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Abstract

Traumatic brain injury (TBI) disrupts the blood–brain barrier (BBB) and reduces cerebral glucose uptake. Vascular

endothelial growth factor (VEGF) is believed to play a key role in TBI, and COG1410 has demonstrated neuroprotective

activity in several models of TBI. However, the effects of COG1410 on VEGF and glucose metabolism following TBI are

unknown. The current study aimed to investigate the expression of VEGF and glucose metabolism effects in C57BL/6J

male mice subjected to experimental TBI. The results showed that controlled cortical impact (CCI)-induced vestibulo-

motor deficits were accompanied by increases in brain edema and the expression of VEGF, with a decrease in cerebral

glucose uptake. COG1410 treatment significantly improved vestibulomotor deficits and glucose uptake and produced de-

creases in VEGF in the pericontusion and ipsilateral hemisphere of injury, as well as in brain edema and neuronal degeneration

compared with the control group. These data support that COG1410 may have potential as an effective drug therapy for TBI.
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Introduction

Traumatic brain injury (TBI) is the leading cause of death

worldwide.1 Brain edema following TBI is the main deter-

minant of adverse outcomes in survivors.2,3 Over the past several

decades, efforts have been made to determine the pathophysiology

of TBI4 and to develop drug therapies for TBI,5 but until now, there

have been no effective neuroprotective drugs demonstrated in hu-

man clinical trials.6

Apolipoprotein E (apoE, protein; APOE, gene) is responsible for

the transportation of lipids and the mediation of cholesterol in the

central nervous system.7 Our previous research demonstrated that

the APOEe4 allele was an adverse prognostic factor of TBI.8

However, apoE2 and apoE3 proteins act as neuroprotective factors,

whereas apoE deficiency is related to motor and cognitive dys-

function after brain injury9,10 In addition, the administration of the

exogenous apoE-mimetic peptide modifies inflammatory responses

through binding with low-density lipoprotein (LDL) receptor-

related protein (LRP) and improves motor dysfunction.11–15 Other

studies have demonstrated that apoE-deficient mice have an in-

creased expression of vascular endothelial growth factor (VEGF),16

which is believed to be related to blood–brain barrier (BBB) dis-

ruption after TBI,17 and to the increase in glucose utilization in

astrocytes.18 COG1410, a mimetic peptide derived from the apoE

receptor-binding region, not only retains most of the protective

properties of holo-apoE protein, but also overcomes the deficiency

in crossing the BBB. However, the effects of COG1410 on the

expression of VEGF and on cerebral glucose metabolism after

controlled cortical impact (CCI) have not been reported.

We hypothesized that COG1410 exerts neuroprotective effects

on cerebral glucose metabolism and vestibulomotor function in an

anti-VEGF manner. To investigate this hypothesis, vestibulomotor

function, brain edema, VEGF, angiogenesis, neuronal degeneration

and cerebral glucose uptake were assessed in a mouse model of CCI.

Methods

All procedures were approved by the Affiliated Hospital of
Southwest Medical University and were consistent with the La-
boratory Animal Regulations for the care and use of animals.
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Animals

Adult (8–12 weeks) C57BL/6J male mice (Laboratory Animal
Center of Chongqing Medical University, Chongqing, China)
weighing 18–25 g were used. The mice were divided in four groups:
the control group, the sham-operated group, the vehicle group,
and the COG1410-treated group. The control group comprised
native mice.

Experimental TBI: CCI

The method for creating the experimental CCI used in this study
has been described previously.4 Briefly, the mice were anesthetized
with 3.5% chloral hydrate (500 mg/kg), shaved, and placed in a
stereotaxic frame. Using sterile techniques, a midline incision was
made, and the scalp was reflected to expose the skull. A 3 mm right
lateral craniotomy was performed with a motorized drill that was
centered at 2.7 mm lateral from the midline and 3 mm anterior to
lambda to allow the removal of bone without disrupting the dura.
An impactor with a 2.0 mm diameter rod tip was driven at a velocity
of 3 m/sec with a dwell time of 100 ms and an impact depth of
1.0 mm, which produced a moderate contusion in the right cor-
tex causing pronounced behavioral deficits, but no mortality. After
injury, a polyvinylidene fluoride skull cap was secured over the
craniotomy, and the skin incision was sutured. The anesthetized
mice were wrapped in a blanket (37�C) until they recovered, and
were able to freely ambulate.

Administration of COG1410

COG1410 was provided by Cognosci (Research Triangle Park,
NC) at a purity of 95% and was dissolved in a sterile 0.9% saline
solution at a concentration of 0.1 mg/mL before administration.
The mice were randomly divided into two groups: the COG1410-
treated group received COG1410 (1 mg/kg), and the control group
received 0.9% saline vehicle. COG1410 or vehicle was administered
within 30 min of injury and then every 24 h via tail vein infusion.

Rotarod test

Motor function, particularly vestibulomotor function, was
evaluated by a rotarod test (TME, Chengdu, China) according to
Hamm and coworkers.19,20 Briefly, the day before injury, the mice
underwent two consecutive conditioning trials at a constant rota-
tional speed of 16 rpm for 1 min (interval = 5 min), followed
by three additional trials with an accelerating rotational speed
(starting at 0 rpm and accelerating by 3 rpm every 10 sec until the
rotating speed reached 30 rpm). The average time to fall from the
rotating cylinder in the latter three trials was recorded as the
baseline of latency. At 1, 3, and 7 days after injury, the mice un-
derwent three consecutive accelerating tests as described (inter-
val = 15 min). The average time to fall from the rotating cylinder
was recorded as the result of the rotarod test.

BBB permeability

Evans blue (EB) dye was used to measure the permeability of the
BBB according to Kaya.21 Briefly, the mice were euthanized at 1, 3,
or 7 days after injury. The cerebellum and olfactory brain were
removed, and the injured right hemisphere was mechanically ho-
mogenized using formamide at a ratio of 1 g tissue to 2 mL form-
amide. The solution was warmed to 50�C for 72 h. The extract was
ultracentrifuged (Thermo, USA) at a speed of 60,000 rpm for
45 min at 4�C. Absorbance of the EB in the high speed supernatant
and in the homogenates was measured at 620 nm. The concentra-
tion of dye in the samples was calculated from a standard curve of
EB in formamide. The ratio of EB absorbance in brain tissue in
the high speed supernatant was calculated as a measure of BBB
permeability.

Brain water content

The dry-wet method was used to determine brain water con-
tent.22 The mice were euthanized at 1, 3, or 7 days after injury. The
cerebellum and olfactory brain were removed, and the injured right
hemisphere was weighed to assess its wet weight. The injured right
hemisphere was then dried for 24 h at 100�C to determine its dry
weight. The brain water content was used to evaluate brain edema,
which was obtained by the following calculation:

Brain water content %ð Þ¼ wet weight� dry weightð Þ=
wet weight · 100%

Enzyme-linked immunosorbent assay (ELISA)

ELISA was used to measure the expression of VEGF. The mice
were anesthetized with an overdose of 3.5% chloral hydrate
(1000 mg/kg) and then killed by decapitation. Cerebellum and ol-
factory brain were removed and the injured right hemisphere was
weighed, then homogenized in phosphate-buffered saline (PBS)
(1:9 weight/volume dilution in PBS, pH = 7.4), and centrifuged
(4�C, 3,000 rpm for 20 min). Supernatant was diluted 10 times with
sample diluent for ELISA assays. The protein content of each
homogenate sample was measured with a BCA kit (Beyotime,
Haimen, China). The results were normalized to total protein levels
per sample.

Immunohistochemistry

The mice were deeply anesthetized with an overdose of 3.5%
chloral hydrate (1000 mg/kg) and perfused intracardially with ice-
cold PBS (pH = 7.4). After the mice were killed, the brains were
carefully removed, fixed in 4% paraformaldehyde for 24 h, dehy-
drated, and embedded. Coronal sections (4 l) were cut with a vi-
bratome. The sections were dewaxed in xylene and rehydrated in a
descending ethanol series. The sections were subsequently incu-
bated in 7.5% H2O2 followed by incubation in normal goat serum
for 20 min. The sections were incubated with rabbit anti-vWF
(1:100, Bioss, Beijing, China) and detected with a Rat IgG ABC Kit
(1:500, Vector Labs, Burlingame, CA). Additional sections were
incubated with rabbit anti-degraded myelin basic protein (1:1000,
Millipore, Billerica, USA) primary antibodies at 4�C overnight.
Antibody binding was detected using a biotinylated secondary
antibody and peroxidase-conjugated streptavidin. Visualization
was performed with diaminobenzidine (DAB). After being coun-
terstained with hematoxylin for 3 min, the sections were dehydrated
in an ascending ethanol series and cover-slipped for microscopic
viewing and quantification.

Immunohistochemical reactions for vWF were interpreted in-
dependently by two authors using the same microscope (E200,
Nikon, Japan).23 The average microvessel number of five high-
power fields ( · 200) was recorded as the microvessel density
(MVD). National Institutes of Health (NIH) ImageJ software was
used to determine the ipsilateral hemisphere immunoglobulin G
(IgG) staining density and the total area of IgG staining.24

For some experiments, the mice were killed and the brains were
carefully removed, fixed in 4% paraformaldehyde for 24 h, and
equilibrated in 30% sucrose. Serial 50 l thick coronal slices were
cut on a freezing microtome. Silver staining was performed on a
third set of sections to visualize the degenerating neuronal elements
in the brain. Sections were processed with the FD NeuroSilverKit II
(FD Neuro Technologies, Ellicott City, MD).4 NIH ImageJ soft-
ware was used to measure the optical density of silver staining.

Micro-PET/CT Scan

An Inveon pre-clinical PET/CT scanner (Inveon MM gantry,
Siemens, Germany) was used to detect cerebral glucose uptake at
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1 day before injury and 1, 3, and 7 days after injury. The mice were
deprived of food for 24 h prior to the PET scans to ensure stable
plasma glucose levels. After being anesthetized with 3.5% chloral
hydrate (500 mg/kg), they were injected with Fluorodeoxyglucose
(18F) ([18F]FDG) through the tail vein and returned to their cages
for a 30 min uptake period in a dark and quiet environment
(T = 20�C). They were then positioned in the scanning bed. Imaging
started with a CT scan for attenuation correction and localization of
the lesion, which was immediately followed by a PET scan.25 The
cerebral glucose uptake ratio was evaluated by standardized uptake
value (SUV):

SUV¼Ct=ID �Wt

Where Ct (MBq/cc) is the decay-corrected activity concentration in

the region of interest, ID (mCi) is the injected dose (the difference

between prior to injection and after injection), and Wt (kg) is the

weight of the mice.26

Statistical analysis

All data were analyzed using SPSS 13.0 (Statistical Product and
Service Solutions, New York, NY). The results are presented as the
mean – standard error of the mean (SEM) of five animals. A two
way ANOVA was used to analyze the EB, brain water content, IgG
staining, VEGF, MVD, silver staining and SUV-glucose data. A
repeated measure was used to analyze the rotarod test data. Pearson
correlation analysis was used to analyze the relationship between
vestibulomotor function and glucose uptake. A p value of <0.05
was considered to be a statistically significant difference when
comparing parameters.

Results

COG1410 improved vestibulomotor function after CCI

The sham-operated group performed more poorly than did the

control group at 1 day after injury (n = 5 for each group, p < 0.05);

however, no significant differences were observed between the

control group and the sham-operated group at 3 and 7 days after

injury ( p > 0.05). CCI-induced vestibulomotor deficits were signifi-

cantly different from those of the sham-operated group ( p < 0.05).

The administration of COG1410 after the CCI-induced TBI signif-

icantly reduced vestibulomotor deficits compared with the vehicle

group over the 7 day testing period ( p < 0.05). Further, vestibulo-

motor deficits reached a maximum for the groups treated with saline

and COG1410 at 1 day after injury; however, the COG1410-treated

group returned to baseline ( p > 0.05) whereas the vehicle group was

still below baseline ( p < 0.05) at 7 days after injury (Fig. 1).

COG1410 reduced BBB disruption
and brain water content

No significant difference was observed in EB dye extravasation,

IgG leakage, or brain water content between the control group and

the sham-operated group over the 7 day testing period (n = 5 for

each group, p > 0.05). CCI induced increases in EB dye extrava-

sation, IgG leakage, and brain water content compared with the

sham-operated group ( p < 0.05), and administration of COG1410

significantly reduced EB dye extravasation, IgG leakage, and brain

water content compared with the vehicle group at 1 and 3 days after

injury. However, there was no significant difference in EB dye and

IgG leakage between the vehicle group and the COG1410-treated

group at 7 days after injury. Further, the brain water content of the

COG1410-treated group returned to baseline ( p > 0.05), whereas

that of the vehicle group did not return to baseline ( p < 0.05) at

7 days after injury (Fig. 2).

COG1410 suppressed the expression
of VEGF after CCI

Surgery on the scalp did not increase the expression of VEGF in

the brain tissue (n = 5 for each group, p > 0.05). However, CCI

induced an increase in the expression of VEGF compared with the

sham-operated group ( p < 0.05). The administration of COG1410

significantly reduced the expression of VEGF over the 7 day testing

period compared with the vehicle group ( p < 0.05, Fig. 3).

COG1410 suppressed excessive
angiogenesis after CCI

There was no significant difference in MVD between the control

and sham-operated groups over the 7 day testing period (n = 5 for

each group, p > 0.05). An increase in MVD was observed at 3 and

7 days after injury in the CCI group compared with the sham-

operated group ( p < 0.05). Administration of COG1410 significantly

suppressed excessive angiogenesis compared with the vehicle group

at 3 and 7 days after injury ( p < 0.05). Further, there was a con-

spicuous difference in morphology between neovascularization after

CCI and normal microvessels in the control group (Fig. 4).

COG1410 reduced neurodegeneration

No significant difference was observed in the density of silver

staining between the sham-operated group and the control group

(n = 5 for each group, p > 0.05). CCI caused widespread silver-

staining abnormalities compared with the sham-operated group

( p < 0.05), and the silver-staining density reached its peak at 3 days

after injury, as determined by densitometric methods. The admin-

istration of COG1410 significantly reduced the density of staining

in the ipsilateral hemisphere of injury over the 7 day testing period

compared with the vehicle group ( p < 0.05, Fig. 5).

COG1410 increased brain glucose uptake after CCI

The sham operation did not affect cerebral glucose uptake (n = 5

for each group, p > 0.05). However, there was a transient reduction

of SUV in the pericontusion and ipsilateral hemisphere of injury. It

reached a minimum at 1 day after injury and then increased and

returned to baseline at 7 days after injury compared with the sham-

operated group ( p < 0.05). COG1410 increased the SUV of the

FIG. 1. COG1410 improved vestibulomotor performance on the
rotarod test after controlled cortical impact (CCI). Mice admin-
istered COG1410 significantly increased their rotarod latencies
compared with the vehicle group at 1, 3, and 7 days post-CCI
(mean – standard error of the mean, n = 5 per group, *p < 0.05,
COG1410-treated group vs. vehicle group).
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pericontusion and ipsilateral hemisphere of injury compared with

the vehicle group at 1 and 3 days after injury ( p < 0.05). However,

there was no statistically significant difference between the vehicle

group and the COG1410-treated group at 7 days after injury

( p > 0.05, Fig. 6).

Correlation analysis of SUV and the rotarod test

Cerebral glucose is believed to a reliable method for evaluating

cognitive deficits and motor dysfunction after TBI.25,27 However,

the relationship between cerebral glucose uptake and vestibulo-

motor function has not been known. In the current study, we per-

formed a Pearson correlation analysis and determined that there

was a close relationship between vestibulomotor function and ce-

rebral glucose uptake (R = 0.828, R2 = 0.686, p < 0.05, Fig. 7).

Higher cerebral glucose uptake was strongly associated with the

recovery of vestibulomotor dysfunction after TBI.

Discussion

In summary, the moderate experimental CCI resulted in lower

cerebral glucose uptake and vestibulomotor deficits and was as-

sociated the upregulation of VEGF and BBB disruption. COG1410

promoted recovery from vestibulomotor deficits and glucose up-

take in the ipsilateral hemisphere and pericontusion of injury

coupled with alleviating the excessive expression of VEGF and the

BBB disruption. Further, cerebral glucose uptake exhibited a

strongly positive correlation with vestibulomotor function. These

results suggest that the therapeutic efficiency of COG1410 may be

associated with the modulation of VEGF.

Previous findings have shown that there was an increase in the

expression of VEGF after TBI.28 However, the role of VEGF in

TBI is still being debated. Angiogenesis induced by the upregula-

tion of VEGF improved subacute cerebral ischemia in the pen-

umbra.29 However, the upregulation of VEGF activated matrix

metalloproteinases (MMPs), which damaged the basilar membrane

and disrupted the BBB.17 Further study demonstrated that there was

a significant increase in the expression of VEGF in apoE-deficient

mice,16 and the latest clinical research indicated that the elevation

of VEGF exhibited an adverse effect from 4 to 14 days, whereas it

had an advantageous effect from 14 to 21 days after TBI.30

FIG. 2. (A) COG1410 reduced Evans blue (EB) dye extravasation after controlled cortical impact (CCI). The results showed that EB
dye extravasation into the brain parenchyma was significantly reduced by the administration of COG1410 at 1 and 3 days after injury,
and returned to baseline at 7 days after injury in the vehicle and COG1410-treated groups. (B) COG1410 reduced immunoglobulin G
(IgG) leakage after CCI. The results showed that IgG leakage was significantly reduced by the administration of COG1410 at 1 and
3 days after injury and returned to baseline at 7 days after injury in the COG1410-treated and vehicle groups. (C) COG1410 reduced
brain water content after CCI. The results showed that the brain water content was significantly reduced by the administration of
COG1410 at 1 and 3 days after injury and returned to baseline at 7 days after injury in the COG1410-treated group. (D) IgG staining.
(mean – standard error of the mean, n = 5 per group, *p < 0.05, COG1410-treated group vs. vehicle group).

FIG. 3. COG1410 suppressed the expression of vascular endo-
thelial growth factor (VEGF) after controlled cortical impact
(CCI). The results showed that the expression of VEGF was sig-
nificantly suppressed by the administration of COG1410 at 1, 3,
and 7 days after injury in the COG1410-treated group (mean –
standard error of the mean, n = 5 per group, *p < 0.05, COG1410-
treated group vs. vehicle group).
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Therefore, we hypothesized that administration of exogenous apoE

mimetic peptide-COG1410 alleviated the BBB disruption via

suppressing the excessive expression of VEGF as a new therapeutic

target of TBI. Our experimental findings were consistent with the

observation that CCI contributes to the expression of VEGF, and

that a higher expression of VEGF increases BBB permeability and

aggravates brain edema in the acute stage of injury. Therefore, from

these perspectives, suppressing the excessive expression of VEGF

is necessary and has therapeutic significance in the acute stage.

Angiogenesis is one of the predominant pathological processes

after TBI and is believed to be a favorable factor in the subacute

stage.31 In our study, we found that CCI induced angiogenesis and

that COG1410 treatment decreased BBB permeability and brain

edema while improving vestibulomotor deficits by partially sup-

pressing angiogenesis in the acute stage. These outcomes might result

from a structurally defective neovascularization32 and excessive ce-

rebral perfusion pressure (CPP), which is increased by excessive

angiogenesis, exacerbates extravasation of components, and aggra-

vates brain edema.25 Johanson and coworkers reported that VEGF

not only enhanced angiogenesis, but also could increase permeability

and place a patient at risk of hemorrhaging in the early stage.33 In

addition, numerous studies have demonstrated that the neovascular-

ization resulted in submacular hemorrhage, and that anti-

angiogenesis or anti-VEGF was useful for the submacular hemor-

rhage.34,35 Micro-PET/CT was applied to verify whether more an-

giogenesis led to higher cerebral glucose uptake. However, more

MVD did not increase the SUV in the vehicle group compared with

the COG1410-treated group. From this perspective, we believe that

suppressing the excessive expression of VEGF and angiogenesis in

the acute stage is necessary, and that COG1410 displays neuropro-

tective effects that are strongly associated with relieving brain edema.

In addition, our findings are consistent with study findings that

BBB permeability was typically biphasic after CCI,36 and that

COG1410 decreases vasogenic brain edema in the acute stage, as

was shown in our previous research.37 Barzó and coworkers re-

ported that vasogenic cerebral edema plays a major role in the acute

stage after brain injury, and that cytotoxic cerebral edema becomes

dominant at 1 week after injury.38 In our study, we found that BBB

permeability nearly returned to baseline in both the vehicle and

COG1410-treated groups at 7 days after injury; however, brain

water content did not return to baseline in the vehicle group. These

findings might mean that COG1410 decreases not only vasogenic

cerebral edema, but also cytotoxic cerebral edema. Finally, there

was a remarkable difference in morphology between the line-like

and bud-like neovascularizations and the ring-shaped normal mi-

crovessels, which might result from the lack of smooth muscle

function in neovascularization.32

APOE has been shown to be associated with the expression of

VEGF, and apoE deficiency increases the expression of VEGF.16

Our research found that COG1410 reduced the expression of

VEGF, and Gao and coworkers reported that anti-VEGF treatment

attenuated the disruption of the BBB through the Toll-like receptor

4 (TLR4)/nuclear factor-jB (NF-jB) signaling pathway in the

acute stage after TBI.39 Therefore, we hypothesize that COG1410

FIG. 4. (A) COG1410 suppressed excessive angiogenesis after controlled cortical impact (CCI). The results showed that there was a
significant increase in microvessel density (MVD) after CCI compared with the sham-operated group, and MVD was significantly
suppressed by the administration of COG1410 at 3 and 7 days after injury in the COG1410-treated group. (B) There was a conspicuous
difference in morphology between neovascularization after CCI and normal microvessels in the control group. The neovascularization
was line-like or bud-like, but the normal microvessels were ring shaped ( · 400) (mean – standard error of the mean, n = 5 per group,
*p < 0.05, COG1410-treated group vs. vehicle group).
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attenuates BBB disruption by reducing the expression of VEGF. In

addition, Bell and coworkers reported that apoE reduced BBB

permeability via the cyclophilin A (CypA)-NF-jB pathway through

binding with the apoE receptor LRP-1.40 As COG1410 is a peptide

derived from the receptor-binding domain of apoE, it may theoret-

ically reduce BBB permeability through the abovementioned path-

way; however, the mechanism requires further study.

The evaluation of cerebral glucose metabolism with PET with

[18F]FDG is believed to be an effective and reliable imaging tech-

nique for studying brain metabolism. However, PET is a functional

imaging modality and lacks precise anatomical localization. By

providing anatomical localization and glucose metabolism imaging,

micro-PET/CT is believed to be the best technique for studying

traumatic penumbra.41 Micro-PET/CT was applied to test the cere-

bral glucose metabolism after suppressing the expression of VEGF.

The present study demonstrated that CCI induced glucose hypo-

metabolism and that the administration of COG1410 markedly in-

creased cerebral glucose uptake not only in the penumbra, but also in

the ipsilateral hemisphere. These findings are comparable to the

glucose hypometabolism that has been reported in rat and human

TBI studies.42 However, we did not find hypermetabolism after CCI,

because the first testing time was 1 day after injury in our study, and

hypermetabolism is usually observed several hours after injury in

moderate to severe brain injuries.43 In addition, the change of cere-

bral glucose metabolism could be detected before the serology

changes and clinical symptoms, and the PET/CT was applied to di-

agnose Alzheimer’s disease (AD) in the earliest stages.44 In the

current study, the cerebral glucose uptake value returning to the

baseline occurred prior to the vestibulomotor function returning back

to normal, and the cerebral glucose uptake value exhibited a strongly

positive correlation with vestibulomotor function. Therefore, the

cerebral glucose uptake value could be used as an important reference

standard for judging the prognosis of TBI as described in the article.

Traditionally, ischemia after neurotrauma could be improved or

overcome by angiogenesis in the subacute stage.29 However, in-

creased angiogenesis not only aggravated brain edema but also

decreased the pericontusion and ipsilateral hemisphere glucose

uptake in the acute stage in our study. These outcomes might result

from deepening brain edema, which leads to neuron death, and,

eventually, to hypometabolism.25 To verify this hypothesis, silver

staining was used in our study, and we found that there was less

neuronal degeneration in the ipsilateral hemisphere after COG1410

treatment. From this perspective, we speculate that COG1410

might exert a neuroprotective effect by reducing brain edema and

increasing neuron survival.

In addition, insulin was the most important endocrine factor for

glucose uptake and utilization.45 Agudo and coworkers46 reported

that the upregulation of VEGF leading to b-cell failure resulted from

FIG. 5. (A) COG1410 reduced the neurodegeneration in the ipsilateral hemisphere of injury after controlled cortical impact (CCI).
The results showed that neurodegeneration was significantly reduced by the administration of COG1410 at 1, 3, and 7 days after injury
in the COG1410-treated group. (B) Silver staining (mean – standard error of the mean, n = 5 per group, *p < 0.05, COG1410-treated
group vs. vehicle group).
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aggravating the inflammatory process, after which the glucose me-

tabolism disorder was initiated and anti-VEGF treatment enhanced

the glucose uptake.47,48 COG1410 suppressed the expression of

VEGF in the current study, and it might reduce the b-cell failure to

promote glucose uptake. Moreover, glucose transporter -4 (Glut-4)

was the primary transporter of glucose transporting glucose into the

cells, and the expression of Glut-4 was regulated by APOE.44,49 As

COG1410 is a peptide derived from the receptor-binding domain of

apoE, it might regulate the expression of Glut-4 to affect glucose

uptake. Finally, Berkel and coworkers50 believed that the increased

endothelial surface area contributed to higher accumulation of

[18F]FDG supporting the idea that functionality of vessels is more

critical for SUVs than MVD. Therefore, from these perspectives,

suppression the expression of VEGF could increase the cerebral

glucose uptake rather than decreasing the glucose uptake.

There are several limitations in the current study. First, a precise

analysis of the accurate anatomical locations was not possible us-

ing micro-PET/CT. Co-registered technology, such as micro-PET/

MRI, is necessary for further study. Second, because there are APOE

polymorphisms in human beings, APOEe2, APOEe3, and APOEe4
transgenic mice need to be used to analyze the effect of the different

apoE-protein isoforms on VEGF, angiogenesis, and cerebral glucose

uptake. Finally, the effect of COG1410 on VEGF, angiogenesis, and

cerebral glucose uptake in the subacute or chronic stage is worthy

studying.

Conclusion

In conclusion, these findings support a neuroprotective effect of

COG1410 by relieving the BBB disruption and brain edema, which

promotes cerebral glucose uptake and vestibulomotor function re-

covery in the acute stage following CCI. Our current findings and

the results of other studies suggest that COG1410 is a promising

pre-clinical therapeutic agent for the treatment of TBI.
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tionship between motor function and cerebral glucose metabolism
(R = 0. 828, R2 = 0.686, p < 0.05).
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