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CHAPTER THREE

Abstract

Traumatic brain injury is characterized by initial tissue damage, which then
can lead to secondary processes such as cell death and blood-brain-barrier
disruption. Clinical and preclinical studies of traumatic brain injury typically
employ anatomical imaging techniques and there is a need for new molecular
imaging methods that provide complementary biochemical information. Here,
we assess the ability of a targeted, near-infrared fluorescent probe, named PSS-
794, to detect cell death in a brain cryolesion mouse model that replicates certain
features of traumatic brain injury. In short, the model involves brief contact of a
cold rod to the head of a living, anesthetized mouse. Using noninvasive whole-
body fluorescence imaging, PSS-794 permitted visualization of the cryolesion in
the living animal. Ex vivo imaging and histological analysis confirmed PSS-794
localization to site of brain cell death. The nontargeted, deep-red Tracer-653 was
validated as a tracer dye for monitoring blood-brain-barrier disruption, and a
binary mixture of PSS-794 and Tracer-653 was employed for multicolor imaging
of cell death and blood-brain-barrier permeability in a single animal. The
imaging data indicates that at 3 days after brain cryoinjury the amount of cell
death had decreased significantly, but the integrity of the blood-brain-barrier
was still impaired; at 7 days, the blood-brain-barrier was still three times more
permeable than before cryoinjury.

Keywords

Traumatic brain injury, multicolor fluorescence imaging, cell death imaging,
blood-brain-barrier, annexin V, zinc(ll)-dipicolylamine
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Introduction

Traumatic brain injury (TBI) is a major public health concern in the United
States with 1.7 million people sustaining a TBI annually . Over 2 % of the US
population is believed to experience TBl-associated disabilities, accounting for
approximately S60 billion annually in direct and indirect costs 2. TBI is a highly
heterogeneous disorder that can manifest different pathophysiological changes
depending on the type, severity, and location of the brain injury. TBI is typically
characterized in two stages: 1) the primary injury at the site of impact which
results in tissue damage and hemorrhaging, and 2) the delayed secondary
insult that represents non- mechanical damage due to continuous pathological
processes. These pathological processes include blood-brain barrier disruption,
edema, oxidative stress, inflammation and cell death 3. Clinical presentation of
the secondary insult is usually delayed and believed to be sensitive to therapeutic
intervention. Thus, the secondary pathological processes may be viable options
as therapeutic and imaging targets for treatment and diagnosis of TBI.

In the clinic, computed tomography and magnetic resonance imaging are
routinely used for brain imaging of TBI *°. Both modalities rely on morphological
changes which occur later in the disease process; thus, TBl diagnosis and prognosis
would be better served using molecular imaging techniques that target early-stage
biochemical changes . Fluorescence optical imaging is an attractive option for
preclinical research due to its inherent safety and high sensitivity, but very few
optical imaging probes have been evaluated in animal models of TBI 7. There is
a specific need for deep-red and near-infrared fluorescent probes that allow
relatively deep penetration of the light through skin and tissue. An attractive
concept is the possibility of multicolor imaging using multiple probes in a single
animal; each probe with its distinctive wavelength and ability to report on
different biomolecular processes. At present, there is a small but growing number
of literature examples of simultaneous multicolor in vivo optical imaging #°, In
the case of TBI, imaging studies would be greatly facilitated by the development
of protocols that employ a mixture of a targeted probe for cell death and a
non-targeted tracer for blood-brain-barrier (BBB) permeability. This requires
two sets of technical advances: 1) development and validation of deep-red and
near-infrared fluorescent imaging and tracer probes that enable multicolor in
vivo imaging in living animals, and 2) straightforward pre-clinical TBI models
that are amenable to optical imaging. Here we address both needs by adapting
a preclinical mouse model for TBI and investigating a set of complementary
fluorescent imaging probes.

Numerous fluorescent imaging probes have been developed to specifically target
biomarkers associated with cell death, but the most popular biomarker for in vivo
imaging is phosphatidylserine exposure on the plasma membrane 1213, Imaging
results with protein-based probes are promising, but technical problems such as the

50



CHAPTER THREE

poor pharmacokinetics have combined to limit translation into the clinic 141>167 |t s
quite challenging to alter the pharmacokinetics of proteins, so there is motivation
to develop cell death imaging probes with low molecular weight 8192°, We have
contributed to this research topic by designing synthetic fluorescent zinc(ll)-
dipicolylamine probes that can distinguish the anionic membranes of dead and
dying cells over the near neutral membranes of healthy cells 2. To facilitate in
vivo imaging, we developed PSS-794, a zinc(ll)-dipicolylamine probe containing
a near-infrared carbocyanine fluorophore. PSS-794 can identify cell death in a
number of animal models 222*?4_ |n this current study, we demonstrate the ability
of PSS-794 to non-invasively detect cell death in a brain cryolesion TBI mouse
model using whole-body, epi-fluorescence imaging. Specifically, we compare
cell death imaging performance of PSS-794 and fluorescently labeled Annexin
V, a well-known protein-based probe for cell death imaging %°. We also describe
the non-targeted, deep-red dye, Tracer-653, for monitoring blood-brain-barrier
disruption, and a binary mixture of PSS-794 and Tracer-653 for multicolor
imaging of cell death and blood-brain-barrier permeability in a single animal.

Results

The study examined four fluorescent imaging probes (Fig. 1). Two of the
probes, the synthetic zinc(ll)-dipicolylamine complex, PSS-794, and the dye-
labeled protein, Annexin-Vivo 750, are known to selectively target the anionic
membranes of dead and dying cells via bridging cations (zinc and calcium
respectively). It is worth noting that PSS-794 is formulated as a zinc complex
primarily to improve water solubility. Although the zinc complex is labile, the
bloodstream concentration of Zn** (10-20 uM) is high enough to not limit the
three component assembly of apo-PSS-794, Zn%, and phosphatidylserine at the
membrane surface 2°. The other two probes, Tracer-794 and Tracer-653, are non-
targeted fluorophores that diffuse through the blood pool, and thus serve to
measure permeability of the BBB #2%, Tracer-794 has the same near-infrared
fluorophore as PSS-794 and so is an excellent control compound to evaluate the
effect of the attached zinc(ll)-dipicolylamine targeting unit. Tracer-653 is a bright
and stable deep-red dye that does not self-aggregate or associate with serum
proteins. Furthermore, it has a narrow emission band that can be monitored
simultaneously with near-infrared PSS-794 in the same animal using different
imaging filter sets (filter sets for PSS-794 ex: 705-780 nm, em: 810- 885 nm; filter
sets for Tracer-653 ex: 615-665 nm, em: 695-770 nm). The specific targeting of
the four fluorescent probes was tested in an adapted brain cryolesion mouse
model that induces rapid breakdown of the BBB causing vasogenic brain edema
and tissue damage . In short, two separate cohorts of athymic mice (n =5) were
anesthetized by isoflurane inhalation. A metal cylinder with a 3 mm diameter
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was pre-cooled in liquid nitrogen and applied to each mouse’s head for 60 s.
Individual mice then received an intracardiac injection of either PSS-794 (3.0 mg/
kg), Tracer-794 (3.0 mg/kg), or Annexin-Vivo 750 and imaged in an IVIS Spectrum
at 3 h, 6 h and 24 h post-probe injection. Figure 2 shows representative images
at the different timepoints. Immediately after probe injection, there is apparent
accumulation of Tracer-794 at the site of cryolesion but the tracer soon clears
from the animal. At 3 h post-probe injection, cell death probes PSS-794 and
Annexin-Vivo 750 both produce high contrast signals at the site of cryoinjury. In
the case of PSS-794, the image intensity at the site of cryoinjury is higher at the
3 h time point compared to the 0 h time point, indicating a relatively slow rate
of probe accumulation on the surface of the dead and dying cells. As expected,
the Annexin-Vivo 750 also showed extensive accumulation in the kidneys 6%,
Target to non-target (T/NT) quantification of in vivo images was performed by
region of interest (ROI) analysis that compared the mean pixel intensities (MPI)
at the cryoinjury site (T) to MPI at a non-target site (NT) on the lower back (Fig.
3). PSS-794 exhibited the highest T/NT at the 3 h timepoint (6.77 £ 0.47; T/NT
SEM; P < 0.003), and then decreased. In contrast, the T/NT for Annexin-Vivo 750
increased incrementally to a value of 4.87 + 0.54 at the 24 h endpoint, reflecting
a slower rate of clearance from the non-target site.
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Figure 1. Chemical structures of PSS-794, Tracer-794, and Tracer-653.
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Figure 2. Representative in vivo near-infrared fluorescence montages of PSS-794, Tracer-794, and Annexin-
Vivo 750 accumulation in a brain cryoinjury mouse model. A pre-cooled metal cylinder was applied to the
head of each mouse for 60 s followed by intravenous injection of either PSS-794 (3.0 mg/kg), Tracer-794 (3.0
mg/kg), or Annexin-Vivo 750. Images were acquired at the indicated time points after probe injection. N = 5.
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Figure 3. In vivo quantification of PSS-794, Tracer-794, and Annexin-Vivo 750 accumulating in a 60 s brain
cryoinjury mouse model. Target to non-target ratios (T/NT) were calculated by region of interest (ROI) analysis
of the digital images. Shapes were drawn around the site of the cryoinjury (target, T) and around an equivalent
site on the lower back (non-target, NT) and the mean pixel intensities (MPI) were recorded. T/NT +SEM. N = 5.
Numerical values and statistical significance are shown in Table S1.
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At 24 h after probe injection, the mice were sacrificed and subjected to ex
vivo imaging and histological analysis. Ex vivo whole-body images were acquired
with 1) the skin removed from the head, which exposed the tissue over the
skull, and 2) both the skin and the skull removed, which exposed the brain. ROI
analysis compared the cryoinjury site in vivo just before animal sacrifice (labeled
as Normal), to the deceased animal with skin removed (labeled as No Skin), and
with both the skin and skull removed (labeled as No Skull). In each case, the MPI
were recorded and normalized to the in vivo values. The normalized MPI for PSS-
794 and Annexin-Vivo 750 decreased with each layer of tissue removed from
the head (Fig. S2, Table S2). This is unusual because MPI at a deep-tissue site
typically increases as the intervening skin and tissue is 10 removed 3. It appears
that PSS-794 and Annexin-Vivo 750 target the cryolesion-induced cell death that
is occurring on the skin, the pericranium, and on the brain. The normalized MPI
for Tracer-794 images exhibited a different trend, and increased with removal of
the skin followed by a decrease in MPI with removal of the skull (Fig. S2, Table
S2). But the absolute MPI for the Tracer-794 images were substantially lower
than the values for the PSS-794 images (P < 0.0005 for Normal; P < 0.001 for No
Skin; P < 0.03 for No Skull), reflecting the much greater clearance of tracer dye
from the cryoinjury (Fig. S3). These spatial and temporal differences in probe
localization indicate that the targeted cell death probe PSS-794 and non-targeted
Tracer-794 accumulate in the brain cryoinjury by different mechanisms.

H&E micrographs of sectioned cryoinjured brains from mice sacrificed at 24 h
after probe injection, showed a focal region of cell death that was surrounded by
healthy brain tissue (Fig. 4A). Sections of cryoinjured brains were imaged using a
fluorescence scannerto determine probe distributionthroughoutthe brain. There
was high accumulation of PSS-794 at the cryolesion site, while only negligible
amounts of Tracer-794 were in the cryoinjured brain (Fig. S4). To further confirm
that PSS-794 was targeting sites of brain cell death, immunohistochemisty was
performed on the cryoinjured brains using an antibody specific for activated
caspase-3. Fluorescence microscopy showed extensive staining of activated
caspase-3 around the cryolesion, and also strong near-infrared fluorescence
signal from the PSS-794 (Fig. 4B). Caspase-3 and PSS-794 staining could not be
visualized in healthy regions of the brain (Fig. S6). Fluorescence from Tracer-794
could not be detected in the same regions as caspase-3 in the cryoinjured brains
(Fig. S5).
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B DAPI Caspase-3

PSS-794 Merged

Figure 4. Representative histological micrographs from cryoinjured mouse brains. The micrographs were
subjected either to H&E staining (A) or counterstained with an anti-caspase-3 antibody and DAPI (B). Images in
B are from the region of the brain cryoinjury. Scale bar in A = 500 um. Scale bar in B = 200 um.

To determine if PSS-794 could measure TBI severity in vivo, the cryolesion
experiment was repeated, with the time for contacting the pre-cooled metal
cylinder to the mouse’s head reduced to 20 s. The animals were subsequently dosed
with either PSS-794 or Tracer-794 and then imaged over time (Fig. S7). As shown
in Figure 5 and Table S3, T/NT values for PSS-794 and Tracer-794 were lower in the
20 s cryolesion mouse model indicating less tissue damage compared to the 60 s
cryolesion. Quantification of the ex vivo images with skin or skull removed showed
similar PSS-794 and Tracer-794 staining patterns as with the 60 s cryolesion (Fig. S2,
Fig. S8).
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Figure 5. Comparison of PSS-794 and Tracer-794 accumulation in the 20 s and 60 s brain cryoinjury mouse
models. T/NT ratios were calculated by ROI analysis. T/NT + SEM. N = 5. Numerical values and statistical

significance are shown in Table S3.
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Figure 6. Multicolor fluorescence imaging of cell death and blood-brain barrier disruption in cryoinjured
brains. Three cohorts of hairless mice were given a 60 s brain cryoinjury. Mice were then injected with a single
dose of PSS-794 either immediately following cryoinjury (Day 0), 3 days post-cryoinjury (Day 3), or 7 days post-
cryoinjury (Day 7). Each mouse was also injected with Tracer-653 at five hours post-PSS-794 injection. One
hour after Tracer-653 injection, the mice were anesthetized and sacrificed. The brains were excised and placed
in an epi-fluorescence imaging station for ex vivo imaging.
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Evans Blue is routinely used to monitor BBB disruption in animal models 32%;
thus, it served as a positive control for Tracer-653 in this mouse TBI model.
Separate cohorts of cryoinjured mice were administered Evans Blue and
Tracer-653. Evans Blue extravasation is typically quantified using histology;
however, we utilized its weak red fluorescence emission to perform ex vivo
imaging of the brain sections 34. The ex vivo images of cryoinjured brains clearly
showed accumulation of Evans Blue at Day 0 and less so at Day 3 post-injury (Fig.
$12). When compared to Tracer-653, the area of Evans Blue staining was more
localized at the site of cryoinjury. In vivo, Evans Blue binds to albumin proteins
causing it to have a significantly higher molecular weight compared to Tracer-653
(67 kDa v.s. 2 kDa) >. The smaller effective size of Tracer-653 likely allows it to
permeate into areas that are not accessible by the Evans Blue- albumin complex
thusincreasing the area of tissue that is stained by Tracer-653 3¢%7, Taken together,
the results indicate that Tracer-653 is an effective substitute for Evans Blue as
a tracer probe for monitoring BBB disruption in TBl. Compared to Evans Blue,
Tracer-653 exhibits a much brighter and narrower, deep-red emission band, and
thus is more amenable to multicolor optical imaging.

To determine if we could simultaneously follow cranial cell death and BBB
disruption in a single animal, we injected near-infrared PSS-794 and deep-red,
Tracer-653 into mice that had received cryolesions. In short, three cohorts of
hairless mice were administered 60 s brain cryolesions, and then injected with
PSS-794 either immediately following cryoinjury, at 3 days post-cryoinjury, or
at 7 days post-cryoinjury. Each mouse was also injected with Tracer-653 at 5
h post-PSS-794 injection (the injection lag time accounts for the difference in
probe clearance rates). At one hour after Tracer-653 injection, the mice were
anesthetized and sacrificed. The brains were excised and placed in an epi-
fluorescence imaging station for ex vivo imaging. As shown in Figure 6, the
amount of PSS-794 accumulation in these cryoinjured brain sections decreased
greatly with the age of the injury. For example, the MPI for a cryolesion section
on Day 3 was six-fold lower (P < 0.0002) than the equivalent section on Day 0
(Fig. S10), indicating a substantial and relatively rapid decrease in the number
dead and dying cells. In comparison the Tracer-653 signal in a cryoinjured brain
decreased much more slowly with the age of injury. For example, the MPI for
a cryolesion section on Day 7 was only about two-fold lower (P < 0.05) than
the equivalent section on Day O (Fig. 6, Fig. S10). Furthermore, the amount of
Tracer-653 in a cryoinjured brain on Day 7 (as judged by comparing MPI) was
three times higher (P < 0.05) than an equivalent brain taken from a healthy
control mouse treated with Tracer-653 (Fig. S11). Taken together, the Tracer-653
data consistently indicates that there is a gradual but incomplete improvement
in BBB integrity over the seven-day post-cryolesion period.
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Discussion

The cryoinjury TBI mouse model used in these studies is a technically
simple, high- throughput version of a previously reported model that contacts
a pre-cooled rod with the surgically exposed skull of mice 334, We chose to
not remove the skin around the skull because preliminary studies indicated
that the cell death probes target the dead skin cells generated during the
surgery, thus complicating the in vivo imaging. We find that the lesions caused
by this adapted cryoinjury model are highly reproducible in size and location
(Fig. S3) and can be clearly delineated from the rest of the brain .. However,
this model only conditionally mimics human TBI and lacks the diffusion axonal
injuries that complicate human head injuries “2. Other TBI mouse models such
as the controlled cortical impact and fluid percussion injury models can mimic
the whole spectrum of focal-type brain injuries and produce axonal injuries .
But these models have technical drawbacks including the need for specialized
equipment and the requirement to perform animal craniotomy.

We evaluated two tracers, Tracer-794 and Tracer-653, and two targeted
probes, PSS-794 (2 KDa) and Annexin Vivo-750 (36 kDa), in the adapted cryolesion
TBI model. The two targeted probes are functionally similar in that they identify
dead and dying cells with membranes that expose phosphatidylserine; however,
the probes are quite different in molecular size and blood clearance pathways.
Annexin probes are known to accumulate in the kidneys, whereas, PSS-794
clears more though the liver. The in vivo epi-fluorescence imaging showed
that the maximum T/NT ratio with PSS-794 (6.77 * 0.47) occurred at about 3
h after probe injection and was about two times higher than the maximum T/
NT ratio with Annexin Vivo-750 (Fig. 2, Fig. 3). Both cell death probes cleared
fairly slowly from the site of cryolesion. In comparison, Tracer-794 diffused in
and completely out of the cryoinjury within a few hours. PSS-794 accumulation
at the cryoinjury was observed to increase with injury severity, as judged by
comparing the 20 s and 60 s cryolesions (Fig. 5). Thus, for pre-clinical studies that
measure TBI severity in mouse models, optical imaging using PSS-794 appears
to be a complementary alternate to classical methods that monitor changes in
lesion volume *4,

Multicolor fluorescence imaging is a promising new method to
simultaneously monitor different physiological processes %%, but has
previously not been exploited to monitor TBI progression in mice. The highly
fluorescent Tracer-653 functions like Evans Blue dye and allows optical imaging
of BBB disruption. Furthermore, the deep-red emission of Tracer-653 can be
distinguished from the near-infrared emission of PSS-794 in the same animal.
Multicolor imaging of cryoinjured mice that were dosed with both PSS-794 and
Tracer-653 enabled longitudinal tracking of the changes in cell death and BBB
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permeability, respectively. The PSS-794 images in Figures 6 and S10 show that
the amount of cell death had decreased substantially after Day 3, presumably
due to efficient dead cell clearance by animal’s innate immune system #’. But the
Tracer-653 images indicate that healing and repair of the BBB was a much slower
process. After Day 7, the BBB was still substantially more permeable than before
the cryoinjury event, a timeframe that is consistent with previous literature
observations 3647,

Insummary, wereportthatthe syntheticnear-infrared fluorescent probe, PSS-
794, can be used to visualize cell death in an adapted cryolesion mouse model of
TBI. The optical images with PSS-794 produced higher cryolesion signal contrast
(higher T/NT ratio) than the mechanistically similar protein probe, Annexin-Vivo
750. Tracer-653 was validated as a low molecular weight, deep-red tracer dye for
monitoring BBB disruption, and a binary mixture of PSS-794 and Tracer-653 was
employed for multicolor imaging of cell death and BBB permeability in a single
animal. The imaging data indicates that at three days after brain cryoinjury the
amount of cell death had decreased significantly, but the integrity of the BBB
was still impaired; at seven days the BBB was still substantially more permeable
than before cryoinjury. The pathophysiological outcomes of TBI are highly
heterogeneous in terms of severity and rate of progression. The time between
physical trauma and the onset of secondary processes such as BBB breakdown is
a potential window for therapeutic treatment . It should be possible to develop
this adapted cryoinjury mouse model into a high throughput, optical imaging
screen of experimental therapeutics for TBI.

Methods
Ethics statement

All animal experiments were approved for animal health, ethics, and
research by the Animal Welfare Committee of Leiden University Medical Center
and the Institutional Animal Care and Use Committee of the University of Notre
Dame. All animals received humane care and maintenance in compliance with
the Code of Practice Use of Laboratory Animals in Cancer Research .

Probe synthesis

The synthesis and properties of Tracer-794 (A_: 794 nm, A_ : 810 nm), PSS-
794 (A_: 794 nm, A_ : 810 nm) and Tracer-653 (A_: 653 nm, A__: 673 nm) have
been reported previously 5. PSS-794 is commercially available as PSVue® 794
(Molecular Targeting Technologies Inc., West Chester, PA). Annexin-Vivo 750°
(A_: 755 nm, A__: 772 nm) was purchased from PerkinElmer (Waltham, MA).
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Traumatic brain injury mouse models

Two cohorts of 4-6 week old athymic mice (male, ~25 g, nu/nu) (n = 5)
were anesthetized by 2-3 % isoflurane inhalation. A metal cylinder, with a 3 mm
diameter, was pre-cooled in liquid nitrogen and applied to the parietal region of
each mouse’s head for either 20 s or 60 s. The mice then received an intracardiac
injection of either PSS5-794 (3.0 mg/kg, 100 pL in 1% DMSO/H,0) or Tracer-794
(3.0 mg/kg, 100 pL in H,0). A cohort of athymic mice (n = 5) were subjected to a
60 s cryoinjury and received an intracardiac injection of Annexin-Vivo 750.

To investigate the progression of blood-brain-barrier disruption and cell
death in traumatic brain injury, three cohorts of nude mice (male, ~25g, SKH1-E)
(n=5) were anesthetized by 2-3 % isoflurane inhalation. A metal cylinder, witha 3
mm diameter, was pre-cooled in liquid nitrogen and applied to the parietal region
of each mouse’s head for 60 s. The mice then received a retro-orbital injection of
PSS-794 (3.0 mg/kg, 100 pL in 1% DMSO/H,0) and placed back into their cages.
Five hours later, the mice received a retro-orbital injection of Tracer-653 (2.0
mg/kg, 100 uL in H,0). One hour later, the mice were anesthetized by isoflurane
inhalation and placed inside an IVIS Lumina (Caliper Life Sciences, Hopkinton,
MA) configured for whole-body, epi-fluorescence imaging. After in vivo imaging,
one cohort was sacrificed and ex vivo fluorescence imaging was performed on
the excised brain. The other cohorts were placed back into their cages. Cohorts
were subjected to the same PSS-794 and Tracer-653 injection and imaging
procedures, either three or seven days post-injury (Fig. S9).

Evans Blue (Sigma, St. Louis, MO) (25 mg/kg, 100 pL in H,0) was injected
intravenously into hairless mice following 60 s brain cryolesion. The probe
was allowed to circulate for one hour, then the mice were anesthetized and
sacrificed. The brains were excised and placed inside an IVIS Lumina for ex vivo
epi-fluorescence imaging. Another cohort of hairless mice was subjected to the
same injection and imaging procedure three days post-injury.

In vivo near-infrared fluorescence imaging

Athymic mice were anesthetized by 2-3 % isoflurane inhalation and placed
inside an IVIS Spectrum (Caliper Life Sciences, Hopkinton, MA) configured
for whole-body epi-fluorescence imaging. For mice injected with PSS-794 or
Tracer-794, images were acquired immediately after probe injection and at 3, 6,
and 24 h time points (excitation filter: 710 nm, emission filter: 820 nm, exposure
time: 1s, bin: 8, f/stop: 2, field of view: 6.6 cm). For mice injected with Annexin-
Vivo 750, images were acquired for 1 s using a 710 nm excitation filter and a 780
nm emission filter (bin: 4, f/stop: 2, field of view: 6.6 cm). After each time point,
the mice were returned to their cages and fed ad libitum.

Acquired images were exported as 16 bit tiff files and region of interest (ROI)
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analysis was performed using ImagelJ 1.44. In short, a ROl was drawn around the
cryoinjury site (T) and an equal sized ROl was drawn on the lower back (NT) of
each mouse (Fig. S1). The mean pixel intensity of the Tand NT was measured and
recorded for each mouse. The T/NT ratios were then calculated, and statistical
analysis was performed to acquire the average of each ratio (n = 5) with the
standard error of the mean (SEM). The resulting ROI values were plotted using
Graphpad Prism 4.

Ex vivo near-infrared fluorescence imaging

Following the 24 h time point, mice were sacrificed by cervical dislocation. Ex
vivo images were acquired with the skin from the head removed and both the skin
and the skull removed to facilitate epi-fluorescence imaging with an IVIS Spectrum
(excitation filter: 710 nm, emission filter: 820 nm, exposure time: 1 s, bin: 8, f/
stop: 2, field of view: 6.6 cm for PSS-794 and Tracer-794) (excitation filter: 710 nm,
emission filter: 780 nm, exposure time: 1 s, bin: 4, f/stop: 2, field of view: 6.6 cm
for Annexin-Vivo 750).

All the nude mice were sacrificed, the brains excised and placed inside an IVIS
Lumina for multicolor epi-fluorescence imaging (excitation filter: 705-780 nm,
emission filter: 810-885 nm, exposure time: 5 s, bin: 2, f/stop: 2, field of view: 5 cm
for PSS-794) (excitation filter: 615-665 nm, emission filter: 695-770 nm, exposure
time: 8 s, bin: 2, f/stop: 2, field of view: 5 cm for Tracer-653). The ROI analysis was
performed by drawing an ROl around the cryoinjury site and recording the mean
pixel intensity. The resulting mean pixel intensities were plotted using Graphpad
Prism 4.

Histology

Brains were flash frozen in OCT (Tissue Tek, Torrance, CA) were fixed in 4%
formaldehyde, cut into 10 um paraffin sections. Tissue sections were mounted
onto slides and imaged using a LI-COR Odyssey (LI-COR Biosciences, Lincoln,
NE) scanner equipped with a 785 nm diode laser. Slides were also subjected to
hematoxylin and eosin (H&E) staining to determine the extent of cell death and
cellular morphological changes in the cerebral cortex. Selected brain sections
were incubated overnight with a rabbit anti-human polyclonal caspase-3 antibody
(Abcam Inc.; 1:50). The sections were then incubated with goat anti-rabbit IgG
conjugated to Alexa-Fluor 488 (Invitrogen; 1:500) for 15 min, and counterstained
with DAPI. Fluorescence images of the sections were acquired using a Nikon
TE-2000 U epi-fluorescence microscope equipped with the appropriate UV (ex.
340/80 nm, em. 435/85 nm), GFP (ex. 450/90 nm, em. 500/50 nm), and near-
infrared filters (ex. 710/75 nm, em. 810/90 nm). Fluorescence images were
captured using Metamorph software (Universal) and analyzed using ImageJ 1.44.
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Statistical analysis

Results are depicted as mean + standard error of the mean (SEM). Statistical
analysis was performed using a Student’s t-test.
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