 15 min in the dark. Then, the apoptosis of PMNs were analyzed by the
�ow cytometry (BD LSRF Ortessa, USA). 

Brain water content measurement

Brain water content was examined in rats 24 h and 72 h after surgery, as previously described. [8]  Brains
were removed under deep anesthesia, and a coronal tissue was sliced (4 mm thickness) around the
injection needle tract. Brain sections were divided into four parts: ipsilateral basal ganglia, ipsilateral
cortex, contralateral basal ganglia, and contralateral cortex. The cerebellum was the internal control.
Brain sample weights were determined immediately after removal and then drying for 24 h in a 100 °C
oven. The brain water content (%) was calculated as (wet weight-dry weight)/wet weight × 100 %.

Neurological function assessment

Neurological assessment was conducted with the modi�ed Neurological Severity Score (mNSS) method
and the corner test as previous.[17, 18] Brie�y, the mNSS scale ranges from 0 to 18 (normal score, 0;
maximal de�cit score, 18). In corner test, each rat was leaded to a corner with 30° angle. Alternatively, the
rat was allowed to turn left or right. After 10 times of repeated tests, the ratio of right turns was calculated
by two blinded observers.

Cell counts

Cell counting was performed on brain sections. Three high power images were taken around the
hematoma using a confocal microscope (LSM-780; Zeiss). MPO-positive cells were counted by two
researchers in a blinded manner on 1, 3, and 7 days after ICH. The counts were performed on four
consecutive brain sections. 

Western blot analysis

Cell lysates were run on SDS/PAGE gels, and proteins were detected on nitrocellulose blots with enhanced
chemiluminescence reagents (GE Healthcare). The following antibodies were used: TNF-α, diluted 1:500
(Beyotime, China); IL-6, diluted 1:500 (Beyotime, China); Mcl-1, p38 MAPK and phospho-p38 MAPK
(1:1000, Cell Signaling, USA); Bax (1:500, Abcam, USA);  complement C3 (1:500, Novus Biologicals,
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USA);α-Tubulin (1:1000, Boster Biological Technology, China); GAPDH (1:1000, bs-2188R; BIOSS, China).
 Membranes were blocked in 5% nonfat milk that was dissolved in Tris-buffered saline solution for 1 h,
followed by overnight primary antibody incubation[19]. 

Immuno�uorescence

Brains were removed after �xative perfusion and cryoprotected in 30% sucrose in phosphate buffered
saline (PBS). Serial sections were cut on a freezing microtome, blocked, and incubated in the primary
antibodies: MPO (1:100, Abcam, USA). Then, the sections were incubated with secondary antibody: Alexa
Fluor 555-conjugated goat anti-rabbit IgG (H+L) (1:300, Beyotime, China) at 37℃ for 3 hours. After
washing, the sections were incubated with the appropriate �uorescent secondary antibody Alexa Fluor
555-conjugated goat anti-rabbit IgG (H+L) (1:300, Beyotime, China) and counterstained with DAPI.

Statistical analyses

In present study, the values are given as the mean±SD. Data were analyzed by one-way analysis of
variance, followed by Scheffe’s post hoc test. Differences were considered statistically signi�cant at a P-
value < 0.05.

Results
Simvastatin signi�cantly elevated the plasm level of LXA4 (an endogenous FPR2 agonist) at 24h after
ICH

To examine the potential correlation between simvastatin and FPR2 after ICH, we selected LXA4, an
endogenous FPR2 agonist, as the detected object. ELISA was performed to determine the expression
pro�le of LXA4 at 24h and 72h after ICH. As shown in Fig. 1, compared with both the sham and control
groups, the plasm of ICH rats treated with simvastatin presented higher level of LXA4 at 24h after blood
injection, but showed no signi�cant difference at 72h. The result suggests that simvastatin has potential
regulatory capacity on FPR2 through impacting LXA4 level change.

Boc-2, a selective FPR2 antagonist, weakened simvastatin-mediated peripheral PMNs apoptosis

To determine the involvement of FPR2 in simvastatin-triggered PMNs apoptosis, we conducted the �ow
cytometry analysis with the using of exogenous LXA4 (as FPR2 agonist) and Boc-2 (as FPR2 antagonist)
at 24h after ICH. In comparison with the control group, both the LXA4 and Simva groups displayed a
higher apoptotic ratio of PMNs (Fig. 2A and B). The LXA4 group was more prominent. Notably, Boc-2, a
selective FPR2 antagonist, markedly weakened simvastatin-inudced PMNs apoptosis (Fig. 2A and B).

Boc-2 crippled the inhibitory effects of simvastatin on PMNs count and PMNs brain-invasion

Next, we investigated the role of FPR2 in the moderating effects of simvastatin on circulating PMNs
count and PMNs in�ltrating into brain after ICH. The routine blood test showed that ICH rats treated with
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FPR2 agonist, LXA4, performed a lower PMNs count than the control groups at 24h after ICH (Fig. 3A and
B). Interestingly, the simvastatin-treated animals showed a similar trend as the LXA4 group, but the
inhibitory effects of simvastatin on PMNs count was balanced out by FPR2 antagonist, Boc-2 (Fig. 3A
and B). As displayed in Fig. 3C and D, compared with the nontreated ICH group, exogenous LXA4 (as
FPR2 agonist) administration signi�cantly decreased the number of MPO (+) cells in the area around the
hematoma at 24h post-ICH. Notably, the Simva-group presented a similar trend as the LXA4 group, but
the inhibitory effects of simvastatin on PMNs invading into brain was reversed by Boc-2 (FPR2
antagonist).

The anti-in�ammatory effect of simvastatin on ICH was slacked off by Boc-2

Additionally, to determine the level change of some proin�ammatory factors around the hematoma, we
detected the protein expression of TNF-α, IL-6 and complement component C3 in acute stage of ICH.
Western blotting analysis showed a lower expression level of all above chemokines in the LXA4-group
than in the control at 24h after ICH (Fig. 4A-C), indicating FPR2 stimulation relieved the early
neuroin�ammatory response to ICH in some extent. Of particular note is that Simva-group performed a
similar trend as the LXA4-group, but the anti-in�ammatory effect of simvastatin on ICH was neutralized
by Boc-2, a selective FPR2 antagonist.

The protective effect of simvastatin on brain edema and neurological de�cits was abolished by Boc-2

To further investigate the involvement of FPR2 in simvastatin-mediated brain protective effects on ICH,
we measured the brain water content of animal models and calculated their neurological scorings. The
brain water contents of ipsilateral basal ganglia and cortex in LAX4-group showed an obvious reduction
when compared with the Veh-group at 24h and 72h after ICH (Fig. 5A, B). It is noticeable, animal models
treated by simvastatin showed a similar trend as the LXA4-group, but the antiedema effect of simvastatin
on ICH was weakened by Boc-2, a selective FPR2 antagonist. (Fig. 5A, B). Furthermore, as shown in
Fig. 5C and D, ICH rats received the treatment of exogenous LXA4 (as FPR2 agonist) presented a lower
neurological score in the mNSS test while a higher score during the corner test at day 7 after ICH.

Simvastatin exerted pro-apoptotic effect on PMNs in acute stage after ICH via LXA4/FPR2/p38 MAPK
signaling pathway

To elucidate the downstream signaling of FPR2-mediated PMNs apoptosis, we treated the animals with
simvastatin, FPR2 agonist LXA4 and FPR2 antagonist Boc-2, p38 MAPK inhibitor SB203580 and p38
MAPK agonist P79350 analyzed the downstream proteins. 24 hours after ICH, PMNs were isolated from
the circulating blood of rat, which then be detected by using western blotting analysis. As shown in
Fig. 6A and B, FPR2 agonist LXA4 markedly downregulated the phosphorylation level of p38 than the
control group. In addition, the expression of antiapoptotic proteins Mcl-1 was markedly inhibited by LXA4
(Fig. 6C), while the proapoptotic proteins Bax was signi�cantly upregulated (Fig. 6D). Thus, rats treated
with LXA4 displayed a lower Mcl-1 to Bax ratio (Mcl-1/Bax, plays a key role in affecting neutrophil
survival), resulting in more PMNs apoptosis than the Veh-group. Of note, Simva-group performed a
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similar trend of pp38/Mcl-1/Bax level as the LXA4-group. However, co-treatment with Boc2 abrogated the
pro-apoptotic effect of simvastatin on PMNs following ICH. Next, we further assessed the relation
between p38 MAPK signal pathway and PMNs apoptosis. As displayed in Fig. 6F-I, SB203580 (p38 MAPK
inhibitor) dramatically down-regulated Mcl-1 expression in PMNs while elevated Bax level after ICH, which
leads to a lower Mcl-1/Bax ratio. Notably, ICH rats treated with simvastatin presented a similar effect on
regulating Mcl-1/Bax balance as SB203580, but it was abolished by p38 MAPK agonist P79350.

Discussion
In this study, we investigated the potential mechanism of simvastatin-induced PMNs apoptosis in rat
model of ICH. The major �ndings of this study are as follows: (1) Simvastatin signi�cantly elevated the
level of LXA4 (an endogenous FPR2 agonist) in plasm after ICH; (2) Similar to simvastatin, exogenous
LXA4 effectively promoted circulating PMNs apoptosis in early stage of ICH, and restricted the secondary
brain injury triggered by brain-in�ltrated PMNs; (3) Boc-2, a selective antagonist for FPR2, dramatically
abolished the neuroprotective effects of simvastatin on ICH; (4) Further results suggest that the
FPR2/p38 MAPK signaling pathway plays an important role in simvastatin-triggered PMNs apoptosis.

Statin is associated with improved outcome in patients with ischemic stroke.[20] In addition to the most
familiar effect of cholesterol reduction, statins also display pleiotropic effects, like anti-in�ammation,
promoting neurogenesis and protecting blood-brain barrier.[21, 22] Thus, statins are attractive candidates
for the development of a neuroprotective strategy. Over years, a series of retrospective cohort studies
have reported that inpatient statin use is associated with improved outcomes following acute ICH.[23–
27] Recently, accumulating evidence supports that higher PMNs count and neutrophil to lymphocyte ratio
(NLR) at early stage of ICH leads to the poorer outcome.[4–7] Thus, in a proof-of-concept experiment in
rat model of ICH, we found that simvastatin effectively decreased the peripheral PMNs count, NLR and
neutrophil brain-invading, as well as attenuated brain edema and neurological de�cits following ICH.[8]
However, to date, the related molecular mechanisms of simvastatin involved in apoptotic regulation of
PMNs is still unclear.

Lipoxins (LXs), lipids derived from arachidonic acid, exert anti-in�ammatory effects by catalyzing
arachidonic acid through different lipoxygenases through a cross-cellular pathway.[28] Several recent
studies have reported that LXA4 plays a protective role in CNS injury like subarachnoid hemorrhage (SAH)
and ischemic stroke.[10, 11] It has been reported in previous literature that LXA4 reduces PMNS
in�ltration in SAH rats by activating FPR2[11], which is consistent with our research results. However, the
author only focused on the effect of LXA4 on microglial FPR2, and did not explore the effect and
mechanism of LXA4 on PMNS surface FPR2. Recently, Gonzalez et al.[13] found that simvastatin can
assist cyclooxygenase-2 (COX-2) to induce the conversion of arachidonic acid to LXA4 and exert anti-
in�ammatory effects. Consistently, in the present study, we found that Simvastatin signi�cantly elevated
the plasm level of LXA4 (an endogenous FPR2 agonist) at 24h after ICH. Similar to simvastatin,
exogenous LXA4 effectively promoted circulating PMNs apoptosis in early stage of ICH, and restricted the
secondary brain injury triggered by brain-in�ltrated PMNs.
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In recent years, studies have reported that LXA4 exerted the notably anti-in�ammatory neuroprotective
effect through down-regulating the activities of p38 mitogen-activated protein kinase (MAPK), which was
mediated by FPR2.[11, 12, 29] In the present study, we found that Boc-2, a selective antagonist for FPR2,
dramatically abolished the neuroprotective effects of simvastatin on ICH. In addition, FPR2 agonist LXA4
markedly downregulated the phosphorylation level of p38. Moreover, simvastatin led to a similar
reduction of Mcl-1/Bax ratio as SB203580 (p38 MAPK inhibitor), but it was abolished by P79350 (p38
MAPK agonist). All these data suggest that the FPR2/p38 MAPK signaling pathway plays an important
role in simvastatin-triggered neutrophil apoptosis.

Conclusion
Collectively, we demonstrated that simvastatin-mediated PMNs apoptosis mainly through the FPR2/p38
MAPK signaling pathway via upregulating the plasma LXA4 level following ICH. To our knowledge, this
study is the �rst to demonstrate the neuroprotective effect of LXA4 on ICH, which is characterized by
cerebral edema relief, improved neurobehavioral function, reduced neutrophils aggregation and pro-
in�ammatory factors expression around the hematoma. Therefore, simvastatin or LXA4 may be a
promising and safe therapeutic option in ICH. Large animal experiments and clinical trials are required to
further explore the e�cacy and safety in future study.
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Figure 1

Simvastatin signi�cantly elevated the plasm level of LXA4 (an endogenous FPR2 agonist) at 24h after
ICH. ELISA analysis of LXA4 level in rat plasm at 24h and 72h after ICH. Values are expressed as
mean±SD, n=4 per group; *P<0.05 ICH-Simva versus ICH-Veh group. ICH, intracerebral hemorrhage; Simva,
simvastatin; Veh, vehicle.



Page 13/18

Figure 2

Boc-2, a selective FPR2 antagonist, weakened simvastatin-mediated peripheral PMNs apoptosis. (A)
Representative flow cytometric dot plots showing circulating PMNs apoptosis, which freshly isolated
from ICH rat. Annexin V+ and PI− cells were considered early apoptotic cells (lower right quadrant). (B)
Flow cytometric analysis of peripheral PMNs in the ICH rat treated with vehicle, LXA4, Simva and
Simva+Boc-2 at 24h after ICH. The apoptotic ratio was calculated from the ratio of apoptotic cells to total
cells counted. Values are expressed as mean±SD, n=7 per group; *P<0.05 versus ICH+Veh group; #P<0.05
versus ICH+Simva group. PMNs, polymorph nuclear neutrophils.
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Figure 3

Boc-2, a selective FPR2 antagonist, crippled the inhibitory effects of simvastatin on peripheral PMNs
count and PMNs brain-invasion. Blood routine analysis of peripheral PMNs count (A), leukocyte count (B)
at 24h after ICH. Values are expressed as mean±SD, n=7 per group; *P<0.05 versus sham group; #P<0.05
versus Veh group; & P<0.05 versus Simva group. (C) Representative immuno�uorescence images of MPO
positive in perihematomal area at 24h after ICH. (D) MPO (+) cells count around hematoma after ICH.
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Values are expressed as mean±SD, n=6 per group; *P<0.05 versus Veh group; #P<0.05 versus Simva
group.

Figure 4

Boc-2, a selective FPR2 antagonist, counteracted the anti-in�ammatory effect of simvastatin on ICH rat.
Western blot analysis showing in�ammatory relevant protein levels of TNF-α (A), IL-6 (B) and
complement component C3 (C) in perihematomal area at 24h after ICH. Values are expressed as
mean±SD, n=3 per group; *P<0.05 versus Sham group; #P<0.05 versus Veh group; &P<0.05 versus Simva
group.
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Figure 5

The protective effect of simvastatin on brain edema and neurological de�cits was abolished by Boc-2.
Result of brain water content at 24h (A) and 72h (B) after ICH. Values are expressed as mean±SD, n=6 per
group; *P<0.05 versus Veh group; #P<0.05 versus Simva group. Ipsi-BG, ipsilateral basal ganglia; Con-BG,
contralateral basal ganglia; Ipsi-CX, ipsilateral cerebral cortex; Con-CX, contralateral cerebral cortex;
Cerebel, cerebellum. Neurological score by using mNSS (C) and Corner Test (D) at the day1, 3 and 7 after
ICH. Values are expressed as mean±SD, n=6 per group; *P<0.05 versus Veh group; #P<0.05 versus Simva
group.
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Figure 6

FPR2/P38 MAPK signaling pathway play a key role in simvastatin-induced PMNs apoptosis in acute
stage after ICH. Representative images (A, F) and quantitative analysis of pp38/p38 ratio (B), anti-
apoptotic protein Mcl-1(C, G), pro-apoptotic protein Bax (D, H), and Mcl-1/Bax ratio (the decreased ratio
represents pro-apoptosis) (I) in the isolated peripheral PMNs at 24 h post ICH. Values are expressed as
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mean±SD, n=3 per group; *P<0.05 versus Veh group; #P<0.05 versus Simva group. SB203580, p38 MAPK
inhibitor; P79350, p38 MAPK agonist.

Figure 7

Schematic for the proposed mechanisms. Simvastatin-triggered LXA4 upregulation in plasma selectively
activated G protein coupled receptor FPR2 on peripheral PMNs at early stage of ICH, by which inhibited
the phosphorylation of P38 MAPK and resulted in Mcl-1/Bax ratio decline, which then promoted more
circulating PMNs apoptosis and less PMNs in�ltration into brain, and �nally attenuated ICH-mediated
neuroin�ammation and brain injury.


