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Abstract
COG1410, a small, novel ApoE-mimetic peptide derived from the receptor binding region of
Apolipoprotein E (ApoE), has been classified as anti-inflammatory in nature and improves motor,
sensorimotor, and cognitive dysfunction following cortical contusion injury (CCI). In order to
further examine COG1410’s preclinical efficacy on cognitive recovery, the present study
evaluated COG1410 following moderate fluid percussion injury (FPI). Animals were prepared
with a moderate, unilateral FPI over the hippocampus. Following FPI, animals received a regimen
of five doses of COG1410 or vehicle at 2 and 4 hrs (1.0 mg/kg, i.v.) followed by additional doses
administered 24, 48, and 72 hrs (1.0 mg/kg, i.p.). Prior to injury, animals were trained for four
days (4 trials/day) in the Morris water maze (MWM) and then tested for retrograde amnesia on
post-FPI day 11 and then on a working memory task on day 18. Testing for motor dysfunction on
the tapered balanced beam began on day 2 post-FPI. Administration of this regimen of COG1410
significantly improved retention of memory in the retrograde amnesia test compared to vehicle
post-FPI. However, COG1410 did not significantly improve acquisition of working memory in the
MWM. Motor dysfunction on the tapered beam post-FPI was improved in the COG1410-treated
group compared to vehicle treatment. Cortical lesion analysis revealed that the COG1410-treated
animals demonstrated significantly less tissue loss compared to vehicle-treated animals. The
results of this study suggest that COG1410 significantly limited the behavioral dysfunction and
tissue loss associated with FPI and demonstrated continued preclinical efficacy for TBI.

Keywords
Traumatic brain injury; therapy; recovery of function; amnesia; treatment; FPI

Correspondence: M.R. Hoane, Ph.D., Restorative Neuroscience Laboratory, Department of Psychology, Life Science II, MC 6502,
Southern Illinois University, Carbondale, IL, 62901, ph: 618.453.3517, fax 618.453.3563, mhoane@siu.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Behav Brain Res. Author manuscript; available in PMC 2011 December 25.

Published in final edited form as:
Behav Brain Res. 2010 December 25; 214(2): 395–401. doi:10.1016/j.bbr.2010.06.017.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Traumatic Brain Injury (TBI) is an extremely serious public health issue within the United
States. Conservative estimates put the incidence rate for closed head injuries at 200 per
100,000, yielding 500,000 cases in the United States [35]. Penetrating head wounds in the
United States occur at a rate of 12 per 100,000 people [35], but this number is compounded
by the recent military operations in Iraq and Afghanistan. One military study of a
mechanized battalion of marines in Iraq reported 70% of all injuries being to the upper
extremity and head [9]. Another largely debilitating aspect of TBI is that no proven
pharmacological treatment exists and all promising candidates for treatment have failed
during Phase II and III clinical trials [35,45].

In recent years, most TBI treatments have mainly focused on preventing or reducing the
cascade of excitotoxicity following TBI [3]. However, a vast literature exists detailing the
role of inflammation following TBI, but there are no current effective treatments targeting
the inflammatory process [29,45]. Apolipoprotein E (ApoE: protein, APOE: gene) is the
most common apolipoprotein synthesized in the brain in response to injury. This 199
residue, 34 kDa protein is well known for its anti-inflammatory effects following brain
injury, as well as its ability to reduce oxidation and excitotoxicity, and also appears to
exhibit many neurotrophic properties [1,5,19–20,26-27,36].

COG1410 has demonstrated many neuroprotective properties in recent animal studies. It has
been demonstrated that, in a murine model of closed head TBI (using the pneumatically
induced skull impact model), a single dose of COG1410 administered 2 hrs post-TBI
significantly improved vestibulomotor function on the Rotorod test, improved learning and
memory in the Morris water maze (MWM), and demonstrated hippocampal neuronal
sparing and microglial activity suppression [22]. It has also been shown that a single dose of
0.8 mg/kg COG1410 administered 30 min post-CCI significantly improved sensorimotor
and somatosensory function, but did not improve vestibulomotor function [13]. This dose
also aided in significant cortical tissue sparing as well as reducing astrocytic activation post-
TBI. In a more recent study, a bilateral frontal CCI model was employed where animals
received a 2-dose regimen (30 min and 24 hrs post-CCI) of 0.8 mg/kg COG1410. This
regimen significantly improved memory retention in both a reference and working memory
task in the MWM. COG1410 appeared to improve somatosensory performance on the tactile
adhesive removal task and also demonstrated significant cortical neuronal and tissue sparing
[16]. However, COG1410 has never been tested in the fluid percussion injury (FPI) model
of TBI, which models more diffuse injury than the CCI model and may replicate aspects of
blast TBI (bTBI).

The purpose of the present study was to examine the preclinical efficacy of a new dosing
regimen of COG1410 in the FPI model. Current thinking in translational TBI research
suggests testing novel therapies in at least two different rodent models of TBI [39].
Following unilateral FPI over the hippocampus, animals were administered a 1.0 mg/kg
dose of COG1410 at 2 and 4 hrs (i.v.) post-FPI with additional doses administered at 24, 48,
and 72 hrs (i.p.) post-FPI. Rats were tested on a battery of behavioral tests and their brains
were harvested for histological analyses.

Methods and Methods
Subjects

Thirty-six, ~4 month old, male Long-Evans rats (mean weight, 481g) were used in this
experiment. This study included 4 groups of animals (FPI-COG1410, FPI-Vehicle, Sham-
COG1410, Sham-Vehicle). One animal from each group (FPI-COG1410, FPI-Vehicle,
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Sham-Vehicle) was removed from the study post-FPI due to respiratory failure and were not
replaced. The experimental procedures conducted within this study were reviewed and
approved by the Institutional Animal Care and Use Committee and the study was conducted
in a facility certified by the American Association for the Accreditation of Laboratory
Animal Care. Rats were maintained on a standard 12 hr light/dark cycle with food and water
available ad libitum.

Surgery
Aseptic procedures and conditions were maintained for all animals during the surgical
procedure in accordance with previously detailed methods [12,41]. Brain injury was induced
by FPI (VCU Biomedical Engineering, Richmond VA) using methods established by
McIntosh et al. [32]. Each rat was anesthetized using a mixture of Isoflurane (2–4%), nitrous
oxide (0.2 L/min), and oxygen (0.8 L/min) without intubation. When the rat reached stage
III level of anesthesia (i.e., nonresponsive, exhibiting no hindlimb withdrawal reflex), its
head was shaved and was placed into a stereotaxic device (Stoelting Instruments, Wood
Dale, IL). Normal body temperature (37°C) was maintained throughout surgery with the use
of a rectal probe feedback device attached to a heating pad. Betadine was applied to the rat’s
head and a midline incision was made in the skin and underlying fascia. A unilateral,
circular 4.0 mm craniotomy was made over the left hemisphere, centered at 4.4 mm
posterior to bregma and 2.4 mm lateral to the midline. The dura remained intact. A plastic
female Luer coupling was attached to the dry skull over the craniotomy using Temp Bond
(Kerr Manufacturing Co, Romulus MI). Dental acrylic was used to secure the Luer coupling,
which was then filled with sterile 0.9% saline. The animal was attached to the FPI device
and a moderate fluid pressure pulse (mean = 1.80 atm; SD = 0.09) was delivered as soon as
the hindlimb withdrawal reflex was elicited at a stage III-1 anesthesia level to ensure that all
rats were injured at the same surgical level of anesthesia. The duration of the ensuing apnea
(defined as the amount of time to regain spontaneous breathing) and loss of consciousness
(defined as the amount of time until a positive hindlimb withdrawal reflex was displayed
following injury) were recorded. Following the return of the hindlimb withdrawal reflex, the
animal was placed back into the stereotaxic device, brought back to a stage III level of
anesthesia, and the incision was sutured. Sham animals underwent the same procedures,
including the craniotomy, but did not receive an FPI.

Synthesis of Peptides
Peptides were synthesized by NeoMPS (San Diego, CA) to a purity of 95%. COG1410 is
Ac-AS(Aib)LRKL(Aib)KRLL-amide, which is derived from apoE residues 138–149 with
Aib substitutions at positions 140 and 145. The peptides were reconstituted in sterile, 0.9%
saline solution at a dose of 1.0 mg/kg prior to administration [13].

Drug Administration
Rats were randomly assigned to either the COG1410 (1.0 mg/kg) or vehicle (0.9% saline)
group. Preliminary data on the pharmacokinetics of COG1410 indicated a half-life of 13 ±5
mins. Rats received a five-dose regimen of either COG1410 or vehicle administered
intravenously by tail vein infusions at 2 hrs and 4 hrs post-FPI under light-isoflurane
anesthesia. Additional injections were administered at 24 hrs, 48 hrs, and 72 hrs post-FPI.
All testing and analyses were conducted without knowledge of drug assignment.

Cognitive Assessment
The MWM has been widely utilized to assess cognitive performance following brain injury.
A blue fiberglass tank, with a diameter of 1.5 m and a height of 76 cm, was filled with water
to a depth of 32 cm and maintained at 24°C. A 10×10 cm Plexiglas platform was submerged
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1 cm below the surface of the water. Video tracking system and SMART tracking software
(San Diego Instruments, San Diego, CA) were used to record the animal’s path length and
latency. All animals were assessed for retention of memory on the retrograde amnesia task
in accordance to previously detailed methods [38,42] with alterations in the number of
testing days and trials per day. Beginning four days prior to FPI, animals were trained for
four consecutive days in a reference memory paradigm of the Morris water maze. Each rat
was given 4 trials per day, starting from one of four release points in random order. On post-
FPI day 11, animals were tested for retrograde amnesia and were given four trials. For both
training and testing, a trial was terminated when the animal reached the submerged platform
located in the center of the northeast quadrant, or when 90 sec had elapsed. Each animal was
allowed to remain on the platform for 30 sec and was then placed in a warm holding cage
for 15 min before the next trial.

A working memory performance trial was conducted on day 18 post-FPI using previously
established methods [10–12,16,24]. The platform was submerged at the center of a new
randomly chosen quadrant (southwest). Each animal was given 4 trials, starting from one of
four randomly chosen release points (ITI = 15 min). The first trial was considered an
information trial and was not included in subsequent analyses. Each trial ended when the
animal located the platform, or when 90 sec had elapsed.

Tapered Beam Walk Test
Prior to FPI, all animals were trained (2 trials per day for 3 days) on this test of
vestibulomotor function and motor coordination. Animals were trained to traverse a 165 cm
long elevated, tapering beam with a 2 cm ledge in order to escape into their home cage [40].
The analysis reported in this study included the percent fault (calculated by dividing the
number of foot faults by the total number of steps and multiplying by 100). Criterion
performance was assessed as the ability to traverse the beam with no more than 2 foot slips
on a single trial for 2 consecutive days. Following surgery, each animal was tested for 5
trials per day on days 2, 4, 6, 8, 10, 12, and 14 post-FPI. Post-injury performance was rated
on the number of full slips with the contralateral hindlimb (paw was completely on the
ledge).

Histology
On day 22 post-FPI, animals were anesthetized with urethane (3.0 g/kg, i.p.) and
transcardially perfused with 0.9% phosphate buffered saline (PBS) followed by 10%
phosphate buffered formalin (PBF). Brains were then post-fixed for 2 days in PBF following
removal from the cranium. Brains were cryopreserved in a 30% sucrose solution 3 days
prior to frozen sectioning. Serial sections (40 μm) were sliced using a sliding microtome
with an electronic freezing stage and collected into PBS.

Lesion Analysis
A series of coronal sections were mounted on gelatin-subbed microscope slides, stained with
cresyl violet, dehydrated and cover slipped. The extent of the lesion was analyzed with an
Olympus microscope (BX-51) and DP-70 camera. Throughout the extent of the injury,
images were captured using the digital capturing system and area measurements of the
lesioned tissue were determined using ImageTool software. The Calvalieri method was used
to calculate the volume of the remaining ipsilateral and contralateral cortex [4]. The number
of sections and section thickness (40 μm) were multiplied by the mean area of the lesion
cavity (calculated at five stereotaxic coordinates surrounding the lesion: −3.80, −4.30,
−4.80, −5.30, and −5.80 relative to bregma) [37]. The extent of cortical injury was
calculated using the formula [100-(ipsilateral cortex volume/contralateral cortex
volume)*100] [12–16].
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Statistical Analysis
Analysis of Variance (ANOVA) tests were performed using procedures for general linear
models (SPSS 15.0 for Windows) with operations for repeated measures, where appropriate,
for all behavioral measures. Initial analyses were performed between the 2 sham groups
(sham-vehicle (n = 9) and sham-COG1410 (n = 6)) on all of the behavioral tests. These
analyses revealed no significant differences between the sham groups, thus both groups were
combined into one sham group for all subsequent analyses. The between group factor was
group (1.0 mg/kg COG1410 (n = 9), vehicle (n = 9), and sham (n = 15)) and the within
group factor was day of testing. Huynh-Feldt probabilities (HFP) and Fisher’s least
significant difference tests (LSD) were used to correct for Type-1 error associated with
repeated measures and post hoc means comparisons, respectively. Anatomical data were
analyzed with one-way ANOVA procedures and Fisher’s LSD. A significance level of p <
0.05 was used for all statistical analyses.

Results
Severity of Injury

In order to determine if there was a significant difference in the severity of the injury
between groups, duration of unconsciousness and apnea scores, recorded for each injured
rat, were analyzed in a one-way ANOVA. There were no significant differences reported
between the groups of injured rats on duration of unconsciousness [F(1,16) = 0.03, p = 0.87]
or apnea [F(1,16) = 0.49, p = 0.49]. Duration of unconsciousness was equal across groups:
COG1410 (mean = 165.1, SEM = 12.8) and saline (mean = 160.6, SEM = 23.1). Duration of
apnea was also equal across groups: COG1410 (mean = 14.6, SEM = 1.3) and saline (mean
= 16.4, SEM = 2.2). Hence, the level of injury sustained by the animals in each treatment
group was equally matched.

Sham Analysis
To determine the effect of administration of COG1410 on normal behavior on the retrograde
amnesia test in the MWM, a one-way ANOVA, with group (sham-vehicle, sham-COG1410)
was performed for each data set. The analysis showed no significant difference in sham
performance on the learning trials, the main effect of group was not significant [F(1,13) =
2.78, p = 0.12].

The effect of administration of COG1410 on normal behavior on the working memory test
in the MWM was analyzed with a one-way ANOVA using group (sham-vehicle, sham-
COG1410) as the factor in the analysis. The analysis showed no significant difference in
performance, the main effect of group was not significant [F(2,14) = 1.03, p = 0.59].

The effect of administration of COG1410 on normal behavior on the tapered beam test was
analyzed with a repeated measure ANOVA, with group (sham-vehicle, sham-COG1410)
and day (2, 4, 6, 8, 10, 12, and 14) as the factors in the analysis. The analysis showed no
significant difference in performance, the main effect of group was not significant [F(1,13) =
2.34, p = 0.15]; nor was the day x group interaction [F(6,78) = 1.87, p = 0.10]. There was
also a non-significant main effect for day [F(6,78) = 1.10, p = 0.38].

MWM: Retrograde Amnesia
The pre-injury acquisition learning trials in the MWM (16 trials) was analyzed with a one-
way repeated measures ANOVA, with group (COG1410, vehicle, and shams) and trial (1–
16) as the factors in the analysis. There were no significant differences between the groups
in the latency to locate the platform across any pre-injury training trials prior to CCI,
[F(2,30) = .56, p = 0.58] (see Fig. 1A).
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Post-FPI performance on retention of memory in the retrograde amnesia task was evaluated
with a repeated measure ANOVA, with group (COG1410, vehicle, and shams) and trial (17–
20) as the factors in the analysis. This analysis revealed that the between group effect was
significant [F(2,30) = 7.84, p = 0.002], as was the day effect [F(3,90) = 7.39, p = 0.001].
However, the interaction was not significant [F(6,90) = 1.54, p = 0.18]. Planned comparison
post hoc analysis of the significant main effect of group on each memory trial revealed that
the COG1410 group showed improved memory retention compared to the vehicle group on
trials 17, 19 and 20 [LSD(16) = 26.00, p = 0.01]; [LSD(16) = 26.89, p = 0.01]; [LSD(16) =
20.67, p = 0.02], respectively (See Figure 1B). Post hoc analysis also revealed that the
COG1410 group was not significantly different across trials compared to the sham group on
trials 17, 19, and 20 (p > 0.05).

MWM: Working Memory Performance
Post-FPI performance on the working memory test was assessed with a one-way ANOVA,
with group (COG1410, vehicle, and shams) as the factor in the analysis. There was a
significant difference between treatment, the main effect for group was significant [F(2,30)
= 6.68, p = 0.004] (See Figure 2). As evidenced in Figure 2, there is an improvement in
performance by the COG1410 treatment; however, the post hoc analysis of the significant
main effect of treatment revealed that the COG1410 group just failed to meet significance
compared to the vehicle group [LSD(16) = 11.22, p = 0.07].

Tapered Beam Walk Test
Locomotor performance on the tapered beam walk task was analyzed with a repeated
measure ANOVA with group (COG1410, vehicle, and shams) and day (2, 4, 6, 8, 10, 12,
and 14) as the factors in the analysis. The animals’ ability to traverse the beam improved
with time following injury; the main effect for day was significant [F(6,180) = 54.72, p =
0.001]. The main effect for group was also significant [F(2,30) = 9.31, p = 0.001] as well as
the day x group interaction [F(12,180) = 10.56, p = 0.001] (See Figure 3). Post hoc analysis
of the significant interaction revealed that the COG1410-treated animals showed significant
improvement on day 2 [LSD(16) = 19.39, p = 0.03] and day 4 [LSD(16) = 14.44, p = 0.03]
post-FPI compared to vehicle-treated animals.

Lesion Analysis
The reduction in cortical tissue volume throughout the injury site was analyzed with a one-
way ANOVA, with group (COG1410 and vehicle) as the factor in the analysis. A significant
difference in injury volume between groups was found [F(1,16) = 6.26, p = 0.02] (See
Figure 4). Representative histology is shown in Figure 5 and indicates the COG1410
administration significantly reduced tissue loss post-FPI.

Discussion
In the current study, FPI was used to model moderate TBI and to test the preclinical efficacy
of COG1410. The FPI model has never been used to screen COG1410 and this model is
thought to produce greater diffuse brain injury and may replicate aspects of blast injury that
are observed in military TBI. FPI produced a strong retrograde amnesia for platform
location in the MWM. Few studies have examined this form of a memory deficit following
FPI. Previously, it has been shown that FPI produced a retrograde memory deficit following
FPI, tested 42 hours after injury [43]. In the current study, we demonstrated a significant
memory deficit at 11 days post-FPI, suggesting that it is an enduring deficit. In contrast, on
day 18 there was a strong deficit in working memory (the ability to learn a new platform
location in the MWM). FPI also produced a behavioral deficit on the elevated tapered beam;
however, the behavior on the test quickly recovered in the injured rats. It is likely that the
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amount of pre-FPI beam training that was performed, in addition to being tested 5 times per
day on each of the 7 post-FPI test days, resulted in the quick recovery on this behavioral test,
and reduced its preclinical testing efficacy.

The treatment results from the present study suggest that the small ApoE-derived peptide,
COG1410, exhibited neuroprotective benefit when administered in a five dose regimen
following moderate, diffuse FPI. The behavioral data represents significant effects on
recovery of function, specifically in the retrograde amnesia task within the MWM. For this
task, it was observed that COG1410 administration improved memory for the previously
learned escape platform location in the MWM. With the exception on 1 of 4 days, the
COG1410 animals were not significantly different from the non-injured sham group in terms
of their memory of the escape location. However, further assessment in the MWM created
mixed results. Working memory performance in the MWM showed that the COG1410-
treated animals were not statistically different from the vehicle-treated animals on any day
of testing. The COG1410 group (mean = 21.5) did have a greater initial recovery on day 18
compared to vehicle-treated (mean = 32.7) animals; however, it was not statistically
significant. A possible explanation for this is the amount of testing that the animals had
previously received in the MWM. All animals received 4 days of training (16 trials) prior to
injury and another day of testing (4 trials) for the retrograde amnesia task post-TBI, so the
animals were already well adapted to the task itself. We have seen a similar result in a
different study with the same testing paradigm [38].

Vestibulomotor dysfunction was evaluated on the elevated tapered beam. COG1410-treated
animals exhibited a significant improvement in performance compared to vehicle-treated
animals on days 2 and 4 post-FPI. Also, COG1410-treated animals were statistically not
different than the sham controls on days 6 and 10, suggesting an abatement of the injury
induced deficit. Furthermore, the Vehicle-treated group was significantly different than the
sham controls on days 2, 4, 10, 12, and 14. Thus, treatment with COG1410 altered the
typical recovery pattern on this behavioral test. These data support previous findings that
COG1410 improves vestibulomotor performance post-TBI [22]. As well as, a previous
finding that COG1410 improved sensorimotor recovery, on a variety of tests, following
cortical contusion injury (CCI) [13,16].

Additionally, the anatomical data from this present study showed a significant
neuroprotective effects. A cortical lesion analysis was conducted and the percent reduction
in brain volume was calculated. Based on the results, the COG1410-treated group had
significantly less reduction in brain volume (mean = 6.42%) compared to the vehicle-treated
group (mean = 11.79%). This effect is similar to what we have shown in two separate
models of CCI following treatment with COG1410 [13,16]. Thus, it appears that the ability
of COG1410 to offset cortical neuropathology is relatively stable and strong.

In the present study, the data suggests that treatment with this five dose regimen of
COG1410 significantly improved cognitive and vestibulomotor performance and spared
cortical neuronal tissue following TBI, without showing any detrimental side-effects. These
finding are consistent with previous studies where COG1410 was administered following
TBI at slightly lower concentrations and shorter durations (2 doses, over 48 hrs). It has
previously been shown that treatment with COG1410 can improve cognitive performance
[16,23]. Specifically, administration of a 2 dose regimen of COG1410 improved cognitive
performance in the MWM in both a reference and working memory task [16]. In a reference
memory task, somewhat similar to the current retrograde amnesia task, it was shown that a
single injection of COG1410 improved memory retention following TBI [22]. Likewise, it
has also been shown that treatment with COG1410 can significantly improve vestibulomotor
performance post-TBI [22]. Thus, it appears that the current 5 day regimen (the longest
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treatment period to date) of COG1410 may provide the highest degree of preclinical efficacy
compared to the previously used dosage regimens.

Apolipoprotein E exists in three different isoforms within the human: the E2, E3, and E4
alleles, respectively. These isoforms vary by only a single interchange of either cysteine or
arginine residues at locations 112 and 158 of apoE [47]. In recent years, the therapeutic
effects of apoE have been found to be isoform specific. For instance, the presence of the
apoE4 allele has been shown to lead to poorer outcome in many neurological disorders
including traumatic brain injury [8,44] and has also been shown to increase the expression of
inflammatory cytokines, such as TNFα and IL-6, upon stimulation with lipopolysaccharide
[28]. In contrast, the apoE3 allele demonstrates a down regulation of these inflammatory
cytokines compared to apoE4 [20,28] and apoE3 is more effective at suppressing the
activation of microglia in paradigms of brain inflammation [2,20]. Because of the large size
of apoE (34 kDa), it is too large to readily cross the blood brain barrier (BBB) which limits
its usefulness as a novel therapeutic for TBI [25]. This results in the creation of a first
generation apoE-mimetic peptide created from the receptor binding region of apoE called
COG133 (apoE residues 133–149) [20] which retains the neuroprotective properties of the
apoE holoprotein [1,20,28–30,33]. However, COG133 was found to have limited therapeutic
use because the window of administration appeared to be only limited to 30 min post-TBI
[23,29]. In turn, COG1410, a shorter analog to COG133 which encompasses apoE residues
138–149 with aminoisobutyric acid (Aib) substitutions at locations 140 and 145, was
created. COG1410 retains many of the neuroprotective properties of its predecessor, but has
been shown to exhibit superior efficacy and potency in vitro [21]. It has also been
demonstrated that the window of administration is much larger for COG1410 (2 hrs)
compared to that of COG133 (30 mins) [23].

The examination of allele specific antioxidant activities has been performed in vitro. Cells
lines secreting APOE isoforms of E2, E3, and E4 have been screened for antioxidant
capacity [34]. It was found that the antioxidant capacity was greater in the E2 isoform and
the least in the E4 isoform. Several recent papers have examined the pattern of gene
expression following CCI in APOE2, APOE3 and APOE4 transgenic mice on the expression
of anti-oxidant genes as a function of APOE genotype [6–7]. Differences between the
genotypes were found suggesting that APOE3 (from the APOE3/3 mice) plus CCI appeared
to induce higher levels of anti-oxidant enzymes than was observed in APOE4 (from
APOE4/4) mice plus CCI. There were some limited differences on differentially regulated
genes (with respect to APOE genotype) that relate to the 1 day or the 1 month time points
post-CCI that were evaluated in the study. No behavioral measures were examined so it is
unclear if these findings would result in functional differences. APOE4 has also been shown
to be associated with poor functional outcome and increased cerebral edema in a murine
model of intracerebral hemorrhage [18]; as well as, being a significant predictor of poor
functional outcome in human intracerebral hemorrhage [17]. A murine model of sepsis
demonstrated that expression of human APOE4 resulted in increased mortality and that
treatment with COG1410 reduced this mortality and reduced TNF alpha, interleukin-1beta,
interleukin-6, and interleukin-12 levels [46]. However, APOE4 has also not been shown to
be associated with cognitive decline following major noncardiac surgery [31].

Although, the pharmacokinetics for COG1410 has not been fully established, some
preliminary work has begun. Initial pharmacokinetic studies on intravenous administration
of COG1410 have shown that the half-life of COG1410 is 13 ± 5 minutes in blood plasma
(M. Vitek, unpublished data). This means that less than 1% of the original dose of COG1410
remains in the blood plasma 2 hrs following IV administration. It is possible that binding of
COG1410 to cell surface receptors like the apoE receptors found on endothelial cells and
numerous cells in the blood reduce the availability of COG1410. Thus, the preliminary
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pharmacokinetic data supports the timing of the dosing in the current study. The common
observation from all of our behavioral studies is that the protective effects of single or
multiple doses of COG1410 appears to be long lived representing an early event where
COG1410 rapidly protects/repairs damage from a TBI [13,16]. While the exact mechanism
is a matter of active research, the desired behavioral endpoint is the same, significant
improvements in motor and behavioral performance even when COG1410 is administered 2
hrs post-injury.

In summary, the results from the present study support and extend previous findings that
COG1410 demonstrated preclinical efficacy as a therapy following moderate TBI.
Continued preclinical testing is needed because a variety of variables have yet to be
investigated (e.g., gender effects of treatment, window of opportunity, and age effects).
However, it appears that COG1410 may have substantial preclinical efficacy for the
treatment of TBI.
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Figure 1.
Administration of COG1410 (1.0 mg/kg) following unilateral FPI significantly reduced
retrograde amnesia following injury. Shown are the mean (+SEM) latencies to locate the
escape platform during pre-injury acquisition training period (A). Treatment with COG1410
significantly reduced the latency to locate the escape platform on 3 of the 4 post-FPI trials
compared to vehicle treatment (* = p < 0.05) (B).
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Figure 2.
Administration of COG1410 (1.0 mg/kg) following unilateral FPI lessened the working
memory deficit. The graph shows the plotted mean (+SEM) latency to locate the escape
platform of the working memory trial. Treatment with COG1410 did not significantly
improve performance in working memory compare to vehicle. However, behavioral
improvement was observed in the treated group.
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Figure 3.
Administration of COG1410 (1.0 mg/kg) following unilateral FPI significantly improved
vestibulomotor behaivor following injury. The graph shows the plotted mean (+SEM) fault
percentages of impairments with the contralateral hindlimb on the beam. Treatment with
COG1410 significantly improved vestibulomotor performance on days 2 and 4 post-FPI
compared to vehicle treatment (* = p < 0.05).
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Figure 4.
Administration of COG1410 reduced tissue loss following FPI. Analysis of the percent
reduction in injured cortical volume compared to contralateral cortex is shown. Plotted are
the mean (+SEM) percent reductions in cortical volume for each group. COG1410 treatment
(1.0 mg/kg) significantly reduced the amount of injury-induced tissue reduction compared to
vehicle treatment following unilateral FPI (* = p<0.05).
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Figure 5.
Representative histology showing the tissue protection provided my COG1410 treatment
post-FPI. Shown are representative images of the effect of COG1410 (1.0 mg/kg) and
vehicle treatment through the extent of the injury (0.44x). The FPI produced marked cortical
cavitation that was significantly reduced by COG1410 treatment. Measurement bar = 2.0
mm.
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