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Abstract:

The present study has been undertaken to investigate the possible link between calcitonin gene related peptide (CGRP) and opioid
receptor transduction systems in the neuroprotective mechanism of pharmacological preconditioning. Occlusion of the bilateral ca-
rotid artery for 17 min, followed by reperfusion for 24 h, was employed to produce ischemia and reperfusion (I/R) induced cerebral
injury in mice. Cerebral infarct size was measured by using triphenyltetrazolium chloride staining. Memory was assessed using the
Morris water maze (MWM) test. Degree of motor incoordination was evaluated using the inclined beam walk test, rota-rod test, and
lateral push test. Morphine (8 mg/kg, ip), an opioid agonist, and capsaicin (0.1 mg/kg, iv), a CGRP releasing agent, were adminis-
tered 24 h before surgery to separate groups of animals to induce pharmacological preconditioning. Bilateral carotid artery occlu-
sion, followed by reperfusion, produced a significant increase in the cerebral infarct size and impaired memory as well as motor
coordination. Morphine and capsaicin treatment produced both a significant decrease in the cerebral infarct size and a reversal of
I/R-induced impairment of memory and motor-coordination. Morphine-induced (8 mg/kg, ip) neuroprotective effects were com-
pletely decreased by sumatriptan (8 mg/kg, ip, a CGRP release inhibitor) administered 1 h before and 6 h and 12 h after morphine ad-
ministration. Capsaicin-induced neuroprotection was decreased by naloxone (5 mg/kg, ip, an opioid antagonist) administered 1 h
before and 6 h and 12 h after capsaicin administration. These findings indicate that the transduction systems mediating morphine-
and capsaicin-induced pharmacological preconditioning in brain are possibly interlinked with one another.
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Introduction have also attempted to develop processes that would
salvage the ischemic brain from the widespread neu-

ronal damage. Ischemic preconditioning (IPC) is a po-

Ischemic stroke is a syndrome characterized by the
rapid onset of neurological injury due to interruption
of blood flow to the brain [2]. Although mortality
from ischemic stroke has declined over the last dec-
ade, it still remains the third leading cause of death, as
only limited therapeutic strategies exist. Researchers
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tent protective strategy introduced by Murray et al.
[34] for the ischemic myocardium, which was later
applied by Kitagawa et al. to the ischemic neuronal
injury [24]. IPC has been demonstrated in other organ
systems, including skeletal muscle [31], spinal cord
[30], kidney [26], intestine [12] and liver [15]. Subse-
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quently, many other forms of preconditioning have
also been shown to be beneficial to the ischemic
brain, such as inhalational and thermal precondition-
ing [25, 48]. Furthermore, the neuroprotective mani-
festations of the phenomena of remote IPC and
ischemic postconditioning have also been put forth
[39-41]. A detailed mechanistic study of these phe-
nomena has indicated the possibility of pharmacologi-
cally activating certain biochemical transduction sys-
tems, leading to the appearance of a preconditioning-
like protective effect that lasts beyond the agent’s
elimination, an occurrence commonly referred to as
pharmacological preconditioning [42]. Following the
realization that various molecular mediators caused
IPC, researchers have developed certain agents (or the
agonists of their respective receptors) that induce an
equally effective form of neuroprotection, particularly
adenosine, a-adrenergic, bradykinin, calcitonin gene
related peptide (CGRP), opioids, free radicals, nitric
oxide, and calcium [7, 13, 28, 37, 44, 45]. Addition-
ally, direct activation of certain intracellular signaling
pathways, such as protein kinase C, tyrosine kinase,
and mitogen activating protein kinase pathways, and
also the direct stimulation of related end effectors and
general processes, such as metabolism, protein syn-
thesis, K-ATP channels, Na-K pump, and the cyto-
skeleton have also demonstrated effectiveness [8, 14,
16, 35]. The main advantage of pharmacological pre-
conditioning over IPC-like interventions is its added
clinical feasibility [49]. Both opioid and CGRP recep-
tor activation have been shown to produce a charac-
teristic preconditioning-like ameliorative effect on
both the ischemic myocardium and the ischemic brain
[16, 32-35]. In our previous study, we reported that
the protective effect of remote preconditioning on the
ischemic brain is mediated through the endogenous
release of opioids and CGRP, with consequent activa-
tion of their respective receptors [41]. However, it is
not currently clear whether the preconditioning-in-
duced neuroprotection involves the activation of indi-
vidual opioid or CGRP receptors or if there is a link
between these two transduction systems; i.e., does the
neuroprotection involve interplay between these two
receptors? Moreover, alterations in the opioidergic
system have been reported to play a role in mediating
the molecular mechanisms underlying the neuro-
chemical responses of brain cells to cerebral ischemia
[5]. Activation of the p opioid receptor has been
shown to modulate the ischemic cell change occurring

in the damaged central nervous system [25]. The 6 and
K opioid receptors have also been proposed to be in-
volved in ischemic neuronal damage, but their role is
still controversial, and conclusive data have yet to be
obtained [22]. The present study has been undertaken
to investigate the effect of morphine- (an opioid ago-
nist) and capsaicin- (a CGRP releasing agent) induced
pharmacological preconditioning on ischemic brain
injury and to find any possible link between the trans-
duction systems of pharmacological preconditioning-
induced neuroprotection elicited by CGRP and opioid
receptor activation.

Materials and Methods

Drugs and chemicals

Morphine sulfate (Jackson Laboratories, Amritsar,
India), naloxone (Samarth Pharma. Pvt. Ltd., Mum-
bai, India), capsaicin (Sigma Aldrich Chemical Pvt.
Ltd., St Louis, USA), sumatriptan (Panacea Biotech,
New Delhi, India), and chloral hydrate (Riedel-
deHaen, Germany) were dissolved in normal saline.
All other chemicals used in the present study were of
analytical grade. All drug solutions were freshly pre-
pared before use.

Ischemia-reperfusion induced cerebral injury

Swiss albino mice of either sex weighing 25 + 2 g,
maintained on a standard laboratory diet (Kisan Feeds
Ltd., Mumbai, India) and having free access to tap
water, were employed in the present study. They were
housed in the departmental animal house and were ex-
posed to a 12 h cycle of light and dark. The experi-
ments were conducted in a semi-soundproof labora-
tory. The experimental protocol was approved by the
institutional animal ethics committee, and care of the
animals was carried out as stated in the guidelines of
the Committee for the Purpose of Control and Super-
vision of Experiments on Animals (CPCSEA), Minis-
try of Environment and Forest, Government of India
(Reg. No. — 107/1999/CPCSEA).

Mice were anesthetized using chloral hydrate
(400 mg/kg, ip). A midline ventral incision was made
in the neck to expose the left and right common ca-
rotid arteries, which were isolated from the surround-
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ing tissue and vagus nerve. A cotton thread was
passed below each of the carotid arteries. Global cere-
bral ischemia was induced by occluding the carotid
arteries. After 17 min of global cerebral ischemia,
reperfusion was allowed for 24 h, and the incision
was sutured back in layers [20]. The sutured area was
cleaned with 70% ethanol and then sprayed with anti-
septic dusting powder. The animals were shifted indi-
vidually to their home cage and were allowed to recover.

A single dose of the agonist drugs, morphine and
capsaicin, was given separately to induce pharmacol-
ogical (drug-induced) preconditioning. The pharma-
cological preconditioning was induced 24 h prior to
the global cerebral ischemia.

Experimental protocol

In total, six groups were employed in the experimen-
tal protocol (Fig. 1), and each group consisted of
7 animals. In various animal models of brain ischemia
and human stroke, male individuals showed a pre-
dominance in suffering from greater amount of neu-
ronal damage as compared to their female counter-
parts, particularly in terms of larger lesion size, and
higher mortality. Clinically, the incidence of stroke is
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Fig. 1. Schematic representation of the experimental protocol
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higher in men than in women and is rare in women
during the reproductive young age, unless it is caused
by subarachnoid hemorrhage. Furthermore, there are
some reports on gender specific effects of opioid re-
ceptor agonists/antagonists in response to ischemia
[25, 50]. Therefore, to minimize variability and to en-
sure reproducibility, special care was taken that ani-
mals were homogenously distributed among the vari-
ous groups with respect to age and sex.

Sham

Group I (Sham group): each mouse was subjected to
surgical procedure, carotid arteries were isolated, and
a thread was passed below them, but the arteries were
not occluded. After 17 min, threads were removed, and
the animal was sutured and allowed to recover for 24 h.

Control

Group II (Control group): each mouse was subjected
to 17 min of global cerebral ischemia, followed by
reperfusion for 24 h.

Morphine/+ sumatriptan treatment groups

Group III (morphine preconditioning control group):
morphine (8 mg/kg, ip) was administered 24 h prior to
global cerebral ischemia and was followed by 17 min
of global cerebral ischemia and 24 h of reperfusion in
mice.

Group IV (sumatriptan + morphine preconditioning
group): sumatriptan (8 mg/kg, ip), a CGRP release in-
hibitor, was administrated 1 h before and 6 hand 12 h
following morphine administration. The remainder of
the procedure was the same as described for group III.

Capsaicin/+ naloxone treatment groups

Group V (capsaicin preconditioning group): capsaicin
(0.1 mg/kg, iv) was administered 24 h prior to global
cerebral ischemia and was followed by 17 min of global
cerebral ischemia and 24 h of reperfusion in mice.

Group VI (naloxone + capsaicin preconditioning
group): naloxone (5 mg/kg, ip), an opioid receptor an-
tagonist, was administrated 1 h before and 6 h and
12 h following capsaicin administration. The remain-
der of the procedure was the same as described for
group V.
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Assessment of cerebral infarct size

At the end of the 24 h of reperfusion after global cere-
bral ischemia, animals were sacrificed by spinal dislo-
cation, and the brain was removed and placed imme-
diately in ice cold saline for 10 min. Brain samples
were then sliced into uniform coronal sections of
about 1 mm thickness. The slices were incubated in
1% triphenyltetrazolium chloride (TTC) at 37°C in
0.2 M Tris buffer (pH 7.4) for 20 min [4]. TTC is con-
verted to red formazone pigment by NAD and lactate
dehydrogenase and thus stained the viable cells deep
red. The infarcted cells have lost the enzyme and co-
factor and thus remained unstained dull yellow. The
brain slices were placed over a glass plate. A transpar-
ent plastic grid with 100 squares of 1 cm? was placed
over it. The average area of each brain slice was cal-
culated by counting the number of squares on either
side. Similarly, the number of squares falling over
non-stained dull yellow areas was also counted. In-
farcted area was expressed as a percentage of total
brain volume. Whole brain slices were weighed. The
infarcted dull yellow portion was dissected out and
weighed. Infarct size was expressed as percentage of
total wet weight of the brain.

Evaluation of memory using the Morris water
maze

The Morris water maze (MWM) test was employed to
assess memory of the animals [33]. The MWM con-
sisted of large circular pool (150 cm in diameter,
45 cm in height, filled to a depth of 30 cm with water
at 28 £ 1°C). The water was made opaque with non-
toxic, white-colored dye. The pool was divided into
four equal hypothetical quadrants with the help of two
threads, fixed at a right angle to each other on the rim
of the pool. A submerged platform (10 cm?) was
painted white and placed in target quadrant, 1 cm be-
low the surface of the water so as to provide an escape
area. The position of platform was unaltered through-
out the training session.

Acquisition trial

Each mouse was subjected to four trials per day. A rest
period of 5 min was allowed between each trial. Four
trials per day were repeated for four consecutive days.
The starting position to conduct the four training trials
was changed on each day as described below, and

quadrant Q4 was maintained as the target quadrant in
all acquisition trials.
Day 1 Q1 Q2 Q3 Q4
Day 2 Q2 Q3 Q4 Ql
Day 3 Q3 Q4 Q1 Q2
Day 4 Q4 Q1 Q2 Q3
Escape latency time (ELT) to locate the hidden
platform in the water maze was noted, and the day 4
ELT served as an index of acquisition or learning.
After recording the day 4 ELT, the animal was sub-
jected to the surgical procedure and then subjected to
a day 5 retrieval test in the MWM.

Retrieval trial

On fifth day, the platform was removed. Each mouse
was placed in water maze and allowed to explore the
maze for 120 s. Each animal was subjected to four
such trials, and each trial was started from different
quadrant. Mean time spent in all three quadrants (QI,
Q2, and Q3) was recorded, and the time spent in the
target quadrant (Q4) in search of the missing platform
was also noted, which served as an index of retrieval.
The experimenter always stood at the same position.
For the total duration of the study, care was taken to
not disturb the relative location of the water maze
with respect to other objects in the laboratory, which
could be serving as prominent visual clues. All the tri-
als were completed between 10.00 to 16.00 h.

Evaluation of motor coordination using
the rota-rod test

The rota-rod test has been used to evaluate motor co-
ordination by testing the ability of mice to remain on
a revolving rod [9]. The apparatus consisted of hori-
zontal rough metal rod of 3 cm diameter, attached to
a motor with variable speed. This 70 cm long rod was
divided into four sections by wooden partitions. The
rod was placed at a height of 50 cm to discourage the
animals to jump from the rotating rod. The rate of ro-
tation was adjusted to allow the normal mice to stay
on it for 5 min. Each mouse was given five trials be-
fore the actual reading was taken. The animals able to
stay on the revolving rod for a period of 5 min before
the surgical procedure were selected, and the test was
again performed after 17 min of global cerebral ische-
mia followed by 24 h of reperfusion.
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Inclined beam walking test

The inclined beam walking test was employed to
evaluate fore and hind limb motor coordination [10].
Each animal was individually placed on a metallic bar
55 cm long and 1.5 ¢cm wide, inclined at an angle of
60° from the ground. The motor performance of the
mouse was rated on a scale ranging from 0 to 4. A grade
of 0 was assigned to an animal that could readily tra-
verse the beam, grade 1 was given to an animal dem-
onstrating mild impairment, grade 2 was assigned to
an animal demonstrating moderate impairment, grade
3 was given to an animal demonstrating severe im-
pairment, and grade 4 was assigned to an animal com-
pletely unable to walk on the beam. The inclined beam
walking test was performed before global cerebral
ischemia and 12 h and 24 h after global cerebral I/R.

Lateral push test

Motor coordination was also evaluated by observing
the percentage of mice showing resistance to a lateral
push [3]. A mouse was placed on a rough surface to
provide firm grip and evaluated for resistance to a lat-
eral push from either side of the shoulder. The test
was performed before global cerebral ischemia and
12 h and 24 h after global cerebral ischemia and
reperfusion. Mice with increased or decreased resis-
tance to a lateral push after global ischemia were as-
signed + or — scores respectively.

Statistical analysis

The results were expressed as the mean + standard er-
ror of means (SEM). Statistical analysis for all the re-
sults was done using a one-way ANOVA followed by
Tukey’s multiple range tests as post-hoc analysis. The
results of the lateral push test were analyzed using chi
square test. A value of p < 0.05 was considered to be
statistically significant.

Results

Effect of pharmacological preconditioning
and/or treatments on cerebral infarct size

Global cerebral ischemia of 17 min followed by
reperfusion for 24 h (I/R) produced a significant in-
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crease in the cerebral infarct size compared to the
sham group when measured by both volume and weight
methods. Pharmacological preconditioning with mor-
phine (8 mg/kg, ip) and capsaicin (0.1 mg/kg, iv) ad-
ministered 24 h prior to ischemia-reperfusion signifi-
cantly decreased the I/R-induced increase in the cere-
bral infarct size that was measured by volume and
weight methods (Fig. 2).
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Fig. 2. Effect of pharmacological preconditioning and interventions
on ischemia reperfusion-induced cerebral infarct size. MPC — mor-
phine preconditioning; CPC — capsaicin preconditioning; S — suma-
triptan; N — naloxone.Values are the mean + SEM. @ p < 0.05 vs. sham
group; ® p < 0.05 vs. control group; ©p < 0.05 vs. respective pharma-
cological preconditioning (MPC and CPC) group
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Fig. 3. Effect of pharmacological preconditioning and interventions
on ischemia reperfusion-induced decrease in time spent in target
quadrant (TSTQ) as assessed using the Morris water maze. MPC —
morphine preconditioning; CPC — capsaicin preconditioning; S — su-
matriptan; N — naloxone. Values are the mean + SEM. @ p < 0.05 vs.
time spent in other quadranti.e. Q1, Q2, Q3 in sham group; ° p < 0.05
vs. time spent in target quadrant i.e. Q-4 in sham group; ©p < 0.05 vs.
time spent in target quadrant in control group; @ p < 0.05 vs. time
spentin target quadrant in the respective pharmacological precondi-
tioning (MPC and CPC) group
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Pretreatment with sumatriptan significantly de-
creased the morphine preconditioning-induced de-
crease in infarct size, whereas naloxone pretreatment
decrease the capsaicin preconditioning-induced de-
crease in cerebral infarct size (Fig. 2).

Effect of pharmacological preconditioning and/or
treatments on global cerebral ischemia and
reperfusion-induced impairment of memory

as assessed using the Morris water maze test

There was a downward trend in escape latency time
(ELT) of the animals upon subsequent exposures to
the MWM, indicating normal learning abilities. The
sham control mice, when subjected to retrieval test on
day 5, spent significantly (p < 0.05) more time in the
target quadrant (Q4) in search of the missing platform
as compared to the time spent in other quadrants (Q1,
Q2, Q3), reflecting normal memory capacity (Fig. 3).
Global cerebral I/R significantly reduced day 5 time
spent in the target quadrant (TSTQ), when compared
to the sham control animals, reflecting memory im-
pairment. Pharmacological preconditioning induced
with morphine (8 mg/kg, ip) or capsaicin (0.1 mg/kg,
iv) produced a significant increase (p < 0.05) in the
day 5 time spent in the target quadrant, thus attenuat-
ing the I/R-induced memory impairment (Fig. 3).

Pretreatment with sumatriptan (8 mg/kg, ip) sig-
nificantly decreased the morphine preconditioning-
induced rise in day 5 TSTQ of mice on the MWM.
Moreover, naloxone (5 mg/kg, ip) pretreatment de-
creased the capsaicin-induced rise in day 5 TSTQ of
the animals (Fig. 3).

Effect of pharmacological preconditioning and/or
treatments on global cerebral ischemia/reperfu-
sion-induced impairment of motor performance

Global cerebral I/R-induced impairment of motor per-
formance was assessed by the rota-rod test, inclined
beam walking test, and lateral push response.

Effect on fall down time using the rota-rod test

Global cerebral ischemia of 17 min followed by
reperfusion for 24 h produced a significant reduction
in fall down time measured by rota-rod test, after 24 h
of reperfusion, when compared to that of the sham
group. Pharmacological preconditioning with mor-
phine (8 mg/kg, ip) or capsaicin (0.1 mg/kg, iv) ad-
ministered 24 h prior to ischemic insult decreased the
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Fig. 4. Effect of pharmacological preconditioning and interventions
on ischemia reperfusion-induced changes in motor performance (fall
down time) in mice using the rota-rod test. MPC — morphine precon-
ditioning; CPC — capsaicin preconditioning; S — sumatriptan; N — na-
loxone. Values are the mean + SEM. @ p < 0.05 vs. sham group;
®p < 0.05 vs. control group; © p < 0.05 vs. respective pharmacologi-
cal preconditioning (MPC and CPC) group

I/R-induced reduction in fall down time. However,
pretreatment with sumatriptan and naloxone signifi-
cantly decreased the rise in fall down time elicited by
morphine preconditioning and capsaicin precondi-
tioning, respectively (Fig. 4).

Effect on motor incoordination score using
the inclined beam walking test

Global cerebral ischemia of 17 min followed by
reperfusion for 24 h produced a significant rise in the
motor incoordination score, when compared to the
sham group as assessed by inclined beam walking
test, after 12 h and 24 h of reperfusion. Pharmacologi-
cal preconditioning with morphine (8 mg/kg, ip) or
capsaicin (0.1 mg/kg, iv) administered 24 h prior to
ischemic insult decreased the I/R-induced increase in
the motor incoordination score in a significant man-
ner. However, pretreatment with sumatriptan and na-
loxone significantly decreased the decrease in the mo-
tor incoordination score elicited by morphine precon-
ditioning and capsaicin preconditioning, respectively
(Fig. 5).

Effect on resistance to lateral push response
Global cerebral ischemia of 17 min followed by reper-

fusion for 24 h produced a significant decrease in the
percentage of mice exhibiting resistance to a lateral
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Fig. 6. Effect of pharmacological preconditioning and interventions
on ischemia reperfusion-induced changes in motor performance in
mice using the lateral push test. Statistical analysis was done using
chi-square test. MPC — morphine preconditioning; CPC — capsaicin
preconditioning; S — sumatriptan; N — naloxone. Values are percent-
age of mice demonstrating resistance to lateral push test. # p < 0.05
vs. sham group; ® p < 0.05 vs. control group; ° p < 0.05 vs. respective
pharmacological preconditioning (MPC and CPC) group

push, which was noted after 12 h and 24 h of reperfu-
sion, when compared to the sham group. Pharma-
cological preconditioning with morphine (8 mg/kg, ip)
or capsaicin (0.1 mg/kg, ip), administered 24 h prior
to ischemic insult, decreased the I/R-induced decrease

910 Pharmacological Reports, 2008, 60, 904-913

in the percentage of mice demonstrating resistance to
a lateral push when compared to the control group.
However, pretreatment with sumatriptan and na-
loxone significantly reversed the decrease in the per-
centage of mice demonstrating resistance to a lateral
push elicited by morphine preconditioning and cap-
saicin preconditioning, respectively (Fig. 6).

Discussion

The global cerebral I/R model employed in the pres-
ent study is reported to simulate the clinical situation
of cerebral ischemia [1]. Cerebral ischemia has been
reported to impair memory because hippocampal neu-
rons are susceptible to the deleterious effects of I/R
and the hippocampus is involved in the regulation of
memory [23]. Cerebral ischemia has been further
documented to impair motor ability as well [43].
Therefore, in the present investigation, we employed
the MWM test to assess memory and the rota-rod test,
inclined beam walk test, and lateral push test to evalu-
ate motor coordination. In our study, global cerebral
I/R produced a significant increase in infarct size and
induced impairment of memory, as well as of motor
coordination. These findings are in agreement with
earlier reports [13, 14, 18, 20].

In the present study, morphine administration 24 h
prior to a severe ischemic insult resulted in a consid-
erable reduction in the I/R-induced cerebral injury,
when measured in the terms of cerebral infarct size
and impairment of memory and motor-coordination,
which is consistent with earlier findings [19, 52]. Fur-
thermore, the noted neuroprotective effect of mor-
phine preconditioning was decreased by sumatriptan
pretreatment (a CGRP release inhibitor), thus impli-
cating CGRP in the sustained neuroprotection af-
forded by the atypical non-selective opioid receptor
agonist, morphine [17]. In agreement with the obser-
vations above, it has also been documented that mor-
phine pretreatment (preconditioning)-induced activa-
tion of opioid receptors elicits a systemic release of
CGRP, and the consequent activation of the CGRP re-
ceptor mediates the cardioprotective effects of mor-
phine preconditioning [51]. Additionally, both opioid
and CGRP receptors are widely distributed through-
out the central nervous system [29, 38]. Therefore, it
may be proposed that following the phase of mor-
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phine preconditioning, CGRP may be released from
the nerve terminals This release may be causing the
activation of a CGRP linked transduction system, re-
sulting in the observed neuroprotection. Such a hy-
pothesis is further supported by the results of some
workers, who have shown that extended opioid expo-
sure elicits an increased release of calcitonin gene re-
lated peptide in the synaptic region of the dorsal root
ganglia, resulting in pronociceptive consequences of
prolonged morphine exposure [29].

The results of the present study further demonstrated
that capsaicin administration also exerted a pharma-
cological preconditioning-like protective effect, which
is also in agreement with previous reports [41, 47].
Capsaicin has been shown to systemically activate the
release of CGRP throughout the vasculature [21]. Fur-
thermore, the activation of CGRP receptors is re-
ported to mediate the protective effects of IPC [47].
Recently, we have reported that remote IPC of the
brain also exerted its neuroprotective effects via the
release of endogenous CGRP and consequent activa-
tion of CGRP receptors in the brain [41]. Therefore,
the capsaicin-induced pharmacological precondition-
ing observed in this study also appears to be mediated
through the endogenous release of CGRP with subse-
quent activation of central CGRP receptors. Such
a postulation is further supported by a study demon-
strating the role of endogenous opioids as mediators
of the hypothermic effects of intrathecally adminis-
tered calcitonin gene-related peptide in mice [46].

Consistent with the hypothesis above, this study
further demonstrated that the neuroprotective effect of
capsaicin preconditioning was decreased by naloxone.
Naloxone is an antagonist of multiple subtypes of
opioid receptors, which are abundantly expressed in
the central nervous system [51]. It has also been docu-
mented that activation of opioid receptors plays a vital
role in mediating multiple biochemical events trig-
gered by CGRP [6]. The noted inhibitory effect of na-
loxone on capsaicin preconditioning suggests a possi-
ble implication of opioid receptor activation in the
CGRP-mediated neuroprotection. Based on the dis-
cussion above, it may be deduced that, while mor-
phine preconditions the brain via a CGRP receptor
activation-linked mechanism, capsaicin conditions it
by an opioid receptor linked pathway. These observa-
tions suggest that these two transduction systems in-
volved in the respective pharmacological precondi-
tionings evoked by morphine and capsaicin might ac-
tually be linked. There might be a possible interplay

between central CGRP and opioid receptors in medi-
ating the neuroprotective effect of the pharmacologi-
cal preconditioning. Both endogenous opioids, as well
as CGRP, have been reported to enhance the release
of one another and thus have been used to explain
a number of observations [36, 46]. Given the fact that
the activity of both receptors is largely based on the
intracellular dynamics of calcium, this interplay
might be linked to changes in the intracellular concen-
tration of the very important ion, calcium. However,
such a hypothesis requires a detailed experimental
evaluation before it may be considered by the scien-
tific community.

Furthermore, current data indicate the paradoxical
neuroprotective effect of both opioid receptor ago-
nists, as well as antagonists [11, 27]. In the present
study, transient opioid receptor activation using a sin-
gle dose of morphine 24 h prior to the induction of
cerebral ischemia was found to elicit a precondition-
ing-like adaptive response in the brain cells, which
lasted even after the supposedly complete excretion of
the atypical opioid agonist morphine. However, na-
loxone at a dose level of 5 mg/kg decreased the pro-
tective effect of capsaicin preconditioning, implicat-
ing the involvement of opioid receptor activation
linked mechanism in the mediating capsaicin precon-
ditioning. At a different dose, naloxone has been shown
to exhibit a neuroprotective effect. Our laboratory had
reported earlier that naloxone, at the dose of 5 mg/kg,
ip, did not exert any significant neuroprotective effect
on the ischemic mouse brain [41]. Therefore, this
dose of naloxone was used in this investigation to
study the role of opioid receptors in capsaicin precon-
ditioning, while at the same time avoiding the neuro-
protection that is induced by naloxone itself.

Conclusion

It can be concluded that the neuroprotective effect of
pharmacological preconditioning induced by mor-
phine or capsaicin involves an interplay between the
opioid and CGRP receptor linked signal transduction
cascades. However, further studies are required to de-
lineate the various biochemical changes leading to
such molecular cross-talk.
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