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Background. Subarachnoid hemorrhage (SAH) is an important subcategory of stroke due to its high mortality rate as well as severe
complications such as neurological deficit. It has been suggested that cerebral inflammation is a major factor in advanced brain
injury after SAH. Microglia and astrocytes are known supporting cells in the development and maintenance of inflammation in
central nervous system. However, the role of microglia and astrocytes in the development of inflammation and neuronal cell
apoptosis during the early phase after SAH has not been thoroughly investigated. Materials and Methods. Sprague-Dawley rats were
divided into 4 groups (1 = 6/group): sham group, animals subjected to SAH without treatment, SAH animals pretreated with the
microglia inhibitor minocycline (50 mg/kg, ip), and SAH animals pretreated with the astrocyte inhibitor fluorocitrate (50 mg/kg, ip).
SAH was induced by injecting autologous blood (1 ml/kg) into the cistern magna on day 0. Pretreatment with minocycline or
fluorocitrate was given three days prior to the induction of SAH. Rats were sacrificed 6 hr after SAH, and their cerebral spinal fluids
were used to measure protein levels of neuroinflammatory cytokines IL-1f3, IL-6, and TNF-a by ELISA. In addition, the cerebral
cortex was utilized to determine the levels of caspase-3 by western blot and to evaluate neuronal cell apoptosis by
immunohistochemistry staining and detect microglia and astrocyte by immunofluorescence staining for Iba-1 and GFAP. In this
study, all SAH animals were given an injection of autologous blood and SAH rats treated with minocycline or fluorocitrate received
ip injections on day 1, 2, and 3 before inducing SAH. Neurological outcome was assessed by ambulation and placing/stepping reflex
responses on day 7. Results. Immunofluorescence staining showed that SAH induced proliferation of microglia and astrocyte and
minocycline inhibited the proliferation of both microglia and astrocyte. However, fluorocitrate inhibited only the proliferation of
astrocyte. ELISA analysis showed that SAH upregulated TNF-« and IL-1, but not IL-6 at 6 hr after SAH. Minocycline, but not
fluorocitrate, attenuated the upregulation of TNF-a and IL-1f. Western blot analysis and immunohistochemistry staining showed
that SAH induced neuronal cell apoptosis. Pretreatment with minocycline, but not fluorocitrate, decreased SAH-induced neuronal
death and cerebral vasospasm. Furthermore, significant improvements in neurobehavioral outcome were seen in the minocycline
treatment group, but not in animals treated with fluorocitrate. Conclusions. Microglia may play an important role to regulate
neuronal cell apoptosis and cerebral vasospasm through inhibiting inflammation at an early phase after SAH in the rat.
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1. Introduction

Subarachnoid hemorrhage (SAH) is a special type of hemor-
rhagic stroke, often characterized by spontaneous cerebral
aneurysmal rupture and bleeding into the subarachnoid
space [1]. Following SAH, 20-35% of patients die within a
few days. Delayed cerebral ischemia (DCI) develops in the
first few days up to several weeks after the initial bleeding
and is the most important cause of poor outcome in SAH
patients who survive in the first 24 hr [2]. Increasing reports
suggest that cerebral inflammation is a major factor in
advanced brain injury after SAH [3].

Inflammation processes are implicated in the develop-
ment of ischemic stroke, and the levels of plasma inflamma-
tory factors correlate with poor outcome [4, 5]. It has been
shown that inflammatory factors such as TNF-a, IL-1f,
and IL-6 in the cerebral spinal fluids (CSF) are associated
with the development of ischemia and brain injury [6-8].
Furthermore, CSF concentrations of IL-6 have been found
to be raised following SAH, especially in patients who later
develop cerebral vasospasm.

Microglia and astrocytes support not only cells but also
immune cells. Microglia is the resident central nervous sys-
tem (CNS) immune cell. It plays an important role in neural
development, repair, inflammation, infection, and neuro-
pathic pain [9]. On the other hand, astrocytes are the best-
characterized innate immune neuroglia. The main functions
of astrocytes include buffering CNS potassium, removing
and recycling potentially toxic glutamate, adjusting water
balance, and modulating synaptic activity and blood flow.
Both the microglia and astrocytes have been reported to
release inflammatory factors to induce cell apoptosis, acti-
vate transcription factor, and hence yield positive feedback.
However, little is known about the relationship between
the microglia or astrocytes and SAH.

We hypotheses that microglia and astrocytes play impor-
tant roles during the early phase brain injury after SAH. In
the present study, rats were subjected to SAH and treated
with minocycline (a microglia inhibitor) or fluorocitrate
(an astrocyte inhibitor) to differentiate the involvement of
microglia and astrocytes in this model of SAH. The effects
of minocycline and fluorocitrate on the levels of inflamma-
tory factors, neuronal cell apoptosis, and behavior in rats
after SAH were evaluated.

2. Materials and Methods

2.1. Animals. Male Sprague-Dawley rats weighing 250-300 g
were purchased from National Animal Center, Taiwan. All
animal procedures were approved by the Kaohsiung Medical
University animal research committee. After arriving at the
Kaohsiung Medical University vivarium, the rats were accli-
mated for at least one week before being used in the experi-
ment. They were housed in a room on a 12hr light/dark
cycle under controlled temperature of 22.1°C and relative
humidity of 55%, and they were provided with normal chow
and water ad libitum. Animals were randomly divided into
four groups of six, and minocycline (50 mg/kg) and fluoroci-
trate (50 mg/kg) were injected intraperitoneally (ip) three
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days before the induction of SAH. At the beginning of the
experiment, rats were anesthetized with Zoletil (50 mg/kg)
ip, and fresh blood (1 ml/kg) was drawn from the central tail
artery and injected into the cistern magna on day 0 to induce
SAH.

2.2. Enzyme-Linked Immunosorbent Assay (ELISA). Animals
were sacrificed at 6 hr after SAH, and their 100 yL cerebral
spinal fluids (CSF) were collected to determine protein levels
of neuroinflammatory cytokines IL-1f, IL-6, and TNF-«
using eBioscience Platinum ELISA (eBioscience, Inc., CA,
USA) according to the manufacturer’s instructions.

2.3. Western Blot Analysis. For protein extraction, a single
hemi-cord segment of cortex was homogenized in proteoly-
sis buffer in the presence of protease inhibitors (Sigma, St.
Louis, MO, USA) and incubated on ice for 10 min. Samples
were centrifuged at 13,000 x rpm for 30 min at 4°C. Protein
concentration in the supernatant was determined by the
Bio-Rad DC Protein Assay Kit (Bio-Rad; 5000111). For
Western blot analysis, 50 ug proteins were separated by
12% sodium dodecyl-sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred onto PVDF membranes.
After blocking in Tris-buffered saline containing 0.05%
Tween-20 (TBST) and 5% nonfat milk for 1 hr at room tem-
perature, the membranes were incubated overnight at 4°C
with various primary antibodies [cleaved caspase-3 (1:200;
Cell Signaling; #9661), B-actin (1:20000; Sigma; A5441)]
directed against the protein of interest. After being washed
twice, an appropriate HRP-conjugated secondary antibody
(Millipore; P36599A) was applied for 1 hr at room tempera-
ture. Peroxidase activity was visualized using the ECL West-
ern Blotting Detection kit (PerkinElmer; NEL122001EA)
and X-ray films.

2.4. Tissue Processing. At the end of experiments, each
animal is reanesthetized for perfusion and fixation. The
thoracic cage is opened with canalling the left ventricle using
a No. 16 catheter. After clamping the descending aorta and
puncturing the right atrium, the brain is perfused with
180mL of 2% paraformaldehyde and 100 mL of phosphate
buffer (0.01 M) under 36°C and 100 mm Hg perfusion pres-
sure. Gross inspection of harvested brains is performed to
confirm the presence of subarachnoid blood clots over the
BA (basilar artery), and the specimen is immersed in a fixa-
tive solution. The BAs are then separated from the brain-
stems, and the middle third of each vessel is dissected. The
arterial segments are flat-embedded in paraffin, and BA
cross-sections are cut into 3 ym sections that are stained
with hematoxylin and eosin stain for subsequent analysis.

2.5. Morphometric Assessment of BA. Three cross-sections
from the middle-third BA from each animal are analyzed
by a trained research staff who is blinded to the experimental
groups. The thickness of BA is defined as the largest vertical
distance between the inner surface of endothelium and the
outer surface of adventitia. The arterial cross-sectional area
is calculated using computer-based morphometric analysis
(Image 1; Universal Imaging Corp., USA). The average area
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FIGURE 1: Proliferation of microglia and astrocyte in the cortex from a rat brain as determined by immunofluorescence staining for Iba-1
and GFAP, respectively. Representative micrographs of Iba-1 staining are shown. (a) The region for immunofluorescence staining of (b)
sham, SAH, SAH+fluorocitrate (50 mg/kg), and SAH+minocycline (50 mg/kg). (c) The intensities of immunofluorescence staining for
Iba-1 in the images were quantified relative to the levels of the sham group. (d) The intensities of immunofluorescence staining for
GFAP in the images were quantified relative to the levels of the sham group. ***P < 0.001 compared with sham group. **P <0.01 and

#H##

of BA cross-sections from each rat is calculated to obtain
mean values for the degree of vasospasm at 48 h after SAH.

2.6. Immunofluorescence. After deparaflinization and rehy-
dration, paraffin-embedded brain samples were treated by
steam heating for antigen retrieval (30 min) using a DAKO
antigen retrieval solution (DAKO, Carpenteria, CA). Slides
were washed twice in TBS; the sections were incubated with
mouse anti-GFAP (Sigma; G3893; USA) and rabbit anti-
Ibal (Proteintech; 10904-1-AP; Taiwan) antibodies for
16 hr at 4°C. Slides were again washed twice with TBS and
subsequently incubated with Goat anti-Rabbit IgG (H+L)-
FAM (Croyez; C04013; Taiwan) and Goat anti-Mouse IgG
(H+L)-TAMRA (Croyez; C04012; Taiwan) antibody for
90 min at room temperature. After wards, the slides were
washed twice with TBS. They were mounted using Fluor-
oshield™ with DAPI (Sigma; F6057; USA).

P <0.001 compared with the SAH+minocycline group. *"P < 0.01 and "*"P < 0.001 compared with the SAH-+fluorocitrate group.

2.7. Immunohistochemistry. Paraffin-embedded brains from
rats, after deparaffinization and rehydration, were treated
by steam heating for 5min to retrieve antigen using DAKO
antigen retrieval solution (DAKO, Carpenteria, CA). They
were then washed twice with Tris-buffered saline (TBS).
Endogenous peroxidase was inhibited by immersing the
slides in a 3% hydrogen peroxide solution for 5min. Slides
were again washed twice in TBS and incubated with primary
antibody against cleaved caspase-3 (1:200; Cell Signaling;
#9661) for 1hr at room temperature. Slides were washed
twice with TBS and subsequently incubated with biotinyl-
ated secondary antibody for 30 min. They were then washed
twice with TBS and incubated with DAB (Dako; K5007) for
5 min, followed by washing twice with distilled water. Imme-
diately after staining, slides were counterstained with hema-
toxylin for 1min, rinsed for 1s with distilled water, and
dehydrated for 1-2sec with 90-100% isopropanol. Finally,
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F1GURE 2: ELISA assay for TNF-q, IL-1f3, and IL-6 in the CSF of rats subjected to SAH. Minocycline (50 mg/kg) or fluorocitrate (50 mg/kg)
was injected intraperitoneally three days before surgery, and the CSF were collected at 6 hr after SAH was induced. (a) TNF-a, (b) IL-1§3, and
(c) IL-6. *P < 0.05 and **P < 0.01 compared with the sham group. P < 0.05 and **P < 0.01 compared with the SAH+minocycline group.

samples were immersed in xylene for 10 min, mounted using
Permount (Fisher Scientific, Pittsburg, PA) and were exam-
ined using an inverted microscope (Olympus).

2.8. Neurological Assessment. Behavioral changes in the SAH
rats were assessed by an investigator blinded to the experi-
ment at day 7 after the injection of autologous blood. Assess-
ment of ambulation (walking with lower extremities) and
placing/stepping reflex (dragging the dorsum of hind paw
over the edge of a surface) responses were used as an index
of motor function according to a scoring system published
previously [10]. The sum of scores from ambulation and
placing/stepping reflex responses is referred to as motor def-
icit index (MDI).

2.9. Statistical Analysis. Western blot images were analyzed by
Quantity One. All results were expressed as the mean + SEM.
Analysis of variance (ANOVA) was performed followed by
the Tukey-Kramer post hoc test to determine statistical signif-
icance between two experimental groups. A P value of <0.05
was considered statistically significant.

3. Results

3.1. Minocycline Attenuated SAH-Induced Release of
Proinflammatory Factors in CSF. To demonstrate the effect
of preretreatment with microglia and astrocyte minocycline
and fluorocitrate, immunofluorescence satin for Iba-1
(microglia’s marker) and GFAP (astrocyte’s marker) was
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FIGUurg 3: Immunohistochemistry staining of TUNEL assay and western blot analysis to show the effect of minocycline or fluorocitrate
treatment on apoptosis in the cortex of rats subjected to SAH. (a) The region for immunohistochemistry staining of TUNEL assay. (b)
Immunohistochemistry staining of TUNEL assay for minocycline (50 mg/kg) or fluorocitrate (50 mg/kg) was injected intraperitoneally
three days prior to the induction of SAH, and the cortex tissues were collected at 6 hr postsurgery. (c) Western blot assay of cleaved

caspase-3 for minocycline (50 mg/kg) or fluorocitrate (50 mg/kg) was

caspase-3 expression levels were normalized sham group. ***P < 0.001 compared with the sham group.

SAH-+minocycline group.

detected at 6 hr after SAH. In this early phase of SAH, Iba-1-
positive microglia and GFAP-positive astrocyte in the SAH
group were significantly higher than those in the sham
group. Pretreatment with minocycline significantly both
attenuated the Iba-1-positive microglia (P <0.001) and
GFAP-positive astrocyte (P = 0.001). However, pretreatment
with fluorocitrate only significantly attenuated the GFAP
positive astrocyte (P < 0.001). In addition, to demonstrate
the relationship between proinflammatory factors and
SAH, the levels of TNF-a, IL-1f3, and IL-6 in CSF were
examined using ELISA at 6 hr after SAH. In this early phase
of SAH, protein expressions of TNF-a and IL-18 were
significantly higher than that of the sham control, but IL-6
expression was not significantly different (Figure 1).
Pretreatment with the microglia inhibitor minocycline at a
dose of 50 mg/kg, ip, three days prior to the induction of
SAH was shown to significantly decrease in TNF-« and IL-
15 levels when compared with the untreated SAH group
(Figures 1(a) and 1(b)). However, pretreatment with the
astrocyte inhibitor fluorocitrate did not show significant
differences when compared with the SAH group (Figure 1).

3.2. Minocycline Prevented SAH-Induced Neuronal Cell
Apoptosis. Many studies reported upregulations of TNF-«

injected intraperitoneally three days before surgery. (d) The cleaved
P <0.001 compared with the

and IL-1p in the early stage of apoptosis [11, 12]. The effect
of SAH on neuronal cell apoptosis was evaluated using west-
ern blot analysis and immunohistochemistry staining for
caspase-3 in the cortex. Western blot analysis showed that
the level of cleavage caspase-3 in the SAH group was signif-
icantly higher than that of the sham group (Figure 2).
Immunohistochemistry staining showed that the cleavage
caspase-3 located in neuron cells, not in microglia or astro-
cyte (Figure 3(b)). These results supported that SAH
induced neuronal cell apoptosis at early phase. Pretreatment
with minocycline significantly decreased the levels of cleav-
age caspase-3 when compared with that of the SAH group
(Figure 3(c)), whereas no significant effects were found in
the fluorocitrate pretreatment group (Figure 3(d)). These
results suggested that microglia, not astrocyte, induced neu-
ronal cell apoptosis following inflammation.

3.3. The Mechanism of Minocycline following SAH. To detect
the mechanism of minocycline following SAH, western blot
analysis showed the phosphorylation of NF-«B at 6 hr after
SAH. In the early phase of SAH, the ratio of p-NF-xB/NEF-
kB in SAH was significantly higher than that of the sham
group. Both pretreatments with minocycline and fluoroci-
trate were significantly decreased the ratio of p-NF-«xB/NF-
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FIGURE 4: Western blot analysis to show the effect of minocycline or fluorocitrate treatment on the levels of p-NF-xB/NF-xB protein in the
cortex of rats at 6 hr postsurgery. (a) Western blot assay of cleaved caspase-3 for minocycline (50 mg/kg) or fluorocitrate (50 mg/kg) was
injected intraperitoneally three days before surgery. (b) The cleaved caspase-3 expression levels were normalized sham group. ***P <
0.001 compared with the sham group. **P < 0.001 compared with the SAH+minocycline group. P <0.05 compared with the SAH

+fluorocitrate group.

TaBLE 1: Behavioral assessment.

Treatment Ambulation Placing/stepping reflex MDI
Sham 0 0 0
SAH 1.30£0.28 1.52+£0.37 2.81+0.30
SAH-+fluorocitrate 1.5+0.18 1.33+£0.17 2.79+0.39
SAH+minocycline 0.84+0.32 0.79+0.11" 1.57+0.22"

Rats were anesthetized with a mixture of KetaVed and xylazine intraperitoneally (ip), and fresh blood (1 ml/kg) was drawn from the central tail artery and
injected into the cistern magna on day 0 to induce SAH. All SAH animals were given a second injection of autologous blood on day 5. Treatments with
minocycline (50 mg/kg, ip) or fluorocitrate (50 mg/kg, ip) were given on day 1, 2, and 3 before inducing SAH. Neurological outcome was assessed by
ambulation and placing/stepping reflex responses on day 7. MDI (motor deficit index) which is the sum of ambulation (walking with lower extremities)
and placing/stepping reflex (dragging the dorsum of hind paw over the edge of a surface) scores.

«B than the SAH group (Figure 4). However, the group from
pretreatment with minocycline has a significantly lower ratio
of p-NF-«B/NF-«B than the group from pretreatment with
fluorocitrate (Figure 4).

3.4. Behavioral Assessment. Animals in the sham group had
no neurological deficits and had a score of zero in both the
ambulation and placing/stepping reflex responses. In con-
trast, the ambulation and placing/stepping responses scores
in rats subjected to SAH were 1.30 £0.28 (mean + SEM,
n=6) and 1.52+0.37, respectively (both P <0.05 com-
pared to the sham group) (Table 1). The MDI value in
the SAH group was 2.81 £ 0.30, also significantly different
from that of the sham group. Pretreatment with fluoroci-
trate showed no significant improvement in MDI when
compared with the SAH group. However, pretreatment
with minocycline significant improved the ambulation
and placing/stepping reflex scores to 0.84 +£0.32 and 0.79

+0.11, respectively, when compared with the SAH group
(P<0.05 for both). The MDI value for the minocycline
group (1.57 £ 0.22) also significantly decreased when com-
pared with the SAH-only group (P <0.05).

3.5. Morphological, Cross-Sectional Area, and Thickness
Changes in BA. Upon microscopic examination, endothelial
deformation, twisting of internal elastic laminae, and
smooth muscle necrosis were seen in the BAs of rats sub-
jected to sham, SAH, SAH+fluorocitrate, and SAH+minocy-
cline (Figure 5(a)). The mean cross-sectional area of BA was
0.66 + 0.036 mm” in the sham group, 0.18 +0.013mm?” in
the SAH group, 0.15 +0.014 mm? in the SAH+fluorocitrate
group, and 0.42+0.029mm” in the SAH+minocycline
group (Figure 5(b)). The BA cross-sectional area in the
SAH+minocycline group was reduced by 57.4% (P < 0.05)
when compared with that in the SAH groups, respectively.
In thickness of BA, there was no significant difference
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FIGURE 5: Representative micrographs of BA cross sections obtained from (a) sham, SAH, SAH+fluorocitrate (50 mg/kg), and SAH
+minocycline (50mg/kg). (b) Comparison of the BA cross-sectional area among sham, SAH, SAH-+fluorocitrate (50 mg/kg), and
SAH+minocycline (50 mg/kg). (c) Comparison of the thickness of BA among the same four groups. ***P <0.001 compared with
the sham group. P <0.01 and **P <0.001 compared with the SAH+minocycline group.

between the SAH (0.031 +0.002mm) and SAH-+fluoroci-
trate (0.030 + 0.003 mm) groups (Figure 5(c)). A significant
decrease in the thickness of BA was found in the SAH+min-
ocycline group (0.017+0.003mm; P<0.01 vs. SAH)
(Figure 5(c)).

4. Discussion

Our study showed that minocycline could reduce the levels
of proinflammatory factors and decrease neuronal cell
apoptosis induced by SAH. Minocycline, known as a tetra-
cycline antibiotic, has been considered anti-inflammatory,
antiapoptotic, and antioxidative, resulting from its ability
to downregulate matrix metalloproteinase- (MMP-) 9, phos-
pholipase A2, phosphorylation of NF-«B, and interleukin-
(IL-) 1B converting enzyme [13-18]. It was also found to
reduce hippocampal damage 24 hr after SAH, and its neuro-
protective potential has been reported for a number of differ-
ent neurological disorders, neurodegenerative diseases, and
traumatic brain injury [19]. SAH induced oxidative stress
and inflammation through phosphorylation of NF-«B [20,
21]. Minocycline is also a potent iron chelator forming iron
complexes to attenuate the inflammatory response by reduc-
ing neurotoxic stimulus and ameliorate the toxic effects of
free subarachnoid hemoglobin, which is likely to be a trigger

of inflammation after SAH [13, 22]. In our result, minocy-
cline injection significantly attenuated the protein ratio of
p-NE-«B/NF-«B at 6 hr after SAH. Therefore, minocycline
attenuated the inflammation through inhibiting p-NF-«B in
the early phase of SAH.

Inflammation and cytokines may participate in the
pathology of blood brain barrier (BBB) disruption and brain
edema, which are characteristic features for both clinical and
experimental SAH [23, 24]. A variety of inflammatory cyto-
kines, including IL-1p3, IL-6, and TNF-a, are strongly associ-
ated with brain injury in the rat [25]. Inhibition of IL-1f has
been shown to attenuate early brain injury (EBI) and
improve BBB function after SAH [26]. The present study
showed that minocycline decreased the SAH-induced
production of IL-1f (Figure 1). The precise mechanism by
which inhibition of IL-1f production leads to a significant
improvement in the ambulation and placing/stepping
responses seen with minocycline treatment in SAH rats has
not been fully elucidated at the present.

In addition to the anti-inflammatory effects, minocycline
has also been shown to have antiapoptotic action in various
experimental animal models [19, 27, 28]. It is possible that
minocycline reduces the expression of caspase-3 and MMPs
and activates microglia [29, 30]. Both the anti-inflammatory
and antiapoptotic effects of minocycline may also involve



the reduction of reactive oxygen species (ROS) levels [31]. In
the present study, we also found minocycline suppressed the
expression caspase-3 in rats after SAH (Figure 2). Whether
or not this antiapoptotic effect of minocycline was resulted
from inhibition of ROS remains to be investigated. In this
study, immunofluorescence satin showed that minocycline
injection decreased both Iba-1- and GFAP-positive cells,
but fluorocitrate injection decreased only GFAP-positive
cells. ELISA assay showed the level TNF-« and IL-1f in
the SAH+minocycline group were significantly lower than
the SAH group, but those in the SAH+fluorocitrate group
were not different than those in the SAH group. These data
supported minocycline, a microglia inhibitor, attenuated
inflammation and neuron apoptosis in the early phase of
SAH. Therefore, microglia may upregulate astrocyte to
release inflammatory factors to induce neuron apoptosis in
the early phase of SAH.

Astrocytes are essential components of neurovascular
unit and play a role in the dysfunctions following SAH [32,
33]. It has been suggested that delayed astrocytic apoptosis
might be involved in the development of delayed brain
injury after SAH [1]. In contrast to the effects observed with
minocycline treatment, inhibition of the astrocytes by fluor-
ocitrate did not reduce the levels of proinflammatory factors
nor did it decrease neuron cell apoptosis induced by SAH in
the present study. Differences in animal SAH models might
account for this discrepancy.

There are different phases of SAH-induced effects. The
present study focused on the early phase effects in rats
subjected to SAH. Consistent with our findings, microglia-
dependent neuronal apoptosis was found in the early phase
following SAH [28]. Another publication showed microglia
seemed to be both necessary and sufficient to cause vaso-
spasm in both the early and late phases of SAH [34]. These
studies supported the involvement of microglia in the early
phase of SAH. However, the role that microglia may play in
the late phase of SAH still needs to be clarified.

5. Conclusions

In our SAH model, we found inhibition of microglia by
minocycline decreased the proinflammatory factors release
and reduced neuronal cell apoptosis and cerebral vaso-
spasm. Multiple treatment with minocycline also improved
the outcome in behavioral assessments. However, these
effects were not seen after in inhibition of astrocytes by
fluorocitrate. We suggested the microglia inhibition may
lead to neuroprotective effect and attenuate cerebral vaso-
spasm, and regulation of activated microglia will be of
therapeutic benefit in the early phase of aneurysmal SAH
in the future.
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