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Detection of Neuroinflammation in a Rat
Model of Subarachnoid Hemorrhage
Using [18F]DPA-714 PET Imaging
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Abstract
Subarachnoid hemorrhage (SAH) can lead to delayed cerebral ischemia, which increases the rate of morbidity and mortality.
The detection of microglial activation may serve as a biomarker for the identification of patients at risk of this deleterious
consequence. We assessed this hypothesis in a rat model of SAH in which the exploration of neuroinflammation related to
microglial activation was correlated with the degree of bleeding. We used the rat filament model and evaluated (at 48 hours
postsurgery) the intensity of neuroinflammation using positron emission tomography (PET) imaging with the 18-kDa translocator
protein (TSPO) tracer [18F]DPA-714, quantitative autoradiography with [3H]PK-11195, and SAH grade by postmortem brain
picture. High SAH grades were strongly and positively correlated with in vivo PET imaging of TSPO in the cortex and striatum. In
addition, a positive correlation was found in the cortex in TSPO, with densities determined by imaging and autoradiographic
approaches. Qualitative immunofluorescence studies indicated that overexpression of TSPO was linked to astrocytic/microglial
activation. In this model, PET imaging of TSPO using [18F]DPA-714 appeared to be a relevant index of the degree of bleeding,
indicating that this imaging method could be used in human patients to improve the management of patients with SAH.
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Introduction

About 5% of cases with stroke involve subarachnoid hemor-

rhage (SAH) of aneurysmal origin. The frequency of SAH is

approximately 1 per 10 000 person-years.1 Although two-thirds

of patients who survive are considered to be independent, many

have neurological disorders.2 Vasospasm affects approximately

70% of cases with SAH, generally 3 to 12 days after bleeding.3,4

Decreased local cerebral blood flow downstream from the site

of the vasospasm was, until recently, considered to be the main

cause of mortality and morbidity in the days following bleed-

ing.5 However, angiographic findings of vasospasm do not cor-

relate closely with SAH-associated morbidity and mortality.

Consequently, more complex mechanisms are now suspected

and have been grouped under the term early brain injury (EBI).6

There is increasing support for the view that these lesions are

responsible for delayed cerebral ischemia (DCI) in the absence

of proven angiographic vasospasm.7 Improved prevention and

treatment of EBI would require a better understanding of its

pathophysiological mechanisms, with none of the current

hypotheses being completely satisfactory.8,9 In a rodent model

of SAH, microglial activation has been observed both close to

the hemorrhage and distant from subarachnoid spaces.10 Such

microglial activation may serve as a biomarker for predicting

the diagnosis of EBI, for the identification of patients at risk of

DCI which leads to worse morbidity and mortality, and for

informing patient management or evaluating the effectiveness

of treatment. Indeed, the identification of an early biomarker
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may be useful for detecting patients with poorer outcomes who

may need more aggressive treatment strategies.

The activation of microglial cells involves changes in their

morphology and acquisition of new functions, including the

expression and release of diverse proinflammatory molecules

and the phagocytosis of dead cells.11 One of the first molecules

to be overexpressed during the microglial activation process is

the 18-kDa translocator protein (TSPO), formerly known as the

peripheral benzodiazepine receptor.12 The TSPO is located on

the outer membrane of the mitochondria and has a low level of

expression in the healthy brain. Its expression increases sub-

stantially in several neurodegenerative and acute brain disor-

ders, thereby providing a sensitive imaging biomarker for

microglial activation associated with neuroinflammation.13

The most widely used positron emission tomography (PET)

tracer for in vivo TSPO exploration is [11C]PK-11195, both in

preclinical and in clinical studies.14 [11C]PK-11195 provided the

first proof of principle that upregulation of TSPO can be detected

in vivo in animal models as well as in patients with neurodegen-

erative diseases. However, this radiotracer exhibits limitations,

such as a low ratio of specific to nonspecific binding in vivo15

and a very short half-life. Thus, a number of compounds labeled

with [18F], which have the advantage of a longer half-life than

[11C], are now available. Among these tracers, [18F]DPA-714

has demonstrated its utility in several animal models15,16 and in

human brain disorders17 and has already been used to success-

fully explore the expression of TSPO associated with neuroin-

flammation in a rodent model of cerebral ischemia.18

Here, we report the first use of [18F]DPA-714 in a rat model

of SAH. We investigated the relationships between microglial

activation and the severity of SAH assessed by the degree of

bleeding. Our findings suggest that neuroinflammation imaging

using [18F]DPA-714 may be a useful method for identifying and

better managing patients having SAH with poor outcome.

Materials and Methods

Animals

Animals were treated in accordance with the European Com-

munity Council Directive 2010/63/EU for laboratory animal

care, and the experimental protocol was validated by the

Regional Ethical Committee (Authorization No 00336.01).

Adult male Wistar rats weighing 300 to 350 g (Centre d’Ele-

vage René Janvier, Le Genest-St-Isle, France) were used. Ani-

mals were housed 2 per cage, under a 12-hour light/12-hour

dark cycle at 22�C with access to food and water ad libitum.

Twelve rats were included in this study, 7 in the SAH group and

5 in the Sham-operated group.

Surgical Procedure

Animals were anesthetized using isoflurane (Aerrane; Baxter,

France) in air mixture, at 4% to 5% in O2 for induction and then

2.5% to 3% during surgical procedure. The anesthetized rats

were placed on the back, and a midline neck incision was made.

The common carotid artery (CCA), the right internal artery

(ICA), and the external carotid artery (ECA) were identified.

Both CCA and proximal ICA were occluded with temporary

aneurysm clips (right clip 10 mm, Yasargil; BBraun, Massa-

chusetts, USA). The ECA was cut and a transparent polytetra-

fluoroethylene tube (SUBL-120; Braintree Scientific,

Melsungen, Germany) was introduced into the end leading to

the carotid bifurcation. The tube was then inserted into the ICA

until a line drawn 22 mm from the end of the tube was at the

ICA–pterygopalatine artery bifurcation. The tube was bound

with a silk thread, and the clips were removed. For the SAH

rats, a tungsten filament (diameter 0.076 mm; Scientific Instru-

ments Services Inc) was inserted into the tube. The tube was

introduced into the bifurcation of the ICA, in contact with the

anterior cerebral artery (ACA). The tungsten filament was

inserted until resistance was felt and then was pushed to perfo-

rate the ACA. Once the ACA was perforated, the tube was

removed and the ECA–ICA bifurcation was ligated distally.

The skin incision was closed with nonabsorbable monofilament

nylon thread (Prolene Suture, Ethicon, USA). The rats in the

Sham group were subjected to the same procedure without

arterial perforation by the tungsten filament. In the case of 2

Sham rats, bleeding at the ICA–ECA bifurcation led to perma-

nent clamping of the CCA. Postsurgery, all rats were given an

injection of 0.05 mg/kg buprenorphine. The rats were moni-

tored for 48 hours and checked for signs of suffering including

prostration, ruffled fur, and weight loss.

Preparation of the Tracer

N,N-diethyl-2-(2-(4-(2-fluoroethoxy)phenyl)-5,7-dimethyl-

pyrazolo[1,5-a]pyrimidin-3-yl)acetamide (DPA-714) was

labeled with fluorine-18 at its 2-fluoroethyl moiety, following

nucleophilic substitution of the corresponding tosylate analo-

gue, according to slight modifications of a previously reported

procedure.16 After purification, [18F]DPA-714 was eluted by

injectable ethanol, and saline was added to obtain an intrave-

nously injectable solution (10% maximum in volume for etha-

nol). The radiochemical yields were 50% to 65% (with decay

correction). The radiochemical purity and specific activity

were 98% and 80 + 9 GBq/mmol, respectively.

Positron Emission Tomography Imaging

Positron emission tomography imaging was performed at

48 hours postsurgery. Acquisitions were performed on a micro-

PET eXplore VISTA-CT system (GE Healthcare, France)

which has an effective axial/transaxial field of view (FOV)

of 4.8/6.7 cm, a spatial resolution of less than 2 mm, and a

sensitivity above 2.5% in the whole FOV. Animals were

anesthetized with isoflurane (Aerrane), at 4% to 5% in O2 for

induction and then 1.5% to 2% during scanning. For imaging,

each rat was placed on a thermoregulated bed (Minerve,

France) in the prone position with a nose cone. The brain was

positioned on the center of the FOV. Before PET acquisition, a

5-minute computed tomography (CT) scan was acquired for
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attenuation correction. A bolus injection of 37 + 3 MBq/300 g

body weight of [18F]DPA-714 in saline was administered into

the tail vein. During PET acquisition, the respiratory rate and

body temperature were monitored and kept as constant as pos-

sible. Each acquisition lasted 60 minutes. The PET list-mode

scans were rebinned into 22 frames: Four 10-second frames

followed by four 20-second frames, six 60-second frames, four

180-second frames, and four 600-second frames. Each PET

scan was corrected for random, scatter, and attenuation, and

the images were reconstructed using a 2D OSEM algorithm

(2 iterations and 16 subsets; GE Healthcare, France) into voxels

of 0.3875 � 0.3875 � 0.775 mm3. All images were analyzed

using PMOD (version 3.403; PMOD Technologies, Zurich,

Switzerland). The PET-corrected images were used for stan-

dard uptake value (SUV) calculations. For each PET scan, the

data were summed over the first 5 minutes after radiotracer

injection to create a pseudo-perfusion image. This image

reflects the initial flow-dependent activity and was recorded

with the CT image through a known hardware registration

(PET to CT transformation). The CT scans were also recorded

using a rat brain magnetic resonance imaging (MRI) template

(PMOD),19 and a rat brain MRI template to CT transformation

was saved. All PET images, after checking for potential head

movements, were corecorded in a single interpolation to the

Schiffer rat brain MRI template19 by a combination of these 2

transformations (MRI template to CT and PET to CT transfor-

mations). The inverse combined transformation was calculated.

The Schiffer MRI template was processed in the PET space

images using the inverse transformation applied on the original

dynamic PET data and statistics for the regions of interest

(ROIs) were extracted. The PET images for the ROIs of left

cortex (LCO), right cortex (RCO), left striatum (LSTR), and

right striatum (RSTR) were analyzed. Standard uptake value

ratios in the cortex and in the striatum were calculated as SUV

RCO/SUV LCO and SUV RSTR/SUV LSTR, respectively.

Grading of SAH

At the end of the imaging study, the animals were killed by

decapitation under anesthesia. The brains were removed and

their ventral view was photographed (Figure 1). Each picture

was divided into 4 quadrants: The 2 hemispheres themselves

were subdivided into 2 subparts of the branch of the middle

cerebral artery and ACA division. Each picture was analyzed to

grade the intensity of SAH by 2 observers blinded to the study

according to the Sugawara method.20 Each quadrant was rated

on a scale of 0 to 3 depending on the amount of subarachnoid

blood clot in the segment as follows: grade 0 no subarachnoid

blood; grade 1 minimal subarachnoid blood; grade 2 moderate

blood clot with recognizable arteries; and grade 3 blood clot

obliterating all arteries within the segment (Figure 1). The

quadrant scores were added to obtain an SAH grade rating from

0 to 12.

Autoradiographic Study

Immediately after being photographed, the brains were frozen

and stored at�80�C. Coronal brain sections of 20 mm thickness

were cut with a cryostat (CM 3050S, Leica, Germany) at

�20�C, collected on gelatinized slides and stored at �80�C for

at least 4 days. A total of 12 sections per brain were studied for

each animal. The density of TSPO binding sites was measured

by in vitro autoradiographic experiments using [3H]PK-11195

(Specific Activity 3.06 GBq/mmol; Perkin Elmer, Norwalk,

Connecticut). Brain sections were allowed to equilibrate at

room temperature (RT) for 3 hours and then incubated with

1 nmol/L [3H]PK-11195 in 50 mmol/L Tris-HCl buffer pH 7.4

at RT for 60 minutes. Nonspecific binding was assessed in the

presence of 1 mmol/L PK-11195 (Sigma Aldrich, France). Sec-

tions were rinsed twice in ice-cold buffer (4�C) for 5 minutes,

then briefly in distilled water at 4�C, and dried at RT. Dry

sections were made conductive by an application of metal elec-

tric tape (3 M; Euromedex, Souffelweyersheim, Francel) on the

free side and then placed in the gas chamber of the b-imager

2000 (Biospace Lab, Paris, France). Data from brain sections

were collected over 90 minutes. Four anatomical ROIs, that is,

the RCO, LCO, RSTR, and LSTR, were selected manually and

identified in the Paxinos and Watson atlas.21 Using the b-vision

software (Biospace Lab), the level of bound radioactivity was

directly determined by counting the number of b-particles

emitted from the delineated area. The radioligand signal in the

ROIs was measured for each rat and expressed as counts per

minute per square millimeter (cpm/mm2). Specific binding was

determined by subtracting nonspecific binding from total bind-

ing. Ratios for both structures were calculated as RCO/LCO

and RSTR/LSTR.

Immunofluorescence Study

Coronal sections (20-mm thick) adjacent to those used for the

autoradiographic study were used. After 15 minutes at RT, sec-

tions were thawed in a solution of 4% paraformaldehyde at RT

for 30 minutes. The sections were washed 3 times in phosphate-

buffered saline (PBS) 0.1 mol/L for 5 minutes at RT and were

then incubated for 1 hour at RT in a buffer to enhance cell

permeability and to block nonspecific sites (PBS/0.3% triton

X-100/5% normal horse serum). Tissue sections were delineated

using the Pencil DakoPen (Z0334; Dako, Les Ulis, France) on

the glass slide before incubation overnight at 4�C with 1:500

diluted polyclonal rabbit anti-GFAP (Dako, France), 1:200

Figure 1. Example of a brain picture grading method. The brain was
divided into 4 quadrants; quadrants were graded from 0 to 3
depending on intensity of hemorrhage. In this case, the brain was
classified as grade 3 (2 þ 1 þ 0 þ 0)
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diluted polyclonal rabbit anti-Iba1 (ab108539; Abcam, France),

or 1:200 diluted monoclonal mouse anti-CD11b (CBL152;

Merck Millipore, France). Primary antibodies were diluted in

PBS/0.3% triton X-100/1% normal horse serum. After 3 washes

with PBS 0.1 mol/L at RT for 5 minutes, sections were incubated

for 1 hour in a dark box at RT with secondary antibodies each at

1:500 dilution in PBS/0.3% triton X-100/1% normal horse

serum: either goat anti-rabbit Dylight 549 or goat anti-mouse

Dylight 488 (KPL; Eurobio, France). The sections were washed

twice for 5 minutes in PBS 0.1 mol/L and twice in distilled water

and incubated with DAPI 1mg/mL (D9542; Sigma Aldrich) for 15

minutes. After 3 washes in distilled water, the sections were

mounted with fluorescent-mounting medium (S3023; Dako) and

kept in a dark box at 4�C until observation.

Images from immunolabeled RCO sections were captured

with the ExtraNova Morphostrider software (Explora Nova; La

Rochelle, France) using a fluorescence microscope with a 20�
objective (Explora Nova). Multiple fluorescence images were

acquired sequentially, merged as Red, Green, Blue (RGB)

images; and then analyzed using the Image J software (v 1.47).

Statistical Analysis

For imaging and autoradiographic studies, results were

expressed as means + standard error of the mean. To compare

the 2 groups of rats (SAH vs Sham), a Mann-Whitney U test

was used. The level of significance was P < .05. Correlations

between 2 quantitative parameters were estimated by Spear-

man tests (GraphPad Instat; GraphPad Software, San Diego,

California). The level of significance was P < .05.

Results

Positron Emission Tomography Imaging

Accumulation of [18F]DPA-714 was much greater in high-grade

SAH rats than in Sham rats (both in the cortex and striatum), as

illustrated in Figure 2A and as shown by mean SUV time–activ-

ity curves of [18F]DPA-714 in the right brain (Figure 2B). How-

ever, the difference between the groups was not statistically

significant (cortex: 0.44 + 0.03 and 0.39 + 0.02 in the

SAH and Sham groups, respectively; striatum: 0.41 + 0.05 and

0.31 + 0.01 in the SAH and Sham groups, respectively).

The mean SUVr was 22% higher in the cortex of the SAH

group than in the Sham group (1.06 + 0.06 vs. 0.87 + 0.04;

Figure 2C) and 26% higher in the striatum (1.17 + 0.11 vs 0.93

+ 0.03; Figure 2D). However, these increases were at the limit

of the statistical significance (P¼ .0519; Mann-Whitney U test),

probably due to the small number of animals in each group.

Grading and Mortality of SAH

No significant difference in body weight was observed between

the 2 groups before and after surgery. After PET imaging,

Figure 2. (A) Fusion sagittal positron emission tomography (PET) brain images with magnetic resonance imaging (MRI)-Template (PMOD)
using [18F]DPA-714 in a Sham (left side) and high-grade subarachnoid hemorrhage (SAH) rat (right side). (B) Mean standard uptake value (SUV)
time–activity curves of [18F]DPA-714 in the right cortex (RCO) and right striatum (RSTR) in Sham and SAH groups. Mean standard uptake value
ratio (SUVr) of Sham and SAH groups in the cortex (C) and striatum (D). Results are expressed as mean + standard error of the mean (SEM).
(§P ¼ .0519, Mann-Whitney U test).
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brains were removed and graded for SAH (Figure 3A). The

SAH grading by the 2 observers was highly correlated (Figure

3B; r ¼ .9305, P < .0001, Spearman test). The SAH scores

attributed ranged from grade 1 to 9 for the SAH group and from

0 to 2 for the Sham group. Among SAH rats, 2 had a high grade,

2 had a medium grade, and 2 had a low grade. One rat in the

SAH group died after the surgical procedure. Autopsy of this

rat revealed an SAH grade of 11.

Autoradiographic Study

The TSPO density was measured by [3H]PK-11195 binding in

the 4 ROIs, that is, the LCO, RCO, LSTR, and RSTR. As

illustrated in Figure 4A, TSPO binding was higher in a high-

grade SAH rat than in a Sham rat. The mean TSPO density

evaluated by [3H]PK-11195 binding showed no statistically

significant difference between the SAH and the Sham groups,

although higher values were observed in the right side of the

SAH group compared to Sham group, both in the cortex (3.21

+ 0.59 vs 2.24 + 0.38 cpm/mm2) and in the striatum (3.46 +
1.19 vs 1.81 + 0.40 cpm/mm2; Table 1). Moreover, the ratio of

[3H]PK-11195 binding between the right and the left sides was

clearly but nonsignificantly higher in the SAH group compared

to the Sham group, both in the cortex (1.95 + 0.48 vs 1.00 +
0.11; Figure 4B) and in the striatum (2.40 + 0.89 vs 1.03 +
0.06; Figure 4C).

Immunofluorescence Study

We performed a qualitative analysis of immunostaining with

GFAP, Iba-1, and CD11b in the cortex of an SAH rat and a

Sham rat (Figure 5A). Higher signals were observed for each

marker in SAH rats compared to Sham rats (Figure 5B-D).

Figure 3. (A) Representative pictures of a Sham rat (a), a low-grade subarachnoid hemorrhage (SAH) rat (b) and a high-grade SAH rat showing
an interhemispheric clot (c). (B) Correlation of the SAH grading between the 2 observers (r ¼ .93, P < .0001).

Figure 4. (A) Representative autoradiographic images with [3H]PK-11195 obtained on 20-mm-thick coronal brain sections: Total binding in
Sham (a) and subarachnoid hemorrhage (SAH; c) rats; nonspecific binding in the same Sham (b) and SAH (d) rats. Ratios of [3H]PK-11195 binding
values in the Sham and SAH groups in the cortex (B) and striatum (C).

Table 1. Autoradiographic Study with [3H]PK-11195 on Coronal
Brain Sections.

Cortex Striatum

Left Right Left Right

Sham 2.34 + 0.40 2.24 + 0.38 1.79 + 0.44 1.81 + 0.40
SAH 1.81 + 0.20 3.21 + 0.59 1.57 + 0.15 3.46 + 1.19

Abbreviations: SAH, subarachnoid hemorrhage; SEM, standard error of the
mean.
The specific binding of the tracer is expressed as mean cpm/mm2 + SEM in the
cortex and the striatum on the left and right sides, in Sham (n ¼ 5) and SAH
(n ¼ 6) rats.

Thomas et al 5



Correlations Between SAH Grades and In Vivo and
In Vitro Parameters

There was a high positive correlation between the SAH grade and

[18F]DPA-714 SUVr in the cortex and striatum (r¼ .93, P¼ .017

in both brain regions, Spearman test). Similarly, a positive corre-

lation was observed between the SAH grade and [3H]PK-11195

binding in the cortex (r ¼ .93, P ¼ .017) and a weak correlation

was observed in the striatum (r ¼ .84, P ¼ .058). In addition,

in vivo [18F]DPA-714 SUVr and in vitro [3H]PK-11195

binding values were also highly positively correlated in the

cortex (r ¼ .98, P ¼ .003) but not correlated in the striatum

(r ¼ .66, P ¼ .17).

Discussion

The DCI consecutive to SAH significantly increases both

morbidity and mortality.5 These complications were often

attributed to vasospasm, but increasing evidence implicates

various pathophysiological mechanisms including oxidative

stress and neuronal apoptosis.9 In addition, neuroflammation,

microglial activation in particular, plays a crucial role in brain

damage by contributing to the neural injury and the induction

of brain edema,10,22,23 the reduction in vascular reactivity, and

the enhancement of blood–brain barrier permeability.22,24,25

Several SAH rat models have been described including the

filament model which we used in this study.26,27 This model

avoids the need for opening the skull and closely reproduces

many features of human SAH. We sought to study the intensity

of neuroinflammation as a function of SAH grade, and this

required quantifying the degree of hemorrhage.20 In our study,

the mortality occurrence before the end or after the surgical

procedure was lower than that reported in the literature (1 death

48 hours postsurgery in the SAH group, corresponding to 14%).

Indeed, using similar techniques, some authors reported about

33% of death27,28 and about 50% in the ‘‘double hemorrhage’’

model.29,30 The autopsy of the dead rat in our experiment indi-

cated a very high SAH grade (grade 11). Consequently, we

tried to reduce the risk of premature death associated with

surgery and as a result we obtained few high SAH grade (2 rats

of 6). In 2 Sham-operated rats, the ligation of the CCA was

required for satisfactory hemostasis. However, this did not

affect the results because clamping the CCA does not lead to

ipsilateral ischemic brain injury.31 The duration of the proce-

dure for the SAH group was significantly longer than that for the

Sham group, largely because the technique was more complex

Figure 5. Immunoreactivity of GFAP, Iba1, and CD11b in a Sham rat and in a high-grade subarachnoid hemorrhage (SAH) rat. (A) Repre-
sentation of coronal brain section,21 the black box indicates the selected area for immunofluorescence study in the right cortex. Representative
immunofluorescence images of 40,60-diamidino-2-phénylindole (DAPI; blue channel, B-D), Glial Fibrillary Acidic Protein (GFAP; red channel, B),
Ionized calcium binding adapter molecule 1 (Iba1; red channel, C), and CD11b (green channel, D) of a Sham rat (upper) and a high-grade SAH rat
(lower). Scale bars represent 150 mm.
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and time consuming.27 It is well established that the grading of

the degree of bleeding is based on a personal interpretation of rat

brain pictures. In this study, the pictures were analyzed blindly

by 2 neurosurgeons, and the correlation between both was

almost perfect. The interpretation of the pictures was therefore

not considered as a source of significant bias.

We evaluated the density of the neuroinflammation biomar-

ker TSPO,12,13 at 48 hours postsurgery, using a noninvasive

PET method with the specific tracer [18F]DPA-714 and

observed the highest accumulation of the tracer in the right

hemisphere (cortex and striatum) of SAH rats. By contrast, a

low accumulation of [18F]DPA-714 was measured in the left

hemisphere of these rats or in both hemispheres of Sham rats.

Quantitative autoradiography with [3H]PK-11195 in brain sec-

tions of same animals showed a greater level of the radio ligand

in the cortex and striatum on the lesioned side, but statistical

significance was not reached. This could be partly explained by

the small number of animals included in the study, and the fact

that it was not possible to predict the subsequent SAH grade

during surgery, leading to substantial standard deviation values

in the SAH group. Indeed, our study included only a small

number of high-grade lesions in the SAH group, and severity

was determinant to provide microglial activation associated

with neuroinflammation. In addition, although both PET ima-

ging with [18F]DPA-714 and autoradiography with [3H]PK-

11195 explore the same target, that is, TSPO, difference in

methods should be considered. Indeed, whole volumes of the

ROIs (cortex and striatum) were analyzed using PET imaging,

whereas only some brain sections were analyzed with autora-

diography, leading to higher mean standard error values and to

a bias resulting in a possible underestimation of the measure-

ment of TSPO binding values by autoradiography.

One interesting finding is that the grade of the lesion was

strongly and positively correlated with in vivo imaging and in

vitro autoradiography in the cortex, although this correlation was

not significant in the striatum. It was previously reported that the

clinical neurological grade of SAH rats was correlated with mod-

erate and severe SAH but that the correlation did not extend to

cases of low-grade SAH.20 In the striatum, which is distant from

the lesion site, TSPO imaging with [18F]DPA-714 was highly

correlated with the SAH grade, indicating that neuroinflamma-

tion distant from the lesion site can be detected by PET imaging.

There is currently no consensus regarding the precise type of

glial cells responding to a proinflammatory insult through

TSPO upregulation. Some studies have reported the increase

of TSPO expression in both microglia and astrocytes,32,33

whereas other studies pointed to a selective microglia expres-

sion.34 Our qualitative immunofluorescence study on the adja-

cent sections to those used in the autoradiographic study

showed that the astrocytic marker Glial Fibrillary Acidic pro-

tein (GFAP) as well as the activated microglial markers CD11b

(including infiltrated macrophages) and Iba1 were upregulated.

Such upregulations have recently been observed in experimen-

tal models of SAH.35,36 Therefore, this indicated that the

increase in TSPO density detected both by PET and autoradio-

graphic studies reflected astrocyte and/or microglial activation.

Of note, the antibodies we used do not distinguish between the

local microglia and the circulating macrophages that could be

recruited to the injured brain.

We report herein the first in vivo use of [18F]DPA-714 in a

rat model of SAH. Our findings support the hypothesis that the

intensity of the neuroinflammation assessed both by PET and

by autoradiographic approaches using TSPO quantification is

correlated with the severity of SAH. This suggests that in vivo

exploration of neuroinflammation by PET imaging in humans

may reflect the initial severity of SAH and the risks of unfavor-

able secondary evolution (DCI). This imaging approach could

help evaluate the efficacy of various therapies that are currently

being developed for such lesions.4,5,8 The mechanisms under-

lying the activation of the inflammatory cascade remain

unclear. Nevertheless, in vivo studies in humans may make it

possible to predict complications and assist with the under-

standing of SAH pathophysiology.
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