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Previous results from our laboratory have shown that blockade of the substance P (SP) pathway with an
NK1 tachykinin receptor antagonist significantly reduces blood brain barrier breakdown, cerebral edema
and functional deficits following ischemic stroke. However, it is unclear whether removal of all neuropep-
tides is more efficacious than blocking SP alone. As such, the aim of the present study was to determine
the effect of neuropeptide depletion with capsaicin pre-treatment on functional outcome following acute
ischemic stroke in rats. Animals received 125 mg/kg of capsaicin or equal volume of saline vehicle,
administered subcutaneously over a 3-day period. At 14 days following treatment animals were subject
to 2 h of middle cerebral artery occlusion followed by reperfusion. A subset of animals was treated with
an NK1 tachykinin receptor antagonist (NAT) or vehicle at 4 h after the onset of stroke only. The func-
tional outcome of animals was assessed for a 7-day period following stroke using a rotarod device, the
bilateral asymmetry test, modified neurological severity score, open field and angleboard. Although cap-
saicin pre-treatment improved outcome, treatment with an NK1 tachykinin receptor antagonist was
superior in improving post-stroke functional outcome. This data suggests that some neuropeptides
may play a beneficial role following stroke, whilst others such as SP are deleterious.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Our laboratory has recently demonstrated that the neuropep-
tide substance P (SP) is increased following ischemic stroke
(Turner and Vink, 2007; Turner et al., 2006, 2011) and is associated
with the development of neurogenic inflammation and subsequent
blood–brain barrier (BBB) dysfunction, cerebral edema and func-
tional deficits (Turner and Vink, 2007, 2012 Turner et al., 2006,
2011). Blocking the action of SP with an NK1 tachykinin receptor
antagonist is highly efficacious in improving post-stroke outcome
through a reduction in BBB permeability, cerebral edema and func-
tional deficits (Turner et al., 2011; Turner and Vink, 2012). How-
ever, these studies specifically focused on the SP pathway only
and it is therefore unclear what role other neuropeptides may play
following stroke.
Capsaicin, an agent isolated from chilli peppers, is able to stim-
ulate the release of sensory neuropeptides, including SP and calci-
tonin gene-related peptide (CGRP), to the point of depletion
(Kashiba et al., 1997; Wimalawansa, 1996). In neonatal animals,
capsaicin treatment produces permanent sensory neuropeptide
depletion, whereas in adults it produces transient sensory neuro-
peptide depletion, reported to last for at least 3 weeks (Kashiba
et al., 1997). Although the effects on levels of individual neuropep-
tides is highly dependent on the capsaicin dosing regime. Never-
theless, capsaicin treatment is an extremely useful experimental
tool to study the functions of various neuropeptides. Indeed, our
laboratory has shown that pre-treatment with capsaicin markedly
improves outcome following diffuse traumatic brain injury (TBI) by
reducing BBB dysfunction, cerebral edema and functional deficits
(Nimmo et al., 2004; Vink et al., 2003). The fact that the protection
conferred by capsaicin was almost identical to that conferred by
NK1 tachykinin receptor antagonists confirmed a dominant role
for SP following injury to the brain. As such, we sought to deter-
mine whether the depletion of all neuropeptides by capsaicin sim-
ilarly conveys any protection from the development of functional
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deficits following stroke, and whether it was superior to blockade
of SP alone.
2. Materials and methods

All experimental protocols were approved by the Animal Ethics
Committees of the University of Adelaide and were conducted
according to guidelines established for the use of animals in exper-
imental research as outlined by the Australian National Health and
Medical Research Council (8th Edition 2013).

2.1. Study design

Male Sprague–Dawley rats (260–320 g; n = 32) were randomly
assigned to treatment and control groups which were as follows:
sham surgery, vehicle pre-treatment, capsaicin pre-treatment,
vehicle post-treatment and NK1 tachykinin receptor antagonist
(n-acetyl-l-tryptophan; NAT) post-treatment. NAT (Sigma) was
prepared in sterile saline. Capsaicin (Sigma) was dissolved in a
solution of Tween 80, ethanol and saline. Capsaicin or equal vol-
ume of vehicle was administered subcutaneously over a 3-day per-
iod at a dose of 125 mg/kg (50 mg/kg on day 1, 50 mg/kg on day 2
and 25 mg/kg on day 3). This procedure has been previously shown
to induce a depletion of neuropeptides lasting for up to 3 weeks
(Kashiba et al., 1997). Neuropeptide depletion after pre-treatment
was confirmed using the eye wipe response to a dilute capsaicin
solution (0.1% in saline), as used clinically. From our previous
trauma studies this regime was found to be effective in ablating
neuropeptides (Nimmo et al., 2004; Vink et al., 2003), with the
level of SP in sensory nerves remaining depleted for up to 3 weeks
using this protocol (Kashiba et al., 1997). 14 days after capsaicin
pre-treatment animals were subject to 2 h middle cerebral artery
occlusion (MCA) followed by reperfusion. A sub-group of animals
received no pre-treatment, were subject to 2 h MCA occlusion
and at 2 h after reperfusion they were administered either NAT
(Sigma, 25 lmoles/kg) (Turner et al., 2011) or equal volume of sal-
ine vehicle intravenously.

2.2. Middle cerebral artery occlusion

Animals (n = 26) were anaesthetised with Isoflurane (1.5–3%;
Abbott Australasia), intubated and MCA occlusion was performed,
as described in detail elsewhere (Longa et al., 1989). Briefly, a 4-0-
monofilament nylon suture with a rounded tip and coated with
0.1% poly-L-lysine (Sigma) was introduced into the lumen of the
external carotid artery, and advanced 17 mm beyond the exter-
nal/internal carotid bifurcation, or until elastic resistance was felt,
to occlude the origin of the MCA. Following surgery, Lignocaine
(0.5 ml) was applied to the surgical area and the wound closed.
Anaesthesia was discontinued, and when animals were able to
breathe spontaneously they were extubated and allowed to
recover. Reperfusion of the ischemic territory was achieved at 2 h
after the onset of ischaemia via withdrawal of the suture into the
ECA, under Isoflurane anaesthesia. A sub-group of animals (n = 6)
that were surgically prepared but no received no occlusion were
included as sham controls.

2.3. Functional outcome

Commencing at 24 h post-reperfusion, animals were assessed
daily using the rotarod, bilateral asymmetry test, the modified
neuroseverity score and the angleboard on days 1–7 post-stroke
and the open field on days 1, 3, 5 and 7 post-stroke. Motor deficits
were assessed using a rotarod device (Hamm et al., 1994), which
comprises a metal frame with a rotating assembly of eighteen
1 mm rods. Animals were placed on the device and remained sta-
tionary for 10 s. The rotation speed was then increased to a maxi-
mum of 30 rpm, with each speed being maintained for 10 s.
Animals were required to grip the rods in order to walk on the
rotarod. The score recorded was when the animal completed the
2 min trial, fell off completely or gripped the rungs for 2 revolu-
tions without walking. The bilateral asymmetry test was used to
assess tactile extinction probing sensory neglect following stroke
(Modo et al., 2000). Briefly, a strip of tape (2 cm � 3.5 cm) was
applied to the saphenous part (soft, underside) of the stroke-
affected forepaw, time to removal was then recorded. Each trial
lasted 120 s and animals were given two consecutive trials. The
mean of the two trials was taken as the bilateral asymmetry test
latency. A modified neuroscore was used to assess general neuro-
logical function (Li et al., 2000). One point was awarded for the
inability to perform the task or the lack of a tested reflex. A score
of 10–15 indicated severe injury, 5–9: moderate injury, 1–4: mild
injury and 0: no observable injury. The open field test (Giulian and
Silverman, 1975) was used to assess spontaneous exploratory
behaviour, considered to reflect stress and anxiety. The open field
comprises a white panelled 1 m � 1 m enclosure with 100 equal
10 cm squares marked on the base. Animals were placed in the
centre of the enclosure and allowed to explore for 5 min. The num-
ber of squares travelled through by the animals was taken as the
spontaneous exploratory behaviour. Naïve animals explore the
entire open field and transverse >150 squares, whereas stroke ani-
mals remain in the perimeter and exhibit large amounts of freezing
behaviour. The angleboard was used to assess hemiparesis, a com-
mon long-term complication following stroke. Animals were places
on the angleboard apparatus, which was gently and slowly raised
up. The angle at which the animals lost their footing and slid
was the angleboard score that was recorded. Animals had 2 trials
each on the stroke-affected side, the mean of which was taken as
their angleboard score.

2.4. Statistical analysis

All parametric data are expressed as mean and SEM, non-para-
metric data is expressed as the median. Statistical differences were
determined using ANOVA followed by individual Student Newman
Keuls post hoc tests (GraphPad Prism Software). Non-parametric
data was analysed using a two-tailed non-parametric ANOVA fol-
lowed by a Mann–Whitney U test. A p value of 0.05 was considered
significant.
3. Results

There was no significant difference (p > 0.05; results not shown)
observed between the vehicle pre-treatment and post-treatment
groups, demonstrating that injured animals perform similarly, irre-
spective of the time or route of vehicle administration. As such, the
data for these groups was combined and they are represented as
the ‘‘vehicle’’ group on all of the functional outcome measures. A
summary of the statistical comparisons between all groups for
the functional outcome tests is shown in Table 1.

3.1. Motor function – rotarod

Vehicle-treated group showed marked functional deficits
(p < 0.001 compared to shams), which improved only modestly
by day 7 (Fig. 1A). Capsaicin-treated animals showed an initial
decline in motor function on day 1 with motor scores significantly
worse than shams (p < 0.001) on days 1–6. But their performance
gradually improved over the assessment period to levels compara-
ble to shams (p > 0.05) by day 7. Animals treated with NK1 tachy-



Table 1
Summarises the statistical comparisons between all groups for the rotarod, bilateral
asymmetry test, modified neurological score, open field and angleboard.

Day post-stroke

1 2 3 4 5 6 7

Rotarod
Sham vs. Vehicle ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄
Sham vs. NK1 Antag. ⁄⁄⁄ ⁄⁄⁄ ns ns ns ns ns
Sham vs. Capsaicin ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ns
Vehicle vs. NK1 Antag. ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄
Vehicle vs. Capsaicin ns ns ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄⁄
NK1 Antag vs. Capsaicin ns ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ns

Bilateral asymmetry test
Sham vs. Vehicle ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄
Sham vs. NK1 Antag. ns ns ns ns ns ns ns
Sham vs. Capsaicin ns ⁄⁄⁄ ns ns ns ns ns
Vehicle vs. NK1 Antag ⁄⁄ ns ⁄ ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄
Vehicle vs. Capsaicin ⁄ ns ⁄ ⁄ ⁄⁄ ⁄⁄⁄ ⁄⁄⁄
NK1 Antag vs. Capsaicin ns ns ns ns ns ns ns

Neuroscore
Sham vs. Vehicle ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄
Sham vs. NK1 Antag. ⁄⁄ ⁄ ns ns ns ns ns
Sham vs. Capsaicin ⁄⁄ ⁄ ⁄ ns ns ns ns
Vehicle vs. NK1 Antag ⁄ ⁄ ns ⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄
Vehicle vs. Capsaicin ⁄ ns ns ns ⁄ ⁄⁄⁄ ⁄⁄
NK1 Antag vs. Capsaicin ns ns ns ns ns ns ns

Open field
Sham vs. Vehicle ⁄ ns ns ns
Sham vs. NK1 Antag. ns ns ns ns
Sham vs. Capsaicin ns ns ns ns
Vehicle vs. NK1 Antag ⁄ ns ⁄ ⁄
Vehicle vs. Capsaicin ns ns ns ns
NK1 Antag vs. Capsaicin ns ns ns ns

Angleboard
Sham vs. Vehicle ⁄⁄⁄⁄ ⁄⁄⁄⁄ ns ⁄⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄
Sham vs. NK1 Antag. ns ns ns ns ns ns ns
Sham vs. Capsaicin ns ns ns ns ns ns ns
Vehicle vs. NK1 Antag ⁄⁄⁄⁄ ⁄⁄⁄⁄ ns ⁄⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄ ⁄⁄⁄⁄
Vehicle vs. Capsaicin ⁄⁄ ⁄⁄⁄⁄ ⁄⁄ ⁄⁄⁄⁄ ⁄⁄⁄⁄ ⁄⁄⁄⁄ ⁄⁄⁄⁄
NK1 Antag vs. Capsaicin ns ns ns ns ns ns ns

ns, non-significant; ⁄p < 0.05; ⁄⁄p < 0.01; ⁄⁄⁄p < 0.001; ⁄⁄⁄⁄p < 0.0001.

Fig. 1. Motor performance as determined by the rotarod (A) and sensory outcome
as determined by the bilateral asymmetry test (B) in the 7 days following stroke
(n = 6–8/gp). ⁄⁄p < 0.01, ⁄⁄⁄p < 0.001 compared to vehicle.
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kinin receptor antagonist showed an initial decline in motor func-
tion but rapidly improved to normal functional levels by day 3
post-stroke, performing significantly better than vehicle-treated
animals (p < 0.001) on days 2–7 post-stroke. Capsaicin-treated ani-
mals scored consistently lower (p < 0.001) on the rotarod com-
pared to NK1 tachykinin receptor antagonist-treated animals on
days 2–6 post-stroke, and recovery of motor function was acceler-
ated in the NK1 tachykinin receptor antagonist-treated group com-
pared to the capsaicin-treated group.
3.2. Sensory function – bilateral asymmetry test

Vehicle-treated animals showed profound sensory deficits, with
time to removal was significantly greater (p < 0.001) than shams
on all days post-stroke (Fig. 1B). The capsaicin-treated animals
recorded latencies significantly better that vehicles on days 1 and
3–7 post-stroke (0.001 < p < 0.01), reaching normal functional lev-
els by day 3 post-stroke. Similarly, the NK1 tachykinin receptor
antagonist group reached normal functional levels by day 3 post-
stroke, recording latencies better than vehicle-treated animals
(0.001 < p < 0.01) on days 3–7 post-stroke. Although NK1 tachyki-
nin receptor antagonist-treated animals demonstrated a more
rapid recovery in sensory function, as compared to the capsaicin-
treated animals, this trend was not significant.
3.3. Neurological function – modified neuroseverity score

Following stroke, vehicle animals consistently recorded an
mNSS ranking of 6 or more (Fig. 2A), indicative of moderate injury
(p < 0.001 compared to shams on all days). In comparison, both the
NK1 tachykinin receptor antagonist and capsaicin-treated groups
demonstrated a recovery of neurological function over the 7-day
assessment period, recording neurological scores comparable to
shams (p > 0.05). The NK1 tachykinin receptor antagonist group
performed at levels significantly better than vehicle-treated ani-
mals (p < 0.05), whilst the capsaicin group did not (p > 0.05).
Despite this, there was no significant (p > 0.05) difference between
the capsaicin-treated and NK1 tachykinin receptor antagonist-
treated groups.
3.4. Spontaneous exploratory behaviour – open field

Following stroke, vehicle-treated animals consistently travelled
through less than 50 squares on all assessment days and no
improvement was observed over time (Fig. 2B), their activity was
significantly lower than shams on days 1 (p < 0.01) and 3
(p < 0.05) post-stroke. Capsaicin-treated animals performed signif-
icantly worse than shams on day 1 post-stroke (p < 0.05) but then
demonstrated an improved activity score on days 3–7 that was
comparable to shams (p > 0.05). However, despite a trend towards
increased exploratory behaviour compared to vehicle-treated ani-
mals these differences were not significant (p > 0.05). In contrast,
NK1 tachykinin receptor antagonist-treated animals demonstrated
activity levels comparable to shams (p > 0.05) on all days post-
stroke. Their spontaneous exploratory behaviour levels were sig-
nificantly higher (0.001 < p < 0.05) than vehicle-treated animals
on all assessment days. There was no significant difference



Fig. 2. Neurological outcome (A), spontaneous exploratory behaviour (B) and
hemiparesis (C), as assessed by the modified neurological score, open field and
angleboard respectively, in the 7 days following stroke (n = 6–8/gp). ⁄p < 0.05,
⁄⁄p < 0.01, ⁄⁄⁄p < 0.001 compared to vehicle; +p < 0.05 compared to sham.
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between the open field activity levels between the capsaicin and
NK1 tachykinin receptor antagonist groups, despite a trend
towards an increased number of squares by the NK1 tachykinin
receptor antagonist-treated group.
3.5. Hemiparesis – angleboard

Vehicle-treated animals demonstrated profound and persistent
hemiparesis following stroke (Fig. 2C). No improvement in angle-
board performance was observed, with scores significantly worse
(p < 0.001) than shams on all days post-stroke. In contrast, the
capsaicin-treated group showed improved angleboard perfor-
mance over time, scoring significantly better than vehicles
(0.01 < p < 0.001) and comparable to shams (p > 0.05) on all assess-
ment days. Similarly, a reduction in hemiparesis was observed over
time in the NK1 tachykinin receptor antagonist group, as evi-
denced by improved angleboard scores. This group performed sig-
nificantly better (0.05 < p < 0.001) than vehicle-treated animals on
all assessment days, reaching normal functional levels. There was
no significant (p > 0.05) difference between the capsaicin-treated
and NK1 tachykinin receptor antagonist-treated groups.
4. Discussion

We demonstrate that depletion of neuropeptides prior to cere-
bral ischaemia results in attenuation of functional deficits. Indeed,
a role for neuropeptides and neurogenic inflammation in BBB dys-
function, cerebral edema and functional deficits following ischemic
stroke (Turner and Vink, 2007; Turner et al., 2006, 2011) and TBI
(Donkin et al., 2007, 2009; Nimmo et al., 2004; Vink et al., 2004)
has recently been demonstrated.

In the present study, pre-treatment with capsaicin was associ-
ated with an improvement in motor, sensory and neurological
function, in addition to reduced hemiparesis compared to vehi-
cle-treated animals. However, treatment with an NK1 tachykinin
receptor antagonist produced a more rapid recovery in motor
and sensory function and a complete recovery in spontaneous
exploratory behaviour following stroke when compared to capsai-
cin. Nonetheless, the overall trend was that NK1 tachykinin recep-
tor antagonist-treated animals demonstrated superior functional
recovery when compared to capsaicin-treated animals. The fact
that the functional recovery of the capsaicin-treated group was
not comparable to that of the NK1 tachykinin receptor antago-
nist-treated group across all tests suggests that one or more of
the neuropeptides may have a beneficial role following stroke.
One such candidate is CGRP, the most potent endogenous vasodi-
lator that acts to increase local blood flow. Intravenous administra-
tion of CGRP in rats produces a transient increase in mean arterial
blood pressure (Wimalawansa, 1996). However, CGRP is also
involved in a number of other biological processes other than vas-
cular regulation including sensory transmission, neuromodulation
at the neuromuscular junction and nociception (Wimalawansa,
1996). Indeed, protective roles for CGRP in ischemia have previ-
ously been reported in peripheral tissues (Kjartansson and
Dalsgaard, 1987). In a model of pancreatic ischemia/reperfusion
injury, the ablation of neuropeptides was found to aggravate the
ischemic damage (Dembinski et al., 2003), with the authors con-
cluding that the lack of CGRP was detrimental to ischemic tissue.
CGRP has also been found to improve the survival of ischemic sur-
gical flap tissue (Bucinskaite et al., 1998; Kjartansson and
Dalsgaard, 1987). The proposed mechanism of CGRP-induced pro-
tection was the promotion of angiogenesis within the tissue. Taken
together, these studies suggest a potential protective role for CGRP
in the setting of ischemia. In the context of the present study, this
protective function may be quite modest. Furthermore, with
respect to the central nervous system, Liu et al. reported on the
effects of CGRP administration following stroke (Liu et al., 2011).
They found that exogenous CGRP administered at the onset of
reperfusion profoundly decreased edema, BBB permeability and
expression of the aquaporin 4 water channel, in addition to pre-
served microvascular integrity. The proposed mechanism of pro-
tection was through direct restoration of blood flow within
penumbral tissue and improvement in BBB status. Indeed, CGRP
has been shown to confer protection from hypoxia/reoxygenation
injury afforded by leptin (Zhang et al., 2011), with a CGRP antago-
nist found to abolish this protective effect on neuron survival. Fur-
thermore, deletion of CGRP increases the vulnerability of cardiac
tissue to ischemia/reperfusion injury (Huang et al., 2008). Clearly,
these studies support beneficial role for CGRP in ischemia/stroke.

Although many studies have used capsaicin as an experimental
tool to study neuropeptides (Dembinski et al., 2003; Turchanyi
et al., 2005), few studies have investigated behavioural outcome
end-points following capsaicin pre-treatment (Nimmo et al.,
2004; Vink et al., 2003), and even fewer have studied cerebral
ischaemia. Administration of capsaicin 5 min after recirculation
completely protected against global cerebral ischaemia, as indi-
cated by a recovery in spontaneous motor activity, memory and
preservation of hippocampal CA1 neuron density (Pegorini et al.,
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2005). These authors were unsure of the mechanism whereby cap-
saicin treatment afforded protection but speculated that following
ischaemia the release of neuropeptides from sensory nerves could
be involved. Yet, our previous findings clearly demonstrate a dele-
terious role for the neuropeptide SP following cerebral ischaemia
(Turner and Vink, 2007, 2012 Turner et al., 2006, 2011). Our find-
ings are consistent with those we have previously reported in
TBI, that reveal that capsaicin-induced neuropeptide depletion
prior to injury is protective (Nimmo et al., 2004; Vink et al., 2003).

When SP and CGRP are present in concert, CGRP may potentiate
the effects of SP-induced neurogenic inflammation (Black, 2002;
Holzer, 1998; Richardson and Vasko, 2002). As such, antagonism
of the SP pathway alone, through administration of an NK1 tachy-
kinin receptor antagonist may provide a favourable cerebral envi-
ronment following stroke. Specifically, the action of SP is blocked
so that deleterious neurogenic inflammation is circumvented, but
the released CGRP may nonetheless have some favourable effects
on the cerebral vasculature. This was not observed in previous
studies of TBI (Nimmo et al., 2004; Vink et al., 2003), although it
could be hypothesised that an improved vascular response would
have little efficacy in TBI without an ischemic component. None-
theless, similar findings have been reported following ischemia–
reperfusion injury in peripheral tissues. The absence of sensory
neuropeptides was found to be beneficial in long durations of
ischemia (2 h) of skeletal muscle due to inhibition of neurogenic
inflammation (Turchanyi et al., 2005), whereas the absence of neu-
ropeptides in shorter durations of ischemia (1 h) was found to be
unfavourable. This group suggested that this was due to the lack
of vasodilator neuropeptides that improve microcirculation. Simi-
larly, tissue damage following ischemia/reperfusion injury of the
pancreas was aggravated by neuropeptide depletion, presumably
because of a lack of CGRP (Dembinski et al., 2003).

The superior performance of NK1 tachykinin receptor antago-
nist treated animals over the capsaicin-treated animals may, in
part, be due to the blockade of SP and its effects on BBB permeabil-
ity, cerebral oedema and inflammation. Indeed, SP is a known
potent initiator of neurogenic inflammation, documented by our
research group to occur in the central nervous system following
and characterised by profound alterations in BBB permeability
and the development of vasogenic edema and persistent neurolog-
ical deficits. NK1 tachykinin receptors on the vascular endothelium
contribute to tissue swelling (Stumm et al., 2001). Given that cere-
bral oedema is a known predictor of poor outcome clinically, pre-
venting this by blockade of the SP pathway improves not only
survival but also functional outcome (Turner et al., 2011; Turner
and Vink, 2012). Indeed, NK1 tachykinin receptor knockout mice
are unable to produce edema (Cao et al., 1999), further supporting
a role for SP in this deleterious pathway following stroke.

SP has pleiotropic actions beyond that of neurogenic inflamma-
tion including interactions with matrix metalloproteinases (Ramos
et al., 2007; Xu et al., 2007), glutamate (Lieberman and Mody,
1998; Stacey et al., 2002), cell death pathways (Castro-Obregon
et al., 2002) and inflammation (Guo et al., 2004). Given the contri-
bution of inflammation to injury following stroke the effect of SP
blockade on this aspect of the injury cascade cannot be ignored.
SP is known to activate the immune system and to modulate
immune responses and inflammation (Guo et al., 2004). For exam-
ple, SP can induce the dose-dependent release of cytokines such as
IL-1 TNF-a (Lotz et al., 1988) and IL-6 (Brain, 1997; Fiebich et al.,
2000; Yamaguchi et al., 2004), act as a chemotactic factor for neu-
trophils (Braun et al., 1996) and monocytes (Ruff et al., 1985)
whilst stimulating the production of superoxide and phagocytic
activity of neutrophils (Bar-Shavit et al., 1980) and thereby exacer-
bating injury. SP agonists induce a dose-dependent production of
oxygen radical species and cytokine release (Bardelli et al., 2005).
As such, SP may be involved in the recruitment and activity of
inflammatory cells into the infarct, thus contributing to the inflam-
matory response and evolution of the stroke lesion. Although we
did not measure aspects of the inflammatory response in our study,
it is likely the SP blockade, and indeed capsaicin pre-treatment,
was able to decrease the contribution of these pathways to the
post-stroke injury. Indeed, previous studies have shown that
blockade of the NK1 tachykinin receptor decreases the recruitment
and activation of neutrophils (Mak et al., 2003) and macrophages
(Rittner et al., 2007), activation of the endothelium, production of
nitric oxide (Mak et al., 2003) and TNF-a release (Souza et al.,
2002).

Ablation of neuropeptides by treatment with capsaicin provided
protection from the ischemic insult through a reduction in func-
tional deficits. However, the overall trend was that NK1 tachykinin
receptor antagonist-treated animals performed equal or superior
to capsaicin-treated animals, indicating that an NK1 tachykinin
receptor antagonist is more effective in reducing functional defi-
cits, specifically motor deficits, compared to capsaicin. These
results suggested that one or more of the neuropeptides may have
a beneficial role following stroke, and this is most likely to be
CGRP. Nevertheless, depletion of neuropeptides provides a degree
of protection from functional deficits following ischemic stroke,
confirming that sensory neuropeptides play a significant role in
the post-ischemic secondary injury process and may offer a novel
target for the development of interventional pharmacology. Fur-
ther studies are required to elucidate the protective mechanism
of the NK1 tachykinin receptor antagonists following stroke.

Acknowledgement

This work was supported, in part, by the National Health and
Medical Research Council (NHMRC) of Australia.

References

Bardelli, C., Gunella, G., Varsaldi, F., Balbo, P., Del Boca, E., Bernardone, I.S., Amoruso,
A., Brunelleschi, S., 2005. Expression of functional NK1 receptors in human
alveolar macrophages: superoxide anion production, cytokine release and
involvement of NF-kappaB pathway. Br. J. Pharmacol. 145, 385–396.

Bar-Shavit, Z., Goldman, R., Stabinsky, Y., Gottlieb, P., Fridkin, M., Teichberg, V.I.,
Blumberg, S., 1980. Enhancement of phagocytosis – a newly found activity of
substance P residing in its N-terminal tetrapeptide sequence. Biochem. Biophys.
Res. Comm. 94, 1445–1451.

Black, P.H., 2002. Stress and the inflammatory response: a review of neurogenic
inflammation. Brain Behav. Immun. 16, 622–653.

Brain, S.D., 1997. Sensory neuropeptides: their role in inflammation and wound
healing. Immunopharmacology 37, 133–152.

Braun, J.S., Jander, S., Schroeter, M., Witte, O.W., Stoll, G., 1996. Spatiotemporal
relationship of apoptotic cell death to lymphomonocytic infiltration in
photochemically induced focal ischemia of the rat cerebral cortex. Acta
Neuropathol. 92, 255–263.

Bucinskaite, V., Brodda-Jansen, G., Stenfors, C., Theodorsson, E., Lundeberg, T., 1998.
Increased concentrations of calcitonin gene-related peptide-like
immunoreactivity in rat brain and peripheral tissue after ischaemia:
correlation to flap survival. Neuropeptides 32, 179–183.

Cao, T., Gerard, N.P., Brain, S.D., 1999. Use of NK(1) knockout mice to analyze
substance P-induced edema formation. Am. J. Physiol. 277, R476–481.

Castro-Obregon, S., Del Rio, G., Chen, S.F., Swanson, R.A., Frankowski, H., Rao, R.V.,
Stoka, V., Vesce, S., Nicholls, D.G., Bredesen, D.E., 2002. A ligand–receptor pair
that triggers a non-apoptotic form of programmed cell death. Cell Death Diff. 9,
807–817.

Dembinski, A., Warzecha, Z., Ceranowicz, P., Jaworek, J., Sendur, R., Knafel, A.,
Dembinski, M., Bilski, J., Pawlik, W.W., Tomaszewska, R., Stachura, J., Konturek,
S.J., 2003. Stimulation of sensory nerves and CGRP attenuate pancreatic damage
in ischemia/reperfusion induced pancreatitis. Med. Sci. Monit. 9, BR418–425.

Donkin, J.J., Turner, R.J., Hassan, I., Vink, R., 2007. Substance P in traumatic brain
injury. Prog. Brain Res. 161, 97–109.

Donkin, J.J., Nimmo, A.J., Cernak, I., Blumbergs, P.C., Vink, R., 2009. Substance P is
associated with the development of brain edema and functional deficits after
traumatic brain injury. J. Cereb. Blood Flow Metab. 29, 1388–1398.

Fiebich, B.L., Schleicher, S., Butcher, R.D., Craig, A., Lieb, K., 2000. The neuropeptide
substance P activates p38 mitogen-activated protein kinase resulting in IL-6
expression independently from NF-kappa B. J. Immunol. 165, 5606–5611.

Giulian, D., Silverman, G., 1975. Solid-state animal detection system: its application
to open field activity and freezing behavior. Physiol. Behav. 14, 109–112.

http://refhub.elsevier.com/S0143-4179(14)00066-3/h0005
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0005
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0005
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0005
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0010
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0010
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0010
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0010
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0015
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0015
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0020
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0020
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0025
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0025
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0025
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0025
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0030
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0030
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0030
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0030
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0035
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0035
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0040
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0040
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0040
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0040
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0045
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0045
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0045
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0045
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0050
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0050
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0055
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0055
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0055
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0060
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0060
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0060
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0065
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0065


272 R.J. Turner, R. Vink / Neuropeptides 48 (2014) 267–272
Guo, C.J., Douglas, S.D., Gao, Z., Wolf, B.A., Grinspan, J., Lai, J.P., Riedel, E., Ho, W.Z.,
2004. Interleukin-1beta upregulates functional expression of neurokinin-1
receptor (NK-1R) via NF-kappaB in astrocytes. Glia 48, 259–266.

Hamm, R.J., Pike, B.R., O’Dell, D.M., Lyeth, B.G., Jenkins, L.W., 1994. The rotarod test:
an evaluation of its effectiveness in assessing motor deficits following traumatic
brain injury. J. Neurotrauma 11, 187–196.

Holzer, P., 1998. Neurogenic vasodilatation and plasma leakage in the skin. Gen.
Pharmacol. 30, 5–11.

Huang, R., Karve, A., Shah, I., Bowers, M.C., DiPette, D.J., Supowit, S.C., Abela, G.S.,
2008. Deletion of the mouse alpha-calcitonin gene-related peptide gene
increases the vulnerability of the heart to ischemia–reperfusion injury. Am. J.
Physiol. Heart Circ. Physiol. 294, H1291–1297.

Kashiba, H., Ueda, Y., Senba, E., 1997. Systemic capsaicin in the adult rat
differentially affects gene expression for neuropeptides and neurotrophin
receptors in primary sensory neurons. Neuroscience 76, 299–312.

Kjartansson, J., Dalsgaard, C.J., 1987. Calcitonin gene-related peptide increases
survival of a musculocutaneous critical flap in the rat. Eur. J. Pharmacol. 142,
355–358.

Li, Y., Chopp, M., Chen, J., Wang, L., Gautam, S.C., Xu, Y.X., Zhang, Z., 2000.
Intrastriatal transplantation of bone marrow nonhematopoietic cells improves
functional recovery after stroke in adult mice. J. Cereb. Blood Flow Metab. 20,
1311–1319.

Lieberman, D.N., Mody, I., 1998. Substance P enhances NMDA channel function in
hippocampal dentate gyrus granule cells. J. Neurophysiol. 80, 113–119.

Liu, Z., Liu, Q., Cai, H., Xu, C., Liu, G., Li, Z., 2011. Calcitonin gene-related peptide
prevents blood–brain barrier injury and brain edema induced by focal cerebral
ischemia reperfusion. Regul. Pept. 171, 19–25.

Longa, E.Z., Weinstein, P.R., Carlson, S., Cummins, R., 1989. Reversible middle
cerebral artery occlusion without craniectomy in rats. Stroke 20, 84–91.

Lotz, M., Vaughan, J.H., Carson, D.A., 1988. Effect of neuropeptides on production of
inflammatory cytokines by human monocytes. Science 241, 1218–1221.

Mak, I.T., Kramer, J.H., Weglicki, W.B., 2003. Suppression of neutrophil and
endothelial activation by substance P receptor blockade in the Mg-deficient
rat. Magnes. Res.: Int. Soc. Dev. Res. Magnes. 16, 91–97.

Modo, M., Stroemer, R.P., Tang, E., Veizovic, T., Sowniski, P., Hodges, H., 2000.
Neurological sequelae and long-term behavioural assessment of rats with
transient middle cerebral artery occlusion. J. Neurosci. Methods 104, 99–109.

Nimmo, A.J., Cernak, I., Heath, D.L., Hu, X., Bennett, C.J., Vink, R., 2004. Neurogenic
inflammation is associated with development of edema and functional deficits
following traumatic brain injury in rats. Neuropeptides 38, 40–47.

Pegorini, S., Braida, D., Verzoni, C., Guerini-Rocco, C., Consalez, G.G., Croci, L., Sala,
M., 2005. Capsaicin exhibits neuroprotective effects in a model of transient
global cerebral ischemia in Mongolian gerbils. Br. J. Pharmacol. 144, 727–735.

Ramos, C., Montano, M., Cisneros, J., Sommer, B., Delgado, J., Gonzalez-Avila, G.,
2007. Substance P up-regulates matrix metalloproteinase-1 and down-
regulates collagen in human lung fibroblast. Exp. Lung Res. 33, 151–167.

Richardson, J.D., Vasko, M.R., 2002. Cellular mechanisms of neurogenic
inflammation. J. Pharmacol. Exp. Ther. 302, 839–845.

Rittner, H.L., Lux, C., Labuz, D., Mousa, S.A., Schafer, M., Stein, C., Brack, A., 2007.
Neurokinin-1 receptor antagonists inhibit the recruitment of opioid-containing
leukocytes and impair peripheral antinociception. Anesthesiology 107, 1009–
1017.

Ruff, M.R., Wahl, S.M., Pert, C.B., 1985. Substance P receptor-mediated chemotaxis
of human monocytes. Peptides 6 (Suppl. 2), 107–111.

Souza, D.G., Mendonca, V.A., de, A.C.M.S., Poole, S., Teixeira, M.M., 2002. Role of
tachykinin NK receptors on the local and remote injuries following ischaemia
and reperfusion of the superior mesenteric artery in the rat. Br. J. Pharmacol.
135, 303–312.

Stacey, A.E., Woodhall, G.L., Jones, R.S., 2002. Neurokinin-receptor-mediated
depolarization of cortical neurons elicits an increase in glutamate release at
excitatory synapses. Eur. J. Neurosci. 16, 1896–1906.

Stumm, R., Culmsee, C., Schafer, M.K., Krieglstein, J., Weihe, E., 2001. Adaptive
plasticity in tachykinin and tachykinin receptor expression after focal cerebral
ischemia is differentially linked to gabaergic and glutamatergic cerebrocortical
circuits and cerebrovenular endothelium. J. Neurosci. 21, 798–811.

Turchanyi, B., Toth, B., Racz, I., Vendegh, Z., Furesz, J., Hamar, J., 2005. Ischemia
reperfusion injury of the skeletal muscle after selective deafferentation. Physiol.
Res. 54, 25–32.

Turner, R., Vink, R., 2007. Inhibition of neurogenic inflammation as a novel
treatment for ischemic stroke. Drug News Perspect. 20, 221–226.

Turner, R.J., Vink, R., 2012. Combined tissue plasminogen activator and an NK1
tachykinin receptor antagonist: an effective treatment for reperfusion injury
following acute ischemic stroke in rats. Neuroscience 220, 1–10.

Turner, R.J., Blumbergs, P.C., Sims, N.R., Helps, S.C., Rodgers, K.M., Vink, R., 2006.
Increased substance P immunoreactivity and edema formation following
reversible ischemic stroke. Acta Neurochir. Suppl. 96, 263–266.

Turner, R.J., Helps, S.C., Thornton, E., Vink, R., 2011. A substance P antagonist
improves outcome when administered 4 h after onset of ischaemic stroke. Brain
Res. 1393, 84–90.

Vink, R., Young, A., Bennett, C.J., Hu, X., Connor, C.O., Cernak, I., Nimmo, A.J., 2003.
Neuropeptide release influences brain edema formation after diffuse traumatic
brain injury. Acta Neurochir. Suppl. 86, 257–260.

Vink, R., Donkin, J.J., Cruz, M.I., Nimmo, A.J., Cernak, I., 2004. A substance P
antagonist increases brain intracellular free magnesium concentration after
diffuse traumatic brain injury in rats. J. Am. Coll. Nutr. 23, 538S–540S.

Wimalawansa, S.J., 1996. Calcitonin gene-related peptide and its receptors:
molecular genetics, physiology, pathophysiology, and therapeutic potentials.
Endocr. Rev. 17, 533–585.

Xu, J., Xu, F., Wang, R., Seagrave, J., Lin, Y., March, T.H., 2007. Cigarette smoke-
induced hypercapnic emphysema in C3H mice is associated with increases of
macrophage metalloelastase and substance P in the lungs. Exp. Lung Res. 33,
197–215.

Yamaguchi, M., Kojima, T., Kanekawa, M., Aihara, N., Nogimura, A., Kasai, K., 2004.
Neuropeptides stimulate production of interleukin-1 beta, interleukin-6, and
tumor necrosis factor-alpha in human dental pulp cells. Inflamm. Res. 53, 199–
204.

Zhang, J.Y., Yan, G.T., Liao, J., Deng, Z.H., Xue, H., Wang, L.H., Zhang, K., 2011. Leptin
attenuates cerebral ischemia/reperfusion injury partially by CGRP expression.
Eur. J. Pharmacol. 671, 61–69.

http://refhub.elsevier.com/S0143-4179(14)00066-3/h0070
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0070
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0070
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0075
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0075
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0075
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0080
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0080
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0085
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0085
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0085
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0085
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0090
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0090
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0090
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0095
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0095
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0095
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0100
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0100
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0100
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0100
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0105
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0105
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0110
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0110
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0110
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0115
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0115
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0120
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0120
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0125
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0125
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0125
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0130
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0130
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0130
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0135
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0135
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0135
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0140
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0140
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0140
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0145
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0145
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0145
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0150
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0150
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0155
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0155
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0155
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0155
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0160
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0160
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0165
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0165
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0165
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0165
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0170
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0170
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0170
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0175
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0175
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0175
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0175
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0180
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0180
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0180
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0185
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0185
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0190
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0190
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0190
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0195
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0195
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0195
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0200
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0200
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0200
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0205
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0205
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0205
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0210
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0210
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0210
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0215
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0215
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0215
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0220
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0220
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0220
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0220
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0225
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0225
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0225
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0225
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0230
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0230
http://refhub.elsevier.com/S0143-4179(14)00066-3/h0230

	NK1 tachykinin receptor treatment is superior to capsaicin  pre-treatment in improving functional outcome following  acute ischemic stroke
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Middle cerebral artery occlusion
	2.3 Functional outcome
	2.4 Statistical analysis

	3 Results
	3.1 Motor function – rotarod
	3.2 Sensory function – bilateral asymmetry test
	3.3 Neurological function – modified neuroseverity score
	3.4 Spontaneous exploratory behaviour – open field
	3.5 Hemiparesis – angleboard

	4 Discussion
	Acknowledgement
	References


