
Apolipoprotein E-Mimetic COG1410 Reduces Acute
Vasogenic Edema following Traumatic Brain Injury

Fang Cao,1,* Yong Jiang2,* Yue Wu,1 Jianjun Zhong,1 Jieshi Liu,2 Xinghu Qin,2 Ligang Chen,2

Michael P. Vitek,3 Fengqiao Li,4 Lu Xu,5 and Xiaochuan Sun1

Abstract

The degree of post-traumatic brain edema and dysfunction of the blood–brain barrier (BBB) influences the neurofunctional

outcome after a traumatic brain injury (TBI). Previous studies have demonstrated that the administration of apolipoprotein E-

mimetic peptide COG1410 reduces the brain water content after subarachnoid hemorrhage, intra-cerebral hemorrhage, and

focal brain ischemia. However, the effects of COG1410 on vasogenic edema following TBI are not known. The current study

evaluated the effects of 1 mg/kg daily COG1410 versus saline administered intravenously after a controlled cortical impact

(CCI) injury on BBB dysfunction and vasogenic edema at an acute stage in mice. The results demonstrated that treatment

with COG1410 suppressed the activity of matrix metalloproteinase-9, reduced the disruption of the BBB and Evans Blue dye

extravasation, reduced the TBI lesion volume and vasogenic edema, and decreased the functional deficits compared with

mice treated with vehicle, at an acute stage after CCI. These findings suggest that COG1410 is a promising preclinical

therapeutic agent for the treatment of traumatic brain injury.
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Introduction

Secondary injury after traumatic brain injury (TBI), including

the loss of ionic homeostasis, excitotoxic damage, increased

release of inflammatory mediators, and oxidative factors all con-

tribute to the disruption of the blood–brain barrier (BBB) and

formation of vasogenic edema.1,2 The degree of the post-traumatic

cerebral edema is one of the main determinants of neurological

outcome and survival after a TBI.1 Therefore, reducing vasogenic

edema by protecting the BBB has become a focus of recent research

to improve neurofunction after a TBI.3

Apolipoprotein E (apoE) is the major apolipoprotein expressed

in the human brain and it is the most significantly up-regulated

apolipoprotein that is synthesized in the brain after an injury.4 ApoE

is a neuroprotective factor in the central nervous system (CNS)

with combined beneficial anti-inflammatary,5,6 anti-oxidant,7 and

anti-excitotoxic8 activities after a brain injury. ApoE-deficient mice

are cognitively impaired and exhibit more severe motor and

cognitive deficits after closed head injury, compared with wild-

type mice.9,10 One of the reasons for these differences may be that

the lack of apoE leads to BBB breakdown, increases BBB sus-

ceptibility to injury, and exacerbates brain edema after brain

trauma.10–13

However, the intact apoE holoprotein is too large to cross the

BBB because of the 34-kDa molecular weight. A series of small

apoE-mimetic peptides derived from the receptor-binding region of

apoE that cross the BBB and retain the neuroprotective properties

of the apoE holoprotein were generated to address this issue.14,15

Several studies, including our previous research, assessed the ef-

fects of COG1410 (a peptide derive from apoE amino acid residues

138–149) on reductions in microglial activation, neuronal cell

death, traumatic axonal injury, and neurofunctional deficits in an-

imal models of TBI.16–18 However, to our knowledge, the effects of

COG1410 on BBB permeability and brain vasogenic edema after

TBI have not been reported. The current study examined the pro-

tective effects of COG1410 on the BBB and on the reduction of
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brain vasogenic edema when administered following controlled

cortical impact (CCI) injury.

Methods

In this study, all the procedures were evaluated and approved by
the Animal Care and Use Committee at the Fist Affiliated Hospital
of Chongqing Medical University in Chongqing, China.

Experimental TBI: CCI

Wild type (WT) C57BL/6J male mice, 10 to 12 weeks old and
weighing 18–23 g, were used in our experiments. The mice were
labeled after removal from the feeding center and randomly divided
into different groups (sham injury + saline group, TBI + saline
group, and TBI + COG1410 group) using the randomizer of Excel.
Subsequent CCI injury was produced on the exposed cortex using a
controlled impactor device, TBI-0310 TBI Model system (Preci-
sion Systems and Instrumentation, LLC, Fairfax Station, VA), as
previously described.19 Briefly, the mice were deeply anesthetized,
and a 5-mm right lateral craniotomy centered at 2.7 mm lateral from
the midline and 3 mm anterior to the lambda was performed using a
motorized drill. The skull was removed without disrupting the dura.
The CCI injury was produced using a pneumatic cylinder with a 3-
mm diameter flat-tip impounder with an impact velocity of 3 m/sec,
a dwell time of 100 msec, and a cortical contusion depth of 1.5 mm.
A plastic skull cap was secured over the craniotomy after the injury
and the scalp was sutured closed with nylon sutures before the mice
recovered from anesthesia. The mice were maintained at 37�
throughout the duration of the surgery using a rectal temperature
probe and feedback temperature controller. The anesthetized mice
were placed in an incubator (37�) until they recovered the ability to
ambulate. This procedure produces a moderately severe contusion
in the right sensorimotor cortex with pronounced behavioral defi-
cits but virtually no mortality. Sham injury mice underwent the
same surgical procedure, including the anesthesia and craniotomy,
without the CCI injury.

COG 1410 synthesis and peptide injections

The COG1410 peptide aeetyl-AS-Aib-LRKL-Aib-KRLL-am-
ide, composed of apoE residues 138–149 with aminoiso-butyric
acid (Aib) substitutions at positions 140 and 145, was synthesized,
purified, and kindly provided by Cognosci (Research Triangle Park,
NC). The peptide was dissolved in a sterile 0.9% saline solution
immediately prior to use, and the solution was injected into the tail
vein at a dose of 1 mg/kg. The peptide was administered immedi-
ately after the scalp was sutured closed post-CCI, followed by a
once-daily intravenous injection until the day before the mice were
sacrificed.20 The vehicle groups underwent injections of only
sterile 0.9% saline at each time-point. The investigator who ad-
ministered the treatment was different from the investigator who
performed the surgeries and a single investigator who was blinded
to the injury status and treatment regimens of the animals per-
formed all assessments.

Rotarod test

A rotarod instrument (ZB-200 Rota-Rod Treadmill; Taimeng
Software Co. LTD, Chengdu, China) was used to assess vestibu-
lomotor function of mice. The mice underwent three trials at a
stationary rotational speed 16 rpm for 1 min on the day prior to CCI
(interval of 15 min between trials). Three trials with an accelerating
rotational speed were performed 1 h before CCI as described by
Hamm and colleagues.21 The average time to fall from the rotating
cylinder in the later three trials was recorded as the baseline latency.
The mice underwent three consecutive daily accelerating rotational
speed trials on Days 1–3 after CCI or sham injury (interval of
15 min). The average latency of falling from the rotarod device was
recorded for each mouse.

Determination of Evans Blue dye extravasation

Evans Blue (EB) dye (2% weight/volume [w/v] in phosphate-
buffered saline [PBS]) in a volume of 4 mL/kg (50 lg per gram of

FIG. 1. COG1410 improves functional motor performance on
rotarod after controlled cortical impact (CCI). Rotarod test was
used to assess the vestibulomotor function of mice. The time of
baseline latency at 1 h prior to injury and latencies at Days 1–3
after injury in different groups were continuously demonstrated.
Mice administered COG1410 significantly increased rotarod la-
tencies compared with the vehicle groups at 1, 2 and 3 d post-CCI.
(mean – standard error of the mean, n = 5 per group, *p < 0.05,
**p < 0.01, COG1410 group vs. vehicle group).

FIG. 2. COG1410 reduced Evans Blue (EB) dye extravasation
after controlled cortical impact (CCI). The blood–brain barrier
permeability was evaluated by EB dye. The optical density (OD) of
EB per gram of brain tissue of sham injury, vehicle- and COG1410-
treated mice at Day 1 and Day 3 after brain injury were measured.
The results revealed that the EB dye extravasation into brain pa-
renchyma was significantly reduced by COG1410 treatment at Day
1 and Day 3 post-CCI (mean – standard error of the mean, n = 5 per
group, **p < 0.01, COG1410 group vs. vehicle group).
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body weight) was given via a tail vein injection after CCI and al-
lowed to circulate for 3 h. The mice were sacrificed and transcardially
perfused with PBS until colorless PBS came out off the right atrium.
The injured hemispheres were removed, and the olfactory bulb and
cerebellum were separated, weighed, and homogenized in 2 mL of
PBS followed by the addition of 2 mL of 60% trichloroacetic acid (w/
v). The homogenates were centrifuged at 18,000 g at 4�C for 10 min,
and absorbance of 200 mL of supernatant at 620 nm was measured
using a microplate reader (Elx800; Biotek, Winooski, VT). The
optical density (OD) of the EB dye in each sample was recorded, and
the results are expressed as OD per gram of brain tissue.22

MRI protocol

All magnetic resonance imaging (MRI) scans were performed
using a Bruker 7T (70/20) system (BrukerBiospin, Billerica, MA).
Pre- and post-CCI mice were anesthetized after the rotarod test
using a gas mixture (induction, 5% isoflurane with 1 L/min O2;
maintenance, 1% isoflurane with 1 L/min O2), and mounted in a
Bruker animal bed. The body temperature was maintained at 37�C,
and the respiratory rate was continuously monitored. T2-weighted

images were acquired using RARE (repetition time = 4000, echo
time = 45, RARE factor 8, 0.5 mm, field of view 2.5 cm, 256 · 256).
The images were analyzed by using Bruker ParaVision 6.0 soft-
ware. The lesion volumes were determined as pixels with T2 values
higher than the mean plus two standard deviations of the value in
the homologous contralesional region.23

Preparation of brain tissue and protein determination

Tissues from each injured hemispheres were separated after CCI
or sham injury, weighed and immediately frozen in liquid nitrogen.
Tissue samples from each group were lysed in RIPA Lysis Buffer
with a protease inhibitor cocktail (05892791001; Roche, Basel,
Switzerland) and homogenized at 4�C until lysis was complete.
Protein was extracted using a Protein Extraction Kit (P0033B;
Beyotime Institute of Biotechnology, Shanghai, China). The pro-
tein concentration was determined by enhanced BCA protein assay
kit (P0010S; Beyotime Institute of Biotechnology). Half of the
protein was boiled 5 min with buffer for western blotting; the other
half of the protein sample was not boiled and was used for gelatin
zymography.

FIG. 3. COG1410 reduced lesion volume after controlled cortical impact (CCI). Representative T 2 maps were shown for the entire
CCI lesion volume of a vehicle-treated and a COG1410-treated mouse pre- and post-CCI at Day 1 and Day 3 (A). The lesion volumes in
COG1410-treated mice compared with vehicle-treated mice at Day 1 and Day 3 post-CCI are plotted (B). The results demonstrated that
the lesion volume was markedly reduced by COG1410 treatment at Day 1 and Day 3 post-CCI. Veh, vehicle-treated mice; COG,
COG1410-treated mice; D, day post-CCI. mean – standard error of the mean. n = 5 per group. *p < 0.05, **p < 0.01, COG1410 group vs.
vehicle group.
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Gelatin zymography

The matrix metalloproteinase-9 (MMP-9) activity was exam-
ined using gelatin zymography as previously described.24 An equal
amount of protein from each group was loaded and separated in a
10% polyacrylamide gel copolymerized with gelatin (1 mg/mL).
The gels were renatured after separation by electrophoresis, and
incubated with developing buffer for 40 h at 37�. Then, the gels
were stained with 0.5% Coomassie Blue R-250 for 30 min and
destained with 20% ethanol and 10% acetic acid. The MMP-9
activity was quantified using densitometric analyses with the Na-
tional Institutes of Health Image J software (Image J 1.42q; Na-
tional Institutes of Health, Bethesda, Maryland). The results
expressed as relative OD.

Western blotting

Equal amounts of each protein were processed for electrophoretic
separation (SDS-PAGE) and subsequent electrotransfer to poly-
vinylidene fluoride membranes. The western blots were blocked with
5% bovine serum albumin at room temperature for 1 h. The mem-
brane was incubated at 4�C overnight with a primary antibody (rabbit
polyclonal anti-occludin [1:1,000, sc-5562; Santa Cruz Biotechnol-
ogy, Inc., Dallas, Texas], rabbit polyclonal anti-claudin-5 [1:1,000,
sc-28670; Santa Cruz Biotechnology, Inc.], a rabbit polyclonal anti-
ZO-1 [1:1,000, sc-10804; Santa Cruz Biotechnology, Inc.], mouse
monoclonal anti-b-actin [1:1,000, sc47778; Santa Cruz Biotechnol-
ogy, Inc.]), followed by incubation for 1 h with a secondary anti-
body conjugated with horseradish peroxidase. The bands were
revealed using ECL Western Blotting kit (32209; Thermo Scientific,
Waltham, MA) and photographed by a chemiluminescence imaging
system (ChemiDoc XRS + ; Bio-Rad, Hercules, CA). The amount of
protein in each band was quantified using Quantity One 4.6.2 com-
puter software (Bio-Rad, Hercules, CA).

Statistical analysis

All data were analyzed using the SPSS 19 software package
(SPSS, Inc., Chicago, IL). All data are expressed as the mean –
standard error of the mean (SEM) of five animals. The rotarod
latencies were compared using repeated measures of analysis of
variance (ANOVA) with time as the repeated variable, and using
Dunnett’s post hoc method to correct for repeated comparisons. The
EB dye extravasation, MMP-9 activity, and tight junction marker
expression were compared with one-way ANOVA using treatment
group (COG1410 vs. saline) as the variable. Student’s t-test was used
to compare lesion volume. Statistical significance was assumed with
p < 0.05. All values are expressed as the means – SEM.

Results

COG1410 improves neurological function after CCI

The vestibulomotor function of the mice was assessed using

rotarod latencies in different groups (n = 5 mice/group). The rotarod

latencies were assessed 1 h before injury and on Days 1–3 fol-

lowing brain injury. Mice administered COG1410 continued to

exhibit significant improvements in their rotarod performance

compared with the vehicle groups on Days 1, 2, and 3 post-CCI

( p = 0.03, 0.018, and 0.001, respectively; Fig. 1).

COG1410 reduced blood brain barrier permeability
after CCI

BBB permeability was evaluated using EB dye injection on Day

1 and Day 3 after CCI or sham injury. Systemic changes in skin

color were observed immediately following the tail vein injections.

The mice were sacrificed and the brains were harvested to evaluate

EB dye extravasation 3 h after the injection. The results demon-

strated that COG1410 treatment significantly reduced EB dye ex-

travasation on Day 1 ( p = 0.004) and Day 3 ( p = 0.006), compared

with the vehicle control group (Fig. 2).

COG1410 reduced the lesion volume and vasogenic
edema after CCI

T2WI MRI of a Bruker 7T system was used to evaluate the lesion

volume after CCI. The representative T2 maps show entire CCI

lesions in vehicle-treated and COG1410-treated animals pre-CCI

and on Day 1 and Day 3 post-CCI (Fig. 3A). The hyperintense areas

indicate the lesions. The lesion volumes in the COG1410-treated

group were significantly smaller than those in the vehicle-treated

group on Day 1 (reduced by 41.1%; p = 0.011) and Day 3 (reduced

by 44.5%; p = 0.002) post-CCI (Fig. 3B). These results indicated

that COG1410 treatment markedly reduced the TBI lesion volume

and vasogenic edema.

COG1410 reduced MMP-9 activity after CCI

The tight junctions of the BBB are a substrate of MMP-9, and

disruption of tight junctions is related to MMP-9 activity. The

MMP-9 activity in the injured hemispheres was evaluated using

gelatin zymography. Densitometric analysis demonstrated that

COG1410 treatment significantly reduced the gelatinase activity of

FIG. 4. COG1410 reduced MMP-9 activity after controlled
cortical impact (CCI). Representative bands for active MMP-9 by
zymography (A). The optical density of sham injury group at Day
1 was provided for standard reference values. Relative optical
density was compared between in COG1410-treated mice and
vehicle-treated mice at Day 1 and Day 3 post-CCI (B). The bar
graph demonstrated that COG1410 treatment significantly reduced
the activity of MMP-9 at Day 1 and Day 3 post-CCI.
(mean – standard error of the mean, n = 5 per group, *p < 0.05,
**p < 0.01, COG1410 group vs. vehicle group).
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MMP-9 on Day 1 and Day 3 post-CCI ( p < 0.01 and p < 0.05,

respectively; Fig 4).

COG1410 reduced BBB disruption after CCI

Tight junctions, which consist of ZO-1, occludin, claudins, and

other proteins, are an important component of the BBB. The ex-

pression of these tight junction markers was reduced following

TBI.25 Tight junctions in the injured hemispheres were evaluated

using western blotting and densitometry of protein bands. The

densitometry analyses revealed that COG1410 treatment signifi-

cantly protected the expression of the tight junction component

on Day 1 and Day 3 post-CCI ( *p < 0.05; **p < 0.01, respectively;

Fig 5).

Discussion

We demonstrated that COG1410 administration significantly

promoted the functional recovery, reduced the TBI lesion volume,

and reduced vasogenic edema following TBI, which supports a

therapeutic benefit of this agent. We also found that COG1410

treatment suppressed the MMP-9 activity, disruption of the BBB,

and the EB dye extravasation, compared with the vehicle-treated

mice in acute stages post-CCI. These results suggest that the

therapeutic efficacy of the apoE-mimetic peptide COG1410 is as-

sociated with the modulation of BBB integrity.

Numerous findings have demonstrated that apoE deficiency in-

creases the permeability of BBB in vivo and in vitro,11–13,26,27

especially after brain injury.13 There are two known associated

mechanisms that account for this effect. First, apoE regulates BBB

integrity via the cyclophilin A–nuclear factor-jB–MMP-9 pathway

through binding of the apoE receptor LRP111. Second, apoE in-

creases the transendothelial electrical resistance of the BBB by

promoting the phosphorylation of occludin at threonine residues

by protein kinase C.26 Several studies demonstrated that COG1410

reduced the brain water content after subarachnoid hemorrhage,28

intracerebral hemorrhage,29,30 and focal brain ischemia.31 The

present study demonstrated that COG1410 treatment in the acute

stages post-CCI the attenuated the functional impairment of

the BBB. We also demonstrated that COG1410 reduced the

MMP-9 activity and ameliorated the disruption of claudin-5, oc-

cludin and ZO-1 on Day 1 and Day 3 post-CCI.

There are several possible interpretations of these results. First,

COG1410 is a peptide that is derived from the receptor binding

domain of apoE, which suggests that COG1410 reduces MMP-9

activity via the cyclophilin A-nuclear factor-jB pathway through

binding apoE receptor LRP1. Second, because MMP-9 is activated

by free radicals, such as nitric oxide,32,33 and COG1410 reduces the

oxidative stress post-CCI15; therefore, COG1410 may reduce the

MMP-9 activity by inhibiting the oxidative stress after a TBI.

Further studies are needed to examine whether COG1410 influ-

ences the phosphorylation of BBB tight junction.

Inflammatory stress is another predominant secondary injury

after TBI that causes BBB damage.1 ApoE and the apoE-mimetic

peptide COG133 demonstrated a strong protective effect of inhi-

bition of inflammatory response in the CNS.6,34 The second gen-

eration of apoE-mimetic peptide, COG1040, is more efficacious in

reducing CNS inflammation, compared with the first generation of

apoE-mimetic peptide COG133,35 and COG1410 increases the

FIG. 5. COG1410 reduced tight junction disruption after controlled cortical impact (CCI). Representative western blots of protein
components of the tight junction (A). The relative optical density of protein bands for ZO-1 (B), occludin (C), claudin-5 (D) of sham
injury group at Day 1 was provided for standard reference values. Relative optical density of tight junction component proteins was
compared between in COG1410-treated mice and vehicle-treated mice. The results revealed that COG1410 treatment significantly
reduced the loss of tight junction protein components at Day 1 and Day 3 post-CCI (mean – standard error of the mean, n = 5 per group,
*p < 0.05, **p < 0.01, COG1410 group vs. vehicle group).
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therapeutic window post-CCI from 30 min with COG133 to 2 h

with COG1410,15 while most clinical studies of TBI have initiated

treatment at 6–12 h, and neither 30 min nor 120 min are clinically

feasible. Further work is required to address the therapeutic time-

window.

Unlike other methods, such as cresyl violet-stained frozen

slicing, T2WI MRI is able to dynamically monitor lesion volume

in living animals. The present study demonstrated that admin-

istration of COG1410 markedly reduced the lesion volumes on

Day 1 and Day 3 post-CCI corresponding to the acute stage. Our

results were consistent with previous studies reporting that

COG1410 reduced the size of the injury cavity in animal models

of TBI.17,18

One of the important reasons for the hyper-density of the T2WI

is the increase in brain water content; there is a strong linear cor-

relation between the T2WI and brain water content.36 The edema in

the acute stage of TBI is a mixed cytotoxic/vasogenic brain edema.

However, the vasogenic edema caused by BBB hyperpermeability

is the primary reason for the increase of brain water content.3 The

whole water content in the focally injured tissue hardly changes

during the water transference from extracellular to intracellular

sites during the formation of cytotoxic edema.37 Therefore, T2WI

is a reliable method, and it has been used to detect lesion volume

and vasogenic edema in animal models of cerebral hypoxia-is-

chemia36,38 and controlled cortical impact.23 Other pathophysio-

logical features beyond cerebral edema, such as hemorrhage, also

may influence the T2 signal. However, in our experiments, the

interference is very small because the CCI was a moderate injury

that caused little hemorrhage. We maintained strict hemostasis

post-CCI before closure of the skull with a plastic skull cap, which

minimized the impact of hemorrhage. Therefore, our results dem-

onstrated that administration of COG1410 reduced the vasogenic

brain edema after CCI.

MMP-9 is activated after brain trauma, and its activity peaks

24 h after TBI.39 The brain water content is maximal 2–3 d after

focal contusion in models of TBI,3,23,40 including CCI model. Our

previous study demonstrated that this CCI model produces a central

contusion and surrounding pericontusional axonal injury.16 The

current study demonstrated that the increase in the BBB perme-

ability and edema on Day 3 was more severe than on Day 1 post-

CCI. The experimental traumatic brain injuries used in the current

study are somewhat similar to human clinical TBI. However, this

CCI model produces a central contusion, whereas most of the TBI

in humans occurs in a scattered, multifocal distribution pattern.

Therefore, the pathophysiology between these injuries is differ-

ent. Diffuse models of TBI demonstrate an earlier time-point for

maximum edema development at 24 h after brain injury.41 Briefly,

the acute stage is the very important period for investigating the

effect of drugs on MMP-9 activity and brain edema post-CCI.

Therefore, we chose the Day 1 and Day 3 post-CCI as our study

time-points. Our results demonstrated that COG1410 markedly

decreased the peak vasogenic edema after TBI.

The degree of post-traumatic brain edema and BBB dysfunction

influences the neurofunctional outcome,1,42 and inhibition of

MMP-9 attenuates the behavioral impairments after TBI.43

Therefore, the ability of COG1410 to reduce vasogenic edema and

its effects on the vestbulomotor function test demonstrate the po-

tential for this apoE peptide to alter important aspects of neuronal

function following TBI. The neuroprotection provided by

COG1410 administration after TBI in our study is consistent with

previous work reporting that COG1410 reduced the behavioral

deficits in different animal models of TBI.15,17,18,20

There are several limitations of the current study. First, the effect

of COG1410 on edema was tested only during an acute stage post-

CCI. We did not test the effects in the subacute stage or verify

whether COG1410 reduced the overall time-course of edema after

TBI. The present study specifically assessed the potential effects of

COG1410 on MMP-9 activity and vasogenic brain edema. These

two parameters change the most during the acute stage after

TBI.3,39,40 Therefore, we chose the acute stage as the time-point for

our studies. We included a subacute stage time-point (the seventh

day post-CCI) in our preliminary experiment, but we found that the

EB dye extravasation had returned to normal (data not shown). This

result was consistent with previous studies that reported the nor-

malization of EB dye extravasation on the seventh day in different

animal models of TBI.13,44,45 Therefore, we used short-term out-

comes to evaluate the therapeutic effect of COG1410 in this study.

Future investigations of additional time-points are required to ad-

dress the effects of other secondary injuries following traumatic

brain injury.

Second, cytotoxic brain edema is one type of predominant

edema after TBI.3 We examined the effect of COG1410 on vaso-

genic edema post-CCI but we did not directly examine its effect on

cytotoxic brain edema. Further studies are needed to determine

whether apoE and apoE-mimetic peptides such as COG1410 in-

fluence cytotoxic brain edema after TBI.

Third, dynamic contrast-enhanced MRI (DCE-MRI) and its

volume transfer coefficient (Ktrans) can be used to quantitatively

analyze BBB permeability after TBI.46 However, this method re-

quires quantitative intravascular injections of MRI-contrast agent

at a constant rate using a microinfusion pump. It is technically

challenging to administer contrast agent via tail vein of C57BL/6J

mice and maintain a stable dose of contrast agent. Our further

studies will verify the effect of COG1410 on Ktrans after TBI in

larger species.

In conclusion, these findings support a protective effect of

COG1410 by reducing the disruption of the BBB and the devel-

opment of vasogenic brain edema in an animal model of TBI. Our

current findings and the results of others suggests that COG1410 is

a promising preclinical therapeutic agent for the treatment of

traumatic brain injury.
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