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This study aimed to evaluate the effects of nafamostat, a serin protease inhibitor, in the management of
subarachnoid hemorrhage (SAH). SAH was induced by endovascular perforation in male mice. Nafa-
mostat was administered intraperitoneally four times immediately after SAH induction. Cerebral blood
flow, neurological behavior tests, SAH grade and protein expression were evaluated at 24 h after SAH
induction. In the in vitro model, human brain microvascular endothelial cells (HBMVECs), HBVECs were
exposed to thrombin and hypoxia for 24 h; nafamostat was administered and the protein expression was
evaluated.

Eighty-eight mice were included in the in vivo study. Fifteen mice (17%) were excluded because of
death or procedure failure. Nafamostat exerted no significant effect on the SAH grade or cerebral blood
flow; however, it improved the neurological behavior and suppressed the thrombin and MMP-9
expression. In addition, nafamostat suppressed the ICAM-1 expression and p38 phosphorylation in the

in vitro study.

Nafamostat has a protective effect against HBMVEC after exposure to thrombin and hypoxia, sug-
gesting its role in improving the neurological outcomes after SAH. These findings indicate that nafa-
mostat has the potential to be a novel therapeutic drug in the management of SAH.

© 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological
Society. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Subarachnoid hemorrhage (SAH) is a severe cerebrovascular
disease that mainly occurs due to aneurysm rupture."”> Advance-
ments have been made in the intervention (clipping or coiling) and
postoperative care management of SAH; however, mortality and
poor outcomes remain high.> SAH-induced brain damage can be
classified as early brain injury and delayed cerebral ischemia.' Early
brain injury involves neuroinflammation, blood—brain barrier (BBB)
disruption, platelet aggregation, and endothelial injury, which are
aggravating factors in delayed cerebral ischemia or outcomes."*
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Therefore, effective therapeutic or pharmaceutical management is
necessary to improve SAH-induced early brain injury.

Currently, coronavirus disease (COVID-19) is rapidly spreading
worldwide.” Vaccination for COVID-19 has been used; despite this,
cases and mortality rate continue to increase. Therefore, the
development of drugs for the management of COVID-19 remains a
significant and urgent issue that requires worldwide attention.
Among the proposed drugs, nafamostat has recently become a drug
of interest for the treatment of COVID-1957.

Nafamostat is a serine protease inhibitor that has been used for
the management of pancreatitis, disseminated intravascular coag-
ulation, and hemodialysis. Nafamostat has anti-inflammatory and
endothelial protective effects; furthermore, studies have shown
this protective effect in experimental models of cerebral ischemic
stroke.® 10 Additionally, it has been reported the efficacy of nafa-
mostat for vasospasm after SAH'"'?; however, its effect on early
brain injury remains unclear.

1347-8613/© 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological Society. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Experimental models have shown the relationship of thrombin,
a serin protease coagulation protein, in the development of BBB
disruption or brain edema after intracerebral hemorrhage, cerebral
ischemia and SAH.">~'® Argatroban, a thrombin inhibitor, has been
shown to have protective effect against early brain injury after
SAH'®; similarly, nafamostat exerts it pharmaceutical effect as also
has the thrombin inhibitor. Therefore, we investigated the protec-
tive effects of nafamostat against early brain injury through in vivo
(endovascular perforation SAH murine model) and in vitro (human
brain microvascular endothelial cells [HBMVECs]) studies.

2. Material & methods

All animal protocols were approved by and were conducted in
accordance with the guidelines of the experimental committee of
Gifu Pharmaceutical University, Japan.

2.1. Animal preparation

A total of 114 male ddY mice (aged, 8 weeks old; body weight,
33—40 g) purchased from Japan SLC, Inc. (Hamamatsu, Shizuoka,
Japan) were used in the following three experiments. We carefully
considered minimized the suffering and the number of animals
used. All animals were housed in a controlled environment
(24 + 2 °C; 12 h/12 h light/dark cycles). They received standard
laboratory food and filtered clean water ad libitum.

2.2. SAH induction and CBF study

An SAH was induced through the endovascular perforation
technique, as previously described.'” In brief, general anesthesia
containing a mixture of 70% NO,, 20% oxygen, and 2.0—3.0% iso-
flurane was administered using an animal general anesthesia ma-
chine (Soft Lander; Sin-ei Industry Co., Ltd., Saitama, Japan). After
skin incision, SAH was induced by inserting a 5—0 nylon mono-
filament from the right external carotid artery (ECA) to the internal
carotid artery (ICA) bifurcation. After the perforation, the filament
was removed, and the ECA coagulated. This procedure was per-
formed after the common carotid artery was temporary occluded.
After the operation, the mice were maintained under similar con-
ditions as the preoperative environment. The skin was incised in
the sham group.

Cerebral blood flow (CBF) was measured in three different pe-
riods (pre-procedure, post-procedure, and 1 d post-procedure)
using LSFI (LSFG-ANM; Soft-care Co., Ltd.; Fukuoka, Japan). CBF
measurements were performed under general anesthesia.

2.3. Nafamostat administration

The mice were randomly assigned to four groups; sham, vehicle
and two nafamostat (0.1, and 1 mg/kg) groups. The experimental
procedure is illustrated in Fig. 1A. In the nafamostat groups, nafa-
mostat was (N0959, Tokyo Chemical Industry Co., Ltd., Tokyo,
Japan) diluted in 5% glucose and administered intraperitoneally
(i.p.) at 0, 2, 4, and 6 h post-procedure. In the vehicle groups, 5%
glucose was administered in the same manner. In the sham group,
no solvent was administered.

2.4. Neurological behavior test

Neurological assessment was performed in a quiet and dimly lit
room. The modified neurological score (mNS) was used to evaluate
the differences in the neurological behavior between the groups.'®
In this study, the mNS was based on a 24-point scoring system. The
scores were determined based on the following eight tests:
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spontaneous activity, climbing, balance, side stroking, vibrissae
touch (i.e., stroke of whiskers), visual (i.e., tip toward each eye),
forelimb use, and hindlimb use. Each mouse was able to obtain
three possible points in each test based on the neurological pre-
sentation. Lower scores indicated more severe neurological deficits.

2.5. SAH grading score

The mice's brains were removed and examined after the
neurological behavior test. The SAH grading score was used to
assess subarachnoid clot volume.' This scale divides the basal
brain into five segments. Each segment is assigned a grade from 0 to
3, based on the amount of SAH, as follows: 0 indicates no SAH; 1,
minimal SAH; 2, moderate SAH with recognizable arteries; and 3,
SAH obliterated the cerebral arteries. The animals received a total
score ranging from O to 15 after adding the scores from the five
segments.

2.6. Hb assay

Twenty-four hours SAH, mice were intraperitoneally adminis-
tered with pentobarbital sodium and transcardially perfused with
saline. The brains were removed quickly, and the SAH volume was
quantified using a spectrophotometric assay of the hemoglobin
content in the whole brain. After brain perfusion, the brain sample
was homogenized and centrifuged for 30 min at 13,000xg at room
temperature (25 °C). Then, 200 pL of the reagent (QuantiChrom
Hemoglobin Assay Kit; BioAssay Systems, Hayward, CA, USA) was
added to a 50 pL aliquot of the supernatant. After 5 min, the optical
density was read at 400 nm using a spectrophotometer (Skan It RE
for Varioskan 133 Flash 2.4; Thermo Fisher Scientific, Waltham, MA,
USA)2.OThe total hemoglobin content was expressed in microliters
(uL).

2.7. Coagulation time

One hour after the administration of nafamostat or 5% glucose,
mice were injected intraperitoneally with pentobarbital sodium.
Blood was collected from the inferior vena cava using 3.2% sodium
citrate (sodium citrate: blood = 1: 9). Blood samples were centri-
fuged for 15 min at 1500xg and at 4 °C after the collection as soon
as possible. The plasma was collected, and the coagulation time was
measured with a Thrombo-check kit PT or APTT (12,500, 12,980,
Sysmex Co., Ltd.; Kobe, Japan).

2.8. Cell culture and combined thrombin and hypoxia stress

Human primary brain microvascular endothelial Cells
(HBMVECs) (ACBRI 376, Cell Systems Inc., Cambridge, Massachu-
setts, USA) were cultured dishes in CS-C Complete Medium Kit R
(4Z0500R, Cell Systems Inc.), medium containing 10% fetal bovine
serum (FBS), and CultureBoost-R™ (containing human recombi-
nant growth factors). The cells were incubated at 37 °C in a hu-
midified 5% CO, atmosphere until they reached confluence. Cells
were seeded on a plate which was coated with collagen (Cellma-
trix®; Nitta Zelatin Inc., Osaka, Japan). The medium was changed
every two days.

To evaluate the effect of nafamostat on SAH in endothelial cells,
a combined thrombin and hypoxia stress model was utilized in
HBMVECs. HBMVECs were seeded at 30,000 cells/well in 24 well
plates and cultured for 3 d. The cells were incubated in a Medium
Without Serum Kit (4Z3500R, Cell Systems Inc.), medium con-
taining CultureBoost-R™ (containing human recombinant growth
factors), and serum-free medium in an oxygen-free incubator (94%
N2, 5% CO2, and 1% 02) for 24 h. Human thrombin (T6884,
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Fig. 1. (A) The protocol for evaluating the effect of nafamostat to subarachnoid hemorrhage (SAH). Nafamostat or 5% glucose were administrated four times. A behavior test
(modified neurological score: mNS) was evaluated 24 h after the SAH. Cerebral blood flow (CBF) was measured three times by using Laser speckle flow imaging (LSFI). (B) A
representative case of LSFI after SAH induction. (C) The CBF findings (%) of the contralateral side. The CBF immediately and 1 d post-procedure were significantly lower compared to
pre-procedure; however, no significant differences was observed between groups. (D) Total score of mNS. mNS was significantly worse after SAH induction. However, adminis-
tration of 1 mg/kg nafamostat significantly improved the mNS. (E) Subscores of mNS on vehicle and nafamostat 1 mg/kg groups. Sham, n = 8; Vehicle, n = 21; Nafamostat 0.1 mg/kg,
n = 13; Nafamostat 1 mg/kg, n = 21. {fp < 0.01, vs. pre-procedure on vehicle, % p < 0.01, vs. pre-procedure on 0.1 mg/kg, **p < 0.01, vs. pre-procedure on 1 mg/kg, Dunnet's test.
##p < 0.01, vs. sham, Wilcoxon test.+p < 0.05, “* p < 0.01, vehicle vs. 1 mg/kg, Wilcoxon test.

Sigma—Aldrich Co., Ltd.; St. Louis, Missouri, USA) was diluted with
sterilized water to achieve a final concentration of 5 U/ml. Different
doses of nafamostat (0.1, 1.0, and 10 pmol/L) were added to the
medium immediately before the administration of combined
thrombin and hypoxic stress. The concentrations of nafamostat
were based on the previous reports.”! Control cells were incubated
in complete medium. Western blot assays were performed 24 h
after the combined thrombin and hypoxic stress.
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2.9. Western blotting

The brains of the mice were removed after deep anesthesia was
transcardially perfused using pentobarbital sodium 24 h after the
SAH. Additionally, tissue from the right hemisphere was collected.
In the cell culture experiments, cells were collected 24 h after
hypoxia induction and thrombin treatment. Ten milliliters of ice-
cold radioimmunoprecipitation assay lysis buffer and protease/
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phosphatase inhibitor per gram of tissue were used for homoge-
nization (Sigma—Aldrich Co.). After centrifugal separation
(12,000xg for 30 min at 4 °C), the supernatants from the samples
were collected. Ten pg of the protein (in vivo) and 0.8 ug of protein
samples (in vitro) were applied onto the 5%—20% gradient sodium
dodecyl sulfate polyacrylamide gels (SuperSep Ace; Wako Pure
Chemicals; Osaka, Japan); electrophoresis was used to separate the
solution according to molecular weight. The separated proteins
were transferred to polyvinylidene fluoride membranes (Immobi-
lon-P; Millipore Corporation; Billerica, MA, USA). The following
primary antibodies were used: rabbit anti-thrombin (1:1000;
Abcam; MA, USA), rabbit anti-prothrombin (1:1000; Abcam), rabbit
anti-matrix metalloproteinase (MMP-9) (1:1000; Abcam), rabbit
anti-phospho-p38 (1:1,000, Cell Signaling Technology, MA, USA),
rabbit anti p38 (1:1,000, Cell Signaling Technology), rabbit anti-
intercellular adhesion molecule (ICAM-1) (1:1,000, Cell Signaling
Technology), and monoclonal anti-B-actin (1:2000; Sigma-
—Aldrich). The following secondary antibodies were used: anti-
rabbit immunoglobulin G (IgG) (1:1000; Thermo Scientific; MA,
USA) and anti-mouse IgG (1:1000; Pierce Biotechnology, Rockford,
IL, USA). Immunoreactive bands were visualized using a Lumino
imaging analyzer (LAS-4000; Fujifilm; Tokyo, Japan). Multi Gauge
software (Fujifilm; Tokyo, Japan) was used to analyze the differ-
ences in band intensity.

2.9.1. Experiment 1

In this experiment, SAH was induced in 88 mice to evaluate the
effect of nafamostat on early brain injury. Among them, 15 mice
(17%) were excluded from the evaluation because of procedural
failure (5 mice, 5.7%) or death (10 mice, 11.3%). The remaining 73
mice (8: Sham; 21: Vehicle; 13: nafamostat 0.1 mg/kg; and 21:
nafamostat 1 mg/kg) were included for further investigation.

2.9.2. Experiment 2

SAH was induced in 16 male ddY mice to evaluate the rela-
tionship between SAH grading score and Hb assay. Among them, 2
mice were excluded from the evaluation due to death. Finally, 14
mice were assigned to the study, and the SAH grading score and Hb
assay were evaluated.

2.9.3. Experiment 3

A total of ten male ddY mice (8 weeks, 5 control, and 5 nafa-
mostat: 1 mg/kg) were induced in this experiment to evaluate the
effect of nafamostat on coagulation time. Coagulation time was
evaluated 1 h after the administration of 5% glucose (vehicle) or
nafamostat (1 mg/kg).

2.10. Statistical analysis

CBF values are expressed as the mean + the standard deviation,
and western blotting and coagulation time are expressed as the
mean + the standard error. Counting and measurements were
performed by blinded observers. Commercially available software
(JMP 14; SAS Institute Inc., Cary, NC, USA) was used for all statistical
analyses. Student's t-test or Welch's t-test (for parametric values)
and Wilcoxon signed-rank test (for nonparametric values) were
used for comparisons between the two experimental groups. One-
way analysis of variance followed by Dunnett's test or Steel—-Dwass
tests for multiple pairwise comparisons. The Shapiro Wilk test was
used to analyze data normality. Differences were considered sta-
tistically significant at p < 0.05.
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3. Results
3.1. Nafamostat improved the neurological behavior after SAH

The time course of the experiment is shown in Fig. 1A. Nafa-
mostat (5% glucose) was administered intraperitoneally at 0, 2, 4,
and 6 h after SAH. CBF was measured in three periods (pre-pro-
cedure, post-procedure, and 1 d post-procedure), and neurological
behavior tests were performed 1 d post-procedure. Representative
images of CBF using the LSFI are shown in Fig. 1B. A significant
decrease was observed in CBF (% con) from post to 1 d after the SAH
in all groups (vs. pre, p < 0.01 in all groups, Fig. 1C). The total score
of the neurological behavior test is shown in Fig. 1D. A significant
improvement was observed in the neurological behavior of the
nafamostat 1 mg/kg group compared with vehicle group
(10.9 + 5.87 vs.14.3 + 5.33, p = 0.025). The subscores of mNS in the
vehicle and nafamostat 1 mg/kg group were shown in Fig. 1E.
Significant differences were observed between four subscores
(vibrissae touch; 1.36 + 0.96 vs. 1.93 + 0.86, p = 0.039, visual;
0.69 + 0.99 vs. 1.29 + 0.96, p = 0.029, forelimb use; 1.40 + 0.72 vs.
1.81 + 0.73, p = 0.041, hindlimb; 1.69 + 0.62vs. 2.24 + 0.52,
p = 0.004, respectively). Based on these results, no CBF changes
were observed after nafamostat administration post-SAH; neuro-
logical outcomes were improved.

3.2. Nafamostat administration after SAH did not increase the
hemorrhagic volume

First, the relationship between SAH grading score and Hb assay
was evaluated 1 d post-procedure. A representative picture of the
SAH grading score is presented in Fig. 2A; additionally, a scatter plot
regarding hemorrhage volume and SAH grading score is shown on
Fig. 2B. A significant relationship was observed between the SAH
grading score and the Hb assay. This indicates the potential of SAH
grading score as an accurate evaluation method for SAH volume.

Second, the effect of nafamostat on SAH volume was evaluated.
Digital images of the SAH and SAH grading scores for each group are
shown in Fig. 2C and D. No significant differences were observed in
the SAH grading score of each group. This indicates that nafamostat
administration after SAH did not increase the hemorrhagic volume.

Finally, the effect of nafamostat on coagulation time was eval-
uated. Coagulation time was measured after the nafamostat
administration. The APTT and PT results are shown in Fig. 2E. The
prolongation in the APTT of the nafamostat administration group
was observed; however, the difference was not significant.

3.3. Mechanisms underlying the protective effects of nafamostat

Western blotting was conducted to analyze right brain hemi-
sphere tissues 24 h after SAH to investigate the mechanisms un-
derlying the protective effects of nafamostat against the early brain
injury (Fig. 3). Thrombin, active MMP-9, total MMP-9, and pro-
thrombin were significantly upregulated at 24 h after the SAH in-
duction which was suppressed by 1 mg/kg of nafamostat. The total
MMP-9 protein was evaluated by assessing the total amount of
active and pro MMP-9.

3.4. Effect of nafamostat on the in vitro combined thrombin and
hypoxia model

The effects of nafamostat on in vitro combined thrombin and
hypoxia stress using HBMVECs to further investigate the mechanisms
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Fig. 2. The effect of nafamostat on hemorrhagic volume. (A) The representative picture of SAH grading score. (B) The hemorrhagic volume measured by using Hb assay correlated
with SAH grading score, n = 14. Representative case of SAH grade (C) and quantitative data of SAH grade (D) on each group, Vehicle, n = 21; nafamostat 0.1 mg/kg, n = 13;
nafamostat 1 mg/kg, n = 21, Steel-Dwass tests. (E) The coagulation time at 1 h after the nafamostat or 5% glucose administration, Vehicle, n = 5; nafamostat 1 mg/kg, n = 5.

Nafamostat did not increase the hemorrhagic volume after the SAH.

underlying the protective effects of nafamostat. Thrombin was
significantly upregulated and CBF was significantly decreased after
SAH (in vivo); therefore, thrombin and hypoxia stress were induced to
mimic the SAH state. The protocol used in this study is shown in
Fig. 4A. Combination administration of thrombin and induction of
hypoxia after 24 h promoted the phosphorylation of p38 and
expression of ICMA-1 in HBMVECs. However, nafamostat treatment
suppressed the phosphorylation of p38 from 0.1 to 10 uM (Fig. 4B),
and the expression of ICAM-1 at 10 uM (Fig. 4C), after 24 h of thrombin
and hypoxia treatment.

4. Discussion

This study primarily found the effectiveness of nafamostat in
improving neurological outcomes through thrombin suppression
and MMP-9 activation after SAH. Additionally, nafamostat exerted

69

protective effects for HBMVECs from thrombin and hypoxia
induction.

It has been reported that the up-regulation of microthrombi
during the ultra-early phase of SAH which may aggravate delayed
cerebral ischemia.’’~?* The increase in microthrombi after SAH is
associated with an increase in thrombin, a protein that catalyzes
the conversion of fibrinogen to fibrin.?®> In the present study,
nafamostat inhibited the activation of thrombin after SAH which
resulted in the suppression of microthrombi formation. Further-
more, thrombin is involved in brain edema and BBB disruption after
cerebral ischemia and intracerebral hemorrhage.>~'° It has been
reported that argatroban exerts a protective effect against early
brain injury after SAH due to its anti-thrombin activity.'® In this
report, argatroban improved neurological outcomes after acute
SAH by suppressing BBB destruction, brain edema, and cell death,
suggesting the effective of Xa inhibitor for SAH. In the present
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study, nafamostat improved the neurological outcome after SAH
(Fig. 1D). However, only four subscores of mNS were improved
(Fig. 1E). Median values were improved even in subscore, indicating
that nafamostat contributed to the improvement of neurological
disability after SAH. In particular, protection of ischemic brain
damage by inhibition of microthrombi may have been more likely
to improve focal symptoms (paralysis or whisker sensation etc.).

In the present study, we also evaluated the prothrombin protein
by western blotting. Prothrombin was up-regulated by SAH in-
duction, and which was suppressed by nafamostat like thrombin.
This result suggested that nafamostat inhibited the microthrombi
by the suppression of prothrombin and thrombin.

MMP-9 is a well-known factor in brain edema after several brain
injuries. Previous report showed that thrombin brain pericytes
release high levels of MMP-9 in response to thrombin,’® therefore,
thrombin inhibition during early brain injury resulted in the sup-
pression of MMP-9 expression. These effects may have resulted in
improvements of the patient's neurological outcomes.

Previous reports have demonstrated the protective effect of
nafamostat against vasospasm after the SAH.''> However, this
study found no effect of nafamostat on CBF during acute phase after
the SAH. Intracranial changes immediately after the onset of SAH
were more severe compared to the spasm phase. Nafamostat
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exhibits a vasodilator effect; however, this may be insufficient in
contributing to the improvement of CBF. Additionally, this result
may be due to the use of LSFI in measuring CBF only in the cerebral
cortex; which may not be reflective of the blood flow of the whole
brain. Therefore, further investigations will be needed to determine
the effects of nafamostat on deep brain blood flow, particularly by
using like two-photon microscopy.

In the present study, we evaluated the effects of nafamostat on
in vitro combined thrombin and hypoxia stress using HBMVECs.
There are several reports using hypoxia and thrombin to mimic the
SAH,?” and using thrombin + OGD model to mimic ischemic
stroke.!®?! In the present study, we adopted the hypoxia + thrombin
model because the vivo experimental results showed that SAH
increased thrombin expression in the brain and significantly
decreased CBF.

Thrombin signaling in the endothelium is mediated by a
protease-activated receptors (PARs). Four members of the PAR
family have been identified, and PAR-1 is known as a thrombin
receptor.”® However, in the present study, we did not examine the
expression of PAR-1, but we observed the changes in its down-
stream components, p38 and ICAM-1, suggesting that PAR-1 was
the target of thrombin action. Previous reports indicated the PAR-1
activation on endothelial cell has been shown to increase the
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expression of genes involved in cell proliferation, inflammation,
leukocyte adhesion, vasomotion, and hemostasis.>? Other reports
have shown that after PAR-1 is activated in endothelial cells, the
pathway regulates ICAM-1 expression via PI3K and Akt,>° and via
PKC3-p38.3" Based on the results of Fig. 4, nafamostat suppresses
the phosphorylation of p38, leading to the suppression of ICAM-1.

Thrombin exerts a pro-inflammatory effect by increasing ICAM-
1 expression in endothelial cells.’® Additionally, experimental
stroke models demonstrated that ICAM-1 is a key factor leading to
BBB disruption, brain edema, and neuroinflammation.??*3 In pa-
tients with severe COVID-19, elevated ICAM-1 expression has been
reported.>® Patients with severe disease are at an increased risk
of developing inflammation and thrombosis; considering this,
elevated ICAM-1 expression may be a factor that worsens prog-
nosis. p38 is a protein involved in ICAM-1 regulation,? further-
more, it plays an important role in the cascade of inflammation and
apoptosis, and is reportedly associated with worse prognosis after
cerebral ischemic stroke and intracerebral hemorrhage.>>>° In an
SAH experimental model, Chen S et al. have reported that a p38
inhibitor suppressed the early brain injury.®” In the present study,
nafamostat suppressed the expression of p38 and ICAM-1, which
resulted in endothelial protection during thrombin and hypoxia
treatment. Nafamostat suppressed the expression of thrombin
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(Fig. 3), through suppression of p38 phosphorylation and ICAM-1
downstream of thrombin receptor, PAR-1. ICAM-1 is an important
prognostic factor after stroke. Therefore, the suppression of
thrombin after SAH by nafamostat may have contributed to the
improvement of neurological findings by suppressing the expres-
sion of ICAM-1.

Taken together, the use of nafamostat in the early treatment of
SAH may be a potential therapeutic approach contributing to a
favorable outcome.

Nafamostat showed the endothelial protection from thrombin
and hypoxia which improved neurological behavior after SAH.
These findings indicate that early intervention after SAH using
nafamostat reduces brain injury and improves neurological
outcomes.
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