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Abstract: To investigate the protective effects of perfluorooctyl-bromide (PFOB) nanoparticles on early brain injury
(EBI) following subarachnoid hemorrhage (SAH), a total of 120 rats were randomly assigned to the following groups:
Sham operation group (n = 40), SAH group (n = 40), and SAH + PFOB group (n = 40). Endovascular perforation was
performed to induce subarachnoid hemorrhage. Brain water content was measured 24 h after surgery. Meanwhile,
morphological changes in the rat hippocampal CA1 region were examined using light and transmission electron mi-
croscopy. The rate of neuronal apoptosis in rat hippocampal CA1 region was determined using TUNEL assay. Protein
and mRNA expression levels of Caspase-3, Bax, and Bcl-2 were measured using western blot and RT-PCR assays 12,
24,48, and 72 h after surgery. Compared to the SAH group, the SAH + PFOB group had significantly lower brain wa-
ter content (P<0.01), with alleviated morphological abnormalities in HE-stained neurons and significantly decreased
neurons with karyopyknosis and hyperchromatism in the hippocampal CA1 region. Electron microscopy revealed
reduction of neuronal apoptosis, alleviation of glial cell swelling, and mitigation of perivascular edema in the hippo-
campal region. Immunohistochemical analysis showed that the expression of apoptosis-related factors Caspase-3
and Bax was significantly reduced, while that of the anti-apoptotic factor Bcl-2 was significantly increased. TUNEL
staining showed that neuronal apoptosis was significantly reduced in the hippocampal CA1 region (P<0.01). RT-PCR
and Western-blot data indicated that expressions of Caspase-3 and Bax were both significantly reduced, while bcl-2
expression was increased significantly at 12, 24, 48, and 72 h after SAH (P<0.01). Together, our data support that
PFOB nanoparticles with high oxygen content could counteract ischemia and hypoxia, block neuronal apoptotic
pathways, reduce neuronal apoptosis, and therefore, achieve neuroprotective effects in EBI following SAH.
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Introduction transduction pathways. These form the patho-
logical changes after SAH onset. Therefore, the

Subarachnoid Hemorrhage (SAH) is a form of series of pathological changes within 72 hours

acute stroke with high mortality and disability
rates [1]. With the aging of the population,
changes in dietary habits, and improvements in
diagnosis, the number of SAH patients will
increase. Therefore, emphasis on the preven-
tion and treatment of SAH is urgently needed.
Once SAH occurs, the blood that quickly flows
out of the cistern or the ventricle sharply raises
intracranial pressure, followed by the reduction
in cerebral perfusion, resulting in brain-wide
ischemia and hypoxia, while inducing a variety
of stress responses through a number of signal

after SAH onset is known as early brain injury
(EBI) [2-4]. The main components of EBI are cur-
rently considered to include brain-wide isch-
emia, damage to the blood-brain barrier, brain
edema, immunological inflammation and cell
apoptosis, following SAH [5-71].

Perfluorooctyl-bromide (PFOB) is a new-genera-
tion perfluorocarbon (PFC). It is widely used in
research on contrast agents for ultrasound, CT
and MR due to its characteristic blockage of
radiation, acoustic and magnetic properties, as
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well as its safety and stability [8]. At the same
time, because PFOB has very high oxygen-car-
rying capacity, good diffusibility, low surface
tension, low viscosity, high density, and high
gas solubility [9-11], it has also been widely
used in many biomedical areas. However, the
effect of PFC on SAH has not been reported. In
this study, we employed high-oxygen-concen-
tration PFOB nanoparticle intervention in the
rat SAH model and demonstrated that PFOB is
protective against EBI following SAH.

Materials and methods
Reagents

PFOB was obtained from Alliance Pharma-
ceutical, USA. It was made into emulsified
nanoparticles that were 90.2 + 8.3 nm in
diameter by the Ultrasound Imaging Institute,
Chongging University of Medical Science.
Immunohistochemistry kits were purchased
from BioWorld, USA. TUNEL kits were pur-
chased from Roche; DAB developing solution
was from DAKO; Trizol kit was purchased from
Invitrogen; and the cDNA reverse-transcription
reagent kit purchased from Fermant. Bax, Bcl-2
antibody was purchased from Santa; and
Caspase-3 antibody from Abcam. The primers
were designed and composed by Songon
Biotech, Shang Hai, China. The other reagents
were provided by First Affiliated Hospital of
Chongging Medical University Experiment
Center.

Ethics statement

All procedures were approved by the Institu-
tional Animal Care Committee of Chongqing
Medical University and were performed in
accordance with the guidelines of the National
Institutes of Health on the care and use of
animals.

Animals and grouping

Adult healthy male SD rats weighing 300 £ 5 g
were provided by the Experimental Animal
Center of Chongging Medical University. All rats
were grown in a standard environment (12 h of
light/dark cycle, temperature 22 + 1 and
humidity 55 + 5%) and given free of food and
water intake. They were divided into three
groups: Sham group, SAH group and SAH +
PFOB group. SAH was performed by endovas-
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cular perforation with 4 to Onylon monofilament
sutures [12]. The SAH + PFOB group was inject-
ed with PFOB Nano-emulsification (5 g/kg) with
high oxygen concentration through the tail vein
three hours after successfully producing the
model. Chloral hydrate (10%, 300 mg/kg) was
injected intraperitoneally for anesthesia. During
the operation, a heat unit was used to maintain
body temperature, and breathing and heart
rate were monitored.

Brain water content measurement

The rats from each group were selected and
sacrificed by decapitation 24 h after the opera-
tion. Brain tissue was removed and weighed
immediately (using the dry-wet method) before
being dried in an oven until the weight became
constant. The brain water content was calcu-
lated using the follow formula: Brain tissue
water content (%) = (wet weight-dry weight)/wet
weight x 100% as previously described [13].

Hematoxylin and eosin (HE) staining

All groups were injected with 4% paraformalde-
hyde 24 h after producing the model, and their
brains were taken to create specimens. Paraffin
sections of rat brain tissues were made, which
underwent dewaxing, hematoxylin staining,
acid and ammonia washes, running water
wash, alcohol dehydration, eosin staining,
dehydration, neutral gum mounting, and
observation.

Transmission electron microscopy

Twenty-four hours after model establishment
and PFOB intervention, 4% of glutaraldehyde
was administered to the brain tissue. Samples
of CA1l region for electron microscopy were
fixed in phosphate-buffered glutaradehyde
(2.5%) and osmium tetroxide (1%). Dehydration
of the cortex was accomplished in acetone
solutions at increasing concentrations. The tis-
sue was embedded in an epoxy resin. Semi-thin
(1 um) sections through the sample were then
made and stained with toluidine blue. Then,
600-A sections were made from a selected
area of tissue defined by the semi-thin section,
and these sections were stained with lead
citrate and uranyl acetate. The ultrastructure of
the brain was observed under a transmission
electron microscope (JEM-1010).
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Immunohistochemistry

Twenty-four hours after model establishment
and PFOB intervention, brain tissue specimens
were collected. The ABC method was used for
immunohistochemical reactions. The sections
were dewaxed using xlyene and an alcohol gra-
dient placed in 3% peroxide and incubated for
30 min to stop the activity of the endogenous
catalase. Sections were then washed three
times with 0.01 mol/L PBS for 5 min each time.
The antigens were heat-revived, and the sec-
tions were incubated in normal goat serum
working solution at 37°C for 30 min. The nor-
mal goat serum was discarded, and the rabbit-
anti-Caspase-3 polyclonal antibody (working
concentration 1:250), rabbit-anti-Bcl-2 (1:300),
rabbit-anti-Bax (1:300) was added to the
sections and incubated overnight at 4°C. The
sections were washed three times with 0.01
mol/L PBS for 5 min each and incubated with
horseradish peroxide (HRP)-labeled active rab-
bit-anti-goat 1gG working solution at 37°C for
30 min and washed three times with 0.01
mol/L PBS for 5 min each time. The sections
were then stained for 3-5 min in DAB staining
solution, restained in hematoxylin, differentiat-
ed using hydrochloric alcohol, and gradient
dehydrated. After the sections were sealed with
neutral balsam, photos were taken and
analyzed.

Terminal deoxynucleotidyltransferase-mediat-
ed dUTP nick end labeling assay (TUNEL)

24 h after model establishment, brain tissue
specimens perfused with 4% paraformalde-
hyde were collected and used as specimens.
Paraffin-embedded sections of CA1l region
were made, and underwent dewaxing, mem-
brane rupture recovery by antigen, endogenous
peroxidase activity blocking, DAB staining, re-
staining, hydrochloric acid alcohol differentia-
tion, counterstaining, and dehydration as previ-
ously described [14]. Their pictures were taken
and analyzed after being mounted with neutral
gum.

RT-PCR

The total RNA in each sample mentioned was
extracted using the TRIzol reagent kit. The prim-
ers were designed according to rat Caspase-3,
Bax, and Bcl-2cDNA sequence. Caspase-3:
upstream: 5-GCCGACTTCCTGTATGCT-3, down-
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stream: 5-GGACTAAATTCCGTGGC-3; The ampli-
fication product was 177 bp long. Bax:
upstream: 5-GCAAACTGGTGCTCAAGG-3, down-
stream: 5-GACTCCAGCACAAAGATG-3. The am-
plification product was 188 bp long. Bcl-2:
upstream: 5-GGAGCGTCAACAGGGAGA-3, down-
stream 5-AGACAGCCAGGAGAAATCAA-3. The
amplification product was 170 bp long. GAPDH
was used as an internal control with its primers
as: upstream:5-GTTCAACGGCACAGTCAA-3, do-
wnstream:5-CTCGCTCCTGGAAGATGG-3; The
amplification product was 77 bp long. Equal
amounts (1 pg) of total RNA were taken from
each of the samples mentioned above and
cNDA was produced using the AMV reverse-
transcription reagent kit. One uL of each of the
resultant cDNA was used as a template in PCR
reactions together with primers mentioned
above (the volume of the reaction was 25 pL).
PCR amplification conditions were 95°C pre-
denaturation for 1 min, 95°C for 15 s, 58°C for
15s,and 72°C for 45 s, repeated for 40 cycles.
To analyze the result, 5 yL of the PCR product
was subjected to agarose gel electrophoresis.
The result was recorded using a UV gel imaging
analysis system. ImageJ software was used to
measure the average grayscale and area of
each electrophoresis band.

Western blot analysis

Five rats were randomly selected from each
group. Their brains were extracted, placed in
cell lysis buffer, and homogenized at low tem-
perature. They were then left standing for 10
min and 90 uL of 100 g/L NP-40 was added.
They were shaken vigorously for 30 seconds
and centrifuged at 4°C, 13000 rpm for 15 min.
The supernatant was removed and stored sep-
arately at -80°C. Using protein quantification,
electrophoresis, electric transfer, hybridization
and detection, quantitative analysis was per-
formed for Caspase-3, Bax, and Bcl-2 protein.
Optical density scanning was performed on
each sample strip to determine and statistically
analyze the optical density value of each group.

Statistical analysis

SPSS statistical software was used for analy-
sis; normal-distribution data were presented as
mean * standard deviation (x £ s). The experi-
mental groups were compared using one-way
ANOVA, and inter-group paired comparisons
were examined by LSD.

Am J Transl Res 2015;7(8):1404-1416
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Results

Production of PFOB emulsification nanopar-
ticles

The appearance of PFOB nanoparticles was
an even emulsion, which did not stratify after
standing for over one hour at room tempera-
ture. It could remain stable for over one month
in a 4°C fridge, with no obvious change in
appearance or form when observed using the
naked eye or a microscope. PFOB nanoparti-
cles (Figure 1A) were fine and dense, with a
regular shape and a spherical distribution.
There was no obvious accumulation. The diam-
eters of PFOB nanoparticles were 90.2 + 8.3
nm (Figure 1A), with an average of 90.2 nm
and a narrow distribution. The nanoparticle sur-
face electric potential was 9.5 + 3.1 mV, with
an average of 12.3 mV. The particle arrange-
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## Figure 1. PFOB nanoparticles under a

scanning electron microscope. Scale
bar = 0.5 ym (A1); PFOB nanoparticle
diameter distribution (A2). Brain water
content of rats in different groups 24 h
postoperatively (B). Data are presented
as mean + SD. **P<0.01 versus SHAM
group, ##P<0.01 versus SAH group. N

SAH+PFOB

ment in this nano-level PFOB emulsification
is close to capillary wall and can cross blood
vessel walls and brain tissues easily, thus
greatly reducing the distance of oxygen trans-
portation.

PFOB significantly reduces the brain water
content in animal model of SAH

As reported PFCs plays a protection role after
animal cerebral stroke [15], recovery of con-
sciousness after craniocerebral trauma [16],
and protection of neurons after spinal cord
injury [17]. However, the effect of PFC, in par-
ticularly, the effect of PFOB, the third genera-
tion of PFCs, on SAH has not been reported. We
therefore investigated the effect of PFOB on
SAH by measuring the brain water content 24 h
after surgery. As in Figure 1B, the SAH group
had substantially increased brain water con-
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Figure 2. HE stain of Hippocampus CA1 region (A). SHAM group, normalneural morphology (A1); SAH group, neurons
showed cytoplasmic condensation, hyperchromatism and karyopyknosis (A2); PFOB intervention group (A3). Scale
bar =20 ym. N = 5. Transmission electron microscopy examination (B). N = 5.

tent compared to the SHAM group (80.65 + hand, there was a statistically significant reduc-
0.49 vs 76.32 + 0.52; p<0.01). On the other tion in brain water content in the SAH + PFOB
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Figure 3. Immunohistochemical analysis of caspase-3, Bax and Bcl-2 expressions in the hippocampal CA1 region.
A1-A3 showed caspase-3 expression in the SHAM, SAH, and SAH + PFOB groups, respectively; B1-B3 represent bax
expression in the SHAM, SAH, and SAH + PFOB groups, respectively; and C1-C3 represent bcl-2 expression in the
SHAM, SAH, and SAH + PFOB groups, respectively. Scale Bar = 20 ym. N = 5.

group compared to the SAH group (78.40 +
0.72 vs 80.65 * 0.49; p<0.01).

Light and transmission electron microscopy of
Hippocampus CA1 region

The hippocampus is an important part of the
limbic system, an area of the brain playing a
central role in stress responses. Hippocampal
neurons are the most sensitive to ischemia and
hypoxia, and the most vulnerable to ischemia
and hypoxia injury. The number of delayed cell
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death among pyramidal cells is often used as
a sign of cerebral ischemic injury severity.
Meanwhile hippocampal tissues are easily to
separated and identify. Thus, in the study, we
chose hippocampal neurons as our target, and
Caspase-3, Bax, and Bcl-2 as the studying
molecules to study.

The hippocampus CA1 region was HE stained
and subjected to 400X light microscopy. IN the
SHAM group, the hippocampus CA1 region neu-
rons showed normal morphology; the neurons

Am J Transl Res 2015;7(8):1404-1416
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in the CA1 region of the SAH group showed
cytoplasmic condensation, hyperchromatism,
and karyopyknosis; the CA1 region of the SAH +
PFOB group showed reduced abnormal neural
morphology and fewer karyopyknotic and/or
hyperchromatic neurons (Figure 2A).

CA1 region was examined by transmission elec-
tron microscopy. In the SAH group, shrinkage of
neuronal cells was observed, with karyopykno-
sis, hyperchromatism, and cytoplasmic hyper-
chromatin. Also, glial cells were swollen and
dissolved, accompanied by chromatin margin-
ation and nuclear swelling. Perivascular edema
of capillary vessels was obvious. In the SAH +
PFOB group, neuronal apoptosis and the above-
mentioned morphological changes were not
found. There was only slight expansion of the
neuronal endoplasmic reticulum and mild swell-
ing of mitochondria. In the SHAM group, normal

1410

SAH+PFOB

Figure 4. Light microscopy exami-
nation of rat hippocampal neu-
rons after TUNEL staining. Scale
Bar=20 um, N =5.A1-A3 showed
TUNEL-positive cells in the SHAM,

## SAH, and SAH + PFOB groups, re-
spectively. Apoptotic index of posi-
tive cells in different groups 24 h
postoperatively (B). Data are pre-
sented as mean + SD. **P<0.01
versus SHAM group, ##P<0.01
versus SAH group. N = 5.

SAH+PFOB

morphology of cells was observed without any
of the changes mentioned above (Figure 2B).

PFOB inhibits the activation of caspase-3, the
number of TUNEL-positive cells, and the ex-
pressions of Bax and Bcl-2 in the hippocampal
CA1 region

Caspase-3 is one of the major effectors in
apoptosis, and the point of convergence in the
transduction of a variety of apoptotic stimuli
signals and has been frequently used as an
indicator in studies on apoptosis [18]. Research
has shown that Bcl-2 and Bax protein levels are
directly related to the regulation of apoptosis:
increased Bax promotes apoptosis [19], while
increased Bcl-2 inhibits apoptosis [20]. Neuro-
protection in this in vivo animal model of stroke
is associated with inhibition caspase-3 activa-
tion [21-23] and Bax, and enhancement of

Am J Transl| Res 2015;7(8):1404-1416
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Figure 5. RT-PCR measurement of caspase-3, Bax, and Bcl-2 mRNA expression. 1: the SHAM group; 2-5: the SAH
group at 12, 24, 48, and 72 hours postoperatively; 6-9: the SAH + PFOB group at 12, 24, 48, and 72 hours post-
operatively; and M: marker. Data are presented as mean + SD. **P<0.01 versus SAH group (12 h; 24 h; 48 h; 72

h). N = 5.

Bcl-2 [24]. We next investigate whether PFOB
inhibits the activation of Caspase-3 and the
expression of Bax, and increases the expres-
sion of Bcl-2. In the SHAM group, we found
there was no expression of Caspase-3, Bax, or
Bcl-2 protein was observed, while in the SAH
group we noted increased expression of all
three proteins. Compared to the SAH group, the
SAH + PFOB group had significantly reduced
Caspase-3 and Bax expressions but increased
Bcl-2 expression (Figure 3).

Neurons in the hippocampal CA1l regions of
rats were examined by light microscopy at
400x magnification. A small amount of TUNEL-
positive cells were observed in the SHAM
group, while the SAH group had significantly
increased number of TUNEL-positive cells
(43.23 + 2.67 vs 6.33 + 0.72; P<0.01). In the
SAH + PFOB group, expression of TUNEL-
positive cells was significantly lower than in the
SAH group (27.48 + 1.53 vs 43.23 + 2.67; P<
0. 01) (Figure 4A and 4B).

After successful model establishment and drug
intervention, hippocampal tissue specimens
were collected, and total RNA was extracted
from the tissue homogenates for RT-PCR analy-
sis. Results showed that compared to the SAH
group, the SAH + PFOB group had significantly
lower expression of Caspase-3 mRNA (P<0.01
at 12, 24, 48 and 72 hours postoperatively)
and Bax (P<0.01) at different time points,
whereas Bcl-2 mRNA expression in the group
increased significantly at different time points
(P<0.01) (Figure 5).

Hippocampal protein was extracted for Western
Blot analysis at 12, 24, 48, and 72 hours after
successful model establishment and drug
intervention. Compared to the SAH group, the
SAH + PFOB group had significantly lower
Caspase-3 and Bax protein expression (P<0.01)
and increased Bcl-2 expression at different
time points (P<0.01) (Figure 6).

Discussions

SAH has acute onset and an incidence of
around 2-22.5 cases/100,000 people, thus
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affecting a large population. Once SAH occurs,
EBl and delayed cerebral vasospasm can cause
severe damage and might even lead to death.
Due to our lack of understanding of this iliness,
limited surgical conditions for hospitals to carry
out emergency examination and operations,
the secondary impact of early-stage surgery on
the patients, unmet surgery requirements in
the early stage of the illness when the brain
injury is too serious, and other factors, the
majority of the patients cannot receive effec-
tive treatment in the early stage of SAH onset.
Therefore, the features of SAH include rapid
onset, high rates of disability or death, difficult
of early treatment, and so on. Thus some
researchers promoted the concept of EBI fol-
lowing SAH, which mainly consists of a series
of pathological changes, including brain-wide
ischemia, damage to the blood-brain barrier,
brain edema, immunological inflammation, and
cell apoptosis within 72 h after SAH, which are
the factors most responsible for early-stage
mortality and disability in SAH patients.

Complications of SAH include global cerebral
ischemia, cerebral edema, oxidative stress
responses, and immune inflammatory reac-
tions, which can cause extensive apoptosis
[25-286].

PFCs are a group of compounds with a wide
range of biomedical applications [27]. Fluorine
substituents gives the fluorocarbon molecules
special features, such as thermal, chemical,
and biological inertness; impermeability to
radiation; good diffusibility; low surface ten-
sion; low viscosity; high density; and high gas
solubility, all of which are the basis for innova-
tive applications of PFCs. Since the pioneering
work of Clark et al [28] in developing PFCs as
respiratory gas carriers, PFCs have been used
in multiple fields such as blood substitutes
[29], liquid ventilation treatment of respiratory
diseases [30], coronary angioplasty for myocar-
dial infarction in the cardiovascular system,
emergency treatment of carbon dioxide poison-
ing, targeted drug carriers [31], and new con-
trast agents [32]. In the field of neurosurgery,
several applications of PFC have been revealed,
including increasing cerebral blood flow, scav-

Am J Transl Res 2015;7(8):1404-1416
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Figure 6. Western blot analysis of caspase-3, Bax, and Bcl-2 protein expression in hippocampal tissues. A-C rep-
resent comparison of caspase-3, Bax, and Bcl-2 protein expressions between the SAH and SAH + PFOB groups
at 12, 24, 48, and 72 hours postoperatively. 1: the SHAM group; 2-5: the SAH group at 12, 24, 48, and 72 hours
postoperatively, respectively; 6-9: the SAH + PFOB group at 12, 24, 48, and 72 hours postoperatively, respectively.
B-actin was used as negative control. Data are presented as mean + SD. **P<0.01 versus SAH group (12 h; 24 h;

48h; 72h). N =5.

enging free radicals [33], preventing hemor-
rhagic infarction, and reducing the area of hem-
orrhagic infarction [34].

PFOB belongs to the third generation of PFCs
and has higher stability and oxygen carrying
capacity than the previous two generations.
With smaller particle size, molecules can be
distributed more evenly. Also, compound dena-
turation is unlikely. PFOB can be stored at ambi-
ent temperature. Oxygen and carbon dioxide
can dissolve in it according to Henry’s Law and
partial pressure ratio. At one atmosphere under
constant temperature, each 100 ml PFOB can
dissolve a maximum of about 66 ml of oxygen
and about 166 ml of carbon dioxide [9]. Under
the same conditions, each 100 ml of blood can
dissolve only about 0.3 ml of oxygen, while the
oxygen incorporated by hemoglobin is about
18.7 ml, far exceeding that carried by blood.
Hence through intravenous injection, PFOB
could provide more oxygen to the body. The oxy-
gen molecules in PFOB do not need to cross the
red-blood-cell membrane, raising the cellular
concentration gradient and making it easier for
oxygen molecules to diffuse around the target
lesion. Hence, PFOB nanoparticles are safe
and stable within organisms, have very high
oxygen-carrying ability, good penetrating power
and multi-model imaging capability, and can
act on lesions rapidly after intravenous
injection.

The current study, for the first time, demon-
strates that PFOB has a strong protective effect
against EBI after SAH. This protective effect
was most significant at 24 h after tail vein
injection of liquid fluorocarbon nanoparticles.
Compared to the SAH group, the PFOB interven-
tion group had significantly reduced brain water
content, with alleviated morphological abnor-
malities in HE-stained neurons and significantly
reduced numbers of karyopyknotic or hyper-
chromatic neurons in the hippocampal CA1
region. Transmission electron microscopy anal-
ysis showed that cellular shrinkage, nuclear
karyopyknosis, and cytoplasmic hyperchroma-
tism of neurons, as well as swelling and periph-
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eral edema of glial cells after SAH were allevi-
ated to a certain extent. These observations
indicate that PFOB can improve the conditions
of brain ischemia-hypoxia, posing a protective
effect on neurons at cellular and subcellular
levels. Western-blot and RT-PCR data showed
that expressions of pro-apoptotic factors cas-
pase-3 and bax were significantly reduced,
while expression of the anti-apoptotic factor
bcl-2 was significantly increased in the corre-
sponding subgroups. Similar results were
obtained from TUNEL analysis of neuron
apoptosis and immunohistochemical analysis
of protein expression in the 24 h SAH subgroup,
which exhibited the most significant apoptosis.
These results indicated that PFOB exhibited its
protective effect on neurons at a molecular
level. This preliminary study demonstrates that
liquid fluorocarbon nanoparticles dissolved
with a high concentration of oxygen can reduce
neuronal apoptosis and protect rat neurons,
playing a protective role at multiple levels in
EBI after SAH. However the exact mechanism
through which PFOB plays its protective role
is still unclear. We infer that this agent may
protect neurons in the following ways: 1)
Fluorocarbons have high oxygen uptake-
release rates, small particles, and a large con-
centration gradient of oxygen molecules, thus
can rapidly provide brain tissue with adequate
oxygen; 2) Fluorocarbons can rapidly remove
high concentrations of CO, from the microcircu-
lation, thereby mitigating acidosis and relieving
vasospasm; fluorocarbons also have low vis-
cosity, thus can dilute red blood cells and fibrin-
ogen, reduce blood viscosity, and improve cere-
bral blood flow; and 3) fluorocarbons itself
doesn’t contains any visible component of
blood and can reduce the production and
release of oxygen free radicals.

Previous studies on PFOB often focus on artifi-
cial blood, liquid breathing, multiple angiogra-
phy contrast agents, and tumor-targeting carri-
ers and so on. This experiment used PFOB in a
model of intracranial hemorrhage. Its extremely
high oxygen carrying ability and good penetrat-
ing power can help to protect neurons from
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hypoxic damage in EBI following SAH. Its multi-
modal imaging capability could also be used to
monitor SAH, providing new directions in its
treatment. At the same time, most studies on
SAH stop at the regulation of neural self-protec-
tion. Since the protective effect of self-regula-
tion requires stimulation, signal transduction,
transcription control, and protein translation, it
is slow and insufficient in the early stages of
SAH. In addition, its clinical application still
requires long and complicated research. PFOB
emulsification has been approved in other
countries for the treatment of human coronary
angioplasty and acute respiratory distress syn-
drome. It has good safety and stability in the
human body. Through intravenous injection,
PFOB emulsification acts on target lesions rap-
idly and can achieve satisfactory efficacy in a
short period of time. The experimental data
obtained in this study support the clinical appli-
cation of PFOB nanoparticles as soon as pos-
sible. The next steps still need to be designed
and completed to understand the effect of
PFOB nanoparticles with high oxygen content in
terms of detailed metabolism processes, brain-
blood barrier penetration, interaction with neu-
rons, the effects of different doses and so on.
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