
Negative Result

Lack of neuroprotection of inhibitory peptides
targeting Jun/JNK after transient focal cerebral
ischemia in Spontaneously Hypertensive rats

William R Gow1, Kym Campbell1, Amanda J Meade1, Paul M Watt2, Nadia Milech2,
Neville W Knuckey1 and Bruno P Meloni1

1Centre for Neuromuscular and Neurological Disorders/University of Western Australia, Australian
Neuro-muscular Research Institute, Department of Neurosurgery, Sir Charles Gairdner Hospital, Nedlands,
Western Australia, Australia; 2Phylogica Ltd and Telethon Institute for Child Health Research, University of
Western Australia, Nedlands, Western Australia, Australia

In this study, we have assessed the ability of two TAT-fused peptides PYC36D-TAT and JNKI-1D-TAT
(JNKI-1 or XG-102), which respectively inhibit jun proto-oncogene (c-Jun) and c-Jun N-terminal
kinase (JNK) activation, to reduce infarct volume and improve functional outcome (adhesive tape
removal) after transient focal cerebral ischemia in Spontaneously Hypertensive (SH) rats. PYC36D-
TAT and JNKI-1D-TAT peptide batches used for experiments were tested in vitro and protected
cortical neurons against glutamate excitotoxicity. Rats were treated intravenously with three
different doses of PYC36D-TAT (7.7, 76, or 255 nmol/kg), JNKI-1D-TAT (255 nmol/kg), D-TAT peptide
(255 nmol/kg), or saline (vehicle control), 10 minutes after reperfusion after 90 minutes of middle
cerebral artery occlusion (MCAO). Contrary to other stroke models, no treatment significantly
reduced infarct volume or improved functional score measurements compared with vehicle-treated
animals when assessed 48 hours after MCAO. Additionally, assessment of the JNKI-1D-TAT peptide,
when administered 1 or 2 hours after reperfusion after 90 minutes of MCAO, also did not improve
histological or functional outcomes at 48 hours after occlusion. This study is the first to evaluate the
efficacy of PYC36D-TAT and JNKI-1D-TAT using the SH rat, which has recently been shown to be
more sensitive to AMPA receptor activation rather than to NMDA receptor activation after cerebral
ischemia, and which may have contributed to the negative findings.
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Introduction

Stroke is a leading cause of death and disability
worldwide. Current treatments for ischemic stroke
such as thrombolysis (tissue plasminogen activator),
decompressive hemicraniectomy, and aspirin, are
aimed at either restoring perfusion to the compromised

tissue or preventing recurrence of the ischemic
event (Donnan et al, 2008). Targeted neuroprotec-
tive therapies that are able to limit the damage
to potentially salvageable brain tissue remain un-
resolved (Campbell et al, 2008). Therefore, agents
that block specific cell death pathways, which are
activated after cerebral ischemia, are of potential
significance in terms of reducing ischemic infarction
and improving motor and sensory function.

One well-characterized cell death pathway acti-
vated after cerebral ischemia is the mitogen-activated
protein kinase pathway, with most attention being
focused on the blockade of the c-Jun N-terminal
kinase (JNK) protein of this pathway. Less focus
has been on the activator protein-1 complex,
namely the c-Jun protein, which is downstream of
JNK. The activator protein-1 complex comprising
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homodimerized c-Jun protein (or heterodimerized
with other activator protein-1 proteins; c-fos), which
is activated after phosphorylation by JNK, promoting
the expression of pro-cell death proteins, such as
Fas, Fas-L, DP5, Bax, and c-Jun itself (Besirli et al,
2005; Gao et al, 2005). Meanwhile, JNK is also able to
phosphorylate other proteins involved in cell death
including p53 and Bcl-2 family members Bad, Bax,
Bid, and Bim (Cao et al, 2002; Plesnila et al, 2001;
Tsuruta et al, 2004; Wang et al, 2007). After cerebral
ischemia, besides being phosphorylated by JNK,
c-Jun can also be phosphorylated by other kinases
such as VRK1, PLK3, p300, and p38d, and thereby
bypass JNK-mediated activation (Besirli et al, 2005;
Bessero et al, 2010; Raivich, 2008; Sevilla et al,
2004). Therefore, repression of both JNK and c-Jun
represents attractive targets to inhibit cell death after
cerebral ischemia.

With respect to c-Jun, our laboratory has identified
19 peptides (hereafter referred to as c-Jun inhibitory
peptides) that downregulate activator protein-1 tran-
scription (Meade et al, 2010a). Furthermore, we have
shown that several of these peptides when used
synthesized to the cell penetrating peptide TAT, have
in vitro neuroprotective activity in glutamate, kainic
acid, and oxygen-glucose deprivation neuronal injury
models (Craig et al, 2011; Meade et al, 2010a, b). One
of these c-Jun inhibitory peptides is PYC36D-TAT,
which, after glutamate exposure, generated an IC50
value of 1.3mmol/L, which was 1.6-fold lower than
the IC50 value we obtained for the JNKI-1D-TAT
(also known as JNKI-1 or XG-102) inhibitory peptide
(Meade et al, 2010a). Since the TAT-fused JNK
inhibitory peptide has been shown to be neuro-
protective in animal cerebral ischemia and stroke
models, we decided to evaluate our c-Jun inhibitory
peptide PYC36D-TAT in a rat transient middle
cerebral artery occlusion (MCAO) stroke model. We
administered PYC36D-TAT intravenously at different
doses while including the JNKI-1D-TAT peptide as
a positive control. In addition, a delayed treatment
study involving JNKI-1D-TAT was conducted to
determine a therapeutic window in the stroke model.

Materials and methods

Rat Transient Focal Cerebral Ischemia Model

This study was approved by the Animal Ethics Committee
of the University of Western Australia and conducted
according to the guidelines established for the use of
animals in experimental research as outlined by the
Australian National Health and Medical Research Council.
Male Spontaneously Hypertensive (SH) rats weighing 255
to 305 g were kept under controlled housing conditions
with 12 hours light–dark cycle with free access to food and
water. Experimental animals were fasted overnight and
subjected to 90 minutes of MCAO as follows.

Anesthesia was induced with 4% isoflurane and a 2:1
mix of N2O and O2 via mask. Anesthesia was maintained at
1.8% to 2% isoflurane. Cerebral blood flow was monitored

continuously using laser Doppler flowmetry (Blood Flow-
Meter, AD Instruments, Sydney, NSW, Australia). The
probe was located 1 mm posterior to the bregma and 4 mm
from the midline of the hemisphere. A cannula was
inserted in the right femoral artery to continuously monitor
blood pressure and to provide samples for blood glucose
and blood gas readings. Blood glucose was measured using
a glucometer (MediSense Products, Abbott Laboratories,
Bedford, MA, USA) and blood gases were measured using
a blood gas analyser (ABL5, Radiometer, Copenhagen,
Denmark). Blood pressure was maintained at > 90 mm Hg.
During surgery, rectal temperature was maintained at
37.5±0.51C and temporalis muscle temperature as
measured with a needle muscle probe (Physitemp Instru-
ments, Clifton, NJ, USA), was maintained at 37.0±0.51C.
A heating fan was used when necessary.

The external carotid artery was ligated and cauterized to
create a stump, whereby a 4–0-nylon filament with a 0.39-
mm diameter silicone tip (Doccol, Redlands, CA, USA) was
inserted into the common carotid artery. The pterygopala-
tine artery was ligated before filament insertion. The
filament was advanced into the left internal carotid artery
until laser Doppler flowmetry recorded a drop in cerebral
blood flow. The filament was withdrawn after 90 minutes.
The procedure was considered successful with a > 30%
decrease from baseline of cerebral blood flow after
insertion of filament and a blood flow increase of > 30%
of baseline after filament withdrawal. Animals were given
postoperative analgesia consisting of pethidine (3 mg/kg
intramuscular) and bupivacaine (1.5 mg/kg subcuta-
neously) at head and leg incision sites. Animals were
allowed to recover in a quiet holding room controlled at
271C. Neurological deficit was confirmed in each animal
1 hour after completion of surgery, by observing flexion of
the contralateral forelimb (right side) when suspended by
the tail. The rectal temperatures of all experimental
animals were monitored for 3 hours postoperatively at
20 minutes intervals and were maintained at 37.5±0.51C
with a heating pad and, when necessary, a heating fan.
Occasionally, a cooling water spray was also required if
animals became hyperthermic ( > 38.11C).

A total of 42 animals were used in the PYC36-TAT dose
response experiment. Three animals were euthanased due to
subarachnoid hemorrhage, one animal was excluded due to
insufficient increase in laser Doppler flowmetry at reperfu-
sion and one animal was excluded due to hyperthermia
postsurgery. In the delayed JNKI-1D-TAT treatment trials, a
total of 35 animals were used. Three animals were euthan-
ased due to subarachnoid hemorrhage and three animals
were excluded due to insufficient increase and/or decrease
in laser Doppler flowmetry at reperfusion or induction.

PYC36D-TAT, JNKI-1D-TAT, and D-TAT Peptides

The peptides were synthesized fused to the TAT cell pene-
trating peptide (HIV-1 TAT(48–57)), in the protease-resistant
D-retro-inverso form and high-performance liquid chromato-
graphy purified by Mimotopes Pty Ltd (Melbourne, VIC,
Australia). Peptide sequences were as follows: PYC36D-
TAT; H-PKISQYGQRRRGQLGGRRRQRRKKRG-NH2 and
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JNKI-1D-TAT; H-TDQSRPVQPFLNLTTPRKPRPPRRRQRR
KKRG-NH2 (Underlined single letter code indicates
D-isoform of the amino acid. TAT transduction domain is
indicated by bold lettering). The D-retro-inverso form of the
TAT peptide (D-TAT; H-GRRRQRRKKRG-NH2) was also
synthesized and used as a control. All peptides were
prepared in normal saline in 500mL volumes for intrave-
nous administration and stored at �801C before use.
PYC36D-TAT and JNKI-1D-TAT peptide batches used for
experiments were previously confirmed to be active/
neuroprotective using an in vitro glutamate excitotoxicity
model (Meade et al, 2010a).

PYC36D-TAT Dose Response Experiment

Treatment groups (N = 5) consisted of vehicle (saline),
PYC36D-TAT at three different doses (7.6, 76, and
255 nmol/kg or 0.03, 0.3, and 1 mg/kg), JNKI-1D-TAT
(255 nmol/kg or 1 mg/kg), and D-TAT (255 nmol/kg). Appli-
cation of treatment/vehicle was performed 10 minutes after
reperfusion in a single bolus injection (500 mL) via the right
jugular vein. The jugular vein was surgically exposed and
isolated to allow visual confirmation of intravenous
injections. All treatments or vehicle were randomized
and were administered in a blinded manner.

Delayed JNKI-1D-TAT Treatment Experiment

Treatment groups (N = 7 to 8) consisted of vehicle (saline)
and JNKI-1D-TAT (255 nmol/kg) administered at one of two
different time points after reperfusion. The two treatment
time points were 1 and 2 hours after reperfusion in a single
bolus injection (500 mL) via the jugular vein. An indwelling
cannula was inserted into the right jugular vein and
secured onto an external tether/swivel system to allow
for intravenous administration of vehicle/treatment at the
appropriate time points after reperfusion.

Tissue Processing and Infarct Volume Measurement

Animals were killed 48 hours after reperfusion with
intraperitoneal injections of sodium pentobarbitone
(900 mg/kg). After euthanasia, the brain was removed and
placed in a sterile container of 0.9% NaCl and then placed
in an �801C freezer for 7 minutes. The brain was then
coronally sliced from the junction of the cerebellum and
cerebrum to 12 mm rostral to this point in 2 mm thick slices.

Slices were immediately stained with 2% 2,3,5 triphe-
nyltetrazolium chloride (Sigma, St Louis, MO, USA) at 371C
for 15 minutes, followed by fixation in 4% formalin at room
temperature for at least 18 to 24 hours before infarct volume
measurement. Slices were scanned and images were
analyzed by an operator blind to treatment status using
ImageJ 3rd edition (NIH, USA). The total infarct volume
was determined by measuring the areas of infarcted tissue
on both sides of the 2 mm sections. These measured areas
were multiplied by half slice thickness (1 mm), and
corrected for cerebral edema by multiplying the ratio of
affected to normal hemisphere areas (Campbell et al, 2008).

Adhesive Removal Test

This test measured the detection of sensory parameter and
reaction to motor component small pieces of adhesive tape
placed on the forelimbs (Esneault et al, 2008). Animals had
adhesive removal tests performed before surgery for MCAO
and at 48 hours after reperfusion. Animals were placed in
a transparent enclosure for 2 minutes before starting the
tests in order to adapt to placement in a new enclosure
(habituation). Adhesive tape (Diversified Biotech, Dedham,
MA, USA) was placed on the palmar surface of the paw
and the time from first contact (detection) of adhesive tape
to time of removal of adhesive was measured and recorded
for each forelimb (maximum of 180 seconds).

Statistical Analysis

For infarct volume measurements, each treatment group
was compared with its respective vehicle control group by
analysis of variance followed by post hoc Bonferroni/Dunn
test. The data obtained are presented as mean±standard
deviation. Analysis of variance was employed to compare
physiological parameters between groups. For the adhesive
tape test, data were analyzed using both univariate and
multivariate linear regression with the statistical package
R (version 2.11.1; http://www.R-project.org). A value of
P < 0.05 was considered significant for all data sets.

Results

Physiological Measurements

Preischemia, during ischemia, and after reperfusion,
there were no significant differences between the
treatment groups in arterial blood pressure, blood
gases (PaCO2 and PaO2), and blood pH in the
PYC36D-TAT dose response experiment (Table 1)
and the delayed JNKI-1D-TAT treatment experiments
(Table 2).

PYC36D-TAT Dose Response Experiment

Intravenous administration of the PYC36D-TAT pep-
tide 10 minutes after reperfusion at three different
doses did not significantly reduce infarct volume
when measured 48 hours after 90 minutes of MCAO
(Figure 1). Similarly, the JNKI-1D-TAT and D-TAT
peptides also did not significantly reduce lesion
volume when compared with the vehicle-treated
controls (Figure 1).

In the adhesive tape removal test, there were no
significant differences between any of the treatment
groups in the posttreatment reaction or removal
times of both left and right sides (data not shown).

Delayed JNKI-1D-TAT Experiment

Delayed intravenous administration of the JNKI-1D-
TAT peptide at 1 or 2 hours after reperfusion at the

Inhibitory peptides targeting Jun/JNK
WR Gow et al

e3

Journal of Cerebral Blood Flow & Metabolism (2011) 31, e1–e8



255-nmol/kg dose did not significantly reduce infarct
volume when measured 48 hours after 90 minutes of
MCAO (Figure 2). Although these two treatment
groups show no significant difference, the mean
infarct volume of JNKI-1D-TAT-treated rats was
higher than that of the mean infarct volume of
vehicle-treated rats at both the 1- and 2-hour
postreperfusion administration time points.

In the adhesive tape removal test, there was no
statistically significant difference between saline and
treatment groups in the 1-hour postreperfusion
administration trial (data not shown). In the 2-hour
postreperfusion administration trial, there was no
difference in tape removal for the left side; however,

vehicle-treated animals were significantly better at
removing tape on their right side compared with
JNKI-1D-TAT-treated rats (P = 0.028; Figure 3).

Discussion

The initial focus of this study was to assess the
neuroprotective potential of the c-Jun inhibitory
peptide PYC36D-TAT in an animal stroke model,
after the demonstration of high neuroprotective
efficacy of this peptide in an in vitro cortical
neuronal glutamate excitotoxicity model (IC50: 1.3
versus 2.1 mmol/L for JNKI-1D-TAT; Meade et al,

Table 1 Physiological data for PYC36D-TAT dose response trial

Experimental groups

Vehicle saline
(N = 5)

PYC36D-TAT
7.6 nmol/kg

(N = 5)

PYC36D-TAT
76 nmol/kg

(N = 5)

PYC36D-TAT
255 nmol/kg

(N = 5)

JNKI-1D-TAT
255 nmol/kg

(N = 5)

D-TAT
255 nmol/kg

(N = 5)

MABP (mm Hg)
Preischemia 102.5±5.0 105±10.0 102.0±7.6 107.0±6.7 100.0±14.7 110.0±8.0
During ischemia 103.8±11.1 110±6.1 107.0±5.7 106.0±7.4 108.8±13.1 112.0±9.1
Postischemia 101.3±10.3 106±8.2 103.0±12.0 105.0±10.0 102.5±10.4 109.0±7.4

PaCO2 (mm Hg)
Preischemia 41.3±6.2 38.3±3.1 39.7±2.1 41.3±5.0 38.4±3.7 38.0±1.6
During ischemia 37.8±6.7 38.7±4.0 40.3±4.2 43.3±1.7 39.4±3.3 38.3±4.8
Postischemia 43.8±7.0 39.7±4.7 47.0±4.0 42.0±1.8 40.8±1.8 37.0±5.0

PaO2 (mm Hg)
Preischemia 102.8±15.9 120.8±7.0 112.0±15.0 116.4±7.1 121.8±9.5 114.0±20.4
During ischemia 95.4±17.0 119.0±14.1 112.0±16.4 106.6±13.8 116.2±2.4 119.4±20.6
Postischemia 92.8±11.4 116.3±8.1 99.0±13.1 105.2±14.4 110.8±13.8 117.0±26.7

Blood glucose (mmol/L) 6.56±1.0 6.28±0.5 6.48±1.1 5.98±0.9 6.16±0.3 6.06±0.4

MABP, mean arterial blood pressure.
There were no significant differences between groups for measurements preischemia, during ischemia, or postischemia; values are means±standard deviation.

Table 2 Physiological data for delayed JNKI-1D-TAT treatment trials (1 and 2 hours)

Experimental groups

Vehicle saline
(1 hour: N = 7)

JNKI-1D-TAT, 255 nmol/kg
(1 hour: N = 7)

Vehicle saline
(2 hours: N = 8)

JNKI-1D-TAT, 255 nmol/kg
(2 hours: N = 7)

MABP (mm Hg)
Preischemia 112.8±10.3 114±18.5 118.6±22.7 111.4±16.5
During ischemia 107.1±6.4 107±7.0 109.3±11.0 104.3±1594
Postischemia 104.3±7.3 109±5.3 105.9±15.0 102.9±14.1

PaCO2 (mm Hg)
Preischemia 44.0±6.0 39.1±5.0 37.3±5.5 38.7±3.4
During ischemia 43.0±4.8 39.0±3.4 35.0±1.7 37.7±5.3
Postischemia 41.0±3.1 37.3±3.3 35.1±2.2 35.4±3.9

PaO2 (mm Hg)
Preischemia 111.4±15.1 113.0±19.6 127.0±16.3 125.0±11.5
During ischemia 113.1±9.8 116.1±17.8 122.4±15.7 124.3±11.7
Postischemia 114.8±9.4 119.6±18.4 123.4±13.0 127.40±9.6

Blood glucose (mmol/L) 6.5±0.5 6.1±0.8 7.0±0.7 6.7±2.0

MABP, mean arterial blood pressure.
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2010a). In addition, PYC36D-TAT and JNKI-1D-TAT
showed similar efficacy to each other, albeit at a
lower level than that in the glutamate model, in
reducing cell death in kainic acid and oxygen-
glucose deprivation neuronal culture injury models
(Meade et al, 2010b; Craig et al, 2011). Despite the
positive prior in vitro results, our experimental
findings in the present study show that neither

PYC36D-TAT nor JNKI-1D-TAT induced significant
neuroprotection or improved motor and sensory
function when administered at early (10 minutes)
and/or delayed (1 or 2 hours) times after reperfusion
in a rat transient MCAO stroke model. While
PYC36D-TAT was previously untested after cerebral
ischemia, previous studies have shown that JNKI-1D-
TAT is neuroprotective in several stroke models
(Esneault et al, 2008; Liu et al, 2010; Repici et al,
2007; Wiegler et al, 2008); and hence, the negative
finding with this peptide was somewhat unexpected.
However, several cerebral ischemia studies have
reported negative outcomes when using JNKI-1D-
TAT (Ginet et al, 2009; Liu et al, 2010; Soriano et al,
2008).

Our experimental trial for the assessment of
PCY36D-TAT (and JNKI-1D-TAT) was designed to
increase the likelihood of generating a positive
outcome. We chose to administer the peptide
intravenously 10 minutes after reperfusion (100 min-
utes after ischemia) to allow access to the brain well
before peak c-Jun and JNK activation, which start to
increase 1 hour after reperfusion and peaking in the
penumbra 6 to 8 hours after ischemia (Gao et al,
2005; Okuno et al, 2004; Repici et al, 2007). In
addition, a dosing regimen over an E33-fold range
(7.6, 76, and 255 nmol/kg) was used to minimize the
risk of using a dose outside a potential effective
range. The dosing range was selected based on
previous effective doses reported for JNKI-1D-TAT
when administered intravenously or intraperitone-
ally before ischemia or after reperfusion in different
rodent stroke models (Benakis et al, 2010; Esneault
et al, 2008; Soriano et al, 2008; Wiegler et al, 2008).
While the proposed positive control peptide JNKI-
1D-TAT was only used at one dose (255 nmol/kg), this
dose is well within the effective does range reported
for this peptide (Benakis et al, 2010; Esneault et al,
2008; Soriano et al, 2008; Wiegler et al, 2008).
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We also used the D-isoform for both peptides, which
provides more stability and potency (Borsello et al,
2003; Meade et al, 2010a). Additionally, we con-
firmed that both batches of PCY36D-TAT and JNKI-1D-
TAT peptide used in the animal experiments had
potent neuroprotective activity in our in vitro gluta-
mate excitotoxicity model (unpublished observation).

In an attempt to reveal any neuroprotective effects
with these downstream mitogen-activated protein
kinase pathway inhibitory peptides, we performed
two additional trials with JNKI-1D-TAT, using a
delayed postreperfusion treatment regimen. The
rationale for the trials was two-fold: First, by
delaying treatment until 1 or 2 hours after reperfu-
sion, delivery of JNKI-1D-TAT into ischemic brain
tissue would potentially be enhanced due to blood–
brain barrier breakdown, which can occur as early as
30 minutes and as late as 2.5 hours after reperfusion
(Neumann-Haefelin et al, 2000; Durukan et al, 2009).
Second, it would allow for greater bioavailability of
the peptide at a time closer to the 4- to 6-hour
postischemia peak JNK activation time point, and
thus maximize the ability of JNKI-1D-TAT to counter-
act downstream signaling events. It should also be
mentioned that previous studies using postreperfu-
sion time points between 1.5 and 5.5 hours after
transient MCAO have generated significant infarct
reductions when JNKI-1D-TAT was administered
intravenously or intraperitoneally at doses ranging
from 0.076 to 760 nmol/kg.

Based on our negative experimental outcomes with
both PCY36D-TAT and JNKI-1D-TAT, and positive
trials reported by other laboratories with the JNKI-1D-
TAT in stroke and cerebral ischemia models, several
explanations for the conflicting results are possible.
A unique aspect of our study was the use of the SH
rat strain. The SH rat is commonly used in stroke
studies because it provides consistent lesion size
(Howells et al, 2010) and because hypertension is an
important comorbidity in stroke. However, it has
recently been shown that SH rats have an atypical
patho-molecular response to glutamate receptor
activation, a key feature of ischemic brain injury.
Usually, overactivation of N-methyl-D-aspartic acid
(NMDA) receptors leads to an increase in intracel-
lular calcium levels and/or detrimental signaling
pathways, which in turn can directly or indirectly
cause much of the downstream damaging processes
associated with ischemic stroke. In contrast, the SH
rat has been shown to be much more sensitive than
other strains to a-amino-3-hydroxy-5-methyl-4-isoxa-
zolepropionic acid (AMPA) receptor activation
(which has different downstream effects to NMDA)
and to be relatively resistant to NMDA activation
(Lecrux et al, 2007). To this end, JNKI-1D-TAT has
shown high efficacy after NMDA excitotoxicity
(Borsello et al, 2003) and we have also shown
efficacy of PYC36D-TAT (and JNKI-1D-TAT) after
NDMA exposure (unpublished observation). Conse-
quently, there is a possibility that the negative results
obtained in this study, at least in part, are due to the

SH rat strain’s-specific predominance in AMPA
activated, rather than NMDA activated in ischemic
brain injury. If so, comparison of this model with
other models may prove useful in dissecting the
mechanism of neuroprotection of different agents
active in distinct pathways.

It is also possible that the JNKI-1D-TAT and PYC36D-
TAT peptides have limited efficacy in vivo when the
ischemic insult is severe and/or the peptides do not
reach therapeutic levels (i.e., there was a technical
rather than theoretical basis for the findings). For
example, early studies used intraventricular delivery
of JNKI-1D-TAT and/or 14-day-old rats for MCAO
stroke models (Borsello et al, 2003; Hirt et al, 2004;
Gao et al, 2005; Repici et al, 2007; Soriano et al, 2008).
Interestingly, in the Soriano et al (2008) study, 14-day-
old rats administered JNKI-1D-TAT (76 nmol/kg) in-
traperitoneally 6 hours after MACO were neuroprotec-
tive in a mild permanent focal ischemia model, but
not when administered 30 minutes before or 6 hours
after MCAO in a more severe ischemic form of the
model. In addition, three different intraperitoneal
doses of the JNKI-1D-TAT peptide (125, 510, and
5100 nmol/kg) were not neuroprotective when admi-
nistered 30 minutes before transient MCAO; however,
the 510-nmol/kg dose was protective when adminis-
tered 2.5 hours after reperfusion.

Despite the use of SH rats, which are considered to
produce a consistent ischemic lesion (Howells et al,
2010), an unusual outcome of our study was the
different mean infarct volumes obtained for control
animals between trials. Mean infarct volume for
saline-treated controls in the 10-minutes, 1-, and 2-
hour treatment trials was 287, 206, and 180 mm3,
respectively. The decreasing infarct volumes in each
trial are suggestive that the ischemic severity was
less and/or animals were more resistant to ischemia.
Since the surgical protocol for each trial was the
same and each trial was performed independently,
any differences in ischemic severity/animal suscept-
ibility would be expected to apply equally across all
treatments within a trial, and are therefore not
expected to confound treatment outcomes. One
explanation for this may be seasonal fluctuations of
brain neuropeptides or hormones. Although these
animals are nonphotoperiodic rodents, maintained
in rigorously controlled laboratory conditions for
generations, studies have shown intrastrain varia-
tions of neuropeptides and hormones (Bissette et al,
1995; Vázquez et al, 2004a, b; Wong et al, 1983),
which may have a compounding factor on infarct
volumes after MCAO. Moreover, the smaller infarct
volumes obtained in the delayed JNKI-1D-TAT 1 and
2 hours treatment trials would favor a treatment
effect, but this was not the case.

Taken together, our findings reveal that two
mitogen-activated protein kinase pathway inhibitory
peptides PYC36D-TAT and JNKI-1D-TAT with potent
in vitro neuroprotective activity in glutamate excito-
toxic injury models, when administered as an
intravenous bolus dose do not reduce infarct volume
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or improve functional outcome after transient focal
ischemia in SH rats. These findings highlight the
need for extensive preclinical animal stroke studies
to better gauge the therapeutic potential of putative
neuroprotective agents before consideration in clin-
ical trials. To this end, additional experimental
studies are warranted to better understand the
mechanism of neuroprotection of these peptides
and their relevance to clinical applications. Such
studies include examining efficacy using a constant
infusion over extended periods (12 to 24 hours)
and using different doses, assessment in other
experimental models (permanent MCAO, embolic
occlusion models±tissue plasminogen activator)
and in animals with comorbidities (aged animals
and animals with diabetes). Finally, at least in the
case of JNKI-1D-TAT (XG-102), a further indication of
this peptide’s neuroprotective potential may be
gleaned following the outcome of the phase I/II
stroke trial assessing this agent (Wiegler et al, 2008;
ARAMIS, 2011).
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